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Abstract
Background: Pulmonary metastasectomy (PM) is an established treatment for selected patients with metastatic
sarcomas. The aim of this study was to examine our institutional experience and evaluate factors predicting
outcome.
Methods: We retrospectively reviewed all patients undergoing PM for bone sarcoma in our center from 2001 to
2019. Survival was calculated from the date of PM. Impact on survival of clinical parameters was assessed.
Results: Thirty-eight patients (27 males, 71%) were included. Histology was osteosarcoma (n = 20, 53%), Ewing
sarcoma (n = 13, 34%) and chondrosarcoma (n = 5, 13%). Twelve patients (31.5%) had synchronous metastases, all
received chemotherapy before PM. Median number of metastases was 3 (1 to 29). Twenty (53%) patients had
mediastinal lymph node sampling. One patient had positive lymph nodes. Ninety-day mortality was 0%. Three and
5-year PFS were 24.5 and 21%, respectively. Three and 5-year OS were 64.5 and 38.5%, respectively. More than three
metastases and progression under chemotherapy were significant independent predictors for OS.
Conclusion: PM is a safe procedure and encouraging long-term outcome can be achieved. Patients with
progression of pulmonary metastases under chemotherapy as well as patients with more than three metastases
had significantly worse OS.
Keywords: Pulmonary metastasectomy, Bone sarcoma, Lung metastases

Background
Sarcomas are rare malignancies representing a heterogeneous group of tumors. The incidence of primary bone
sarcomas is approximately four to ten times lower than
of soft tissue sarcomas (STS). Most frequent primary
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bone tumor is osteosarcoma, with an incidence of 0.3
per 100,000 per year, followed by chondrosarcoma with
an incidence of 0.2 per 100,000 per year [1]. Ewing’s
sarcoma is rare with an incidence of 1–3 per 1,000,000
per year [2]. Pulmonary metastases occur in up to 40%
of patients with bone sarcoma [3]. Pulmonary metastasectomy (PM) is an established treatment in patients
with isolated lung metastases and a potentially curative
option. In patients with pulmonary metastases from
bone sarcoma, 5-year survival is 20–40% [3]. Different
prognostic factors such as number of metastases or
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disease-free interval [4–7] have been described for
patients with pulmonary metastases from osteosarcoma
or chondrosarcoma. Here we aim to examine our institutional experience and evaluate factors predicting outcome after PM for bone sarcomas.

Methods
All consecutive patients who underwent PM in our institution in a curative intent for bone sarcoma from January 2001 to December 2019 were included. Data were
retrospectively retrieved from the patients’ electronic
documentation system and all follow-up centers. The
study was approved by the institutional ethics committee
(18–7943-BO).
Treatment strategy was discussed for all patients on
a case-by-case basis during our dedicated multidisciplinary sarcoma tumor board. At time of primary sarcoma diagnosis all patients underwent standard xrays, CT and/or MRT. Staging was completed with
CT of the chest/abdomen, bone scintigraphy or PET/
CT or PET/MRI for more recent cases. All patients
with osteosarcoma, Ewing’s sarcoma and dedifferentiated chondrosarcoma had multi-agent induction and
adjuvant chemotherapy. Patients with conventional
chondrosarcoma did not receive chemotherapy before
metastasectomy. Along the study period, regimen was
not uniform for all patients. Postoperative follow up
imaging for high-grade sarcoma consisted in MRI of
the primary tumor’s region and a chest/abdomen CT
every 3 months during the first 2 years. Imaging interval was prolonged to every 4 to 6 months during the
third year and to every 6 months up to 5 years.
Above 5 years, yearly imaging was discussed on a
case-by-case basis. In patients with metachronous metastases decision for initial chemotherapy followed by
PM or primary PM was discussed individually depending on histology and grading of primary tumor.
Indication for PM was decided on a case-by-case basis
during our weekly multidisciplinary tumor board for

