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Background: To evaluate local control for patients with intermediate-risk rhabdomyosarcoma 

(RMS) treated on Children’s Oncology Group (COG) protocol ARST0531.

Methods: We analyzed 424 patients with intermediate-risk RMS. Patients were randomized to 

chemotherapy with either vincristine, dactinomycin, and cyclophosphamide (VAC) or VAC 

alternating with vincristine and irinotecan. With the goal of improving local control, radiation 

therapy (RT) was delivered early at week 4 and was concurrent with irinotecan on the 

experimental arm. Individualized local control plans for children ≤24 months were allowed. Local 

failure (LF) on ARST0531 was compared to LF on the preceding COG intermediate-risk study, 

D9803.

Results: For patients with group I/II alveolar RMS (n=55), the 5-year cumulative incidence of 

LF was 13.4%; for group III alveolar RMS (n=141), 20.2%; and for group III embryonal RMS 

(n=228), 27.9% (p=0.03). Among patients with group III disease, LF did not differ by histology, 

site, nodal status, RT modality, or treatment arm. LF was worse for tumor size >5cm (32.3% vs 

16.7%, p=0.001). Among patients with group III embryonal RMS, LF was higher on ARST0531 

compared to D9803 (27.9% vs 19.4%, p=0.03). After excluding patients ≤24 months or patients 

who did not receive radiation, LF remained significantly increased on ARST0531 (p=0.02). After 

adjusting for clinical prognostic factors, event-free and overall survival were worse on ARST0531 

(p=0.004 and p=0.05).

Conclusions: Despite interventions designed to enhance local control, local control was inferior 

on ARST0531 compared to D9803. The reason for this is unclear but could be due to the reduced 

cyclophosphamide dose on ARST0531.

Precis:

One of the goals of the Children’s Oncology Group (COG) protocol for intermediate-risk 

rhabdomyosarcoma patients, ARST0531, was to improve local control via the early introduction 

of radiation and the concurrent delivery of radiation with irinotecan, a known radiosensitizer. 

Despite these interventions, local control, event-free survival, and overall survival were inferior on 

ARST0531 compared to the preceding COG intermediate-risk rhabdomyosarcoma study, D9803.
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INTRODUCTION

Although two-thirds of children with intermediate-risk rhabdomyosarcoma (RMS) will 

become long-term survivors, local failure remains the dominant form of initial relapse and is 

a major obstacle to cure. Prior strategies explored by the Intergroup Rhabdomyosarcoma 

Study Group (IRSG) and Children’s Oncology Group (COG), including radiation therapy 

(RT) dose escalation via a hyperfractionated approach and technical advances in imaging 

and RT, have not resulted in a difference in local control, although early data suggests that 

proton therapy may improve toxicity rates.1–3 Given the young patient age and extensive 

morbidity associated with salvage options after local relapse,4–7 it is imperative to explore 

new strategies to improve local control. One goal of the most recent COG clinical trial for 
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intermediate-risk RMS, ARST0531, was to maximize local control via early introduction of 

RT at week 4 and concurrent delivery of RT with irinotecan, a potential radiosensitizer.8 The 

incorporation of vincristine and irinotecan into the systemic therapy backbone also allowed 

for reduced systemic doses of cyclophosphamide, with the intent of minimizing both acute 

and late toxicity, such as hemorrhagic cystitis and infertility. With such interventions 

designed to improve local control, we hypothesized that local control on ARST0531 would 

be improved compared to historical cohorts. Thus, the objective of the current analysis was 

to determine the local failure rate on COG ARST0531 and compare to the immediately prior 

COG study for intermediate-risk RMS, D9803.

PATIENTS AND METHODS:

Eligibility and systemic therapy

Between December 26, 2006 and December 7, 2012, COG ARST0531 enrolled 481 patients 

with intermediate-risk RMS (defined as non-metastatic alveolar RMS at any primary site 

[Group I-III, Stage 1–3] or incompletely excised embryonal RMS arising from an 

unfavorable site [Group III, Stage 2–3]).9 ARST0531 was a phase III study designed to 

evaluate the outcomes of patients treated with vincristine, dactinomycin and 

cyclophosphamide (VAC, cumulative dose of cyclophosphamide, 16.8 g/m2) chemotherapy 

vs VAC alternating with vincristine and irinotecan (VAC/VI, cumulative dose of 

cyclophosphamide, 8.4 g/m2). Because outcome was similar for the VAC and VAC/VI arms, 

the two treatment groups were combined in our analyses (other than the comparison of local 

failure by treatment arm). Thirty-three patients were ineligible and an additional 24 patients 

were excluded due to having a histology other than embryonal or alveolar RMS. Four 

hundred and twenty-four remaining patients were included in our analysis (Figure 1). 

