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Abstract: BACKGROUND: Head and Neck Sarcomas (HNSs) are rare malignant tumors derived from 

mesenchymal cells characterized by rapid growth, local aggressive behavior, and multiple re-lapses. The 

Rhabdomyosarcoma (RMS) and the Osteosarcoma (OS) are the more frequent HNS. The present study aims to 

evaluate the clinical impact of multimodal treatment in patients diagnosed with HNS. METHODS: A 

retrospective analysis of medical records from patients diagnosed with HNS multimodal treated, four groups 

were formed: a) surgery and chemotherapy (CTX); b) surgery, CTX, and RT; c) surgery and RT; d) CTX and RT 

exclusively. The overall survival (OSS), disease-free survival (DFS) and progression-free survival (PFS) rates 

were calculated using the Kaplan-Meier test. RESULTS: Among 39 patients, 23.1% were diagnosed with RMS 

, 66.7% with OS and 10.3% with other subtypes of HNS. Moreover, 59% showed initial clinical staging (T1/T2) 

and of those 35.9% were T1. Surgery was performed in 87.2% patients, RT in 35.9% and CTX in 84.7%. RT 

performed showed not statistically significant clinical role regarding OSS (p=0.74), DFS (p=0.09) and PFS 

(p=0.90) rates independent of histological subtype. Finally, OSS (p=0.89), DFS (p=0.13) and PFS (p=0.50) rates 

were not statistically different for patients treated with monotherapy or multimodal therapy. CONCLUSION: 

RT has not showed a clinically important role referred to improve OSS, DFS and PFS rates in patients with 

HNS, regardless of the histological subtype of the primary tumor. Multimodal treatment could influence in 

survival rates and locoregional control of the disease; however, longitudinal studies such as randomized 

clinical trials must be conducted. 

Keywords: osteosarcoma; rhabdomyosarcoma; embryonal; rhabdomyosarcoma; alveolar; radiotherapy; head 

and neck neoplasms 

 

1. Introduction  

Head and Neck Sarcoma (HNS) are rare malignant tumors derived from mesenchymal cells 

characterized by rapid growth, local aggressive behavior, and multiple relapses. Several subtypes are 

recognized based on type of differentiation and clinicopathological features. For example, while in 

rhabdomyosarcoma (RMS) the cells show skeletal muscle differentiation and higher incidence in the 

childhood, osteosarcoma (OS) is characterized by tumor cells with osteoblastic features and main 

incidence in the third decade of life (1).  

Based on the histological subtype, primary anatomical location, extent of surgical margins 

status, extracapsular extension in regional lymph nodes and metastatic lesions, multimodal treatment 

may be established and might include neoadjuvant or adjuvant chemotherapy (CTX), surgery and 
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even adjuvant radiotherapy (RT). Regarding RMS, the role of RT remains uncertain, but retrospective 

studies have shown there seems to be bene-fit in local control, especially for embryonal or alveolar 

subtypes, besides in the scenario of advanced and recurrence disease (2)(3)(4). 

The differences between RMS and OS are that the last one is more prevalent in the adult age 

(fourth to fifth decade of life) than the childhood, and are more common in the jawbones, basically, 

in the mandible (7% of all OSs described in the maxillofacial region) and represents 1% of malignant 

neoplasm in the head and neck (HN) region (5). 

In the HN region, the factors associated with OS have not yet been established, but previous RT 

in the region could be considered as a trigger factor for radiation-induced sarcomas (RIS)(5). On the 

other hand, the differential diagnosis must be performed with other lesions of similar clinical 

behavior such as fibro-osseous lesions, odontogenic infections represented by osteomyelitis of the 

jaw bones among others. 

OSs are associated with moderate to high rates of local recurrence, mainly associated with 

positive surgical margins, and with distant metastasis in up to 30% of cases (5)(6). For this reason, 

they are treated in a multimodal approach that may increase OSS rates when the combination of 

therapies such as neoadjuvant CTX, surgery and RT are per-formed (4)(5).  

The role of RT in the treatment of these tumors is still uncertain. Some studies referred to an 

improvement in OSS and DFS rates with the addition of RT after surgery (5)(7). However, other 

studies have shown that RT performed exclusively has no advantages observed in the scenario of 

surgical margins microscopically compromised after surgery (5)(7)(8).  

