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I. Introduction

Rhabdomyosarcoma (RMS) is the most common soft tis-
sue sarcoma in children and young adults; it represents 3% 
of childhood malignancies and is frequently found in patients 
around 14 years of age1. Thirty percent of cases appear in 
the head and neck region. RMS is histologically classified as 
embryonal, alveolar, pleomorphic, or spindle cell/sclerosing 
according to the World Health Organization. Its treatment de-
pends on age at diagnosis, tumor size, and areas involved and 
normally involves surgery, chemotherapy, and radiotherapy2.

The head and neck are the most common RMS locations. 

Within this region, RMS has been identified in the parameni-
ngeal, non-parameningeal, and orbital areas3. Due to the use 
of multimodal therapy (surgery, chemotherapy, and radiation 
therapy), the cure rate in children has improved to greater 
than 70%; however, there is a poor prognosis for advanced 
cases, with a 5-year survival rate of only 30%-50%. This 
prognosis is improved in children ages 1-9 years but is worse 
in those older than 10 years and those presenting with metas-
tasis2.

Even though head and neck rhabdomyosarcoma (HNRMS) 
presents aggressively, there are few articles referring to its 
clinical pathology. Financial limitations such as molecular 
testing, especially in those with embryonal components, im-
pede the availability of knowledge regarding this topic4. This 
rare malignancy is commonly misdiagnosed, and a small 
number of patients is normally included in related studies5. 
There are no recent systematic reviews on this matter in digi-
tal databases, and most literature articles do not report immu-
nohistochemical analyses.

Because of this lack of information regarding HNRMS, the 
objective of this study was to perform a systematic review of 
its clinical-pathological profile and most relevant prognostic 
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factors in pediatric patients.

II. Materials and Methods

This systematic review was conducted to determine the 
clinical-pathological profile and relevant prognostic fac-
tors of HNRMS in pediatric patients. A systematic litera-
ture review was conducted following the guidelines of the 
PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) guidelines. This systematic review was 
recorded in the PROSPERO database under the number 
CRD42020207099 and is available at PROSPERO (https://
www.york.ac.uk/).

The data were collected from the electronic databases 
PubMed, Lilacs, Embase, Scopus, and Web of Science. The 
search strategy used Boolean operators (AND and OR): [ALL 
(“Rhabdomyosarcoma”) AND (pediatric OR child OR chil-
dren OR young OR adolescent OR hebiatric) AND (head and 
neck)]. The End-Note reference manager was used to save 
search records and eliminate duplicates.

The studies were selected by two reviewers independently. 
In the first stage, the titles and abstracts were read; in the 
second stage, the complete texts were read to identify articles 
that met the eligibility criteria. The inclusion criteria were as 
follows: patients diagnosed with rhabdomyosarcoma between 

0 and 18 years of age, case series studies with a minimum of 
five cases, case-control studies, randomized clinical studies, 
retrospective clinical studies, and studies published in Eng-
lish, Portuguese, or Spanish. Articles were excluded if the 
reported cases involved malignant tumors other than rhabdo-
myosarcoma, patients older than 18 years, clinical cases, or 
literature reviews.

The following data were collected: first author, year, coun-
try of study, type of study, patient sex, patient age, tumor 
location, tumor classification, tumor stage, histopathological 
analysis, immunohistochemical analysis, treatment, follow-
up, mean survival, and outcome. We included articles that 
contained at least 60% of the data in the review. During each 
stage of the study selection, a third reviewer helped resolve 
discrepancies.

The quality of studies was assessed using the STROBE 
(Strengthening the Reporting of Observational Studies) 
checklist.

III. Results

1. Study selection

The initial database search resulted in 2,081 articles. After 
removing duplications, 1,623 articles remained. After reading 
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Records after duplicates removed
(n=1,623)

Records screened
(n=33)

Full-text articles assessed
for eligibility

(n=7)

Studies included in
qualitative synthesis

(n=3)

Records excluded
(n=26)

Records identified through
database searching

(n=2,081)

Full-text articles excluded
(n=4)

Study with patients over

18 years (n=1)
Studies in which

information was lacking
about the treatment
employed and/or criteria
used for the diagnosis of
rhabdomyosarcoma (n=3) Fig. 1. Flowchart of study selection.
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the titles and abstracts, we assessed 33 articles. A flowchart 
describing the study selection phase is shown in Fig. 1.

