
Rhabdomyosarcoma (RMS) is the 
most frequent soft tissue sarcoma in 
children. It is localized in the head and 
neck region in 40% of cases. Treat-
ment of RMS is complex, including 
multi-drug chemotherapy, radiother-
apy and surgery. The progress that 
has been accomplished in oncology 
in recent decades significantly im-
proved outcomes. The 5-year survival 
rate raised from 25% in 1970 to 73% 
in 2001, according to IRS-IV data. The 
outcome is influenced by primary tu-
mor localization, clinical staging, his-
tological tumor type and age at the 
moment of diagnosis. The relatively 
rare incidence of these tumors re-
sulted in difficulties in creating more 
standardized therapeutic protocols. 
Comparison of outcomes in large 
patients groups led to an increase in 
the number of patients with complete 
remission. Although survival rates of 
RMS patients have improved, search-
ing for new therapeutic modalities 
and substances is still essential to im-
prove outcomes in cases of more ad-
vanced stages and unfavorable tumor 
localizations.
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Introduction

Malignant tumors in childhood are relatively rare compared to adults, but 
despite the great progress in medicine, they are still the third cause of mor-
tality in children, following trauma and intoxication [1].

Treatment and diagnosis of soft-tissue sarcomas is a challenging prob-
lem. They belong to one of the most rapidly proliferating tumors (duplication 
time of the tumor mass can be only 14 days). As they do not have a capsule, 
they may easily infiltrate surrounding tissues and distant organs by forming 
so-called skip lesions. They are characterized by frequent local relapse and 
high rate of early lung metastases. Progress that has been accomplished in 
oncology in the last three decades significantly improved outcomes. With 
regard to soft tissues sarcomas the 5-year survival rate raised from 25% in 
1970 to 73% in 2001, according to IRS-IV data [2, 3]. This progress results from 
introducing complex treatment based on modern aggressive chemotherapy, 
advanced radiologic imaging and still improving surgical techniques (espe-
cially in skull base surgery, microsurgery and reconstruction surgery). Multi-
disciplinary research groups are engaged in improving therapeutic protocols 
by creating patients databases, outcome analysis and registering adverse 
effects and inadvertent events. In Poland this is Polish Pediatric Solid Tumors 
Group which cooperates with corresponding groups in Europe and the rest 
of the world (e.g. German Cooperative Soft Tissue Sarcoma Group – CWS, 
International Society of Pediatric Oncology – SIOP, Italian Cooperative Group 
– ICG or Intergroup Rhabdomyosarcoma Study – IRS).

Epidemiology and etiology

Rhabdomyosarcoma accounts for 7% of malignant tumors in children and 
is the most frequent soft tissue sarcoma in children [4]. According to Ameri-
can data 350 new cases of RMS are registered each year in the United States 
[5]. Onset of the disease is at 2–5 years of age. A significant rise in morbidity 
is registered in adolescents > 12 years [4]. No evident geographic and ethnic 
correlations have been observed. However, Asians are less susceptible than 
white and black races. The incidence of RMS is about 1.5 times higher in boys 
than in girls. The incidence of RMS is also higher in children of mothers who 
have had a breast tumor [4]. The role of the risk factors in its pathogenesis 
has not been finally confirmed. The positive correlation between RMS and 
Recklinghausen disease [6], Li-Fraumeni syndrome [7], Costello [8], Noonan 
[9] or Beckwith-Wiedemann [10] syndromes suggests the role of genetic fac-
tors. It is also believed that the mother’s exposure to cocaine and marihuana 
during pregnancy may have an impact on the disease onset [11].
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General characteristics

Forty percent of RMS cases are manifested in the head 
and neck region. Localization of the primary tumor has 
a prognostic value and therefore it determines the ther-
apeutic management strategy. Three tumor sites can be 
distinguished in the head and neck region: parameninge-
al, orbital and the third one – meaning the rest of struc-
tures in the head and neck region. 25% of RMS are local-
ized in the parameningeal region [12]. This group includes 
tumors of the nasal cavity, nasopharynx, paranasal sinus-
es, middle ear and skull base. They remain asymptomatic 
at early stages of the tumor growth and it is problematic 
to perform complete resection. First symptoms may be 
purulent and hematous secretions from the nose and ear, 
auricular duct and nasal duct blockage or dysphagia [13]. 
Symptoms that mimic chronic inflammation of the upper 
airway tract may delay proper diagnosis up to 3–4 weeks. 
Cranial nerve disorders or other neurologic symptoms that 
suggest skull base or central nervous system infiltration 
are an indication for urgent radiologic imaging. Presence 
of tumor cells in cerebrospinal fluid quite often precedes 
tumor radiologic signs in the central nervous system. 

