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ARTICLE INFO ABSTRACT

Keywords: Background: Local ablative therapies (LAT) are increasingly used in patients with metastatic soft tissue sarcoma
Soft tiss‘{e sarcoma (STS), yet evidence-based standards are lacking. This study aimed to assess the impact of LAT on survival of
Metastasis metastatic STS patients and to identify prognostic factors.

]S“E:Zi;blatwe therapy Methods: In this retrospective multicenter study, 246 STS patients with metastatic disease who underwent LAT on
Radiotherapy tumor board recommendation between 2017 and 2021 were analyzed. A mixed effects model was applied to

evaluate multiple survival events per patient.

Results: Median overall survival (OS) after first metastasis was 5.4 years with 1-, 2- and 5-year survival rates of
93.7, 81.7, and 53.1 %, respectively. A treatment-free interval >12 months and treatment of liver metastases
were positively correlated with progression-free survival (PFS) after LAT (HR = 0.61, p = 0.00032 and HR =

Systemic therapy
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0.52, p = 0.0081, respectively). A treatment-free interval >12 months and treatment of metastatic lesions in a
single organ site other than lung and liver were positive prognostic factors for OS after first LAT (HR = 0.50, p =
0.028 and HR = 0.40, p = 0.026, respectively) while rare histotypes and LAT other than surgery and radio-
therapy were negatively associated with OS after first LAT (HR = 2.56, p = 0.020 and HR = 3.87, p = 0.025).
Additional systemic therapy was independently associated with a PFS benefit in patients <60 years with >4
metastatic lesions (for max. diameter of treated lesions <2 cm: HR = 0.32, p = 0.02 and >2 cm: HR = 0.20, p =

0.0011, respectively).

Conclusion: This multicenter study conducted at six German university hospitals underlines the value of LAT in
metastatic STS. The exceptionally high survival rates are likely to be associated with patient selection and
treatment in specialized sarcoma centers.

1. Introduction

Soft tissue sarcoma (STS) encompasses a heterogeneous group of
mesenchymal malignancies accounting for approximately 1 % of all
malignancies in adults [1]. Up to 50 % of STS patients will develop
metastatic disease, mainly within the lungs, followed by the liver, the
peritoneum and the bones while metastases affecting the lymph nodes
are relatively rare [2,3]. With survival rates of one to two years, prog-
nosis remains dismal for metastatic STS patients [4,5].

Oligometastatic disease has been proposed as an intermediate state
between localized and widespread metastatic disease. It is characterized
by a limited number of metastases and their amenability to a curative
approach [6,7]. Local ablative therapies (LAT), such as surgical resec-
tion and radiotherapy, are increasingly used in patients with oligome-
tastatic cancer based on randomized phase II trials: A tumor-agnostic
trial, mainly involving patients with breast, lung, colorectal, and pros-
tate cancer, demonstrated an overall survival (OS) benefit by
metastasis-directed stereotactic body radiation therapy (SBRT) in
addition to palliative standard-of-care treatment [8]. For patients with
non-small cell lung cancer (NSCLC) a prolonged progression-free sur-
vival (PFS) and OS could be demonstrated by adding LAT (surgery or
SBRT) to systemic therapy [9,10]. In patients with oligometastatic
prostate cancer, SBRT led to a benefit in androgen deprivation
therapy-free survival compared to surveillance alone [11]. The ran-
domized clinical trials referenced above included patients with a
maximum of three to five metastases according to the common defini-
tion of oligometastasis of up to five metastases in up to three organ sites
[12]. As a small number of metastases can represent different clinical
situations with a different prognosis, the European Society for Radio-
therapy and Oncology (ESTRO), along with the European Organisation for
Research and Treatment of Cancer (EORTC) developed a new classifica-
tion system of oligometastasis. In this dynamic model, oligometastasis is
classified into nine different states based on several clinical character-
ization factors, such as previous poly- or oligometastatic disease and
diagnosis of oligometastasis in a treatment-free interval or during sys-
temic therapy [13].

For STS, there is no prospective randomized data on the value of
metastasis-directed LAT. A randomized clinical trial on the value of
pulmonary metastasectomy in addition to chemotherapy in STS patients
was terminated prematurely due to poor recruitment (NCT00002764).
Retrospective analyses show an improvement in the prognosis of pa-
tients with metastatic STS within the last decades as well as an increase
in LAT, suggesting an association [4,13].

Pulmonary metastasectomy potentially leads to long-term survival in
STS with 5-year survival rates of 18-58 % being reported in two sys-
tematic reviews by Treasure et al. and Stamenovic et al. which collec-
tively examined 13 retrospective studies involving 1282 soft tissue
sarcoma patients [14,15]. Prognostic factors primarily include a pro-
longed disease-free interval, a small number of metastatic lesions, the
ability of complete resection, the absence of extrapulmonary disease,
and control of the primary tumor [15,16]. Repeat pulmonary meta-
stasectomy proved to be a feasible option resulting in a survival benefit
[17,18]. With regard to LAT of extrapulmonary metastatic sites in STS,
there are only a few retrospective studies available. Surgical resection of

liver metastases yielded a pooled 5-year survival rate of 31 % according
to a systematic review including six studies with a total of 212 patients
[19]. A large observational study conducted by the French Sarcoma
Group identified LAT of different metastatic sites as a positive prognostic
factor with 83.5 % of metastatic STS patients being alive after 5 years
[3]. In a study by two European tertiary centers including 135 STS pa-
tients with metachronous metastasis, a propensity-matched comparison
demonstrated an OS benefit in the group treated with metastasectomy
(adjusted 10-year-OS in patients with vs. without metastasectomy: 17 %
vs. 3 %) [20]. In several studies, the combination of LAT with chemo-
therapy did not lead to a survival benefit or even impaired outcome of
metastatic STS patients [21-24].

To date, decisions on LAT in metastatic STS are taken situationally in
multidisciplinary tumor boards without recommendations based on
randomized trials [25]. Despite some prognostic factors originating from
retrospective studies, it remains challenging to identify patients suitable
for LAT. As randomized studies are difficult to perform due to a lack of
patient compliance, systematic retrospective studies are of high clinical
relevance to establish treatment algorithms. This study aimed to eval-
uate the value of LAT in metastatic STS at the six Bavarian university
hospitals in the context of a multicenter project of the Bavarian Cancer
Research Center (BZKF).

