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Abstract 

Background and Objective Achieving radical surgery still remains the only chance of 

recovery for most patients with soft tissue sarcoma.However, in the last few years, some 

progress has been made, and it has been shown that a careful selection of patients at high 

risk can identify those who may benefit from chemotherapy before or after surgery. For 

this reason, identifying predictive factors of relapse that can guide to a best therapeutic 

planning remains an urgent need. This study aims to evaluate the ability of systemic and 

intratumoral immune status and some molecular features to predict a disease relapse 

inpatients affected by well and dedifferentiated liposarcoma (WDL, DDL), 

myxofibrosarcoma (MFS) and undifferentiated pleomorphic sarcoma (UPS).  

Methods Patients that received surgery for localized WDL, DDL, MFS or UPS and followed 

up at the IRST Istituto Romagnolo per lo Studio dei Tumori (Meldola, Italy) from 2010 to 

May 2020 were retrospectively included in the study. Neutrophil/Lymphocyte ratio NLR 

was computed as the ratio of the absolute neutrophil count to the absolute lymphocyte 

count,  Platelet/lymphocyte ratio PLR was obtained by dividing the absolute platelet count 

by the absolute lymphocyte count, systemic inflammatory index SII was calculated as 

platelet count × neutrophil count/lymphocyte count while lymphocyte-to-monocyte ratio 

(LMR) was calculated as the ratio lymphocyte/monocyte. Information on blood counts 

were collected within a week before surgery. Curves of relapse free survival (RFS) were 

calculated using the Kaplan-Meier method. FFPE samples of the surgical specimen were 

collected from seventy one patients to perform an RNAsequencing, among these forty-

seven samples with more than 4M reeds were selected to perform a CIBERSORT analysis 

to assess the amount and composition of tumour-infiltrating immune cells. A differential 

gene expression analysis was performed comparing G1 VS G2, G2 VS G3, G1 VS G3, 

Relapse VS No Relapse, Local relapse VS Distant metastasis, WDL VS DDL, MFS VS UPS.  

Results One hundred and six patients were included in this single-centre retrospective 

study, including 31WDL, 30 DDL, 21 MFS, 24 UPS. No differences were seen in terms of 

RFS according to age or sex of the patients. As expected grading and histology as shown 

to be prognostic both in RFS and OS. Patients had better RFS and OS when SSI < 991 ( P 

= 0,0001; P < 0,0001) NLR < 2,5 (P = 0,0006; P =0,0001), PLR < 190 (P = 0,0003; P < 0,0001), 

LMR ≥2,4 (P = 0,0067; P = 0,0011).According to the cluster analysis of intratumoral 

immune cells three major group of patients are designed. Interestingly Cluster A, that is 

characterised from an higher level of memory B cells and plasma cells in composed 

predominantly of patient that didn’t had relapse of disease, Cluster B in which we can 

observe the highest number of M2 macrophages, is composed of patients that did had a 

relapse of disease and cluster C, in which we observe the highest level of monocyte (C1) 

or aDC (C2), is composed of all high grade patients that had a late relapse (>30 months) 

(C1) or just a local relapse (C2). The differential expression analysis has revealed five genes 
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(SLC17A8, OR5M8, TIMM8BP2, SLC5A8, and HIST1H4K) that are overexpressed in patients 

with higher grading and disease recurrence.  

ConclusionsThe findings of our study may define new biomarkers helpful in defining the 

risk class of STS patients if they’ll be validated in larger analysis.  
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Introduction 

Soft tissue sarcomas (STSs) is a rare group of neoplasm, with an estimated incidence 

averaging 4-5/ 100 000/year in Europe[1]. In addition to their rarity, STSs have some 

peculiar characteristics that make them particularly difficult to manage: 

- heterogeneous diagnosis: STSs comprise about 80 entities defined by the 2020 

World Health Organization (WHO) classification based on a combination of 

distinctive morphological, immunohistochemical and molecular features. Each 

of these is characterized by a specific and distinct clinical course, response to 

treatment and overall prognosis. [2] 

- heterogeneous clinical presentation: they can occur in any site in the body, with 

indolent or very progressive and symptomatic onset, and at any age, with peak 

of incidence according to each specific histology[3].  

Given the complexity of STSs, a multidisciplinary approach in high volume referral 

centres is mandatory. Taken together, STSs’ rarity and heterogeneity have made the 

therapeutic progress slow and inconsistent and an optimal management of the 

primary tumour is still the best chance of cure for STSs patients [4].  

Localized Disease 

Stage, primary tumor dimensions, histology and grading are still the main prognostic 

factors for STS, therefore in primary localized STS, after a whole body imaging an 

histological assessment is mandatory.  
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Magnetic resonance imagining (MRI) is frequently used for the primary tumor 

assessment, while CT scan is usually used to investigate the presence of metastasis and 

[18F]2-fluoro-2-deoxy-D-glucose positron emission tomog- raphy/CT (FDGePET/CT) 

could be useful in in controversial cases[3]. 

Pathological diagnosis should be made according to the 2020 WHO classification for 

soft tissue and bone tumours. Due to the rarity and complexity of these diseases, a 

pathological expert validation is required in all cases when the original diagnosis is 

made outside a reference center/network since high levels of discrepancy between 

diagnosis made by expert pathologist and non specialized pathologist have been 

highlighted [5].  

As mentioned above, grading is one of the main prognostic factors and therefore 

should be always assessed. The Fédération Nationale des Centres de Lutte Contre le 
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Cancer (FNCLCC) grading system is generally used to define STSs’ grading and is based 

on the evaluation of tumour differentiation, mitotic count and tumour necrosis as 

reported in the table below. 

Surgery is still the standard treatment for all patients with an adult-type, localized STS 

and must be carried out in high volume centers. The standard surgical procedure is an 

en bloc excision with R0 margins, that implies removing the tumour in a single 

specimen with a rim of normal tissue around it performing a compartmental surgery 

for limbs primary STSs and multivisceral surgery for retroperitoneal sarcomas.  

Surgery is defined as radical when the en bloc removal of the sarcoma and the 

compartment occurs and the prognostic result is comparable to an amputation. 

