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Background: Rhabdomyosarcoma (RMS) is rare in adults, with a significantly worse prognosis than its
pediatric counterpart. Radiotherapy (RT) plays a significant role in treating head and neck RMS (HNRMS),
but the outcomes of conventional RT are limited by the complex anatomy and unfavorable pathology
subtypes of the adult H&N RMS. Here, we aim to report the effectiveness and safety of carbon-ion beam
RT (CIRT), either alone or in combination with proton radiotherapy (PRT) in the management of adult
HNRMS.

Methods: Fifteen adult patients with HNRMS were enrolled on a prospective registry protocol between
06/2015 and 12/2019. Eight patients presented with parameningeal tumors, and eight had unfavorable
pathology subtypes [alveolar =7, not otherwise specified (NOS) =1]. Eleven patients had gross tumors before
the start of RT (volume range, 46.1-137.6 cm’). Two patients failed the earlier RT. All except for one patient
received multi-drug chemotherapy. The median absolute dose of particle beam RT was 70.0 Gy [relative
biological effectiveness (RBE)].

Results: With a median follow-up of 21 months, local or distant recurrence occurred in three and four
patients, respectively, and two added patients had both local and distant failure. One patient died of distant
metastasis (DM), and another died of an unrelated condition. The 1- and 2-year overall survival (OS), local
relapse-free survival (LRFS), distant metastasis-free survival (DMFS), and progression-free survival (PFS)
rates were 87.5% and 70.0%, 92.3% and 67.1%, 72.2% and 54.2%, and 65.0% and 24.4%, respectively, for
the entire cohort. Both patients who failed earlier RT and received salvage CIRT developed DM but were
alive at last follow-up. No acute toxicity of > grade 3 or late toxicity of > grade 2 was observed.
Conclusions: CIRT, either used alone or in combination with PRT, is not only feasible and safe but also
useful in local disease control for HNRMS. DM is the most important cause of treatment failure; thus, more

effective systemic treatment is needed to improve the prognosis of HNRMS further.
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Introduction

Rhabdomyosarcoma (RMS) is an exceedingly rare
malignancy and is mostly a disease of childhood with
>80% of cases diagnosed before the age of 15 (1). Adults
are uncommonly afflicted with RMS, which comprise
2% of all adult soft-tissue sarcomas (STS) (2). Significant
improvement in prognosis has been achieved for pediatric
and adolescent patients with RMS, with long-term survival
of 70-80%, after multidisciplinary treatments (3,4).
However, the outcome of adult RMS patients remains
unsatisfactory, with a 5-year overall survival (OS) rate
between 20% and 40% (2,5-10).

Approximately 40% of RMS cases originate in the
head and neck region (3). Like in other types of soft-tissue
sarcoma, radiation therapy (RT) is often considered as
the local treatment of choice due to the high morbidity
associated with extensive surgery (11,12). Despite the
prevailing use of intensity-modulated RT (IMRT), adverse
effects induced by radiotherapy remain to be a significant
concern for oncologists, especially for lesions in the orbital
and parameningeal regions (13). Furthermore, higher RT
doses are needed for adult RMS due to their biological
behavior and may further diminish the therapeutic ratio.

Because of Bragg peak particle (e.g., proton or carbon
ion beam) beam radiation therapy (PBRT), the treatment
exhibits high precision. PBRT deposits a relatively low dose
when beams travel in a uniform medium but distributes
most of the dose at once before it stops at the Bragg peak.
Such a feature makes it possible to deliver high doses to the
tumor while limiting the dose to the adjacent normal tissues
and organs (14). As a result, only mild toxicities of PBRT
including grade 1 to 2 reactions were observed in this study.
On the other hand, in addition to its physical property the
carbon-ion beam features more significant linear energy
transfer (LET) and higher relative biological effectiveness
(RBE) than the proton beam. It may show a greater
probability in improving the control of malignancies, which
are relatively resistant to conventional RT (15,16). Based
on these advantages, carbon-ion radiation therapy (CIRT)
may substantially improve the therapeutic ratio for head
and RMS. Nevertheless, there is a paucity of knowledge
of the management of head and neck RMS (HNRMS) in
adult populations using CIRT. So in this study we focusing
on adult RMS using carbon ion technology, specific in head
and neck region, giving more instructive and more valuable
suggested radiotherapy pattern, as well as aiming to bolster
the current literature with clinical results in terms of disease
control, patients’ survival, as well as treatment-associated
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adverse effects of a group of adult patients diagnosed
with HNRMS prospectively treated with intensity-
modulated CIRT at the Shanghai Proton and Heavy Ion
Center (SPHIC) over the past five years. We present the
following article in accordance with the STROBE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-20-8238/rc).