Patients who met the same clinical group and stage, pathologic, and eligibility criteria and 

were enrolled on D9803,10 the most recent prior COG study for intermediate-risk RMS, 

were identified to provide a historic comparison. All D9803 treatment arms were combined 

for comparison to ARST0531.

Local therapy

For all patients on ARST0531, RT began at week 4, with exceptions allowed for patients 

≤24 months for whom individualized local control approaches were permitted at the 

discretion of the treating physician (n=75). On the experimental arm, irinotecan was given 

concurrently with RT during week 4 and again during week 7. Since the local control 

question on ARST0531 involved RT timing and irinotecan sensitization, delayed primary 

excision (DPE) after RT was discouraged but permitted.

RT doses varied by histology and clinical group at time of study entry. For patients with 

Group I or II alveolar RMS, 36 Gy was used for node negative patients, and 41.4 Gy was 

used for node positive patients. For patients with group III disease, 50.4 Gy was used for 

both embryonal and alveolar RMS, with the exception of those with orbital primary sites, 

who received 45 Gy. All RT was delivered in 1.8 Gy daily fractions. There was no difference 

in RT dosing guidelines between ARST0531 and D9803, although ARST0531 allowed a 

cone-down for tumors with a rapid response after 36 Gy. See Supplemental Table 1 for more 
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details regarding RT dosing, volume guidelines, and timing. Megavoltage photons (with 

either 3-D conformal or intensity modulated radiation) electrons, protons, and brachytherapy 

were all permitted for use. All radiation plans were reviewed by the Imaging and Radiation 

Oncology Core Group (IROC) at the start of RT to minimize deviations. For further quality 

assurance and final determination of compliance, radiation oncology members of the COG 

Soft Tissue Sarcoma Committee also reviewed the radiation plans.

Endpoints and statistical methods

Local failure was defined as progression or relapse at the primary tumor site occurring as a 

first event (with or without concurrent regional and/or distant failure). Time to local failure 

was calculated from time of study enrollment. A competing-risks analysis11 was used to 

assess the cumulative incidence of local failure, treating regional and/or distant failures as 

competing events. Local failure on ARST0531 was compared to historical rates on D9803.12 

Local failure was also evaluated by treatment arm (VAC vs VAC/VI), histology, tumor size, 

tumor site, nodal status, and radiation modality (protons vs photons). Patient characteristics 

were compared using the Chi-Square test.

Event-free survival (EFS) was defined as the time from study enrollment to disease 

progression, disease recurrence, second malignant neoplasm, or death from any cause. 

Overall survival (OS) was defined as the time from study enrollment to death from any 

cause. EFS and OS were censored at the patient’s last contact date, and evaluated using a 

Cox proportional hazards regression model to account for prognostic factors including age, 

group, histology, primary site, and tumor size. The median time of follow-up was calculated 

based on the Kaplan-Meier estimates.13 Patient follow-up was current through June 30, 

2016.

RESULTS

Patient population

In total, 424 patients were analyzed, including 228 patients with group III embryonal RMS 

(54%), 141 patients with group III alveolar RMS (33%), and 55 patients with group I/II 

alveolar RMS (13%) (Table 1). The most common primary sites included parameningeal 

(n=191, 45%), bladder/prostate (n= 55, 13%), extremity (n=56, 13%) and retroperitoneal/

perineal (n=49, 12%). Median age was 5.3 years (range: 0.01–40.2 years) and median follow 

up was 4.9 years (range: 0.1–8.8 years). There were no significant differences in baseline 

characteristics in terms of histology, group, tumor size, or nodal status between the 

ARST0531 cohort and D9803 cohort, although there were slightly more patients with 

parameningeal primary site on ARST0531 (p=0.08). Forty-seven patients (12%) on 

ARST0531 received proton RT compared to 9 patients (2%) on D9803 (p<0.001). 

