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Abstract
Background The association between age and survival outcomes in head and neck sarcoma (HNS) has yet to be fully
investigated due to rare tumor. To research the association between age at surgery and survival outcomes of patients with HNS.

Methods: Twenty-six patients with HNS who underwent by surgery from 2003 to 2017 were retrospectively enrolled. The
association between clinicopathological parameters and age was assessed by Mann-Whitney U test, and the optimal cut-off
age at surgery for predicting death was determined by receiver operating curve analysis. Log-rank test and Cox proportional
hazards model were used for survival analyses.

Results: Patients who did not undergo chemotherapy were signi�cantly older age at surgery. Fifty-�ve was the cut-off age that
predicted death. Shorter survival rates of overall, disease-speci�c, local recurrence-free and disease-free were associated with
older age. Age (≥ 55 years/< 55 years) was correlated with shorter overall survival by multivariate analysis adjusting with
chemotherapy (absence/presence).

Conclusion: Older age predicts worse overall survival in HNS.

Background
Head and neck sarcoma (HNS) is a rare malignancy, with more than 50 pathological subtypes, accounting for approximately 1%
of all head and neck malignancies [1, 2]. Surgery is the main treatment for patients who are newly diagnosed with HNS, while
the e�cacy of chemotherapy or radiotherapy remains debatable for all pathological subtypes of HNS [1–3]. The predictors for
survival outcomes of HNS, such as overall survival, have been investigated by several previous studies [1–9].

The age of patients with various types of malignant tumors, including HNS, were evaluated as an important predictor to guide
management [4, 5, 10]. We also investigated the signi�cant association between shorter overall survival of thyroid carcinoma
and age ≥ 65 years at salvage surgery based on receiver operating curve (ROC) analysis [10]. Several previous studies on HNS
have shown that older age have worse survival outcomes [4, 5]. The association between age and survival outcomes in HNS
has yet to be fully investigated due to lack of prospective randomized trials [6], and further data accumulation for HNS is
required.

Therefore, in the current study, we investigated the possible association between the age and survival outcomes of patients with
HNS.

Methods

Patients
Between September 2003 and March 2017, 29 patients with HNS underwent surgery with curative intent at Aichi Cancer Center
Hospital. Among the 29 patients, 3 who underwent salvage surgery for recurrent disease were excluded, and 26 patients were
�nally enrolled. The study also included one patient with epithelioid haemangioendothelioma who was mentioned as a case
report [11].

Clinicopathological parameters
The age of the patients at the time of surgery was recorded. The tumour-node-metastasis (TNM) classi�cation based on the
Union for International Cancer Control (UICC) was determined through physical examination, endoscopy, cervical magnetic
resonance imaging and/or computed tomography (CT), and positron-emission tomography using 18F-2-�uorodeoxyglucose
combined with CT if possible. The patients underwent surgery for curative intent, with and without tissue �ap reconstruction in
20 and 6 patients, respectively. Pathological reports were prepared by two experienced pathologists who compiled all available
reports. The surgical margins from the pathological reports were divided into positive and negative as described previously [12].
The pathology and tumor location were de�ned using the eighth edition of the American Joint Committee on Cancer’s Cancer
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Staging Manual, as previously described [10, 13]. Pre- and postoperative therapies such as chemotherapy and radiotherapy
were recommended after consulting with orthopaedic and/or medical oncologists, as well as the pathological report; for
example, a positive surgical margin. Systemic chemotherapy was administered as the front line regime as follows: A
combination of doxorubicin (DOX) and ifosfamide (IFM) or DOX for non-round cell tumors; a combination of vincristine (VCR),
actinomycin D, and cyclophosphamide (CPA) for rhabdomyosarcoma; a combination of VCR, DOX, and CPA or the combination
of etoposide (VP-16) and IFM for Ewing’s sarcoma/peripheral primitive neuroectodermal tumour; and a combination of DOX
and cisplatin, a combination of IFM and VP-16, or high-dose methotrexate for osteosarcoma. We suitably adjusted the dose and
cycles of chemotherapy based on the patient’s age and adverse effects. Two patients were pathologically diagnosed with no
residual tumor cells on the surgical specimens following preoperative chemotherapy; one patient with Ewing sarcoma and
another patient with rhabdomyosarcoma. These patients were diagnosed by pre-treatment pathological examination, underwent
three cycles of DOX, VCR, IFM, Actinomycin D and four cycles of VCR, actinomycine D, CPA, respectively. Salvage surgery for
early locoregional recurrence was performed on the basis of biopsy results and speci�c tests such as CT by follow up at
outpatient clinic after treatment completion. The median follow-up duration from the time of surgery for the 13 patients who
were still alive and the 13 who died was 1869 days (range, 299–6096 days) and 524 days (range, 171–1608 days), respectively.
The clinicopathological parameters are shown in Table 1.
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Table 1
Clinicopathological parameters of 26 patients with head and neck sarcomas

