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Editorial on the Research Topic

July 2022: Sarcoma Awareness Month
Sarcomas is the general term for rare kinds of cancer growing in the bone and

connective tissues. These tumors can be divided into two main groups, soft tissue sarcomas,

and bone sarcomas. Interestingly, a new kind of sarcoma has been recently described, called

pseudoendocrine sarcoma (1). The most common tissues affected by this kinds of sarcoma

are bones, muscles, tendons, cartilage, nerves, fat, and blood vessels as well as many

endocrine organs. It affects mainly children, adolescents, and adults under the age of 30,

and represents 1% to 2% of all cancers. Symptoms vary depending on the part of the body

that is affected, and prompt therapies are primary for increasing the survival rate of the

patients. Most of the treatments for this kinds of cancers may include chemotherapy,

radiation therapy and surgery. Recently, hormonal therapy has revealed to be a great

strategy for the treatment of some of these tumors, especially for uterine and endometrial

stromal sarcomas.

It is in this spirit that Frontiers has launched a new article collection to coincide with

the Sarcoma Awareness Month. This Frontiers in Endocrinology Research Topic entitled

“July 2022: Sarcoma Awareness Month” aims to address the endocrinology-specific

dimensions of this devastating disease, highlighting the importance of sarcoma research

and considering how to improve treatment options and prognostic predictions.

Liu et al. explored the role of copper dysregulation in osteosarcoma (OS) by identifying

cuproptosis-related long non-coding RNAs (CRLs) and their potential in prognostication

and treatment response. Using differential expression and correlation analyses, a CRL

signature comprising four key CRLs was developed. This signature was validated through

Kaplan-Meier survival analysis, ROC curves, and independent prognostic assessments,

demonstrating its ability to stratify patients into low- and high-risk groups with significant

differences in prognosis. The signature also correlated with immune status, responses to

immunotherapy, and chemotherapy sensitivity. The findings, confirmed by RT-qPCR,

suggest that this CRL signature could enhance prognostic evaluations and guide

personalized treatment strategies in OS.

Study done by Zhuang et al. aimed to develop a nomogram for predicting overall

survival (OS) in patients with retroperitoneal leiomyosarcoma (RLMS) following surgical

resection, as no such model existed. Analyzing 118 patients who underwent surgery

between September 2010 and December 2020, the researchers constructed the nomogram

using Cox regression, incorporating factors such as the number of resected organs, tumor
frontiersin.org014
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diameter, FNCLCC grade, and multifocality of lesions. The median

OS was 47.8 months, with a majority of tumors fully resected. The

nomogram demonstrated good predictive performance, with a

concordance index of 0.779 and strong agreement between

predicted and actual OS in calibration curves. This model offers

valuable guidance for postoperative consultation and patient

selection for clinical trials.

Another study performed by Eichler et al. investigated the

Health-Related Quality of Life (HRQoL) of adult sarcoma

patients and survivors through longitudinal assessment over one

year across 39 centers in Germany. Utilizing the EORTC QLQ-C30

questionnaire, researchers followed 1111 patients at baseline, with

915 continuing at 6 months and 847 at 12 months. Analysis

revealed that HRQoL varied based on tumor location, with lower

extremity sarcoma patients reporting poorer outcomes compared to

those with upper extremity sarcomas. Additionally, treatment

involving radiotherapy or systemic therapy was linked to

decreased HRQoL. Among patients in complete remission,

smoking negatively impacted HRQoL. Bone sarcomas consistently

showed the worst HRQoL scores, and factors such as being female,

aged 55-64, lower socioeconomic status, and comorbidities were

associated with poorer HRQoL across both groups. Despite some

improvement in HRQoL over time and with physical activity, the

study highlights the need for targeted strategies to enhance HRQoL

in sarcoma patients, particularly for those with bone sarcomas and

other identified risk factors.

The six case reports covers interesting, yet rare sarcoma cases

including hepatic inflammatory pseudotumor-like follicular

dendritic cell sarcoma (Ding et al.), primary synovial sarcoma of

the thyroid gland (Ren et al.), primary mediastinal Ewing’s sarcoma

(Su et al.), low-grade fibromyxoid sarcoma (Zhang et al.), and two

primary pulmonary sarcomas (Wen et al.; Zhang et al.). Through
Frontiers in Endocrinology 025
analyzing the distinctive clinicopathologic features of these rare

cases combined with literature review, valuable insights and lessons

have been learned which will help better understand and manage

these diseases.

With over 70 different subtypes, sarcomas can be difficult to

diagnose and treat. The month-long sarcoma awareness observance

seeks to educate the public about the symptoms, risks, and the need

for early detection, while also supporting research and funding for

improved treatments. While highlight the challenges faced by those

affected, articles collected in this topic undoubtedly would drive

progress in the fight against this challenging disease.
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Identification of cuproptosis-
related lncRNA prognostic
signature for osteosarcoma

Binfeng Liu1,2†, Zhongyue Liu1,2†, Chengyao Feng1,2,
Chenbei Li1,2, Haixia Zhang3, Zhihong Li1,2, Chao Tu1,2*

and Shasha He3*

1Department of Orthopaedics, The Second Xiangya Hospital, Central South University,
Changsha, China, 2Hunan Key Laboratory of Tumor Models and Individualized Medicine,
The Second Xiangya Hospital of Central South University, Changsha, China, 3Department of
Oncology, The Second Xiangya Hospital, Central South University, Changsha, China
Background: Copper is an indispensably mineral element involved in various

metabolic processes and functions in the active sites of many metalloproteins.

Copper dysregulation is associated with cancers such as osteosarcoma (OS),

the most common primary bone malignancy with invasiveness and metastasis.

However, the causality between cuproptosis and OS remains elusive. We aim to

identify cuproptosis-related long non-coding RNAs (lncRNAs) for

osteosarcomatous prognosis, immune microenvironment response,

and immunotherapy.

Methods: The Person correlation and differential expression analysis were used

to identify differentially expressed cuproptosis-related lncRNAs (CRLs). The

univariate, least absolute shrinkage and selection operator (LASSO), and

multivariate Cox regression analysis were performed to construct the CRL

signature. The Kaplan–Meier (K-M) survival analysis, receiver operating

characteristic (ROC) curve, internal validation, independent prognostic

analysis, and nomograph were used to evaluate the prognostic value. The

functional enrichment, tumor microenvironment, immunotherapy and

chemotherapy response between the two distinct groups were further

explored using a series of algorithms. The expression of signature CRLs was

verified by real-time quantitative polymerase chain reaction (RT-qPCR)

in OS cell lines.

Results: A novel CRL signature consisting of four CRLs were successfully

identified. The K-M survival analysis indicated that the OS patients in the low-

risk groups had a better prognosis than that in the high-risk group. Then, the

ROC curve and subgroup survival analysis confirmed the prognostic evaluation

performance of the signature. Equally, the independent prognostic analysis

demonstrated that the CRL signature was an independently predicted factor for

OS. Friends analysis determined the hub genes that played a critical role in

differentially expressed genes between two distinct risk groups. In addition, the

risk score was related to immunity status, immunotherapy response, and

chemotherapeutic drug sensitivity. Finally, the expression of these signature
frontiersin.org01
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CRLs detected by RT-qPCR was consistent with the bioinformatic

analysis results.

Conclusion: In summary, our study confirmed that the novel CRL signature

could effectively evaluate prognosis, tumor immune microenvironment, and

immunotherapy response in OS. It may benefit for clinical decision-making

and provide new insights for personalized therapeutics.
KEYWORDS

osteosarcoma, cuproptosis, metabolism, lncRNA, immunotherapy, tumor microenvironment
Introduction

Osteosarcoma (OS) is a malignant tumor derived from

mesenchymal cells, which most commonly occurs in children

and adolescents (1). As there is no apparent clinical

manifestation in early OS, the most diagnosed patients are

already in advanced stages, accompanied by distant metastasis

(2). Currently, the long-term survival rate for the localized OS is

approximately 68%, while it is still less than 30% in patients with

recurrence or metastasis (3, 4). Meanwhile, the treatment for OS

has been limited improved over the last three decades, especially

in patients with multidrug resistance, recurrence or lung

metastasis (5, 6). This is mainly attributed to the lack of

knowledge of the pathogenic mechanisms (7). To this end, it is

urgent to disclose effective prognostic biomarkers and

promising signatures.

Long non-coding RNA (lncRNA) refers to non-coding

RNAs longer than 200 nucleotides, a large class of gene

transcripts encoded by the genome, but most do not encode

proteins (8). Accumulating evidence shows that lncRNAs play
tosis-related lncRNA;

perator; K-M, Kaplan–

se; TCA, tricarboxylic

set enrichment analysis;

Expression Omnibus;

To Generate Effective

OC, receiver operating

cyclopedia of Genes and

ponent; MF, Molecular

MATE, Estimation of

s using the Expression

ent analysis; Submap,

concentration; ATCC,

lbecco’s Modified Eagle

ential medium; DMEM,

eal Time Quantitative

urve.

02
7

critical roles in regulating cancer proliferation, metastasis,

cycling, and programmed death (9–11). LncRNA HIF2PUT

was demonstrated to inhibit the proliferation, migration, and

invasion of osteosarcoma cells by regulating HIF2 expression

(12). Iron metabolism-related lncRNA signature has also been

proved to predict survival outcomes for OS (13). For instance,

Zhijie Xu et al. demonstrated that the ferroptosis-related

lncRNA signature could precisely predict prognosis and

immune response for hepatocellular cancer (14). Therefore,

metal ions regulated lncRNA signature would be prognostic

candidates for OS.

Copper is an intracellular trace metal that plays an integral

role in various metabolic processes. Cuprotosis is a new form of

precisely regulated programmed cell death, wherein excess

intracellular copper induces proteotoxicity and dysfunction of

the mitochondrial tricarboxylic acid (TCA) cycle via lipoylated

dihydrolipoamide S-acetyltransferase (DLAT) aggregation (15)

LncRNAs were implied as a crucial role in copper-induced

toxicity (16). Therefore, we reasoned that cuproptosis-related

lncRNAs (CRLs) might be a promising biomarker for OS. Here

we report the identification of prognostic CRL signature, the

underlying mechanism, and in vitro experimental validation.

This could be used for individualized survival prediction and to

develop more effective strategies for systemic treatment.
Materials and methods

Data sources

To explore differentially expressed CRLs in OS, we

downloaded the GSE126209 dataset from the Gene Expression

Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/) database.

The mRNA and lncRNA data of six normal and OS tissues were

extracted from GSE126209 for further study. Meanwhile, the

gene profile and corresponding clinical information of OS

patients were downloaded from the Therapeutically Applicable

Research To Generate Effective Treatments (TARGET, https://
frontiersin.org
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ocg.cancer.gov/programs/target) database for the subsequent

CRLs signature construction and related bioinformatics

analysis. These expression data were further normalized by

log2 (expression + 1) transformation. The detailed clinical

information of the OS cohort from the TARGET database is

shown in Table S1. The above expression profile was normalized

to remove nonbiological impact and correct for systematic data.

The cuproptosis-related genes in this study were extracted from

a previous paper (15) and contained ten cuproptosis-related

genes. The detailed information of these genes is displayed in

Table S2.
Differential expressed lncRNA in OS

The principal component analysis (PCA) was utilized for OS

tissue and normal tissue to visualize the differences in expression

patterns. To identify differentially expressed lncRNAs between

OS and normal tissue, we performed the differential analysis

utilizing package “limma” in R software (17). The screening

thresholds were |log2FC| ≥ 1 and adjusted P-value < 0.05.
Identification of CRLs in OS

We conducted the Pearson co-expression analysis to obtain

differentially expressed CRLs in OS. Initially, Spearman correlation

coefficients were calculated based on the expression value of

cuproptosis-related genes and each lncRNA to identify CRLs (|R2|

>0.3 and p<0.05) (18). Subsequently, the CRLs were intersected

with those mentioned above differentially expressed lncRNAs to

select differentially expressed CRLs for further investigation.
Screen CRLs are associated with the
prognosis of OS

After selecting the differential expressed CRLs, the univariate

COX analysis was performed to identify the CRLs associated

with the prognosis of OS. The prognostic CRLs with p-value <

0.05 were screened as candidate lncRNAs for the cuproptosis-

related lncRNAs prognostic signature and following analysis.
Construction and validation of the
CRL signature

The OS cohort was randomly separated into a training

cohort and a testing cohort in a 1:1 ratio using the “caret”

package. The training cohort was used for signature building,

while the testing cohort and the entire cohort were employed for

validation. Primarily, the prognosis-related CRLs are subject to

the least absolute shrinkage and selection operator (LASSO) Cox
Frontiers in Endocrinology 03
8

regression analysis to narrow down the candidate CRLs.

