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Abstract

OBJECTIVES: This study investigated the outcomes of sarcoma patients with lung metastases who underwent pulmonary metastasectomy
(PM), compared to patients who underwent medical management alone. The secondary objective was to compare survival after PM be-
tween variables of interest.

METHODS: This was a retrospective review of 565 sarcoma patients with confirmed, isolated pulmonary metastasis identified from the
Surveillance, Epidemiology and End Results database between 2010 and 2015. 1:4 propensity score matching was used to select PM and
non-PM groups. The multivariable Cox proportional hazards model was used to analyse prognostic factors of disease-free survival (DFS).

RESULTS: Of the eligible 565 patients, 59 PM patients were matched to 202 non-PM patients in a final ratio of 3.4. After propensity match-
ing, there were no significant differences in baseline characteristics between PM and non-PM patients. The median DFS after PM was
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32 months (interquartile range 18–59), compared to 20 months (interquartile range 7–40) in patients without PM (P = 0.032). Using a
multivariable Cox proportional hazards model, metastasectomy (hazard ratio 0.536, 95% confidence interval 0.33–0.85; P = 0.008) was as-
sociated with improved DFS. In a subset analysis of patients who underwent PM only, the median DFS was longer in males compared to
females (P = 0.021), as well as in bone sarcoma compared to soft tissue sarcoma (P = 0.014).

CONCLUSIONS: For sarcoma patients with metastatic lung disease, PM appears to improve the prognosis compared to medical manage-
ment. Furthermore, there may be a survival association with gender and tumour origin in patients who underwent PM. These data may be
used to inform the surgical indications and eligibility criteria for metastasectomy in this setting.
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ABBREVIATIONS

CI Confidence interval
DFS Disease-free survival
HR Hazard ratio
IQR Interquartile range
PM Pulmonary metastasectomy
SEER Surveillance, Epidemiology and End Results
STS Soft tissue sarcoma

INTRODUCTION

Sarcomas are a heterogeneous tumour group that accounts for
1% of adult malignancies [1]. These tumours have a propensity
for lung metastasis, and patients with lung metastases have poor
clinical outcomes. Surgery (metastasectomy) and chemotherapy
are often utilized for the treatment of advanced sarcoma, and
some data suggest metastasectomy alone is more cost-effective
than chemotherapy in prolonging short-term survival in this
population [2].

Five-year survival of patients undergoing pulmonary metasta-
sectomy (PM) for sarcoma ranges from 15% to 50% [3–11].
However, there is no randomized evidence to support PM for
metastatic sarcoma, and therefore the current indications rely on
data derived mostly from single institutions and retrospective
series. It has been proposed that PM affords favourable survival
in patients with advanced bone and soft tissue sarcoma (STS)
[11–14]. However, there is no consensus on the best way to select
these patients as surgical candidates. In an attempt to address
the role of PM for sarcoma, the current study reviewed the
Surveillance, Epidemiology and End Results (SEER) database in
order to identify patients with primary bone or STS and isolated
lung metastases. After propensity matching, the primary objective
was to determine whether an association exists between PM and
disease-free survival (DFS). The secondary objective was to com-
pare survival between variables of interest among patients who
were treated with PM only.

MATERIALS AND METHODS

Selection

Ethical or institutional review board approval was not required
for the completion of this study. The SEER database of the
National Cancer Institute was queried from 2010 to 2015 [15].
Inclusion criteria were diagnostically confirmed bone or STS with
lung metastases. Cases were first filtered by Histologic
International Classification of Diseases for Oncology, Third

Edition (ICD-O-3) codes: 8800–9059 and 9120–9269. Patients
with synchronous or metachronous metastasis to the liver, bones
and brain were excluded, leaving those with isolated metastasis
only. For surgery, a distant site surgical procedure in the setting
of isolated lung metastasis was presumed to indicate PM.
Additional variables of interest were age, sex, race, primary tu-
mour grade at diagnosis, primary tumour size, primary tumour
histology and origin and T and N stage defined by the American
Joint Committee on Cancer (AJCC) criteria [16]. Radiation (yes or
no) and chemotherapy (yes or no/unknown) were recorded as
dichotomous variables with respect to the treatment of the pri-
mary tumour and not the metastatic disease.