However, if only a layer of healthy tissue is removed around the sarcoma, the surgery 

is defined as extensive, with risks of local recurrence of 10-30%. If the resection falls 

inside the pseudo capsule, the operation is marginal with risks of recurrence of 30-

60%. Finally, if the exeresis falls within the tumor, the operation is intra-lesional and 

has an almost certainty of relapse. [6] 

Resurgery in referral high expertise centers may be considered when unplanned 

surgery are performed, while is mandatory in R2 surgery. [7] 

Radiotherapy is typically proposed in high grade lesions and may be performed both 

in neo or adjuvant settings. Local control and overall survival (OS) are not influenced 

by the timing of RT. However, preoperative RT is able to offset the negative prognostic 
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impact of R1 margins much more than post-operative RT. It should always be 

considered when preservation of a critical structure is the goal. [8] 

Neoadjuvant chemotherapy 

The efficacy of systemic perioperative chemotherapy for patients with high-risk STS 

has been highly discussed. In Table 1, major phase II–III trials are reported.  

 

Authors 

and Type 

of Study 

N 
Treatment 

Arms 

Perioperative 

Radiotherapy 

Response 

Rate 

Disease-

Free 

Survival 

@Years 

Overall 

Survival 

@Years 

Gortzak et 

al. 2001 

phase II 

randomized 

trial [9] 

67 
3 × AI + 

surgery 
46% 28% 

56% 

@5y 

65% 

@5y 

67 surgery 54% - 
52% 

@5y 

64% 

@5y 

Gronchi et 

al. 2012, 

2016 

phase III 

randomized 

trial [10,11] 

160 
3 × EI + 

surgery 
97% 23% 

56% 

@10y 

64% 

@10y 

161 

3 × EI + 

surgery + 2 

× EI 

93% 19% 
58% 

@10y 

59% 

@10y 

Gronchi et 

al. 2017, 

2019 

phase III 

randomized 

trial [12,13] 

145 
3 × EI + 

surgery 
79% 14% 

55% 

@5y 

76% 

@5y 

142 

histologically 

driven CHT 

+ surgery 

80% 6% 
47% 

@5y 

66% 

@5y 

 

Neoadjuvant CHT should decrease the tumor burden, which could make radical 

surgery easier. In the case of STS that is only partially resectable, CHT is expected to 
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downstage the tumor and allow for a more cautious surgical procedure [14]. 

Neoadjuvant CHT should make possible to get rid of micrometastases before surgery 

causes a large-scale release of cytokines. In the end, it should increase patient survival 

[15]. The chance of adjuvant CHT-related wound complications is eliminated by the 

neoadjuvant method. Additionally, in routine clinical practice, patients' conditions are 

frequently better prior to major surgery, allowing for a more toxic but also more 

effective neoadjuvant CHT regimen [16]. An improved performance status indirectly 

encourages compliance and allows for an appropriate CHT dose intensity. However, 

there isn't much evidence to support these clinical hypotheses [17]. Anthracycline-

based CHT marginally improved local recurrence, distant recurrence, overall 

recurrence, and OS, according to an updated large meta-analysis of 18 randomized 

controlled trials for localized resectable STS [18]. The use of CHT alone in a neoadjuvant 

setting in STS is supported by even less research. Patients receiving an ifosfamide-

based regimen showed a higher percentage of pathological responses and had better 

survival than those receiving doxorubicin-based CHT (without ifosfamide) in 2001, 

according to Eilber et al.'s results of neoadjuvant CHT of patients with locally advanced 

STS [19]. Randomized phase III clinical trials are scarce in this setting and the results of 

the available smaller studies are controversial. Neoadjuvant CHT for high-risk STS 

failed to demonstrate superior survival to surgery alone in a randomized phase II 

clinical trial conducted by the National Cancer Institute of Canada Clinical Trials 

Group/Canadian Sarcoma Group and the European Organisation for Research and 
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Treatment of Cancer Soft Tissue Bone Sarcoma Group (EORTC-STBSG). Phase III 

expansion was therefore scrapped. In the above-mentioned trial, 134 patients were 

randomly assigned to one of two treatment arms: surgery alone or three cycles of 

doxorubicin+ifosfamide (AI) with a subsequent surgery. The surgery was not 

compromised by this regimen, which was largely well tolerated. Unfortunately, 

compared to surgery alone, it had an unsatisfactory effect on 5-year disease-free 

survival (56% vs. 52%). The inclusion of patients with both primary and recurrent 

tumors, as well as those with low grade STS, in this trial has raised criticism [20].  

Histologically driven CHT demonstrated that selected drugs had good preliminary 

efficacy in selected pathological STS subtypes. Using neoadjuvant histologically driven 

CHT, four sarcoma groups (French, Spanish, Polish, and Italian) conducted a phase III 

randomized clinical trial [21,22]. A total of 238 STS patients were enrolled in the trial. 

The patients received three cycles of epirubicin+ifosfamide (EI) or histologically driven 

CHT: for myxoid liposarcoma—trabectedin, for leiomyosarcoma—

gemcitabine+dacarbazine, for synovial sarcoma—ifosfamide, for malignant peripheral 

nerve sheath tumor (MPNST)—etoposide+ifosfamide, and for pleomorphic sarcoma—

gemcitabine+docetaxel. Surprisingly, there were no differences between histologically 

driven CHT and EI in disease-free survival after the median follow-up of 52 months 

(47% in the tailored arm and 55% in the EI arm; hazard ratio [HR] 1.23, 95% CI 0.88-

1.73).  In addition, the histologically driven arm's OS was lower than the EI arm's (66% 
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vs. 76%, HR 1.77, 95% CI 1.10-2.83). This trial established that regardless of histological 

subtype, anthracycline-based regimens are still the preferred CHT in STS.  

The Italian Sarcoma Group and the Spanish Sarcoma Group conducted a study that 

addressed the ideal number of CHT cycles [23]. The researchers compared five cycles 

of the same regimen given perioperatively (three neoadjuvant cycles, surgery, and two 

adjuvant cycles) with three cycles of neoadjuvant AI CHT. No difference in survival rate 

between the groups under study. Therefore, three cycles of neoadjuvant 

anthracycline+ifosfamide, which combine epirubicin 120 mg/m2 with ifosfamide 9 

g/m2, may still be considered as a preferred regimen in STS. 

