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Abstract

Background: Despite the lack of evidence-based on prospective randomized studies,
surgery has become the cornerstone of the treatment in patients with pulmonary
oligometastatic sarcomas. Our study aimed to construct a composite prognostic
score for metachronous oligometastatic sarcoma patients.

Methods: A retrospective analysis was performed on data patients who underwent
radical surgery for metachronous metastases in six research institutes from January
2010 to December 2018. The log-hazard ratio (HR) obtained from the Cox model
was used to derive weighting factors for a continuous prognostic index designed to
identify differential outcome risks.

Results: A total of 251 patients were enrolled in the study. In the multivariate
analysis, a longer disease-free interval (DFI) and a lower neutrophil-to-lymphocytes
ratio (NLR) were predictive of a better overall survival (OS) and disease-free survival
(DFS). A prognostic score was developed based on DFI and NLR data, identifying 2
risk class groups for DFS (3-years DFS 20.2% for the high-risk group [HRGJand
46.4% for the low-risk group [LRG] [<0.0001]) and 3 risk groups for OS (3 years OS
53.9% for the HRG vs. 76.9% for the intermediate-risk group and 100% of the LRG
(p < 0.0001)).

Conclusion: The proposed prognostic score effectively predicts outcomes for
patients with lung metachronous oligo-metastases from the surgically treated

sarcoma.
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1 | INTRODUCTION

Sarcomas are a heterogeneous group of cancers, typically divided into
two major groups: bone sarcomas and soft tissue sarcomas, each of which
has several subtypes.! Metastatic relapse after primary sarcoma
treatment is observed with a prevalence for lung location.? Based on
previous analyses, approximately 20%-25% and up to 40% of all soft
tissue and bone sarcoma patients will develop pulmonary metastases,
which will usually become clinically evident in the first 2 years following
diagnosis.®> The location, the number, and the time to development of
metastases are considered prognostic factors that drive the treatment
decisions.* In the case of the appearance of lung nodules, the differential
diagnosis with other benign or malignant aetiologies (e.g., primary lung
cancer) is critical, particularly in a more prolonged disease-free survival
(DFS) interval. Despite the lack of data from randomized controlled trials,
surgery has become the mainstay of treatment in patients with
pulmonary metastatic sarcomas over the last few decades. Five-year
survival rates ranging from 15% to >50% following pulmonary
metastasectomy in patients with resectable disease have been reported.®

In the last few decades, immune system activity has been
increasingly accepted as a hallmark of cancer.® Lymphocytes, as critical
components of the host's anticancer immunity, play essential functions in
immunosurveillance and immunoediting and contribute to the inhibition
of tumor cell proliferation and migration. Increased circulating blood
lymphocytes are a favorable prognostic factor in several cancer types.”
Neutrophils are recognized as essential components of tumor inflamma-
tion.® Circulating neutrophils can produce a variety of molecules, including
tumor necrosis factor-a, vascular endothelial growth factor, and
interleukin, which can promote tumor progression.9 Recently, emerging
evidence supports an important role of systemic inflammation in the
prognosis of patients with various sarcomas. Peripheral blood neutrophil-
to-lymphocytes ratio (NLR) could predict prognosis in localized soft tissue
sarcoma, and it can be used to assess the risk of relapse.10 Same results
were also found for bone sarcoma. Indeed, various inflammatory scores
can be used to predict the outcomes of patients with osteosarcoma.*!

Although multiple risk factors associated with poor survival have
been reported, stratification of these variables into patient cohorts to
guide surgical treatment is not well defined. Our study performed a
multicentric retrospective analysis to determine a prognostic score
including clinical and pathological characteristics in patients with
oligometastatic sarcomas confined to the lungs.

The objectives of this study were:

To individuate prognostic factors for overall survival (OS) and DFS
in patients who underwent pulmonary metastasectomy for sarcoma.

To understand the relationship between systemic inflammation

and prognosis of oligometastatic sarcoma using the preoperative NLR.

