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ABSTRACT
Background. Pulmonary metastasectomy (PM) is the
most frequently performed local ablative therapy for
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leiomyosarcoma (LMS), synovial sarcoma (SyS), and undif-
ferentiated pleomorphic sarcoma (UPS). This study aimed to
assess surgical feasibility, outcome, and clinical prognostic
factors, as well as the value of a peri-interventional systemic
therapy.

Methods. This multicenter retrospective study enrolled 77
patients with LMS, SyS, or UPS who underwent first-time
complete resection of isolated lung metastases between 2009
and 2021. Disease-free survival (DFS), overall survival
(OS), and clinical prognostic factors were analyzed.
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Results. After the first PM, the median DFS was
7.4 months, and the median OS was 58.7 months. A maxi-
mal lesion diameter greater than 2 cm was associated with
reduced DFS in both the univariable (hazard ratio [HR],
2.29; p = 0.006) and multivariable (HR, 2.60; p = 0.005)
analyses. The univariable analysis identified a maximal
lesion diameter greater than 2 cm as an adverse prognostic
factor for OS (HR, 5.6; p < 0.001), whereas a treatment-
free interval longer than 12 months was associated with
improved OS (HR, 0.42; p = 0.032). The addition of sys-
temic therapy was associated with a trend toward improved
DEFS for patients with lesions larger than 2 cm (HR, 0.29; p
= 0.063). Severe postoperative complications (grade >I11a)
occurred in 2 % of the patients.

Conclusion. The size of resected lung metastases might
be a more relevant prognostic factor than their number for
patients with LMS, SyS, or UPS. For patients with lung
metastases larger than 2 cm in maximal diameter, additional
systemic therapy may be warranted.

Keywords Soft tissue sarcoma - Metastasis - Pulmonary
metastasectomy - Systemic therapy - Leiomyosarcoma -
Synovial sarcoma - Undifferentiated pleomorphic sarcoma

Soft tissue sarcomas (STSs) constitute a heterogeneous
group of mesenchymal malignancies accounting for approx-
imately 1 % of all cancers in adults." Up to half of STS
patients experience metastatic disease, with the lungs as the
most commonly affected site.>* Leiomyosarcoma (LMS),
synovial sarcoma (SyS), and undifferentiated pleomorphic
sarcoma (UPS) are among the most common histologic sub-
types with lung metastasis.*

The prognosis for patients with metastatic STS remains
poor, as standard anthracycline-based chemotherapy pro-
vides survival rates of only 1-2 years.>® However, retrospec-
tive analyses indicate that pulmonary metastasectomy (PM)
can provide survival benefits and even long-term survival
for selected patients.

In 1997, a retrospective analysis of 5206 patients from
the International Registry of Lung Metastases (IRLM) who
underwent PM reported a 5 year survival of 32 % among
STS and bone sarcoma patients (n = 2173).” Two more
recent systematic reviews encompassing 13 retrospective
studies with a total of 1282 STS patients reported 5-year
survival rates ranging from 18 to 58 %.*® Previous studies
have identified a small number or size of lesions, the absence
of extrapulmonary metastasis, a long disease-free interval,
and a complete resection as potential prognostic factors.**!1

The current National Comprehensive Cancer Network
(NCCN) guidelines do not specify strict rules for metas-
tasectomy with or without systemic therapy. Instead, treat-
ment decisions should consider several factors, including

resectability, the number and location of metastases, and the
patient’s performance status.'” The German guidelines for
STS recommend PM after a multidisciplinary tumor board
discussion of patients with resectable metastases, provided
the primary tumor is controlled. Previous PMs are not con-
sidered a contraindication, and systemic therapy is not rec-
ommended after metachronous PM.'> However, it remains
unclear whether certain patient subgroups derive benefit
from additional systemic therapy.