Adjuvant chemotherapy 

To determine whether adjuvant chemotherapy could actually increase survival and 

recurrence-free intervals and whether chemotherapy was differentially effective in 

different patients' demographics, histology of disease, extent of resection, and use of 

RT, The Sarcoma Meta-Analysis Collaboration (SMAC) performed a quantitative meta-

analysis of updated data from individual patients from available randomised trials[24]. 

The 14 trials of doxorubicin-based adjuvant chemotherapy included 1568 patients at 

the time of the initial reporting with a median follow-up of 9.4 years. Chemotherapy 

patients had significantly higher odds of surviving without a local recurrence (HR 0.73; 

95% CI 0.56 to 0.94) and a distant recurrence (HR 0.70; 95% CI 0.57 to 085).  With an 

HR for any recurrence of 0.75 (95% CI 0.64 to 0.87), which translates to an absolute 

6%–10% benefit of recurrence-free survival at 10 years, overall recurrence-free survival 
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was also significantly better. Chemotherapy did have a tendency toward better overall 

survival, but this improvement was not statistically significant (HR for death 0.89, 95% 

CI 0.76 to 1.03). According to age, sex, stage, site, grade, histology, extent of resection, 

tumour size, or exposure to RT, there was no consistent evidence of any improvement. 

The subset of patients with extremity and truncal sarcomas showed consistent 

evidence of a favourable effect on survival. There was a statistically significant benefit 

for chemotherapy among these patients who received adjuvant doxorubicin-

containing chemotherapy (HR for death 0.80, P=0.029), which translated into a 7% 

absolute benefit in overall survival at 10 years. While detractors expressed worries 

about the potential dilution of chemotherapy benefits due to the inclusion of tumours 

from other sites besides the extremities as well as low-grade (5%) and unknown-grade 

(28%) tumours, supporters praised the individual patient data approach used in this 

meta-analysis for eliminating any shortcomings of individual studies that had an 

insufficient sample size, heterogeneity of reported outcomes, and variable exclusion 

of patients. More significantly, only one of the trials included in the meta-analysis 

combined doxorubicin with ifosfamide, which was emerging as a significant player in 

systemic therapies for advanced/metastatic STS. 

Early 1990s second-generation randomised studies included ifosfamide and 

anthracyclines as an adjuvant treatment. Additionally, more intensive regimens were 

possible thanks to the use of granulocyte colony-stimulating factor (G-CSF) as primary 

prophylaxis. Prior evidence of a survival benefit for extremity and truncal STS has 
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shifted the focus of research to the role of adjuvant chemotherapy in patients with 

these two types of tumors. A total of four additional randomised trials were conducted 

[25-28]and two of them raised the possibility that adjuvant chemotherapy might 

improve survival. In 2008 an updated SMAC meta-analysis was conducted[29], which 

now included a total of 18 randomised trials of 1953 patients with localized and curable 

STS treated between 1973 and 2002. In five of these 18 trials, doxorubicin and 

ifosfamide were combined; in the other trials, anthracyclines were used alone or in 

combination with other medications. Adjuvant chemotherapy showed a similar trend 

in improving RFS compared to the initial SMAC analysis. In contrast to patients treated 

with doxorubicin alone, which did not reach statistical significance (OR for death 0.84 

(95% CI 0.68 to 1.03)), was shown evidence of a significant improvement in overall 

survival in patients treated with the combination of ifosfamide and doxorubicin (OR 

for death 0.56; 95% CI 0.36 to 0.85).  This result should be seen considering the 

exclusion of more than 340 patients from the EORTC 62931 study [28], the largest 

adjuvant chemotherapy study to date in terms of the total number of patients enrolled. 

Also this study failed to show a role for adjuvant chemotherapy. This trial had a mixed 

population of high-risk and low-risk patients, and used a relatively low dose of 

ifosfamide, making it impossible to compare it fairly to other studies.  

Adjuvant chemotherapy in STS should be discussed and evaluated individually for each 

patient in a multidisciplinary setting, according to current clinical practice. Patients' 

factors, such as performance status and co-morbidities, as well as disease factors like 
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disease location, tumor size, and histological subtype, should be taken into account 

and balanced with potential risks of treatment-related toxicities, as well as any 

potential reductions in quality of life. Ifosfamide and an anthracycline are combined 

with MESNA for patients who choose to proceed with adjuvant chemotherapy. 

Patients risk stratification 

Given the uncertainty around the benefit of neo/adjuvant chemotherapy in STS the 

patients selection according to risk stratification is beginning to play a crucial role in 

the decision making process in this setting. Preoperative chemotherapy can be given 

more effectively and adverse events related to treatment can be avoided in patients 

who are unlikely to respond by identifying patients who are at high risk for relapse and 

may respond to currently available treatments. Staging soft tissue sarcoma is the most 

critical approach to patient prognosis stratification, but it has long been problematic. 

Only a small amount of prognostic data, such as tumour size, grade, and location in 

relation to the superficial muscular fascia, is considered in the sixth and seventh 

editions of the AJCC staging manual. Since retroperitoneal tumors are always deep-

seated and the 5 cm size cutoff does not apply because these tumors are unlikely to 

be diagnosed when small, the clinical value of this classification has been questioned, 

especially for retroperitoneal tumors18. Prognostic tools, according to experts, need 

to consider variations among sarcoma histologies and primary tumor sites [30] 

The more recently published eighth edition of the AJCC TNM staging manual for STS 

represents a paradigm shift in the risk stratification of sarcoma patients [31]. The 
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manual has undergone at least two significant revisions: the addition of a nomogram 

for the prognostic evaluation of patients with retroperitoneal sarcomas and specific 

staging for head and neck, limb and trunk, and retroperitoneal sarcomas.[32] It is now 

possible to define T-stage categories according to size for various primary tumor sites. 

When a head and neck sarcoma measures 2 cm or less, 2-4 cm, or greater than 4 cm, 

and involves nearby structures, it is categorized as a T1, T2, T3, or T4 sarcoma. When a 

retroperitoneal, extremity, or trunk tumor sarcoma measures 5 cm or less, 5–10 cm, 

10-15 cm, or greater than 15 cm, it is categorized as a T1, T2, T3, or T4 tumor sarcoma. 