2 | MATERIAL AND METHODS

The ethics committee of the IRCCS Regina Elena National Cancer
Institute approved the study (approval number 1339/20). This is a
multicentric retrospective study performed in six high volume

thoracic surgery departments with proven experience with pulmo-
nary oligometastatic disease (IRCCS Regina Elena National Cancer
Institute from Rome, European Institute of Oncology from Milan,
University of Padova, Fondazione Policlinico Universitario A. Gemelli
from Rome, IRCCS Istituto Ortopedico Rizzoli from Bologna and
IRCCS Azienda Ospedaliera Universitaria from Bologna).

This manuscript was written according to the Strengthening the
Reporting of Cohort Studies in Surgery (STROCSS) Statement.'? The
STROCSS checklist is available as Supporting Information: File 1.

Sarcoma patients who underwent pulmonary metastases resec-
tion at the participating centers from January 2010 to December
2018 were included.

The inclusion criteria were:

- Histologically confirmed diagnosis of soft tissue or bone sarcoma
radically resected.

- Metachronous metastases.

- Number of lung metastases < 5.

- Metastasectomy with radical intent.

- Patients with RO resection.

- No evidence of extra-thoracic metastases.

- Availability of data on preoperative blood venous analysis.

- Patients able to tolerate lung resection.

The exclusion criteria were:

- Patient with other cancers.

- Synchronous metastases.

- Patients with acute and chronic infections at the moment of the
venous blood sampling.

- Patients immunosuppressed and under steroid treatments

- Presence of extra-thoracic metastases.

- Number of lung metastases > 5.

- Incomplete metastasectomy (R1-2 resection).

- Patients with incomplete data or without updated follow-up.

Although an inter-center variability in preoperative workup was
present, all patients underwent computed tomography (CT) of the
brain, the thorax, and the abdomen. At the same time, 18-FDG
positron emission tomography (18-FDG PET) was performed in every
case of suspected localization when indicated and available. Treatment
indication was discussed in multidisciplinary tumor boards, including
oncologists, radiotherapists, and thoracic surgeons.

The data collected into the database were: date of birth, gender,
years at the diagnosis of lung metastases, smoking history,
comorbidities, primary histology, primary tumor site, primary surgery
date, postoperative treatments, interoperative interval, histological
grade of the primary tumor, onset pulmonary metastases, distribution
of pulmonary metastases, number of pulmonary metastases, size of
largest lung lesion, PET uptake, type of pulmonary resection,
postoperative complications, neutrophils to lymphocytes ratio,
postoperative treatment, type of postoperative treatment, recur-
rences, time to recurrence, last follow-up, vital status, OS and, DFS.

Blood sample analyses performed during the 1 month before

surgery were collected to calculate the preoperative NLR, defined as
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the ratio of the absolute neutrophil and lymphocyte counts. The
postoperative follow up imaging for high-grade sarcoma consisted of
magnetic resonance imaging of the primary tumor's region and a
chest/abdomen CT every 3 months during the first 2 years. Imaging
intervals were prolonged to every 4-6 months during the third year
and every 6 months for 5 years. Above 5 years, yearly imaging was
discussed on a case-by-case basis.*>'* All cases were discussed in
the multidisciplinary sarcoma meeting, including radiologists, medical

and radiation oncologists, and orthopedic and thoracic surgeons.

2.1 | Time-to-event end point definitions

OS was defined as the time between the surgery of the metastasis
and the last follow-up or death from all causes.

DFS was defined as the time between the treatment of lung
metastasis and the recurrence of sarcoma.

Disease-free interval (DFI) was defined as the interval between
the end of the treatment of the primary tumor and the diagnosis of

the lung metastasis based on radiologic imaging.