Additionally, 8% of patients on ARST0531 did not receive RT as planned per protocol, 

compared to 12% on D9803 (p=0.02). The rate of major deviations in RT on ARST0531 was 

4.9% compared to 9.1% on D9803.
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Clinical group I/II alveolar RMS

Fifty-five patients had gross total resection prior to chemotherapy initiation and were 

considered group I/II. The 5-year cumulative incidence of local failure among group I/II 

patients on ARST0531 was 13.4%, compared to 8.6% on D9803 (p=0.39).

Clinical group III RMS

Of the 369 patients with group III disease, the 5-year cumulative incidence of local failure 

on ARST0531 was 25.4%. Similar to the analysis on D9803, local failure was not affected 

by histology, primary site, or nodal status, although there was a trend towards increased local 

failure with embryonal vs alveolar RMS (28.4 vs. 20.2%, respectively, p=0.08). Consistent 

with findings on D9803, there was a significant difference in local failure by tumor size. The 

5-year cumulative incidence was 16.7% for tumor size ≤ 5cm vs 32.3% for >5cm, (p<0.001, 

Figure 2). The cumulative incidence of local failure was similar on the VAC and VAC/VI 

arms (21.3% vs 26.1%, p=0.26). The modality of radiation (protons vs photons) also had no 

effect on local failure (24.1% vs 22.0%, p=0.75). Thirty-two patients (8%) who did not 

receive RT had a higher local failure cumulative incidence compared to patients who did 

receive RT (44.2% vs. 22.1%, p=0.007). For patients with tumors at traditionally resectable 

sites (bladder dome, extremity and trunk), primary tumor resection after induction 

chemotherapy for Group III tumors was lower for patients on ARST0531 (27/163 or 16% of 

patients with tumors at resectable sites) compared to D9803 (73/161 or 45%).

When compared to the 5-year local failure cumulative incidence of 19.4% for Group III 

embryonal patients on D9803, cumulative incidence on ARST0531 was 27.9% (p=0.03, 

Figure 3). The 5-year cumulative incidence of local failure for Group III alveolar patients 

was 20.2% on ARST0531 vs 17.7% on D9803 (p=0.58). For patients with parameningeal 

disease, the 5-year cumulative incidence of local failure was 27.7% on ARST0531 vs 19.5% 

on D9803 (p=0.06), and for patients with non-parameningeal disease, 25.2% vs 15.6% 

(p=0.19). Because ARST0531 allowed for individualized local control for patients ≤24 

months, we excluded these patients; local failure still remained increased on ARST0531 

compared to D9803 (23.4% vs 16.7%, p=0.02). Additionally, after excluding all patients 

who did not receive RT, local failure continued to be worse on ARST0531 (22.2% vs 15.5%, 

p=0.02).

The 5-year cumulative incidence of regional and/or distant failure was 16.6%. After 

adjusting for covariates, EFS was inferior on ARST0531 compared to D9803 (hazard ratio 

[HR] 1.4, p=0.004, Table 2). Similar to EFS, OS was also inferior on ARST0531 on 

multivariable analysis (HR 1.3, p=0.05, Supplemental Table 2 and 3).

DISCUSSION

Local relapse has remained the most common pattern of failure for children with 

intermediate-risk RMS on previous IRSG and COG trials.9,12 The objective of the current 

analysis was to determine local control among patients treated on ARST0531 compared to 

those treated on D9803. On ARST0531, interventions designed to influence local control 

were the timing of RT (delivered early at week 4) as well as the addition of concurrent 
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irinotecan in the experimental arm. However, local control was lower for patients treated on 

ARST0531 compared to D9803. This was most pronounced for those with group III 

embryonal RMS.