These cutoff values do have some restrictions, though. They are arbitrary, and the 

majority of patients with retroperitoneal STS have tumors larger than 15 cm, despite 

the fact that size is acknowledged to be a prognostic factor. These issues can be solved 

by predictive and prognostic tools, which have advantages over the standard AJCC 

TNM staging system in that they inform physicians about the best treatment for a 

single patient based on the risk of disease progression and, ultimately, death.[33] 

Medical and surgical oncologists who treat sarcomas are increasingly using 

nomograms [34] 

Sarculator 

The Sarculator is an online, free to use prognostic tool. It is based on a nomogram that 

was created from a large series of patients and widely validated in external choorts.[34, 

35] The risk of distant metastases and death for a specific patient is predicted using 
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the tumor size as a continuous variable, the STS histologic subtype, the tumor 

malignancy grade, and the patient's age.[36, 37] 

Sarculator was used to revisit the European Organisation for Research and Treatment 

of Cancer (EORTC) 62931 RCT, the largest adjuvant study of chemotherapy in STS, 

which failed to demonstrate a survival advantage for patients receiving adjuvant 

chemotherapyPatients were stratified according to their predicted overall survival (pr-

OS) using the Sarculator. Compared to surgery alone, patients with a predicted 

probability of overall survival (OS) of less than 60% significantly benefited from 

perioperative chemotherapy, with an observed survival advantage of 20%.[35] 

Sarculator was also used to reanalyse the results of the ISG-STS 1001 trial. As done 

with the EORCT 62931 trial, patients were stratified into higher (10-year pr-OS < 60%) 

and lower risk subgroups (10-year pr-OS ≥ 60%). In this post hoc, unplanned analysis 

high-risk patients who received AI performed better than predicted, which may 

strengthen the evidence for neoadjuvant AI's effectiveness in STS.[38] 

CINSARC 

CINSARC (Complexity INdex in SARComas) is a transcriptional signature derived from 

the expression of 67 genes involved in mitosis control and chromosome integrity.  

CINSARC has been presented as able to identify patients with a poor prognosis better 

than the Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC) 

histology-based grading system, which is currently used for grading most types of soft 

tissue sarcoma (STS). It has been described as a predictor of metastatic outcome in 



 16 

STS patients overall [39,40] and in particular in those with uterine leiomyosarcoma, 

smooth muscle tumor of unknown malignant potential (STUMP), synovial sarcomas, 

and rhabdomyosarcoma of pediatric and adult ages, as well as gastrointestinal stromal 

tumors (GIST)[41-44].  

Frezza AM et al.[45] assessed the value of this signature in an independent series of 

high-risk patients (high-malignancy grade, 5 cm or larger in diameter, deeply located 

according to the investing fascia) with localized STS treated with preoperative 

chemotherapy in a prospective, randomized, phase III study (ISG-STS 1001), as well as 

the concordance between CINSARC and SARCULATOR. The potential prognostic value 

of CINSARC was investigated across subgroups with varying survival probabilities, as 

determined by SARCULATOR. The study, which included 86 patients, concluded that 

CINSARC has poor prognostic power in high-risk, localized STS treated with 

neoadjuvant chemotherapy. 

Systemic Inflammatory Indexes 

The role of systemic inflammatory indices such as neutrophil/lymphocyte ratio (NLR), 

platelet/lymphocyte ratio (PLR), and lymphocyte/monocyte ratio (LMR) in almost all 

types of oncology disease as well as soft tissue sarcomas has been extensively 

investigated. Together, these studies demonstrate a significant prognostic role for 

inflammatory indices in both early and advanced diseases, with more inflamed patients 

having a worse prognosis. Moreover, in a recent retrospective study with 423 patients 

with primary retroperitoneal sarcoma, Fiore M. et al. [46] showed that NLR was an 
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independent prognostic factor for OS. Along with the Sarculator nomogram, it can be 

combined with hemoglobin, monocytes, and PLR to create a prognostic index that 

addresses tumor-related inflammation and helps to categorize RPS risk. 
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Objective and study design 

Considering what was just presented, the primary goal for enhancing the selection of 

high-risk patients who can benefit from pre-operative chemotherapy treatment must 

be improving the prognostic factors that are able to better identify them. This will help 

to improve the decision-making process for planning the treatment of patients with 

localized STSs.  The size of the disease, the patient's age, the location, the histology, 

and the grading are still the prognostic factors used in clinical practice today. However, 

two of these, histology and, more importantly, grading, are frequently difficult to 

define in the preoperative phase. The correct definition of the grading in accordance 

with the previously reported FNLCC criteria is frequently complicated by occasionally 

insufficient material in the biopsies but, more importantly, by the significant 

intralesional variability that is frequently seen within the primary STSs, which often 

results in an underestimation of the overall disease grading.  

Therefore, the goal of our study is to determine whether there are any additional 

prognostic factors that, when combined with those that are already widely used, can 

help to improve the risk stratification of STSs patients.  

We conducted a retrospective single-center study in patients with localized STS to 

assess the prognostic role of systemic inflammatory indices. Furthermore, in patients 

with an available FFPE sample of the surgical specimen, we performed an RNA 

sequencing analysis to assess the prognostic role of intratumoral immune cell 

populations and any differences in expression between patients with and without 
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disease relapse. We concentrated our analysis on four histotypes, well-differentiated 

and dedifferentiated liposarcoma, myxofibrosarcoma, and undifferentiated 

pleomorphic sarcoma, to reduce any bias due to non-homogeneous populations while 

still being representative of the variability present between the various STS histologies, 

taking into account the various prognoses of the various histological subtypes of STS. 
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Methods 

Study Population 

Well differentiated liposarcoma, dedifferentiated liposarcoma myxofibrosarcoma and 

undifferentiated pleomorphic sarcoma patients were included in this retrospective 

analysis. All patients had localized disease at the diagnosis and received surgery and 

subsequent follow up from 2010 to 2020 at the IRCCS Istituto Romagnolo per lo Studio 

dei Tumori (IRST) IRCCS, Meldola, Italy. Clinical biological and anatomopathological 

information on disease characteristics at diagnosis and information concerning the 

treatments performed were collected. Tumors were graded using the Fédération 

Nationale des Centres de Lutte Contre le Cancer (FNCLCC) system. All patients 

underwent regular clinical and radiological follow-ups by CT, MRI, or PET FDG; 

radiological response to treatments was collected until death or the last follow-up 

according to RECIST criteria 1.1. All follow-ups were recorded until august 2023. 

