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Abstract. The aim of the present study was to evaluate the 
survival impact of surgical resection among patients with 
pulmonary metastases from bone and soft tissue sarcomas. 
A total of 34 consecutive patients with ≤5 pulmonary metas-
tases from bone and soft tissue sarcomas were retrospectively 
reviewed. The patients included 19  men and 15  women, 
with a median age of 64.0 years and a median follow‑up of 
14.5 months. The oncological outcome was compared between 
patients who underwent surgical and non‑surgical treatment. A 
total of 22 patients underwent surgery and 12 patients did not 
undergo surgery. The surgery group had 3‑ and 5 year overall 
survival rates of 62 and 53%, respectively. None of the patients 
in the non‑surgery group survived to 3 years. Compared with 
the non‑surgery group, surgery achieved significantly better 
3‑ and 5 year overall survival rates. Pulmonary metastasectomy 
was associated with significantly improved survival among 
patients who were aged <64 years (P=0.0155), as well as those 
who were aged ≥64 years (P=0.0444), which indicated that 
age was not associated with a difference in survival between 
the two groups. Therefore, pulmonary metastasectomy may 
improve the prognosis of patients with pulmonary metastases 
from bone and soft tissue sarcomas.

Introduction

Pulmonary metastasis (PM) is the leading cause of mortality 
among patients with bone and soft tissue sarcoma (BSTS). 
Furthermore, unresectable PM is associated with an extremely 
poor prognosis, with a median survival of 11  months  (1). 
Surgical resection is a generally accepted treatment for PM, 

with complete resection of PM achieving a survival of up to 
33 months and 3 year survival rates of 30‑42% (1,2). However, 
surgical management of PM has achieved important results 
in soft tissue sarcoma treatment, but without level I or II 
evidence  (1). Approximately 25% of the patients are alive 
5 years after surgery, but most studies do not reveal whether 
these patients survive with or without relapse (3). To the best 
of our knowledge, no randomized trials comparing survival 
after surgery and non‑surgical treatment have been published 
to date (3). Furthermore, the populations from which patients 
were selected for pulmonary metastasectomy and the prog-
nosis of unresected patients are seldom reported. Therefore, 
the aim of the present study was to retrospectively compare the 
prognosis of patients with PM from BSTS receiving surgical 
and non‑surgical treatment.

Our preliminary study demonstrated that lung metastasec-
tomy had the potential to improve patient prognosis (4). Thus, 
it was herein hypothesized that pulmonary metastasectomy 
may be associated with an improved prognosis in this setting, 
compared with non‑surgical treatment. The present study 
compared patients with PM from BSTS according to whether 
they underwent surgical or non‑surgical treatment, with the 
aim to identify factors that are predictive of a good outcome 
among the surgically treated patients.

Patients and methods

Patients. The present study retrospectively reviewed prospec-
tively collected oncology/reconstruction surgery data and 
identified 56 consecutive patients (33 men and 23 women) 
with BSTS who developed PM between January 2005 and 
March 2017. The retrospective protocol of the present study 
was approved by the Institutional Review Board of Sapporo 
Medical University (Sapporo, Japan). Patients who partici-
pated in this research had complete clinical data. The signed 
informed consents were obtained from the patients or the 
guardians. All patients had complete local control of the 
primary tumor and underwent chest computed tomography 
(CT) as part of metastatic surveillance at 3‑6 month intervals. 
PM was defined as a growing nodule that was detected during 
CT examination. Surgical staging was performed according 
to the seventh edition of the TNM system of the International 
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Union Against Cancer (5). Histological grading was performed 
based on the system for soft tissue sarcoma from the French 
Federation of Cancer Centers (6), which is based on the tumor's 
mitotic index, extent of necrosis, and degree of histological 
differentiation. Data were collected for each patient regarding 
demographic characteristics (age and sex), primary tumor 
histopathology, metastasis characteristics (number and loca-
tion), surgical approach, outcome, and interval between the 
primary treatment and PM diagnosis.

