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Abstract

Purpose: Recent trends including the use of proton therapy and administration of reduced-doses 

of cyclophosphamide have been adapted in head and neck rhabdomyosarcoma (HN-RMS) to 

reduce late morbidity. Our primary goal was to analyze local control and survival outcomes after 

photon versus proton irradiation in pediatric patients with HN-RMS, with the secondary goal of 

analyzing the effect of cyclophosphamide dose on disease outcomes.

Methods and Materials: This single-institution cohort study was comprised of 76 pediatric 

HN-RMS patients treated with definitive chemoradiation from 2000 to 2018. Fifty-one patients 

(67%) received intensity-modulated photon radiation therapy (IMRT) and 25 (33%) proton 

therapy.

Results: Local failure (LF) at 2 years was 12.5% for parameningeal RMS and 0% for orbital 

RMS and other head and neck sites (p=0.24). Patients treated with protons were more likely to 

have received reduced-dose cyclophosphamide (p<0.0001). The 2-year LF was 7.9% in the IMRT 

cohort versus 14.6% in the proton cohort (p=0.07), with no difference in survival outcomes. 

Cumulative cyclophosphamide dose was significantly associated with 2-year LF: 0% for 

cumulative dose of >20g/m2 versus 15.3% for ≤20g/m2 (p=0.04). Among parameningeal RMS 

patients (n=59), both cumulative cyclophosphamide dose and dose-intensity were associated with 

local failure (p=0.01). There was a trend toward worse event-free survival for parameningeal RMS 

patients who received reduced-dose-intensity cyclophosphamide (59.2% versus 70.6%, p=0.11).

Conclusions: Both dose-intensity and cumulative cyclophosphamide dose seem to play an 

important role in achieving local control for HN-RMS patients treated with either protons or 

photons. Longer follow-up is needed to further assess disease outcomes with proton therapy.

SUMMARY
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Efforts to reduce late morbidity in head and neck rhabdomyosarcoma include proton therapy and 

reduced-doses of cyclophosphamide. We show that both the dose-intensity and cumulative 

cyclophosphamide dose seem to play a significant role in achieving local control for patients with 

head and neck rhabdomyosarcoma treated with definitive irradiation using either photons or 

protons.

INTRODUCTION

Head and neck rhabdomyosarcoma (HN-RMS) accounts for approximately 35% of all 

rhabdomyosarcomas and is a uniquely difficult disease to treat given the young patient age 

and critical anatomy of the head and neck. HN-RMS is often subdivided into three groups 

based on anatomical and prognostic considerations, including parameningeal, (15% of all 

RMS), orbital (10%), and other head and neck sites (10%).1 Parameningeal tumors are 

defined as those arising from the nasopharynx, nasal cavity, paranasal sinuses, middle ear, 

mastoid, infratemporal fossa, and pterygopalatine space, and are typically associated with a 

more guarded prognosis compared to orbital and other head and neck tumors.2 Most patients 

with HN-RMS present with unresectable disease secondary to anatomical and functional 

considerations. As such, these patients are treated with definitive chemoradiation, with the 

goal of maintaining form and function.3 Local relapse is the dominant form of failure for 

HN-RMS and results in a high mortality rate as well as devastating physical and functional 

consequences in the children that survive.

In 1999, our institution began using intensity-modulated radiation therapy (IMRT) to treat 

all patients with HN-RMS, with the aim of 1) improving local control via improved target 

coverage and 2) reducing late morbidity via a reduction in dose to surrounding normal 

tissue. 4 Proton therapy holds further promise in sparing normal tissue and subsequently 

decreasing late morbidity. Data from a phase II study at Massachusetts General Hospital and 

MD Anderson (including 44 patients with HN-RMS) showed that disease outcomes after 

proton RT were similar to those observed after photon RT on historical trials.5 For patients 

with embryonal parameningeal RMS, local control at 3 years was 59%.6 However, long-term 

disease outcomes for proton therapy for RMS are limited, and there has never been a direct 

comparison of proton versus photon therapy for RMS establishing their equivalence.