Fig. 1 Overall (a) and progression-free survivals (b) for the whole cohort
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sarcoma including radiologist, medical and radiation oncologists, orthopaedic and thoracic surgeons. All candidates for metastasectomy had to have a completely
resected or locally controlled primary tumor and absence of extrathoracic disease. All pulmonary lesions
have to be deemed resectable, based on preoperative CT,
with sufficient postoperative lung function. Progression
of metastases under chemotherapy per se was not an absolute contraindication to PM. Surgical approach was
based on location, size and number of metastases. In
case of two or less peripheral nodules visible on chest
CT, wedge resection was performed by video assisted
thoracic surgery (VATS). If nodules were multiple (three
or more) or centrally located, an anterolateral thoracotomy approach was chosen. The whole lung was palpated
to identify additional nodules, which were resected. Resection was preferred using cautery or laser enucleation
to spare lung parenchyma. For central metastases anatomical resections were performed if required. In patients with bilateral metastases the decision to perform a
one- or two-staged operation was based on fitness and
comorbidities of the patient, number of metastases and
preference of the patient. Mediastinal lymph node sampling was performed at surgeon’s discretion up to January 2019, while it was routinely performed by all
surgeons later on.
IBM SPSS software (IBM Corp., Armonk, NY,
USA) was used for statistical analysis. Kaplan-Meier
curves were used to analyze survivals. Logrank test
was used to compare survival curves. Survival was
calculated from the day of PM until death or last
follow-up (overall survival, OS) and progression at
any site or last follow-up (progression-free survival,
PFS). Disease free interval (DFI) was defined as the
interval between primary tumor diagnosis and lung
metastasis diagnosis on radiologic imaging. If pulmonary metastases were visible on initial staging
imaging of the primary tumor, they were classified
as synchronous metastases. The impact of the
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Table 1 Predictive factors for survival and recurrence
Overall Survival
Covariates

Progression-free Survival

P value
logrank

P value
cox

HR, 95%CI cox

P value
logrank

P value
cox

HR, 95%CI cox

0.615

0.620

1.279, 0.483–3.387

0.208

0.228

0.604, 0.267–1.37

0.671

0.675

0.81, 0.303–2.167

0.753

0.761

0.884, 0.399–1.958

0.381

0.390

1.544, 0.574–4.153

0.123

0.14

1.859, 0.817–4.232

0.003

0.011

0.129, 0.027–0.622

0.050

0.071

0.404, 0.15–1.082

0.272

0.478

22.451, 0.004–122,339.634

0.524

0.546

1.853, 0.251–13.692

0.339

0.351

0.627, 0.235–1.674

0.725

0.734

1.145, 0.524–2.505

0.134

0.148

0.472, 0.171–1.306

0.104

0.121

0.536, 0.244–1.178

< 0.001

N/A

N/A

0.072

0.130

0.174, 0.018–1.673

0.6

0.606

1.474, 0.336–6.471

0.952

0.954

0.958, 0.226–4.059

0.002

0.005

0.242, 0.089–0.64

0.001

0.003

0.291, 0.130–0.651

0.573

0.579

0.766, 0.3–1.961

0.226

0.246

0.636, 0.297–1.366

0.517

0.523

0.744, 0.3–1.842

0.434

0.451

0.753, 0.36–1.573

0.184

0.824

1.09, 0.513–2.315

0.428

0.845

1.061, 0.587–1.915

Age at PM
≥18 (n = 26)
< 18 (n = 12)
Gender
Male (n = 27)
Female (n = 11)
Timing
Synchronous (n = 12)
Metachronous (n = 25)
Progression under CHT
No (n = 12)
Yes (n = 10)
Surgical approach
Thoracotomy (n = 36)
VATS (n = 2)
Metastases size
> 15 mm (n = 14)
≤15 (n = 20)
LN resected
Yes (n = 20)
No (n = 16)
LN positive
Yes (n = 1)
No (n = 19)
G
2,3 (n = 36)
1 (n = 2)
N° of Metastases
≤3 (n = 20)
> 3 (n = 16)
Repeat PM
Yes (n = 19)
No (n = 19)
Unilateral/Bilateral PM
Unilateral (n = 19)
Bilateral (n = 19)
Histology (CS = 5, OST = 20, ES = 13)

