
O R I G I N A L  R E S E A R C H

Standard Treatment Remains the Recommended 
Approach for Patients with Bone Sarcoma Who 
Underwent Unplanned Surgery: Report from the 
Japanese Musculoskeletal Oncology Group

This article was published in the following Dove Press journal: 
Cancer Management and Research

Tomoki Nakamura, 1 Jun Sugaya, 2 

Norifumi Naka,3 Hiroshi Kobayashi,4 

Tomotake Okuma,5 

Toshiyuki Kunisada, 6 

Kunihiro Asanuma, 1 

Hedetatsu Outani,7 Shunji Nishimura,8 

Hiroyuki Kawashima,9 Toru Akiyama,10 

Taketoshi Yasuda,11 Shinji Miwa,12 

Akihiro Sudo, 1 Takafumi Ueda13

1Department of Orthopaedic Surgery, Mie University 
Graduate School of Medicine, Tsu 514-8507, Japan; 
2Department of Musculoskeletal Oncology, National 
Cancer Center Hospital, Chuo-ku, Tokyo 104-0045, 
Japan; 3Musculoskeletal Oncology Service, Osaka 
International Cancer Institute, Chuo-ku, Osaka 541- 
8567, Japan; 4Department of Orthopaedic Surgery, 
The University of Tokyo Hospital, Bunkyo- 
ku, Tokyo 113-8655, Japan; 5Department of 
Musculoskeletal Oncology, Tokyo Metropolitan 
Cancer and Infectious Diseases Center, Komagome 
Hospital, Bunkyo-ku, Tokyo 113-8677, Japan; 
6Department of Orthopaedic Surgery, Okayama 
University Graduate School of Medicine, Dentistry, 
and Pharmaceutical Sciences, Okayama 700-8558, 
Japan; 7Department of Orthopaedic Surgery, Osaka 
University Graduate School of Medicine, Suita, Osaka 
565-0871, Japan; 8Department of Orthopaedic 
Surgery, Kindai University Hospital, Osaka-Sayama, 
Osaka 589-8511, Japan; 9Division of Orthopaedic 
Surgery, Niigata University Graduate School of 
Medical and Dental Sciences, Chuo-ku, Niigata 951- 
8510, Japan; 10Department of Orthopaedic Surgery, 
Saitama Medical Center, Jichi Medical University, 
Saitama, Saitama 330-8503, Japan; 11Department of 
Orthopaedic Surgery, University of Toyama, Toyama 
930-0194, Japan; 12Department of Orthopaedic 
Surgery, Kanazawa University Graduate School of 
Medical Sciences, Kanazawa 920-8641, Japan; 
13Department of Orthopaedic Surgery, Osaka 
National Hospital, Chuo-ku, Osaka 540-0006, Japan 

Background: The outcomes of unplanned surgery for bone sarcomas have not been frequently 
discussed. However, it is important to recognize patterns, treatment, and clinical outcomes of 
unplanned surgeries for patients with bone sarcomas. This multicenter study aimed to character-
ize the clinical outcomes of patients with bone sarcomas who underwent unplanned surgeries.
Patients and Methods: Data of 43 patients with bone sarcomas who underwent unplanned 
surgery between 2006 and 2017 were obtained from 23 hospitals in Japan. These included 18 
cases of osteosarcoma, 9 of Ewing sarcoma, 8 of chondrosarcoma, and 6 of undifferentiated 
pleomorphic sarcoma. The study included 28 men and 15 women, with a mean age of 46 
years. The mean follow-up duration was 59 months.
Results: The main primary tumor sites were the femur (n = 19), spine (n = 6), pelvis (n = 5), 
tibia (n = 3), and humerus (n = 3). The primary diagnoses were benign bone tumor (n = 24), 
trauma (n = 7), bone metastasis (n = 5), osteomyelitis (n = 4), degeneration (n=2), and 
unknown (n = 1). As unplanned surgeries, curettage, with or without bone graft, was 
performed in 26 patients; internal fixation was performed in 7; spinal surgery in 5; arthro-
plasty in 4; and arthroscopy in one. Thirty-eight patients received additional standard 
treatments. Thirty-four of these patients underwent surgical tumor resections, including 
amputation (n = 10), and the remaining 4 received radiotherapy or carbon ion radiotherapy 
as additional standard treatments. The 5-year disease-specific survival (DSS) rates in patients 
with osteosarcoma, Ewing sarcoma, and chondrosarcoma were 65.5%, 58.3%, and 72.9%, 
respectively. Twelve (27.9%) patients developed local recurrences (LR); among the total 43 
patients studied, the 5-year DSS rates were significantly worse for those who developed LR 
compared to those who did not (p = 0.03). The 5-year DSS rates in patients with and without 
LR were 44% and 73.8%, respectively.
Conclusion: We recommend that patients who have undergone unplanned surgery be 
administered standard treatment, including the option of amputation because herein, LR 
was shown to be a risk factor for decreased DSS.
Keywords: bone sarcoma, unplanned surgery, local recurrence, osteosarcoma, Ewing 
sarcoma, chondrosarcoma