Age Sex Pathology Site pT pN R G Location RT Chemo Last

contact

Follow-
up
(day)

23 F Rhabdomyosarcoma S 0 1 0 X Nasal cavity - + Death 905

64 F Rhabdomyosarcoma S 1 X 1 X Nasal cavity + + Death 375

22 M Osteosarcoma B 1 X 0 X C41.0(Maxilla) - + Death 608

69 M Osteosarcoma B 1 0 0 X C41.0(Maxilla) - - Death 171

75 M Hemangiopericytoma S 3 X 0 1 Maxillary
sinus

- - Death 1457

22 M Osteosarcoma B 2 0 0 3 Mandible - - Death 190

74 F Osteosarcoma B 1 0 0 X Mandible - - Death 594

55 F Osteosarcoma B 1 0 0 X Mandible - - Death 877

25 F Osteosarcoma B 1 0 1 X Mandible - + Alive 1783

41 M Osteosarcoma B 1 0 0 2 Mandible - + Alive 1790

58 M Osteosarcoma B 1 0 0 X Mandible - + Alive 1889

32 M UPS B 2 0 0 3 Mandible - - Alive 2161

12 M Ewing sarcoma B 0 0 0 X Mandible - + Alive 1609

44 F Chondrosarcoma B 1 0 0 X Mandible - + Alive 6096

48 M Rhabdomyosarcoma S 3 0 1 X Cheek mucosa + - Death 223

77 M Adult �brosarcoma S 3 X 0 X Cheek mucosa - - Death 1608

50 M UPS S 2 0 0 3 Cheek mucosa - - Alive 1254

19 M Rhabdomyosarcoma S 2 X 0 3 Cheek mucosa - + Alive 1786

16 M Rhabdomyosarcoma S 3 0 0 X Tongue, NOS + + Alive 1707

41 M Rhabdomyosarcoma S 2 0 0 X Tongue, NOS - + Alive 2151

56 M Extraskeletal

osteosarcoma

S 3 X 0 3 C49.0 - + Death 488

41 F Ewing sarcoma S 2 X 0 X C49.0 - + Alive 4493

75 F Chondrosarcoma B 1 X 0 2 Larynx, NOS - - Death 524

70 F Epithelioid

hemangioendothelioma

S 3 1 1 X Parotid gland + - Death 411

70 M UPS S 3 X 1 X Pharynx, NOS - - Alive 299

52 M MPNST S 3 X 0 1 C47.0 - - Alive 1869

M: Male, F: Female, B: Bone sarcoma, S: Soft tissue sarcoma, R: Surgical margin, R1: Positive surgical margins, R0: Negative
surgical margin, G: Histological grade, Chemo: Chemotherapy, RT: Radiotherapy, PC41.0: Bones of the skull, face, and
associated joints, C49.0: Connective, subcutaneous, and soft tissues of the head, face, and neck, C47.0: Peripheral nerves
and autonomic nervous system of the head, face, and neck, UPS: Undifferentiated pleomorphic sarcoma, MPNST:
Epithelioid malignant peripheral nerve sheath tumor.

Data analysis
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The association between age and clinicopathological parameters was assessed by Mann–Whitney U test. The optimal cut-off
values for age to predict death with area under the curve (AUC), sensitivity and 1-speci�city were estimated by using ROC
analysis, as reported previously [10]. The survival time (days from surgery to last contact or a target event) was computed by
the Kaplan–Meier method. The target events were death for overall survival; death due to HNS for disease-speci�c survival;
local recurrence for local recurrence-free survival; regional recurrence for regional recurrence-free survival; distant metastasis for
distant metastasis-free survival; and local or regional recurrence, and distant metastasis for disease-free survival. Overall
survival and age for continuous variables per 1 age was assessed by Cox proportional hazard model with hazard ratios (HRs)
and 95% con�dence interval (CI). Univariate survival analysis for the differences between two groups based on age (≥ 
55 years/<55 years) and the absence/presence of chemotherapy were compared by log-rank test. Multivariate survival analysis
adjusted for age (≥ 55 years/<55 years) and the absence/presence of chemotherapy was performed using the Cox proportional
hazards model. Data analyses were statistically performed using JMP software package (version 9; SAS: Cary, NC, USA), and P-
values < 0.05 were considered signi�cantly signi�cant.