Treatment. The decision to perform pulmonary metastasec-
tomy was based on the discretion of the attending thoracic 
surgeon after discussion. The eligibility criteria for pulmonary 
metastasectomy were as follows: i) The primary sarcoma had 
been completely resected, ii) there were ≤5 PM nodules, iii) the 
pulmonary lesions were considered completely resectable, 
iv) the patient's general condition was sufficient to withstand 
surgery and v) the patient provided informed consent. The 
patients underwent video‑assisted thoracic surgery (VATS) 
that was performed by several thoracic surgeons at our hospital, 
and the specific operative approach was selected based on the 
surgeon's judgement and the feasibility of R0 resection. All 
patients were carefully followed up using CT every 3‑6 months 
after surgery. Whether to administer chemotherapy was 
decided through discussion with the oncologists.

Statistical analysis. Demographic characteristics and overall 
survival (OS) were compared between patients who underwent 
pulmonary metastasectomy or non‑surgical treatment. The 
demographic and clinical characteristics were compared using 
Fisher's exact test or the Mann-Whitney U test, as appropriate. 
The OS outcomes were calculated from the metastasectomy or 
initiation of non‑surgical treatment to the date of death or the 
date of the last follow‑up. Kaplan‑Meier curves were used to 
describe OS, and the results were compared using the log‑rank 
test. All statistical data were analyzed using GraphPad Prism, 
version 5.0  f (GraphPad Software Inc.) and P<0.05 was 
considered to indicate statistically significant differences.

Results

Patients and characteristics. Between January 2005 and 
March 2017, 56  patients who developed PM from BSTS 
were identified. A total of 24 patients underwent pulmonary 
metastasectomy and 32 patients received non‑surgical therapy. 
Patients with >5 PM nodules or missing data were excluded 
from the study (Fig. 1). The final analysis included 34 consecu-
tive patients with a median age of 64 years (range, 14‑89 years) 
and a median follow‑up of 14.5 months (range, 1‑136 months). 
The most common histological type was osteosarcoma 
(n=10), followed by leiomyosarcoma (n=5), undifferentiated 
pleomorphic sarcoma (n=5) and myxofibrosarcoma (n=3). The 
patients' demographic and tumor characteristics are summa-
rized in Table I. Of the 34 patients, 22 underwent surgery and 
15 of those patients received chemotherapy. The remaining 
12/34 patients did not undergo surgery. However, 10 of those 
patients received chemotherapy. Two patients did not receive 
any treatment (Table II). Patients who received non‑surgical 
treatment were significantly older compared with patients who 
underwent pulmonary metastasectomy (P=0.0162).

Survival. The OS curve for all patients (3 year OS, 48%) is 
shown in Fig. 2. The univariate analyses failed to identify 
any demographic or clinical factors that significantly affected 
the prognosis among all 34 patients (Table I). Patients who 
underwent pulmonary metastasectomy had a median survival 
of 101 months, while the non‑surgical group had a median 
survival of 11 months (Fig. 3). Compared with the non‑surgical 
group, the pulmonary metastasectomy group had higher 
3 and 5 year OS rates (0 vs. 62% and 0 vs. 53%, respectively). 
The log‑rank test confirmed that these differences were 
statistically significant (P=0.0029). Furthermore, pulmonary 
metastasectomy was associated with significantly improved 

Figure 1. Flow chart of surgical treatment for lung metastasis. PM, pulmonary 
metastasis.

Table I. Characteristics of all patients.