Concerning histologic subtypes, no significant differences
in the application of PM have been identified. A previous
study demonstrated improved outcomes after PM for LMS
compared with other subtypes, primarily SyS and UPS.'*

Previously, our study group of the Bavarian Cancer
Research Center (BZKF) performed a large-scale retrospec-
tive study of patients with metastatic STS and local ablative
therapy, including surgical metastasectomies, after tumor
board recommendation. This longitudinal study, character-
ized by high heterogeneity in histologic subtypes and types
of local ablative therapies, reported a median overall sur-
vival (OS) from first metastasis of 5.4 years in a cohort of
246 patients. A treatment-free interval (TFI) of 12 months
or longer and treatment of hepatic and other extrapulmo-
nary metastasis were associated with improved survival,
whereas rare histologic subtypes and local therapies other
than surgery and stereotactic radiotherapy represented poor
prognostic factors.’

The current multicenter study examined feasibility, out-
comes, and potential clinical prognostic factors for patients
with LMS, SyS, or UPS who underwent first-time complete
resection of isolated lung metastases.

MATERIALS AND METHODS
Patient Selection and Data Extraction

An exploratory retrospective multicenter study was per-
formed at six university hospitals in Germany: Ludwig
Maximilian University (LMU) of Munich, Technical Uni-
versity (TU) of Munich, Augsburg, Erlangen, Regensburg,
and Wiirzburg. The study enrolled patients 18 years of age
or older who had pathologically confirmed LMS, SyS, or
UPS and had received first-time PM for isolated pulmo-
nary metastases between June 2009 and December 2021.
Patients who had metastasectomy without achieving com-
plete resection (RO) of all known lesions were excluded. No
specific limits on the number or size of metastatic lesions
were defined.

The treatment strategy for all the patients was discussed
in the local multidisciplinary sarcoma tumor board. The
surgical approach (video-assisted thoracoscopic surgery
[VATS] or anterolateral thoracotomy) was determined
based on the location, size, and quantity of the metastases.
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Generally, VATS was performed for peripheral and limited
lesions, whereas anterolateral thoracotomy was preferred
for multiple or centrally located metastases to allow manual
palpation and ensure complete resection.

Lymph node sampling was performed at the discretion
of the surgeon. For thoracotomy, an epidural catheter was
routinely placed for postoperative pain management. Follow-
up evaluations were performed according to international
guideline recommendations. '

Clinical, pathologic, and outcomes data were extracted
from the prospectively maintained databases of the respec-
tive institutions. At first diagnosis, the current World Health
Organization (WHO) tumor classification system and the
French grading system were applied.'®!” Dates of death were
determined with the help of the Cancer Registry of Bavaria.
At all study sites, data were collected using the biomedical
research portal CentraXX (KAIROS GmbH, Bochum, Ger-
many) in accordance with local security standards.

Outcomes

The primary objective of this study was to investigate
the impact of PM and prognostic clinical factors on patients
with metastatic LMS, UPS, or SyS. The endpoints of this
analysis were disease-free survival (DFS) and overall sur-
vival (OS). DFS was calculated as the time from the first PM
to either relapse in any organ site or death of any cause. OS
was estimated as the time from the first PM to death from
any cause. Two-stage PM was considered as one surgical
procedure for statistical analysis. Primary tumor control was
defined as absence of progression or new primary tumor/
local recurrence at the date of PM. Treatment-free interval
(TFI) was defined as the time between the end of any last
therapy at previous tumor diagnosis/progression/recurrence
and the start of PM. Synchronous metastasis was defined
as the presence of metastatic disease identified during the
initial diagnostic workup at the time of the primary tumor
diagnosis.

Postoperative complications up to 30 days after PM were
classified using the Clavien-Dindo classification.'® Response
evaluation criteria in solid tumors (RECIST) v1.1 were used
to evaluate the efficacy of additional systemic therapy.'’
The number and size of metastases were obtained from the
pathologic reports. In patients with preoperative treatment,
measurements reflect the status after treatment at the time
of surgery.

Statistical Analysis

Both OS and DFS were analyzed with Cox proportional
hazards regression. The results with a p value of 0.05 or
lower were considered statistically significant. To deter-
mine whether specific subgroups of patients benefit from

additional systemic therapy, we performed interaction analy-
ses between systemic therapy and various clinical factors.
Statistical analysis was performed using R software version
4.0.3 (R Foundation for Statistical Computing, Vienna,
Austria).