2. Materials and methods
2.1. Patient selection and data extraction

An exploratory retrospective multicenter study was performed at the
six Bavarian university hospitals in Germany: Ludwig Maximilian Uni-
versity (LMU) of Munich, Technical University (TU) of Munich, Augs-
burg, Erlangen, Regensburg and Wiirzburg.

Eligible patients (age >18 years) had pathologically confirmed STS
with distant metastasis and received a metastasis-directed LAT after
recommendation in one of the participating institutions’ sarcoma tumor
boards between January 1, 2017, and December 31, 2021. Local therapy
was defined as ablative if it aimed for tumor clearance or high disease
control. The following LAT were included in all participating in-
stitutions: Surgical metastasectomy, radiotherapy, brachytherapy, se-
lective internal radiotherapy (SIRT), radiofrequency ablation (RFA) and
high-intensity focused ultrasound (HIFU). No specific number or size of
metastatic lesions were defined. Patients with gastrointestinal stroma
tumors (GIST), primary bone tumors and patients that received local
therapies with sole palliative intent were excluded. In the case of more
than one LAT being performed without a tumor recurrence or progres-
sion in between therapies, treatments were regarded as one LAT with
multiple interventions. Of the patients evaluated, all local and systemic
therapies following first diagnosis were longitudinally recorded. The
end of follow-up was December 31, 2022. Clinical, pathological, and
outcomes data were extracted from the prospectively maintained data-
bases of the respective institutions. The current World Health Organi-
zation (WHO) tumour classification system and the French grading
system at first diagnosis were applied [26-29]. Dates of death were
determined with the help of the Cancer Registry of Bavaria. At each
study site, data collection was performed on the biomedical research
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portal CentraXX by KAIROS (KAIROS GmbH, Bochum, Germany) in
accordance with local security standards.

2.2. QOutcomes

The primary objective of the study was to explore the impact of LAT
in patients with metastatic STS. The endpoints of this analysis included
PFS and OS. PFS was calculated as the time from start of LAT to the first
of either disease progression, relapse or death of any cause. OS was
estimated by the time from first metastasis or start of LAT to death of any
cause. Both PFS and OS were censored at the date of last follow-up.
Baseline characteristics, variables regarding the disease stage at date
of LAT and LAT-specific details were analyzed regarding their impact on
survival. A metastatic event was defined as first evidence, progression or
recurrence of distant metastasis. Primary tumor control was defined as
absence of progression or new primary tumor/local recurrence at date of
LAT. Treatment-free interval was defined as the time between the end of
any last therapy at previous tumor diagnosis/progression/recurrence
and the start of LAT. To categorize different metastatic states, we applied
a modified classification of the ESTRO and EORTC consensus recom-
mendation [30]. Polymetastasis was defined as more than five meta-
static lesions.

2.3. Statistics

OS and PFS were analyzed with Cox proportional hazards regression.
To analyze PFS after multiple LAT per patient a mixed effects model was
applied. Since OS is censored at the time of the subsequent LAT in this
model, PFS and OS after first LAT were additionally analyzed. The re-
sults with a p-value of <0.05 were considered statistically significant.

To investigate if there are subgroups of patients who benefit from
additional systemic therapy, we performed interaction analyses between
systemic therapy and various risk factors. For continuous variables,
cutoffs between the 0.1 and 0.9 quantiles were considered, and the
cutoff with the lowest p-value of the interaction term with systemic
therapy was chosen as optimal. Because of the purely explorative nature
of these analyses, the p-values were not adjusted for multiple testing.
Statistical analysis was performed using R software version 4.0.3 (R
Foundation for Statistical Computing, Vienna, Austria).

2.4. Ethics

The internal review board and the ethics committee at the LMU
University Hospital of Munich, Germany, approved the study protocol
(Protocol Nr. 22-0822). In addition, the respective local ethics com-
mittees at each study site approved the present study. As the collected
patient data was sufficiently anonymized, no informed consent was
required for data acquisition.

3. Results
3.1. Patient cohort

In total, 246 patients with metastatic STS were analyzed. A flowchart
of patient evaluation is available in Supplementary Material (1). The
patient demographics and disease characteristics are presented in
Table 1. The most common histologic subtypes were leiomyosarcoma
(LMS), liposarcoma (LPS), synovial sarcoma (SySa) and undifferentiated
pleomorphic sarcoma (UPS).

3.2. Local ablative therapies

In total, 516 LAT were analyzed between 2006 and 2022. Patients
received in median two LAT (range 1-12). 26 % of LAT (n = 119) were
applied in combination with a systemic therapy. Surgical meta-
stasectomy and external beam radiotherapy represented the most
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Table 1
Patient characteristics.

Factor Value n %

Total 246 100

Age (years) Median [Range]: 56 [19-86]

Sex Male 119 48
Female 127 52

Grading according to FNCLCC Gl 13 5

(primary histology) G2 82 33

G3 123 50
N/A 28 11

Histotype Leiomyosarcoma 55 22
Liposarcoma 38 15
UPS 37 15
Synovial sarcoma 34 14
(Myxo)fibrosarcoma 13 5
MPNST 9 4
Endometrial stroma sarcoma 8 3
Solitary fibrous tumor 7 3
Angiosarcoma 6 2
Clear cell sarcoma 5 2
Other (max. 4 patients)” 34 14

Site of primary tumor Extremities 107 43
Intra-/retroperitoneal 67 27
Trunk 27 11
Head/Neck 5 2
Uterus 22 9
Other 18 7

Date of first metastasis <12 months after first 117 48
diagnosis
>12 months after first 129 52
diagnosis

Treated metastatic sites Lungs 158 64
Liver 40 16
Soft tissue 36 15
Intra-/retroperitoneal 23 9
Lymph nodes 21 9
Bone 16 7
Brain 13 5
Other 9 4
Concurrent LAT of 2 organ 18 7
systems

Number of LAT <2 167 68
>2 79 32

Number of treated metastatic lesions <5 209 85

at first LAT >5 37 15

Local recurrence Yes 74 30

No 172 70

FNCLCC: Fédération Nationale des Centers de Lutte Contre le Cancer, N/A: Not
applicable, UPS: Undifferentiated pleomorphic sarcoma, MPNST: Malignant
peripheral nerve sheath tumor, LAT: Local ablative therapy.