Methods
Patients and pretreatment workups

The treatment protocol of PBRT for H&N sarcoma,
including RMS, was registered with and approved by the
institutional review board (IRB) of the Shanghai Proton
and Heavy Ion Center (approval No. 171031EXP-03). All
patients or their parents/guardian supplied consent before
the inclusion of the protocol and our institutional database
of H&N sarcoma. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

We analyzed data from all patients presented to the
Department of Head and Neck/Central Nervous System
Oncology of the SPHIC between May 2015 and December
2019. All patients diagnosed at age 15 or older were
included in this analysis. At SPHIC, all patients with
head and neck sarcoma, including RMS, were evaluated
based on our institutional sarcoma treatment protocol and
underwent a complete history and physical examination,
full blood counts with differential, serum electrolyte profile,
hepatic/renal functional tests, urine analysis, and EKG.
Confirmation of pathologic diagnosis was required for all
patients and performed at the Fudan University Shanghai
Cancer Center using the paraffin bedded specimen provided
by the patients. MRI of the head and neck was mandatory
for all patients, and CT was used only if MRI was clinically
contraindicated. FDG-PET/CT scan (chest CT, ultrasound
of the abdomen, and whole-body bone scan were used if
PET/CT were unavailable) to rule out distant metastasis
(DM). The extent of the primary and neck lesion(s) was
determined by imaging studies and surgical reports (if
applicable). Patients were staged using the International
Rhabdomyosarcoma Study Group (IRSG) staging system
and IRS-modified TNM stage (17).

However, due to the limitation of the pathology studies,
i.e., lack of the PAX/FOXO0I fusion gene status in some
patients, Children’s Oncology Group (COGQG) risk grouping,
an important prognostic indicator, was not performed in
this study. The indications of PBRT for all patients were
evaluated and approved at the multidisciplinary tumor clinic
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Table 1 Characteristics of the 15 patients and their disease
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IRSG IRSG Tumor

E:)t.ient Age Gender Pathology  Tumor site RT status classif-li-cation classi;lcation clinical modified volume/ .
group stage GTV* (mm’)

1 19 Female  Alveolar Oral cavity Naive 2 0 3 1 0.0™
2 24 Female  Alveolar Parameningeal™* Naive 4 1 3 3 46.05
3 30 Female  Alveolar Parameningeal Naive 4 0 3 3 47.15
4 14 Female NOS Major salivary gland Naive 4 0 3 3 133.25
5 30 Female = Embryonal Parameningeal Naive 4 1 3 3 22.18
6 27 Male Sclerosing  Major salivary gland Naive 2 0 2 3 24.15
7 23 Male Alveolar Parameningeal Naive 1 0 3 2 137.61
8 26 Female  Alveolar Parameningeal Naive 4 0 3 3 83.50
9 19 Female @ Embryonal Parapharyngeal Naive 4 0 3 3 55.28
10 32 Male Sclerosing  Oral cavity Re-irradiation 4 0 3 Recurrent  67.48

1
11 28 Female  Alveolar Parameningeal Re-irradiation 4 0 3 Recurrent  49.24

2
12 17 Female  Embryonal Parameningeal Naive 4 0 3 3 58.18
13 30 Female  Embryonal Parapharyngeal Naive 4 0 3 3 50.71
14 14 Male Embryonal  Orbital Naive 2 0 2 1 2.36
15 17 Female  Alveolar Parameningeal Naive 4 1 3 3 54.70

*, GTV after surgery or induction chemotherapy; **, achieved complete response after chemotherapy; ***, parameningeal sites: areas next
to the membranes covering the brain, such as the nasal passages and nearby sinuses, middle ear, and the uppermost part of the throat.
RT, radiation therapy; IRSG, International Rhabdomyosarcoma Study Group; GTV, gross tumor volume; NOS, not otherwise specified.

(MDT) before registration, planning, and inclusion of the
institutional registry.

Follow-up

All patients were followed up according to our institutional
protocol after the completion of PBRT. The first follow-up
was scheduled at four weeks post-treatment. Patients were
then examined every 3—4 months during the first two years,
every six months until the fifth year, then annually.

The Common Terminology Criteria for Adverse Events
(CTC.AE) (version 4.03) was used to grade both acute
and late adverse effects. Acute adverse effects include
toxicities that occurred from the start to 3 months after the
completion of PBRT. Late effects were those observed at
any time after three months post PBRT.