Subsequently, the Multivariate Cox regression analysis was

performed to further screen genes to optimize the CRL

prognostic signature. The cuproptosis-related prognostic risk

scores of each OS patient were calculated using the following

formula: risk score = S (Coefi * Expi), where Coefi and Expi
represent the corresponding coefficient and expression level of

each lncRNA, respectively. Next, the OS patients in the training

cohort were assigned to low-risk and high-risk groups according

to the median risk score in the training cohort. The Kaplan–

Meier (K-M) survival analysis compared the overall survival

between the two distinct risk groups. The receiver operating

characteristic (ROC) curve was further drawn to assess the

predictive accuracy of the CRL prognostic signature. The risk

score of each OS patient in the testing cohort and the entire

cohort was calculated according to the same formula. Then, the

same methodology described above was conducted to evaluate

the potential and applicability of the novel signature. For each

CRLs included in the novel prognostic signature, their

expression levels, their relationship with cuproptosis-related

genes, and their respective correlations were further explored.
Prognostic and independent analysis

The risk scores are combined with clinical information for

subsequent investigation, including survival time, survival status,

gender, age, metastatic status, and tumor location. To exclude the

possible confounding effects from other clinical factors, we

performed a subgroup survival analysis according to the age,

gender, and metastasis status of the OS. Subsequently, the

univariate and multivariate Cox analyses were used to determine

whether the novel CRLs signature had an independent prognostic

ability for OS.
Differential expression analyses between
distinct risk groups

To assess differences in expression profiles between high-risk

and low-risk subgroups, the differentially expressed genes

between the two distinct risk groups were identified by using

the limma package (|log2FC|>0.585 and FDR<0.05). The

volcano plot and clustered heat plot were used further to

display the result of the differentially expressed analysis. In

addition, the distribution of patients with different risk scores

was displayed by utilizing PCA.
Function enrichment analysis

To further explore the functional differences between the

differential genes in the distinct risk groups, we used the
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“clusterProfiler” package to carry out Gene Ontology (GO) and

the Kyoto Encyclopedia of Genes and Genomes (KEGG)

enrichment analysis (19). The GO analysis included the

Biological Process (BP), Cellular Component (CC), and

Molecular Function (MF). Further, the bubble diagrams were

used to visualize the enrichment results. The adjusted nominal

P-values < 0.05 was selected as thresholds of significance.
Protein-protein interaction network and
friends analysis

Next, a PPI network was constructed to identify hub genes

among the differentially expressed genes using the String

database (https://cn.string-db.org/cgi/input) with default

parameters. Meanwhile, the PPI network was visualized using

Cytoscape software (version 3.9.0). In addition, the Friends

analysis was further performed using the “GOSemSim”

package to screen out hub genes (20). Ultimately, the top ten

genes screened by Friends analysis were visualized and presented

as hub genes for subsequent analysis.
The expression and prognosis value of
top ten hub genes

After obtaining the cuproptosis-related hub genes based on

the above analysis, we further analyzed their function in OS. The

co-expression analysis was used to explore the association

between hub genes and cuproptosis. Additionally, the K-M

survival and ROC curves were further used to evaluate the

prognostic performance of the top 10 hub genes in OS.
Gene set enrichment analysis and gene
set variation analysis

To further explore the molecular and biological differences

between high and low-risk groups, we performed GSEA analysis

by package “clusterProfiler”. The KEGG dataset was extracted

from the molecular signature database (https://www.gsea-

msigdb.org/gsea/msigdb), and the p < 0.05 were selected as

thresholds of significance. The GSVA was further performed

to analyze the enrichment of biological processes and pathways

due to CRLs risk level through package “GSVA “ in R (21).

Subsequently, the “limma” package was used to perform the

differential analysis to screen the significantly different pathways

(|log2FC|>0.1 and P-value<0.05). The screened significantly

different pathways were visualized as a clustered heatmap.
Frontiers in Endocrinology 04
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Assessment of immune
microenvironment and immune
cell infiltration

Currently, several reliable approaches have been established

for quantifying immune infiltration and the immune

microenvironment in tumors based on transcriptome data,

such as Estimation of Stromal and Immune Cells in Malignant

Tumors using the Expression Data (ESTIMATE) (22) and single

sample gene set enrichment analysis (ssGSEA) algorithm (23).

In our study, we calculated and compared the immune

microenvironment and immune-infiltrating cell content

between high-risk and low-risk groups. The ESTIMATE is an

algorithm that can detect the tumor purity and activity of

immune and stromal cells in the immune microenvironment

by transforming gene expression. Briefly, the ESTIMATE

algorithm was used to calculate the immune score of each OS

patient and then compare the difference in ESTIMATE score

between the high- and low-risk groups. Also, infiltration levels of

28 immune cells were inferred by the ssGSEA algorithm and

compared in the different risk groups.
Immunotherapy response and drug
sensitivity analysis

The immunotherapy response difference was compared

using subclass mapping (submap), with lower P-values

indicating a higher similarity. Additionally, the “pRRophetic”

package was utilized to predict the half maximal inhibitory

concentration (IC50) of the chemotherapeutic drug, which

indicates the effectiveness of a substance in inhibiting a

specific biological or biochemical process (24).
Nomogram and calibration

To provide a scoring system that predicts the individual

probability of patients’ prognosis, we established a prognostic

nomogram, which can assess the probable 1‐year, 3‐year and 5‐

year survival of OS. Meanwhile, we also drew a calibration curve

to validate the predictive value of the constructed nomogram,

which visualizes the consistency between the actual result and

the probability predicted by the nomogram. The “rms” package

was used to plot the nomogram and calibration curve. In

addition, the ROC curve was applied to investigate the

prognostic value of the nomogram.
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Cell culture

The normal osteoblast cell line (hFOB1.19) was purchased

from American Type Culture Collection (ATCC) and cultured

in Dulbecco’s Modified Eagle Medium/Nutrient Mixture F12

(DMEM/F12) medium (Gibco, United States). Human

osteosarcoma cell lines 143B, HOS, and MG-63 were

purchased from ATCC and cultured in a minimum essential

medium (MEM) (Gibco, United States). Human osteosarcoma

cell line ZOS was gifted by Prof. Kang Tiebang (Sun Yat-Sen

University, China) and cultured in Dulbecco’s Modified Eagle’s

medium (DMEM) (Gibco, United States). Human osteosarcoma

cell line SJSA-1 was purchased from ATCC and cultured in

RPMI-1640 medium (Gibco, United States). All the cell lines

were cultured with 10% fetal bovine serum (Gibco, United

States) and 1% penicillin-streptomycin solution (NCM

Biotech, China) besides SAOS-2, which was cultured with 15%

fetal bovine serum (Gibco, United States) and 1% penicillin-

streptomycin solution (NCM Biotech, China). All the cell lines

were cultured in a humidified atmosphere with 5% CO2 at 37°C.
Real-time quantitative polymerase
chain reaction

Total cellular RNA was drawn from cell lines utilizing RNA

Express Total RNA Kit (M050, NCM Biotech, China). Next,

total RNAs were used for cDNA synthesis with Revert Aid First

Strand cDNA Synthesis Kit (K1622, Thermo Scientific, United

States). Subsequently, the expression level of each gene was
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quantified by Hieff qPCR SYBR Green Master Mix (High Rox

Plus) (11203ES, YEASEN Biotech Co., Ltd, China) and

calculated with the 2-DDCT method. GAPDH was used as the

internal reference for normalization. The primer sequences are

listed in Table S3.
Statistical analysis

All statistical analyses and plots in the present study were

performed in R version 4.0.5. The differences in the expression of

signature CRLs between OS and normal cells were assessed using

independent t-tests. Spearman correlation analysis was used to

determine correlation. The Chi-square test was used to analyze

the differences in clinical characteristics between the distinct risk

groups. P < 0.05 was defined as statistical significance.
Results

Identification of cuproptosis-related
differentially expressed lncRNAs

The flowchart of the study is illustrated in Figure S1. After

batch effect correction and normalization, the mRNA and

lncRNA expression profiles were extracted (Figure S2). Based

on the enrolled criteria, a total of 326 differentially expressed

lncRNAs between the OS tissue and normal tissue were

identified, of which 278 were upregulated, and 48 were

downregulated (Figures 1A, B). Then, Spearman correlation
A

B

FIGURE 1

Identification of differentially expressed CRLs in OS (A) The volcano plot of differentially expressed lncRNAs. Blue represent down-regulated
CRLs, and red represents upregulated CRLs. (B) Hierarchically clustered heat maps of differentially expressed lncRNAs. Red and blue represent
normal and tumor tissues, respectively.
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analysis was conducted between lncRNAs and cuproptosis-

related genes in the OS According to the inclusion parameters

of correlation coefficient (|R2|) > 0.3 and p-value <0.05, there

were 307 CRLs identified in OS (Table S4). Taken together, all

CRLs were differentially expressed in OS (Table S5).
Derivation and validation of a CRLs
prognostic signature

To screen the prognostic value of differentially expressed

CRLs, we performed the univariate Cox regression analysis to

explore the association between the CRLs and the overall

survival of OS. As a result, 31 prognostic CRLs were identified

for signature construction (Table S6). Then, these prognostic

CRLs were subject to the LASSOmethod in the training group to

determine candidate signature CRLs (Figure S3). Next, the

multivariate Cox regression analysis identified the optimal

CRLs prognostic risk signature composed of UNC5B-AS1,
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TIPARP-AS1, RUSC1-AS1 and LINC02315 (Figure 2A). In the

novel CRLs signature, the corresponding cuproptosis risk score

of each OS patient was calculated as the following formula: Risk

Score = UNC5B-AS1*1.60588 + TIPARP-AS1*1.343192 +

RUSC1-AS1*1.585861 - LINC02315*2.66553 (Table S7).

According to this cutoff value of risk score, the OS patients

were classified into low- and high-risk groups. The risk score

distribution and survival status plot demonstrated that the death

cases were mainly distributed in the high-risk group (Figure 2B).

The K-M survival analysis indicated that the OS patients in the

low-risk group showed a significantly better overall survival than

those in the high-risk group (Figure 2C). The areas under the

curve (AUC) of the ROC curve remained above 0.75 at 1, 3 and 5

years, which means the novel CRLs signature had predictive

performance in predicting survival risk (Figure 2D). Notably, we

further performed a validation analysis in the testing cohort and

the entire cohort to determine the predictive value of the novel

CRLs signature. As expected, the validation results on the test

cohort and the entire cohort are similar to those of the training
A

B

DC

FIGURE 2

Construction of the novel CRL signature. (A) Forest plot of multivariate cox regression analysis for prognostic genes. (B) The distribution of the
risk scores and the distributions of overall survival status and risk score in the training groups. (C) Kaplan–Meier analysis of the overall survival
between the two distinct risk groups. (D) ROC curves to predict the sensitivity and specificity of 3-, 5-, and 10-year survival according to the
novel cuproptosis-related signature.
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set (Figures S4, S5). Together, these findings implied that the

novel CRLs signature had a great prognostic prediction value

for OS.
The independent prognostic value
of signature

To further exclude the impacts of other clinical

characteristics on the prognostic values of the novel signature,

we performed a subgroup survival analysis according to the

baseline characteristics. As shown in Figures 3A–F, the OS

cohort in the high-risk group had a worse prognosis than that

in the low-risk group, regardless of the clinical subgroup.

Further, the univariate Cox analysis demonstrated that the

novel CRLs signature was associated with the prognosis of OS

patients (HR: 6.233, 95%CI: 2.371-16.388) (Figure 3G). Besides,

the multivariate Cox analysis further revealed that the signature

was an independent factor for the prognosis of patients with OS

(HR: 8.386, 95%CI: 3.098-22.701) (Figure 3H). Collectively,

these results indicated that this novel CRLs lncRNA signature

could reliably serve as an independent prognostic factor for OS.
The association between signature genes
with cuproptosis in OS

By performing correlation analysis, we have seen that the

four signature CRLs were closely related to cuproptosis-related

genes (Figure S6). Also, there was a significant positive

association between the four risk CRLs (Figure S6).

Subsequently, to further explore the relationship between these

four CRLs and the novel signature, we analyzed the expression

levels of these four CRLs between different risk groups. We

observed an upregulated expression level of UNC5B-AS1,

TIPARP-AS1, and RUSC1-AS1 in the high-risk group

compared to the low-risk group (Figures 4A–C). On the

contrary, LINC02315 was downregulated in the high-risk

group, albeit not statistically significantly (Figure 4D).

Meanwhile, to assess the prognostic effects of each signature

CRLs on OS, we performed KM survival analysis to investigate

the relevance of these four CRLs to the prognosis of OS. We

found that all four signature CRLs had pronounced prognostic

effects in OS (Figures 4E–H). Among them, UNC5B-AS1,

TIPARP-AS1, and RUSC1-AS1 were risk factors for OS, while

LINC02315 was a protective gene for OS. In sum, it is confirmed

that there was an independent relevance between each signature

CRLs and the cuproptosis and prognosis of OS.
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Differentially expressed and functional
enrichment analysis between distinct
risk groups

A total of 296 differential expressed genes between high-risk

and low-risk groups were identified by differential analysis

(Table S8). The results demonstrated a marked difference in

mRNA expression profiles between high- and low-risk groups

(Figure S7). Also, we observed that most differential genes were

upregulated in the high-risk group from the cluster heatmap and

volcano plot (Figures 5A, B). Meanwhile, we performed a PPI

network analysis of differentially expressed genes using the

STRING database for subsequent hub genes identification

(Figure S7). In addition, the GO and KEGG analyses were

utilized to explore potential differences in biological functions

and signaling pathways between different risk groups classified

by the novel CRLs signature. The GO analysis showed that the

CRLs signature was associated with bone metabolism-related

functions (Figure 5C). The KEGG results indicated that the OS

patients in the high-risk group were significantly enriched in

some cancer-related pathways, such as the Wnt signaling

pathway, TGF-beta signaling pathway, and Cell adhesion

molecules (Figure 5D). Hence, these results implied a

significant molecular functional difference between the two

distinct risk groups and the novel CRLs signature was mainly

associated with the tumorigenesis pathway in OS.
Identification of cuproptosis-related
hub genes

To further identified potential hub genes associated with

cuproptosis, we screened the top ten hub genes using Friends

analysis. These ten hub genes may play potential roles in the

molecular functional processes relevant to cuproptosis

(Figure 5E). Meanwhile, there was a pronounced co-expression

relationship between these ten hub genes and the signature CRLs

(Figure 5F). Additionally, to further investigate the survival

impact of these hub genes in OS, we used K-M survival

analysis to detect the correlation between the expression of

each gene and the prognosis of OS. Also, the AUC of the ROC

curve was calculated to evaluate the predictive performance of

each hub gene. From the survival analysis and ROC curve, it can

be seen that the overexpression of DIRAS1, CDCA7, FGFBP2,

PMAIP1, TBRG1, and FAM162A predicted poor prognosis and

had good predictive performance (Figures S8, S9). However, the

predictive role of DDIT4L, SRGN, VAMP5, and MAB21L2 for

OS needs to be further confirmed in the future (Figures S8, S9).
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FIGURE 3

Independent prognostic value of the novel CRL signature. (A–F) K–M survival curves of overall survival stratified by age, gender, and metastasis
status between low- and high-risk groups. (G, H) Univariate and multivariate Cox regression analyses demonstrated the novel CRL signature as
an independent prognostic factor for OS.
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The immune features between distinct
risk groups

To further determine the molecular functional differences

between high- and low-risk groups, we implemented GSEA and

GSVA. The GSEA result showed that the high-risk groups also

enriched several tumor-related pathways, which further confirmed

that the novel CRLs signature was relevant to the development of

OS (Figure 6A). Also, the GSVA demonstrated the OS patients with

lower CRL risk scores were significantly enriched in immune-

activated pathways, such as antigen process and presentation,

cytokine-cytokine receptor interaction, Nod-like receptor

interaction, and TOLL-like receptor signaling pathway, implying

there was a significant difference in the tumor immune

microenvironment between the two distinct groups (Figure 6B).