2.2 | Statistical analysis

The statistical methods of risk class generation was summarized on
Supporting Information Material 1. Descriptive statistics were used
to summarize pertinent study information. Continuous variables
were reported as median with the 25th-75th percentile interval.
Nominal variables were expressed binarily as the presence or
absence of the event and reported as counts and percentages. The
Kaplan—-Meier method was used to calculate survival rates and draw
survival curves. The log-rank test assessed survival differences
between the different risk class groups. Significance was defined at
the p less than 0.05 level.

The Hazard ratio (HR) and the 95% confidence intervals (95%
confidence interval [Cl]) were estimated for each variable. Variables
testing significantly at univariate analysis were entered into multi-
variate analysis. A multivariate proportional hazard model with
stepwise regression was used (forward selection, enter limit and
remove the limit, p=0.10 and p=0.15, respectively) to identify
independent predictors of outcomes. The assessment of interactions
between significant investigational variables was considered when
developing the multivariate model.

The maximally selected log-rank statistics analysis was applied
to the continuous variable to estimate the most appropriate cut-
off values able to split the patients into groups with different
outcome probabilities. Cut-offs allowed transforming continuous
into categorical variables, with the aim of finally generating the risk
classes.

The SPSS (version 21.0; SPSS, Inc.) licensed statistical program

was used for all analyses.

2.3 | Risk class generation

The log-HR obtained from the Cox model was used to derive
weighting factors of a categorical prognostic index designed to
identify differential risk outcomes.'® Coefficient estimates were
“normalized” by dividing by the smallest one and then rounding the
resulting ratios to the nearest value. To address the multivariate
model in terms of goodness of fit and to validate the results, a cross-
validation technique that evaluated the replication stability of the
final Cox multivariate model in predicting all outcomes was also
investigated, using a resampling procedure.2®'®> This technique
generates 100 simulation data sets (each 80% of the original size)
by randomly selecting patients from the original sample to establish

the consistency of the model across less-powered patient samples.'®

3 | RESULTS

According to the inclusion and exclusion criteria, 251 patients were
included in the study. The clinical and pathological characteristics are
reported in Table 1. All patients showed a high-grade disease.
Histopathological analysis showed a bone sarcoma diagnosis in 54
(21.5%) patients and 197 (78.5%) patients with a soft tissue sarcoma
diagnosis. The most common histology was leiomyosarcoma (27%),
followed by undifferentiated pleomorphic sarcoma (18.7%) and osteo-
sarcoma (10.3%). 117 (46.4%) patients presented at least one
comorbidity, the most frequent was hypertension (15.3%). A history
of smoking was reported in 94 patients (37.3%). The median age at the
diagnosis of the metastasis was 53 years (range 13-82). Anatomical
pulmonary resection (segmentectomies or lobectomies) was performed
in 38 (15.1%) patients, while the remainder underwent wedge resection.
23 (9.2%) patients underwent bilateral pulmonary resection. After the
metastasectomy, 73 (29.0%) patients underwent chemotherapy. The
median preoperative NLR count was 3.00 (range 0.34-19.89). The
median time (months) between the primary tumor resection and the
metastasis resection was 20.50 (range 3-199). The median follow-up
was 28.27 (range 3-154) months. During the follow-up, 161 (64.1%)
patients showed a recurrence and 109 (43.4%) patients died.

The univariate analysis was performed using the following
features: gender, age, smoking status, comorbidities, DFI, type of
pulmonary resection, postoperative complications, histology, neo/
adjuvant treatments (primary tumor), neo/adjuvant treatments (lung
metastasis), size of the largest lesion, number of metastases, and the
neutrophils to lymphocytes ratio.

The variables that resulted statistically significant in DFS and OS
were the NLR and the DFI (Supp.). The multivariate analysis showed a
statistically significant difference in terms of DFS and OS analyzing
the NLR (HR of 1.054 (Cl 95% 1.008-1.102, p = 0.02) for DFS and HR
of 1.079 (Cl 95% 1.013-1.149, p = 0.018) for OS) and the DFI value
(HR of 0.996 (Cl 95% 0.993-1.000, p =0.025) for DFS and HR of
0.995 (CI 95% 0.990-1.000, p = 0.043) for OS) (Table 2).
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TABLE 1 Clinical and pathological features of the population.

