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Purpose: Here, we investigated the oncological outcomes of lung metastasectomy and/or
radiofrequency ablation (RFA) of 92 patients with soft tissue sarcoma (STS) at nine
institutions.

Methods: The study cohort included 65 men and 27 women with a mean age of 59 years at
the time of metastasis. The mean follow-up duration was 51 months. All patients underwent
metastasectomy and/or RFA for lung metastasis.

Results: The mean maximum size of the initial lung metastasis was 14.6 mm. At the initial
evaluation, 41 patients had a single metastasis, whereas 51 patients had multiple metastases.
The mean number of metastasectomies and/or RFA was 2 per patient. A total of 70 patients
underwent lung metastasectomy, whereas the other 13 underwent lung RFA. The remaining
nine patients underwent both RFA and metastasectomy. The 5-year post-metastatic survival
rate was 52%. The patients who underwent complete treatment for the initial metastasis had
better post-metastatic survival rates than those who underwent incomplete treatment.
A univariate analysis of all possible prognostic factors for complete treatment confirmed
the predictive value of disease-free interval, metastasis at initial presentation, distribution,
tumor size, and number of lung metastases. Of the 92 patients, 74 underwent complete
treatment for initial metastasis; in these patients, univariate and multivariate analyses showed
that a smaller tumor size and single-lung metastasis were prognostic factors for superior
post-metastatic survival. The patients with a smaller (<11.5 mm) single metastasis had better
post-metastasis survival. The 5-year post-metastatic survival rates were 89.9% for patients
with a smaller (<I11.5 mm) single metastasis versus 22.7% for patients with larger
(>11.5 mm) and multiple metastases.

Discussion: We propose that complete treatment for lung metastasis in patients with STS
may improve post-metastatic survival rates. Furthermore, tumor number and size are impor-
tant variables for clinical decision-making.
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Introduction

Soft-tissue sarcoma (STS) is a rare and heterogeneous group of cancers.' The incidence of
STS is less than six cases per 100,000 individuals, representing 1-2% of all cancer cases
in adults.' Lung metastasis from STS occurs in 20-50% of these patients. Several relevant
prognostic factors have been defined for these cases. Metastasectomy is the standard

treatment for improving the survival rates of patients with lung metastasis from STS.>*
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Radiofrequency ablation (RFA) of the lung was recently pro-
ven a useful option, as it promises outcomes similar to those of
metastasectomy.”® Age, tumor size, disease-free interval
(DFI), number of metastases, and tumor volume doubling
time are predictive factors of survival.>*”~® However, previous
reports included a relatively small number of patients with STS
or patients with STS and bone sarcoma due to the rarity of the
disease itself. Here we investigated the oncological outcomes
of lung metastasectomy and/or RFA in 92 patients with STS at
nine institutions under the Tokai Musculoskeletal Oncology
Consortium.

Materials and Methods

This study was approved by the Clinical Research Ethics
Review Committee of Mie University Hospital (H2020-208),
and it was conducted in accordance with the Declaration of
Helsinki. The need for informed consent was waived due to the
retrospective study design. Instead, patients were allowed to
opt-out. Data from 2008-2018 were obtained from nine hos-
pitals. The study cohort included 65 men and 27 women with
a mean age of 59 years (range, 16-87 years) at the time of the
metastasis. The mean follow-up duration was 51 months
(range, 3.8—159 months). All patients underwent metastasect-
omy and/or RFA for lung metastasis treatment.

Metastasis was diagnosed on the presence of at least
one of the following criteria: 1) histological examinations
confirmed a metastatic lesion in specimens obtained by
surgical resection; and 2) the lesions obviously progressed
in number and/or size.

The primary aim of the study was to examine the factors
associated with curability of the initial lung metastasis. We
defined curability as complete or incomplete treatment of all
initial lung metastases with metastasectomy or RFA.® The
secondary objective was to examine the prognostic factors
associated with oncological outcomes in patients with STS
who underwent complete resection or ablation.

Statistical Analyses

Statistical associations between clinicopathological variables
were evaluated using the chi-square test for qualitative data.
Post-metastatic disease-specific survival (DSS) was defined
as the time from the diagnosis of lung metastasis to the date
of death due to sarcoma or the last follow-up examination.
Survival curves were constructed using the Kaplan—Meier
method. The univariate and multivariate analyses were con-
ducted using a log rank test and a Cox proportional hazards
model, respectively, to compare overall survival rates. Values
of P <0.05 were included as variables in the multivariate

analysis. All statistical analyses were performed with the
EZR graphical user interface (Saitama Medical Center,
Jichi Medical University, Saitama, Japan) for R (R
Foundation for Statistical Computing, Vienna, Austria),
a modified version of R Commander designed to add statis-
tical functions frequently used in biostatistics. Probability
P values <0.05 were considered significant in all statistical
analyses.