Therefore, we investigated the role of the CRLs signature in the

immune microenvironment of OS. Initially, the ESTIMATE

analysis displayed that the low-risk group had a higher TME

score (stromal score, immune score, and estimate score) than the

high-risk group (Figure 6C). For the TME score, higher stromal

scores or immune scores represented larger amounts of immune or

stromal cellular components in the TME, while estimate scores

indicated the sum of stromal or immune scores. Similarly, the

ssGSEA revealed significant differences in the infiltration of most

immune cells between the two risk groups (Figure 6D). The

activated B cell, activated CD8 T cell, activated dendritic cell,

CD56bright natural killer cell, central memory CD8 T cell,

effector memory CD8 T cell, gamma delta T cell, immature B

cell, immature dendritic cell, macrophage, MDSC, monocyte,

natural killer cell, natural killer T cell, neutrophil, regulatory T
Frontiers in Endocrinology 09
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cell, type 1 T helper cell, and type 2 T helper cell showed a more

significant infiltration in the CRLs low-risk groups (Figure S10). In

addition, the four signature CRLs andmost cuproptosis-related hub

genes were negatively relevant to the infiltration of immune cells

(Figure S11). Ultimately, the heatmap revealed no significant

differences between the two distinct risk groups in terms of

clinical characteristics (Figure S11). Altogether, these findings

suggested that the activated immune status may account for the

better prognosis of OS in the low-risk group.
Immunotherapy and chemotherapy
drugs response

Given the clinical role of immunotherapy and chemotherapy in

OS, we then explored the relationship between the CRL risk score

and immunotherapy response and drug sensitivity. Briefly, the

submap demonstrated that the OS patients with low CRL risk

scores were more likely to respond to anti-PD1 therapy, which may

provide new insight into the immunotherapy for OS (Figure 7A).

Next, we compared the difference in sensitivity to anti-tumor agents

between the two distinct risk groups. As shown in Figures 7B–F, the

patients in the low-risk group had lower IC50 values for Bexarotene,

Bortezomib, Dasatinib, DMOG, and Lapatinib, which means these

low-risk patients have a better response to these drugs. In contrast,

the patients with high-risk scores were more likely to respond to

ABT.263, ATRA, BIRB.0796, PD.173074, and QS11(Figures 7G–

K). Overview, these findings demonstrate that the novel CRLs

signature may help to predict the efficacy of immunotherapy

and chemotherapy.
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FIGURE 4

The association of these signature lncRNAs with OS. (A–D) The expression level of each signature lncRNAs in the low- and high-risk groups. Green
and red represent the low-risk group and high-risk group, respectively. (E–H) The K-M survival curves for these four signature lncRNAs in OS.
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Construction of the nomogram

To better utilize the novel CRLs signature for clinical

application, we constructed a predictive cuproptosis-related

prognostic nomogram based on the clinical characteristics,

including age, gender, metastasis, and the CRL risk score. As

presented in Figure 8A, the nomogram could predict the 1-, 3-,
Frontiers in Endocrinology 10
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and 5-year probably overall survival rate. Notably, the prognosis

predictive performance for OS is shown by the calibration

curves. The calibration curve for the predictive probability

showed that the nomogram-predicted overall survival was in

accordant agreement with the actually observed overall

survival of OS (Figure 8B). Additionally, the 1-, 3-, and 5-year

AUC values of the nomogram were 0.949, 0.836, and 0.858,
A
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FIGURE 5

Differentially expressed and functional enrichment analysis between distinct risk groups. (A, B) The volcano plot and heatmap of differentially
expressed genes between the low- and high-risk groups. (C, D) The GO analysis and KEGG enrichment pathway analysis between different risk
groups. (E) The Friends analysis of GO-related genes. (F) The association between these ten hub genes and four signature lncRNAs.
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respectively (Figure 8C). Hence, these results imply that the

CRLs prognostic signature was stable and accurate, which may

be used in the clinical management of OS patients.
Validation of the expression of
signature lncRNAs

To further evaluate the expression level of these four

signature CRLs, we utilized their expression in the cell lines

using RT-qPCR. As presented in Figures 9A, B, compared with

those in the normal cell line (hFOB1.19), LINC02315 was

downregulated in the OS cell line (including 143B, HOS, and

MG63), while TIPARP-AS1 exhibited the opposite trend in

143B, HOS, and MG63 cell line. In addition, the UNC5B-AS1

and RUSC1-AS1 had a higher expression level in the OS cell line

than in the normal cell line (Figures 9C, D). In sum, these results

further validated the previous accuracy of our previous

bioinformatics analysis.
Discussion

In the present study, we identified 120 differentially

expressed CRLs in OS via Pearson correlation and differential

expression analysis. Then, we obtained 31 CRLs associated with
Frontiers in Endocrinology 11
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the prognosis using univariate regression analysis and

constructed a CRL prognostic signature consisting of four

prognostic CRLs by LASSO and multivariate regression

analysis. Next, the novel CRL signature was evaluated utilizing

survival analysis, ROC curve, internal validation, independent

prognostic analysis, and in vitro experiments. As far as we are

aware, our research first analyzed the CRLs in OS systematically

and comprehensively, revealing that the novel CRL signature

could be used as a promising prognostic indicator for OS.

Subsequently, we found that DIRAS1, CDCA7, FGFBP2,

PMAIP1, TBRG1, FAM162A, DDIT4L, SRGN, VAMP5, and

MAB21L2 are hub genes in the altered process between the two

distinct risk groups. Interestingly, these genes are known to play

a crucial role in tumorigenesis and development. In particular,

Huan Liu et al. reported that DIRAS1 regulated by METTL3 and

METTL14 could control the malignant progress of OS via

regulating the ERK pathway (25). While the effects of CDCA7,

FGFBP2, and FAM162A on OS remain unclear, their role in

tumors has been documented during the last few years (26–28).

For instance, CDCA7 regulate the expression of CCNA2 to

facilitate the tumor progression of Esophageal Squamous Cell

Carcinoma (28). Given the above analyses and previous

investigations, these hub genes may be a potential molecular

target for the modulation of cuproptosis in OS.

Next, the KEGG and GSEA demonstrated that the OS

patients in the CRL high-risk group were primarily enriched
A B
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FIGURE 6

The relationship between the novel CRLs signature and tumor immune microenvironment in OS. (A) The GSEA between the two distinct risk groups.
(B) The heatmaps of GSVA displayed signaling pathways between the high-risk and low-risk groups. (C) The TME score between distinct groups.
(D) Box plot indicating the relative abundance of immune cells based on ssGSEA in the distinct risk groups. *p < 0.05, **p < 0.01, ***p < 0.001.
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in tumor-associated biological processes, such as the Wnt

signaling pathway, TGF-beta signaling pathway, and Cell

adhesion molecules. These pathways have been documented to

be associated with OS aggressive phenotypes. For example,

NGX6 could inhibit the viability, invasion, and migration,

while promoting the apoptosis of OS cell lines by suppressing

the Wnt/b-catenin signaling pathway (29). This result suggests

that the novel CRL signature in OS may be involved in these

tumor-related signaling pathways. To further evaluate the tumor

immune microenvironment in OS, we calculated the tumor

microenvironment score and the degree of infiltration of

different types of immune cells. Previous studies revealed that

cancer patients with higher immune and stromal scores have an

improved prognosis (30, 31). Consistently, our results exhibited

that the low-risk OS patients had higher immune, stroma, and
Frontiers in Endocrinology 12
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ESTIMATE scores than those in the high-risk group. Similarly,

the ssGSEA results indicated that the infiltration rate of most

immune cells in the high-risk group was lower than in the low-

risk group. Some of them were reported to be tumor antagonistic

immune cells (32, 33). In a previous study, the infiltration of

activated CD8 T cells was proven to correlate to improved

prognosis and survival of primary ovarian cancer (34).

Furthermore, we also found that the four CRLs were positively

relevant to the abundance of immune cells, implying the novel

CRL signature could be used to assess the tumor immune

microenvironment in OS. Therefore, it is reasonable to believe

that a better tumor immune microenvironment may partly

account for a better prognosis of OS patients in the low-risk

group. Blocking the immune checkpoint therapy (such as PD-1

and CTLA-4) is a promising approach for various cancer (35). In
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FIGURE 7

Assessment of immunotherapy and chemotherapy response efficacy in patients from different risk groups. (A) Sensitivity prediction of distinct
groups to the two immune checkpoint inhibitors in the OS cohort. No response, noR; response, R. (B–K) The sensitivity to chemotherapeutic
drugs was represented by the half-maximal inhibitory concentration (IC50) of chemotherapeutic drugs.
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the present study, we surprisingly found that the OS patients

with lower risk scores are promising in response to anti-PD-1,

suggesting that the novel CRL signature might be an underlying

index for evaluating immunotherapy response in OS. In

addition, we assessed the susceptibility to chemotherapeutics

between the two distinct groups. We observed that the OS

patients with different risk scores are different in sensitivity to

chemotherapeutic drugs, which is beneficial in providing

appropriate treatment options for OS. Importantly, we verified

these four signature CRLs expressions in the OS cell. The

expression trend was consistent with the previous

bioinformatic analysis, which further proves the validity of the

novel CRL signature. It is worth mentioning that some of these

signature CRLs had been confirmed to play different functional

roles in tumor progression. For instance, UNC5B-AS1 promotes

the malignant progression of hepatocellular carcinoma, ovarian

cancer, prostate cancer, lung cancer, and thyroid cancer (36–40).

Notably, the tumor promotion role of RUSC1-AS1 has been
Frontiers in Endocrinology 13
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well-characterized in OS (41, 42). Rui Jiang et al. reported that

RUSC1-AS1 facilitate the malignancy of OS via the miR-101-3p-

regulating Notch1 signaling pathway (41). As a candidate

protective factor for lung squamous cell carcinoma,

LINC02315 was diminished in lung squamous cell carcinoma

tissue and had great predictive efficiency (43). Still, studies

regarding the significance of TIPARP-AS1 in tumor

development are not fully known. In our study, we observed

that TIPARP-AS1 was elevated in OS cells and correlated with a

poor prognosis of OS, but the specific roles of TIPARP-AS1 in

OS need further exploration. Based on the above results and

previous research, it is reasonable to believe the reliability of the

novel CRLs signature.

Despite these promising findings, it is worth noting that

some limitations do exist. First, the prognostic value of the novel

CRLs signature needs to be further validated in prospective

studies and clinical cohorts. In addition, the specific mechanisms

of these signature CRLs in OS should be further confirmed using
A

B C

FIGURE 8

Construction and validation of a nomogram. (A) Nomogram for predicting the 1-, 3-, and 5- overall survival of OS patients. (B) Calibration
curves of the nomogram for predicting the 1-, 3-, and 5- overall survival of OS patients. The dashed diagonal line in grey colour represents the
ideal nomogram. (C) The ROC curves of the nomogram estimate the prognostic value of the nomogram.
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in vivo and in vitro experimental validation and further explore

the relationship between the novel signature and tumor

immunity microenvironment. We will incorporate these efforts

into future studies.
Conclusion

In conclusion, we establish a novel signature composed of four

CRLs that could robustly predict the prognosis of OS. In addition,

the relationships between the CRL signature and tumor immune

microenvironment, immunotherapy and chemotherapy response

were preliminarily ascertained. It is reasonable to believe that our

study may provide valuable insights into clinical decision-making

and personalized therapeutic regimens basis for future research.
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Inflammatory pseudotumor (IPT)-like follicular dendritic cell sarcoma (FDCS)

is a rare neoplasm referred to as the FDCS variant. Here we report a 66-

year-old female patient suffering from hepatic IPT-like FDCS and summarize

IPT-like FDCS reported in the literature. The patient presented with obvious

abdominal pain without significant laboratory abnormalities and subsequently

underwent surgical resection of a hepatic lesion. Postoperative pathological

results demonstrated a vascular tissue-rich neoplasm (7.0-cm maximum

diameter). The tumor cells expressed CD21 and CD35, and in situ hybridization

detected Epstein–Barr virus-encoded RNA (EBER). Metastasis or recurrence

was not detected during the 7-year follow-up.