The clinical impact of RT in the context of multimodal treatment in OS is still controversial. For 

this reason, the present study aims to evaluate the clinical impact of adjuvant radiotherapy by 

survival rates analysis in patients diagnosed with HNS submitted to multimodal treatment at A.C. 

Camargo Cancer Center, Sao Paulo, Brazil between 2006 and 2020. 

2. Material and Methods 

2.1. Population, Samples, and Ethical Approval 

This is an observational, descriptive, and retrospective analysis of electronic medical records of 

39 patients diagnosed with HNS and submitted to multimodal treatment. Four groups were formed: 

a) patients who underwent surgery and chemotherapy CTX; b) patients who had surgery, CTX, and 

RT; c) patients who had surgery and RT; d) patients who had CTX and RT exclusively. Regarding RT 

performed, total dose, technique, field of irradiation and RT duration were described. This study was 

submitted for ethical approval by the Research Ethics Committee (REC) of the A.C. Camargo Cancer 

Center, Sao Paulo, Brazil, protocol number 5.693.810 and ethics code: 3002/20. 

2.2. Demographic and Clinical Data Collected 

Demographic data of patients of each group were collected, such as: age, gender, date of primary 

diagnosis, local tumor, recurrence date and the type of treatment performed (monotherapy or 

multimodal approach). Moreover, regarding histopathological subtype and other tumor-associated 

morphologic criteria were retrieved such as: clinical staging, depth of invasiveness, perineural and 

angiolymphatic invasion, number of positive lymph nodes, presence of distant metastases, surgical 

margins status and extranodal extension of the tumor with node metastasis.  

2.3. Statistical Analysis 

Data were described as absolute and relative frequency for categorical (qualitative) and by mean, 

standard deviation (SD), and range for numerical (quantitative) categories. To evaluate the 

association between qualitative variables, the independence test (Chi-square test with continuity 

correction or Fisher's exact test) was performed. Moreover, OSS, DFS and PFS rates were assessed 

using Kaplan-Meier and Log-Rank tests 
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3. Results 

3.1. Descriptive Analysis Regarding Demographic, Clinical and Therapeutic Data  

Among 39 patients, 64.1% were male and 35.9% female; 36.8% were young adults, 27.8% under 

18 years and 10.2% older than 60 years. Moreover, 23.1% were diagnosed with RMS, 66.7% with OS, 

and 10.3% others histological subtypes. Local primary tumor site was mandible for 61.5%, 33.3% in 

maxilla and 5.1% in other areas. On the other hand, 59% showed early clinical stages (T1/T2) and 41% 

advanced stages (T3/T4) at the primary diagnosis. Surgery was performed in 87.2%, RT in 35.9% and 

CTX in 84.7% of population analyzed. RT was performed with non-IMRT techniques in 10 patients 

(71.4%) and IMRT in 4 patients (28.5%). These data are shown in Table 1. 

Table 1. Demographic, clinical, morphologic, and therapeutic data of patients with HNS submitted 

to multimodal treatment at A.C. Camargo Cancer Center between 2006-2020. 

Demographic, clinical, morphologic, and 

therapeutic data 
Number of patients (n) Percentage (%) 

Gender 

Female 

Male 

Total 

 

14 

25 

39 

 

35,9% 

64,1% 

100% 

Age 

0-18 years 

19 to 60 years 

More than 60 years 

Total 

 

10 

25 

4 

39 

 

25,7% 

64,1% 

10,2% 

100% 

Primary tumor site 

Mandible 

Maxilla 

Others 

Total 

 

24 

13 

2 

39 

 

61,5% 

33,3% 

5,1% 

100% 

Histological subtype 

RMS 

OS 

Others 

Total 

 

9 

26 

4 

39 

 

23,1% 

66,7% 

10,3% 

100% 

Clinical staging (cT) 

Tx/T1/T2 

T3/T4 

Total 

 

23 

16 

39 

 

59,0% 

41,0% 

100% 

Perineural invasion (PI) 

Yes 

No 

Total 

 

3 

32 

35 

 

8,5% 

91.5% 

100% 

Lymph nodes (LNDs) 

Yes 

No 

Total 

 

1 

34 

35 

 

2.9% 

97.1% 

100% 

Surgery 

 

Surgery 

Amplified surgery 

Surgery + Microsurgical reconstruction 

 

 

3 

4 

27 

 

 

7.7% 

10.3% 

69.2% 
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No surgery 

 

Total 

5 

 

 

39 

12.8% 

 

 

100% 

Chemotherapy (CTX) 

Neoadjuvant 

Adjuvant cc with RT 

Adjuvant 

No CTX 

Total 

 

13 

2 

18 

6 

39 

 

33.3% 

5.2% 

46.2% 

15.4% 

100% 

Radiotherapy (RT) 

Yes 

No 

Total 

 

14 

25 

39 

 

35.9% 

64.1% 

100% 

RT technique 

IMRT 

Non-IMRT 

Total 

 

4 

10 

14 

 

28.5% 

71.4% 

100% 

Font: Author (from electronic medical records of patients treated at A.C. Camargo Cancer Center). 