@ Detailed list in Supplementary Material (2).

common LAT (67 % of all interventions, n = 381 and 23 %, n = 128,
respectively). Furthermore, brachytherapy (3 %, n = 17), SIRT (1 %, n
= 5), RFA (1 %, n = 3) and HIFU (0.2 %, n = 1) were reported. Pul-
monary, soft tissue, hepatic, intraabdominal and lymph node metastases
were most commonly treated by surgery while for brain, bone and other
rarer sites radiotherapy was the most frequently applied LAT (Fig. 1).
The median number of treated lesions was 1 (range 1-56), and the
median size was 2 cm (range 0.25-34 cm).

Regarding the metastatic state according to a modified classification
of the consensus recommendation of the ESTRO and EORTC, most LAT
were performed for metachronous oligorecurrence and repeat oligor-
ecurrence (26 %, n = 133 and 40 %, n = 206, respectively). Addition-
ally, 9 % (n = 48) were carried out in synchronous oligometastatic
patients, while 3 % (n = 13), 2 % (n = 11), and 2 % (n = 10) were
applied for induced oligorecurrence, induced oligopersistence, and
induced oligoprogression, respectively (induced oligometastasis: history
of polymetastatic disease). Furthermore, 1 % (n = 7), 6 % (n = 30), and
1 % (n = 4) of LAT were performed in patients with metachronous oli-
goprogression, repeat oligoprogression, and repeat oligopersistence,
respectively. In 10 % of LAT (n = 54), polymetastasis, defined as >5
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Fig. 1. Sites of metastasis and types of local ablative therapy (number of interventions). SIRT: Selective internal radiotherapy, RFA: Radiofrequency ablation, HIFU:

High-intensity focused ultrasound.

metastases, was treated.

The most common decision factors for the use of LAT, reported in the
respective sarcoma tumor board, were number of metastases in 36 % (n
= 188), localization of metastases in 29 % (n = 148), response to sys-
temic therapy in 16 % (n = 84) and general state of patient’s health in
16 % of LAT (n = 84).

3.3. Overadll survival (OS) after occurrence of first metastasis

The median follow-up after first metastasis was 3.8 years (95 % CI
3.1-4.2) for the overall population. The median OS after first metastasis
was 5.4 years (95 % CI 4.4-7.8 years). 1-, 2- and 5-year survival rates
were 93.7 % (95 % CI 90.7-96.9), 81.7 % (95 % CI 76.6-87.0) and 53.1
% (95 % CI 45.4-62.2), respectively. Multivariate analysis demonstrated
patient’s age >60 years, histotype “SySa” and “Others” compared to
LMS as poor prognostic factors for OS (p = 0.047, HR = 1.75; p = 0.028,
HR = 2.72; p = 0.029, HR = 2.50). The absence of a local recurrence of
the primary tumor was associated with an OS benefit (p = 0.016, HR =
0.51). For the detailed analysis see Supplementary Material (3).

3.4. Progression-free survival (PFS) and overall survival (OS) after local
ablative therapy (LAT)

Median PFS after first, second and third LAT was 6.9 months (95 % CI
5.9-8.5), 5.0 months (95 % CI 3.7-7.1) and 5.7 months (95 % CI
4.1-7.9), respectively. Median OS after first, second and third LAT was
4.9 years (95 % CI 4.0-7.8), 4.1 years (95 % CI 3.6-6.4) and 4.4 years
(95 % CI 2.4-NA), respectively (Figure in Supplementary material (4)).
Median PFS and OS after first LAT according to the different organ sites
is included in the Supplementary material (5). The median interval be-
tween occurrence of first metastasis and first LAT was 36 days (range
0-428 days). Overall, 419 LAT were available for multivariate analysis
in a mixed effects model with regard to PFS after LAT. Treated meta-
static lesions restricted to the liver and a treatment-free interval of >12
months were associated with a PFS benefit while >1 prior metastatic
event had a negative impact on PFS (Table 2). This analysis was also
performed with continuous variables (Supplementary material (6)).

Since OS must be censored at the time of the subsequent LAT in a
mixed effects model, multivariate analysis was additionally performed
for PFS and OS after first LAT. This analysis is presented in Supple-
mentary Material (7). Histotype other than LMS, LPS, SySa and UPS as
well as type of LAT other than surgery and radiotherapy proved to be

Table 2

Prognostic factors for progression-free survival (PFS) after local ablative therapy

(LAT), multivariate analysis in a mixed effects model.

Factor Strata p-value HR (95 % CI)

Age (years) >60 vs. <60 0.36 1.14
(0.86-1.51)

Sex Female vs. Male 0.58 1.81
(0.82-1.42)

Histotype LPS vs. LMS 0.64 0.90
(0.58-1.40)

SySa vs. LMS 0.71 0.92
(0.60-1.42)

UPS vs. LMS 0.77 0.93
(0.59-1.49)

Other vs. LMS 0.24 1.23
(0.87-1.74)

Treated metastatic site Liver only vs. Lung only ~ 0.0081 0.52
(0.32-0.85)

Other single organ site 0.54 0.91
only vs. Lung only (0.66-1.24)

>2 organ sites vs. Lung 0.86 0.94
only (0.51-1.74)

Prior metastatic events >1vs.0 0.042 1.33
(1.01-1.75)

Treatment-free interval >12vs. <12 0.00032 0.61
(months) (0.47-0.80)

Primary tumor control Yes vs. No 0.58 0.88
(0.56-1.39)

LAT of all known lesions Yes vs. No 0.097 0.74
(0.52-1.06)

Type of LAT RT vs. Surgery 0.20 0.79
(0.56-1.13)

Other vs. Surgery 0.058 1.84
(0.98-3.46)

>2 types of LAT vs. 0.54 0.85
Surgery (0.49-1.45)

Systemic therapy Yes vs. No 0.070 0.76
(0.56-1.02)

Number of treated lesions >5vs. <5 0.77 1.06
(0.72-1.57)

Maximal diameter of >2vs, <2 0.058 1.29
treated lesions (cm) (0.99-1.69)

LPS: Liposarcoma, LMS: Leiomyosarcoma, SySa: Synovial sarcoma, UPS: Un-

differentiated pleomorphic sarcoma, RT: Radiotherapy.
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adverse prognostic factors (p = 0.020, HR = 2.56 and p = 0.025, HR =
3.87, respectively), while a treatment-free interval >12 months was
positively associated with OS after first LAT (p = 0.00032, HR = 0.61).
Patients with an OS after first LAT of >8 years are presented in Fig. 2 for
illustrative purposes.