Variables
Gender

Male (%)

Female (%)
Age (years)

Median (25th-75th percentile interval)
Smoking history

Yes (%)

No (%)

Unknown (%)
Comorbidities

Yes (%)

No (%)
Primary postoperative treatment

Yes (%)

No (%)
Type of pulmonary resection

Anatomic resection (%)

Wedge resection (%)
Postoperative complications

Yes (%)

No (%)

Unknown (%)
Secondary postoperative treatment

Yes (%)

No (%)

Unknown (%)
Histology

Bone derived sarcoma (%)

Soft tissue sarcoma (%)
Size of the largest lesion (cm)

Median (25th-75th percentile interval)
Number of metastases

Median (25th-75th percentile interval)
Neutrophils count (10°/1)

Median (25th-75th percentile interval)
Lymphocytes count (10%/1)

Median (25th-75th percentile interval)
Neutrophils-to-Lymphocytes ratio (NLR)

Median (25th-75th percentile interval)

134 (53.4)
117 (46.6)

53.50 (42-64)

94 (37.4)
149 (59.4)
8(3.2)

117 (46.6)
134 (53.4)

149 (59.4)
102 (40.6)

38 (15.1)
213 (84.9)

220 (87.3)
29 (11.5)
2(0.8)
73 (29.0)
139 (55.2)

39 (15.5)

54 (21.5)
197 (78.5)

3.5 (1-2.5)

2.00 (1.00-2.00)

4.25 (3.08-6.07)

1.40 (1.05-1.09)

3.0 (1.88-5.15)

After the codification of the categorical variables, the results
were confirmed. Indeed, in the DFS analysis, the DFI showed an HR
of 2.438 (Cl 95% 1.451-4.097, p = 0.001) and the NLR an HR of 2.07
(Cl1 95% 1.434-3.007, p = 0.0001), while for the OS analysis, the DFI
showed an HR of 3.439 (Cl 95% 1.501-7.881, p = 0.004) and the NLR
an HR of 3.016 (CI 95% 1.729-5.262, p=0.0001). Using the
independent risk factors of the multivariable analysis, a composite
prognostic score was built, identifying different patient groups
(Table 3).

The DFS analysis showed a low-risk group (LRG, 42.2%) with 0-1
risk factor (score < 2.2) and a high-risk group (HRG, 57.8%) with both
risk factors (score = 2.2).

Instead, the OS analysis allows us to identify three different
categories:

LRG (3.6%): without risk factors (DFI >80 months and NLR < 2,
score 0).

Intermediate risk group (39.1%): with one risk factor (DFI < 80
months or NLR > 2, score >0 and <2.1).

HRG (57.3%): with two risk factors (DFI<80 months and
NLR > 2, score = 2.1).

These different groups discriminated against the prognosis of
patients who had undergone metastasectomy for sarcoma. The
3-years DFS of the HRG was 20.2%, while in the LRG was 46.4%
(p <0.0001) (Figure 1). Furthermore, HRG's 3- and 5-years OS was
53.9% and 33.2% versus 76.9% and 68.2% of the middle-risk versus
100% and 100% of the low-risk (p <0.0001) (Figure 2). The
robustness of the multivariate model was investigated by the cross-
validation technique with a replication rate ranging from 92% to 96%
for 100 simulated data set.

4 | DISCUSSION

In this study, we evaluated the outcomes and the prognostic factors
of the patients with metachronous oligometastatic sarcoma after the
radical pulmonary resections. Much attention was focused on the
systemic inflammation score represented by the NLR, finding that
this parameter predicts survival outcomes in a significant way.
Moreover, we identified a significant cut-off of 2 that permitted
categorizing patients and defining prognosis associated with the DFI.