KEYWORDS

inflammatory pseudotumor, follicular dendritic cell, sarcoma, case report, hepatic

Introduction

Follicular dendritic cells (FDCs) develop from perivascular precursors of stromal cell
origin that are essential for the organization and maintenance of lymphoid architecture,
induction of the germinal center reaction, production of B memory cells, and protection
from autoimmune disorders (1). FDC sarcoma (FDCS) is an extremely rare neoplasm
with nearly more than half of the cases occurring in lymph nodes (2). Extranodal
FDCS, which mainly arises from intraabdominal organs such as liver, spleen, colon,
and pancreas, may display systemic clinical symptoms (3). Inflammatory pseudotumor
(IPT)-like FDCS is a recently described unique subtype of FDCS with different
histological appearances and behavior compared with those of classical FDCS. The
most recent World Health Organization (WHO) classification notes that IPT-like FDCS
appears to be indolent; however, the data on clinical outcomes are limited (4).
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The cause of IPT-like FDCS is unknown, and the
diagnostic criteria are not definitive. However, Epstein–
Barr virus (EBV) infection is considered one of the most
important etiologies of this sarcoma (4). Distinguishing IPT-
like FDCS from other tumors is very challenging, and such
tumors are commonly misdiagnosed as inflammatory lesions
or other malignant neoplasms. Definite diagnosis of IPT-
like FDCS should rely on radiology, cellular morphology,
histopathology, and immunochemistry. IPT-like FDCS exhibits
indolent features, prognosis is favorable, and surgical excision is
the best treatment.

Herein, we report the case of a 66-year-old female with
an intraabdominal IPT-like FDCS in the hepatic right lobe.
By analyzing the distinctive clinicopathologic features of this
rare case combined with reviewing the related literature, here
we summarize the current clinical features and diagnosis of
IPT-like FDCS and discuss the treatment and prognosis of
this tumor subtype.

Literature review

We systematically searched the PubMed, EMBASE, and
MEDLINE databases using the search terms “inflammatory
pseudotumor-like” combined with “follicular dendritic cell
sarcoma,” or “follicular dendritic cell tumor,” or “fibroblastic
dendritic cell sarcoma,” or “fibroblastic dendritic cell tumor”
in research published from 2000 to 2022. We collated
demographic, clinicopathological, and follow-up information
(Table 1).

Case presentation

In 2015, a 66-year-old woman who suffered from right
upper abdominal pain was admitted to the Department of
Hepatic Surgery and Liver Transplantation Center at the
Third Affiliated Hospital of Sun Yat-sen University because
of a liver mass detected using abdominal ultrasound at a
local hospital. Based on ultrasound examination and medical
history, the preliminary diagnosis was liver-occupying lesions
and diabetes mellitus type 2. The patient did not complain
of vomiting, nausea, fever, or diarrhea. After admission, the
values of routine tests including liver and kidney function
and routine blood tests were almost within their normal
limits. Liver function according to the Child–Pugh classification
was class A. Serological analyses to detect hepatitis virus,
syphilis, and human immunodeficiency virus were negative.
Furthermore, the levels of common female-specific tumor
markers, particularly α-fetoprotein (AFP), carcinoembryonic
antigen (CEA), carbohydrate antigen (CA)-199, and CA-125
were normal. The patient had a long history of diabetes mellitus

type 2 and achieved good fasting plasma-glycemic control with
acarbose combined with metformin.

Preoperative enhanced magnetic resonance imaging (MRI)
showed a mass approximately 94 × 74 mm with clear
borders in hepatic segments VI and VII. On enhanced phase,
the images showed progressive enhancement of the lesion,
while enhancement was not seen in the necrotic region.
Significantly, the lesion demonstrated slightly hypointense
speckled signals on in-phase and out-of-phase T1WI. Therefore,
the primary diagnosis highly suggested a hepatic fat-poor
angioleiomyolipoma (Figure 1).

Although the diagnosis was not definitive, the large
liver mass caused significant clinical symptoms (abdominal
pain) in the absence of concurrent systematic disease. Our
multidisciplinary hepatic surgery team therefore proposed
surgical resection as the most appropriate procedure to confirm
a diagnosis and further formulate the treatment strategy.
Subsequently, the patient underwent resection of hepatic
segments VI and VII, and minor complications occurred
postoperation. During surgery, lesions were not observed in
the gastrointestinal tract, spleen, mesentery, or other abdominal
organs. The operation lasted 135 min, and the estimated
intraoperative blood loss was approximately 150 mL.

Grossly, the size of the tumor was approximately
7.0 × 5.0 cm, presenting with an indistinct boundary and
a patchy gray-red section with intratumor hemorrhage
and necrosis. Postoperative pathology showed a sarcoma
containing varying sizes of vessel lumens with negative surgical
margins. The neoplastic tissue was extensively infiltrated by
definite lymphocytes, plasma cells, and spindle cells. The
tumor cells were fusiform and ovoid with a translucent
cytoplasm and large vacuolated nuclei. According to the
infiltration of numerous lymphocytes into the neoplastic
tissues and immunohistochemical detection of CD21 and
CD35 expression as well as in situ hybridization detection of
Epstein–Barr virus-encoded RNA (EBER), the morphological
and immunophenotypic results were consistent with a diagnosis
of IPT-like FDCS (Figure 2). Hence, the final diagnosis was
revised to IPT-like FDCS.

The patient was discharged without adjuvant chemotherapy
or radiotherapy and has been examined at our hepatic
surgery follow-up clinic every 6 months. The outcome of
the 7-year follow-up was good, and metastasis or recurrence
was not detected.

Discussion

Follicular dendritic cell sarcoma (FDCS) is a rare
mesenchymal tumor of follicular dendritic cell origin originally
identified by Monda et al. in 1986 (2). FDCS is classified into
the two histopathological subtypes as follows: conventional
and inflammatory pseudotumor-like (5). IPT-like FDCS is
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TABLE 1 Clinical characteristics of patients with inflammatory pseudotumor-like follicular dendritic cell sarcoma.

References Case Age (y)/
Gender

Location Main complaints Maximum
diameter (cm)

EBER Treatment Follow-up Recurrence or
metastasis

Shi et al. (29) 1 77/F Colon Lower abdominal pain with
hematochezia

3.0 + Endoscopic polypectomy 15 months N

Zhao et al. (30) 2 56/F Colon Asymptomatic 3.2 + Surgery 14 months N

Xue et al. (31) 3 45/F Spleen Waist soreness 2.9 NA NA NA NA

4 40/F Spleen Asymptomatic 7.3 NA NA NA NA

5 81/M Spleen Asymptomatic 8.1 NA NA NA NA

6 59/F Spleen Left upper abdominal pain 15.0 NA NA NA NA

7 54/F Spleen Left upper abdominal pain 3.6 NA NA NA NA

8 71/F Spleen Asymptomatic 4.5 NA NA NA NA

9 67/M Spleen Asymptomatic 6.0 NA NA NA NA

Xu et al. (20) 10 81/M Liver Asymptomatic NA NA Resection 12 months N

11 53/M Liver Abdominal distension NA NA Resection 24 months N

12 76/F Spleen Asymptomatic NA NA Resection 10 months N

13 49/F Spleen Asymptomatic NA NA Resection 24 months N

14 73/M Spleen Asymptomatic NA NA Resection 18 months N

15 66/F Liver and spleen Epigastric pain NA NA Resection 20 months N

16 62/F Spleen Asymptomatic NA NA Resection 18 months N

17 43/F Spleen Abdominal distension NA NA Resection 24 months N

18 36/M Spleen Fever NA NA Resection 24 months N

19 41/F Spleen Asymptomatic NA NA Resection 17 months N

20 88/M Spleen Asymptomatic NA NA Resection 12 months N

Pascariu et al. (32) 21 34/F Liver Epigastric pain 6.0 + Laparoscopic
hepatectomy

2 months after
reoperation

72 months after first surgery

Nguyen et al. (33) 22 44/F Spleen Left upper quadrant
abdominal pain

2.5 + Laparoscopic
splenectomy

NA 12 months after first surgery

Morales-Vargas et al. (34) 23 66/F Spleen Left upper quadrant pain 5.0 + Splenectomy 6 months N

Lu et al. (35) 24 55/F Liver Epigastric pain 14.5 + Hepatectomy 60 months with PR Paravertebral metastasis and
recurrence

Liu et al. (4) 25 61/M Liver Asymptomatic 4.2 – Laparoscopic
hepatectomy

13 months N

Li et al. (36) 26 47/M Liver Right upper quadrant
abdominal pain

20.0 + Hepatectomy 50 months N

He et al. (37) 27 64/F Lung Asymptomatic 2.0 + Lobectomy 10 months N

Bruehl et al. (38) 28 70/M Spleen Epigastric pain 9.9 + Splenectomy 24 months N

Zhuang et al. (8) 29 27/F Spleen Desquamative stomatitis 9.0 NA Splenectomy 12 months N
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TABLE 1 (Continued)

References Case Age (y)/
Gender

Location Main complaints Maximum
diameter (cm)

EBER Treatment Follow-up Recurrence or
metastasis

Jin et al. (39) 30 38/M Liver Asymptomatic 12.4 + Hepatectomy NA NA

Mograbi et al. (40) 31 70/F Pancreas and spleen Asymptomatic 7.0 + Pancreatectomy and
splenectomy

NA NA

Li et al. (19) 32 31/F Liver Asymptomatic 3.6 + Hepatectomy 26 months N

33 48/M Liver Asymptomatic 10.0 + Hepatectomy 10 months N

Wu et al. (21) 34 52/M Spleen NA 7.0 + Resection 84 months N

35 46/M Liver NA 3.5 + Resection 35 months N

36 37/F Liver NA 8.5 + Resection 14 months N

37 64/F Liver NA 11.0 + Resection 41 months N

38 63/F Spleen NA 4.0 + Resection 17 months N

39 54/F Spleen NA 8.5 + Resection 7 months N

40 53/M Spleen NA 3.0 + Resection 3 months N

Li et al. (41) 41 64/F Spleen Epigastric pain 7.2 + Laparoscopic
splenectomy

8 months N

42 61/M Spleen Asymptomatic 6.2 + Laparoscopic
splenectomy

16 months N

43 42/F Spleen Left-sided flank pain 4.0 + Laparoscopic
splenectomy

9 months N

44 57/F Spleen and lung Epigastric pain 13.3 + Laparoscopic
splenectomy

4 months Pulmonary metastasis

45 52/M Spleen and vertebra Back pain 3.7 + Laparoscopic
splenectomy

5 months Multiple bone metastasis

Kwon et al. (42) 46 58/F Spleen Asymptomatic 5.0 + Splenectomy 24 months N

Kazemimood et al. (25) 47 53/F Colon Abdominal discomfort 3.0 – Laparoscopic right
colectomy

NA NA

Hang et al. (15) 48 57/M Spleen Asymptomatic 2.7 + laparoscopic
splenectomy

9 months N

Wang et al. (9) 49 60/F Left axillary region and neck Myasthenia 6.4 – Rituximab 2 months after discharge Dead due to MODS

Kitamura et al. (43) 50 74/F Spleen Asymptomatic 2.9 + Splenectomy 24 months N

Hu et al. (44) 51 49/F Left adrenal gland Asymptomatic 5.0 NA Left adrenalectomy 58 months The tail of pancreas
recurrence

Gong et al. (45) 52 42/F Colon Asymptomatic 4.5 + Endoscopic excision 16 months N

Bui et al. (18) 53 50/F Spleen Abdominal pain 6.5 + Splenectomy NA NA

You et al. (46) 54 43/M Liver Right upper quadrant pain 20.0 + Unresectable NA NA

Vardas et al. (47) 55 61/M Spleen Asymptomatic 10.0 + Splenectomy 12 months N

Rao et al. (48) 56 39/M Spleen Asymptomatic 7.2 + NA NA NA

(Continued)
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TABLE 1 (Continued)

References Case Age (y)/
Gender

Location Main complaints Maximum
diameter (cm)

EBER Treatment Follow-up Recurrence or
metastasis

Pan et al. (49) 57 78/F Colon Bloody stool 3.9 + Polypectomy 5 months N

Li et al. (16) 58 49/F Spleen Asymptomatic 4.7 + Splenectomy NA NA

59 56/F Spleen Abdominal pain 8.0 + Splenectomy 17 months N

60 38/M Liver Fatigue, anorexia 8.5 + Left lobectomy of liver 11 months N

61 42/F Liver Abdominal pain 2.0 + Wedge resection 36 months N

62 50/M Spleen and liver Abdominal bloating, fatigue 10.0 + Splenectomy and left
lobectomy of liver

17 months N

63 39/F Liver Asymptomatic 9.0 + Hepatic lobectomy 84 months after
chemotherapy and mass

excision

Recurrence at 12 months

Ge et al. (3) 64 54/F Spleen left upper quadrant pain 3.5 + Splenectomy 10 months N