G Tumor grade, R Completeness of resection, LN Lymph node, PM Pulmonary metastasectomy, CS Chrondrosarcoma, OST Osteosarcoma, ES Ewing’s sarcoma

following variables – age at PM, gender, timing of
metastases, progression under chemotherapy, surgical
approach, size of metastases, lymph node resection
and involvement, grading, number of metastases, repeat PM, unilateral/bilateral PM and histology - on

survival was assessed by univariate cox regression
analysis. Significant variables were computed into a
multivariate analysis to assess their independent
impact on survivals. A p-value ≤0.05 was considered
significant.
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Fig. 2 Overall (a) and progression-free survivals (b) depending on the progression of metastasis under chemotherapy

Results
Thirty-eight patients (27 males, 71%) were included.
Median age at diagnosis of primary bone sarcoma was
24 years (7 to 74) and median age at first PM was 26
years (10 to 79). Histology was osteosarcoma (n = 20,
53%), Ewing sarcoma (n = 13, 34%) and chondrosarcoma
(n = 5, 13%).
Synchronous metastases were present in twelve
patients (32%). Median DFI for patients with metachronous metastases was 27.7 months (4–204). Median time
from first diagnosis of pulmonary metastases to PM was
4 months (0–19). In 22 (58%) patients, chemotherapy
was performed before PM. Of those patients, 12 (32%)
had progression under chemotherapy. All patients with
synchronous metastases received chemotherapy before
PM, one patient with Ewing’s sarcoma also underwent
whole lung irradiation.
Thoracotomy was used in the majority (n = 36, 95%)
of patients. In 19 (50%) patients bilateral PM was
performed. In 7 (37%) of those patients a simultaneous bilateral approach was chosen, 12 (63%) patients
had a staged operation. The median number of

metastases was 3 (1 to 29). Median size of metastases
was 15 mm (0–130). Lymphadenectomy was performed in 20 (53%) patients. One single patient had
positive lymph nodes. They were unexpected based
on preoperative imaging and located intrapulmonary
(n = 2) and at the level of the pulmonary ligament
(n = 1). Nineteen (50%) patients underwent repeat
PM. Postoperative complications occurred in two patients (5%). There was one patient with pneumothorax after chest tube removal requiring chest tube
insertion and one patient who suffered from C. difficile enteritis. Ninety-day mortality was 0%. Overall
and progression-free survivals are shown in Fig. 1a, b.
Median follow up was 29.5 months. Three- and 5-year
OS were 65.4 and 38.5%, respectively. Three- and 5-year
PFS were 24.5 and 21%, respectively. Impact of clinical
variables on OS and PFS are summarized in Table 1.
Disease free interval did not significantly impact OS
(p = 0.512, HR 0.997, 95%CI 0.986–1.007) and PFS (p =
0.112, HR 0.991, 95%CI 0.979–1.002).
Patients with progression of metastases under chemotherapy had significantly worse OS (Fig. 2a) (p = 0.003)

Fig. 3 Overall (a) and progression-free survivals (b) depending on the number of metastasis
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Table 2 Multivariate analysis for overall and progression free
survival
P-value

Hazard ratio

95% CI

Progression under CHT

0.029

6.06

1.2–30.3

N° of Metastases > 3

0.029

11.76

1.29–111.11

Progression under CHT

0.401

1.58

0.54–4.65

N° of Metastases > 3

0.008

9.01

17.89–45.45

Overall survival

Progression-free survival

and PFS (Fig. 2b) (p = 0.05) compared to those without
progression.
Patients with more than three lung metastases had significantly worse OS (Fig. 3a) (p = 0.002) and PFS (Fig. 3b)
(p = 0.001) compared to patients with three or less
metastases.
In multivariate analysis, more than three metastases
variable was independently influencing OS and PFS,
while progression of metastases under chemotherapy
only stayed significant for predicting OS (Table 2). There
was no difference in overall survival and DFS among the
three different histologic entities.