Statistics

Time to locoregional or distant failure, death, and
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progression (including any locoregional/distant failure and/
or death) were estimated from the start date of PBRT until
the documented event. The time of OS was estimated from
the date of diagnosis for the current disease. Survival data
was analyzed using the Kaplan-Meier method. Statistical
calculation was performed with SPSS (version 19.0).

Results
Cobort and treatment characteristics

Between 6/2015 and 12/2019, 15 consecutive and non-
selected patients with histologically confirmed RMS of the
head and neck region received PBRT with PBS technology
at the SPHIC. The age of patients was 14 or above. Two
patients presented with neck adenopathy. None of the
patients had DM at presentation. Two patients failed an
earlier course of photon-based radiotherapy and received
salvage carbon-ion beam re-irradiation. The characteristics
of the patients, their conditions, and treatment techniques
are detailed in Tables 1,2.

Ann Transl Med 2022;10(22):1191 | https://dx.doi.org/10.21037/atm-20-8238



Page 4 of 9

Yang et al. PBRT for HNRMS in adults

Table 2 Treatment details of the 15 patients with rhabdomyosarcoma and their outcomes

Patient Surgery Neoadjuvant Cycle Response PRT dose PRT CIRT dose CIRT Lgcal-regional Distant failure Death Status Follow-up
No. chemo (GyE) Fx (GyE) Fx  failure (month) (month)  (month) (month)
1 R2 Yes 10 CR 0 0 60.0 20 - - - NED  23.00
2 R2 Yes 6 PR 56 28 15.0 5 16.27 - - AWD  41.53
3 Biopsy Yes 7 PR 56 28 17.5 5 - - - NED 8.00
4 Biopsy Yes 9 PR 56 28 15.0 5 9.27 - - AWD  15.67
5 Biopsy Yes 5 PR 56 28 15.0 5 - 9.23 30.40 DOM  30.40
6 R1 No 0 NA 0 0 70.0 20 - - - NED 34.80
7 R2 Yes 4 PR 0 0 63.0 18 - - 20.93 DOO  20.93
8 R2 Yes 6 PR 56 28 15.0 5 - 6.43 - AWD 7.47
9 R2 Yes 4 SD 0 0 63.0 18 - 16.23 - AWD  29.23
10 R2 Yes 4 PD 0 0 63.0 21 30.79 9.07 - AWD 39.17
11 R2 Yes 5 SD 0 0 54.0 18 - 3.27 - AWD  18.90
12 Biopsy Yes 4 PR 56 28 17.5 5 16.63 16.63 - AWD  16.90
13 Biopsy Yes 8 PR 0 0 70.0 20 - - - NED  11.33
14 R1 Yes 6 PR 0 0 63.0 18 16.70 - - AWD 17.84
15 R2 Yes 6 CR 0 0 63.0 21 - - - NED  34.63

PRT, proton radiation therapy; CIRT, carbon-ion radiation therapy; R1, incomplete resection; R2, residual resection; CR, complete
remission; PR, partial response; NA, not applicable; SD, stable disease; PD, progressive disease; NED, no evidence of disease; AWD; alive
with disease; DOO, die of other reason; DOM, die of distant metastasis.

Surgery and chemotherapy

All 15 patients underwent surgery, but only two achieved
R1 resection. The remaining 13 patients received biopsy or
R2 resection.

Fourteen patients received chemotherapy before PBRT.
The regimen(s) used were at the discretion of their referring
medical oncologists. Among the patients with neoadjuvant
chemotherapy, one RT-Naive case with alveolar RMS of
parameninges achieved a complete response, nine achieved
a partial response, one had stable disease, and another
developed progression. No patients of this cohort received
concurrent chemotherapy during PBRT (7able 2).

Particle beam radiation therapy

Techniques of PBRT were detailed previously (18,19).
Briefly, after the immobilization of patients using low-
temperature thermoplastic masks, computed tomography
(CT) image slices at 1.5 mm thickness were acquired for
PBRT planning. The fusion of the planning CT with MRI

taken in a treatment position with an immobilization mask
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was required for all patients before the delineation of gross
tumor volume (GTV) and clinical target volume (CTV).

The GTV was defined based on physical examination and
imaging studies. Surgical beds of patients who underwent
resection were also included in GTV. The CTV was defined
as the GTV plus a margin of 1-2 cm and an area of risk for
subclinical diseases. The planning target volume (PTV) was
defined as CTV plus a margin of 3.5% of the beam range
+2 mm for setup error and range uncertainty. Elective nodal
irradiations (ENI) were provided to patients with regional
lymph node metastasis and patients with an elevated risk of
lymphatic metastasis. Weekly verification CT scans were
typically performed after the second week of PBRT to
assess any changes in anatomy during treatment.