65 79/M Spleen Epigastric pain 6.0 + Splenectomy 18 months N

Kim et al. (50) 66 76/M Spleen Asymptomatic 3.2 + Splenectomy 7 months N

Choe et al. (13) 67 64/F Spleen Asymptomatic 5.5 + Splenectomy 78 months N

68 72/F Spleen Asymptomatic 7.2 + Splenectomy 18 months N

69 53/F Spleen Asymptomatic 3.2 + Splenectomy 13 months N

70 76/M Spleen Asymptomatic 3.2 + Splenectomy 8 months N

71 72/M Spleen Asymptomatic 6.0 + Splenectomy 18 months N

72 75/M Spleen Abdominal pain 3.5 + Splenectomy 30 months N

Takahashi et al. (27) 73 39/M Spleen Asymptomatic 7.0 – Splenectomy 31 months N

Kiryu et al. (51) 74 56/F Spleen Asymptomatic 4.0 + Splenectomy 24 months N

75 60/M Spleen Asymptomatic 2.0 + Splenectomy 48 months N

76 78/F Spleen Asymptomatic 2.0 + Splenectomy 48 months N

Yoon et al. (52) 77 64/F Spleen Asymptomatic 5.1 + Splenectomy NA NA

Agaimy et al. (26) 78 52/M Ileal mesentery Acute abdomen 6.0 – Emergency excision Lost Lost

Horiguchi et al. (53) 79 77/F Spleen Epigastric pain 8.5 + Splenectomy 36 months N

Brittig et al. (54) 80 54/M Spleen Asymptomatic 12.0 + Splenectomy 48 months N

Wu et al. (55) 81 45/M Liver Epigastric pain 6.7 + Right hepatectomy 9 months N

Zhang et al. (56) 82 31/F Liver Anorexia 3.5 + Laparoscopic right
hepatectomy

10 months N

83 48/M Liver Asymptomatic 10.0 + Right hepatectomy 2 months N

Deng et al. (57) 84 67/F Liver Cough 4.0 + Hepatectomy NA NA

Ang et al. (58) 85 63/F Liver Fever 13.4 + Right hemihepatectomy 48 months N

Zhang et al. (59) 86 19/F Liver Abdominal discomfort 6.0 + Hepatic VII segmental
resection

12 months N

(Continued)
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TABLE 1 (Continued)

References Case Age (y)/
Gender

Location Main complaints Maximum
diameter (cm)

EBER Treatment Follow-up Recurrence or
metastasis

Chen et al. (60) 87 28/F Liver Abdominal pain 6.0 + Left lobectomy of liver NA Recurrence at 48 months

88 39/M Spleen Asymptomatic 7.4 + Splenectomy 40 months N

89 48/M Liver Abdominal pain 23.3 + Extended right
hemihepatectomy

23 months N

90 65/M Spleen and Liver Epigastric pain 23.3 + Splenectomy and radical
dissection of

retroperitoneal lymph
nodes

2 months Dead for cachexia

91 51/M Spleen Malaise, weight loss 8.5 + Splenectomy 19 months N

92 68/M Spleen Asymptomatic 2.3 + Splenectomy 6 months N

93 51/F Spleen Abdominal discomfort 5.3 + Splenectomy 5 months N

94 67/M Spleen Asymptomatic 7.5 + Splenectomy 5 months N

95 60/M Liver Asymptomatic 3.0 + Wedge resection 3 months N

96 52/F Spleen Asymptomatic 0.9 + Splenectomy 12 months N

Nguyen et al. (61) 97 57/F Liver and Spleen Weight loss NA + Rejection treatment NA NA

Granados et al. (62) 98 57/F Liver Abdominal pain 13.0 + Resection 24 months N

Cheuk et al. (6) 99 19/F Liver Right upper quadrant pain 12.0 + Resection 40 months N

100 56/F Liver Abdominal discomfort 15.0 + Resection of right lobe of
liver

56 months Recurrence at 15, 27, 35
months respectively

101 40/F Liver Epigastric pain 12.5 + Left hepatectomy 108 months Recurrence at 108 months

102 49/F Liver Asymptomatic 4.2 + Resection 9 months N

103 37/M Liver Weight loss 15.0 + Right trisegmentectomy 42 months N

104 35/F Liver Abdominal discomfort 20.0 + Right hemihepatectomy 95 months Dead for disseminated tumor

105 31/F Liver Abdominal distension 15.0 + Right hemihepatectomy 60 months N

106 58/F Spleen Abdominal discomfort 22.0 + Splenectomy 4 months N

107 39/F Spleen Weight loss 7.5 + Splenectomy 2 months N

108 61/F Spleen Asymptomatic 3.5 + Splenectomy NA NA

109 49/F Peri-pancreas Abdominal distension 9.5 + Whipple’s operation NA NA

Chen et al. (63) 110 57/F Liver Epigastric pain 9.5 + Refusion surgical
resection

36 months N

111 51/F Liver Abdominal distension 12.0 + Left lobectomy 12 months N

Lewis et al. (11) 112 81/F Spleen Epigastric pain 5.0 + Splenectomy 18 months N

Nishiyama et al. (64) 113 73/F Spleen Asymptomatic 8.0 + Splenectomy 144 months N

Present case 114 66/F Liver Abdominal pain 7.0 + Hepatic segment VI and
VII resection

84 months N

N, none; NA, not available; MODS, multiple organ dysfunction syndrome.
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FIGURE 1

Preoperative enhanced magnetic resonance imaging (MRI) examination. (A) T1WI shows an ovalshaped hypointense lesion with clear border in
the right lobe of the liver (arrows, 94×74 mm). (B) Fat-suppressed T2WI shows a slightly hyperintense lesions (arrows). (C,D) The in-phase (C)
and out-of-phase (D) of T1WI demonstrates hypointense speckled signals within the mass (arrows). (E) DWI shows a hyperintense lesions
(arrows). (F–J) Enhanced MRI scans showed progressive enhancement of the lesion (arrows) on the early (F) and late (G) arterial phase, portal
venous phase (H), delayed phase (I), and coronal view (J), while no enhancement was seen in the necrotic region. MRI, magnetic resonance
imaging; T1WI, T1 weighted image; T2WI, T2 weighted image; DWI, diffusion weighted imaging.

an extremely rare tumor, and only 113 cases are published
(Table 1).

Inflammatory pseudotumor (IPT)-like FDCS possesses
morphological and clinical features intermediate between
inflammatory pseudotumors and FDC tumors and was first
classified in 2001 as a distinct variant (6). Compared
with conventional FDCS, IPT-like FDCS exhibits unique
histopathological and clinical features that generally occur in
abdominal organs, almost exclusively involving the spleen, liver,
or both (104/114); and colonic (5/114), mesenteric (2/114),
pancreatic (1/114), pulmonary (2/114), paranephric (1/114),
and lymphatic (1/114) involvement occur as well.

Inflammatory pseudotumor (IPT)-like FDCS
predominantly occurs in middle-aged adults (median
age, 54.5 years; range, 19–88 years), with marked female
predominance (female to male ratio = 1.71:1). Patients are
mainly asymptomatic or present with abdominal distension or
pain, occasionally accompanied by systemic symptoms such
as back pain, waist soreness, significant weight loss, fever, and
weakness. In rare cases, IPT-like FDCS exhibits paraneoplastic
arthritis (7), and paraneoplastic pemphigus (8–10).

The pathogenesis and causes of IPT-like FDCS are
unknown, although Epstein–Barr virus (EBV) may play an
essential role in etiology. Stimulation by EBV may induce
FDCs derived from mesenchymal cells to undergo neoplastic
transformation and express CD21 and CD35 (11, 12).
Interestingly, Choe et al. (13) found remarkable numbers
of IgG4-positive plasma cell in 6 Asian patients with EBV-
positive IPT-like FDCS of the spleen, suggesting that the
intimate relationship between IgG4 and EBV plays a critical
role in IPT-like FDCS, which may be limited to Asians.

Moreover, mutations in genes encoding components of the NF-
κB pathway, cell cycle regulatory genes (CDKN2A and RB1),
and immune evasion genes (CD274 and PDCD1LG2) may be
pathologically associated with IPT-like FDCS (14).

The morphology of IPT-like FDCS is similar to that of the
conventional type. Gross examination reveals that most tumors
exhibit a well-marginated, thin-walled, yellowish, soft tissue
mass (maximum diameter = 7.54 ± 4.93 cm). In particular,
localized hemorrhage or necrosis is observed within the tumor.
The neoplastic cells, which may exhibit mild atypia, are usually
spindle, ovoid, or polygonal and form storiform, fascicles, or
trabecular arrays, which exhibit sparsely vesicular chromatin
and distinct nucleoli (15). In particular, the inflammatory
component of IPT-like FDCS, a more prominent histology,
comprises mainly lymphocytes (B and T cells), plasma cells,
eosinophils, and rare epithelioid histiocytes, with neoplastic
cells often obscured by the inflammatory infiltration (6, 16).
Owing to the lack of atypical tumor cells, IPT-like FDCS are
often incorrectly identified inflammatory-reactive processes or
inflammatory pseudotumor, even other various neoplasms (17).
Moreover, the scarcity of cases and lack of specific clinical and
imaging features present a formidable challenge to diagnosing
IPT-like FDCS. Currently, the diagnosis of IPT-like FDCS
requires auxiliary tests, including imaging, detecting distinctive
cytological features, immunohistochemical detection of FDC
markers, and in situ hybridization to detect EBER.

Although limited reports are available on the imaging
features of IPT-like FDCS, they aid in making correct
diagnoses before treatment when a neoplasm is detected (18).
Most unenhanced computed tomography (CT) images display
circular or elliptical, slightly hypodense tumors with a clear
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FIGURE 2

Postoperative pathology examinations. (A) Grossly, the cut surface of the fleshy neoplasm with necrosis and hemorrhage (tumor size:
7.0×5.0 cm); (B) H&E stained image showing that the tumor tissue had a meshwork-like architecture with abundant vascular-like proliferation,
magnification: 200X; (C) The positive IHC result of CD21, magnification: 100X; (D) The positive IHC result of CD35, magnification: 100X; (E) The
positive result of EBV for in situ hybridization, magnification: 200X. H&E, hematoxylin and eosin; IHC, immunohistochemical; EBV, Epstein Barr
virus.

boundary. In certain cases, significant necrosis is seen within
the tumor, while calcification or hemorrhage is rare. The lesions
typically show heterogeneous enhancement in the enhanced
phase, although the enhancement state is lower than that of
the parenchyma. Therefore, the tumor area is always hypodense
compared with the periparenchyma, and annular enhancement
is observed in the delayed phase, sparing the central necrotic
region (19). MRI and CT images are similar, and most lesions
demonstrate enhancement from the center to the periphery in
the arterial phase. The enhancement amplitudes of lesions in the
portal, venous, and delayed phases tend to be homogeneous and
diminished to varying degrees, and annular enhancements are
occasionally observed (20).

The diagnosis of IPT-like FDCS is invariably supported by
immunohistochemistry, and multiple FDC markers are often
necessary, including CD21, CD23, CD35, CXCL-13, D2-40,
Clusterin, Fascin, epidermal growth factor receptor, and CNA42
(21, 22). In particular, CD21 and CD35 are the most specific with
almost universal positivity (23). Nevertheless, some EBV-related
IPT-manifesting lesions do not express FDC markers (16). The
immunohistochemical analysis of SSTR2a in FDCS indicates
a positive rate significantly higher than CD21 and CD35 in
conventional subtypes, while all IPT-like variants are negative
(24). Therefore, SSTR2a shows promise as a highly sensitive

and differential diagnostic marker to distinguish between FDCS
and IPT-like FDCS. As mentioned previously, IPT-like FDCS is
closely associated with EBV infection, while conventional types
infrequently involve EBV (12). Our literature review identified
only five cases of intrabdominal, EBER-negative IPT-like FDCS
(4, 9, 25–27). In our present case, immunohistochemical
analysis of the pathological specimen detected strongly positive
expression of CD21, CD35, Ki67 (> 20%), and EBER (Figure 2).

Inflammatory pseudotumor (IPT)-like FDCS is a low-
grade malignant tumor with good prognosis. Unlike FDCS,
IPT-like FDCS is apparently indolent, with few instances of
recurrence and metastasis (3). Disease status at the time
of last follow-up is known for 92 patients, with follow-up
times ranging from 2 to 144 months. Only 9.65% of patients
(n = 11) experienced recurrence or metastasis during follow-
up. Yet, PNP-associated IPT-like FDCS predominantly occurs in
intraabdominal sites, indicating poor prognosis (8–10). Surgery
is the most effective therapy for IPT-like FDCS, and only two
cases (Cases 49 and 63) received chemotherapy or targeted
therapy. However, chemotherapy, radiotherapy, or targeted
therapy do not achieve a significant improvement in overall-
or disease-free survival (28). Notably, Cases 49, 90, and 104
died because of multiple organ dysfunction syndrome, cachexia,
and disseminated tumor, respectively, during treatment. The
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possibility of recurrence and metastasis suggests conducting
long surveillance after surgery.

Conclusion

Inflammatory pseudotumor (IPT)-like FDCS is an
extremely rare neoplasms that mainly occurs in the
intraabdominal region. EBV probably plays an essential role in
the etiology of IPT-like FDCS. The diagnosis of IPT-like FDCS
is complex and usually relies on fine-needle aspiration biopsy
or postoperative pathological diagnosis. Surgical resection
is the most effective treatment, although the efficacy and
safety of adjuvant chemotherapy, radiotherapy, or targeted
therapy for postoperative management are unknown. IPT-
like FDCS presents a certain risk of recurrence or metastasis
after initial treatment. Thus, regular follow-up visits are
strongly recommended.
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Primary synovial sarcoma of the
thyroid gland: a CARE compliant
case report and literature review
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Zhexu Cao1, Qin Jiang1, Xiang Lin2, Fei Ye1*† and Yi Gong1*†
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Hunan, China, 2Department of General Surgery, Huaihua Second People’s Hospital, Huaihua, Hunan,
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Rationale: Synovial sarcoma is a subtype of soft tissue sarcoma. Synovial sarcoma

in the head and neck region is relatively unusual. Primary synovial sarcoma of the

thyroid gland (PSST) is first reported in 2003 by Inako Kikuchi. PSST is extremely rare

with only 15 cases documented globally. PSST shows rapid disease progression

and a relatively poor prognosis. However, diagnosis and therapy are challenging

for clinical surgeons. In this article, we reported the 16th PSST case and reviewed

the PSST cases globally for further clinical application.