One possible explanation for the poor local control on ARST0531 includes the significantly 

lower cyclophosphamide dose on ARST0531 compared to that used on D9803 (cumulative 

dose of 8.4–16.8 g/m2 vs 25.1–30.8 g/m2).10 A reduction in cyclophosphamide dose (from 

26.4–28.6 g/m2 on IRS-IV and D9602 to 4.8 g/m2 on ARST0331) was associated with 

inferior local control in low-risk embryonal RMS,14,15 and similar findings have been 

observed in single-institution studies of patients with intermediate-risk disease.16,17 

However, there was no difference in local control between the two treatment arms of 

ARST0531 (with cumulative cyclophosphamide doses of 8.4 and 16.8 g/m2) or the two 

randomized treatment arms of D9803 (with cumulative cyclophosphamide doses of 25.1 and 

30.8 g/m2). Thus, the cyclophosphamide dose to achieve optimal local control in 

intermediate-risk patients remains elusive. Additionally, after adjusting for clinical 

prognostic factors such as age, group, histology, primary site, and tumor size, EFS and OS 

were inferior on ARST0531, suggesting that the worse outcomes may be secondary to 

inherent differences between the trials rather than a difference in patient characteristics. It is 

also possible that the higher doses of cyclophosphamide on IRS-IV may have negated any 

potential clinical improvement in local control with altered fractionated schemes. As such, 

hyperfractionation may provide a clinical benefit in the setting of lower cyclophosphamide 

doses such as those used on ARST0531, although this remains to be explored.

Regarding the addition of concurrent irinotecan, there was no improvement in local control 

with this intervention on ARST0531. Irinotecan is a camptothecin that targets the nuclear 

enzyme topoisomerase I, and in doing so, inhibits resealing of topoisomerase I single-

stranded DNA breaks and prevents DNA re-ligation. In both in vitro and in vivo studies, 

camptothecins have been shown to have radiosensitization effects.8,18–20 Irinotecan has also 

shown activity in pre-clinical models of resistant RMS and in patients with untreated 

metastatic RMS on a recent COG phase II window study.21–23 Although the addition of 

concurrent irinotecan to RT did not improve local control on the experimental arm, the dose 

of cyclophosphamide used in this arm was lower than the control arm (8.4 g/m2 vs 16.8 g/

m2), making evaluation of the specific impact of irinotecan difficult.

With the goal of improving local control, besides the addition of concurrent irinotecan, we 

also introduced local therapy with RT early at week 4. This is compared to the timing of RT 

on more recent trials including D9803 (week 13) and IRS-IV (week 10). The decision to 

move RT earlier was in part based on the improved local control seen in children with high-

risk parameningeal RMS on IRS II-IV with early vs delayed RT (local failure rate of 18% vs 

33%).24,25 In addition, early experiences with delayed RT in parameningeal patients utilized 

increased doses of systemic therapy.26 In spite of the move to early RT, local failure rates on 

ARST0531 were inferior to those seen after week 13 RT on D9803. However, 47% of 

patients with parameningeal RMS on D9803 also received early (week 1) RT. Given the 

insufficient power to appropriately compare local control on D9803 vs ARST0531 if one 

were to exclude patients with parameningeal primaries who received early RT on D9803, as 

well as the historical results from IRS II-IV,24 it is difficult to draw definitive conclusions 
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regarding the effect of timing. For patients with parameningeal disease, though, the impact 

of cyclophosphamide dosing and timing of RT on leptomeningeal failure rates must be 

further evaluated.

Regarding the differences in volume reduction allowed on ARST0531 vs D9803, while a 

cone down after 36 Gy to the remaining disease after induction chemotherapy was allowed 

on ARST0531, most patients did not have a significant reduction in volume of their disease 

at week 4 (with radiation planning typically happening 1–2 weeks earlier). As such, volume 

reduction secondary to the use of cone downs is an unlikely sole explanation for the inferior 

outcomes.

We explored other potential causes to explain the difference in local control from D9803 to 

ARST0531. ARST0531 allowed for individualized treatment plans in children ≤ 24 months, 

including the omission of RT. However, even after excluding patients ≤ 24 months or 

patients for whom RT was omitted, local failure remained increased on ARST0531. Even 

though more patients on ARST0531 received proton therapy, we did not see a difference in 

local failure by RT modality. Finally, DPE was less common on ARST0531 compared to 

D9803, in part due to the early timing of RT. An analysis of D9803 demonstrated that local 

control after DPE with reduced RT dosing was similar to historical rates with RT without 

DPE.27 Therefore, the impact of less frequent DPE on local control is difficult to determine.