Ethical Statement 

This study was reviewed and approved by the IRST and Area Vasta Romagna Ethics 

Committee (approval no. 4751 of 31 July 2015); it was conducted following the 

Declaration of Helsinki and the Good Clinical Practice guidelines. 

Statistical Analysis 

NLR was computed as the ratio of the absolute neutrophil count to the absolute 

lymphocyte count, PLR was obtained by dividing the absolute platelet count by the 
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absolute lymphocyte count, SII was calculated as platelet count × neutrophil 

count/lymphocyte count while lymphocyte-to-monocyte ratio (LMR) was calculated as 

the ratio lymphocyte/monocyte. Information on blood counts were carried out 

the day before surgery. Cutoffs were selected from a previous study on metastatic 

setting[58]. Data were summarized by median and range or interquartile range or 

range for continuous variables, and by frequency and percentage for categorical 

variables. Overall survival (OS) was defined as time from the date of diagnosis to the 

date of death from any cause. Similarly, relapse-free survival (RFS) was computed from 

date of diagnosis to the date of relapse of disease. RFS and OS were reported as 

median values with 95 % confidence interval (95 % CI). Survival curves were estimated 

using the product- limit method of Kaplan–Meier method (two-sided 95 % CIs) and 

compared with the log-rank test. Estimated HRs with 95% CI were calculated using 

univariate and multivariate Cox proportional hazard models. Proportional hazards 

assumption were tested using scaled Schoenfeld residuals. The Receiver Operating 

Characteristic (ROC) curve, defined as a plot of sensitivity vs 1-specificity, was 

performed as evaluation of the performance of intratumoral immune cells to predict 

12-months RFS. AUC (with 95% confidence - CI) was calculated as a common measure 

of accuracy and values range from 0.5 to 1.0: higher values are corresponding to a 

better performance of tested values. AUC values higher than 0.7 were considered as 

acceptable values. All p values were based on two-sided testing. All statistical analyses 
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were performed using Stata/SE version 15.1 for Windows (StataCorpLP, College 

Station, TX, USA). 

Tissues and RNA Extraction 

For each sample, total RNA was isolated from 5 surgically-resected 8um-thick FFPE 

tissue sections using RNeasy FFPE kit (Qiagen). Total RNA concentration was measured 

using Nanodrop (Thermo Fisher Scientific) and the quality was checked on the 2100 

Bioanalyzer with the RNA 6000 Pico kit (Agilent Technologies). 

Next generation sequencing analysis 

Paired-end RNA sequencing was performed as follows. Libraries were prepared with 

Illumina Stranded Total RNA Prep, Ligation with Ribo-Zero Plus kit (Illumina) according 

to manufacturer’s instructions, starting from 500ng of total RNA. Final library 

concentration was measured using the Qubit dsDNA BR assay kit (Thermo Fisher 

Scientific) and the quality was assessed on the 2100 Bioanalyzer with the DNA 1000 kit 

(Agilent Technologies). Then, libraries were denatured and diluted to a final 

concentration of 1.6pM and subsequently run on the NextSeq500 (Illumina) platform 

using NextSeq 500/550 High Output Kit v2.5 (150 Cycles).  

Transcript-level read count was performed with kallisto v0.46.2, then raw counts were 

collapsed to gene-level with tximport v1.12.1, then Differential Expression Analysis 

(DEA) was performed with DESeq v1.22.1. The same software was used to produce PCA 
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plots, while for heatmaps and hierarchical clustering seaborn v0.12.2 was used. Gene 

Set Enrichment Analysis (GSEA) was done with the package GSEApy v0.9.16. 

Immune Infiltrate Analysis 

An evaluation of the immune infiltrate was made by analyzing the RNAseq output, 

using CIBERSORT. The CIBERSORT tool characterizes the cellular composition of 

complex tissues by their gene expression profile. A leukocyte signature matrix, called 

LM22, was designed and validated to assess the feasibility of leukocyte convolution 

from mass tumors. It contains 547 genes that distinguish 22 human hematopoietic cell 

phenotypes, including naïve and memory B cells, plasma cells, seven T cell types (CD8T 

cells, naïve CD4T cells, resting memory CD4T cells, memory activated CD4T cells, T cells 

follicular helper, T cells, γδ T cells), resting and activated natural killer (NK) cells, 

monocytes, macrophages (M0 macrophages, M1 macrophages, M2 macrophages), 

resting and activated dendritic cells (DC), resting and activated mast cells, eosinophils, 

and neutrophils. This method has been validated by flow cytometry and is used to 

determine the infiltration of immune cells into various malignancies (e.g., breast and 

colon cancer) [47] 

 

 

https://www.mdpi.com/2072-6694/15/4/1080#B45-cancers-15-01080
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Results 

A hundred and eight patients who underwent surgery for WDL, DDL MFS or UPS from 

2010 to 2020 at the Romagnolo Dino Amadori Oncological Institute (IRST) in Meldola 

were included in this monocentric retrospective study. Of these, 31 were WDL, 30 DDL, 

22 MFS, 25 UPS. Patients characteistics are summarized in Table 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 year RFS and OS were evaluated according to sex, age, grading, histotype, surgical 

margins and inflammatory indexes. Age < 64 years, WDL and MFS, lower grading and 

Patients and disease characteristics N (%) 

    

Gender   

   Male 61 (56.5) 

   Female 47 (43.5) 

    

Age at treatment   

   Median (range) 64 (26-90) 

    

Histotype   

   DDL 30 (27.8) 

   MFS 22 (20.3) 

    UPS 25 (23.2) 

   WDL 31 (28.7) 

    

Grading   

   I 32 (29.6) 

   II 20 (18.5) 

   III 56 (51.9) 

    

Margins   

   0 80 (74.8) 

   1 26 (24.3) 

   2 1 (0.9) 
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NLR <2.5, PLR <190, LMR ≥ 2.4 and SII < 991 have better 5yRFS and 5yOS as reported 

in the table below



 26 

The following tables demonstrate how the predictive power of NLR, PLR, LMR, and SII was 

verified in a multivariate analysis and in an analysis that considered them as continuous 

variables. 