Results
Clinicopathological Characteristics
(Table 1)

A total of 92 patients were included in this study. The site of the
primary tumor included the thigh (n=31), leg (n=9), chest wall
(n=8), knee (n=7), buttock (n=6), upper arm (n=5), foot (n=4),
retroperitoneum (n=3), abdominal wall (n=3), and other
(n=16). The primary STS was classified histologically as fol-
lows: 23 undifferentiated pleomorphic sarcomas, 22 leiomyo-
sarcomas, 12 malignant peripheral nerve sheath tumors, 8
synovial sarcoma, 7 myxofibrosarcomas, 4 dedifferentiated
liposarcoma, 4 extra-skeletal chondrosarcoma, and 12 tumors
of other histological types. Primary tumor resection was per-
formed in 89 patients. The remaining 3 patients underwent
radical radiotherapy (n=2) or carbon ion radiotherapy (n=1)

Table | Patients’ Characteristics

Age (Years) Mean (Range) | 59 (16-87)
Sex Male 65

Female 27
Surgical resection at primary site Yes 89

No 3
Lung metastasis at initial presentation | Yes 10

No 82
Distribution at lung metastasis Unilateral 59

Bilateral 31

Unknown 2
Maximum metastasis size (mm) Mean (range) 14.6 (3-56)
Number of metastases Single 41

24 34

5-9 6

>10 I
Perioperative chemotherapy Yes 34

No 58
Extrapulmonary metastasis Yes 9

No 83
DFI (months) Mean (range) 18 (0-104)

Abbreviation: DFI, disease-free interval.
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due to wide resection difficulty. All local tumors were con-
trolled when an initial lung metastasis was found.

A total of 10 patients developed lung metastasis at initial
presentation, and all 10 underwent surgical resection at the
primary site. The mean maximum tumor size of the initial lung
metastasis was 14.6 mm (range, 3—56 mm; unknown size in
five patients). At the initial evaluation, the lung metastasis was
a single one in 41 patients and multiple in 51 patients.
Moreover, the distribution was unilateral in 59 patients and
bilateral in 31 patients (unknown in 2 patients). The mean DFI
between primary tumor treatment and initial metastasis was 18
months (range, 0—104 months). The mean number of metasta-
sectomies and/or RFA was 2 (range, 1 to >10). A total of 70
patients underwent lung metastasectomy. The other 13 patients
underwent lung RFA. The remaining nine patients underwent
both RFA and metastasectomy. Perioperative chemotherapy
for lung metastasectomy or RFA was administered in 34
patients (Table 2).

Clinical Outcome in 92 Patients

At the final follow-up, 48 patients were alive, 43 patients had
died of the disease, and 1 patient had died of other causes. The
3- and 5-year post-metastatic DSS were 62% (95% confidence

Table 2 Patient Backgrounds According to Treatment

interval [CI], 54.3-74.1%] and 52% [95% ClI, 40.3—62.4%)]),
respectively (Figure 1). The patients who underwent complete
treatment of the initial metastasis had better post-metastatic
DSS than those with incomplete treatment (Figure 2). The 3-
and 5-year post-metastatic survival rates of patients with com-
plete treatment were 69% (95% CI, 56.7-78.4%) and 58.4%
(95% CI, 45.4-69.3%), respectively, whereas the results for the
foregoing criteria were 50% (95% CI, 25.9-70.1%) and 27.8%
(95% CI, 8.39-51.6%), respectively (p=0.02) (Figure 2). RFA
was more likely to be administered to patients with multiple
and/or bilateral metastases (Table 2). Univariate analysis of all
possible prognostic factors for complete treatment confirmed
the predictive value of DFI (p<0.0001), metastasis at initial
presentation (p=0.0003), distribution (p=0.001), tumor size
(p=0.03), and number of lung metastases (p<<0.0001) (Table 3).