Results

Clinicopathological parameters and age
The association between age and clinicopathological parameters is presented in Table 2. Patients who did not undergo
chemotherapy were signi�cantly older age at the surgery than those who did with (P = 0.004). Patients who had died by the last
contact were signi�cantly older at the time surgery than those who survived (P = 0.022).
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Table 2
Associations between age and clinicopathological parameters in 26 patients with head and neck sarcomas

Parameter   Number Age (mean ± standard deviation) p-valuea

Sex Male/female 17/9 44.7 ± 21.4/52.4 ± 20.2 0.33

Pathology Osteosarcoma/others 8/18 45.8 ± 21.2/48.1 ± 21.4 0.78

  Rhabdomyosarcoma/others 6/20 35.2 ± 19.0/51.1 ± 20.5 0.09

  UPS/others 3/23 50.7 ± 19.0/47.0 ± 21.6 0.84

  Chondrosarcoma/others 2/24 59.5 ± 21.9/46.4 ± 21.1 0.36

  Ewing sarcoma/others 2/24 26.5 ± 20.5/49.1 ± 20.5 0.12

Site Bone/soft tissue 12/14 44.1 ± 22.0/50.2 ± 20.5 0.49

pT pT3/pT0-2 8/18 58.1 ± 20.2/42.6 ± 20.0 0.07

pN pN1/pN0-NX 2/24 47.0 ± 33.9/47.4 ± 20.7 0.92

Surgical margin Positive/negative 5/21 55.6 ± 19.4/45.4 ± 21.3 0.34

Grade G1, GX/G2, G3 19/7 49.3 ± 21.5/42.1 ± 19.9 0.43

Location Mandible/others 17/9 51.1 ± 21.2/40.3 ± 19.7 0.24

  Cheek mucosa/others 4/22 48.5 ± 23.7/47.2 ± 21.0 0.89

  Tongue/others 2/24 28.5 ± 17.7/49.0 ± 20.8 0.15

  Nasal cavity/others 2/24 43.5 ± 29.0/47.7 ± 21.0 0.85

  C41.0/others 2/24 45.5 ± 33.2/47.5 ± 20.7 0.81

  C49.0/others 2/24 48.5 ± 10.6/47.3 ± 21.7 1.00

Radiotherapy Absence/presence 4/22 47.0 ± 20.9/49.8 ± 24.5 0.89

Chemotherapy

Last contact

Absence/presence

Death/alive

13/13

13/13

59.2 ± 17.8/35.5 ± 17.2

56.2 ± 21.2/38.5 ± 17.2

0.004

0.022

G Grade, C41.0 Bones of the skull, face, and associated joins, C49.0 Connective, subcutaneous, and soft tissues of the head,
face, and neck.

aMann–Whitney U test.

ROC analysis of age for predicting death
The ROC, sensitivity, 1-speci�city, and AUC of the ROC are presented in Fig. 1. The optimal cut-off value of age for predicting
death was 55 years old (AUC = 0.763, P = 0.024). The number of patients with age ≥ 55 years and age < 55 years were 11 and
15, respectively.

Survival outcomes
Among all patients, 11, 9, 2, and 12 patients died as a result of HNS, local recurrence, regional recurrence, and distant
metastasis, respectively. The median durations from surgery until death from HNS, local recurrence, regional recurrence, and
distant metastasis were 488 days (range, 171–905 days), 101 days (range, 56–708 days), 382.5 days (range, 382–383 days),
and 320 days (range, 56–554 days), respectively. The 4-year survival rates of overall, disease-speci�c, local recurrence-free,
regional recurrence-free, distant metastasis-free, and disease-free survival were 52.3%, 56.3%, 64.6%, 90.5%, 52.6%, and 46.2%,
respectively.
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Survival analysis
There was a signi�cant association between overall survival and age for continuous variables (HR: 1.034, 95%CI: 1.005–1.067,
P = 0.021). The survival results of univariate and multivariate analyses are presented in Table 3, and the Kaplan–Meier curves
are shown in Fig. 2. In univariate analysis, patients with age ≥ 55 years in comparison to those of age < 55 years had
signi�cantly worse overall (P = 0.002), disease-speci�c (P = 0.030), local recurrence-free (P = 0.047) and disease-free (P = 0.034)
survival. Moreover, log-rank test showed that patients who did not undergo chemotherapy had shorter overall (P = 0.031), local
recurrence-free (P = 0.005) and disease-free (P = 0.01) survival compared to those who did. In multivariate analysis, age (≥ 
55 years/< 55 years) was correlated with poor overall survival (HR: 4.090, 95%CI: 1.151–17.09, P = 0.029), while the
absence/presence of chemotherapy was associated with poor local recurrence-free survival (HR: 8.459, 95%CI: 1.366–164.2, P 
= 0.019).