Table 2 shows the histological variants for each sarcoma above described to identify 

histopathological characteristics as prognostic factor and therapeutic planning:  

Table 2. Descriptive analysis of histological variants for each HNS in patients submitted to  

multimodal treatment at A.C. Camargo Cancer Center between 2006-2020. 

Histological Subtype 
Number of patients 

(n) 

Percentage 

(%) 

RMS 

Embryonal 

Alveolar 

Non-Paramenyngeal 

Paramenyngeal 

Total 

 

6 

1 

1 

1 

9 

 

 

 

23.1% 

 

 

OS 

Osteoblastic 

Chondroblastic 

Fibroblastic 

Mixed 

High-Grade 

Low-Grade 

Total 

 

11 

9 

2 

2 

1 

1 

26 

 

 

 

66.7% 

 

Other HNS 

Spindle 

Ewing 

Others 

Total 

 

2 

1 

1 

4 

 

 

10.3% 

 

RMS: Rhabdomyosarcoma / OS: Osteosarcoma / Other HNS: Other head and neck sarcomas. 

Table 3 shows CTX regime as neoadjuvant and adjuvant therapy in multimodal treatment for 

patients diagnosed with HNS. Moreover, it was included data regarding patients submitted to 

salvage CTX:  
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Table 3. CTX regime as neoadjuvant or adjuvant therapy in patients submitted to multimodal 

treatment for HNS at A.C. Camargo Cancer Center between 2006-2020. 

Chemotherapy (CTX) 
Number of patients 

(n) 

Percentage 

(%) 

Neoadjuvant CTX 

EpSGG protocol 

CDDP + Doxorubicin 

IRS-IVA 

IFO + ADRIA 

VCR + Doxorubicin 

VAC 

CDDP 

IFO + Doxorubicin 

SIOP 

Total 

 

3 

3 

1 

1 

1 

1 

1 

1 

1 

13 

 

 

 

 

 

 

 

33.3% 

Adjuvant CTX 

Standard Risk 

Intergroup 

VC 

CDDP + Doxorubicin 

IFO + VP 

GBTO 

Total 

 

1 

1 

1 

13 

3 

1 

20 

 

 

 

 

51.28% 

Salvage CTX 

IFO + VP 

IFO + Etoposide 

ICE 

CDDP + Doxorubicin 

IFO 

Irinotecan + VCR 

Topotecan + Cyclophosphamide 

Total 

 

4 

2 

2 

1 

1 

1 

1 

12 

 

 

 

 

 

30.75% 

 

 

Non-CTX 

 

6 

 

15.38% 

EpSGG: the European pediatric soft tissue Sarcoma Study Group / CDDP: Cisplatin / IFO: I phosphamide / 

Doxo: Doxorubicin / IRS: Intergroup Rhabdomyosarcoma Study/ IVA: Ifosfamide, Vincristine, Actynomicine /  

VCR: Vincristine / ADRIA: Adriamicine (Doxorubicin)/ VAC: Vincristine, Actynomicine, Cyclophosphamide / 

SIOP: Société Internationale d’Oncologie Pédiatrique. 

3.2. Chi-Square Test 

Table 4 shows the analysis of association and independence performed by Chi-square and 

Fischer’s exact tests, between demographic data, histological subtype, morphologic tumor criteria 

and therapeutic performed. A statistically significant p value of <=0.05 was considered. Statistical 

association was established between age, extranodal extension (ENE), RT performed and histological 

subtype with p values of 0.055, 0.03, 0.05, respectively.  
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Table 4. Chi-square test for statistical analysis from clinical, morphologic tumor criteria and 

therapeutic data versus histological subtype of patients diagnosed with HNS submitted to 

multimodal treatment at A.C. Camargo Cancer Center during 2006-2020. 

