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Epidemiology

Patients with metastatic sarcoma were rarely considered 
for pulmonary metastasectomy (PM) prior to the 1970s, 
were treated palliatively and most died within one year 
of the development of metastatic disease. Variability in 
individual survival reflected the different histological types 
and biological behavior of the histological subtypes of 
soft tissue sarcoma (STS).

The lungs are the most common site of metastatic 
disease in sarcoma. Pulmonary metastases develop in 
20% to 38% of all STS patients.1-3 Even today, 30% of 
patients with osteosarcoma develop disease recurrence 
even after optimal surgery and chemotherapy, and more 
than 80% of these relapses are in the lungs.4, 5 Long-term 
survival after recurrence is reported to be less than 20 to 
30%.4, 6-9 Most patients who die of metastatic sarcoma 
will have pulmonary metastases. 

Pulmonary metastasectomy

PM is a surgical procedure to resect metastases from the 
lung. The surgical approach is similar whatever the primary 
tumour site of origin. Currently, PM may be considered in 
a number of primary cancers, including colorectal cancer, 
germ cell tumours, melanoma and renal cell cancer, as 
well as osteosarcoma and STS. 

Surgical exploration of the chest may be performed by 
thoracotomy or thoracoscopy. The surgical approaches 
and procedures to resect metastases include 
segmentectomy, wedge resection, lobectomy and rarely 

pneumonectomy. Most pulmonary metastases can be 
removed by wedge resection. Bilateral synchronous 
metastases are usually treated with staged (sequential) 
procedures.

Advances in anaesthesia, surgical techniques and 
peri operative care have resulted in low peri-operative 
mortality and morbidity. Thoracoscopic resection has 
reduced peri operative complications and in-hospital 
stay. Mortality rates in recent series are less than one 
per cent and operative complications less than 10%. 
Potential complications include haemorrhage, infection, 
prolonged thoracostomy tube drainage, chest wall pain 
and reduced lung function. 

Metastases to lung are most commonly blood borne. The 
growth rate of micrometastases is conventionally thought 
to be continuous at least until metastases are detected.10 
However, clinical observation is not always consistent 
with this model and some patients followed closely 
without recurrence for several years suddenly present 
with large volume metastatic disease. The continuous 
growth model does not explain these events.

Alternative models of metastastic growth have been 
proposed. Demicheli et al propose that micrometastases 
present in the pre-clinical phase, grow at different 
rates depending on tumour and/or host factors.11 

Micrometastases can escape dormancy by at least two 
different mechanisms: a) the loss of an angiogenesis 
inhibitor; or b) the transformation of a subpopulation of 
tumour cells to an angiogenic phenotype. 
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Abstract

There are no randomised control trials to guide the management of patients with potentially resectable lung 
metastases from osteosarcoma and soft tissue sarcoma, however evidence from retrospective cohort series supports 
that all patients should be considered for pulmonary metastasectomy. Pulmonary metastasectomy can improve 
overall survival and some patients may even be cured. Careful patient selection is important. The most important 
favourable prognostic factor after pulmonary metastasectomy, in both osteosarcoma and soft tissue sarcoma, 
is the ability to achieve complete resection of metastatic disease. Incomplete resection carries a shorter survival 
than complete resection of lung metastases in almost all series. The outcome is poorer if the primary tumour is not 
controlled or, if there is a local recurrence that is not controllable. Patients with metastatic disease outside the lung 
are generally excluded from pulmonary metastasectomy. The number of lung metastases is not a contraindication to 
metastasectomy, nor a poor prognostic factor if it is assessed the metastases can be resected. It is not uncommon 
to perform sequential metastasectomies for bilateral disease. Even when features associated with a poor prognosis 
are present (for example high grade tumours), pulmonary metastasectomy may improve the survival of these patients 
because their survival without it is less than one year. Recurrence of lung metastases after pulmonary metastasectomy 
should be treated with repeat pulmonary metastasectomy if complete resection can be achieved. The addition of 
peri-operative chemotherapy is widely used, but its effectiveness remains an area of controversy and is a priority for 
future research.
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The continuous growth model predicts that metastatic 
cancer will rarely be curable by surgical removal. Long-
term survival after resection of the primary tumour can 
be explained by the absence of metastases or by the 
slow growth of microscopic metastases. In contrast, 
the tumour dormancy model predicts elimination of 
metastatic disease is possible by a complete response 
following systemic treatments or removal of tumour cells 
with an angiogenic phenotype. A complete response is 
essential for long-term survival and this most commonly 
may be achieved by metastasectomy in selected cases.

An alternative hypothesis is that adjuvant 
chemotherapy eliminates rapidly dividing tumour cells 
in micrometastases, but slow growing or dormant 
micrometastatic disease can remain. These transiently 
dormant or slow growing cells are the source of isolated 
pulmonary or hepatic metastases, which become 
apparent after completion of adjuvant chemotherapy. 
Surgical removal can potentially eliminate all disease.