Nine percent of RMS are localized in the orbit [12]. Prog-
nosis is better in this case, mainly because of early pres-
ence of tumor symptoms, e.g. exophthalmos, often associ-
ated with eye ball immobilization, tumorous thickening of 
one eyelid, periorbital ecchymosis or strabismus [13]. 

Remaining RMS of the head and neck are localized in 
epicranial aponeurosis, soft tissues of the neck, salivary 
glands, oral cavity, larynx, middle and lower pharynx, thy-
roid gland and cheeks.

Rhabdomyosarcoma proliferates very rapidly, infiltrat-
ing neighboring tissues and spreading to lymph nodes and 
distant organs, such as lungs, bones, bone marrow, central 
nervous system, liver and retroperitoneal space. Metasta-
ses to distant organs, especially lungs, occur statistically 
more often than to lymph nodes. 

Histology

Rhabdomyosarcomas are small round blue cell tumors 
– malignant low-grade tumors, typical for children. These 
tumors are composed of small cells, with a large, round, 
hyperchromatic nucleus that stains to dark blue under the 
influence of hematoxylin and eosin.

The differential histopathologic diagnoses are neuro-
blastoma, Ewing sarcoma and lymphoma, being a chal-
lenge even for an experienced pathologist. Analysis of 
patients’ data from the IRS program revealed that near-
ly 20% of RMS diagnoses were incorrect [14]. Three basic 
types of rhabdomyosarcomas [4, 15] can be distinguished 
and their differentiation determines the therapy:
• embryonal (ERMS) – the most frequent form (about 

60%), which usually occurs in the head and neck region, 
genitourinary tract and in the retroperitoneal region; 
apart from the classical embryonal form two subtypes 
can be distinguished – botryoid RMS (6–10%) and fus-
ocellular RMS;

• alveolar RMS (ARMS) – accounts for 20% of cases, is lo-
calized mainly in the extremities, trunk, perineum, peri-
nasal sinuses;

• pleomorphic/adult RMS – children are not affected, typ-
ically localized in the extremities.
Tumor histology determines treatment outcomes. The 

best prognosis is associated with embryonal RMS.
Histology also determines the final diagnosis. There-

fore, evaluation of each positive histological result in an 
appropriate reference centre is recommended. Patholo-
gist’s experience and doing extra immunohistochemical 
(searching for skeletal muscle antigens such as desmin, 
myoglobin, actin, vimentin with monoclonal antibodies) 
and molecular testing (which should be done routinely) 
are essential. Presence of actin myofilaments and desmin 
in electron microscope may be helpful to differentiate 
from other small round cell tumors.