3.5. Prognostic factors for local ablative therapies (LAT) of pulmonary
metastases

In a subgroup analysis, LAT in patients with pulmonary metastases
were evaluated. Overall, 219 surgical metastasectomies and 43 radio-
therapies were included in the multivariate analysis. A treatment-free
interval >12 months was associated with an improved PFS while the
largest maximal diameter of lesions >2 cm resulted in a worse PFS
(Table 3). This analysis was also performed with continuous variables
(Supplementary material (8)).

3.6. Combination with systemic therapy

Number of treated lesions >4, a maximal diameter of treated lesions
>2 cm and age >60 years had a significant interaction with the com-
bination of LAT with systemic therapy. In additional subgroup analyses,
systemic therapy was independently associated with better PFS in pa-
tients aged <60 years with >4 treated lesions. This effect was enhanced
when the maximal diameter of treated lesions was >2 cm (Table 4).
Adjustment for further variables possibly influencing the use of systemic
therapy (treatment-free interval, primary tumor control, histotype, site
of treated lesions, LAT of all known lesions) did not change the associ-
ation. These findings could be confirmed in the subgroup of LAT for
pulmonary metastases (Supplementary Material (9)).

4. Discussion

This series represents a multicenter longitudinal study of 246 pa-
tients with metastatic STS and metastasis-directed LAT. Due to the rarity
of STS and the difficulties of performing randomized studies, large-scale
retrospective studies offer an essential opportunity to generate evidence.

In our overall cohort, the median OS after first metastasis was 5.4
years (64.8 months) with a 5-year survival rate of 53.1 %. A previous
study conducted by the French Sarcoma Group including STS patients
with a maximum of five metastases found a median OS of 45.3 months in
patients treated with LAT [23]. Further studies showed a median OS of
12-24 months in patients with metastatic STS [2,4]. The favourable

d 0N el e
LMS retrop. G3 @0 =) * 400 WOODA—

European Journal of Surgical Oncology 50 (2024) 108619

Table 3
Prognostic factors for progression-free survival (PFS) after local ablative therapy
(LAT) of lung metastasis, multivariate analysis in a mixed effects model.

Factor Strata p- HR (95 % CI)
value

Age (years) >60 vs. <60 0.86 1.04
(0.70-1.54)

Sex Female vs. 0.55 1.13
Male (0.76-1.66)

Histotype LPS vs. LMS 0.94 0.97
(0.49-1.93)

SySa vs. LMS 0.18 0.69
(0.40-1.18)

UPS vs. LMS 0.66 0.87
(0.48-1.60)

Other vs. LMS 0.74 1.09
(0.66-1.80)

Prior metastatic events >1vs. 0 0.46 1.15
(0.80-1.66)

Treatment-free interval (months) >12vs. <12 0.016 0.63
(0.43-0.92)

Primary tumor control Yes vs. No 0.34 0.69
(0.32-1.49)

LAT of all known lesions Yes vs. No 0.42 0.76
(0.40-1.47)

Type of LAT RT vs. Surgery  0.71 0.91
(0.54-1.51)

Systemic therapy Yes vs. No 0.46 0.84
(0.53-1.34)

Number of treated lesions >5vs. <5 0.97 0.99
(0.60-1.63)

Maximal diameter of treated lesions >2vs. <2 0.044 1.47
(cm) (1.01-2.14)

LPS: Liposarcoma, LMS: Leiomyosarcoma, SySa: Synovial sarcoma, UPS: Un-
differentiated pleomorphic sarcoma, RT: Radiotherapy.

outcome of our cohort is likely to be associated with patient selection
and treatment at specialized sarcoma centers. Previous studies demon-
strated a survival benefit for patients treated in specialized institutions
[31,32]. As our cohort includes patients from four certified sarcoma
centers, our results emphasize the value of highly specialized treatment
for patients with rare cancers.

In our study, OS after first metastasis was better for LMS compared to
most other histotypes. This finding is in accordance with previous
literature and might be related to the high chemosensitivity of this
subtype [3]. Interestingly, PFS and OS after first, second and third LAT
with regard to all patients did not differ significantly underlining the
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Fig. 2. Patients with overall survival (OS) after first local ablative therapy (LAT) of >8 years.
LMS: Leiomyosarcoma, MFS: Myxofibrosarcoma, SySa: Synovial sarcoma, MLPS: Myxoid Liposarcoma, retrop.: retroperitoneal, extrem.: extremities.
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Table 4
Subgroup analysis of local ablative therapies (LAT) with and without combi-
nation with systemic therapy and the impact on PFS.

Number of Number of ~ Maximal Age p- HR (95%

LAT with/ treated diameter of (years) value CI): systemic

without lesions treated therapy: yes

systemic lesions (cm) Vs. NO

therapy

19/88 <4 <2 <60 0.71 0.89 (0.48-
1.64)

9/60 <4 <2 >60 0.0001 5.5 (2.33-
12.98)

38/56 <4 >2 <60 0.13 0.65 (0.37-
1.14)

18/69 <4 >2 >60 0.38 0.58 (0.17-
1.97)

22/13 >4 <2 <60 0.02 0.32 (0.13-
0.83)

5/11 >4 <2 >60 0.68 1.30 (0.38-
4.48)

15/11 >4 >2 <60 0.0011  0.20 (0.08-
0.53)

9/11 >4 >2 >60 0.56 1.33 (0.51-
3.5)

value of repeated LAT which is in line with previous work on pulmonary
metastasectomy in STS [17,18].