Table 3
Survival analyses for 26 patients with head and neck sarcomas

  Age (≥ 55 years/<55 years) Chemotherapy (absence/presence)

  Univariatea Multivariateb Univariatea Multivariateb

  p-
value

HR 95%CI p-
value

p-
value

HR 95%CI p-
value

Overall survival

Disease-speci�c survival

0.002

0.030

4.090

2.996

1.151–
17.09

0.767–
13.31

0.029

0.115

0.031

0.131

1.885

1.521

0.541–
7.750

0.395–
6.660

0.329

0.549

Local-recurrence-free survival

Regional recurrence-free
survival

0.047

0.751

1.881

1.440

0.467–
9.577

0.040–
51.19

0.383

0.830

0.005

0.806

8.459

1.157

1.366–
164.2

0.033–
41.34

0.019

0.932

Distant metastasis-free survival

Disease-free survival

0.068

0.034

1.882

1.871

0.514–
7.600

0.588–
6.407

0.344

0.290

0.052

0.010

2.313

3.177

0.603–
10.03

0.930–
12.72

0.226

0.066

95%CI 95% con�dence interval, HR Hazard ratio.

a Log-rank test, bCox proportional hazards model.

Discussion
The univariate and multivariate analyses of 26 patients with HNS showed signi�cant correlation between age ≥ 55 years and
shorter overall survival, as well as a signi�cant relationship between the absence of chemotherapy and worse local recurrence-
free survival.

HNSs have been divided into those of the bone and those of the soft tissue [1, 2]. Although the TNM staging system has been
broadly accepted as a useful predictor for various malignant tumors, there remains a lack of clari�cation for soft tissue
sarcomas of the head and neck in the staging system outlined in the eighth edition of the UICC TNM classi�cation [13].
Previous studies that included a larger cohort of 12,755 patients mentioned that further data accumulation for predictors of
HNS due to rare tumors and various histological subtypes is needed [1–3]. Indeed, Ketabachi et al. had reported that the
surgical margin was a survival predictor for 25 patients with HNS [7].

Age has been shown to predict overall survival of patients with HNS in both single and multi-institution studies [4, 5]. Indeed,
single institution study of 186 patients with HNS showed close relationship between age and overall survival [4]. Moreover, a
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multi-institution study of 214 patients with HNS from the Society of Head and Neck Surgeons showed that age < 18 years was
signi�cant predictor for overall survival [5]. Therefore, the �nding of a signi�cant relationship between higher age and shorter
overall survival in the present study is in good agreement with the �ndings of previous studies [4, 5]. Although the two previous
studies did not mention the method used to determine the cut-off ages, the present study used ROC analysis for this purpose [4,
5].

Although the value of chemotherapy for HNS is an ongoing debate [1, 2], single and multi-institution studies have shown that
chemotherapy improves the survival outcomes for patients with sarcoma, including those with HNS [8, 9, 14]. Boon et al.
reported the absence of chemotherapy led to higher local recurrence in 77 patients with osteosarcoma in head and neck [8].
Furthermore, Chen YM et al. also showed that the absence of chemotherapy was associated with shorter overall survival in 157
patients with head and neck osteosarcoma [9]. The European Organization for Research and Treatment of Cancer-Soft Tissue
and Sarcoma group showed that IFM-based chemotherapy was an independent predictor in patients with advanced soft tissue
sarcoma [14]. The �ndings of a signi�cant relationship between the absence of chemotherapy and shorter local recurrence-free
survival in the present study is consistent with the results of previous reports [8, 9, 14].

The present study was limited by its retrospective design and relatively small number of subjects. Although the multivariate
analysis of the present study showed a signi�cant association between age and overall survival after adjusting for the
absence/presence of chemotherapy, a larger cohort of subjects is necessary of determine whether age could be used as a
useful predictor to guide treatment.

Conclusion
We demonstrated that age in HNS is signi�cantly correlated with overall survival.

Abbreviations
HNS: Head and neck sarcoma, TNM: Tumour-node-metastasis, UICC: The Union for International Cancer Control, CT: Computed
tomography, DOX: Doxorubicin, IFM: Ifosfamide, VCR: Vincristine, CPA: Clyclophosphamide, VP-16: Etoposide
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Figure 1

Receiver operating curve of the age at surgery for predicting death in 26 patients with head and neck sarcoma with the straight
line at a 45° angle tangent (P = 0.024, AUC = 0.763).
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Figure 1

Receiver operating curve of the age at surgery for predicting death in 26 patients with head and neck sarcoma with the straight
line at a 45° angle tangent (P = 0.024, AUC = 0.763).
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Figure 2

Kaplan–Meier survival curves of 26 patients. The log-rank test showed that (A) age ≥ 55 years at surgery was signi�cantly
associated with shorter overall survival than age < 55 years (P = 0.002), and that (B) the absence of chemotherapy was related
to shorter local recurrence-free survival than the presence of chemotherapy (P = 0.005).
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Figure 2

Kaplan–Meier survival curves of 26 patients. The log-rank test showed that (A) age ≥ 55 years at surgery was signi�cantly
associated with shorter overall survival than age < 55 years (P = 0.002), and that (B) the absence of chemotherapy was related
to shorter local recurrence-free survival than the presence of chemotherapy (P = 0.005).
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