Molecular testing

Research in molecular testing, which has been conduct-
ed for years, has led to identification of chromosom ab-
normalities characteristic for RMS. First of all DNA content 
in childhood RMS was defined as an important variable 
in predicting prognosis. DNA hyperdiploid and tetraploid 
rhabdomyosarcomas have a favorable prognosis, while 
DNA diploid and polyploid tumors have a poor prognosis 
[16]. Ploidy may also correlate with histologic subtype with 
embryonal histology most commonly being hyperdiploid 
and alveolar histology usually tetraploid [17]. More spe-
cific testing is helpful not only in diagnosing but also in 
monitoring the minimal residual disease. It may also help 
to create new, more effective treatment strategies in the 
future. Upon many abnormalities that have been identi-
fied, two translocations are pathognostic for RMS: t(2;13)
(q35;q14) and t(1;13)(p36;q14), which are observed in 80% 
of cases of ARMS [18, 19]. As a result fusing proteins that 
are transcription factors with increased activity – accumu-
late in the cell. Fusing proteins initiate or enhance onco-
genesis by influencing growth, mobility, differentiation 
and apoptosis of tumor cells [20, 21]. Significantly worse 
prognosis of patients with known characteristic translo-
cation has led to the differentiation of two ARMS types: 
more aggressive ARMSp (fusion gene-positive alveolar 
RMS) and less aggressive ARMSn (fusion gene-negative 
alveolar RMS) [22]. It was found that that ERMS and ARMS 
present completely different genetic abnormalities. Em-
bryonal RMS is characterized by loss of heterozygosity on 
the short arm of chromosome 11 (11p15.5). This results in 
the inactivation of a tumor-suppressor gene. On the other 
hand ARMS in 80–85% has the chromosomal transloca-
tions ‘t(2;13)(q35;q14) or t(1;13)(p36;q14). Among those 
t(2;13) appears in almost 70% [23, 24]. It was further de-
scribed that reported chromosomal translocations t(2;13)
(q35;q14) or t(1;13)(p36;q14) result in PAX3/FOXO1 and 
PAX7/FOXO1 fusion genes expression. Generation of a chi-
meric fusion gene involves the PAX3 gene located on chro-
mosome 2 and a member of the fork-head family – FOXO1 
gene (formerly FKHR) – located in chromosome 13. At the 
same time translocation t(1;13) involves another PAX fami-
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ly gene – PAX7 – located on chromosome 1 and the FOXO1 
gene and is present in 10–15% of cases of ARMS [23, 24]. 
PAX/FOXO1 fusion gene status also influence prognosis 
with fusion-gene-negative ARMS patients having a prog-
nosis similar to that of patients with ERMS. Further molec-
ular analyses have shown that the gene expression profile 
of fusion-gene-negative ARMS is significantly similar to 
ERMS, but clearly distinguishable from fusion-gene-posi-
tive ARMS [25]. Comparison of the treatment outcomes of 
both RMS cytogenetic variants confirmed that presence of 
the mentioned translocations is the main factor responsi-
ble for the increased risk of ARMS recurrence [22]. Never-
theless overexpression of the fusion protein alone in pri-
mary myoblasts in vitro or in a mouse xenograft model is 
insufficient for tumorigenic transformation of myoblasts, 
but overexpression of IRIZIO (FAM193B – family with se-
quence similarity 193, member B) is a down-stream regu-
lator in this process [26]. PAX3-FKHR also activate the IGF-
I-R (insulin-like growth factor receptor) expression [27]. 
Insulin-like growth factor 1 receptor-mediated signaling 
was shown as essential for continued proliferation of RMS 
cells [28] and Igf1r overexpression induce MAPK activation 
and Her2 overexpression. At the same time Her2 forms 
heterodimers with IGF1R and stimulation with IGF2 leads 
to Her2 phosphorylation in a vicious circle [29]. Insulin-like 
growth factor 2 overexpression was observed in 80% of 
samples and was hypothesized to have an important role 
in this pathway in RMS biology [30]. At the same time 
co-expression of IGF-1R and ALK was detected in ERMS 
and ARMS and combined inhibition of both pathways 
with ALK inhibitor (NVP-TAE684, Novartis), and anti-IGF-
1R antibody (R1507, Roche) was shown to have synergis-
tic cytotoxic effects on RMS cells [31]. Finally, the HMGA2 
(minor groove DNA-binding factor high mobility group AT-
hook 2) – IGFBP2 (insulin-like growth factor binding pro-
tein 2) – NRAS (neuroblastoma RAS viral oncogene homo-
log) signaling pathway was indicated pointed as a critical 
oncogenic driver in ERMS [32]. Rhabdomyosarcoma cases 
exhibiting N-myc amplification were identified as ARMS. 
N-myc gene amplification, could be therefore useful as 
a prognostic factor for an unfavorable outcome [33]. The 
presence of the PAX3/7-FOXO1 fusion genes and high RMS 
proliferative capacity is also associated with high N-Myc 
levels [34].

The German Cooperative Soft Tissue Sarcoma Study 
(CWS) investigated p53, mdm-2, and Ki-67 in RMS and 
have found that p53 and mdm-2 are expressed at low 
levels and would not show differences in expression be-
tween ERMS and ARMS, but metastatic tumors of ERMS 
show significantly higher expression of p53 [35]. Low prev-
alence of TP53 mutations and/or MDM2 amplifications in 
RMS suggests inactivation of p53 function by other mech-
anisms and remains to be elucidated [36]. Nevertheless, 
RMS tumors that develop in TP53 germline mutation carri-
ers present usually non-alveolar, anaplastic histology [37]. 
Moreover, de novo germline TP53 mutations have been 
found in patients with RMS and RMS are often reported in 
patients with Li-Fraumeni syndrome (LFS) [38, 39]. In par-
ticular the majority of RMS cases develop sporadically, but 
10–30% of children who develop RMS are later diagnosed 

with an underlying genetic risk factor. In LFS familial clus-
tering of RMS and other soft tissue tumors in children is 
reported, with accompanying adrenocortical carcinomas 
and early-onset breast cancer in adults. Rhabdomyosar-
coma has also been reported as associated with Beck-
with-Wiedemann syndrome [10]. Beckwith-Wiedemann 
syndrome is further characterized by exomphalos, mac-
roglossia, and macrosomia, increased risk of developing 
Wilms tumor, hepatoblastoma, and neuroblastoma. This 
fetal overgrowth syndrome is associated with abnormal-
ities on 11p15 + the locus of the insulin-like growth factor 
II (IGFII) gene. Another syndrome associated with RMS is 
Costello’s syndrome – an autosomal dominant disorder 
characterized by post natal growth retardation, coarse 
facial features, loose skin and developmental retarda-
tion, and increased risk of development of multiple solid 
tumors. There have been 15 cases of RMS reported in ap-
proximately 100 known children with Costello syndrome 
[40–42]. There are other syndromes in which RMS is a less 
common tumor, such as nevoid basal cell carcinoma 
syndrome (NBCCS), neurofibromatosis type 1 and Rubin-
stein-Taybi syndrome [6, 43, 44].