Statistical analyses

Propensity score matching was performed, and propensity scores
were estimated by conditional backwards elimination multivari-
able logistic regression that incorporated potential predictors of
PM group membership as independent variables. The entry value
was P-value <0.020 and the remaining value was P-value <0.030,
to maximize discrimination of the model between PM and non-
PM patients (c-statistic, or area under receiving operating charac-
teristics curve). These variables included diagnosis year, age, race,
sex, primary tumour grade and size and T and N stage, which
were each defined a priori as clinically meaningful. The propen-
sity score represents the probability of surgical intervention in
the study population. Each PM patient then was matched to up
to 4 non-PM patients based on a greedy match algorithm [17].
PM patients with no matches (propensity score not within 0.1)
were not included in the final grouping.

Categorical variables were described using frequencies and
percentages, and continuous data (age and tumour size) were
tested for normality and reported as the median with interquar-
tile range (IQR). The standardized mean difference was used to
measure the comparison of individual variables before and after
matching. Disease-free survival (DFS) was estimated using
Kaplan–Meier methods, and survival between variables of inter-
est was compared using the log-rank test. DFS was defined as
the survival in months from diagnosis until a cancer-specific
death per the SEER database. Censoring patients were those alive
without a cancer-specific death at last follow-up. The median
follow-up time (months) was estimated using the reverse Kaplan–
Meier method wherein survival is the event of interest and death
is a censored event [18].

A multivariable Cox model was used to assess the association
of individual variables with DFS. The final model was constructed
using a backward stepwise elimination method of sequential vari-
able exclusion with the highest P-value variable being excluded
at each step, until only those with P-value <0.15 remained.
Preselected variables were those of clinical interest and included
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diagnosis year, age, sex, race, sarcoma origin (bone or soft tissue),
tumour size, grade and T stage, radiation and chemotherapy for
the primary tumour and PM. Factors with <10 events per variable
were excluded. Statistical significance was set to P-value <0.05,
and all analyses were performed on SPSS version 26.0 (IBM,
Armonk, NY, USA) and R-Studio version (RStudio: Integrated
Development for R. RStudio, PBC, Boston, MA, USA).

RESULTS

Clinicopathological data with propensity score
matching

Overall, 565 patients met the inclusion criteria. Before propensity
matching, there were significant differences in median age
between PM (n = 66) and non-PM (n = 499) groups [45 years (IQR
16–62) vs 52 years (IQR 18–63); P < 0.001] (Table 1). The propen-
sity score model evaluated up to 8 co-variables related to
baseline characteristics. The final model included 4 co-variables
(age, size, grade and N stage) with a c-statistic of 0.71. Of the eli-
gible 565 patients, 59 PM patients were matched to 202 non-PM
patients in a final ratio of 3.4 (Table 1). Among the matched PM
patients, metastasectomy was performed most commonly for
advanced osteosarcoma (32.2%, n = 19), leiomyosarcoma (18.6%,
n = 11) and chondrosarcoma (8.5%, n = 5) (Supplementary
Material, Table S1). The majority of all matched PM and non-PM
patients were treated with chemotherapy (neoadjuvant and/or
adjuvant) (76.3%, n = 45 vs 74.8%, n = 151), respectively. However,
after matching, a comparably higher proportion of patients in
the PM group received radiation to the primary site compared to
the non-PM group (39.0%, n = 23 vs 17.8%, n = 36), respectively.
Trends in the yearly utilization of chemotherapy and radiation
among all matched patients are shown in Supplementary
Material, Fig. S1.

Survival and follow-up

According to quantiles of potential follow-up from the reverse
Kaplan–Meier method, the median estimated follow-up was
31 months (IQR 14–46). Among all matched patients the median
DFS was 22 months (IQR 8–49), with 1-, 3- and 5-year estimates
of 65.1% [95% confidence interval (CI) 58.5–71.7%], 31.2% (95%
CI 23.6–38.9%) and 17.5% (95% CI 8.3–26.7%), respectively (Fig.
1A).