Inflammatory groups according to age, sex, histology, grading and margins was also 

evaluated as shown bleow.  

 

Table for univariable analysis (continuous variables – log2 scale) 

Variables RFS Hazard ratio 

(95%CI) 

p-

value 

OS Hazard ratio 

(95%CI) 

p-value 

NLR 1.58 (1.20-2.07) 0.001 2.01 (1.48-2.78) <0.001 

PLR 1.76 (1.25-2.48) 0.001 2.36 (1.60-3.47) <0.001 

LMR 0.55 (0.39-0.77) 0.001 0.40 (0.27-0.59) <0.001 

SII 1.36 (1.11-1.65) 0.002 1.65 (1.32-2.06) <0.001 
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Of the one hundred and eight patients included in the retrospective analysis, seventy-one 

had histological FFPE material available for RNA sequencing analysis.  

Of the 71 samples analysed, samples with reeds less than 4M reeds clustered compared to 

the remaining samples in the variance analysis (as shown in the following image) and were 

therefore excluded from the analysis.   

 

 

In the forty-seven samples selected for analysis, an evaluation of intra-tumor immune cell 

fractions was carried out using CYBERSORT. As seen from the heatmap below, the most 

abundant intra-tumor cell populations were M2 macrophages, monocytes, naive B cells and 

CD4 resting T lymphocytes. The cluster analysis has revealed three groups: A, B, and C.  
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Cluster A is characterized from an higher level of memory B cells and plasma cells and has 

shown a lower relapse rate (43,75% VS 53,84% VS 50%).  

Cluster B, in which we can observe the highest number of M2 macrophages, showed the 

higher relapse rate (53,84%). 

 Cluster C, in which we observe the highest level of monocyte (C1) or aDC (C2), is 

composed of all high-grade patients that had a late relapse (C1) or just a local relapse (C2).  

No statistical difference has been shown in terms of RFS and OS but interestingly patients in 

cluster C that had a shorter RFS had a better OS.  

CLUSTER N° 

PTS 

N. 

RELAPSE 

5-YEARS RFS 

(95%CI) 

P- 

VALUE 

 

N. 

DEATH 

5-YEARS OS 

(95%CI) 

MEDIAN OS 

(95%CI) 

P- 

VALUE 

 

A 16 7 61.9 (30.3-

82.4) 

0.822 6 77.3 (44.3-

92.2) 

78.8 (57.4-NE) 0.688 

B 13 7 59.8 (28.5-

81.0) 

7 68.4 (35.9-

86.8) 

73.9 (33.3-NE) 

C 18 9 57.5 (29.9-

77.5) 

5 82.2 (54.3-

93.9) 

NE 

 

 

The relative percentage of each individual subtype of immune cell in relation to the total 

number of intra-tumor immune cells was calculated and for each of these the possible 

correlation with grading and histology has been evaluated as follow. 
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Immune cells GI (n=10) GII (n=7) GIII (n=30) p-value 

Bcellsnaive 23.3 (6.9-33.3) 14.6 (5.7-32.3) 12.8 (2.8-38.4) 0.168 

Bcellsmemory 1.8 (0.0-11.3) 0.0 (0.0-11.8) 0.0 (0.0-0.0) 0.059 

Plasmacells 0.3 (0.0-3.52) 0.35 (0.0-5.9) 0.0 (0.0-1.7) 0.810 

TcellsCD8 0.9 (0.0-3.6) 1.3 (0.0-3.6) 2.6 (0.0-4.5) 0.456 

TcellsCD4naive 0.0 (0.0-0.0) 0.0 (0.0-2.6) 0.0 (0.0-0.0) 0.855 

TcellsCD4memoryr

esting 
18.2 (9.3-24.9) 20.5 (19.4-29.0) 25.9 (19.5-32.6) 0.047 

TcellsCD4memorya

ctivated 
0.0 (0.0-0.0) 0.0 (0.0-2.6) 0.0 (0.0-0.0) 0.868 

Tcellsfollicularhelpe

r 
2.7 (2.4-5.6) 0.0 (0.0-3.4) 0.2 (0.0-2.1) 0.066 

Tcellsregulatory 0.0 (0.0-0.0) 0.0 (0.0-2.6) 0.0 (0.0-0.0) 0.935 

Tcellsgammadelta - - - - 

NKcellsresting 2.9 (0.0-3.8) 2.5 (1.4-4.0) 4.3 (1.5-5.6) 0.174 

NKcellsactivated 0.0 (0.0-0.18) 1.6 (0.0-3.4) 0.5 (0.0-2.1) 0.194 

Monocytes 2.9 (1.7-15.2) 9.1 (7.6-11.7) 9.9 (5.5-13.3) 0.384 

MacrophagesM0 1.8 (0.0-4.5) 6.7 (3.4-13.6) 0.5 (0.0-48.8) 0.129 

MacrophagesM1 0.0 (0.0-0.0) 0.0 (0.0-0.6) 0.1 (0.0-1.0) 0.378 

MacrophagesM2 10.6 (6.7-19.9) 9.2 (6.3-18.5) 17.6 (7.6-24.4) 0.449 

Dendriticcellsrestin

g 
- - - - 

Dendriticcellsactiva

ted 
2.9 (2.5-4.8) 4.2 (2.7-9.2) 4.0 (2.9-5.4) 0.449 

Mastcellsresting 1.3 (0.0-8.4) 3.0 (0.1-10.9) 4.3 (2.0-10.6) 0.390 

Mastcellsactivated 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.890 

Eosinophils - - - - 

Neutrophils - - - - 
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Immune cells DDL (n=14) MFS (n=12) UPS (n=11) WDL (n=10) p-value 