Pulmonary metastasectomy is the most established LAT in patients
with metastatic STS. As early as 1997, the International Registry of Lung
Metastases (IRLM) conducted a retrospective analysis of 5206 patients
after pulmonary metastasectomy revealing a 5-year survival of 32 %
among soft tissue and bone sarcoma patients (n = 2173) [16]. Long-term
survival in a group of patients and clinical prognostic factors, such as a
prolonged disease-free interval, were confirmed in subsequent studies
[14,15]. With regard to resection of other metastatic organ sites, no
clear guideline recommendations are given due to a lack of high-quality
systematic studies [33]. In selected studies on pulmonary meta-
stasectomy, extrapulmonary disease was considered a negative prog-
nostic factor [21,34]. Moreover, previous studies identified more than
one metastatic organ site as a negative prognostic factor for survival in
metastatic STS [3,4]. In our cohort, we found no significant difference in
survival after first metastasis with regard to metastatic organ site and
involvement of more than one metastatic organ site. LAT of metastatic
lesions in the liver was even associated with favourable PFS in the mixed
effects model analysis and treated metastatic lesions in a single organ
site other than lung and liver led to an OS benefit after first LAT. Studies
on LAT of extrapulmonary metastases in STS remain scarce. However,
our results align with previous studies indicating promising survival
rates after hepatic metastasectomy of up to 49 % [35,36]. Our findings
further underscore the value of LAT for hepatic and other extrapulmo-
nary metastases.

We could confirm a long treatment-free interval (>12 months) as a
positive prognostic factor for survival after LAT which is consistent
across different studies and likely to be the most reliable clinical variable
for choosing suitable patients for LAT [15,16]. In our analysis, primary
tumor control was not associated with a survival benefit after LAT,
suggesting that metastasis-directed LAT can also be reasonable in pa-
tients with a primary tumor recurrence at the same time. The number of
treated lesions was not associated with an impact on survival, whereas
the maximal diameter of treated lesions seemed to be more relevant for
outcome of LAT in our analysis. While in some previous studies on
pulmonary metastasectomy survival benefits were reported in patients
with less than two to four metastatic lesions [21,22,37], others did not
find a correlation between number of lesions and outcome [38,39]. In
our analyses of the total cohort and the subgroup of patients with LAT of
pulmonary metastases, number of treated lesions did not have a signif-
icant impact on the outcome. Our findings suggest that LAT might be
feasible also in patients beyond the common definition of
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oligometastasis (up to five metastases in up to three organs) [12].
Regarding the maximal diameter of treated lesions, resected pulmonary
lesions of <2 em were found to be favourable for survival in two studies
[21,22]. Furthermore, size of the largest lesion has been proposed as a
negative prognostic factor in STS patients with pulmonary metastases
who received first-line systemic therapy [40]. In our subgroup analysis
of patients with LAT of pulmonary metastases, a size >2 cm was an
adverse factor for PFS. To determine cut-off values up to which number
and size of treated lesions LAT is reasonable, randomized prospective
trials are required.

To date, it remains unclear when to use which type of LAT. No
prospective trials comparing surgery, radiotherapy and other LAT in
metastatic STS have been performed. For pulmonary metastasis, SBRT is
considered a valid alternative to surgical metastasectomy with similar
survival rates [41,42]. In our study, modalities other than surgery and
radiotherapy were associated with worse OS after LAT. However, this
finding might be related to a less curatively intended approach in these
patients.

One of the main remaining questions with respect to LAT in STS is the
role of systemic therapy. Previous studies provided varying results with
either no or even a negative impact by the combination of LAT with
systemic therapy [21-24]. In our study, additional systemic therapy
tended to result in a better PFS. Interaction and subsequent subgroup
analysis could demonstrate a maximal PFS benefit of systemic therapy in
patients aged <60 years with >4 treated metastatic lesions, further
enhanced when the diameter of treated lesions was >2 c¢m suggesting a
benefit of systemic therapy in younger patients with high tumor burden.

Limitations of our study include the retrospective design and the
heterogeneous patient cohort, typical for STS studies. Moreover, our
study lacks a control cohort preventing us from drawing conclusions
regarding the benefit of LAT as the metastatic states and indications for
the use of LAT vary widely. However, this is unavoidable when
demonstrating real world data. The rather high proportion of soft tissue
metastases might arise from the preferred use of LAT for this site leading
to a selection bias [3]. It must be noted that our study included highly
selected patients which were carefully evaluated in specialized tumor
boards before recommendation of LAT. Therefore, our results might not
apply to the general population of metastatic STS. In order to best
analyze multiple LAT per patient with regard to PFS, a mixed effects
model represents a valid method. However, for OS analysis this model is
less suitable for our cohort as patients are censored after start of second
LAT which would result in a loss of information about patients with
multiple LAT. Taking this limitation into account, we added an analysis
of survival after first LAT.

5. Conclusion

Given the paucity of large-scale studies, our multicenter study pro-
vides significant information about LAT in metastatic STS, which may
help to improve treatment decisions. The high survival rates shown in
the study underline the value of LAT after multidisciplinary tumor board
decision. In addition, our study suggests a benefit of additional systemic
therapy for patients <60 years with >4 treated lesions.

Funding information

This research project received external funding from the Bavarian
Cancer Research Center (BZKF) with support from the BZKF study group
"Soft Tissue Sarcoma". The authors declare no conflicts of interest.

CRediT authorship contribution statement

Anton Burkhard-Meier: Conceptualization, Data curation, Formal
analysis, Investigation, Methodology, Software, Supervision, Validation,
Visualization, Writing — original draft, Writing — review & editing.
Matthias Grube: Conceptualization, Formal analysis, Funding