2. Study characteristics

The three selected studies were observational; published 
in English in 19866, 20153, and 20184; and conducted in Ger-
many, Japan, and India, respectively. A total of 380 patients 
was included in the meta-analysis study. The mean age of the 
patients was 13 years 6 months, and 67.4% (256 patients) of 
the patients were male. Of the included patients, 159 were 
diagnosed with embryonal type, 141 were diagnosed with 
alveolar type, 71 were diagnosed with spindle cell/sclerosing 
type, and 9 were diagnosed with pleomorphic type. Diagno-
ses were based on histopathology and immunohistochemis-
try in all included studies. Treatment protocols consisted of 

chemotherapy and radiotherapy, which were usually admin-
istered in combination with surgery. The follow-up period 
was at least 25 months in all studies. The mean survival rate 
was greater than 50%3,4,6. Detailed information and data on 
follow-up, relapse, mean survival, and outcomes are shown 
in Table 1.

3. Risk of bias within studies

All studies achieved at least 15 points on the STROBE 
checklist, which indicates that they are good studies.(Table 2)

4. Results of individual studies

Schmidt et al.6 suggested division of embryonic RMS into 
three subtypes of primitive with predominantly undifferenti-

Table 1. Pathological clinical data of the chosen studies

Schmidt et al.6 (1986), Germany Yasui et al.3 (2015), Japan Rekhi et al.4 (2018), India

Study type Epidemiological Epidemiological Epidemiological
No. of evaluable patients 64 16 300
Sex, M/F 43 (67.2)/21 (33.8) 10 (62.5)/6 (37.5) 203 (67.7)/97 (32.3)
Mean age 5 yr 11 mo 23 yr 14 yr 8 mo
Classification 64 (100) Embryonal RMS 10 (62.5) Spindle cell RMS

5 (31.3) Embryonal RMS
1 (6.3) Alveolar RMS

140 (46.7) Alveolar RMS
90 (30.0) Embryonal RMS
61 (20.3) Spindle cell RMS
9 (3.0) Pleomorphic RMS

Primary tumor location • 21 (32.8) Head and neck
• 10 (15.6) Orbit
• 9 (14.1) Intrathoracic space
• 11 (17.2) Genitourinary region
• 7 (10.9) Paratesticular
• 3 (4.7) Trunk
• 3 (4.7) Extremities

• 10 (62.5) Head and neck
• 4 (25.0) Genitourinary region
• 1 (6.3) Extremities
• 1 (6.3) Trunk

• �170 (56.7) Soft tissues, including 
extremities as the most common 
location in 59 (19.7)

• 126 (42.0) Head and neck
• 4 (1.3) Unknown

Histopathologic Yes Yes Yes
Immunohistological No No Yes
Main pathological features T�hree subtypes of embryonal RMS 

(primitive and intermediate). The 
main difference between the three 
subgroups was the number of 
rhabdomyoblasts

Mixture of spindle cell and 
sclerosing features. Only 63% of 
cases showed rhabdomyoblasts

T�he most common subtype was 
alveolar RMS (46.7%), followed by 
embryonal RMS (30.0%), spindle 
cell/sclerosing RMS,  
and pleomorphic RMS

Treatment Surgical resection and chemotherapy C�ombination of surgery, VAC 
chemotherapy, and/or radiotherapy

S�urgery, chemotherapy, and 
radiotherapy (singular or combined)

Surgery Tumor resection L�ocal excision, palatectomy,  
neck resection, orbit resection

Tumor resection

Chemotherapy protocol • VCR, actinomycin D
• �Adriamycin and cyclophosphamide 

(stages I, II, III)
• �Stage IV Ifosfamide replaces 

cyclophosphamide

• 11 (68.8) VAC
• 4 (25.0) VCR, CDDP and THP-ADR
• 1 (6.3) GEM+DOC

Does not mention

Radiotherapy dose Does not mention E�ight patients received radiotherapy, 
two of whom received heavy-particle 
radiotherapy

Does not mention

Follow-up (mo) 48 39 27.7
Relapse 6 (9.4) 6 (37.5) 20 (6.7)
Five-year overall survival (%) 92.18 56.25 69.30