Bcellsnaive 24.9 (12.3-32.4) 7.5 (1.4-17.8) 6.8 (2.7-15.4) 23.3 (6.9-33.3) 0.014 

Bcellsmemory 0.0 (0.0-5.5) 0.0 (0.0-0.0) 0.0 (0.0-0.1) 1.8 (0.0-11.3) 0.051 

Plasmacells 0.4(0.0-5.9) 0.0 (0.0-5.5) 0.0(0.0-0.1) 0.3 (0.0-3.5) 0.639 

TcellsCD8 1.5 (0.0-2.1) 3.3 (0.0-9.0) 3.9 (0.0-5.3) 0.9 (0.0-3.6) 0.225 

TcellsCD4naive 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.995 

TcellsCD4mem

oryresting 
21.2 (19.4-28.7) 28.9 (21.5-31.8) 28.4 (19.8-33.8) 18.2 (9.3-24.9) 0.088 

TcellsCD4mem

oryactivated 
0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.967 

Tcellsfollicularh

elper 
0.9 (0.0-6.2) 0.4 (0.0-1.2) 0.0 (0.0-2.1) 2.7 (2.4-5.6) 0.074 

Tcellsregulatory 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.958 

Tcellsgammade

lta 
- - - - - 

NKcellsresting 2.3 (1.3-5.5) 4.8 (2.6-5.6) 3.8 (1.9-6.4) 2.9 (0.0-3.8) 0.277 

NKcellsactivate

d 
0.9 (0.0-3.4) 0.6 (0.0-2.4) 0.1 (0.0-3.0) 0.0 (0.0-0.2) 0.311 

Monocytes 8.6 (5.5-11.5) 11.1 (8.4-19.1) 9.8(5.1-11.8) 2.9 (1.7-15.1) 0.198 

MacrophagesM

0 
3.2 (0.0-4.8) 0.5 (0.0-4.8) 2.0 (0.0-23.9) 1.8 (0.0-4.5) 0.795 

MacrophagesM

1 
0.1 (0.0-0.4) 0.3 (0.0-1.0) 0.4 (0.0-2.2) 0.0 (0.0-0.0) 0.410 

MacrophagesM

2 
15.7 (3.7-22.5) 12.4 (8.8-19.6) 20.3 (7.6-27.7) 10.6 (6.9-19.9) 0.594 

Dendriticcellsre

sting 
- - - -  

Dendriticcellsac

tivated 
3.9 (2.9-5.4) 4.2 (3.6-6.7) 3.7 (1.7-5.2) 2.9 (2.5-4.8) 0.257 

Mastcellsrestin

g 
3.2 (0.4-6.5) 6.2 (3.6-11.9) 2.1 (0.3-10.9) 1.3 (0.0-8.4) 0.182 

Mastcellsactivat

ed 
0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.972 

Eosinophils - - - - - 

Neutrophils - - - - - 
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Differential gene expression analysis has been performed and genes have been compared 

according to G1 VS G3, G2 VS G3, Relapse VS NoRelapse, Distant VS Local Relapse and 

comparison with P< 0,05 and a differential expression higher than 2 Log2 Fold Change and 

lower than -2 Log2 Fold Change were selected. Gene selected are reported in the Table 

below.  

 

 

Gene Distant VS 

Local Relapse 

G1 VS G3 G2 VS G3 Relapse VS 

NoRelapse 

P 

SLC17A8 stable down down up < 0,05 

OR5M8 stable down down up < 0,01 

TIMM8BP2 stable down down up <0,01 

SLC5A8 up down down up <0,01 

HIST1H4K stable down down up <0,01 

 

A cluster analysis of the gene expression has also been made as reported in the subsequent 

heatmap.  
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Discussion 

Treatment of patients diagnosed with soft tissue sarcoma is still difficult and achieving 

satisfactory results when the disease is in the metastatic stage is very rare.  

Therefore, optimising and maximising the effectiveness of treatments in the localised stage 

of disease is currently a priority objective.  

So the goal of our study is to identify additional prognostic factors that can aid in the better 

selection of patients at high risk of disease recurrence in order to provide them with the best 

possible treatment. 

Our findings, while limited by the study's retrospective nature, confirm the predictive role of 

systemic inflammatory indices and point out some interesting new possible prognostic 

biomarkers. Despite their retrospective nature of the analysis, the size of the sample, the 

selection of only four isotypes, and the agreement between the clinical outcomes studied 

and the results seen in literature make the results of this analysis credible even though they 

still need to be validated. 

As what was already shown, in our series histology, grading ad age is related to RFS and OS, 

interesting surgical margins don’t seem to be related to RFS or OS. This may be explained 

by the fact that all patients with R1 surgical margins have received adjuvant radiation 

therapy. Even in based on a small and unplanned sample size, it may strengthen the role of 

adjuvant radiation therapy in patients with positive surgical margins.  
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Systemic inflammatory indices are biomarkers easily obtained through routine blood tests 

that all patients complete before beginning any therapeutic intervention, making them an 

extremely intriguing class of biomarkers.  

The role of these biomarkers has been widely investigated in nearly all the cancers and in 

sarcomas [48-55]. While the consistent number of studies focused on a heterogeneous range 

of histologies and disease settings, the prognostic role of these biomarkers has always been 

confirmed. Interestingly, in this study on patients with localised disease, the magnitude of 

relevance of these makers appears to be significantly greater than that seen in patients with 

metastatic disease in another one of our previous studies and in numerous other studies.  

We still don't fully understand the factors that contribute to the relevance of this peripheral 

"inflamed status", but as shown in our analysis all inflammatory indices (NLR, PLR LMR, SII) 

have shown a strong correlation between inflamed phenotype and both recurrence of 

disease and overall survival.  In literature, an increase in platelets is known to be related to a 

general inflammatory state; however, by secreting vascular endothelial growth factor, 

fibroblast growth factor, and angiopoietin-1 along with other angiogenesis and tumour 

growth factors, they can also mediate the growth of tumour cells, angiogenesis, and 

proliferation. Additionally, platelets play a crucial part in the protection of tumour cells from 

immune degradation and in promoting the metastatic process [56,57].  The most widely 

used haematological indicator of tumour-related inflammation at the present moment is 

NLR, the neutrophil/lymphocyte ratio. Angiogenesis and extracellular matrix remodelling by 

neutrophils can encourage tumour cell migration and metastasis. Furthermore, neutrophils 
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have a significant impact on immunity by inhibiting lymphocyte cytolytic activity, whereas 

tumour-infiltrating lymphocytes can limit tumour cell metastatic growth [59,60].  