Studying serum biomarkers involved in the inflammatory
response to cancer is an area of research that has gained increased
attention in recent years.” Furthermore, deranged systemic inflam-
mation expressed by NLR elevation may induce the so-called
CD4+ lymphocyte Th1/Th2 shift, with an inhibition of the former.
CD4+ Th1 lymphocytes play essential functions in immunosurveil-
lance and immunoediting and contribute to the inhibition of tumor
cell proliferation and migration. They also exert a pernicious effect on
target cells and induce tumor cell apoptosis.'®

Circulating inflammatory cells can affect the tumor micro-

environment and may change the aggressiveness of the disease.
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TABLE 2 Multivariate analysis with categorized variables for OS and DFS.

Multivariable OS
HR (95% Cl)

Multivariable DFS
HR (95% Cl)

Replication rate (internal validation)

p Value

Replication rate (internal validation)

p Value

Variables

96%

0.0001

3.439 (1.501-7.881)

96%

0.001

2.438 (1.451-4.097)

Disease-free interval < 80 versus >80

92%

0.004

3.016 (1.729-5.262)

92%

0.0001

2.077 (1.434-3.007)

Neutrophils to Lymphocytes ratio < 2.0 versus >2.0

Journal b 1039
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TABLE 3 Risk factors determine prognostic score and risk group
classification (Supporting Information: Material 1).

Score
Disease-free Survival (DFS)
NLR > 2 1
Disease-free Interval < 80 1.2
Low risk if score < 2.2
High risk if score 2 2.2
Overall survival (OS)
NLR > 2 1
Disease-free Interval < 80 11
Low risk if score O
Intermediate risk if score >0< 2.1
High risk if score 2 2.1
1.0
9
_ 8
S
; 7
» 6
5 LR: 46.4%
g -
5 4
2
o 3
T2 HR: 20.2%
'1 P<0.0001 P LV.e 70
0.0 ] . ] . . .
0 6 12 18 24 30 36
Number at risk DFS (months)

LR: 96 78 64 56 45 36 26
HR: 132 90 64 43 31 26 24

FIGURE 1 Three years disease-free survival (DFS) in patients of
high-risk group (HR) and low-risk group (LR).

Some studies showed that neutrophils have a fundamental role in
inflammatory responses, but their contribution to tumorigenesis
remains controversial. In a preclinical model of breast cancer, using
various strategies to block neutrophil recruitment to the pre-
metastatic site demonstrated that neutrophils specifically support
metastatic initiation. Indeed, neutrophil-derived leukotrienes can aid
the colonization of distant tissue by selectively expanding the sub-
pool of cancer cells that retain high tumorigenic potential.*®

The importance of lymphocytes has been highlighted in several
studies in which increasing infiltration of tumors with lymphocytes
has been associated with better response to cytotoxic treatment and
prognosis in cancer patients.?°

Only a few studies have been published investigating inflamma-
tory serum biomarkers in sarcoma tumors. In 2013 and 2015,
Szkandera et al. reported an association between NLR and DFS and
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o 100% LR: 100%
9 *‘\,
8 Ml 76.9%
s 7 TR e 1R 68.2%
- 6
s 53.9%
s 5
£ 4
S 3
HR: 33.2%
g P<0.0001 ’
A
0.0 . . . .
0 12 24 36 48 60
Number at risk os (months)
LR: 8 8 8 8 8 8

IR: 88 85 78 71 58 49
HR: 129 116 101 80 64 56

FIGURE 2 Three years and five years Overall Survival (OS) in
patients of high-risk group (HR), intermediate-risk group (IR) and
low-risk group (LR).

OS in sarcoma patients. They reported a DFS of 77.9 versus 99.1
months in a 260 sarcoma patients cohort and found a cut-off value of
3.45. Later they found NLR > 2.39 associated with worse DSF and OS
in a larger cohort.?!