Ethics

The internal review board and the ethics committee at the
LMU University Hospital of Munich, Germany approved
the study protocol (protocol no. 22-0822). In addition,
the respective local ethics committees at each study site
approved the current study.

RESULTS
Patient Cohort and Treatment

The study cohort included 77 patients. The patient demo-
graphics and disease characteristics are presented in Table 1.
The median age was 54 years, and 61 % (n = 47) of the
patients were female. The histologic subtypes were evenly
distributed as follows: LMS (n = 27, 35 %), SyS (n = 25, 32
%), and UPS (n = 25, 32 %).

Pulmonary metastasectomies were performed for a
median number of two pulmonary metastases (range, 1-16),
with the largest metastasis having a median diameter of 1.2
cm (range, 0.3-11.2 cm). In 31 % of PMs (n = 24), VATS
was performed, whereas 69 % (n = 53) of the patients under-
went anterolateral thoracotomy. Additional lymph node dis-
section or sampling was performed for 57 % of the patients
(n = 44), with no lymph node involvement detected in any
case. The median hospital length of stay was 8 days (range,
4-22 days).

Postoperative Complications of PM

For 84 % of the patients (n = 65), no postoperative com-
plications were reported. According to the Clavien-Dindo
classification, 4 % (n = 3) of the patients experienced grade
I complications, 10 % (n = 8) had grade II complications,
and 1 % (n = 1) had a grade IIla complication. Additionally,
three patients experienced a second postoperative compli-
cation (grade II: 3 %, n = 2; grade IIIb: 1 %, n = 1). Grade
I complications included apical pneumothoraxes (n = 2)
and a seroma (n = 1). Grade II complications consisted of
infections (n = 5), bleedings (n = 2), pain exacerbation (n
= 1), and complications not further specified (n = 2). The
grade IITa complication was a pneumothorax (n = 1), and
the grade IIIb complication was a pleural empyema (n = 1).
All the reported postoperative complications occurred after
thoracotomy.
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TABLE 1 Baseline

characteristics Factor Strata N %
Total 77 100
Age at initial diagnosis (years) Median (range) 54 (19-81)
Sex Male 30 39
Female 47 61
Grading according to FNCLCC G2 31 40
G3 46 60
Histologic subtype LMS 27 35
SyS 25 32
UPS 25 32
Site of primary tumor Extremity 45 58
Non-extremity 32 42
Primary tumor size (cm) <10 50 65
>10 27 35
Radiotherapy at first diagnosis Yes 41 53
No 36 47
Systemic therapy at first diagnosis Yes 49 64
No 28 36
First occurrence of pulmonary metastasis Synchronous 13 17
Metachronous 64 83
Treatment-free interval before first PM (months) <12 41 53
>12 36 47
Type of PM VATS 24 31
Anterolateral thoracotomy 53 69
No. of treated metastases 1 37 48
2-5 27 35
>5 13 17
Bipulmonary metastases Yes 21 27
No 56 73
Largest diameter of treated metastases (cm) <2 60 78
>2 17 22
Primary tumor control at date of PM Yes 71 92
No 6 8
Additional systemic therapy Yes 23 30
No 54 70
FNCLCC Fédération Nationale des Centres de Lutte Contre le Cancer, LMS leiomyosarcoma, SyS synovial
sarcoma, UPS undifferentiated pleomorphic sarcoma, PM pulmonary metastasectomy, VATS video-assisted
thoracoscopic surgery
DFS and OS After PM Prognostic Factors for Patients After PM

During a median follow-up period of 43.2 months (95 %
confidence interval [CI], 35.7-60.0), the median DFS after
the first PM was 7.4 months (95 % CI, 6.5-13.4 months), and
the median OS was 58.7 months (95 % CI, 46.7-NA). The
2 year OS rate was 85.8 % (95 % CI, 78.0-94.4 %), and the
5 year OS rate was 49.3 % (95 % CI, 35.9-67.7 %). By the
end of follow-up period, 63 DFS events and 29 deaths were
reported. For the patients with synchronous metastasis, the
median DFS after the first PM was 6.4 months (95 % CI,
4.6-NA), and the median OS was 46.7 months (95 % CI,
29.3-NA).