(M: male, F: female, RMS: rhabdomyosarcoma, VAC: vincristine, actinomycin, and cyclophosphamide, VCR: vincristine, CDDP: cisplatin, THP-
ADR: tetrahydropyranyl adriamycin, GEM: gemcitabine, DOC: docetaxel)
Values are presented as number (%).
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ated cells (<10% rhabdomyoblasts), intermediate with 10%-
50% rhabdomyoblasts, and well-differentiated with more 
than 50% rhabdomyoblasts. The study did not show any 
significant differences between subtypes, although they did 
show different body locations of origin. The primitive and in-
termediate subtypes occurred predominantly in the head and 
neck regions, while the well-differentiated subtype was most 
commonly recurrence at other sites. Expression of vimentin 
and desmin was positive in all three subtypes, with vimentin 
being the most significant in the primitive embryonic rhab-
domyosarcoma subtype. Myoglobin expression was positive 
only in the well-differentiated embryonic rhabdomyosarcoma 
subtype. In addition, the primitive and intermediate embry-
onic rhabdomyosarcoma subtypes were usually diagnosed 
earlier than the well-differentiated type. At the time of diag-
nosis, intermediate embryonic rhabdomyosarcoma presents 
a better response to chemotherapy compared to the well-
differentiated subtype.

Yasui et al.3 presented 16 cases of embryonic spindle/scle-
rosing cell RMS and 10 cases of primary tumors in the head 
and neck region. Regarding immunohistochemistry, the study 
showed that expression of focal myogenin (10%) and dif-
fuse MYOD1 (>50%), associated with the discrete presence 
of desmin, can confirm diagnosis. The results suggest that 
fusiform/sclerosing RMS in pediatric patients has a worse 
prognosis than embryonic RMS since more than half of these 
tumors experience local or distant recurrence. The data ob-
tained were not subjected to statistical analysis because of the 
small sample size.

Rekhi et al.4 performed a study involving 300 patients di-
agnosed with RMS. Regarding location, 42% occurred in the 
head and neck region, with a higher frequency of alveolar 
RMS. Among patients younger than 20 years, the embryonic 
type was most frequent. The study established a correlation 
between inhibition of markers, such as desmin, myogenin, 
and MYOD1, and RMS subtype. Myogenin expression 

Table 2. Study quality analysis (STROBE checklist)

Criteria
Schmidt et al.6 

(1986)
Yasui et al.3 

(2015)
Rekhi et al.4 

(2018)

Title and abstract Indicate the study’s design and informative and balanced summary. + + +
Introduction Presents the scientific background and correlates with the research. + + +

Specific objectives - + +
Methods Present the study design early + + +

Describe in detail all information about data collection. + + +
Provide in detail the eligibility criteria and the sources and methods of selecting 

participants.
+ + +

Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers.

+ - +

For each variable of interest, give sources of data and details of methods of assessment 
and describe comparation if there is more than one group.

- - +

Describe any efforts to address potential sources of bias. - - -
Explain the sample size. + + +
Explain how quantitative variables were handled in the analyses. + - +
Describe all statistical methods;
Explain how missing data were addressed; If applicable, explain how loss to follow-

up was addressed.

- - +

Results Report numbers of individuals at each stage of study. + + +
Give characteristics of study participants and information on exposures and 

potential confounders; Indicate number of participants with missing data for each 
variable of interest; Summarize follow-up duration.

+ + +

Report numbers of outcome events or summary measures over time. + + +
Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 

their precision; Report category boundaries when continuous variables were 
categorized.

- + +

Report other analyses performed. + + +
Discussion Summarize key results with reference to study objectives. + + +

Discuss limitations of the study, taking into account sources of potential bias or 
imprecision.

- + -

Provide a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence.

+ + +

Discuss the generalizability (external validity) of the study results. + + +
Other information Present the source of funding and the role of the funders in the present study and, if 

applicable, for the original study on which the present article is based.
- - -

Total score 15 of 22 16 of 22 19 of 22
Study quality Good Good Good

(STROBE: Strengthening the Reporting of Observational Studies)
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is strongly related to the alveolar type. The expression of 
MYOD1 correlated with the predominance of spindle/scle-
rosing cell type. Tumor sizes smaller than 5 cm and absence 
of metastasis significantly contributed to longer disease-free 
and overall survival.