Furthermore, the correlation between high systemic inflammatory levels and intra-tumor 

immune activity is currently unclear and needs to be further investigated.  

Our study also analysed the intra-tumor portions of immune cells by deconvolution with 

CIBERSORT software of the RNAseq analysis of 47 surgical samples of the patients included.  

The most common types of immune cells were naive B cells (BCn), CD4 resting T 

lymphocytes, monocytes and M2 macrophages. CD4 resting T cells seems to be more 

abundant in G3 samples and lower grades, while BCn seems to be higher in adipocitc 

histologies. No significant difference in terms of 1 year RFS has been show, however the 

small number of samples included in this analysis doesn’t allow to conclude any inference 

on relapse according to the single intratumoral immune cells. On the contrary the cluster 

analysis showed some interesting results. In particular,  three predominant clusters are 

highlighted: Cluster A, B, and C. Patients grouped in cluster A were predominantly "non-

relapser" patients, while patients grouped into cluster B were primarily "relapser" and mixed 

in the cluster C with a prevalence of local or delayed relapses.  

Within the individual clusters are highlighted subgroups with peculiar characteristics:  

- A1: includes patients with liposarcoma, of different grading (from 1 to 3) not relapsing. 

Compared to other clusters this group of patients showed lower levels of CD4 memory T 

cells (mTCD4c) and M2 macrophages (MM2) while unlike all other samples analysed these 

showed the highest concentration of memory B cells (mBC).  
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-A1b: as group A1 includes patients with liposarcoma, regardless of grading. Unlike group 

A1, however, they show no mBC and some of the patients experienced a relapse of the 

disease (2/4 samples). 

- A2: includes patients with MFS and UPS, all of them had a grade 3 disease, none of which 

relapsed. This subgroup is characterised by the highest concentration of plasma cells 

compared to the rest of the analysed samples.  

- B1: It consists of a small group of two patients, with MFS, Grade 2 and 3 who didn’t had a 

relapse of the disease and are characterised from the immune point of view by the absence 

of nBC, and the presence of the highest levels of naive CD4 T cells.  

- B2: the remaining group consists of patients with LPS, MFS and UPS predominantly of 

grade 3 (except for two samples) who had recurrence of the disease. This group is 

characterised by the highest levels of intra-tumoral MM2 

- C1: consisting of patients of all histologies and with grading between 1 and 3. Of these 

patients, only two patients showed relapse of the disease both after more than 30 months 

after diagnosis. From the point of view of immune intra-tumoral composition, these patients 

show lower levels of MM2 and nBC, higher levels of M0 macrophages (MM0) and higher 

aDC levels.  

- C2: consisting of patients with LPS, MFS and UPS all grade 3. All patients included in this 

group except four had a relapse of the disease and in all patients who had a recurrence this 

was local and not with distant metastasis. This group highlights the lowest levels of nBC and 

MM2, while the highest levels are mTCD4c, Monocytes and aDC.  
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This cluster analysis shows an interesting potential predictive power of specific immune 

signatures in terms of relapses but also of disease aggressiveness (local rather than systemic) 

that needs to be validated in a wider case and a immunohistochemistry analysis of the spatial 

distribution of the immune cells in the tumour will be performed. 

The differential gene expression analysis performed identified five different genes all over 

expressed in patients with higher grading compared to lower grading and who also had a 

disease progression:  

● SLC17A8: This gene encodes a multifunctional transporter that transports L-

glutamate as well as multiple ions such as chloride, sodium and phosphate.  

● OR5M8  (Olfactory Receptor Family 5 Subfamily M Member 8) is a Protein Coding 

gene for  G-protein-coupled receptors (GPCR). 

● TIMM8BP2 (Translocase Of Inner Mitochondrial Membrane 8B Pseudogene 2) is a 

Pseudogene. 

● SLC5A8 (Solute Carrier Family 5 Member 8) is a Protein Coding gene for an 

electrogenic sodium (Na(+)) and chloride (Cl-)-dependent sodium-coupled solute 

transporter. 

● HIST1H4K (H4 Clustered Histone 12) is a Protein Coding gene for histones.  

Among the selected genes only one has been studied in relation to its role in carcinogenesis 

and tumour progression, SLC5A8. In a controversial way, the two studies that evaluated its 

role in tumour progression highlight an oncosuppressor role of the carrier by hypothesising 

the silencing of SLC5A8 itself as an apoptotic escape mechanism of the tumour [62,63]. On 
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the contrary, in our analysis it would seem to be more expressed in patients with more 

aggressive disease, with progression of disease and distant metastasis occurrence. Our 

analysis, however, is based on an RNA sequencing, so a higher case validation of the protein 

research is required to evaluate if the high levels of RNA correspond to an effective higher 

production of the carrier itself.  
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Conclusions 

Our study confirms the prognostic role of NLR, PLR, LMR and SII in patients diagnosed with 

ben and de differentiated liposarcoma, myxofibrosarcoma and undifferentiated pleomorphic 

sarcoma.  

The analysis of intra-tumoral immune infiltrate showed a possible predictive role in terms of 

RFS of nBC and aDC. The cluster analysis of NGS data also showed a grouping of patients by 

dividing patients into "non-relapse" (cluster A) in which the B cell and plasma cell sector 

appear to play a predominant role; "relapser" (cluster B) in which M2Ms appear to influence 

the patients' outcome, a group of patients with higher grading but with more indolent 

behaviour (cluster C) characterised by higher levels of aDC.  

The differential gene expression analysis identified 5 over-expressed genes in patients with 

higher grading and with recurrence of disease.  

All of these findings require validation in a wider case series, and in particular we’re planning 

to perform a spatial immunohistochemistry analysis to evaluate the interaction between 

tumour and immune cells in the different clusters of patients, and also to evaluate the 

SLC5A8’s role in STSs progression.   

The findings of our study may define new biomarkers helpful in defining the risk class of STS 

patients if they’ll be validated in these planned future analyses. 
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