PM was associated with improved DFS compared to medical
management. The median DFS after PM was 32 months (IQR 18–
59) compared to a median DFS of 20 months (IQR 7–40) without
PM (P = 0.032). After PM, the DFS probability at 1 and 3 years
were 86.3% (95% CI 76.8–95.9%) and 36.8% (95% CI 20.4–53.1%),
respectively. With medical management, the 1- and 3-year DFS
probabilities were 58.5% (95% CI 50.7–66.3%) and 30.0% (95% CI
21.5–38.5%), respectively (Fig. 1B). There were zero at-risk PM
patients at 5 years, whereas for those without PM, the 5-year DFS
probability was 19.9% (95% CI 10.8–29.0%).

A subset survival analysis among matched PM-only patients
(n = 59) is tabulated in Supplementary Material, Table S2. Among
these patients, the median DFS was longer in males compared to
female patients (P = 0.021; Supplementary Material, Fig. S2), as
well as in patients that underwent PM for lung metastasis from a

primary bone sarcoma compared to a primary STS (P = 0.014;
Supplementary Material, Fig. S3).

Multivariable Cox proportional hazards model

Among all matched patients on the basis of a multivariable
Cox proportional hazards model of regression, age [hazard ratio
(HR) 1.016, 95% CI 1.01–1.03; P = 0.001] and high-grade sarcoma
(HR 1.893, 95% CI 1.09–3.28; P = 0.023) were found to be inde-
pendent negative prognostic factors. However, chemotherapy
(HR 0.569, 95% CI 0.35–0.92; P = 0.021) and metastasectomy (HR
0.536, 95% CI 0.33–0.85; P = 0.008) were found to be indepen-
dent positive prognostic factors of DFS (Table 2).

DISCUSSION

Sarcomas are among the most common of tumours that
metastasize to the lungs [19]. In the absence of lung metastases,
5-year survival ranges from �30% to 80% [20]. In contrast, 5-year
survival with metastatic disease remains at or below 50%, with
modern estimates nearing only 34% [21]. In this study, the 5-year
DFS of all sarcoma patients with lung metastasis regardless of
metastasectomy was 17.5%. Treatment options for these patients
are relatively limited, though typically consist of chemotherapy
and metastasectomy in an attempt to eradicate systemic disease.
We therefore investigated the role of PM in a group of
propensity-matched patients with advanced sarcoma to assess
outcomes in comparison to patients treated medically. We found
that PM portended an improved prognosis, though moreover,
our data imply certain patients may be more eligible for PM than
others based on survival differences by gender and sarcoma
subtype.

The current population-based study of the SEER database
found that PM improved the prognosis of patients with advanced
sarcoma on multivariable analysis. In addition, chemotherapy for
the primary tumour improved the prognosis on multivariable
analysis, while older patients and those with high-grade disease
had an association with worse DFS. After PM in particular, the
median DFS was 32 months and was statistically significantly
higher than the median DFS of 20 months in patients with ad-
vanced sarcoma treated medically. Although low, the 3-year DFS
probability after PM was 36.8%, which aligns with the current lit-
erature [3–11, 22].

Treasure et al. [23] note the average age of patients undergoing
PM for metastatic bone sarcoma was considerably lower
(�17 years old) in comparison to patients with STS undergoing
PM (�46 years old). The current study made no distinction in age
between bone and sarcoma patients, though after propensity
matching the median age of all patients undergoing PM was
45 years. There was a slightly higher proportion of STS patients
included in this study, which may explain the higher median age
as those who present with STS are typically older [1].