Another rationale for metastasectomy is that untreated 
metastases may give rise to other metastases - tertiary 
spread.12,13 Metastasectomy may prevent further 
dissemination of disease to other metastatic sites. 

Retrospective single institution cohort studies have 
reported that PM has significantly improved the life 
expectancy of patients with metastatic osteosarcoma 
and STS, with five year overall survival rates of 25 to 
40%. Some of these patients are ‘cured’. In STS, five 
year overall survival of 18% to 44% is reported after 
PM.2, 14-18 The variability in survival is most likely due to 
patient selection and the different duration of follow-up 
in reported series. 

A number of studies in osteosarcoma have retrospectively 
analysed outcomes in all patients presenting with 
disease recurrence, both limited to the lung and outside 
the lung. Overall survival is improved in those who 
achieve a complete surgical resection. In almost all 
patients surgery was for lung metastasectomy rather 
than resection of other sites of metastatic disease. Five 
year overall survival reports range from 39% to 50% for 
those with complete surgical resection compared to 0% 
who did not have surgery.19, 20 In the former study, the 
median survival period for patients achieving a second 
surgical remission was 2.2 years (range, five days to 
18.4 years), compared with 0.6 years for other patients 
(range, two days to 3.7 years).

There are a number of problems with the existing 
evidence that supports PM. Retrospective studies are 
subject to selection bias. In many reports it is unclear if 
the survival figures relate to overall survival (any death 
after PM) or crude survival (death related to sarcoma 
after PM). Disease free survival data are rarely presented. 
The absence of randomised control trials makes the 
survival effects of PM difficult to assess.

Prognostic factors for overall survival

The prognostic factors statistically significantly 
associated with survival vary across the reported series 
of PM. Below is a summary of the existing evidence 

about the effect of the most commonly assessed 
prognostic factors.

Two studies have reported a better outcome for 
patients younger than 40 years compared to older than 
40 years at diagnosis.16, 21 One study reported females 
have a better outcome than males, but in the majority 
of studies where it has been examined there is no 
significant gender difference.14, 22-29

Two studies have found a longer survival for a trunk 
primary, 22, 23 and one study has found a better prognosis 
for a limb primary.21 Primary tumour histological type has 
been reported to influence survival after PM. Malignant 
fibrous histiocytoma was reported to have a better 
outcome than other types.15 In other studies malignant 
fibrous histiocytoma has been reported to have a worse 
outcome.17,30 Synovial sarcoma has been reported 
to have a worse outcome.17,25 High tumour grade is 
reported to be a poor prognostic feature.16,25, 26, 31 Others 
have found no association.14, 21, 27-29, 32

Disease free interval (DFI) (time from treatment of primary 
tumour until evidence of lung metastasis) is considered 
one of the most important prognostic factors and is 
thought to be a surrogate marker for disease biology. 
Although not confirmed in all reports,15,21,25,26,28,29,33 a 
longer disease free interval is associated with a long 
overall survival after PM. Most studies report improved 
survival for a DFI longer than 12 months.3,22-24, 27, 34 Others 
have found a statistically significant advantage for a DFI 
of more than 18 months,30 more than 2.5 years,16 and 
more than 25 months.14

Apart from one report showing a longer survival for 
unilateral disease,15 the majority of studies show 
no difference in survival for unilateral metastases 
compared to bilateral metastases. Many studies report 
that the number of metastases, either on pre-operative 
imaging and/or on surgical pathology, has no bearing 
on prognosis.16,21-23,28,29,32,33 In contrast, other studies 
report a shorter survival after PM for a greater number 
of metastases. The cut-off varies from two or more,30 
three or more,35 four or more,15 or five or more.24 The 
maximum diameter of metastases on pre-operative 
imaging and/or surgical pathology has been examined 
as a prognostic factor in a limited number of studies.17, 

30 In both cases a diameter greater than two centimetres 
was found to carry a worse prognosis. Studies report 
that there is no difference in life expectancy in patients 
treated by unilateral thoracotomy (or thoracoscopy) and 
a bilateral (staged) procedure.2, 16, 25, 26, 29