Introduction
Bone sarcomas are a rare type of cancer. They are sometimes discovered when 
a primary bone sarcoma is not suspected, such as during internal fixation of 
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pathological fracture (s), and presumed to be a bone 
metastasis or benign bone condition.1,2 Less common 
presentations include surgery for presumed insufficiency 
fracture (s) or trauma, as well as joint replacement (s) for 
osteoarthritis.2,3 Furthermore, differentiating bone sarco-
mas from osteomyelitis can sometimes be very 
challenging.4 Although unplanned surgeries for soft tis-
sue sarcomas (STS) are much more common and have 
been widely reported,5–9 the outcomes of unplanned 
surgeries for bone sarcomas have been discussed less 
often.2,10–12 One possible reason for this may be that 
physicians notice the abnormality when performing radi-
ological examinations. For STS, surgical resections are 
likely to be performed without any radiological exami-
nation when the tumor is small and/or subcutaneous. It is 
important, however, to recognize patterns of unplanned 
surgery, treatment, and clinical outcomes in patients with 
bone sarcomas. Therefore, we collected data from 
patients with bone sarcomas who underwent unplanned 
surgeries at several centers. This multicenter study by 
the Japanese Musculoskeletal Oncology Group aimed to 
characterize the clinical outcomes of patients with bone 
sarcomas who underwent unplanned surgeries.

Patients and Methods
Data of 43 patients with bone sarcomas who underwent 
surgeries between 2006 and 2017 were obtained from 23 
hospitals that belong to the Japanese Musculoskeletal 
Oncology Group. There were 28 men and 15 women, 
with a mean age of 46 years. High- and low-grade tumors 
were identified in 40 and 3 patients, respectively. 
Pathological fractures were detected during unplanned 
surgeries in 18 patients, and the mean follow-up duration 
was 59 months. Unplanned surgery was defined as fol-
lows: surgery performed without the consideration of bone 
sarcoma, the final diagnosis after unplanned surgery was 
bone sarcoma, and the final diagnosis was histologically 
confirmed. However, patients who were diagnosed with 
a benign or metastatic tumor based on histological exam-
ination results of needle or open biopsy were excluded 
from the present study, even if the final postoperative 
diagnosis was a bone sarcoma. The standard treatments 
for bone sarcomas were defined as follows: neoadjuvant 
and adjuvant chemotherapy and surgical resection were 
performed in patients with osteosarcoma (OS), Ewing 
sarcoma, and undifferentiated pleomorphic sarcoma of 
the bone (UPS); surgical resection alone was the standard 
treatment in elderly patients; and surgical resection was 

performed in patients with chondrosarcoma (CS). When 
radiological treatments, such as radical radiotherapy (Rx) 
or carbon ion radiotherapy (CIRT), were performed owing 
to the difficulty of surgical resection, it was included as 
a standard treatment. This study was conducted in accor-
dance with the Declaration of Helsinki of 1964. We 
obtained approval from the Institutional Review Board 
(IRB) at Mie University Hospital before we started the 
present study, and the IRB waived the need for informed 
consent due to the retrospective study design. All patient 
data accessed complied with relevant data protection and 
privacy regulations.

Statistical Analysis
Statistical associations among clinicopathological factors 
were evaluated using the Mann–Whitney U-test and 
Kruskal–Wallis test for quantitative data and the chi- 
squared (χ2) test for qualitative data. Correlations between 
continuous factors were tested using the Spearman rank 
correlation analysis. Disease-specific survival (DSS) was 
defined as the duration of time between the unplanned 
surgery for the primary tumor and the documentation 
indicating the patient was still alive or the date of death 
owing to sarcoma. Survival curves were plotted using the 
Kaplan–Meier method, and the Log rank test was used to 
compare survival and events between the patients. 
Differences with a p-value <0.05 were considered statisti-
cally significant for all analyses.