Nine patients received CIRT alone, and six received PRT
plus carbon ion boost. For the 13 RT-Naive patients, the
total dose to the GTV ranged from 60-73.5 (median =70)
Gy (RBE) at conventional fractionations [3/3.5 Gy (RBE)
of carbon ion per daily fraction, 2 Gy (RBE) of proton per
daily fraction]. For the two re-irradiated patients, a dose
recovery of 70% from the earlier courses were applied for
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Figure 1 Overall survival, local relapse-free survival, distant metastasis-free survival, and progression-free survival curves for all patients.

calculating OAR dose constraints. Salvage CIRT of 54 Gy
(RBE)/18 fractions and 63 Gy (RBE)/21 fractions were
provided (7able 2).

The radiation targets of GTV ranged from 0-137.61
(median =50.71) cm’ and were delineated according to
residual tumor size, surgical status, and chemotherapy
response.

Disease control and survival

With a median Follow-up of 21 (range, 7.5-41.5) months,
five patients experienced local progression, and six patients
developed distant metastases. Two patients had succumbed
to DM (one case) or unrelated reasons (one case) (Tuble 2).
The 12- and 24-month OS, local relapse-free survival
(LRFS), and DMFS rates were 87.5% and 70.0%, 92.3%
and 67.1%, and 72.2% and 54.2% for the entire cohort,
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respectively (Figure 1).

Toxicity

No acute adverse effects of grade >3 adverse effects were
observed. Six (40%) and five (33%) patients experienced
grade 1 or 2 mucositis, and six (40%) and two (13%)
patients experienced grade 1 or 2 radiation dermatitis,
respectively (7able 3). No late toxicity of > grade 2 was
observed. Grade 1 xerostomia, parageusia, and facial
edema persisted beyond or occurred three months after the
completion of PBRT were observed in one case.

Discussion

Here we report the first series of adult HNRMS patients
treated with PBRT, CIRT as part of multimodality therapy.
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Table 3 Type and frequency of acute toxicities
Grade

Toxicity 1 2 3 4 5

No. % No. % No. % No. % No. %

Mucous membrane 6 40 5 33 0 0O 0 O 0 O

Skin 6 40 2 13 0 0 O O O O

With a median follow-up of close to two years, the
disease-associated outcomes in terms of local control (LC)
(92.3% at 1 year and 67.1% at 2 years) and OS (87.5% at
1 year and 70.0% at 2 years) appear to be more favorable
when compared to other modern series using definitive
radiotherapy. Prior reports based on photon-based IMRT
generally described LC and OS rates between 36-65%
(5-year) and 18-44% (5-year) in similar cohorts of patients
(2,6). PBRT also supplied its local efficacy without inducing
severe adverse effects. No patients in our series suffered
from radiation-induced acute toxicity of > grade 3. And only
grade 1 late toxicity was observed. Unfortunately, 2 patients
died during the follow-up: Case 5 developed axillary lymph
node and breast metastasis after receiving proton and heavy
ion radiotherapy, and died of uncontrolled metastasis after
cycles of chemotherapy; Case 7 returned to our hospital
for follow-up examination 18 months after proton and
heavy ion radiotherapy, the images showed no sign of
tumor recurrence or metastasis at that moment, but the
family later reported the patient died of newly diagnosed
neurological disease. Thus, DM is the only disease-related
cause of death in our cohort.

HNRMS accounts for 1/3 of all RMS cases, but its
occurrence is exceedingly rare in adult patients. It is a
uniquely challenging condition to oncologists given the
necessary anatomy background and is typically grouped into
three categories, including parameningeal (~44%), orbital
(~28%), and other H&N areas (~28%), based on anatomical
and prognostic considerations. For pediatric cases, the
general use of multimodal therapy has significantly reduced
the propensity of distant failure. However, local recurrence
is the main form of treatment failure in HNRMS, the
OS rates after a multidisciplinary treatment approach
80% at 5 years (20-23). However, the prognosis of adult
RMS patients, regardless of the origin of their disease, is
substantially worse than its pediatric counterpart. DM is the
primary mode of treatment failure in adult patients, where
the reported long-term OS rates of patients with DM are
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usually <5% (2,5,24).