Characteristics	 No

Sex (male/female)	 19/15
Age, years (median/range)	 64.0/14‑89
Location (extremity/trunk)	 25/9
Adjuvant chemotherapy	
  Yes	 25
  No	 9
Histology	
  Osteosarcoma	 10
  Leiomyosarcoma	 5
  UPS/MFS	 5/3
  Dedifferentiated liposarcoma	 3
  MPNST	 2
  Chondrosarcoma	 2
  Chordoma	 1
  Myxoid liposarcoma	 1
  Epithelioid sarcoma	 1
  Synovial sarcoma	 1
Bone sarcoma/soft tissue sarcoma	 13/21
Grade of soft tissue sarcoma (I/II/III)	 4/3/14

UPS, undifferentiated pleomorphic sarcoma; MFS, myxofibrosarcoma; 
MPNST, malignant peripheral nerve sheath tumor.
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survival among patients who were aged <64 years (P=0.0155) 
as well as those who were aged ≥64 years (P=0.0444; Fig. 4). 
This finding demonstrated that age did not affect the survival 
of patients who underwent surgical treatment.

Characteristics of the pulmonary metastasectomy group. A 
total of 22 patients underwent pulmonary metastasectomy via 
VATS, and their characteristics are summarized in Table III. 

A total of 17  patients (77%) underwent wedge resection, 
3 patients (14%) underwent lobectomy, and 2 patients (9%) 
underwent segmental resection, with a median number of 
resected metastases of 2 (range, 1‑5). R0 resection was achieved 
in all patients, and the median disease‑free interval was 
15 months. The mean hospital stay was 8 days (range, 5‑15 days), 
and only 1 patient experienced pneumothorax as a postoperative 
complication. There were no postoperative fatalities. A total 
of 13 patients remained alive without disease after their first 
thoracic surgery, and 9 patients developed recurrence at a 
median interval of 9 months (range, 3‑46 months).

Figure 2. OS among all patients. OS, overall survival.

Table II. Characteristics of patients according to whether they did (surgical group) or did not undergo pulmonary 
metastasectomy (non‑surgical group).

Patient characteristics	 Non‑surgical group	 Surgical group	 P‑value

No	 12	 22	
Sex (male/female)	 7/5	 12/10	 NS
Age (years median/range)	 68.5/17‑89	 49.5/14‑81	 0.0162
Location (extremity/trunk)	 7/5	 18/4	 NS
Number of metastasis (median/range)	 2.0/1‑5	 2.0/1‑5	 NS
Adjuvant chemotherapy			   NS
  Yes	 10	 15	
  No	 2	 7	
Histology			   NS
  Osteosarcoma	 1	 9	
  Leiomyosarcoma	 2	 3	
  UPS/MFS	 3/2	 2/1	
  Dedifferentiated liposarcoma	 0	 3	
  MPNST	 1	 1	
  Chondrosarcoma	 2	 0	
  Chordoma	 0	 1	
  Mixoid liposarcoma	 0	 1	
  Eplithelioid sarcoma	 1	 0	
  Synovial sarcoma	 0	 1	
Bone sarcoma/soft tissue sarcoma	 3/9	 10/12	 NS
Tumor grade of soft tissue sarcoma (Grade I/II/III)	 2/2/5	 2/1/9	 NS

UPS, undifferentiated pleomorphic sarcoma; MFS, myxofibrosarcoma; MPNST, malignant peripheral nerve sheath tumor.

Table III. Characteristics of patients who underwent pulmo-
nary metastasectomy.

	 Overall
Variables	 (Range)

Patient number	 22
Operative approach (VATS/open)	 22/0
Laterally (unilateral/bilateral)	 22/0
Type of resection (wedge/lobectomy/segmetal)	 17/3/2
Completeness of resection (R0/R1/R2) 	 23/0/0
Hospitalization (days)	 8 (5‑15)
Complications	 1
Pneumothorax	 1

VATS, video‑assisted thoracic surgery.
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Figure 4. Pulmonary metastasectomy was associated with significantly better outcomes among patients who were aged years64 years as well as those who were 
aged ≥64 years. Using the log‑rank test, it was demonstrated that lung metastasectomy had significant beneficial effects on overall survival in patients aged ≥64 
and <64 years (P=0.0444 and P=0.0155, respectively). CI, confidence interval.

Table IV. Characteristics of patients who experienced poor and good outcomes.