Patient concerns: The patient was referred to us because of gradually worsened

dyspnea and dysphagia for 20 days. Physical examination showed a 5× 4cmmass

with a clear boundary and good mobility. Contrast-enhanced ultrasonography

(CEUS) and computed tomography (CT) showed a mass in the isthmus of the

thyroid gland. The imageology diagnosis tends to be a benign thyroid nodule.

Diagnosis: After surgery, histopathology, immunohistochemistry, and

fluorescence, in situ hybridization indicated the mass to be primary synovial

sarcoma of the thyroid gland with no local and distant metastasis.

Interventions: The patient underwent total thyroidectomy and dissected the

lymph nodes in the central compartment. This patient received postoperative

chemotherapy (a combination of ifosfamide and epirubicin for five cycles).

Patients tolerated chemotherapy well. No recurrence was found during the

9-month follow-up.

Lessons: Although PSST is an extremely rare disease, we should raise our

awareness when we encounter a rapidly growing, cystic-solid mixed thyroid

mass with neck compression symptoms to avoid misdiagnosis. Intraoperatively,

surgeons should refine surgical procedures to avoid capsular rupture and tumor

local implantationmetastasis. Intraoperative frozen section pathology is necessary

sometimes, especially when the diagnosis could not be established before surgery.

KEYWORDS

primary synovial sarcoma of the thyroid gland, SS18 gene, perioperative evaluation, case

report, literature review

Introduction

Synovial sarcoma is a kind of histological subtype of soft tissue sarcoma, making up

8–10% of all soft tissue sarcomas. It is a high-grade malignant neoplasm of mesenchymal

pluripotent cells, characterized by a specific t(X;18) (p11.2; q11.2) translocation leading

to the generation of SYT-SSX fusion gene transcripts (1, 2). According to different ultra

structures, synovial sarcoma was divided into monophasic patterns and classic biphasic
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patterns (2). Synovial sarcoma in the head and neck region is

relatively unusual, and primary synovial sarcoma in the thyroid

gland is extremely rare with only 15 cases documented globally

(3–13). Due to the rarity of the disease, challenges exist in clinical

practice from diagnosis to follow-up. In the study, we report a

case of a middle-aged female who was diagnosed with thyroid

synovial sarcoma post-surgery. This is the 16th PSST case reported.

For deep investigation, the clinical characteristics of 15 previously

reported cases were also carefully summarized. Because of a lower

survival rate (5-year survival rate of ∼60%) than differentiated

thyroid cancer (14), we hope our case report and literature review

could arise awareness of thyroid synovial sarcoma and improve the

diagnosis and treatment of this disease.

Case presentation

A 59-year-old female patient was admitted to our hospital

in June 2022. Her chief complaints were dyspnea and dysphagia

for 20 days. She felt dyspnea 20 days before, and the discomfort

gradually worsened accompanied by cough and dysphagia. The

physical examination showed a palpable hard mass in the center

of the neck. The size of the mass was 5 × 4 cm (Figure 1). The

boundary of the mass is clear, and no tenderness was found. The

mass couldmove up and downwith swallowing. There is no jugular

vein distension, and the trachea is centered. No enlarged lymph

node was found through palpation. No other signs were found in

the physical examination. The patient denied symptoms such as

fever, palpitations, shaky hands, and irascibility. There were no

abnormalities in defecation and urine. There was no significant

change in weight over the past 3 months. The patient underwent

a cholecystectomy 10 years ago. She had a history of asthma for

a year. Intermittent oral and inhaled drug therapy were used for

asthma. The patient has no familial-hereditary disease, and no

similar diseases were diagnosed in her family.

Accessory examination before surgery

A Blood test showed no obvious abnormalities. The level

of thyroid hormone and calcitonin is in the normal range.

No abnormalities were found in the laryngoscopy, chest X-

ray, and chest CT. Contrast-enhanced ultrasonography showed a

heterogeneous echoic, cystic-solid mixed mass∼48.8× 37.2mm in

the isthmus of the thyroid gland. The mass is with clear boundary,

regular shape. In total, 0.6ml perflubutane microspheres were

injected through the elbow intravenous for CEUS. The isthmus

nodule wasmostly equally enhanced and partially no enhancement.

The peripheral nodule showed annular enhancement. No obvious

enlarged lymph nodes were observed in the cervical region. The

mass was classified as TI-RADS 3 (Figure 2). CT scan showed a

mass lesion in or below the isthmus of the thyroid gland. The

Abbreviations: PSST, primary synovial sarcoma of the thyroid gland; CEUS,

Contrast-enhanced ultrasonography; CT, computed tomography; MTC,

medullary thyroid carcinoma; SETTLE, spindle epithelioid tumor with

thymus-like di�erentiation; UTC/ATC, undi�erentiated/anaplastic thyroid

carcinoma; MRI, magnetic resonance imaging.

mass was heterogeneous density. There are microcalcifications and

liquefaction necrosis areas inside the mass. The average CT value is

28 HU. The edge of themass is mostly clear. The contrast-enhanced

CT demonstrated heterogeneous enhancement. The degree of

enhancement is lower than that of the normal thyroid gland. The

average CT value is 58 HU. There are multiple small lymph nodes

in the I-II area of the cervical region. The CT could not establish a

confirmed diagnosis but a low-grade tumor could not be ruled out

(Figure 3).

Therapy

The patient was intended for partial thyroidectomy. We

made a transverse arc-shaped incision in the suprasternal notch,

dissociated the subcutaneous tissue, and opened the interval

between the bilateral strapmuscles in the neck to expose the thyroid

mass. The mass was located in the isthmus of the thyroid gland

and extended to the back of the sternum. The mass was cystic-

solid mixed. The cyst wall was closely adhered to the trachea.

Intraoperatively, the mass was difficult to be mobilized and led

to a capsular rupture and an effusion of necrotic, hemorrhagic,

and gelatinous liquid. When the mass was cut open, chocolate-like

contents could be seen in the capsule. The solid section was fish-

like, gray-red, and gray-yellow, and hard calcification was visible in

some areas. Frozen section pathology showed soft tissue sarcoma,

after which we choose to carry out total thyroidectomy and central

cervical lymph nodes dissection.

Histopathology

Histopathology showed that the thyroid isthmus mass was a

mesenchymal tissue-derived spindle cell malignant tumor, with

epithelioid differentiation in the focal area. The nucleus was

atypical. Lots of mitotic figures could be seen. Invasion of

surrounding soft tissues was observed. There are no obvious masses

in the left and right lobes of the thyroid gland. There was no

metastasis in the central cervical lymph nodes (0/6) (Figure 4).

Immunohistochemistry

CK(-), EMA(-), CK7(-), CK19(-), CD99(-), Bcl-2(+), WT-

1(-), TLE1(+), Ki-67(50%), P53(30%+), Vim(+), Syn(focally +),

S100(-), SMA(-), MyoD1(-), STAT6(-), and SOX-10(-) (Figure 4).

Fluorescence in situ hybridization (FISH)

Molecular analysis, performed on the formalin-fixed paraffin-

embedded tissue by fluorescent in situ hybridization (FISH),

showed an SS18 (SYT) gene rearrangement, highly consistent with

the diagnosis of a PSST (Figure 4).

Pathology Stage: pT2N0M0. Stage IIA
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FIGURE 1

Preoperative photo of the tumor anteriorly (A) and laterally (B).

FIGURE 2

Preoperative contrast-enhanced ultrasonography of the patient. (A) Gray scale ultrasonography of the mass. (B) Color Doppler imaging of the mass.

(C, D) Contrast-enhanced ultrasonography of the tumor.
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FIGURE 3

Preoperative CT scan of the patient. (A) Plain CT of the neck (horizontal plane). (B) CT scan of the neck (coronal plane). (C, D) Contrast-enhanced CT

of the neck (horizontal plane).

Postoperative adjuvant therapy and
follow-up

After the initial surgery, chest CT, abdominal CT, MRI

of the head, and whole-body bone scan were performed for

evaluation. No obvious local and distant recurrence or metastases

was found. After evaluation, this patient received chemotherapy

(a combination of ifosfamide 3,000mg and epirubicin 120mg).

The patient tolerated chemotherapy well. The patient received

five-cycle chemotherapy. Postoperative adjuvant radiation therapy

was recommended by the oncologist, but the patient refused for

personal reasons. After 9 months of the surgery, no remarkable

recurrence and metastases were detected.

Discussion

In this article, we reported the 16th PSST case globally.

Although the mass of this patient was mostly composed of

spindle cells, a lack of normal thyroid follicular epithelial cells, the

boundary between the mass and the surrounding thyroid tissue was

unclear, and a part of the normal thyroid tissue was replaced by

the synovial sarcoma. In synovial sarcoma of the head and neck

regions originating from other structures, the main tumor foci are

usually situated around their local regions instead of the thyroid

gland. Therefore, according to a definition in a previous study,

this mass was identified to be primary thyroid synovial sarcoma

(5). When summarizing the clinical features of this case, we could

find that the course of the disease was only 20 days, and the mass

has some similarities with the benign thyroid nodule (including

clear boundary, regular shape, and annular enhancement on

ultrasound). These characteristics may lead to a missed diagnosis

ofmalignancy in preoperative evaluation. However, when trying for

total excision, we found that themass closely adhered to the trachea,

which is different from a typical benign thyroid tumor. Therefore,

we choose to perform frozen section pathology intraoperatively.

The intraoperative frozen section pathology assisted the surgeon to

make clinical decisions and helped the patient to avoid reoperation.

According to the research by Maduekwe et al. synovial sarcoma

was thought to have a predilection for metastases to lymph nodes,

necessitating the need for possible sentinel node biopsy (15, 16).

Therefore, when we encounter rapidly growing thyroid nodules,

we should be careful in perioperative assessment and perform

intraoperative frozen section pathology when necessary.

For further investigation, we searched the PSST case in PubMed

and Web of Science. A total of 15 cases were reported previously.

We summarized the clinical characteristics of the 15 cases in

Table 1. In most PSST cases, the course of the disease is <1 year

and progressing rapidly. In cases with detailed follow-up, most

PSST patients presented recurrence within 2 years. A total of eight

cases have detailed survival data. Among them, six patients have

fatal events. The longest survival time in these patients is 126

months (in a study by Carina Owen) and four patients died within

3.5 years. The 5-year survival rate is consistent with a previous

study (14). Generally, PSST showed rapid disease progression and

relatively poor prognosis. Regarding the preoperative evaluation

of PSST, the tumor is usually cystic-solid mixed, larger than 5 cm,

and presented symptoms of neck compression. In eight cases, fine
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FIGURE 4

Histopathology examination and FISH of the patient. (A) Microscopic images showing biphasic tumor (H&E × 100). (B) Microscopic images showing

pathological mitotic (Black arrow, H&E × 400). (C) Microscopic images showing the tumor invasion to adipose tissue (H&E × 100). (D)

Immunohistochemistry positive to Ki-67 (H&E ×100). (E) Immunohistochemistry positive to Vim (H&E ×100). (F) Immunohistochemistry positive to

TLE1 (H&E × 100). (G) Immunohistochemistry positive to Bcl-2 (H&E × 100). (H) Fluorescence in situ hybridization (FISH) break-apart probe

confirmed SS18 gene rearrangement (split red and green signal).

needle aspiration (FNA) was performed for diagnosis. However,

only one case has been suspected to be a malignant spindle cell

tumor.Most patients were diagnosed withMTC or undifferentiated

thyroid carcinoma by FNA, and some patients could not be

diagnosed by FNA. These data indicated that the cytopathological

diagnosis of PSST is challenging. Although Aisner et al. proposed

that FNA is important for diagnosing soft tissue synovial sarcoma,

establishing the diagnosis of PSST is difficult due to its rarity

(17). We should be careful in clinical practice in order to reduce

misdiagnose rate of this rare disease even when FNA indicated a
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TABLE 1 Clinical characteristics of PSST cases reported previously.
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1 Inako

Kikuchi

2002 60/Male Hoarseness 1 year 6.8∗6.5 cm Not recorded Cervical

tumor to be

accompanied

by

destruction of

the thyroid

and cricoid

cartilage

Thyroid

medullary

carcinoma

(by FNA)

Thyroid

medullary

carcinoma

Total

thyroidectomy

with partial

resection of

the thyroid

and cricoid

cartilage,

partial

resection of

the cervical

esophagus and

dissection of

the lymph

nodes around

the thyroid

gland

Mostly long

spindle cells

vimentin (+),

bcl-2 (+),

epithelial

membrane

antigen (+),

cytokeratin

(+), Leu-7(+),

thyroglobin (-),

triiodothyronine

(-), thyroxin (-)

Chimera

SYT-SSX

gene

transcripts

(by

RT-PCR)

Monophasic Not

recorded

Multiple

pulmonary

metastases

and

local

tumor

recurrence

(18

months

after

surgery)