The analyses of clinical variables and their impact on
DFS and OS are summarized in Tables 2 and 3. Uni- and
multivariable analyses identified a maximal lesion diameter
larger than 2 cm as a poor prognostic factor for DFS after
PM, whereas all other tested clinical variables were not sig-
nificantly associated with DFS (Fig. 1).

In a multivariable analysis using continuous variables for
size and number of treated lesions, the largest size showed
a trend toward reduced DFS (hazard ratio [HR], 1.13; p =
0.054), whereas the number of treated lesions did not sig-
nificantly influence DFS (HR,1.02; p = 0.58; Supplementary
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TABLE 2 Prognostic factors for disease-free survival (DFS) after pulmonary metastasectomy (PM) according to uni- and multivariable analysis

Factor Strata Univariable Multivariable
p Value HR (95 % CI) p Value HR (95 % CI)

Age (years) <60 versus >60 0.51 0.83 (0.48-1.45) 0.59 0.83 (0.42-1.64)
Sex Female versus male 0.56 0.86 (0.51-1.43) 0.33 0.74 (0.40-1.37)
Histologic subtype SyS versus LMS 0.39 0.77 (0.42-1.40) 0.37 0.75 (0.40-1.40)

UPS versus LMS 0.76 0.91 (0.49-1.67) 0.49 0.75 (0.33-1.71)
Grading G3 versus G2 0.54 0.86 (0.52-1.41) 0.14 0.62 (0.33-1.18)
Treatment-free interval (months) >12 versus <12 0.12 0.68 (0.41-1.11) 0.17 0.63 (0.32-1.23)
Timing of metastasis Metachronous versus 0.67 0.87 (0.45-1.67) 0.99 1.0 (0.31-3.16)

synchronous

Primary tumor control Yes versus no 0.50 0.73 (0.29-1.83) 0.74 0.84 (0.29-2.40)
Systemic therapy Yes versus no 0.68 1.12 (0.65-1.93) 0.27 1.69 (0.67-4.29)
No. of treated lesions >5 versus <5 0.40 1.30 (0.70-2.41) 0.42 1.35 (0.65-2.81)
Maximal diameter of treated lesions (cm) >2 versus <2 0.006 2.29 (1.27-4.14) 0.005 2.60 (1.34-5.03)

HR hazard ratio, CI confidence interval, SyS synovial sarcoma, LMS leiomyosarcoma, UPS undifferentiated pleomorphic sarcoma

Bold values indicate statistical significance at the p < 0.05 level

TABLE 3 Prognostic factors

for overall survival (OS) after Factor Strata p Value HR (95% €D
pulmonary metastasectomy Age (years) <60 versus >60 0.53 0.77 (0.33-1.76)
;iﬁ;ﬁ:“’rdmg to univariable Sex Female versus male 0.063 0.48 (0.22-1.04)
Histologic subtype SyS versus LMS 0.71 1.19 (0.47-3.03)
UPS versus LMS 0.056 2.45 (0.98-6.16)
Grading G3 versus G2 0.98 1.01 (0.47-2.17)
Treatment-free interval (months) >12 versus <12 0.032 0.42 (0.19-0.93)
Timing of metastasis Metachronous versus 0.37 0.63 (0.23-1.72)
synchronous
Primary tumor control Yes versus no 0.65 0.72 (0.17-3.08)
Systemic therapy Yes versus no 0.12 1.84 (0.86-3.94)
No. of treated lesions >5 versus <5 0.26 1.69 (0.68-4.19)
Maximal diameter of treated lesions (cm) >2 versus <2 <0.001 5.60 (2.28-13.74)

HR hazard ratio, CI confidence interval, SyS synovial sarcoma, LMS leiomyosarcoma, UPS undifferentiated

pleomorphic sarcoma

Bold values indicate statistical significance at the p < 0.05 level

Italic values indicate p < 0.1

File 1). Regarding OS, a TFI of 12 months or longer was
identified as a favorable prognostic factor, whereas a maxi-
mal lesion diameter larger than 2 cm was negatively associ-
ated in the univariable analysis. Furthermore, UPS histology
and male sex were non-significantly associated with reduced
OS.