The findings of our analysis should be considered within the context of their limitations. 

First, ARST0531 and D9803 were sequential clinical trials conducted in different decades; 

patients were not randomized to one study or the other. It is not possible to determine all 

differences in therapy delivery between the two clinical trials that could have accounted for 

the observed differences in outcome. The two study populations may also have had 

differences for which we are unable to adjust. While we did control for multiple factors 

through our multivariable model, no regression model can fully account for unknown or 

unrecognized confounding. However, it is notable that ARST0531 was explicitly designed to 

improve local control rates; even after correcting for confounding factors, the statistically 

significant increase in local failure rates and decrease in EFS on ARST0531 persisted.

In the design of future trials, such as the ongoing ARST1431 (NCT01222715), efforts to 

improve local control and other disease outcomes include boosting all tumors >5cm to a 

dose of 59.4 Gy given the significant impact of tumor size on local control seen on both 

ARST0531 and D9803 (despite the increased cyclophosphamide dose in the latter). In 

addition, ARST1431 encourages DPE at selected anatomic sites as a local control option 

similar to D9803. Changes in systemic chemotherapy to improve local control could include 

adding 24 weeks of low-intensity maintenance chemotherapy, recently reported to improve 

OS by the European Paediatric Soft Tissue Sarcoma Study Group (EpSSG); although the 

additional cumulative dose of cyclophosphamide with maintenance as per EpSSG was 

modest, a survival benefit was nevertheless seen.28 Consideration could also be given to 

increasing dosage or intensity of other control modalities, such as cyclophosphamide dose-

intensity or cumulative dose of cyclophosphamide. Importantly, it is unknown whether the 

cumulative cyclophosphamide dose, dose-intensity and/or dose per cycle is the most 

significant feature of cyclophosphamide therapy. Novel systemic therapies that may improve 
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local control are also of great need for localized RMS. Clearly new approaches are needed to 

increase local control to improve outcome for children with RMS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
CONSORT

Abbreviations: VAC, vincristine, dactinomycin, and cyclophosphamide; VI, vincristine and 

irinotecan.
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Figure 2. 
Local failure on ARST0531 for group III patients with tumors ≤ 5cm (n=161) >5cm (n=205)
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Figure 3. 
Local failure on ARST0531 (n=228) vs D9803 (n=252) for group III embryonal RMS
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Table 1.

Patient characteristics on ARST0531 and D9803

ARST0531 D9803 p-value

N (%) N (%)

Primary site
 Favorable
 Unfavorable

44 (10)
380 (90)

56 (12)
417 (88)

0.49

Group
 Group I/II ARMS
 Group III ERMS
 Group III ARMS

55 (13)
228 (54)
141 (33)

74 (16)
252 (53)
147 (31)

0.48

Histology
 Embryonal
 Alveolar

228 (54)
196 (46)

221 (47)
252 (53)

0.88

Tumor size
 ≤ 5cm
 > 5cm

202 (48)
219 (52)

215 (46)
249 (54)

0.62

Parameningeal
 Yes
 No

191 (45)
233 (55)

186 (39)
287 (61)

0.08

Nodal Status
 N0
 N1

327 (78)
92 (22)

383 (81)
90 (19)

0.28

Modality of RT
 Protons
 Photons

47 (12)
345 (88)

9 (2)
407 (98)

<0.001

RT omission
 Yes
 No

32 (8)
392 (92)

57 (12)
416 (88)

0.02

Abbreviations: ARMS, alveolar rhabdomyosarcoma; ERMS, embryonal rhabdomyosarcoma; RT, radiation therapy
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Table 2.

Multivariable analysis of event-free survival

Covariate HR 95% CI P value

Study (ARST0531 vs D9803) 1.4 1.11–1.73 0.004

Histology (alveolar vs embryonal) 1.4 1.10–1.84 0.007

Site (favorable vs unfavorable) 0.8 0.52–1.20 0.26

Size (≤ 5cm vs >5cm) 0.6 0.50–0.80 <0.001

Group (I vs II) 0.5 0.21–1.20 0.25

   (I vs III) 0.5 0.22–1.13

Age (1–10 vs <1 and ≥10 years) 0.6 0.49–0.78 <0.001
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