32

months

after

the

surgery

32 months

2 Ki-Seok

Jang

2007 15/Male Palpable

neck mass

4 months 6∗5∗5 cm Not recorded A relatively

well-

demarcated

solid mass at

the superior

and lateral

portion of the

left thyroid

gland

A benign

follicular

lesion (by

FNA)

Moderate

cellularity

with a

predominance

of bipolar

spindle-

shaped

cells

Total

thyroidectomy

and left

cervical lymph

node

dissection

An admixture

of spindle and

epithelial cell

components

in almost

equal

proportions

Cytokeratin

(+), vimentin

(+), epithelial

membrane

antigen (+),

CD 99 (+),

muscle specific

actin (-),

smooth muscle

actin (-),

S-100(-),

carcinoembryonic

antigen (-),

synaptophysin

(-),

chromogranin

(-),

thyroglobulin

(-), and thyroid

transcription

factor-1(-)

SYT-SSX

fusion gene

transcript

was

identified

(by

RT-PCR)

Biphasic Not

recorded

Not

recorded

Not

recorded

Not

recorded
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3 Chang

Hwan

Ryu

2011 72/Female Neck mass,

hoarseness

and

dysphagia

3 months 6∗5∗4.5 cm A 6∗5cm-sized,

heterogeneously

hypoechoic

nodule with

internal

calcification in

the left lobe of

the thyroid

gland

A large, low

attenuating

mass

replacing the

left thyroid

gland

extending to

the level of

the hyoid

bone

superiorly

and superior

mediastinum

inferiorly

with possible

invasion to

the trachea

Cystic change

(by FNA)

Cystic

change

Total

thyroidectomy

with tracheal

fenestration

Fascicles and

sheets of

dense,

uniform,

relatively

small ovoid

neoplastic

cells

CD 99(+),

cytokeratin (-),

desmin (-),

S-100(-), CD

31(-), CD 34(-),

epithelial

membrane

antigen (EMA)

(-)

SYT/SSX

fusion gene

transcript

(+)

Monophasic Concurrent

chemoradiation

was

planned but

not

performed

Not

recorded

2

months

after

surgery

(due

to

unknown

causes)

2 months

4 Ali

Ghafouri

2012 44/Female Neck mass

and

dyspnea

4 months 17∗14∗6cm Not recorded A large tumor

with tracheal

deviation

Unknown Not

recorded

Mass biopsy

and further

surgery (not

recorded in

detail)

Spindle cell

tumor with

pleomorphism

and necrosis

Thyro (-),

TTF1(-), EMA

(-), vimentin

(+), EGFR(+)

Not

recorded

Monophasic Not

recorded

Not

recorded

Not

recorded

Not

recorded

5 Laurys

Boudin

2014 55/Male Palpable

neck mass

and

dysphagia

1 month Over

12cm in

diameter

A 7cm mass of

the left thyroid

lobe which was

heterogeneous,

hypervascularized,

and mixed

(solid and

liquid)

Not recorded Anaplastic

thyroid

carcinoma

/ Total

thyroidectomy

A dense

cellular

proliferation

composed of

ovoid-shaped

to frankly

spindle-

shaped

cells

EMA (+), pan-

cytokeratin (-),

desmin (-),

H-caldesmon

(-), PS100 (-),

HMB-45 (-),

MDM2(-)

SYT gene

rearrangement

(by FISH)

Monophasic Combination

of

doxorubicin

and

ifosfamide

A 4cm

cervical

mass

was

found

(15 days

after

surgery)

Not

recorded

Not

recorded

after the

revision

surgery
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6 RONG-

LIANG

SHI

2016 31/Male Neck mass

without

symptom

1 month 5∗2∗2 cm A large mass

with an area of

5∗2∗2 cm in

the right

thyroid lobe,

which was

heterogeneous,

hypervascular

and solid

Not recorded Poorly

differentiated

tumor

/ Total

thyroidectomy

The tumor

contained

two

components

spindle cells

and glandular

structures

B-cell

lymphoma-

2(+),

cytokeratin (+)

Not

recorded

Biphasic Adjuvant

chemotherapy

containing

ifosfamide

and

doxorubicin

was

administered

every 3

weeks for

four cycles.

A total of

50Gy of

adjuvant

radiotherapy

was applied.

A

patchy

LN

measuring

2 cm in

diameter

in the

right

upper

neck (2

years

after

initial

surgery)

Not

recorded

34 months

7 Chang-

Soo

Park

2017 47/Female Thyroid

mass

detected on

regular

health

check up

Not recorded 7.8mm in

diameter

7.8mm sized

anechoic lesion

suspected of

malignancy was

found in the

isthmus of

right lobe

Not recorded Unknown Large

quantity of

either single

or clustered

ovoid to

spindle cells

Total

thyroidectomy

The tumor

was

composed of

ovoid to

spindle tumor

cells, forming

fascicles with

an interlacing

arrangement

epithelial

membrane

antigen (+),

CK (+),

vimentin (+),

transduction-

like enhancing

protein 1(+),

neuroendocrine

markers (-),

CD56(-),

synaptophysin

(-),

chromogranin

(-), calcitonin

(-), CD34(-),

thyroid

transcription

factor-1(-),

S-100(-), c-kit

(-)

Translocation

(X; 18)

(p11;q11)

(confirmed

by FISH)

Monophasic Not

recorded

No

recurrence

or

metastasis

was

detected

Alive

until 3

years

after

surgery

36 months
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8 Diksha

Yadav

2018 12/Male A gradually

progressive

neck mass

associated

with

dyspnea,

dysphagia

and voice

change

1.5 years 12∗11∗7cm Not recorded A

9.1∗6.9∗6.1cm

heterogeneously

enhancing

lesion

involving left

lobe of

thyroid and

adherent to

the

surrounding

structures

Malignant

spindle cell

tumor or

MTC

Malignant

spindle cell

tumor, with

a possibility

of non-

secretory

MTC was

rendered

Total

thyroidectomy

Spindle cell

tumor with

small nests of

polygonal

cells with

focal

glandular

pattern

CK7 (+), CK19

(+), EMA (+),

BCL2 (+),

CD99 (+)

Translocation

(X;18)

(p11.2:

q11.2)

(confirmed

by FISH)

Biphasic Not

recorded

Not

recorded

7

months

after

surgery

7 months

9 Carina

Owen

2018 37/Male Initial

symptoms

were not

recorded.

Chest pain

and

haemoptysis

were

presented

when

recurrence

occurs.

Not recorded Not

recorded

Not recorded Not recorded Unclear Not

recorded

Total

thyroidectomy

and

De-bulking

surgery

Histopathology

of primary

site was not

recorded.

Histopathology

of metastatic

lesion showed

synovial

sarcoma, and

showed a

relatively

circumscribed

cellular

neoplasm,

which

entrapped

lung

parenchyma

and was

composed of

elongated

slender

spindle cells

with minimal

pleomorphism

and mitotic

activity.

TLE1(+), focal

bcl-2(+),

cytokeratins

(-), MNF116(-),

AE1/AE3(-),

epithelial

membrane

antigen (-),

S100 protein

(-), CD34(-),

TTF-1(-),

CD99(-),

WT1(-), SMA

(-), desmin (-),

MUC4(-),

CD31(-),

CD117(-),

DOG1(-),

EBER (-),

STAT6(-),

HHV8(-),

calretinin(-)

SS18 gene

rearrangement

(by FISH)

Suspected

Monophasic

(not

described

in detail)

Postoperative

radiotherapy;

Combination

chemotherapy

of

doxorubicin

and

ifosfamide;

Second-line

chemotherapy

consisting

of an

infusional

ifosfamide

schedule; 4

cycles of

trabectedin

8 years

after

initial

surgery

126

months

after

initial

surgery

126 months

after initial

surgery
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10 Carina

Owen

2018 47/Male An

asymptomatic

left-sided

thyroid

nodule

Not recorded Not

recorded

Not recorded A

CT-positron

emission

tomography

(PET) scan

showed no

distant sites

of metastatic

disease.

Unknown A core

biopsy was

performed,

but the

diagnosis

was not

established

Total

thyroidectomy

and bilateral

lymph node

dissection.

Following

chemotherapy,

he underwent

resection of the

two right lung

metastases

followed by left

thoracotomy

and resection

of a left upper

lobe

metastasis.

Fascicles of

minimally

atypical

spindle cells

with

intermixed

islands of

epithelioid

cells. No

lymph nodes

metastasis

was found.

CD56(+), TLE

(+),

Cytokertins(-),

EMA(-)

SS18-SSX2

fusion (by

RT-PCR)

Biphasic Combination

therapy

with

doxorubicin

and

ifosfamide

and post-

operative

radiation to

the left

upper lung

Pulmonary

metastatic

presented

two

years

after

initial

surgery

55

months

after

initial

surgery

55 months

11 Carina

Owen

2018 42/Male Neck mass Approximately

5 years

3.5cm Not recorded Not recorded Paraganglioma Not

performed

Tumor

excision (Not

described

detailed)

Fascicles of

minimally to

mildly

spindle cells

with

elongated or

ovoid nuclei,

indistinct

nucleoli and

scanty

cytoplasm,

and a mitotic

index of up to

16/10 hpf.

EMA (+),

bcl-2(+),

S100(+),

MNF116(-),

CAM5.2(-),

CK903(-),

CD99(-),

CD34(-),

CD117(-),

SMA(-),

HMB45(-),

CD31(-),

desmin(-) and

neurofilament(-)

SS18 gene

rearrangement

(confirmed

by FISH)

Monophasic Lung

metastases

excised and

conventional

chemotherapy

Multiple

lung

metastases

were

found

1years

after

initial

surgery

Not

recorded

72 months

(no further

follow-up

was

performed)
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12 Carina

Owen

2018 36/Male A lump on

neck (with

shortness of

breath and

difficulty in

swallowing)

1 month 5.7∗7.5∗9cm Not recorded A large mass

in the right

lobe of the

thyroid gland

(5.7×7.5 cm

in the axal

plane and

craniocaudal,

up to 9 cm) as

well as

numerous

lung nodules

consistent

with

metastases

Synovial

sarcoma

Not

recorded in

detail

Not resectable Not recorded

in detail

Not recorded

in detail

Translocation

involving

the SS18

gene at 18 q

11.2.

Not

recorded

Combination

of

doxorubicin

and

ifosfamide.

Radiation

and an ATR

inhibitor

were used

in followed

therapy.

Not

recorded

in detail

Not

recorded

Not

applicable

13 Carina

Owen

2018 30/Female A tumor in

the right

thyroid

lobe which

involved

adjacent

structures

in the neck

Not recorded Not

recorded

Not recorded Not recorded Poorly

differentiated

synovial

sarcoma

Not

recorded

Not recorded A cellular

tumor,

composed of

sheets of

relatively

monotonous,

mildly

atypical

rounded to

ovoid cells

with vesicular

nuclei and

scanty

cytoplasm.

CD56(+),

Cytokertins

(focally+),

EMA (focally

+)

Not

recorded

Not

recorded

Not

recorded

Not

recorded

Not

recorded

Not

recorded
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14 Dilaver

Demirel

2020 26/Male A solid,

lobulated

mass in the

left thyroid

lobe

Not recorded Primary

tumor:

4.5cm;

Recurrent

neck

tumor: 5

× 2.5×

2cm

Not recorded CT of initial

tumor was

not scanned.

MRI of

recurrent

tumor shows

6.4× 4.5×

3.4cm mass,

with necrosis

and

suspicious

invasion of

the trachea

Papillary

carcinoma

(by FNA);

Spindle

epithelial

tumor with

thymus-like

differentiation

(Histopathology

of first

surgery)

Papillary

carcinoma

Total

thyroidectomy

and lymph

node

dissection for

primary site;

Partial

laryngectomy

for recurrence

Primary

tumor:

Spindle

epithelial

tumor with

thymus-like

differentiation

with no

evidence of

any nodal

(0/8) or

distant

metastasis;

Recurrent

tumor:

diagnosed

with synovial

sarcoma by

Pan-CK(+),

vim(+),

TLE-1(+),

Bcl-2(+),

CD99(+),

FLI-1(+),

CD56(+),

EMA(+),

CK-7(+),

calponin(+),

Ki-67 (50%+);

Thyr(-), calc(-),

chrom(-),

syn(-), CEA(-),

CK 8/18(-),

HMWCK (34

beta-), P63(-),

SMA(-),

TTF1(-),

CK-20(-),

CD34(-),

S100(-), des(-)

SYT-SSX1

fusion

transcript

was verified

by FISH and

RT-PCR

Biphasic Radioactive

iodine

(PT)/

chemotherapy

and

targeted

therapy

Local

recurrence:

24

months,

lungs,

thoracic

and

lumbar

vertebrae,

iliac

bone:

32

months

41

months

after

surgery

41 months

after

surgery

15 Seyed-

ahmad

Seyed-

alagheband

2021 43/Female Dysphagia

and

dyspnea

7 months 10∗8∗4 cm Hypervascularized

and mixed

(solid and

liquid) thyroid

mass

A

heterogeneous

thyroid mass

with a

90∗45∗65mm

thyroid

nodule with

internal

necrotic view

Undifferentiated

cell

carcinoma of

thyroid gland

Undifferentiated

cell

carcinoma

of thyroid

gland

Total

thyroidectomy

Fascicles and

sheets of

monophasic

spindle cell

growth

pattern with

oval nuclei

EMA (+), CK

7(+), CK

19(+),

BCL-2(+),

TLE1(+),

S-100(-),

CD99(-),

CD31(-),

CD34(-),

Ki-67(5%+)

SYT-SSX

fusion gene

transcript

was

identified

(by

RT-PCR)

Monophasic 6 cycles of

doxorubicin

and

ifosfamide

and

radiotherapy

No

recurrence

or

metastasis

was

detected

Alive Not

recorded
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benign thyroid tumor, especially in a rapidly growing, cystic-solid

mixed thyroid mass with neck compression symptoms.