Variables	 Poor outcome	 Good outcome	 P‑value

Patient no	 9	 13	
Sex (male/female)	 4/5	 8/5	 NS
Age (median/range)	 48.0/15‑82	 54.0/14‑81	 NS
Number of metastasis (median/range)	 1.0/1‑5	 2.0/1‑5	 NS
Adjuvant chemotherapy			   NS
  Yes	 6	 9	
  No	 3	 4	
Location			   NS
  Spine/Pelvic	 3	 1	
  Extremity	 6	 12	
Pathology			   NS
  Bone 	 6	 4	
  Soft tissue 	 3	 9	
DFI (median/months)	 9/3‑46	 19/2‑66	 NS

DFI, disease free interval.

Figure 3. OS among patients who underwent pulmonary metastasectomy (surgical group) and those in the non‑surgical group. The median survival of the 
surgical and non‑surgical groups was 101 and 11 months, respectively, indicating that lung metastasectomy may prolong OS. CI, confidence interval; OS, 
overall survival.
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Analysis according to outcomes in the pulmonary metastasec-
tomy group. The pulmonary metastasectomy group included 
9 patients who succumbed to their disease during follow‑up 
(poor outcome) and 13  patients who survived throughout 
the follow‑up period (good outcome). Comparison of these 
subgroups failed to detect any significant predictors of poor or 
good outcomes (Table IV).

Discussion

Previous reports have suggested that pulmonary metastasectomy 
confers a survival benefit. Rusch reported that the 5 year OS rate 
was 17% among patients who underwent non‑surgical treatment 
for PM from BSTS, whereas several other reports revealed 3 year 
OS rates of 28‑35% with resection of lung metastases and 5 year 
OS rates of 21‑38% (7‑10). Complete resections were performed 
in the majority of these cases, although certain reports included 
partial resections (7‑11). However, this benefit has not been fully 
validated, as these reports did not analyze the oncological outcome 
between patients who underwent pulmonary metastasectomy or 
non‑surgical treatment (7,8). Therefore, we herein compared the 
prognoses between surgical and non‑surgical patients with PM 
from BSTS to evaluate the survival impact of surgical resec-
tion. Patients with >5 PM nodules were excluded, as it has been 
reported that patients with ≤5 nodules have a longer estimated 
median survival compared with those with >5 nodules (12). 
The present study revealed that pulmonary metastasectomy was 
associated with improved OS among patients with PM from 
BSTS. These outcomes are further supported by the fact that 
we attempted to identify PM as soon as possible via frequent 
follow‑up pulmonary CT examinations, and that all our patients 
were treated using VATS, which allows for faster recovery and 
less pain.

The group of patients who underwent pulmonary metastasec-
tomy was significantly younger compared with the non‑surgical 
group, which may have been associated with their improved 
outcomes. However, we compared patients with a median age 
of ≥64 and <64 years and found that the survival benefit of 
pulmonary metastasectomy persisted in both analyses. Thus, it 
appears that patient age did not significantly affect the associa-
tion between pulmonary metastasectomy and outcome.

Several studies have examined prognostic factors among 
patients undergoing pulmonary metastasectomy for BSTS, 
which were reported to be complete resection, disease‑free 
interval, PM size, PM number, and laterality (13‑17). However, 
the present study failed to detect significant prognostic 
factors in the pulmonary metastasectomy group. This may 
be attributed to the fact that we evaluated prognosis based on 
whether the patients were alive with disease or had succumbed 
to their disease, without considering the follow‑up period. It is 
also possible that the relatively small sample size affected the 
ability to detect significant prognostic factors.

There were certain limitations to the present study: 
i) The retrospective design and small sample size, which are 
associated with risks of bias, ii) selection bias was present, 
as patients who were unable to tolerate surgery did not 
undergo pulmonary metastasectomy, iii) the follow‑up period 
was shorter compared with those in previous studies and 
iv) treatment was not performed in a randomized, controlled 
manner.

In conclusion, the findings of the present study revealed 
that, compared with non‑surgical treatment, pulmonary 
metastasectomy was associated with improved prognosis in 
patients with PM from BSTS.
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