The comparative genomic hybridization (aCGH) ap-
proach has been recently used in ERMS analysis and shed 
light on the molecular background of this disease. The au-
thors have shown that ERMS develops in cells with inac-
tivated p53, Rb and CDKN2A/B. At the same time FGFR4, 
Ras, and Hedgehog (Hh) are overexpressed. In particular 
CDKN2A/B, a tumor suppressor gene, is deleted in the 
majority of cases. FGFR4, a tyrosine kinase receptor, is 
overexpressed in 20% of cases, while GLI1, a Hh-pathway 
transcription factor, is abnormally activated in more than 
50% of cases and NF1, a tumor suppressor and inhibitor of 
Ras, is deleted in 15% of patients with deletion of NF1 and 
activating Ras mutations mutually exclusive [45]. More-
over ERMS cells were compared with normal myoblasts 
and the Wnt/β-catenin signaling pathway was shown to 
be down-regulated with activation of this pathway pro-
moting myogenic differentiation. Survivin and Secreted 
frizzled-related protein 2 (sfrp2) were shown to be asso-
ciated with this inhibition of the Wnt signaling pathway 
in ERMS [46].

Recently overexpression of mTOR and activation of 
its signaling pathway have been reported in RMS. Sub-
sequently mTOR inhibitors – rapamycin, temsirolimus, 
everolimus – have been shown to be active against RMS 
cell lines in vitro and xenograft models. Moreover, bevaci-
zumab, a monoclonal antibody against vascular endothe-
lial growth factor (VEGF), has also shown activity in those 
experiments [25]. Unfortunately, although the epidermal 
growth factor receptor (EGFR) has been reported as over-
expressed in RMS, in an ARMS mouse model erlotinib, an 
EGFR inhibitor, had no effect on tumor progression [47].

Diagnosis

Rhabdomyosarcoma diagnosis should based on the 
precise physical investigation, past medical history, radio-
logical imaging, histology, laboratory and molecular tests.
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Differential diagnosis of head and neck RMS includes 
a broad spectrum of pathologies. In general, head and neck 
masses are classified as congenital, inflammatory and neo-
plastic (Table 1) [48]. It is crucial to distinguish the most 
commonly observed benign from malignant lesions. Every 
painless, especially tender and fixed mass that has been 
present for several weeks or has grown very rapidly should 
be suspected for malignancy. Physical examination of the 
head and neck region includes visualization and palpation of 
the face, scalp, oral cavity and pharyngeal structures, ante-
rior and posterior rhinoscopy, microscopic ear examination, 
nasopharyngeal, hypopharyngeal and laryngeal endoscopy, 
evaluation of cranial nerve function, eye and lymph node 
examination. In special cases (especially in very small chil-
dren, who do not cooperate during examination), sedation 
may be required. Physical examination of chest, abdomen, 
extremities and genitalia completes the diagnostic process. 
When malignancy is suspected, radiological evaluation and 
biopsy should be performed as quickly as possible.

Magnetic resonance imaging (MRI) with contrast is 
thought to be the basic radiological imaging in the diag-
nosis of RMS of the head and/or neck. It allows one to 
precisely localize and measure tumor size, evaluate lo-
cal invasiveness, and visualize metastases to the lymph 
nodes as well as meninges and brain tissue infiltration. It 
is also used in the evaluation of residual tumor mass after 
surgery and in diagnosis of tumor recurrence. Computed 
tomography with a contrast is also of great value, espe-
cially in evaluation of bone infiltration in the facial cra-
nium and neurocranium. Ultrasound might be helpful in 
evaluating neck lymph nodes. According to some reports 
positron emission tomography (PET) looks promising in 
imaging residual tumor mass [14]. In diagnosis of prima-
ry tumors PET is a supplementary investigation. However, 
some recent studies suggest that bone metastases and 
lymph node metastases may be superiorly detected by 
PET/CT [49, 50]. Considering the fact that 15% of children 
with RMS already have distant metastases at the moment 
of diagnosis [51], it is essential to complete the diagno-
sis with chest radiograph and/or CT, skeletal scintigraphy, 

bone marrow biopsy or trepanobiopsy from two sites and 
abdomen ultrasound or CT. Patients with possible intra-
cranial infiltration should also undergo cytologic testing of 
the cerebrospinal fluid.