Clinical, morphologic, 

and therapeutic data/ 

Histological subtype 

RMS 

(n) 

OS 

(n) 

Other HNS 

(n) 

Gender 

Male 

Female 

Total 

p value 

 

7 

2 

9 

0.52 

 

15 

11 

26 

 

3 

1 

4 

Age 

0-12 years 

13 o 18 years 

19 to 35 years 

36 to 60 years 

>61 years 

Total 

p value 

 

4 

2 

1 

2 

0 

9 

0.055 

 

2 

1 

12 

7 

3 

25 

 

0 

1 

1 

2 

0 

4 

Clinical staging (cT) 

Tx/T1/T2 

T3/T4a/T4b 

Total 

p value 

 

8 

1 

9 

0.08 

 

12 

14 

26 

 

3 

1 

4 

Pathologic staging (pT) 

TX/ T1/T2 

T3/T4a/T4b 

Total 

p value 

 

8 

1 

9 

0.13 

 

13 

12 

25 

 

3 

1 

4 

Tumor size (cm) 

<=4cm. 

>4cm. 

Total 

p value 

 

3 

2 

5 

0.50 

 

8 

17 

25 

 

1 

3 

4 

Perineural invasion (PI) 

Yes 

No 

Total 

p value 

 

1 

4 

5 

0.16 

 

1 

25 

26 

 

1 

3 

4 

Extranodal extension 

(ENE) 

Yes 

No 

Total 

p value 

 

1 

0 

1 

0.03 

 

0 

25 

25 

 

0 

3 

3 

Treatment 

Monotherapy 

            Multimodal 

therapy 

Total 

p value 

 

1 

8 

9 

1.00 

 

5 

21 

26 

 

0 

4 

4 

Radiotherapy (RT)    
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Yes 

No 

Total 

p value 

6 

3 

9 

0.05 

6 

20 

26 

2 

2 

4 

 

RT technique 

IMRT 

Non-IMRT 

Total 

p value 

 

0 

6 

6 

0.18 

 

3 

3 

6 

 

1 

1 

2 

Total dose (Gy) 

<=60Gy 

>60Gy 

Total 

p value 

 

5 

1 

6 

0.78 

 

4 

2 

6 

 

1 

1 

2 

Chemotherapy (CTX) 

Neoadjuvant 

Adjuvant 

Not performed 

Total 

p value 

 

6 

3 

0 

9 

0.058 

 

 

5 

16 

5 

26 

 

2 

1 

1 

4 

Font: Author (from electronic medical records of patients treated at A.C. Camargo Cancer Center). 

3.3. OSS, DFS and PFS Rates 

OSS rates in HNS according to primary local site and histological subtype (RMS, OS, and other 

HNS) were not statistically significant with p=0.73 and p =0.23 respectively as shown in Figure 1 and 

2. 

 

Figure 1. OSS rates according to local tumor onset in patients diagnosed with HNS and submitted to 

multimodal treatment at A.C. Camargo Cancer Center between 2006-2019. 
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Figure 2. OSS rates according to histological subtype in patients diagnosed with HNS and submitted 

to multimodal treatment at A.C. Camargo Cancer Center between 2006-2019. 

Moreover, it was found that RT in multimodal treatment has not a statistically significant role in 

OSS (p=0.74), DFS (p= 0.09) and PFS (p=0.90) rates in our population analyzed as shown in Figures 3–

5. Finally, there were no statistically significant difference between OSS (p=0.89), DFS (p=0.13) and 

PFS (p=0.50) rates between patients submitted to monotherapy and multimodal therapy as observed 

in Figures 6–8; however, those who did CTX showed a decrease in the DFS rate than those who did 

not (p=0.05) in this population assessed as shown in Figure 9.  

 

Figure 3. OSS rates according to RT performed in patients diagnosed with HNS and submitted to 

monotherapy or multimodal approach at A.C. Camargo Cancer Center between 2006-2019. 
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Figure 4. DFS rates according to the RT performed for primary tumor treatment in patients diagnosed 

with HNS and submitted to multimodal approach at A.C. Camargo Cancer Center between 2006-

2019. 

 

Figure 5. PFS rates according to RT performed in patients diagnosed with HNS and submitted to 

unique therapy or multimodal approach at A.C. Camargo Cancer Center between 2006-2019. 