Aggerholm-Pedersen et al. studied the prognostic value of serum
biomarkers (albumin, C-reactive protein, serum sodium, hemoglobin,
neutrophils, and lymphocytes) in combination in patients with
metastatic sarcoma. They showed that in a cohort of 281 patients
with metastatic sarcoma, all six investigated serum biomarkers were
independent prognostic factors for DFS.22

In the last few years, C-reactive protein was also analyzed to
predict prognosis in patients with several cancers. Wang et al. in a
recent meta-analysis, showed that elevated pretreatment serum CRP
level could serve as an independent risk factor for poor prognosis in
patients with soft tissue sarcoma.?®

These studies refer to the sarcoma tumors at different stages and
the inflammatory index associated with the prognosis in all the cases.
In our study that analyzed a specific cohort of patients with the
metachronous oligometastatic condition, the results agree with the
literature showing a prognostic relevance of NLR.

Another decisive prognostic factor resulted in the DFI, with a
significant survival improvement over 80 months. Many studies in the
literature showed how the DFI is associated with the prognosis of the
patients. Pastorino et al. analyzing the “international registry of lung
metastases,” identified how a DFI under 36 months is associated with the
worst prognosis.>* Generally, in some subsequent studies, the cut-off of
DFI changes between 12 and 35 months. In a retrospective analysis of
120 patients with metastatic sarcoma, Dossett et al. identified that
patients with a DFI lesser than 13 months had the worst prognosis.?> Van
Geel et al. in a soft tissue metastatic sarcoma patients analysis have found
a cut-off for DFI of 31 months to define the prognosis.2® The inclusion
criteria of these studies did not limit the number of metastases resected,

and the synchronous metastases were also included. The significant
variability of these cut-offs was probably referred to the relevant
differences in the selection criteria of these studies.

In our analysis, the DFI resulted statistically significant in terms
of DFS and OS as a continuous variable and after the cut-off
codification. Therefore, our study has shown a DFI cut-off of 80
months to predict the prognosis. This value is greater than the other
studies in the literature, probably due to the strict selection of our
cohort. Thus, we selected only oligometastatic (less than 5 pulmonary
metastases) patients with metachronous lesions. To our knowledge,
this is one of the first studies using these inclusion criteria.

Our univariate analysis showed that the prognosis is not affected
by the number of metastases and the tumor histology (bone/soft
tissue). Usually, the number of resected metastases, the size, and the
bilateral or unilateral nature of the disease represent a significant
prognostic factor.?” However, other studies did not demonstrate a
difference in outcomes between patients with metastatic soft tissue
sarcoma or bone-derived sarcoma with more than 4 lesions. Never-
theless, the best outcomes are uniformly carried out when complete
resection is achieved.?®

According to the guidelines, surgery is considered the first option
to treat lung metastases from sarcoma. Indeed, the use of alternative
treatments such as the stereotactic body radiation therapy are
reserved for patients unsuitable for surgery.?’ In our analysis, the
type of resection did not show any differences between the anatomic
and the wedge resection in terms of prognosis. Some studies in the
literature showed that if safe resection margins are possible, anatomic
lung resection, such as segmentectomy or lobectomy, does not
improve the outcomes compared to wedge resection.’® However,
anatomic resection is needed for the central lesions that are technically
challenging to remove. In these cases, segmentectomy should be the
first option to achieve a complete resection because it allows us to
spare the lung parenchyma and limit the loss of pulmonary function.*°
Given that metastatic sarcoma frequently shows multiple lung
recurrences, the lung parenchyma sparing surgery should be con-
sidered pivotal. Consequently, the most common intervention per-
formed in case of metastasis is the wedge resection, especially for a
few nodules that minimally invasive approaches can safely approach.3!