PM and Systemic Therapy

In the study cohort, 30 % (n = 23) received systemic
therapy in addition to PM at the respective tumor diagnosis
or recurrence. The most common regimen was anthracycline
+ ifosfamide (AI) + regional hyperthermia (RHT). Systemic

therapy was applied before PM for 52 % (n = 12), before
and after PM for 35 % (n = 8), and after PM for 13 % (n =
3) of the patients. A response to systemic induction therapy
according to RECIST or other response criteria according
to tumor board report was observed in 71 % (n = 15) of
evaluable patients.

An interaction analysis of the use of systemic therapy and
the other assessed clinical factors regarding an impact on
DFS and OS was performed (Table 4). The maximal diam-
eter of treated lesions larger than 2 cm had a significant
interaction with an additional systemic therapy (p = 0.040).
An additional subgroup analysis showed that systemic ther-
apy tended to improve DFS for the patients with a maximal
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FIG. 1 Disease-free survival (DFS) and overall survival (OS) after pulmonary metastasectomy (PM) according to a largest diameter and b

number of treated lesions

diameter of treated lesions larger than 2 cm (HR, 0.29; 95 %
CI, 0.078-1.07; p = 0.063).

DISCUSSION

This study was a multicenter analysis of 77 patients with
metastatic LMS, UPS, or SyS who underwent PM. By focus-
ing on the three most common histologic subtypes among
STS lung metastases and including only patients who under-
went first-time complete surgical resection of isolated lung
metastases, this subgroup analysis offers valuable clinical
insights into a relatively homogeneous cohort. Additionally,

the multicenter design reduced the risk of center-specific
biases.””

The lungs represent the most common site of metas-
tasis in STS, and PM is the most frequently performed
metastasis-directed local ablative therapy. Consistent with
previous data, complications after PM in this cohort were
predominantly non-severe.?!">> Notably, no postopera-
tive complications were observed in patients treated with
VATS. However, the low incidence of non-severe com-
plications in our study might be attributed to the com-
mon under-reporting in this category.?® Given the com-
parable survival rates after stereotactic body radiotherapy
(SBRT),*?* factors such as patients’ quality of life and
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TABLE 4 Interaction analysis
between various clinical
variables and additive systemic

therapy with regard to disease-
free survival (DFS) and overall
survival (OS) (p values of Sex
interaction analysis)

Factor Strata DFS (0N
p Value p Value

Age (years) <60 versus >60 0.11 0.62

Female versus male 0.47 0.65
Grading G3 versus G2 0.57 0.41
Treatment-free interval (months) >12 versus <12 0.86 0.97
Timing of metastasis Metachronous versus syn- ~ NA NA

chronous

Primary tumor control Yes versus no 0.77 0.15
No. of treated lesions >5 versus <5 0.45 0.36

Maximal diameter of treated lesions (cm)

>2 versus <2 0.040 0.098

DFS disease-free survival, OS overall survival, NA not available

Bold values indicate statistical significance at the p < 0.05 level

Italic values indicate p < 0.1

economic considerations should be incorporated into treat-
ment decisions. In our study, the median hospital length
of stay was 8 days, in contrast to SBRT, which typically
is performed in an outpatient setting. Future prospective
studies should evaluate these aspects to guide personalized
treatment decisions.

In our study, the median DFS after first-time PM was
7.4 months, and the median OS was 58.7 months, with a
5 year survival rate of 49.3 %. This result falls within the
higher range of previously reported 5 year survival rates
ranging from 18 to 58 %.*8

The long OS observed in our cohort could be attributed to
the sole inclusion of chemosensitive histologic subtypes,
but also may reflect the impact of treatment in specialized
institutions.?>?° The relatively short median DFS compared
with the OS further highlights the value of repeat PMs, as
previously demonstrated in other studies.'**

The maximal diameter of treated lesions larger 2 cm
emerged as the strongest adverse prognostic factor for DFS
and OS after first-time PM. In contrast, no significant dif-
ferences in survival were observed regarding the number of
treated lesions, histologic subtype, or time point of metas-
tasis. Analyzing the number and size of treated lesions as
continuous variables confirmed the substantial impact of
size on DFS, whereas the number of treated lesions showed
no significant effect.