Discussion
We retrospectively analyzed outcome and prognostic
factors in patients with bone-derived sarcoma after
PM. PM is widely accepted despite the lack of prospective randomized controlled trials proving its efficacy. Many retrospective studies showed a survival
benefit for patients undergoing PM compared to

patients undergoing non-surgical therapy [7–9]. Due
to the retrospective nature of these studies, they all
suffer from inherent selection bias. Indeed, the reasons not to undergo surgery are usually related to a
more extended disease for the non-surgical group or
severe functional limitations and comorbidities. In
the study of Harting et al., 38 patients did not
undergo surgery. The reasons not to undergo surgery
were unresectable disease (due to a large number of
metastasis or extensive mass) (n = 16, 42.1%), death
before surgery (n = 6, 15.8%), patient’s refusal of
surgery (n = 4, 10.5%), apparent resolution with
chemotherapy (n = 2, 5.3%), extensive local recurrence before surgery (n = 1, 2.6%) or unknown (n = 9,
23.7%) [6].
PM was a safe procedure in our cohort. There was
no major postoperative complication and no
perioperative mortality. Five-year survival was 38.5%
in our cohort. This is in the range of reported survivals after PM for bone derived sarcoma. A review of
selected papers on PM for bone sarcoma with significant prognostic factors for OS and PFS is summarized
in Table 3 [4–7, 9–11].
In our study, seven patients (18%) lived longer than 5
years after PM. Relevant patient characteristics of these
long-term survivors are summarized in Table 4.
Two patients had a total of two and three PM to achieve
these results. All patients with osteosarcoma are still alive
at the end of follow-up and are potentially cured from the
disease. These results are encouraging since metastatic
sarcoma disease is usually considered an uncurable disease.

Table 3 Selected papers on PM for bone sarcoma with prognostic factors for OS and PFS
First
author

Year

Histology Number of
patients with PM

5-year Prognostic factors for OS
OS

Prognostic factors for PFS

Ahmed,
2019 [4]

2008– OST
2016

88

38%

lung metastasis diagnosed during initial CHT(W) lung metastasis diagnosed during
> 3 metastases (W)
initial CHT(W) > 3 metastases (W)

Briccoli,
2010 [10]

1985– OST
2005

323

37%

-

Metastasis at time of diagnosis (W)
Number of PM (1 (B) vs. ≥2 (W))
DFI (24 months (B) vs. 12–24 vs.
< 12(W))
< 5 metastases (B)

< 5 metastases (B)

23

Harting,
2006 [6]

93

29%

PM (B) compared to no PM (W) m DFI ≥1y (B)

–

Letourneau, 1990– ES
2011 [9]
2006

10

80%

PM (B) compared to no PM (W)

PM (B) compared to no PM (W)

Briccoli,
2004 [11]

1972– ES
1997

24

56%

PM (B) compared to no PM (W)

–

Sambri,
2019 [7]

1992– CS
2017

29

55%

m

–

1980– OST
2000

31%

m

Chen, 2008 1989– OST
[5]
2007

m
Pulmonary metastases not identified during
pre- and post-operative chemotherapy (B)

P-values derived from logrank test if not otherwise specified.
(W) = worse defined prognostic factors

m

PM (B) compared to no PM (W) m Bilateral
metastases (W) m > 1 metastases (W)

P-values derived from multivariate analysis. PM Pulmonary metastasectomy. (B) = better and
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Table 4 Long term survivors after PM
Patient
number

Sex

Age at
PM

Histology

Grading

DFI
(month)

Progression of pulmonary
metastases under CHT

Number of
metastases (side)

Number
of PM

Survival
(month)

1

m

45

CS

1

161

no CHT

7 (R) + 3 (L)

2

67

2

m

21

ES

3

N/A

no CHT

N/A

3

71

3

f

12

OST

3

50

no CHT

1 (R)

1

88+

4

m

47

OST

3

30

no CHT

2 (R)

1

124+

5

m

24

OST

3

1

no progression

2 (R)

1

127+

6

m

14

OST

3

82

no progression

1 (L)

1

151+

7

m

11

OST

3

28

no CHT

1 (R)

1

188+

M Male, f Female, N/A Data not available, CHT Chemotherapy, CS Chondrosarcoma, ES Ewing’s sarcoma, OST Osteosarcoma, PM Pulmonary metastasectomy,
DFI Disease-free interval, R Right, L Left, + Alive at the end of follow-up