 

Figure 6. OSS rates according to treatment performed in patients diagnosed with HNS and submitted 

to monotherapy or multimodal approach at A.C. Camargo Cancer Center between 2006-2019. 
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Figure 7. DFS rates according to treatment performed in patients diagnosed with HNS and submitted 

to unique therapy or multimodal approach at A.C. Camargo Cancer Center between 2006-2019. 

 

Figure 8. PFS rates according to treatment performed in patients diagnosed with HNS and submitted 

to monotherapy or multimodal approach at A.C. Camargo Cancer Center between 2006-2019. 

 

Figure 9. DFS rates according to CTX performed in patients diagnosed with HNS and submitted to 

multimodal treatment at A.C. Camargo Cancer Center between 2006-2019. 
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4. Discussion 

In our population the predominant histological subtype observed was OS followed by RMS, 

which was more frequent in younger patients, conversely to described in the current literature (9), 

who mentions that both are common in children. Furthermore, in our study, most patients (64.1%) 

were aged between 19 and 60 years, which is like reported in another study conducted by Frankart 

et al. (10), who describes the peak age incidence of RMS is between 3 and 5 years in 70% of these 

patients. Currently, the treatment is based on a multimodal approach that includes surgical removal 

followed by other adjuvant therapies (11).  

From our results, 87.2% of the patients underwent surgical treatment, 46.2% adjuvant 

chemotherapy, and only 35.9% adjuvant RT. Thus, patients who underwent multimodal therapy 

survived longer with a 4-years OSS rate of 82% than patients who did only one therapy exclusively. 

In our cohort, 61.5% of the patients had the primary tumor in the mandible and 33.3% in the 

maxilla. Moreover, patients who were diagnosed HNS in the mandible showed an increased rate of 

disease progression and recurrent lesions than in others local onset, in accordance with the 

contemporary literature (12)(13). The complex anatomic topography of the HN region and, 

consequently, the proximity to surrounding critical organs that cause difficulties for surgical removal 

without free margins could explain what mentioned above. 

Among the use of multimodal approach in advanced or recurrent disease, neoadjuvant or 

adjuvant CTX, surgery and RT showed increased DFS rates, about 60-70% after 5-years, depending 

on the specific histological subtype or presence of metastatic disease, as described in the literature 

(9)(14)(15). Thus, according to the DFS rates in our study for patients who underwent multimodal 

therapy with 2 therapies showed a three-years DFS of 56% and those underwent 3 therapies a three-

years DFS rate of 60%, like results found in the contemporary literature.  

A recent study described that surgery is the gold standard treatment for patients diagnosed with 

OS (14); however, for the pediatric population, the combination of CTX + RT is commonly indicated. 

In our study, patients who underwent surgery showed increased survival rates for all HNS, with a 

4-years actuarial OSS rate of 79% and 40% for non-surgical patients. .   

CTX for RMS treatment as neoadjuvant or adjuvant therapy remains the gold standard in 

advanced lesions as described by Youteng et. al. (4); however, there are some limitations for the use 

in the childhood caused by side effects onset in these patients such as mucositis lesions in the oral 

cavity associated with lower immunity. On the other hand, in our results patients who underwent 

CTX as part of multimodal approach showed a 4-years actuarial OSS of 58% when compared with 

those who did not.  

Moreover, in our study patients who underwent RT showed improved OSS, DFS and PFS rates 

than those who did not. Although a recent study showed lower survival rates in patients diagnosed 

with HNS and undergoing adjuvant RT in the first 3-years after treatment; our results were opposed 

to them. Thus, DFS rates in 3 years were reduced in 33% in all histological subtypes (HNS) assessed 

in this study; however, the RMS group showed less recurrence rates than other HNS that did not RT 

for primary tumor treatment. Therefore, RT as part of multimodal approach did not show a higher 

statistically survival rates in this population, so it could be associated with a low number of patients 

enrolled in our study, so a greater cohort of patients and longitudinal studies must be performed to 

clarify the role of therapy in the multimodal approach in this heterogeneous population including 

soft and hard tissues HNS.  

5. Conclusions 

According to our results, RT performed for primary HNS was not associated with improved 

OSS, DFS and PFS rates regardless of the age, gender, local primary tumor onset and histological 

subtype; however, multimodal approach might increase survival rates and locoregional control in 

the scenario of advanced and recurrent disease. Longitudinal studies, such as randomized or non-

randomized clinical trials, must be conducted to validate our results. 
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