To decrease the risk of local or distant recurrence, in specific
subset of sarcomas before or after the radical surgical resection a
chemotherapy and or radiotherapy can be administered. According to
the guidelines the management of resectable soft tissue sarcoma is
mainly focused on the surgery and in case of R1 resection or in high
risk RO resection could be added an adjuvant radiotherapy. However,
in case of a bone sarcoma, the treatment could be focused on the
surgery alone for the low risk osteosarcoma while in case of high risk
osteosarcoma and Ewing sarcoma surgery is combined to a
neoadjuvant and adjuvant chemotherapy.>233 Therefore, we eval-
uated the prognostic role of chemotherapy or radiotherapy in neo/
adjuvant setting during the treatment of the primary tumor. As
reported in the Supporting Information Materials, our univariate
analysis did not show any significant differences. Despite the
retrospective nature of the study and the risks of bias, we can

850807 SUOWWIOD aAea1D 8|qeo!|dde ay3 Aq pausenob afe ssjolie YO ‘SN JO Se|nJ 10} ArIqIT8UIUO A8]IM UO (SUORIPUCO-PUe-SWLR/W0o" A3 | 1M AfeIq 11 |UO//:SANY) SUORIPUOD PUe SWS 18U} 89S *[7202/20/9T] Uo AreiqiTauliuo A[IM ‘110221 101pedouo S| Aq 6TzZ.2 0SI/Z00T 0T/1I0p/wod A8 | 1M Aeiq 1 euluo//Sdny Wwouy papeoumod ‘9 ‘€202 ‘8606960T



GALLINA ET AL

Journal of

assume that in a context of a homogeneous cohort of patients with
an oligometastatic disease these parameters did not influence the
prognosis.

Postoperative chemotherapy after metastasectomy did not
represent a prognostic factor in our cohort. As reported in the
literature, the use of chemotherapy in a patient with metastatic
sarcoma is still debated. Indeed, in a recent retrospective analysis of
580 patients with soft tissue sarcomas and lung metastases treated in
EORTC trials and receiving first-line chemotherapy, as anthracycline-
containing combinations, the 3-years OS proved to be less than 20%
also for lung metastases only so, confirming the palliative role of
systemic treatment.®*

Our study showed how also, in a cohort of patients strictly selected,
all eligible for radical surgery, long term outcomes are influenced by two
significant variables such as NLR and DFI. We constructed a composite
prognostic score that can predict the prognosis using these two
accessible parameters. The best results in terms of OS and DFS have
been obtained in patients with prolonged DFI and lower NLR. The OS
analysis showed an intermediate group that presented only one risk
factor, DFI less than 80 months or NLR > 2.

Using these two simple variables in clinical practice may help
better stratify the patient with sarcoma metastases. It could lead to a
better selection of patients potentially eligible for surgery. This
prognostic score can be cost-effectively applied to new cases to
predict prognosis in oligometastatic lung patients affected by soft
tissue or bone sarcoma.

This study also has some limitations. First, the project was a
retrospective, non-randomized study leading to selection bias. The
presence of comorbidities may represent a selection bias due to the
influence of inflammation-associated diseases. However, we only
selected patients without acute inflammatory disease at the moment
of the blood sample withdrawal. The patients' selection was extended
from 2010 until 2018. During this period, the diagnostic and
therapeutic algorithms changed substantially, especially in terms of
chemo or radiotherapy regimens after the primary tumor or the
metastases resection. Indeed, notwithstanding the use of rigid
inclusion criteria, the extended follow up period entails the
heterogeneous nature of the oncological treatment of the patients.

Nevertheless, only universities or research institutions with
consolidated experience in sarcoma management were involved.
Another limitation was the absence of an external data set for
independent validation. However, we conducted a cross-validation
technique to assess our model's stability and replicability to confirm
our score's validity, following the literature data.

In conclusion, our study showed that in a selected cohort of
metachronous oligometastatic patients, NLR and DFI are two
variables that can predict the prognosis easily with no additional
costs as these data are already available for all patients and can be
easily applied in clinical practice. NLR and DFI were used to construct
a prognostic score that classified patients into two groups for DFS

and three risk groups for OS.
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