Results
Truncal tumors were found in 13 patients and extremity 
tumors in 30 (Figure 1). Primary tumor sites included the 
femur (n = 19), spine (n = 6), pelvis (n = 5), tibia (n = 3), 
humerus (n = 3), rib (n = 2), proximal phalanx (n = 2), 
skull (n = 1), and metacarpal bone (n = 1). There were 18 
cases of OS, 9 of Ewing sarcoma, 8 of CS, 6 of UPS, 1 of 
malignant giant cell tumor, and 1 of angiosarcoma of the 
bone. The mean age at diagnosis in those with OS, Ewing 
sarcoma, CS, and UPS was 48.9 (range, 21–79), 21.8 
(range, 3–58), 53.5 (range, 30–87), and 66.3 (range, 
53–75) years, respectively. The primary diagnoses were 
benign bone tumor (n = 24), trauma (n = 7), bone metas-
tasis (n = 5), osteomyelitis (n = 4), degeneration (n = 2), 
and unknown (n = 1). Details regarding the diagnoses are 
individually summarized in Table 1. As unplanned sur-
geries, curettage, with or without a bone graft, was per-
formed in 26 patients; internal fixation in 7; spine surgery 
in 5; arthroplasty in 4; and arthroplasty in one. Of the 43 
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patients, 38 received additional standard treatment. Thirty- 
four of those patients underwent surgical tumor resection, 
including 10 who underwent amputation, and the remain-
ing 4 received Rx or CIRT as additional standard treat-
ments (Figure 1). Of the 34 patients who underwent an 
additional surgery, the surgical margin was positive in 4 

and negative in 30. Twenty-eight of these patients also 
underwent chemotherapy. Five patients could not undergo 
any additional standard treatments. Of these, one had OS 
and exhibited multiple metastases and therefore received 
palliative therapy. Three had OS and received neoadjuvant 
chemotherapy; however, they developed metastases during 
chemotherapy and subsequently received palliative treat-
ment without surgery. The remaining patient had Ewing 
sarcoma, but information regarding the details of che-
motherapy were not available even though the patient 
underwent additional surgical tumor resections.

Overall, the 5-year DSS rate was 65.3%. For patients 
with OS, Ewing sarcoma, and CS, the 5-year DSS rates 
were 65.5%, 58.3%, and 72.9%, respectively. The 5-year 
DSS rate was significantly worse in those who did not 
undergo additional standard treatments compared with that 
in those who received standard treatments (p < 0.0001). 
Twelve (27.9%) patients developed local recurrence (LR); 
however, pathological fractures were not related to the 
development of LR (p = 0.45). Of the 38 patients who 
underwent additional standard treatments, 9 (23.7%) 
developed LR, and among the total 43 patients studied, 
the 5-year DSS rate was significantly worse in those who 
experienced LR compared with that in those who did not 
(p = 0.03) (Figure 2). The 5-year DSS rates in patients 
with and without LR were 44% and 73.8%, respectively. 
Of the 38 patients who received additional standard treat-
ments, the 5-year DSS was also significantly worse in 
those with LR than in those without LR (p = 0.03) 
(Figure 3). The 5-year DSS rates in patients with and 
without LR were 53.3% and 79.2%, respectively. Of the 
27 patients with bone sarcomas of the extremities who 

Figure 1 The flow-chat of the detailed treatment of 43 patients with bone sarcoma.

Table 1 The Characteristics of Individual Bone Sarcomas

Variables/ 

Diagnosis

OS/UPS ES CS Others

Number 18/6 9 8 2

Age Mean 48.9/66.3 21.8 53.5 33

Diagnosis Trauma 6 0 1 0

At unplanned 

surgery

Metastasis 4 1 0 0

Osteomyelitis 0 3 1 0

Benign tumor 13 3 6 2

Degeneration 1 1 0 0

Unknown 0 1 0 0

Additional 

Treatment

Resection 3 5 2 0

Resection 

+Prosthesis

9 0 4 1

Amputation 8 0 2 0

Rx or CIRT 0 3 1 1

Palliative 4 0 0 0

Unknown 0 1 0 0

Chemotherapy Yes 18 8 1 1

No 6 0 7 1

Unknown 0 1 0 0

Abbreviations: OS, osteosarcoma; UPS, undifferentiated pleomorphic sarcoma; ES, 
Ewing sarcoma; CS, chondrosarcoma; Rx, radiotherapy; CIRT, carbon-ion radiotherapy.
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received surgical tumor resections, there was no local 
recurrence (LR) in patients who received amputation 
although there was not a significant difference between 
the patients who received limb salvage and amputation in 
terms of local control (p = 0.12).