In a further attempt to spare late morbidity in children with RMS, there has been a reduction 

in cyclophosphamide dose-intensity and cumulative dose over time from the Intergroup 

Rhabdomyosarcoma Study IV (IRS-IV) in the 1990’s to the current Children’s Oncology 

Group (COG) studies. Specifically, the cyclophosphamide dose was reduced for low-risk 

patients on IRS V (“D” COG series), and then for intermediate and high-risk patients in the 

ARST series.7-11 Specifically, earlier generation studies administered 12-14 

cyclophosphamide doses, each at 2.2 g/m2, whereas later generation studies reduced the 

dosage to 1.2 g/m2 and the total number of doses to 7-14. It is unknown whether this dose 

de-escalation has significantly affected local control over time, but it is plausible that 

systemic therapy may influence local control for RMS as has been shown in Ewing sarcoma,
12 head and neck cancer,13 lung cancer,14 rectal cancer,15 and cervical cancer,16 among 

others.
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It is imperative to ensure that efforts focused on reducing late morbidity such as proton 

therapy and cyclophosphamide dose reduction do not compromise disease outcomes. As 

such, our primary goal was to evaluate local control and survival outcomes after photon 

(IMRT) versus proton irradiation in pediatric patients with HN-RMS, with the secondary 

goal of investigating the effect of cyclophosphamide dose on disease outcomes in a well-

characterized, single institution cohort.

METHODS AND MATERIALS

This is a cohort study of all pediatric patients with HN-RMS treated with chemoradiation at 

Memorial Sloan Kettering Cancer Center (MSK) from January 2000 to June 2018. Of the 90 

patients with HN-RMS treated during this timeframe, we included 76 patients ≤25 years of 

age in our analysis. Tumor location was parameningeal in 59 patients (78%), orbital in 9 

(12%), and other head and neck sites in 8 (10%). A waiver of authorization was received 

from the MSK Institutional Review Board to perform the analyses in this study.

Treatment

Radiation therapy—All patients received radiation therapy (RT) as part of local control. 

Seventy-one patients (93%) received definitive radiation at a median time of 13 weeks from 

initiation of chemotherapy. Five patients (7%) underwent surgical resection followed by 

adjuvant RT for local control. In total, 51 patients (67%) received IMRT and 25 (33%) 

received proton therapy. The decision for IMRT versus proton therapy was largely one of 

timing; all patients treated from 1/2000 to 6/2013 received IMRT, while all but 4 patients 

treated from 7/2013-6/2018 received proton therapy. These 4 patients did not receive proton 

therapy due to logistical and/or health barriers preventing travel to the proton center. The 

radiation doses were similar between the two groups and were given as per standard COG 

guidelines, with 36 Gy used for postoperative margin-negative patients; 41.4 Gy for 

postoperative margin-positive patients; and 50.4 Gy for definitive treatment of gross disease 

(with the exception of orbital primaries in whom 2 patients received 45 Gy as per 

ARST0331). A relative biologic effectiveness (RBE) of 1.1 was used to calculate the proton 

dose in GyRBE units.17

Chemotherapy—Thirty-seven patients (48%) received chemotherapy on or according to 

COG protocols including D9803 (n=5), D9602 (n=3), ARST0331 (n=10), ARST0531 

(n=12), ARST0431 (n=3), ARST08P1 (n=2), and ARST1431 (n=1). Twenty-four patients 

(32%) were treated on an MSK phase II pilot protocol IRB 03-099 consisting of irinotecan, 

carboplatin, cyclophosphamide, doxorubicin, vincristine, ifosfamide and etoposide.18 Eight 

patients (11%) were treated as per a National Cancer Institute pilot study of dose-dense, 

sequentially administered vincristine, doxorubicin, and cyclophosphamide with etoposide 

and ifosfamide. Five patients (7%) were treated as per European protocols. The remaining 

patients (n=3) received a combination of standard chemotherapy agents off protocol. The 

dose-intensity of cyclophosphamide and the cumulative dose of all alkylating agents 

(expressed in cyclophosphamide equivalents, subsequently referred to as cumulative 

cyclophosphamide dose) were collected for each patient. For the purpose of analysis, 

reduced dose-intensity of cyclophosphamide was defined as <2g/m2 per cycle (typically 
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given as 1.2g/m2), while standard dose-intensity was considered anything above 2 g/m2 per 

cycle.