IV. Discussion

Previous studies have reported 5% of malignant tumors in 
children in the head and neck region7,8. This value was updat-
ed in 2020, when RMS represented 3% of malignant tumors 
in children1.

1. Epidemiology

The total number of subjects observed in the selected stud-
ies was 380, of which 256 were male (67.4%) and 124 were 
female (32.6%), with a male/female ratio of 2:13,4,6. These 
values are comparable with those observed individually in 
each study included in this review, as reported by Lyos et al.9. 
The mean age of included patients was 13 years 6 months3,4,6. 
This is different from other studies, possibly because approxi-
mately 21% of cases reported in the included studies were 
sclerosing and pleomorphic RMS variants with a greater 
prevalence in adults10.

Among the types of RMS, embryonic was the most preva-
lent, comprising 159 diagnosed cases (41.8%). Alveolar type 
was the second most common, with 141 cases (37.1%), fol-
lowed by 71 cases of sclerosing RMS (18.7%) and 9 cases of 
pleomorphic RMS (2.4%)3,4,6.

For location, soft tissues were most commonly affected, 
observed in 170 cases (44.7%). Sixty-three cases (16.6%) in-
volved the extremities, while the head and neck region was af-
fected in 157 cases (41.3%)3,4,6. These values are proportional 
to those observed by Dillon et al.11 and Radzikowska et al.12.

2. Diagnosis

Tumors can be identified by computed tomography or 
magnetic resonance imaging, and diagnoses can be confirmed 
by biopsy of altered and healthy cells. Immunohistochemistry 
is useful in determining the subtypes of RMS and choosing 
treatment3,4,6,13. Embryonic and alveolar RMS were the two 
main histological subtypes observed3,4,13.

Markers of desmin, myogenin, and MYOD1 expression 
may be viable indicators of tumor subtype. In the study 
by Rekhi et al.4, desmin had a positive expression greater 

than 90% (292/299), myogenin was observed in >70%, and 
MYOD1 in 65.3% of myoglobin. MYOD1 is the most indi-
cated marker for reliable diagnosis in cases of sclerotic and 
spindle cell RMS3,4. However, use of myogenin alone can 
lead to misdiagnosis, as its expression also can be related to 
alveolar RMS, which was reported in 72.3% (34/47) of cases 
in the study by Rekhi et al.4.

3. Etiopathogenesis, treatment, and prognosis

Schmidt et al.6 proposed the establishment of embryonic 
RMS subtypes based on the correlation between presence 
and predominance of rhabdomyoblasts. However, the results 
presented did not show significant differences based on this 
criterion. The presence and proportion of these cells in im-
munohistochemical studies showed no correlation with clini-
copathological features3.

The head and neck region is the most common anatomi-
cal site for sclerosing and fusiform RMS. MYOD1 muta-
tions have been reported in 3 of the 13 investigated cases of 
sclerosing-type RMS14. Another study identified the MYOD1 
mutation in 30 cases of sclerosing and/or spindle cell RMS in 
patients aged 2-94 years, including 15 children15.

The sclerosing type of RMS is commonly diagnosed at 
an advanced stage because of its primary site (or extremi-
ties) and tumor size at initial diagnosis3. Alveolar RMS also 
showed a significant correlation with metastasis16, and pa-
tients with tumors <5 cm and those free from metastasis had 
better overall survival and disease-free survival4.

Surgery has demonstrated that local metastasis is a 
possibility, albeit rarely3. When possible, the suggested 
treatment involves complete tumor resection in addition 
to adjuvant therapy (chemotherapy and radiotherapy) to 
reduce the chances of local and distant metastases3,4. When 
the MYOD1 mutation is present, 83% of pediatric patients 
died from the disease, even with multimodal treatment15.

V. Conclusion

There are few complete studies on RMS. This review al-
lowed us to determine that RMS has a 2:1 male/female ratio, 
a mean age of 13 years six months, and a high prevalence of 
embryonic type. For diagnostic measures, use of the MYOD1 
marker is reliable in cases of sclerotic and spindle cell RMS. 
The presence of this marker may indicate a poor prognosis. 
On the other hand, patients diagnosed with tumors smaller 
than 5 cm who did not experience metastasis had a favorable 
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prognosis when treated with complete resection followed by 
chemotherapy and/or radiotherapy.
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