The poor prognosis of adult RMS is associated with, at
least in part, the more unfavorable pathology subtypes when
compared to the pediatric counterpart (25). Historically,
three more common histology subtypes have been reported
in adult RMS. In addition to the favorable embryonal
histology, which is more common in children, the alveolar
subtype is far more common in adolescents and adults
and carries a worse prognosis, which often arises in the
extremities (26,27). The so-called pleomorphic subtype,
rare in children and mainly arise in deep soft tissues of adult
patients, should be a pleomorphic sarcoma with myogenic
RMS differentiation. This specific entity is more similar
to the non-RMS soft-tissue sarcomas of adults than other
RMS (28). Based on the updated classification, no patients
in the current cohort were classified with the historical
pleomorphic subtype. 50% of the cohort were of alveolar
subtype and the remaining were embryonal.

Adult RMS is more sensitive to radiation therapy than
other subtypes of adult soft-tissue sarcomas but more radio-
resistant than pediatric RMS, where doses around 50 Gy
result in insufficient LC. However, due to the rarity of the
disease, only a few studies have reported the treatment
outcome of conformal RT for HNRMS in children (20-23),
and each study was limited in its sample size. There have
been no studies that have been published on radiotherapy,
including PBRT for adult HNRMS. The optimal dose and
field arrangements of radiotherapy for adult RMS have
not been standardized. Higher doses of RT may improve
disease control, especially for patients with gross residual
disease (29).

Nevertheless, RT doses are usually limited by the
critical OARs next to the tumor for patients with head
and neck malignancies. As such, definitive RT for adults
with HNRMS, especially the parameningeal subtype, is
particularly challenging. The unique physical property of
particle beams enables precise localization of RT doses to
the tumor targets while spearing the critical OARs from
high collateral doses. We have reported the effectiveness of
CIRT, alone or following proton therapy, for both newly
diagnosed and recurrent bone and soft-tissue sarcomas
of head and neck previously (18,19). Our results echoed
those from Japan (30,31). Data from both countries
revealed favorable local disease control with limited severe
toxicities. However, the literature on the use of PBRT for
adult HNRMS is lacking. Before our series, only one study
reported the patterns of failure following proton therapy for
46 children with HNRMS (32).
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RMS is one of the few STS with a known propensity for
lymph node spread, especially for the alveolar subtype (33).
Lymph node metastasis is relatively uncommon in pediatric
HNRMS; however, the reported frequencies range between
30~45% overall in adult RMS patients (5,6). Only 3 of our
15 patients presented with neck lymphadenopathy. This
frequency is somewhat similar to the occurrence of regional
nodal metastasis of pediatric RMS patients (3,34-36).
Although nodal status at presentation is an essential
prognosticator in pediatric RMS (34-36), it is not significant
in adults (5,6).

Furthermore, ENI has not been shown to improve
adults (6). In our series, the use of ENI was not universal
and was determined by the origin and extent of the disease.
None of our patients have experienced neck failure so
far. Nevertheless, it is essential to note that standard
recommendation of ENI for adult HNRMS patients is
lacking, and many centers recommend ENI to a dose of
~50 Gy for all patients with RMS of unfavorable (e.g.,
alveolar) pathology.

The most common pattern of failure after definitive
therapy in adults with RMS is DM, especially to the
lungs (2,5,6). In our series, six patients had a distant
failure, either alone (n=4) or with local recurrence (n=2).
However, the target organs of DM included distant lymph
nodes, breast, brain, muscle (of the arm), and bone. Only
one patient had synchronous pulmonary and pericardial
metastases. The underlying reason for such a diverse
pattern of DM in our cohort is unknown. Also, due to the
limited number of patients, we were not able to associate
the volume of the tumor or other disease characteristics
with the probability of DM.

Despite the prospective nature of our treatment protocol
and data collection process, the major limitations of our
study include the small number of patients and events as
well as a relatively short follow-up time. The fact that only
one patient died of DM when six also had DM was also due
to the relatively short follow-up time. These limitations
prevent the use of uni- and multivariate analysis that
could address the relative importance of numerous factors
associated with prognoses. With the accumulation of more
cases into our database, further follow-up and analysis will
provide further insights into the use of PBRT for this rare
condition. Nevertheless, this is the first study on PBRT,
CIRT, for adult HNRMS. The fact that only three patients
developed local failure alone and no patient experienced
severe acute, or late toxicity suggests the feasibility, efficacy,
and safety of CIRT for this malignancy.
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Conclusions

Adult HNRMS is a highly malignant disease with a poor
prognosis. Our study reveals that high-dose PBRT yields
favorable results in terms of local disease control and
treatment-associated toxicity compared to historical data
based on photon radiotherapy. None of the patients suffered
from local failure and severe acute or late adverse effects in
our study. This cohort supplies the first modern experience
supporting the favorable role of PBRT in the management
of adult HNRMS. Nevertheless, distant recurrence is
the single major cause of treatment failure, and thus the
development of an effective systemic treatment strategy is
urgently needed.
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