A. Burkhard-Meier et al.

acquisition, Methodology, Project administration, Resources, Valida-
tion, Writing — review & editing. Vindi Jurinovic: Data curation,
Formal analysis, Investigation, Methodology, Software, Supervision,
Visualization, Writing — review & editing. Abbas Agaimy: Writing —
review & editing. Markus Albertsmeier: Writing — review & editing.
Luc M. Berclaz: Writing — review & editing. Dorit Di Gioia: Writing —
review & editing. Hans Roland Diirr: Writing — review & editing.
Riidiger von Eisenhart-Rothe: Writing — review & editing. Chukwuka
Eze: Writing — review & editing. Katja Fechner: Writing — review &
editing. Emma Fey: Writing — review & editing. Sinan E. Giiler: Writing
—review & editing. Judith S. Hecker: Writing — review & editing. Anne
Hendricks: Supervision, Writing — review & editing. Felix Keil: Writing
- review & editing. Alexander Klein: Writing — review & editing.
Carolin Knebel: Writing — review & editing. Julia R. Kovacs: Writing —
review & editing. Wolfgang G. Kunz: Writing — review & editing.
Ulrich Lenze: Supervision, Writing — review & editing. Alisa M. Lorsch:
Writing — review & editing. Mathias Lutz: Supervision, Writing — review
& editing. Norbert Meidenbauer: Supervision, Writing — review &
editing. Carolin Mogler: Writing — review & editing. Nina-Sophie
Schmidt-Hegemann: Writing — review & editing. Sabine Semrau:
Writing — review & editing. Wulf Sienel: Writing — review & editing.
Martin Trepel: Writing — review & editing. Johannes Waldschmidt:
Writing — review & editing. Armin Wiegering: Writing — review &
editing. Lars H. Lindner: Conceptualization, Formal analysis, Funding
acquisition, Methodology, Project administration, Resources, Supervi-
sion, Validation, Writing — review & editing, All authors have read and
agreed to the published version of the manuscript. The work reported in
the paper has been performed by the authors, unless clearly specified in
the text.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.€js0.2024.108619.

References

[1

—

Beckingsale TB, Shaw C. Epidemiology of bone and soft-tissue sarcomas. Orthop
Trauma 2017;31(3):144-50. https://doi.org/10.1016/j.mporth.2017.03.005.
Italiano A, Mathoulin-Pelissier S, Le Cesne A, Terrier P, Bonvalot S, Collin F, et al.
Trends in survival for patients with metastatic soft-tissue sarcoma. Cancer 2011;
117(5):1049-54. https://doi.org/10.1002/cncr.25538.

[3] Savina M, Le Cesne A, Blay JY, Ray-Coquard I, Mir O, Toulmonde M, et al. Patterns
of care and outcomes of patients with METAstatic soft tissue SARComa in a real-life
setting: the METASARC observational study. 2017. https://doi.org/10.1186/
512916-017-0831-7.

Lochner J, Menge F, Vassos N, Hohenberger P, Kasper B. Prognosis of patients with
metastatic soft tissue sarcoma: advances in recent years. Oncol Res Treat 2020;43
(11):613-9. https://doi.org/10.1159/000509519.

Van Glabbeke M, van Oosterom AT, Oosterhuis JW, Mouridsen H, Crowther D,
Somers R, et al. Prognostic factors for the outcome of chemotherapy in advanced
soft tissue sarcoma: an analysis of 2,185 patients treated with anthracycline-
containing first-line regimens-a European Organization for Research and
Treatment of Cancer Soft Tissue and Bone Sarcoma Group Study. J Clin Oncol
1999;17(1):150-7. https://doi.org/10.1200/JC0O.1999.17.1.150.

Hellman S, Weichselbaum RR. Oligometastases. Journal of Clinical Oncol 1995;13
(1):8-10.

Weichselbaum RR, Hellman S. Oligometastases revisited. Nat Rev Clin Oncol 2011;
8(6):378-82. https://doi.org/10.1038/nrclinonc.2011.44.

[8] Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C, et al. Stereotactic
ablative radiotherapy for the comprehensive treatment of oligometastatic cancers:
long-term results of the SABR-COMET phase II randomized trial 2020;38. https://
doi.org/10.1200/JC0.20.00818.

Iyengar P, Wardak Z, Gerber DE, Tumati V, Ahn C, Hughes RS, et al. Consolidative
radiotherapy for limited metastatic non-small-cell lung cancer: a phase 2
randomized clinical trial. JAMA Oncol 2018;4(1):e173501. https://doi.org/
10.1001/jamaoncol.2017.3501.

[2

—

[4

=

[5

fad}

[6

[}

[7

—

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

European Journal of Surgical Oncology 50 (2024) 108619

Gomez DR, Tang C, Zhang J, Blumenschein GR, Hernandez M, Lee JJ, et al. Local
consolidative therapy vs. Maintenance therapy or observation for patients with
oligometastatic non-small-cell lung cancer: long-term results of a multi-
institutional, phase II, randomized study. J Clin Oncol: official journal of the
American Society of Clinical Oncology 2019;37(18):1558-65. https://doi.org/
10.1200/JC0O.19.00201.

Ost P, Reynders D, Decaestecker K, Fonteyne V, Lumen N, De Bruycker A, et al.
Surveillance or metastasis-directed therapy for oligometastatic prostate cancer
recurrence: a prospective, randomized, multicenter phase II trial. J Clin Oncol
2018;36(5):446-53. https://doi.org/10.1200/JC0O.2017.75.4853.

Milano MT, Katz AW, Zhang H, Okunieff P. Oligometastases treated with
stereotactic body radiotherapy: long-term follow-up of prospective study. Int J
Radiat Oncol Biol Phys 2012;83(3):878-86. https://doi.org/10.1016/J.
IJROBP.2011.08.036.

Abugideiri M, Janopaul-Naylor J, Switchenko J, Tian S, Read W, Press R, et al.
Impact of metastasectomy and aggressive local therapy in newly diagnosed
metastatic soft tissue sarcoma: an analysis of the NCDB. 2024. https://doi.org/
10.1245/510434-021-10466-4.

Treasure T, Fiorentino F, Scarci M, Mgller H, Utley M. Pulmonary metastasectomy
for sarcoma: a systematic review of reported outcomes in the context of Thames
Cancer Registry data. doi:10.1136/bmjopen-2012.

Stamenovic D, Hohenberger P, Roessner E. Pulmonary metastasectomy in soft
tissue sarcomas: a systematic review. J Thorac Dis 2021;13(4):2649-60. https://
doi.org/10.21037/jtd-2019-pm-13.

Pastorino U, Buyse M, Friedel SG, Ginsberg RJ, Girard P, Goldstraw P, et al.
General thoracic surgery long-term results of lung metastasectomy: PROGNOSTIC
analyses based on 5206 cases the international Registry of lung metastases* writing
committee 1997;113.

Li Y, Zhang W, Li S, Tu C. Clinical efficiency of repeated pulmonary
metastasectomy in sarcoma patients with recurrent pulmonary metastasis. J Cancer
Res Therapeut 2018;14(Suppl 2):5457-62. https://doi.org/10.4103/0973-
1482.183207.