Discussion
An early diagnosis of bone sarcomas can be challenging 
because sarcomas can mimic familiar conditions such as 
sprains, overuse injuries, growing pains, benign bone 
lesions, and osteomyelitis. Furthermore, the incidence of 
bone sarcoma is quite low; moreover, it may be misdiag-
nosed as a more benign condition. To avoid missing the 
diagnosis, physicians should be aware of the early signs 
and symptoms, radiographic features, and risk factors such 
as a common age and tumor location.3,4,13 Conventional 
radiography in two planes should always be the first eva-
luation tool for investigation. When a diagnosis of 

malignancy cannot be excluded with certainty on radio-
graphy, the next step should be magnetic resonance ima-
ging of the entire compartment, including the adjacent 
joints, since it is the best modality for local staging of 
extremity and pelvic tumors.14 Biopsies of suspected pri-
mary malignant bone tumors should be performed. 
Generally, in the case of high-grade OS, Ewing sarcoma, 
or UPS, primary chemotherapy is indicated following 
a biopsy-confirmed diagnosis.14 However, primary che-
motherapy was not performed in patients with unplanned 
surgery. In the case of CS, surgical resection with a wide 
margin is the standard treatment,14 although curettage or 
internal fixation as a treatment of benign conditions is 
usually performed in the patients with unplanned surgery 
at initial treatment. In the present study, bone sarcomas 
were initially misdiagnosed as benign bone tumors, osteo-
myelitis, or fractures. Three of the nine patients with 
Ewing sarcoma were misdiagnosed with osteomyelitis, 
while none of the 24 patients with OS or UPS were 
misdiagnosed. Ewing sarcoma and osteomyelitis can 
have nearly identical clinical presentations, and imaging 
features can also exhibit similar patterns.4 Moreover, OS 
can mimic osteomyelitis, although there were no patients 
with OS who were misdiagnosed with osteomyelitis in the 
present study.3

Although an increased rate of LR (9/38 [23.7%]) was 
observed in the present multicenter study, survival rates were 
comparable to those for conventionally treated sarcomas.15 

Ogura et al reported the clinical outcomes of bone sarcomas 
in Japan using data from the bone and soft tissue tumor 
registry.15 The survival rates in patients with OS, CS, and 
Ewing sarcoma were 67.2%, 86.3%, and 43.3%, respectively. 
This may be because appropriate treatments after the 
unplanned surgery were performed in a large proportion of 
our cohort, although amputation was necessary for 10 of the 27 
(37%) patients with extremity tumors. Limb salvage after an 
unplanned surgery remains controversial. The ability to 
achieve tumor-free margins is technically difficult due to 
wide sources of contamination, including the skin, soft tissue, 
and bone. We reviewed previous studies that included >20 
patients with bone sarcomas who underwent unplanned sur-
geries (Table 2). Some authors reported that good local control 
was achieved in patients with OS and CS after additional limb 
salvage surgery.10 However, difficulties in achieving local 
control with limb salvage are also reflected in the literature, 
with studies reporting an increase in LR rate.2,11,12 In the 
present study, 23.7% of the patients who underwent standard 
treatment developed LR, even though the LR rate after a wide 

Figure 2 The Kaplan–Meier curve showed the disease-specific survival in 43 
patients. (A; Patients with local recurrence. B; Patients without local recurrence).

Figure 3 The Kaplan–Meier curve showed the disease-specific survival in 38 
patients who received standard treatment. (A; Patients with local recurrence. B; 
Patients without local recurrence).
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bone tumor resection has been previously estimated to range 
from 5% to 10%.16 Therefore, we recommend that patients 
who have undergone unplanned surgery be administered stan-
dard neoadjuvant chemotherapy (except for those with CS), 
and extensive surgical treatment, including the option of ampu-
tation, if achieving a sufficiently wide margin is difficult, given 
that the surgical margin has been reported to be a strong prog-
nostic factor for LR.2,12 In the present study, LR was 
a prognostic factor for DSS. Bacci et al also reported that LR 
was a highly significant risk factor for the development of 
metastasis and death from the tumor in patients with OS.17 

Similarly, LR has been reported to be a risk factor for decreased 
survival in patients with Ewing sarcoma and CS.18,19

There were several limitations to this study. First, there 
were a small number of patients studied, though the sam-
ple size was favorably comparable to those reported in 
previous studies. The present study was also susceptible 
to the inherent limitations of its retrospective design.

In conclusion, physicians should consider the possibi-
lity of bone sarcoma and perform biopsies when atypical 
symptoms and radiographic findings are present, even if 
the patient’s age is not typical for sarcoma. Although 
a higher rate of LR was observed in the present multi-
center study, DSS rates were comparable with those for 
conventionally treated sarcomas. However, patients who 
developed LR had poor DSS. We recommend that 
patients who have undergone unplanned surgery be admi-
nistered standard treatment, including the option of 
amputation, because LR was a risk factor for 
decreased DSS.
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