Previous studies, which often included multiple STS sub-
types, have variably identified lesion size and number of
treated lesions as prognostic factors.* In one study focus-
ing on LMS, a metastasis size larger than 2 cm negatively
influenced PFS, whereas the number of treated lesions did
not significantly affect survival after PM.!! Furthermore, the
diameter of the largest pulmonary metastasis has been pro-
posed as a negative prognostic factor for STS patients who
have isolated pulmonary metastases treated with first-line
systemic therapy.?®

Although oligometastatic disease typically is defined by
a limited number of metastases (e.g., up to 5 metastases in 3
organ sites),” our findings suggest that lesion size might be
a more critical factor in the assessment of PM. Historically,
tumor board decisions may have prioritized metastasis count
over size when defining the stage of metastasis.

In the multivariable analysis, histologic subtype did not
significantly influence DFS. However, the univariable analy-
sis indicated a tendency toward poorer OS for UPS. This
might have been related to the higher chemosensitivity and
more systemic options for patients with SyS and LMS.?*!
The small size of the subgroups precluded definitive conclu-
sions on histotype-specific differences and requires further
studies.

In our study, TFI did not significantly impact DFS, which
could have been due to limited statistical power, but also
might reflect the encouraging outcomes observed for patients
with synchronous metastasis and a short TFI. In our large-
scale study of local ablative therapies in metastatic STS, a
TFI of 12 months or longer emerged as the most consistent
prognostic factor.? Specifically for PM, the high prognostic
value of a long disease-free interval has been confirmed in
the systematic review by Stamenovic et al.*

One of the main remaining questions with respect to local
ablative therapies in STS is the role of additional systemic
therapy. Previous studies provided varying results, with
either no impact or even a negative impact by the combi-
nation with systemic therapy.>’=> In our previous study,
we could demonstrate a PFS benefit for patients younger
than 60 years with four or more treated metastases from the
combination of systemic therapy with various local ablative
therapies. This effect was more pronounced when the maxi-
mal diameter was larger than 2 cm.? In the current analysis
of patients with first-time PM, additional systemic therapy
non-significantly (p = 0.063) improved DFS for the patients
with a maximal diameter of treated lesions larger than 2 cm.
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This analysis was limited by the small number of patients
with additional systemic therapy and should be repeated
with a larger sample. Moreover, 57 % of the patients receiv-
ing systemic therapy presented with synchronous metasta-
sis, reflecting a different clinical scenario compared with
oligorecurrence.

Further limitations of this study included its retro-
spective design and the absence of a control cohort. Due
to the limited sample size, a multivariate analysis for OS
was not possible. Our findings may not be generalizable to
the broader STS population because our study focused on
a highly selected cohort of patients who underwent thor-
ough evaluation by specialized tumor boards before PM
recommendation.

To validate our findings, we have initiated a pro-
spective registry study enrolling all patients with newly
diagnosed metastatic STS regardless of the treatment
(DRKS00035722). Prospective registries ensure more accu-
rate data collection, minimize selection bias, and are particu-
larly suited for studying rare diseases such as STS.

CONCLUSION

Our multicenter analysis provides significant informa-
tion about PM for patients with three of the most common
histologic subtypes in metastatic STS. The postoperative
complication rate was low, and long-term survival after PM
was achieved for up to half of the patients. A maximal lesion
diameter larger than 2 cm emerged as the strongest adverse
prognostic factor, whereas the number of metastases had less
impact on outcomes in our cohort. Patients with a maximal
lesion diameter larger than 2 cm may benefit from additional
systemic therapy.

SUPPLEMENTARY INFORMATION The online version con-
tains supplementary material available at https://doi.org/10.1245/
$10434-025-17450-2.
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