Almost all studies report that complete resection of 
metastatic disease (histologically clear margins) is 
critical for long-term survival after PM. For example, 
Billingsley reported that the median survival time among 
patients with completely resected disease is 20 months, 
compared with 10 months for patients who have 
incompletely resected disease.3 It seems that patients 
with an incomplete resection have a prognosis similar to 
patients who do not have a PM. Two small studies did 
not report a statistically significant effect on survival for 
complete resection.21, 25 
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In osteosarcoma most studies addressing prognostic 
factors for survival concentrate on children and 
adolescents, whereas adult patients constitute only a 
small proportion.5 Complete resection of metastatic 
disease has consistently been shown to be an 
independent prognostic factor for survival.20, 36-39 Patients 
with residual microscopic compromised surgical 
margins, or measurable disease, are unlikely to be cured. 
As for STS, a longer DFI is also associated with a longer 
survival after PM.36, 40, 41 In most reports a DFI of less than 
12 months carries a worse prognosis,5, 42, 43 but others 
have found a cut-off of 24 months to be important.7 In 
contrast to STS, the number of lung metastases appears 
to be an important prognostic factor for survival in 
osteosarcoma. Some reports show solitary lesions have 
a better prognosis.19, 20, 42, 44 In other reports less than 
three to four nodules is favourable compared to more 
than four.5, 7, 36 Only a few studies report the number of 
lung metastases is not a prognostic factor for overall 
survival.43, 45

Age, sex and metastases in one or both lungs have not 
been shown to be important prognostic factors. In 247 
patients with lung metastases (47 of which had a PM) 
there was no survival difference for patients greater than 
or equal to 40 years, compared to those less than 40 
years.5 In one report of paediatric patients, males had a 
better overall survival than females.8

Patient selection

All patients with metastatic osteosarcoma and STS 
should be evaluated for the possibility of PM.3, 14, 25, 29, 46-49 

Careful patient selection is important. The most 
important favourable prognostic factor after PM in both 
osteosarcoma and STS is the ability to achieve complete 
resection of metastatic disease. Incomplete resection 
carries a poorer prognosis in almost all series. Patients 
being considered for PM should have a good performance 
status and be a medical candidate for anaesthesia 
and lung resection. The primary tumour site should be 
controlled or, if there is a local recurrence, it should be 
controllable. Patients with metastatic disease outside the 
lung are generally excluded from PM. In general a high 
number of metastases is not a contraindication if it is felt 
they can be resected. It is not uncommon to perform 
sequential metastasectomies for bilateral disease. Even 
when features associated with a poor prognosis are 
present (for example high grade tumours) these patients 
are most likely to live longer with PM because their life 
expectancy without PM is less than two years.

Data collected by the International Registry of Lung 
Metastases, established in 1991 to assess the long-term 
results of PM, highlight important prognostic factors.50 Of 
5206 cases of PM from departments of thoracic surgery 
in Europe, the United States and Canada, the primary 
tumour was epithelial in 2260 cases, sarcoma in 2173, 
germ cell in 363 and melanoma in 328. The actuarial 
survival after complete resection was 36% at five years 
(median 35 months) and for incomplete resection was 
13% at five years (median 15 months). Among complete 
resections, the five year survival was 33% for patients 

with a DFI of less than 12 months and 45% for a DFI of 
greater than 36 months; 43% for solitary metastases and 
27% for four or more metastases. Multivariate analysis 
demonstrated a better prognosis for patients with germ 
cell tumors, DFI of greater than 36 months and solitary 
metastases. These three factors were used to develop 
a useful prognostic grouping applicable to sarcoma, as 
well as melanoma, epithelial and germ cell tumours: 

■	 Group I resectable, no risk factors (DFI greater than 
or equal to 36 months, solitary metastasis), median 
survival 61 months

■	 Group II resectable, 1 risk factor (DFI less than 36 
months or multiple metastases), median survival 34 
months

■	 Group III resectable 2 risk factors (DFI less than 36 
months and multiple metastases, median survival 24 
months and

■	 Group IV unresectable, median survival 14 months. 

Peri operative chemotherapy

Peri operative chemotherapy in conjunction with 
metastasectomy may destroy micrometastatic disease. 
It may be given pre or post thoracotomy or both. 
Peri operative chemotherapy (particularly given pre-
operatively) may be particularly advantageous for patients 
with a DFI of less than one year and other unfavourable 
prognostic factors. If recurrence occurs more than 
one year after treatment for the primary sarcoma, 
consideration of PM alone without chemotherapy is 
reasonable. Alternatively, PM followed by adjuvant 
chemotherapy may be considered. Peri operative 
chemotherapy does not lead to increased morbidity or 
mortality after thoracotomy.21 

Existing evidence does not support the routine use of 
peri operative chemotherapy. This might be a problem of 
selection bias in the retrospective case studies because 
chemotherapy tends to be used in patients where the 
relapse pattern suggests aggressive tumour behaviour.