Staging

The decision about the appropriate therapeutic proto-
col for RMS is preceded by a complex classification process 
that includes clinical staging and evaluation of the com-
pleteness of the primary surgical procedure. Only on that 
basis is it possible to estimate the risk of tumor recurrence.

1. Clinical evaluation
The TNM-classification is used for clinical staging of 

the RMS. This classification includes tumor size, its pri-
mary localization, infiltration of the surrounding tissues, 
lymph nodes involvement and presence of distant metas-
tases. Primary tumor localization determines the progno-
sis. Therefore, favorable and unfavorable localizations can 
be distinguished. Tumors that infiltrate the nasal cavity, 
nasopharynx, paranasal sinuses, middle ear, subtemporal 
fossa and pterygopalatine fossa (all these structures be-
longing to the parameningeal region) and urinary bladder, 
kidneys, prostate and extremities are unfavorable localiza-
tions. Favorable localizations include the orbit, each site in 
the head and neck that is not in the parameningeal region, 
as well as genitourinary organs (excluding urinary bladder 
and prostate) and bile duct. Clinical staging is presented in 
detail in Table 2 [14, 52, 53].

2. Surgical classification
The next step in the staging process of RMS is surgical 

classification that includes extent and radicality of the pri-
mary surgical procedure. The surgical margin of a tissue 
sample and dissected lymph nodes undergo histopatho-
logical evaluation. The basics of surgical evaluation are 
shown in Table 3 [14, 54, 55].

According to the data from IRS clinical research, the 
tumor advancement in nearly half of the patients at the 
moment of diagnosis did not allow for complete primary 

Table 1. Differential diagnosis of pediatric head and neck masses

Congenital masses Inflammatory masses Neoplastic masses

Thyroglossal cyst
Branchial cleft cyst
Vascular tumor
Dermoid cyst
Teratoma
Bronchogenic cyst
Thymic cyst
Laryngocele

Reactive lymphadenopathy
Bacterial or viral adenopathy
Granulomatous diseases

tuberculosis
toxoplasmosis
sarcoidosis 
histoplasmosis 
cat scratch disease

Others
Sialadenitis

Benign
lipoma
fibroma
neurofibroma
thyroid nodule
salivary gland tumor

Malignant
lymphoma (Hodgkin’s disease, non-Hodgkin’s 
lymphoma)
neural tumors (neurobalstoma, retinoblastoma)
thyroid malignancies
soft tissue sarcomas (RMS, non-RMS)
nasopharyngeal carcinoma
salivary gland malignancies
metastatic disease

Modified from Dickson and Davidoff.
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resection or the surgical procedure was limited only to the 
biopsy (group III).

Risk stratification

Prognosis in RMS is influenced by primary tumor site, 
stage, node status, clinical group which describes radical-
ity of the primary surgical treatment, age and histological 
findings [56, 57]. Unfavourable prognostic factors are para-
meningeal localization, alveolar histological subtype, age 
under 1 year and above 10, incomplete surgical resection 
before introduction of the systemic treatment and infiltra-
tion of regional lymph nodes [56].

Identification of independent risk factors that can mod-
ify prognosis resulted in the risk stratification system, 
which determines the appropriate therapeutical protocol 
individually for each patient. European and American risk 
stratification systems are slightly different. According to 
the guidelines of Children’s Oncology Group (COG, former-
ly known as IRS) three risk groups can be distinguished: 
low-, intermediate- and high-risk group (Table 4) [58, 59].

The low-risk group includes patients with nonmeta-
static disease of favorable histology at a favorable site or 
at an unfavorable site but completely resected. Patients 
with gross residual disease at orbital localization are also 
included in this group. Low-risk patients have the best 
prognosis (estimated survival rate is 85% to 95%) [56]. 
Intermediate-risk patients are defined as patients with 
a localized disease and unfavorable histology as well as 
all stage 2 and 3 group III patients, regardless of histology. 
Results of the analysis done by Arndt et al. confirm that 
4-year EFS in this group was 73% to 68% for two different 
treatment regimens [60]. The high-risk group includes all 
patients with metastatic disease. Estimated 3-year OS and 
3-year EFS are 34% and 27%, respectively [61].

In contrast to the American system, the European risk 
stratification system, proposed by the European Pediatric 
Soft Tissue Sarcoma Group (EpSSG), distinguishes 4 risk 
groups for localized RMS: low, standard, high and very-
high risk groups (Table 5). Patients with metastatic disease 
are considered separately. The European system also in-
cludes the age factor (≤ 10 years and > 10 years). Further-
more, patients with localized RMS and clinically confirmed 
lymph node infiltrations are automatically assigned to the 
high or very-high risk group (depending on histological 
findings).