Statistical analysis

Local failure (LF) was defined as relapse at the primary tumor site occurring as a first event 

(with or without simultaneous distant failure). Radiation treatment plans and imaging at the 

time of relapse were reviewed to determine the location of the failure in relationship to the 

radiation treatment fields. LF was correlated with modality of radiation (IMRT versus 

protons), tumor size, tumor site, histology, nodal status, timing of RT, and 

cyclophosphamide dosing (both dose-intensity and cumulative dose). Among the subset of 

patients with parameningeal disease and embryonal histology with available imaging, a 

volumetric response analysis was performed by comparing tumor volume on MRI prior to 

induction chemotherapy with tumor volume on MRI prior to RT. Ellipsoid tumor volumes 

were calculated using the 3-dimensional measurements collected and relative percent 

volume reduction was subsequently calculated as previously defined.6,19 Event-free survival 

(EFS) was calculated as the time from diagnosis to disease progression, including local 

and/or distant relapse. Overall survival (OS) was calculated as the time from diagnosis to 

death from any cause. Patients without an event were censored at the time of last follow-up. 

A competing-risks analysis was used to assess the cumulative incidence of LF, while the 

Kaplan-Meier method was used to assess EFS and OS. Cumulative incidence curves among 

subgroups were compared utilizing Gray’s method, while survival curves were compared 

with the Mantel log-rank test. P ≤0.05 was considered significant. Multivariate analysis was 

not able to be performed given the small number of events.

RESULTS

The median follow-up of surviving patients was 10 years (range, 1-17) in the IMRT cohort 

versus 2 years (range, 0.5-5) in the proton cohort. Patients treated with protons were similar 

in age to those treated with IMRT, with a median age of 7 years (range, 3-22) in the proton 

cohort versus 8 years (range, 2-25) in the IMRT cohort. There were no significant 

differences in gender, race, tumor site, tumor size, stage and group between the two cohorts 

(Table 1). Patients treated with protons were more likely to have embryonal histology (96% 

versus 71%, p=0.01). Patients treated with protons were also more likely to be treated with 

reduced-dose intensity cyclophosphamide (88% vs 32%, p<0.0001). The median dose-

intensity and cumulative dose of cyclophosphamide for patients treated with proton therapy 

were 1.2g/m2/cycle and 13.1g/m2, respectively, versus 3.2g/m2/cycle and 17.5g/m2 in the 

IMRT cohort.

Local Failure

Among the entire cohort, 10 patients experienced a local failure at a median time of 1.0 

years from RT, for a 2-year LF of 9.9%. There were no local failures among patients with 

orbital and other and head neck site tumors. The 2-year LF for patients with parameningeal 

RMS was 12.5%. LF did not differ by tumor size (<5cm versus ≥5cm, p=0.69), nodal status 

(p=0.68), or timing from chemotherapy to start of RT (≤4 weeks versus >4 weeks, p=0.80). 
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There was a trend toward increased local failure in patients with embryonal RMS, although 

this was not statistically significant (2-year LF 10.6% versus 6.8, p=0.33).

Patients treated with IMRT had a 2-year LF rate of 7.9% compared to 14.6% in patients 

treated with protons (p=0.07, Figure 1). All proton and IMRT local relapses were within the 

radiation field in the high-dose region; there were no marginal failures. See Figure 2 for an 

example of an in-field local failure after proton therapy.