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.
Tirotta F, Hodson J, Parente A, Pasquali S, Sutcliffe R, Desai A, et al. Liver resection
for sarcoma metastases: a systematic review and experience from two European
centres. Eur J Surg Oncol : the journal of the European Society of Surgical
Oncology and the British Association of Surgical Oncology 2020:1807-13. https://
doi.org/10.1016/j.€js0.2020.05.024. 46(10 Pt A).

Smolle MA, van Praag VM, Posch F, Bergovec M, Leitner L. Friesenbichler J. et al.
Surgery for metachronous metastasis of soft tissue sarcoma — a magnitude of
benefit analysis using propensity score methods. Eur J Surg Oncol 2019;45(2):
242-8. https://doi.org/10.1016/J.EJS0.2018.06.019.

Predina JD, Puc MM, Bergey MR, Sonnad SS, Kucharczuk JC, Staddon A, et al.
Improved survival after pulmonary metastasectomy for soft tissue sarcoma 2011;6.
https://doi.org/10.1097/JT0.0b013e3182106f5¢.

Choong PF, Pritchard DJ, Rock MG, Sim FH, Frassica FJ. Survival after pulmonary
metastasectomy in soft tissue sarcoma. Prognostic factors in 214 patients. Acta
Orthop Scand 1995;66(6):561-8. https://doi.org/10.3109/17453679509002316.
Falk AT, Moureau-Zabotto L, Ouali M, Penel N, Italiano A, Bay J-O, et al. Effect on
survival of local ablative treatment of metastases from sarcomas: a study of the
French sarcoma group. Clin Oncol 2015;27(1):48-55. https://doi.org/10.1016/J.
CLON.2014.09.010.

Canter RJ, Qin LX, Downey RJ, Brennan MF, Singer S, Maki RG. Perioperative
chemotherapy in patients undergoing pulmonary resection for metastatic soft-
tissue sarcoma of the extremity : a retrospective analysis. Cancer 2007;110(9):
2050-60. https://doi.org/10.1002/cncr.23023.

Hindi N, Laack N, Hong K, Hohenberger P. Local therapies for metastatic sarcoma:
why, when, and how? American Society of Clinical Oncology Educational Book
2023;43. https://doi.org/10.1200/EDBK_390554.

Trojani M, Contesso G, Coindre JM, Rouesse J, Bui NB, de Mascarel A, et al. Soft-
tissue sarcomas of adults; study of pathological prognostic variables and definition
of a histopathological grading system. Int J Cancer 1984;33(1):37-42. https://doi.
org/10.1002/ijc.2910330108.

Sbaraglia M, Bellan E, Dei Tos AP. The 2020 WHO classification of soft tissue
tumours: news and perspectives. Pathologica 2021;113(2):70-84. https://doi.org/
10.32074/1591-951X-213.

Hohn AK, Brambs CE, Hiller GGR, May D, Schmoeckel E, Horn LC. WHO
classification of female genital tumors. Geburtshilfe Frauenheilkd 2020;81(10):
1145-53. https://doi.org/10.1055/a-1545-4279. 2021.

Conklin CMJ, Longacre TA. Endometrial stromal tumors: the new WHO
classification. Adv Anat Pathol 2014;21(6):383-93. https://doi.org/10.1097/
PAP.0000000000000046.

Guckenberger M, Lievens Y, Bouma AB, Collette L, Dekker A, deSouza NM, et al.
Characterisation and classification of oligometastatic disease: a European society
for radiotherapy and Oncology and European organisation for research and
treatment of cancer consensus recommendation. Lancet Oncol 2020;21(1):e18-28.
https://doi.org/10.1016/51470-2045(19)30718-1.

Blay J-Y, Soibinet P, Penel N, Bompas E, Duffaud F, Stoeckle E, et al. Improved
survival using specialized multidisciplinary board in sarcoma patients behalf of the
NETSARC/RREPS and French Sarcoma Group-Groupe d’Etude des Tumeurs
Osseuses (GSF-GETO) networks P Dubray-Longeras 2017;10. https://doi.org/
10.1093/annonc/mdx484.

Derbel O, Heudel PE, Cropet C, Meeus P, Vaz G, Biron P, et al. impact of
centralization and clinical guidelines for soft tissue sarcoma (A prospective and


https://doi.org/10.1016/j.ejso.2024.108619
https://doi.org/10.1016/j.ejso.2024.108619
https://doi.org/10.1016/j.mporth.2017.03.005
https://doi.org/10.1002/cncr.25538
https://doi.org/10.1186/s12916-017-0831-7
https://doi.org/10.1186/s12916-017-0831-7
https://doi.org/10.1159/000509519
https://doi.org/10.1200/JCO.1999.17.1.150
http://refhub.elsevier.com/S0748-7983(24)00671-1/sref6
http://refhub.elsevier.com/S0748-7983(24)00671-1/sref6
https://doi.org/10.1038/nrclinonc.2011.44
https://doi.org/10.1200/JCO.20.00818
https://doi.org/10.1200/JCO.20.00818
https://doi.org/10.1001/jamaoncol.2017.3501
https://doi.org/10.1001/jamaoncol.2017.3501
https://doi.org/10.1200/JCO.19.00201
https://doi.org/10.1200/JCO.19.00201
https://doi.org/10.1200/JCO.2017.75.4853
https://doi.org/10.1016/J.IJROBP.2011.08.036
https://doi.org/10.1016/J.IJROBP.2011.08.036
https://doi.org/10.1245/s10434-021-10466-4
https://doi.org/10.1245/s10434-021-10466-4
https://doi.org/10.21037/jtd-2019-pm-13
https://doi.org/10.21037/jtd-2019-pm-13
http://refhub.elsevier.com/S0748-7983(24)00671-1/sref16
http://refhub.elsevier.com/S0748-7983(24)00671-1/sref16
http://refhub.elsevier.com/S0748-7983(24)00671-1/sref16
http://refhub.elsevier.com/S0748-7983(24)00671-1/sref16
https://doi.org/10.4103/0973-1482.183207
https://doi.org/10.4103/0973-1482.183207
https://doi.org/10.1016/j.athoracsur.2017.07.024
https://doi.org/10.1016/j.ejso.2020.05.024
https://doi.org/10.1016/j.ejso.2020.05.024
https://doi.org/10.1016/J.EJSO.2018.06.019
https://doi.org/10.1097/JTO.0b013e3182106f5c
https://doi.org/10.3109/17453679509002316
https://doi.org/10.1016/J.CLON.2014.09.010
https://doi.org/10.1016/J.CLON.2014.09.010
https://doi.org/10.1002/cncr.23023
https://doi.org/10.1200/EDBK_390554
https://doi.org/10.1002/ijc.2910330108
https://doi.org/10.1002/ijc.2910330108
https://doi.org/10.32074/1591-951X-213
https://doi.org/10.32074/1591-951X-213
https://doi.org/10.1055/a-1545-4279
https://doi.org/10.1097/PAP.0000000000000046
https://doi.org/10.1097/PAP.0000000000000046
https://doi.org/10.1016/S1470-2045(19)30718-1
https://doi.org/10.1093/annonc/mdx484
https://doi.org/10.1093/annonc/mdx484