In our study, the number of metastases was a prognostic factor for overall and progression free survival in uniand multivariate analysis. Indeed, patients with more
than 3 metastases had 12 times more risks of dying and
9 times more risks of having a progression than patients
with three or less metastases. Our results confirm previous findings for both STS and bone-derived sarcomas
from the literature [4, 5, 7, 12–14]. In a study investigating PM in children with osteosarcoma, better OS and
PFS was also found in patients with fewer than 3 nodules in univariate analysis [4]. Results from the literature
and from our cohort should prompt a more detailed description for the M stage of the TNM classification, depending on the number of metastases. According to our
results, presence of distant metastases (M1) could be
further divided into M1a and M1b, where M1a would be
defined by the presence of one to three metastases and
M1b with more than three metastases.
Use of chemotherapy is unquestionable in treatment
of Ewing sarcomas and osteosarcomas. Primary tumor
response to chemotherapy is known to be a strong predictor of survival and relapse in both types of sarcomas
[15–17]. It was confirmed in the metastatic cohort from
Harting et al., where primary tumor response to chemotherapy, as measured by tumor necrosis (≥98 vs. < 98%)
was correlated with long-term survival (p = 0.046, 6).
Five-year survival for patients with a primary tumor necrosis greater than or equal to 98% was 53.9% vs. 26.1%
for those with tumor necrosis less than 98% [6]. In our
cohort, patients with progression of metastases under
chemotherapy had significantly worse OS and PFS compared to those without progression in univariate analysis.
In the multivariate analysis, progression of metastases
under chemotherapy stayed as a significant independent
predictor of OS. Similar results were found by Ahmed
et al., investigating the timing of occurrence of pulmonary metastases in children with osteosarcoma [4]. In a
large study with 88 patients who underwent PM for
osteosarcoma, the timing of appearance of metastases
-at diagnosis of the primary, group 1; during initial

chemotherapy, group 2; after completion of chemotherapy, group 3- were influencing outcome. Overall and
event-free survival were significantly lower for patients
with appearance of lung metastases during chemotherapy (8 and 6.5%, respectively) compared to both other
groups. Five-year OS was 34 and 52% for groups 1 and
3, respectively. Five-year event-free survival was 18 and
25% for groups 1 and 3, respectively [4].
In a study on 23 patients with PM for osteosarcoma of
the extremities, patients who developed new lung nodules under chemotherapy had a 6 times higher risk of
death compared to patients who did not [5].
No evidence exists whether lymph node dissection/
sampling should be performed during PM. Metastatic
spread of osteosarcoma is usually hematogenic, regional
lymph node involvement is rare [16]. However, it has
been found to be associated with worse outcome in
patients who present with regional lymph node metastases at time of diagnosis [18]. In primary lung cancer
lymph node assessment is part of routine staging and
lymph node involvement strongly impacts outcome [19].
Mediastinal lymph node spread in primary pulmonary
sarcoma can be as high as 30% and is also impacting
survival [20, 21]. In our cohort, 50% of patients had
lymph node sampling at the time of PM. One single patient had pulmonary and mediastinal positive lymph
nodes. He died only 98 days after PM from local recurrence to the lung, indicating that mediastinal lymph
node involvement might adversely affect survival in patients with pulmonary metastatic sarcoma. Since morbidity of mediastinal lymph node sampling is low, we
now perform it routinely in our center at the time of
PM.
Our study suffers several limitations inherent to its
retrospective nature. Data regarding primary tumor was
lacking as well as reasons not to undergo PM in nonsurgical candidates. Our study’s relatively small sample
size is related to the rarity of bone sarcoma. It implied a
long timespan for patient inclusion, during which chemotherapeutic regimen and surgical strategy evolved.
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Conclusions
The low morbidity of PM and its potential for cure in
selected patients within multimodality treatment should
encourage its use. The number of metastases (with a
cut-off set at three) as well as the metastasis response to
chemotherapy were two independent variables highly
impacting OS.

Page 7 of 7

4.

5.

6.

Acknowledgements
Not applicable.
7.
Authors’ contributions
TS, SC and CA designed the study. Data acquisition was done by TS and RB.
Statistical analysis was performed by SC and TS. SC, TS and CA wrote the
draft of the manuscript. TS, RB, JH, AS, UD, CP, HUS, SB, SC and CA reviewed
and edited the manuscript. All authors read and approved the final
manuscript. SC and CA contributed equally to this work.