Predictors for Survival in 74 Patients with

Complete Treatment

Of the 92 patients, 74 received complete treatment for
initial metastasis. The mean maximum tumor size of the
initial lung metastasis was 11.5 mm (range, 345 mm;
unknown in two patients). At the initial evaluation, 41
patients had a single metastasis and 33 patients had

Group Surgery Surgery+RFA RFA P value
(n=61) (n=9) (n=13)
3Y DSS 66% 66.7% 59.2% 0.39
Age Median (years) 60 60 66 0.74
Sex Male 52 4 9
Female 18 5 4 0.2
Histology UPS 21 2 0
LMS 12 3 7
MPNST I 0 |
SS 6 | |
MFS 3 3 |
Other 17 0 3
Size Median (mm) 12 15 16 0.72
Distribution Unilateral 51 5 0.008
Bilateral 18 4
Number Single 36 4 | 0.01
Multiple 34 5 12
Curability Complete 6l 9 4 <0.001
Incomplete 9 0

Abbreviations: 3Y DSS, 3-year disease-specific survival; LMS, leiomyosarcoma; MFS, myxofibrosarcoma; MPNST, malignant peripheral nerve sheath tumor; RFA, radio-

frequency ablation; SS, synovial sarcoma; UPS, undifferentiated pleomorphic sarcoma.
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Figure | Kaplan-Meier curves showing the post-metastatic survival of 92 patients with soft tissue sarcoma after initial lung metastasis.
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Figure 2 Kaplan—Meier curves showing post-metastatic survival according to the curability of the initial lung metastasis (A: complete treatment, B: incomplete treatment).
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Table 3 Possible Variables for Curability

Variable Curability P value
Complete | Incomplete

Age (years) Median 59.5 66 0.31
Sex Male 50 15

Female 24 3 0.25
Lung metastasis at Yes 3 7
presentation No 71 I 0.0003
Distribution Unilateral 54 5

Bilateral 19 12 0.001
Max. size (mm) Median 1.5 17 0.03
Number Single 41

Multiple 33 18 <0.0001
Perioperative Yes 27 7
chemotherapy No 47 I [
DFI (months) Median 14.8 3 <0.0001
DFl, disease-free interval

multiple metastases. The distribution was unilateral in 55
patients and bilateral in 19 patients. The mean DFI
between primary tumor treatment and initial metastasis

At the final follow-up, 43 patients were alive, 30
patients had died of the disease, and one patient had
died of other causes. The univariate and multivariate
analysis showed that a smaller tumor size and single-
lung metastasis were prognostic factors for superior
post-metastatic survival (Tables 4 and 5). Finally, the
patients were divided into four groups according to
metastasis size (11.5 mm) and number (single vs multi-
ple). Two patients were excluded because of unknown
metastasis size. The patients with a smaller (<11.5 mm)
single metastasis had better post-metastasis survival
(Table 6). The 3- and 5-year post-metastatic DSS
rates were 89.9% (95% CI, 65.3-97.4%) and 89.9%
(95% CI, 65.3-97.4%) for the patients with a smaller
(<11.5mm) and single metastasis, respectively, whereas
the same were 44.1% (95% CI, 20.7-65.9%) and
22.7% (95% CI, 5.96-45.8%), respectively, for patients

with larger (>11.5 mm) or multiple metastases
(Figure 3).
Discussion

In the present study, we analyzed 92 patients with STS who
underwent lung metastasectomy and/or RFA. The 3- and
S-year post-metastatic DSS rates were 62% and 52%,

was 20 months (range, 0—104 months). respectively. The 5-year survival rate after lung
Table 4 Univariate Analysis for Predicting Post-Metastatic Survival
Variable N Post-Metastatic Survival (%) P value
3Y 95% CI 5Y 95% CI
Age (years) >70 23 64.5 41.3-80.4 58 34.1-75.9
<70 51 712 56.2-81.8 59.1 43.4-718 0.51
Sex Male 50 68.5 53.2-79.7 58.1 42.2-71.1
Female 24 69.9 46.9-84.4 58.7 34.9-76.3 0.996
Metastasis (number) | 41 80 63.9-89.5 734 55.9-84.9
>| 33 55.3 36.5-70.7 40.1 22.4-57.2 0.0l
-2 60 70.8 57.2-80.7 64.1 49.8-75.3
>2 14 61.9 31.2-82.1 36.1 11.8-61.5 0.27
Size (mm) >11.5 36 56.3 38271 38.1 21.2-54.8
<Il.5 36 80 62.5-89.9 764 58-87.5 0.004
Distribution Unilateral 55 72.1 58-82.2 62.4 47.2-74.3
Bilateral 19 59.6 33.3-784 47 22.6-68.2 0.57
Perioperative chemotherapy Yes 27 722 50.4-85.7 58.9 36.9-75.5
No 47 67.5 52-79 58.7 42.2-71.9 0.43
Treatment Surgery alone 6l 69.3 55.7-79.4 58.3 43.8-70.2
RFA + surgery 13 66.7 33.7-86 58.3 27-80.1 0.85
Abbreviations: 95% Cl, 95% confidential interval; RFA, radiofrequency ablation; Y, year.
Cancer Management and Research 2021:13 https: 8477
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Table 5 Multivariate Analysis for Predicting Post-Metastatic
Survival
Variable HR 95% ClI P value
Size mm 1.044 1.013-1.077 0.0006
Number | Multiple |
Single 0.4075 0.1882-0.8823 0.02

Abbreviations: 95% Cl, 95% confidential interval; HR, hazard risk.