A. Burkhard-Meier et al.

[33]

[34]

[35]

[36]

371

exhaustive population-based cohort). 2017. https://doi.org/10.1371/journal.
pone.0158406. Published online.

Kommentare S. Konsultationsfassung S3-Leitlinie Adulte Weichgewebesarkome.
2021. p. 1-244. vVersion 1.

Chudgar NP, Brennan MF, Munhoz RR, Bucciarelli PR, See Tan K, D’Angelo SP,
et al. Pulmonary metastasectomy with therapeutic intent for soft-tissue sarcoma.
J Thorac Cardiovasc Surg 2017;154(1):319-330.el. https://doi.org/10.1016/j.
jtcvs.2017.02.061.

Grimme FAB, Seesing MFJ, van Hillegersberg R, van Coevorden F, de Jong KP,
Nagtegaal ID, et al. Liver resection for hepatic metastases from soft tissue sarcoma:
a nationwide study. Dig Surg 2019;36(6):479-86. https://doi.org/10.1159/
000493389.

Goumard C, Marcal LP, Wang WL, Somaiah N, Okuno M, Roland CL, et al. Long-
term survival according to histology and radiologic response to preoperative
chemotherapy in 126 patients undergoing resection of non-GIST sarcoma liver
metastases. Ann Surg Oncol 2018;25(1):107-16. https://doi.org/10.1245/510434-
017-6144-4.

Sardenberg RA da S, Figueiredo LP de, Haddad FJ, Gross JL, Younes RN.
Pulmonary metastasectomy from soft tissue sarcomas. Clinics 2010;65(9):871-6.
https://doi.org/10.1590/51807-59322010000900010.

[38]

[39]

[40]

[41]

[42]

European Journal of Surgical Oncology 50 (2024) 108619

Rehders A, Hosch SB, Scheunemann P, Stoecklein NH, Knoefel WT, Peiper M.
Benefit of surgical treatment of lung metastasis in soft tissue sarcoma. Arch Surg
2007;142(1):70. https://doi.org/10.1001/archsurg.142.1.70.

Billingsley KG, Burt ME, Jara E, Ginsberg RJ, Woodruff JM, Leung DH, et al.
Pulmonary metastases from soft tissue sarcoma: analysis of patterns of diseases and
postmetastasis survival. Annal Surg 1999;229(5):602-10. https://doi.org/
10.1097/00000658-199905000-00002. discussion 610-2.

Lindner LH, Litiere S, Sleijfer S, Benson C, Italiano A, Kasper B, et al. Prognostic
factors for soft tissue sarcoma patients with lung metastases only who are receiving
first-line chemotherapy: an exploratory, retrospective analysis of the European
Organization for Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma.
Int J Cancer 2018;142(12):2610-20. https://doi.org/10.1002/ijc.31286.

Tetta C, Londero F, Micali LR, Parise G, Algargoush AT. Algargoosh M., et al.
Stereotactic body radiotherapy versus metastasectomy in patients with pulmonary
metastases from soft tissue sarcoma. Clin Oncol 2020;32(5):303-15. https://doi.
org/10.1016/J.CLON.2020.01.005.

Navarria P, Baldaccini D, Clerici E, Marini B, Cozzi L, Franceschini D, et al.
Stereotactic body radiation therapy for lung metastases from sarcoma in
oligometastatic patients: a phase 2 study. Int J Radiat Oncol Biol Phys 2022;114
(4):762-70. https://doi.org/10.1016/j.ijrobp.2022.08.028.


https://doi.org/10.1371/journal.pone.0158406
https://doi.org/10.1371/journal.pone.0158406
http://refhub.elsevier.com/S0748-7983(24)00671-1/sref33
http://refhub.elsevier.com/S0748-7983(24)00671-1/sref33
https://doi.org/10.1016/j.jtcvs.2017.02.061
https://doi.org/10.1016/j.jtcvs.2017.02.061
https://doi.org/10.1159/000493389
https://doi.org/10.1159/000493389
https://doi.org/10.1245/s10434-017-6144-4
https://doi.org/10.1245/s10434-017-6144-4
https://doi.org/10.1590/s1807-59322010000900010
https://doi.org/10.1001/archsurg.142.1.70
https://doi.org/10.1097/00000658-199905000-00002
https://doi.org/10.1097/00000658-199905000-00002
https://doi.org/10.1002/ijc.31286
https://doi.org/10.1016/J.CLON.2020.01.005
https://doi.org/10.1016/J.CLON.2020.01.005
https://doi.org/10.1016/j.ijrobp.2022.08.028

	Unraveling the role of local ablative therapies for patients with metastatic soft tissue sarcoma – A retrospective multicen ...
	1 Introduction
	2 Materials and methods
	2.1 Patient selection and data extraction
	2.2 Outcomes
	2.3 Statistics
	2.4 Ethics

	3 Results
	3.1 Patient cohort
	3.2 Local ablative therapies
	3.3 Overall survival (OS) after occurrence of first metastasis
	3.4 Progression-free survival (PFS) and overall survival (OS) after local ablative therapy (LAT)
	3.5 Prognostic factors for local ablative therapies (LAT) of pulmonary metastases
	3.6 Combination with systemic therapy

	4 Discussion
	5 Conclusion
	Funding information
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