Regarding results of the recently conducted analysis of 
surveillance in the alveolar RMS depending on the PAX/
FOXO1 fusion status, it seems that actual risk stratification 
system should be verified [62]. 

Treatment and prognosis

The actual treatment strategy for RMS of the head and 
neck is an effect of the revolution in the last 30 years. Until 

Table 2. TNM pretreatment staging classification for IRS-IV

Stage Sites T Size N M

1 favorable T
1
 or T

2
a or b N

0
 or N

1
 or N

x
M

0

2 unfavorable T
1
 or T

2
a N

0
 or N

x
M

0

3 unfavorable T
1
 or T

2
a
b

N
1

N
0
 or N

1
 or N

x

M
0

M
0

4 all T
1
 or T

2
a or b N

0
 or N

1
 or N

x
M

1

T
1
 – confined to anatomic site of origin; T

2
 – extension and/or fixation to surrounding tissue; a – ≤ 5 cm in diameter in size; b – > 5 cm in diameter in size;  

N
o
 – regional nodes not clinically involved; N

1
 – regional nodes clinically involved; N

x
 – clinical status of regional nodes unknown; M

0
 – no distant metastasis;  

M
1
 – distant metastasis present (includes positive cytology in CSF, pleural, or peritoneal fluid, implants on pleural or peritoneal surface).

Table 3. Clinical grouping classification for RMS

Group Extent of disease or surgical result

I(A)
I(B)

Localized tumor, completely resected, regional nodes not involved
– confined to site of origin
– infiltrating beyond site of origin

II
II(A)
II(B)
II(C)

Total gross resection with evidence of regional spread
– localized tumor, grossly resected with microscopic residual disease
– regional disease with involved nodes, completely resected
– regional disease, gross total resection but with microscopic residual disease

III(A)
III(B)

Gross residual disease after biopsy only
Gross residual disease after major resection (≥ 50% debulking)

IV Distant metastatic disease at onset, irrespective of surgical approach to primary tumor

Table 4. Evaluation of the tumor recurrence risk (COG)

Risk groups Histology Stage
Clinical 
group

Low risk
embryonal RMS 1 I, II, III

embryonal RMS 2, 3 I, II

Intermediate
risk

embryonal RMS 2, 3 III

alveolar RMS 1, 2, 3 I, II, III

High risk
embryonal RMS 4 IV

alveolar RMS 4 IV
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the early 1960s the gold standard was a primary surgical 
procedure in every case of RMS, followed by radiation ther-
apy (in case of lack of complete surgical resection). There-
fore it is not surprising that the survival rate was 5–9%. 
The real breakthrough was implementation of the first 
chemotherapeutics.

Long-term comparative analysis of study results (on 
large groups of patients) helped to create new complex 
treatment that is composed of multi-drug chemotherapy, 
radiation therapy and surgery. This strategy has signifi-
cantly improved the prognosis of most patients. According 
to American data the overall 5-year survival rate is now 
73% [63]. European statistics are similar (the 5-year surviv-
al rate is 69–71%) [63]. Unfortunately, data about children 
that already have distant metastases at the moment of di-
agnosis are still more pessimistic. This group accounts for 
15% of all pediatric patients with RMS and their prognosis 
has not improved much for more than 15 years [51, 61, 64]. 
The 5-year survival rate is only 20–30% [51, 64–66].

Patients with recurrent tumor are also very challenging. 
Although temporal complete remission after second line 
treatment is possible, chances for complete recovery are 
poor [67, 68]. An unfavorable prognostic factor is a short 
time between the end of first-line treatment and tumor 
recurrence [69]. According to CWS reports, five-year post-
relapse survival is only 24% [70]. 

The appropriate treatment protocol is individual de-
pending on the risk factors such as primary tumor local-
ization, staging, histology, as well as age and general con-
dition of the patient.

Chemotherapy

Chemotherapy is a basic treatment for RMS. The most 
active substances against rhabdomyosarcoma cells are 
vincristine, cyclophosphamide, actinomycin D, doxorubi-
cin, isophosphamide and etoposide. The combination of 
these drugs and their dosage depend on many factors, 
such as risk group, histologic type, completeness of the 
primary resection as well as age and general condition of 
the child [71]. Treatment protocols are created and modi-
fied by research groups. Polish oncologic centers use CWS 
therapeutic protocols, which are recommended by the Pol-
ish Pediatric Solid Tumors Group.

An alternative method, reserved especially for patients 
with disseminated tumor disease (group IV) with the worst 
prognosis, is aggressive chemotherapy with subsequent 
autologous myogenic stem cell transplantation [72, 73].