8.

9.
Funding
Not applicable. Open Access funding enabled and organized by Projekt
DEAL.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

10.

11.

Declarations
Ethics approval and consent to participate
The study was approved by the institutional ethics committee of the
medical faculty University Duisburg-Essen (18–7943-BO). Need for informed
consent was waived by the institutional ethics committee of the medical faculty University Duisburg-Essen due to the retrospective nature of this study.
All methods were performed in accordance with the relevant guidelines and
regulations.

12.

13.

14.

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Thoracic Surgery, Ruhrlandklinik, University of
Duisburg-Essen, Ruhrlandklinik, Tüschener Weg 40, 45239 Essen, Germany.
2
German Cancer Consortium (DKTK), Center Essen, Essen, Germany.
3
Department of Pediatrics III, University Hospital Essen, University of
Duisburg-Essen, Essen, Germany. 4Department of Tumor Orthopedics and
Sarcoma Surgery, University Hospital Essen, University of Duisburg-Essen,
Essen, Germany. 5Department of Radiation Oncology, University Hospital
Essen, University of Duisburg-Essen, Essen, Germany. 6Institute of Pathology,
University Hospital Essen, University of Duisburg-Essen, Essen, Germany.
7
Department of Oncology, University Hospital Essen, University of
Duisburg-Essen, Essen, Germany.
Received: 28 December 2020 Accepted: 18 March 2021

References
1. Casali PG, Bielack S, Abecassis N, Aro HT, Bauer S, Biagini R, et al. Bone
sarcomas: ESMO-PaedCan-EURACAN Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann Oncol. 2018;29(Suppl 4):iv79–95.
2. Grunewald TGP, Cidre-Aranaz F, Surdez D, Tomazou EM, de Alava E, Kovar
H, et al. Ewing sarcoma. Nat Rev Dis Primers. 2018;4(1):5. https://doi.org/10.1
038/s41572-018-0003-x.
3. Garcia Franco CE, Torre W, Tamura A, Guillen-Grima F, San-Julian M, MartinAlgarra S, et al. Long-term results after resection for bone sarcoma
pulmonary metastases. Eur J Cardio-Thorac Surgery. 2010;37(5):1205–8.
https://doi.org/10.1016/j.ejcts.2009.11.026.

15.

16.

17.

18.

19.

20.

21.