Among the entire cohort, the cumulative dose of cyclophosphamide was associated with LF: 

the 2-year LF was 15.3% for patients who received a cumulative dose of ≤20g/m2 versus 0% 

for >20g/m2 (p=0.04). There was also a trend toward increased local failure among patients 

who received reduced dose-intensity of cyclophosphamide (2-year LF 12.7% versus 8.1%, 

p=0.08). Among the subgroup of patients with parameningeal RMS (n=59), both the 

cumulative dose and dose-intensity were associated with local failure. The 2-year LF was 

21.6% for cumulative dose ≤20g/m2 versus 0% for >20g/m2 (p=0.01, Figure 3a); and the 2-

year LF was 20.4% for patients who received reduced dose-intensity cyclophosphamide 

versus 8.8% for standard dose (p=0.01, Figure 3b).

To further evaluate the effect of cyclophosphamide dose independent of the use of radiation 

modality / protons, we limited our analysis to include only those treated with IMRT. Among 

patients treated with IMRT, cumulative cyclophosphamide dose was again significantly 

associated with local failure (2-year LF 14.5% for ≤20g/m2 versus 0% for >20g/m2, p=0.04), 

although dose-intensity was not (p=0.64).

Volumetric Response Analysis

Among the subgroup of patients with parameningeal RMS and embryonal histology who 

received RT at week 12+/−4 and had available imaging (n=26), median tumor size pre-

chemotherapy was 35.4 cm3 (range, 1.1-159.1 cm3), with a median relative percent volume 

reduction after induction chemotherapy of 74.9% (range, 9.4-100%). The initial tumor 

volume was larger for patients who developed a local failure than patients with local control, 

although this was not statistically significant (median 50.6 cm3 versus 23.2 cm3, p=0.32). In 

addition, patients who developed a local failure had a lower relative percent volume 

reduction after induction chemotherapy compared to patients who experienced local control 

(median 28.9% versus 82.2%, p=0.01). Patients who received reduced dose-intensity 

cyclophosphamide also had a lower relative percent volume reduction after induction 

chemotherapy compared to patients who received standard dose (median 54.4% versus 

83.6%, p=0.05). However, cumulative cyclophosphamide dose was not associated with 

relative percent volume reduction after induction chemotherapy (relative reduction 80.1% 

for cumulative dose >20g/m2 versus 72.2% for ≤20g/m2, p=0.85).

Event-free and Overall Survival

Fourteen of 76 patients developed a distant failure as a first event for a 2-year cumulative 

incidence of distant failure of 18.7%. Among all patients, the 2-year EFS and OS were 

74.6% and 84.1%, respectively. There were no differences in EFS or OS between the IMRT 

and proton cohorts (p=0.25 and p=0.58). There was also no difference in EFS or OS by 

cumulative cyclophosphamide dose (p=0.62 and p=0.65) or dose-intensity (p=0.64 and 
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p=0.25). For patients with parameningeal RMS, there was a trend toward worse EFS in 

patients who received reduced dose-intensity cyclophosphamide (2-year EFS 59.2% versus 

70.6%, p=0.11) and reduced cumulative dose (2-year EFS 60.2% versus 80.0%, p=0.21).

Acute Toxicity

There was no difference in combined grade ≥3 acute toxicity between the proton and IMRT 

cohorts. Patients treated with protons were more likely to experience grade 3 dermatitis 

(20% versus 2%, p=0.006) and less likely to develop grade 3 mucositis (12% versus 20%, 

p=0.41).

DISCUSSION

Our primary objective was to analyze local control and other disease outcomes for HN-RMS 

after proton versus photon (IMRT) therapy. Although there was a trend toward worse local 

control in the proton arm on univariate analysis, this was non-significant. In addition, there 

were no differences in EFS or OS between the IMRT and proton groups. All proton local 

failures were in-field in the high dose region. As such, marginal misses with protons did not 

account for any of the local failures, similar to findings from MGH.6 Importantly, all 5 

patients in our proton cohort who experienced a local relapse were treated with reduced-dose 

cyclophosphamide (1.2g/m2 per cycle) according to recent COG ARST protocols. Patients 

treated with protons were more likely to have received reduced-dose cyclophosphamide for 

two reasons. First, there has been a deescalation in cyclophosphamide dose over time on 

national COG protocols as discussed above, and the proton cohort was a more contemporary 

cohort of patients (treated since 2013) compared to the IMRT cohort (treated since 2000). 