Interestingly, the current study found that males with ad-
vanced sarcoma who underwent PM had a statistically significant
lower median DFS than females. While most existing studies
fail to prognosticate gender in this setting, Buddingh et al. [24] do
evidence worse outcomes for males with osteosarcoma that
underwent PM in comparison to females with osteosarcoma who
underwent PM. Therefore, the consensus is unclear, and the cur-
rent study cohort was comprised of a variety of different
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diagnoses and patients of varying ages, which confounds the ob-
served differences in survival. Although these data may imply
certain patients should be considered more eligible than others
with respect to indications for PM, future research is likely
needed to reliably confirm an association between gender and
survival after PM for sarcoma.

To address potential differences in the clinicopathological data
in the SEER database, propensity matching was performed using

up to a 1:4 ratio of PM to non-PM patients. After propensity
matching, we found that osteosarcoma, leiomyosarcoma, and
chondrosarcoma were among the most frequently metastatic pri-
mary tumour subtypes in the PM group. This profile is relatively
similar to the context of a routine clinical sarcoma practice, and
we believe the SEER was therefore at least clinically amenable to
an analysis of PM in sarcoma. Each patient who underwent PM
was further divided into a bone sarcoma and STS group, as well

Table 1: Baseline clinicopathological data of included patients

Variables All patients (n = 565) Propensity-matched (n = 261)

PM (n = 66) No-PM (n = 499) SMD PM (n = 59) No-PM (n = 202) SMD

Age (years), median (IQR) 45.0 (16–62) 52.0 (18–63) 0.571 45.0 (16–62) 45 (20.8–63) 0.114
Sex, n (%) 0.132 0.021

Male 44 (66.7) 301 (60.3) 40 (67.8) 135 (66.8)
Female 22 (33.3) 198 (39.7) 19 (32.2) 67 (33.2)

Race, n (%) 0.112 0.114
White 53 (80.3) 389 (78.0) 48 (81.4) 155 (76.7)
Black 9 (13.6) 65 (13.0) 7 (11.9) 30 (14.9)
Other 4 (6.1) 45 (9.0) 4 (6.4) 17 (8.4)

Tissue, n (%) 0.412 0.139
Bone 32 (48.5) 145 (29.1) 27 (45.8) 77 (38.1)
Soft tissue 33 (50.0) 346 (69.3) 32 (54.2) 121 (59.9)
Overlapping 1 (1.5) 8 (1.6) 0 (0.0) 4 (2.0)

Size (cm), median (IQR) 10.8 (7.5–13.5) 10.0 (7.7–15.0) 0.233 11.0 (7.6–13.8) 10.3 (7.0–150.0) 0.011
Grade, n (%) 0.164 0.016

Low/intermediate 11 (16.7) 55 (11.0) 10 (16.9) 33 (16.3)
High 55 (83.3) 444 (89.0) 49 (83.1) 169 (83.7)

T stage,a n (%) 0.169 0.110
T1 13 (19.7) 62 (12.4) 12 (20.3) 32 (15.8)
T2/T3 46 (69.7) 339 (67.9) 46 (78.0) 163 (80.7)
Missing 7 (10.6) 98 (19.6) 1 (1.7) 7 (3.5)

N stage,a n (%) 0.389 0.080
N0 63 (95.5) 378 (75.8) 56 (94.9) 195 (96.5)
N1 3 (4.5) 73 (14.6) 3 (5.1) 7 (3.5)
Missing 0 (0.0) 48 (9.6) 0 (0.0) 0 (0.0)

Chemotherapy,b n (%) 0.310 0.035
Yes 50 (75.8) 307 (61.5) 45 (76.3) 151 (74.8)
No/unknown 16 (24.2) 192 (38.5) 14 (23.7) 51 (25.2)

Radiation,b n (%) 0.471 0.483
Yes 23 (34.8) 75 (15.0) 23 (39.0) 36 (17.8)
No 43 (65.2) 424 (85.0) 36 (61.0) 166 (82.2)

aAJCC 7th edition staging.
bAdjuvant and/or neoadjuvant with respect to the primary disease.
IQR: interquartile range; PM: pulmonary metastasectomy; SMD: standardized mean difference.