There is conflicting evidence about the benefit of peri 
operative chemotherapy in STS. Pastorino reported a 
longer three-year survival (from 27% to 60%) when peri 
operative chemotherapy was included with surgical 
treatment of lung metastases.51 It is possible that this 
benefit was due to patient selection. On the other hand, 
Lanza showed no survival benefit for 26 patients who 
had peri operative chemotherapy followed by PM.52 

Some studies have shown children have better survival 
when peri operative chemotherapy is given with PM.44,53 
Kempf-Bielack demonstrated chemotherapy use 
correlated with a favourable event-free survival compared 
to those who did not have chemotherapy.19 However, 
most studies do not demonstrate a survival benefit with 
the addition of chemotherapy to PM in osteosarcoma. 
In 125 patients made surgically disease free by PM, 
chemotherapy did not increase post-relapse free 
survival, although there was a suggestion of a positive 
role in patients with three or more pulmonary nodules.7 

One other study confirms this finding.4
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Cost effectiveness

Porter compared the cost effectiveness of four treatment 
strategies for pulmonary metastases in STS: 1) PM; 2) 
chemotherapy (doxorubicin and ifosfamide); 3) PM and 
chemotherapy; and 4) no treatment.48 In 1999, the mean 
cost of PM was US$20,339 per patient and the mean 
cost of six cycles of chemotherapy was US$99,033. 
Compared with no treatment and assuming a 12 month 
survival advantage with chemotherapy, the incremental 
cost effectiveness ratio was US$14,357 per life-year 
gained for PM, US$104,210 per life-year gained for 
chemotherapy, and US$51,159 per life-year gained 
for PM and chemotherapy. Compared with PM, the 
incremental cost effectiveness ratio of PM and systemic 
chemotherapy was US$108,036 per life-year gained. The 
authors concluded that PM was the more cost effective 
management strategy, even with favourable assumptions 
regarding the benefit of chemotherapy.

Repeat pulmonary metastasectomies

Sixty nine per cent of patients having PM for STS will 
develop recurrent lung metastases following complete 
resection.2 Repeat thoracotomies are considered for 
subsequent pulmonary recurrence if all the disease can 
be resected. Most series report a favourable prognosis 
for repeat resection, with five year survival after the 
second operation up to 36%,54 and a median survival 
of approximately 25 months.55 Complete resection is the 
most important prognostic factor.54-57 

Similar survival outcomes after a second PM have been 
reported in osteosarcoma. In 94 patients having a second 
PM, three and five year event-free survival probabilities 
were 33% and 32%, respectively.58

In an unselected cohort series of 249 patients with second 
osteosarcoma recurrences of any site, five year actuarial 
overall and event-free survival rates were 16% and 9% 
respectively.6 As for first osteosarcoma recurrences, 
longer DFI and solitary lesions at recurrence correlated 
with better outcomes.19 Among the 119 patients who 
achieved a second surgical remission, the five year 
actuarial overall survival rate was 32%.6 Even after 
subsequent recurrences, the five year survival estimate 
for patients who again achieved surgical remissions was 
approximately 25%. As reported by others, there was 
almost no long-term survival without surgical clearance, 
re-enforcing the importance of surgery in the curative 
therapy of recurrent osteosarcoma.9

Research priorities

Health related quality of life is an important consideration 
after any medical intervention, particularly when the 
intervention is performed in the setting of advanced 
cancer and where the evidence of survival benefit is 
uncertain. Health related quality of life has not been 
measured prospectively in patients undergoing PM 
for metastatic sarcoma. During 2010, a new study will 
commence, titled “A prospective longitudinal cohort 
study describing quality of life in patients undergoing 
pulmonary metastasectomy for metastatic sarcoma”, 
supported by the Australian Sarcoma Study Group 

and Psycho-oncology Cooperative Group. This study 
will collect clinical and quality of life data in patients 
undergoing PM for lung-only metastatic sarcoma from 
around Australia and New Zealand. 

The optimal treatment strategy using surgery and 
chemotherapy in relapsed sarcoma is unknown due to the 
absence of prospective trials. A European Organisation 
for Research and Treatment of Cancer randomised trial of 
PM and peri operative chemotherapy was closed due to 
poor accrual in the mid-1990s. More recently there has 
been renewed interest in this unresolved question. One 
of the most important aspects of the Australian Sarcoma 
Study Group and Psycho-oncology Cooperative 
Group study is that it will provide information about the 
frequency, nature and timing of systemic therapy used 
in combination with PM. It is envisaged that these data 
will inform a multi-site randomised trial of PM and/or 
systemic therapy. The challenges of such a study include 
the rarity of sarcoma and the heterogeneity of sarcoma 
pathology and biology. With international collaboration 
these difficulties can be overcome and provide worthwhile 
data to improve the outcomes of sarcoma patients with 
lung-only metastases.

Conclusion

All patients with osteosarcoma or STS and potentially 
resectable lung metastases should be evaluated for 
PM. PM is a procedure with low operative mortality and 
morbidity which may improve survival, and even cure 
some patients. Patients with a lung recurrence after PM 
should also be assessed for PM if complete resection can 
be achieved. The role of peri operative chemotherapy is 
uncertain and is a priority for future research to improve 
the outcome for these patients.
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