Second, patients who received IMRT were treated at MSK’s main campus and were 

therefore more likely to be treated with a higher dose of alkylating agents on an institutional 

MSK protocol drug regimen; on the institutional MSK protocol IRB 03-099, patients receive 

3.2g/m2 of cyclophosphamide per cycle in addition to 13g/m2 of ifosfamide per cycle.18

As patients in our cohort received a variety of cyclophosphamide dose regimens, a 

secondary objective was then to analyze the specific impact of cyclophosphamide dose on 

disease outcomes. Among the entire cohort, local failure was significantly worse in patients 

who received lower cumulative doses of cyclophosphamide. As patients with orbital and 

other head and neck site embryonal RMS were treated on low-risk protocols and did not 

experience any local failures in our cohort, we also analyzed the effect of cyclophosphamide 

dose specifically in patients with parameningeal RMS (comprising 78% of our cohort). For 

parameningeal RMS, a reduction in both dose-intensity and cumulative dose of 

cyclophosphamide significantly increased the rate of local failure. There was also a non-

significant trend toward worse EFS in patients treated with a reduced dose-intensity of 

cyclophosphamide (2-year EFS 59.2% versus 70.6%, p=0.11). As we were unable to 

perform a multivariate analysis, we further analyzed the effect of cyclophosphamide dose in 

the subgroup of patients who received IMRT in order to eliminate radiation modality as a 

confounding factor. Among this group, cumulative cyclophosphamide dose again remained 

significantly associated with LF.
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To compare our outcomes to the outcomes of patients with parameningeal RMS treated on 

the most recent IRSG/COG studies, the local failure was 16% on IRS-IV, 19% on D9803, 

and 27.6% on ARST0531 (Table 2).20-22 Importantly, the cyclophosphamide dose-intensity 

and cumulative dose on ARST0531 was significantly lower than that used on IRS-IV and 

D9803. The inferior local control on ARST0531 compared to historical cohorts is similar to 

the increase in local failure from 8.8% to 33.5% seen among patients in our cohort treated 

with reduced dose-intensity cyclophosphamide. Similarly, for patients with low-risk 

embryonal RMS (including orbital RMS) a reduction in cyclophosphamide dose from 

D9602 to ARST0331 was associated with worse local control.8,23 Additionally, for patients 

with intermediate-risk embryonal RMS, there was an improvement in failure-free survival 

on IRS IV compared to IRS III, largely attributed to the increased dose-intensity of the 

alkylating agent on IRS-IV compared to IRS-III (2.2g/m2 versus 1 g./m2).24 A single 

institution series from St. Jude Children’s Hospital also recently noted an increase in 

locoregional failures in parameningeal RMS after reduced-dose cyclophosphamide and 

delayed RT, although we did not find that local control was affected by the timing of RT.25

It is unknown whether dose-intensity of cyclophosphamide or cumulative dose is the more 

significant factor affecting disease control. Similarly, the optimal dose-intensity of 

cyclophosphamide remains unknown. As the minority of the cyclophosphamide dose is 

given prior to the start of radiation in most studies, the dose-intensity of therapy prior to and 

during radiation is likely an important factor for local control. In fact, we found that 

volumetric response after induction chemotherapy correlated with both local control as well 

as dose-intensity of cyclophosphamide. The main concern with increased doses of 

cyclophosphamide include, in the short-term, cytopenias, and in the long-term, infertility, 

which is most evident in males treated at a young age.26 Dose intensification of 

cyclophosphamide beyond 2.2g/m2 to 3.6g/m2 as part of induction therapy for intermediate-

risk RMS did not improve outcomes on a COG pilot.27 Of note, preclinical studies have 

demonstrated that cyclophosphamide has a sharp dose response curve. Thus, it is plausible 

that small changes in dose may significantly impact cell killing and disease control.28,29

The major limitations of our study are the retrospective design and the small number of 

events, which precludes the use of a multivariate analysis that could address the relative 

importance of the different factors associated with higher rates of recurrence. Patients were 

not randomized to receive protons versus IMRT or standard versus reduced-dose 

chemotherapy. Thus, there may be unexplained confounding factors affecting our results. 