Radiation therapy

Radiation therapy, apart from surgery, is a basic method 
for local tumor control. The starting point, its schema and 
total radiation dosage are individualized according to the 
therapeutic protocols. Taking into account that only 15% of 
all RMS patients accomplish complete recovery (group I), 
radiation therapy is used in most cases. Cessation or de-
lay of radiation therapy is related to increased risk of local 
tumor relapse. American and European specialists have 
slightly different attitudes to tumor local control, including 
radiation therapy. Chemotherapy is the basic treatment 
according to European protocols. Surgical treatment and 
radiation therapy (ultimately) are reserved for patients 
with an unsatisfactory outcome after the first-line treat-
ment. According to American therapeutic protocols, sur-
gery and radiation therapy are considered at earlier stages 
of treatment.

Radiation dosage is usually 36–50.4 Gy and is a com-
promise between the necessity of aggressive treatment 
and patient’s safety. Smaller dose can be used in patients 
after microscopically incomplete surgery (group II). Pa-
tients with residual tumor and those with initially unre-
sected tumor require greater doses. The real challenge for 
radiotherapeutists concerns children under the age of 3, in 
whom the risk is significantly greater.

Because of many critical structures in the head and 
neck region late effects of irradiation are frequent. Rhab-
domyosarcoma treatment toxicity can be divided into sev-
eral categories: neuroendocrine dysfunction, intellectual 
and academic delays, vision, hearing and dental problems, 
facial asymmetry, thyroid dysfunction, second malignan-
cies and others [74]. Among those facial asymmetry, neu-
roendocrine dysfunction (resulting in growth hormone 
deficiency), hypothyroidism, dental abnormalities and 
intellectual delay are chiefly attributed to irradiation [74]. 
However facial growth retardation and visual problems 
such as blindness, orbital hypoplasia, nasolacrimal duct 
obstruction could be secondary to both surgery and radio-
therapy [74].

Table 5. Risk stratification of localized RMS (CWS)

Risk group Histology Clinical group Site N Size & age

Low embryonal RMS I any N0 ≤ 5 cm and ≤ 10 years

Standard

embryonal RMS I any N0 > 5 or > 10 years

embryonal RMS II, III favorable N0 any

embryonal RMS II, III unfavorable N0 ≤ 5 cm and ≤ 10 years

High

embryonal RMS II, III unfavorable N0 > 5 or > 10 years

embryonal RMS II, III any N1 any

alveolar RMS I, II, III any N0 any

Very high alveolar RMS II, III any N1 any

Adapted from ftp://ftp.uke.uni-hamburg.de/pub/temp/CWS-2002P-Oktober03_Korrektur.pdf
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In order to increase the safety of radiation therapy, 
i.e. minimize the risk of radiation of healthy tissues sur-
rounding the tumor, it is possible to apply conformal ra-
diotherapy, intensity-modulated radiation therapy (IMRT) 
and proton therapy [75, 76]. Very promising are reports 
about effectiveness of brachytherapy in the treatment of 
sarcomas. It has been evidenced that the radiation dose 
applied directly to the tumor removal site is associated 
with fewer complications in comparison with convention-
al teleradiotherapy. High effectiveness of that method has 
been proved in the treatment of RMS of the genitourinary 
tract and extremities. In relation to RMS of the head and 
neck the outcome has not been evaluated as the number 
of case reports is still insufficient [13, 77, 78].

Surgery

Surgical treatment of RMS is an important component 
of the complex management strategy as complete resec-
tion (R0 – with a margin of minimum 1 cm microscopically 
free of tumor cells) has the best prognosis. However, it is 
extremely difficult to achieve that margin of tumor-free 
tissues in the head and neck region due to its anatomi-
cal structure. In addition, the RMS of the head and neck is 
already locally advanced in nearly 50% of patients at the 
moment of diagnosis [79]. Therefore if the surgical proce-
dure cannot be radical or the risk of mutilation and loss of 
function is very high, chemotherapy will be the first step 
and surgical intervention will be limited only to the biopsy. 
The biopsy should be done in accordance with oncologic 
“sterility” (small incision along natural body lines, taking 
into account the future surgery; large amount of the speci-
men, including tumor-healthy tissue border). Furthermore, 
clinically suspected lymph nodes should always be veri-
fied by the histopathologist in the first place [71]. Patients 
who are excluded from the primary tumor resection may 
undergo second-look surgery (delayed resection of the re-
sidual tumor) after receiving induction chemotherapy or 
chemoradiotherapy. Functional and cosmetic results of 
the procedure must also be taken into consideration in 
that case.