Table 6 Post-Metastatic Survival According to Lung Condition

Group Post-Metastatic Survival (%)

n 3Y 95% CI 5Y 95% CI
A 21 89.9 65.3-97.4 89.9 65.3-97.4
B 15 66.7 37.5-84.6 58.3 29.3-78.9
Cc 19 67.7 41.6-84 533 27.1-73.8
D 17 44.1 20.7-65.9 227 5.96-45.8

Notes: A, single and small (<I1.5 mm); B, multiple and small; C, single and large
(>11.5 mm); D, multiple and large.

metastasectomy was reportedly 15-50% in patients with
bone sarcoma and STS, which is consistent with the present
study’s results.*”'° The patients who received complete
treatment for initial metastasis had better post-metastatic
survival than those who received incomplete treatment.
DFI, metastasis at initial presentation, tumor distribution,
tumor size, and number of lung metastases were associated
with complete treatment of lung metastasis.

The survival of patients who received incomplete treat-
ment was generally poor. Nakamura et al reported that the
1- and 3-year survival rates after incomplete RFA treat-
ment in nine patients were 29.6% and 0%, respectively.’
Suzuki et al reported that the 5-year survival rate of
patients who received incomplete resection was 8.3%."!
However, in the present study, the 3- and 5-year post-
metastatic survival rates of patients who received incom-
plete treatment were 50% and 27.8%, respectively.
Therefore, there could have been some bias in the current
study, as some patients may have had low-grade STS and
slow-growing metastases. In these cases, metastasectomy
and/or RFA may be considered if one of the metastases
gradually grows.

The chemosensitivity may be better in other patients
with advanced STS. If the patients received chemotherapy
and maintained disease control, with the exception of
those with a single metastasis, metastasectomy and/or
RFA may be considered. Therefore, we excluded patients
who received incomplete treatment from the analysis of

further survival. For the 74 patients who received com-
plete treatment, univariate and multivariate analyses
showed that a smaller tumor size and a single lung metas-
tasis were prognostic factors for better post-metastatic
survival. However, there is no agreement about the max-
imum number and size of metastases indicated for metas-
tasectomy and/or RFA. A tumor size of 1-2 cm reportedly
influenced survival.*'* Similarly, a single to three metas-
tases affected survival.”®!'>!® In contrast, Rehders et al
suggested that aggressive treatment be considered despite
differences in lung metastasis number and size whenever
complete treatment was likely to be achieved.'* In this
study, however, patients with multiple or larger metastases
had relatively poor survival. Therefore, we strongly sug-
gest that metastasectomy and/or RFA be considered for
patents with single and/or smaller (around 10 mm) metas-
tases. A 5-mm lung nodule with a short volume doubling
time (within 30 days) would grow to approximately
10 mm within 3 months. Therefore, a repeat chest com-
puted tomography scan should be obtained within 3
months in patients if small lung nodules are found on the
follow-up computed tomography. '

In this study, age was not related to prognosis. In
general, age is considered only a relative contraindication
to metastasectomy. When complete treatment is indicated
in older and generally healthy patients, metastasectomy
should be considered. If patients have comorbidities,
RFA may be considered since it is a less invasive local
treatment with reported good local control >~

This study has some limitations, including that adju-
vant chemotherapy and surgical technique were highly
individualized to patients and institutions. In this study,
we did not know the type of surgery and adjuvant che-
motherapy administered to each patient, although they
have minimal to no impact on the survival rate of patients
undergoing metastasectomy.'®'” Moreover, we did not
examine the treatment at an advanced stage after relapse.
New drugs, such as pazopanib, eribulin, and trabectedin,
could be administered in cases of advanced STS and may
contribute to survival.'® The retrospective nature of the
study was another limitation. However, this was a large
multicenter study that enrolled a large number of Japanese
patients with STS who underwent lung metastasectomy
and/or RFA.

In conclusion, here we proposed that complete treat-
ment for lung metastasis in patients with STS may

improve post-metastatic survival. Furthermore, tumor
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Figure 3 Kaplan—Meier curves showing the post-metastatic survival of 72 patients according to the curability of the initial lung metastasis (A: single and smaller [<I [.5 mm];
B: multiple and smaller [<I 1.5 mm], C; single and larger [>11.5 mm], D; multiple and larger [>11.5 mm]).

number and size are also important variables in clinical

decision-making.
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