However, the decision for the type of radiation used and the dose of chemotherapy given for 

a specific risk-group was based on timing and location of treatment, rather than clinical 

baseline characteristics that may influence disease control.

CONCLUSION

In summary, HN-RMS is a challenging site to treat given the critical anatomy of the head 

and neck region and the concern for late effects. Local failures in HN-RMS not only cause 

severe facial disfigurement and devastating functional consequences, but they also can be 

lifethreatening. Proton therapy and reduced-dose cyclophosphamide may both reduce late 

morbidity in this vulnerable patient population. Longer follow-up is needed in the proton 
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cohort, although it appears that the dose of cyclophosphamide, rather than radiation 

modality, is likely the more important factor affecting local disease control. Efforts focused 

on further evaluating the optimal dose of cyclophosphamide or alkylating agents needed to 

balance disease control with toxicity are needed.
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Figure 1. 
Local failure by radiation modality (protons versus intensity-modulated radiation, therapy, 

IMRT)
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Figure 2. 
Example of an in-field local failure in the high-dose region after proton therapy for a 

suprasellar rhabdomyosarcoma
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Figure 3. 
Local failure among patients with parameningeal rhabdomyosarcoma by a) cumulative 

cyclophosphamide dose and b) cyclophosphamide dose-intensity
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Table 1.

Baseline patient and treatment characteristics

IMRT cohort
N=51

Proton cohort
N=25

P Value

Age at Radiation (Mean) 10.0 7.8 0.15

Gender

 Male 19 (37) 13 (52) 0.22

 Female 32 (63) 12 (48)

Race

 White 41 (80) 20 (80) 0.95

 Black 6 (12) 3 (12)

 Asian 3 (6) 1 (4)

 Other 1 (2) 1 (4)

Histology

 Embryonal 36 (71) 24 (96) 0.01

 Alveolar 15 (29) 1 (4)

Tumor location

 Parameningeal 42 (82) 17 (68) 0.16

 Orbital 6 (12) 3 (12)

 Other head and neck 3 (6) 5 (20)

Tumor size

 <5cm 27 (53) 14 (56) 0.80

 ≥5cm 24 (47) 11 (44)

Nodal status

 N0 25 (49) 18 (72) 0.06

 N1 26 (51) 7 (28)

Stage

 1 9 (18) 8 (32) 0.48

 2 9 (18) 5 (20)

 3 23 (45) 9 (36)

 4 10 (20) 3 (12)

Group

 2 3 (6) 2 (8) 0.61

 3 38 (75) 20 (80)

 4 10 (20) 3 (12)

Cyclophosphamide dose per cycle

 Reduced 16 (32) 21 (88) <0.0001

 Standard 34 (68) 3 (12)

Cumulative alkylating agent dose

 ≤20g/m2 28 (57) 16 (70) 0.31

 >20g/m2 21 (43) 7 (30)

Abbreviations: IMRT = intensity-modulated radiation therapy
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Table 2.

Comparison of parameningeal local failure on recent COG/IRSG studies

Study Cyclophosphamide
dose per cycle (g/m2)

Cumulative alkylating agent
dose*

Local failure
for PM-RMS

IRS-IV14 2.2** 26.4 16%

IRS-V (D9803)4 2.2 25.1-30.8 19%

ARST0531116 1.2 8.4-16.8 28%

MSK (current study)

Cohort A

Cohort B 1.2 10 (median) 33.5%

2.2 24 (median) 8.8%

*
In cyclophosphamide equivalents

**
Or 9g/m2 of ifosfamide
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