Surgical procedures of the head and neck region, es-
pecially in the perimeningeal localization, are technically 
difficult. They frequently involve a multidisciplinary team 
of specialists: laryngologists, neurosurgeons, maxillo-fa-
cial and plastic surgeons. The operating room should be 
equipped with a microscope, endoscopy devices and neu-
ronavigation. Surgical access should be wide enough to 
enable good visualization of the tumor mass on one hand, 
and on the other include future reconstruction of the 
tissue defects. The following surgical accesses are used: 
anterior (lateral rhinotomy with partial maxillectomy), 
lateral (zygomatic-orbital craniotomy with possible con-
dylotomy or facial nerve dissection with its reconstruction 
during the same procedure; pharyngotomy), frontal-orbit-
al craniotomy and mixed (in the case of extensive tumors). 
The most common complications are paralysis of cranial 
nerves (most frequently of trigeminal and facial nerves), 
compromised motility of the temporo-mandibular joint 
and cosmetic defects.

Tumors of the orbital region require special attention. 
Better prognosis, due to favorable localization and em-
bryonal tumor type, as well as high effectiveness of the 
chemoradiotherapy, causes that orbital exenteration is 
limited only to patients with residual or recurrent tumors.

New treatment strategies

Progress in immunology and genetics revealed new 
therapeutic modalities in oncology. In terms of conven-
tional chemotherapy, intensification of chemotherapy for 
nonmetastatic ERMS provided no survival advantage but 
adds toxicity when the ifosfamide, vincristine, and dacti-
nomycin (IVA) schedule was compared with the six-drug 
combination (IVA plus carboplatin, epirubicin, and etopo-
side) [80]. At the same time intravenous vinorelbine (VNL) 
and continuous low doses of oral cyclophosphamide (CPM) 
combination – VNL 25 mg/m2 on days 1, 8 and 15 of each 
28-day cycle combined with continuous daily oral CPM  
25 mg/m2 showed an interesting response rate in RMS [81].  
Moreover preliminary results of irinotecan and carboplatin 
administered with concurrent radiotherapy (in the range 
of 30.6–50.4 Gy) in RMS demonstrated favorable tolera-
bility, efficacy, and local control [82]. It has been proved 
in animal models that some antiangiogenic factors, such 
as antibodies against endothelial growth factor, can inhib-
it sarcoma cell growth. Furthermore, proteins that result 
from PAX and FKHR gene fusion may serve as RMS anti-
gens for cytotoxic lymphocytes [13, 14, 83]. According to 
the latest reports, the oncolytic viruses HSV-1 [14, 84], oli-
gopeptides CpG [14, 85] and rapamycin analogues [14, 86] 
may also be useful in RMS treatment. Temsirolimus ad-
ministered weekly at the dose of 75 mg/m2 did not meet 
the primary objective efficacy end-point in RMS, but was 
later evaluated in combination therapy [87]. A phase 1 trial 
of temsirolimus in combination with irinotecan and temo-
zolomide in children, adolescents and young adults with 
relapsed or refractory solid tumors has shown that com-
bination of TEM (35 mg/m2/dose IV weekly), IRN (90 mg/
m2/dose days 1–5) and TMZ (125 mg/m2/dose days 1–5) 
administered PO every 21 days is well tolerated in children 
[88]. Another phase 2 trial of cixutumumab of 9 mg/kg as 
a 1-hour IV infusion once weekly ended with partial re-
sponse in 1/20 RMS cases [89]. Simultaneous targeting of 
insulin-like growth factor-1 receptor (IGF-1R) and anaplas-
tic lymphoma kinase (ALK) was suggested in ARMS, and 
a trial may be designed [31]. At the same time sorafenib 
and pazopanib – multityrosine kinase receptor inhibitors – 
are approved for adult soft tissue sarcoma by the U.S. Food 
and Drug Administration, and phase I testing in children  
with RMS is now complete. Crizotinib was also investigat-
ed due to overexpression of anaplastic lymphoma kinase 
(ALK) in ARMS and it was shown that this drug is safe in 
children. Unfortunately, ALK overexpression in RMS is not 
common enough to justify a phase III trial. Moreover, vis-
modegib (hedgehog inhibitor) and alisertib (Aurora-kinase 
inhibitor) are in early development in RMS treatment re-
search and TH-302 is under active investigation for adult 
STS in combination with doxorubicin and may be later in-
vestigated in children [90].
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Summary

The treatment strategy for rhabdomyosarcomas of 
the head and neck involves strict multidisciplinary coop-
eration. The relatively rare incidence of these tumors re-
sulted in formation of international research groups that 
developed more standardized therapeutic protocols. Com-
parison of outcomes in large patient groups led to an in-
crease in the number of patients with complete remission. 
Although survival rates of RMS patients have improved, 
searching for new therapeutic modalities and substances 
is still essential to improve outcomes in cases of more ad-
vanced stages and unfavorable tumor localizations.

The authors declare no conflict of interest.
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