Figure 1: (A) Kaplan–Meier survival analysis demonstrating disease-free survival of all patients with metastatic sarcoma after propensity matching. At-risk individuals
are shown along the x-axis. (B) Kaplan–Meier survival analysis demonstrating disease-free survival between propensity-matched sarcoma patients who underwent
PM and those treated with medical management alone (no metastasectomy). At-risk individuals are shown along the x-axis. PM: pulmonary metastasectomy.
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as into a group based on primary tumour grade (low and inter-
mediate vs high grade).

Notably, patients with STS who underwent PM had a statisti-
cally significantly lower median DFS than those with bone sar-
coma who underwent PM, which aligns with the current
literature [6, 23]. However, this finding may be confounded by
age, wherein younger patients with bone sarcoma may tolerate
metastasectomy better, compared to older patients in whom STS
is more commonly seen and in whom PM may be a higher mor-
bidity procedure.

With respect to the outcomes of STS-only patients after PM,
some data do suggest those with advanced leiomyosarcoma
have improved survival compared to patients with rhabdomyo-
sarcoma, alveolar soft part sarcoma, malignant fibrous histiocy-
toma, liposarcoma, and/or malignant peripheral nerve sheath
tumour [3, 7, 25–28]. However, other reports have failed to find a
survival difference among STS subtypes [3, 29]. Nonetheless, the
findings of a worse median DFS after PM for advanced STS in the
current study may mean the decision to pursue metastasectomy
should be more readily considered in younger patients with, for
example, advanced osteosarcoma or Ewing sarcoma, especially
compared to an older patient with advanced STS.

With respect to the grade of the primary tumour, the current
study found no difference in median DFS after PM for high-
grade sarcoma versus PM for low or intermediate grade sarcoma.
Although a lack of an association between survival after PM and
tumour grade has largely been confirmed in the literature,
Billingsley et al. [25] did report an improved survival of patients
with low-grade compared to high-grade primary tumours [12].
However, based on the findings of this study, which failed to find
an association of primary grade and survival after PM, it is more
likely that no matter the primary tumour grade, metastasis repre-
sents an advanced state of disease and by the time of systemic
spread, the initial grade has little prognostic significance.

Limitations

There are limitations to this study, most of which are inherent to
the use of a multi-institutional database. First, this study was ret-
rospective in nature, and although it collected data from a variety
of participating hospitals, the cohort of PM patients is smaller
than other single-institutional studies. This is likely because the
SEER database only recorded PM data from 2010 to 2015.
Second, we utilized propensity matching to reduce the influence
of confounding bias, however, we did not have baseline patient
data such as pulmonary reserve or comorbid diseases, nor data
stating whether there was progression of initial disease on sys-
temic medical treatment. These data would have helped to more
clearly define outcomes. Third, a large number of patients were
not subjected to PM. By nature of the SEER database, it was im-
possible to know whether these patients had, for example, multi-
ple and bilateral metastases not amenable to complete resection.
A complete resection (R0) is thought to be of critical importance
in determining outcomes after PM [21, 22, 29]. Welter et al. [11]
also found that certain characteristics such as pleural penetration
portended a worse overall survival, in addition to the interval be-
tween resection of the primary tumour and metastasectomy.
These data were not studied. Furthermore, given that the SEER
database only records characteristics of the primary tumour with
no such interval data, or data on the number or size of nodules,
this study was unable to explore an association with the surgical
approach (video-assisted thoracic surgery or open). This lack of a
description of the technique precluded a meaningful comparison
of each approach to one another, or to medical management
alone. Therefore, the results must be interpreted accordingly.

CONCLUSIONS

Using a large, multi-institutional database, propensity-matched
patients with advanced sarcoma and isolated lung metastasis
who underwent PM had improved survival compared to patients
treated with medical management alone. PM was identified as a
positive prognostic factor of survival in this group, although it
appears the benefit is limited to the short- to mid-term.
Furthermore, it appears there may be an association of survival
after PM by gender and tumour origin, which may have implica-
tions for selecting these patients as surgical candidates. Until ran-
domized clinical trials for the treatment of pulmonary metastasis
in sarcoma are successfully completed, PM should be considered
an effective treatment strategy in select patients.
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