Ahmed G, Zamzam M, Kamel A, Ahmed S, Salama A, Zaki I, et al. Effect of
timing of pulmonary metastasis occurrence on the outcome of
metastasectomy in osteosarcoma patients. J Pediatr Surg. 2019;54(4):775–9.
https://doi.org/10.1016/j.jpedsurg.2018.06.019.
Chen F, Miyahara R, Bando T, Okubo K, Watanabe K, Nakayama T, et al.
Prognostic factors of pulmonary metastasectomy for osteosarcomas of the
extremities. Eur J Cardiothorac Surg. 2008;34(6):1235–9. https://doi.org/10.1
016/j.ejcts.2008.07.032.
Harting MT, Blakely ML, Jaffe N, Cox CS Jr, Hayes-Jordan A, Benjamin RS,
et al. Long-term survival after aggressive resection of pulmonary metastases
among children and adolescents with osteosarcoma. J Pediatr Surg. 2006;
41(1):194–9. https://doi.org/10.1016/j.jpedsurg.2005.10.089.
Sambri A, Rocca M, Tuzzato G, Donati DM, Bianchi G. Lung Metastasectomy
improves survival in patients affected by grade 2 and 3 chondrosarcoma.
Oncol Res Treat. 2020;43(4):134–9. https://doi.org/10.1159/000504854.
Shimizu J, Emori M, Murahashi Y, Sonoda T, Mishina T, Miyajima M, et al.
Pulmonary metastasectomy is associated with prolonged survival among
patients with bone and soft tissue sarcoma. Mol Clin Oncol. 2020;12(5):429–
34. https://doi.org/10.3892/mco.2020.2009.
Letourneau PA, Shackett B, Xiao L, Trent J, Tsao KJ, Lally K, et al. Resection of
pulmonary metastases in pediatric patients with ewing sarcoma improves
survival. J Pediatr Surg. 2011;46(2):332–5. https://doi.org/10.1016/j.jpedsurg.2
010.11.013.
Briccoli A, Rocca M, Salone M, Guzzardella GA, Balladelli A, Bacci G. High grade
osteosarcoma of the extremities metastatic to the lung: long-term results in
323 patients treated combining surgery and chemotherapy, 1985-2005. Surg
Oncol. 2010;19(4):193–9. https://doi.org/10.1016/j.suronc.2009.05.002.
Briccoli A, Rocca M, Ferrari S, Mercuri M, Ferrari C, Bacci G. Surgery for lung
metastases in Ewing’s sarcoma of bone. Eur J Surg Oncol. 2004;30(1):63–7.
https://doi.org/10.1016/j.ejso.2003.10.005.
Nevala R, Jaamaa S, Tukiainen E, Tarkkanen M, Rasanen J, Blomqvist C, et al.
Long-term results of surgical resection of lung metastases from soft tissue
sarcoma: a single center experience. J Surg Oncol. 2019;120(2):168–75.
https://doi.org/10.1002/jso.25504.
Chudgar NP, Brennan MF, Tan KS, Munhoz RR, D'Angelo SP, Bains MS, et al.
Is repeat pulmonary Metastasectomy indicated for soft tissue sarcoma? Ann Thorac
Surg. 2017;104(6):1837–45. https://doi.org/10.1016/j.athoracsur.2017.07.024.
Chudgar NP, Brennan MF, Munhoz RR, Bucciarelli PR, Tan KS, D'Angelo SP,
et al. Pulmonary metastasectomy with therapeutic intent for soft-tissue
sarcoma. J Thorac Cardiovasc Surg. 2017;154(1):319–30 e1. https://doi.org/1
0.1016/j.jtcvs.2017.02.061.
Kempf-Bielack B, Bielack SS, Jurgens H, Branscheid D, Berdel WE, Exner GU,
et al. Osteosarcoma relapse after combined modality therapy: an analysis of
unselected patients in the cooperative osteosarcoma study group (COSS). J
Clin Oncol. 2005;23(3):559–68. https://doi.org/10.1200/JCO.2005.04.063.
Bielack SS, Kempf-Bielack B, Delling G, Exner GU, Flege S, Helmke K, et al.
Prognostic factors in high-grade osteosarcoma of the extremities or trunk:
an analysis of 1,702 patients treated on neoadjuvant cooperative
osteosarcoma study group protocols. J Clin Oncol. 2002;20(3):776–90.
https://doi.org/10.1200/JCO.2002.20.3.776.
Bosma SE, Lancia C, Rueten-Budde AJ, Ranft A, Gelderblom H, Fiocco M,
et al. Easy-to-use clinical tool for survival estimation in ewing sarcoma at
diagnosis and after surgery. Sci Rep. 2019;9(1):11000. https://doi.org/10.103
8/s41598-019-46721-8.
Thampi S, Matthay KK, Goldsby R, DuBois SG. Adverse impact of regional
lymph node involvement in osteosarcoma. Eur J Cancer. 2013;49(16):3471–6.
https://doi.org/10.1016/j.ejca.2013.06.023.
Rami-Porta R, Asamura H, Travis WD, Rusch VW. Lung cancer - major
changes in the American joint committee on Cancer eighth edition cancer
staging manual. CA Cancer J Clin. 2017;67(2):138–55. https://doi.org/1
0.3322/caac.21390.
Collaud S, Stork T, Schildhaus HU, Pottgen C, Plones T, Valdivia D, et al.
Multimodality treatment including surgery for primary pulmonary sarcoma: size
does matter. J Surg Oncol. 2020;122(3):506–14. https://doi.org/10.1002/jso.25979.
Bacha EA, Wright CD, Grillo HC, Wain JC, Moncure A, Keel SB, et al. Surgical
treatment of primary pulmonary sarcomas. Eur J Cardiothorac Surg. 1999;
15(4):456–60. https://doi.org/10.1016/S1010-7940(99)00045-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