PSST was usually misdiagnosed with MTC,

undifferentiated/anaplastic thyroid carcinoma, or SETTLE.

In this part, we would discuss the differential diagnosis of PSST.

For PSST, the main differential diagnosis is MTC. An elevated

calcitonin level is typical in MTC patients. In a microscopic

vision, the MTC tissue usually consists of lympho/plasmacytoid

cells, atypical cells, or spindle cells. However, a pure spindle

cell pattern MTC is uncommon. Giant cells or multinucleated

cells could be seen. The MTC tumor cells are generally positive

for calcitonin, thyroglobulin, and neuroendocrine markers (18).

SETTLE is simple for spindle epithelioid tumors with thymus-

like differentiation. SETTLE is common in children and young

adults. The mass is slow-growing. The incidence in male is

higher than in female. Similar to PSST, the tumor consists of

spindle cells with a variable epithelial component. In SETTLE,

the mitotic rate is usually low and necrosis is relatively rare.

The spindle cells are positive for high-molecular-weight keratin

and vimentin (19). Occasionally, PSST would be misdiagnosed

as undifferentiated/anaplastic thyroid carcinoma (UTC/ATC).

UTC/ATC is usually presented as a rapidly enlarging thyroid mass.

It is more common in elderly patients. The tumor is composed of

spindle cells with ample cytoplasm, coarse chromatin, frequent

mitoses, giant cells, and neutrophils. UTC/ATC is positive for

Pax-8 and has p53 mutations (20).

Until now, there is no standard and ideal therapeutic

regimen for PSST. Surgical resection remains the mainstay of

management for localized synovial sarcoma with or without

radiation (11). When the tumor invades important structures

and cannot be completely removed, postoperative adjuvant

chemoradiotherapy is generally recommended. Some retrospective

studies have reported an improvement in local control and disease-

free survival conferred by radiotherapy (21–23). A combination

of doxorubicin and ifosfamide was considered to be the

recommended chemotherapeutic regimen when the primary tumor

could not be resected completely in most cases. While PSST did

not show an obvious genetic predisposition, the consanguinity of

the patient should raise their awareness and perform a regular

physical examination.

Limitation

Although we tried our best to document this clinical case

report in detail, there are still some limitations. First, because

the tumor, in this case, was suspected to be benign in the

preoperative examination, we did not perform screening for

systemic metastases before surgery, but relevant examinations

including chest CT, abdominal CT, andMRI of the head and whole-

body bone scan were performed before and during chemotherapy.

Second, due to capsular rupture and necrotic effusion during the

operation, we are pitiful for failing to take photos of the tumor.

The necrotic effusion might lead to tumor local implantation

metastasis, making postoperative adjuvant therapy necessary and

important. Last but not the least, despite the follow-up of

the case being less than 1 year, complete treatment for PSST

in this patient has been completed, and no recurrence and

metastasis have been detected in 9 months postoperatively. We

will continue to focus on the case. We will update this case

report and literature review if recurrence or death occurs in the

current case.

Established facts

1. Synovial sarcoma is a subtype of soft tissue

sarcoma, which is extremely rare in the thyroid gland.

PSST showed rapid disease progression and a relatively

poor prognosis. However, diagnosis and therapy

are challenging.

2. Complete surgical excision and postoperative adjuvant

chemotherapy are usually the typical therapeutic regimen for PSST.

Novel insights

1. PSST is difficult to be diagnosed by preoperative

evaluation, even FNA. PSST was occasionally

misdiagnosed as a benign thyroid tumor. Surgeons

should raise their awareness when encountering rapidly

growing, cystic-solid mixed thyroid mass with neck

compression symptoms.

2. The initial surgery of PSST is of vital importance.

Surgeons should avoid capsular rupture and effusion

of necrotic during surgery. Intraoperative frozen

section pathology should be performed when necessary.

Postoperative adjuvant chemotherapy should be

scheduled for reduced recurrence and prolonged

survival time.
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Background: Surgery is the best way to cure the retroperitoneal leiomyosarcoma

(RLMS), and there is currently no prediction model on RLMS after surgical

resection. The objective of this study was to develop a nomogram to predict the

overall survival (OS) of patients with RLMS after surgical resection.

Methods: Patients who underwent surgical resection from September 2010 to

December 2020 were included. The nomogram was constructed based on the

COX regression model, and the discrimination was assessed using the

concordance index. The predicted OS and actual OS were evaluated with the

assistance of calibration plots.

Results: 118 patients were included. Themedian OS for all patients was 47.8 (95%

confidence interval (CI), 35.9-59.7) months. Most tumor were completely

resected (n=106, 89.8%). The proportions of French National Federation of

Comprehensive Cancer Centres (FNCLCC) classification were equal as grade 1,

grade 2, and grade 3 (31.4%, 30.5%, and 38.1%, respectively). The tumor diameter

of 73.7% (n=85) patients was greater than 5 cm, the lesions of 23.7% (n=28) were

multifocal, and 55.1% (n=65) patients had more than one organ resected. The OS

nomogram was constructed based on the number of resected organs, tumor

diameter, FNCLCC grade, and multifocal lesions. The concordance index of the

nomogram was 0.779 (95% CI, 0.659-0.898), the predicted OS and actual OS

were in good fitness in calibration curves.

Conclusion: The nomogram prediction model established in this study is helpful

for postoperative consultation and the selection of patients for clinical trial

enrollment.

KEYWORDS

nomogram, retroperitoneal leiomyosarcoma, survival, prediction of RLMS after
surgery, FNCLCC
Abbreviations: RLMS, retroperitoneal leiomyosarcoma; c-index, concordance index; LMS, leiomyosarcoma;

STS, soft tissue sarcoma; FNCLCC, Federation Nationale des Centres de Lutte Contre le Cancer; OS, overall

survival; RPS, retroperitoneal soft tissue sarcoma.
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Introduction

Leiomyosarcoma (LMS) is a mesenchymal malignant tumor

with distinct smooth muscle differentiation (1), accounting for

about 7-10% of all soft tissue sarcomas (STS). It is the second

most common subtype of retroperitoneal sarcoma (RPS) (2).

Currently, surgical resection is the best way to cure, but about

70% patients suffer from recurrence within five years after the

surgical resection (3). The 5-year overall survival (OS) of the LMS

patient is about 50%-60% after surgical resection for primary or

recurrent disease (4, 5). The postoperative outcomes after extended

resection for RPS have been reported, highlighting differences by

specific histologic subtype (4). In addition, a report from the French

Sarcoma Group pointed out that LMS represents a heterogeneous

group of tumors, and retroperitoneal leiomyosarcoma (RLMS)

shows totally different clinical outcomes and molecular features

than others (6). Therefore, it is key to find good means to effectively

incorporate our understanding of disease biology into clinical

decision-making.

Nomogram is a statistical tool to predict the prognosis of an

individual patient, and it has been widely applied in RPS (5, 7–9).

But the distinct patterns of local and distant recurrence of the

various subtypes of RPS suggest that separate nomograms for

predicting the OS of RLMS patients will be useful (9). It has been

reported that the tumor size, resection margin status, and tumor

grade are risk factors for the poor prognosis of RLMS (10–12).

However, no nomogram is constructed currently to predict the OS

of RLMS patients only.

Therefore, this study aimed to investigate the independent

prognostic factors for OS of RLMS patients after surgical

resection and to construct a nomogram to predict the 1-, 2-, and

5-year OS of the RLMS patients.
Methods

Patients

118 consecutive patients who underwent surgical resection

from September 2010 to December 2020 at General Surgery

Department, Shanghai Public Health Clinical Center, Fudan

University, Shanghai, China were included. The inclusion criteria

were as follows: 1) histologically confirmed LMS, 2) tumors

originating in the retroperitoneum, 3) complete clinical

pathological information and follow-up information. LMS is

diagnosed by pathological features stained by H&E, including

oval or cigar-shaped nuclei with blunt ends, variable eosinophilic

cytoplasm, and uniform positive staining for a-sma, desmin, and/or

h-caldesmon (6). Gastrointestinal stromal tumors were excluded.

The study was approved by the Ethics Committee of Shanghai

Public Health Clinical Center. All enrolled patients signed informed

consent for data collection during hospitalization.

The baseline characteristics including gender, age, metastatic

disease, times of surgery, complete resection (complete: R0 and R1,

negative gross margins; incomplete: R2, grossly positive margins),
Frontiers in Endocrinology 0248
number of resected organ, tumor diameter, French National

Federation of Comprehensive Cancer Centres (FNCLCC) grade,

tumor node metastasis (TNM) stage, multifocality, inferior vena

cava invasion, radiation, chemotherapy, and other therapy (focused

ultrasound, interventional embolization and intraperitoneal

hyperthermia chemotherapy). Treatment plans for all patients

were determined by a multidisciplinary team of surgeons, medical

oncologists, radiologists, and pathologists. Postoperative follow-up

of the patients required physical examination and enhanced CT or

MRI of the chest, abdomen and pelvic. The first follow-up was 3

months after surgery, then every 3 months for 2 years; 6 months for

5 years; and every 1 year after 5 years.
Statistical analysis

The primary end-point of the study was OS (defined as the

duration from date of the surgery to the date of death or follow-up)

which estimated by the Kaplan–Meier method, and the differences

between groups were compared with the log-rank test. Because the

TNM staging system itself was a predictive tool, which already included

relevant variables such as tumor size and tumor grade, it was not

included in the risk factor analysis. Risk factors affecting survival were

determined by COX regression. Variables with p-values <0.2 in

univariate analysis were included in multivariate analysis. A

nomogram was then constructed using the variables in the

multivariate analysis with p-value < 0.1 to predict OS at 1, 2, and 5

years after surgery. The prediction accuracy of the nomogram was

assessed by a calibration curve, and the c-index was judged the

discriminative ability. Finally, the cohort was divided into a low-risk

group and a high-risk group based on the values of the maximum sum

of sensitivity and specificity (Youden index) (13). All the tests were two-

tailed and p < 0.05 meant the difference was statistically significance.

Statistical analyses were performed with SPSS version 22.0

(Chicago, IL, USA) and R software (The R Foundation for

Statistical Computing, Vienna, Austria; version 4.1.1; http://

www.r-project.org/).
Results

Baseline characteristics

Characteristics of 118 patients were provided in Table 1. Most

patients were female (n=99, 83.9%) without metastasis disease

(n=106, 89.8%), and the tumor was completely resected (n=106,

89.8%). Patients with initial surgery, second surgery, and more than

twice accounted for 39.8%(n=47), 34.7% (n=41), and 25.4% (n=30),

respectively. The proportions of FNCLCC classification were equal

as grade 1, grade 2, and grade 3, which were 31.4%, 30.5%, and

38.1%, respectively. The tumor diameter of 73.7% (n=85) patients

was greater than 5 cm, the lesions of 23.7% (n=28) were multifocal,

and 55.1% (n=65) patients had multiple organs resected. In terms of

adjuvant therapy, 22 patients received radiotherapy, 46 received

chemotherapy, and 15 received other therapies.
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TABLE 1 Demographics and clinical characteristics of 118 patients with retroperitoneal leiomyosarcoma.

Characteristics N (N=118) % of Total

Gender

Male 19 16.1

Female 99 83.9

Age, years

<60 76 64.4

≥60 42 35.6

Metastatic disease

Yes 12 10.2

No 106 89.8

Times of surgery

Initial 47 39.8

Second 41 34.7

More than twice 30 25.4

Complete resection

Yes 106 89.8

No 12 10.2

Number of resected organs

0-1 53 44.9

>1 65 55.1

Tumor burden, cm

≤5 31 26.3

>5 85 73.7

FNCLCC grade

I 37 31.4

II 36 30.5

III 45 38.1

TNM stage

I 35 29.6

II 16 13.5

III 55 46.6

IV 12 10.1

Multifocal disease

Yes 28 23.7

No 90 76.3

Inferior vena cava invasion

Yes 17 14.4

No 101 85.6

Radiation

(Continued)
F
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Survival analysis

The median OS for all patients was 47.8 (95% CI, 35.9-59.7)

months, the median follow-up for all survivors was 31.0 (4 ~ 113

months) months, and the 5 years OS rate was 44.7% (95% CI,

32.6%-56.8%) (Figure 1).

The univariable analysis showed that the number of resected

organs (p=0.012), tumor diameter (p=0.005), and FNCLCC grade

(p<0.001) were related to OS. The results of multivariate analysis

suggested that FNCLCC grade (p<0.001, Grade 2 vs. Grade 1

[HR=3.320, 95% CI 1.088-10.129], Grade 3 vs. Grade 1

[HR=11.693, 95% CI 4.183-32.689]) and multifocal lesions

(p=0.025, HR=2.333, 95% CI 1.114-4.887) were independent risk

factors of OS of patients (Table 2).
Nomogram development and validation

Variables with p<0.1 in multivariate analysis (the number of

resected organs, tumor diameter, FNCLCC grade, and multifocal

lesion) were referred to construct the nomogram to predict the OS

of patients with RLMS who had the abdominal lesions

resected (Figure 2).
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The RLMS nomogram had an internal validation c-index of

0.779 (95% CI, 0.659–0.898), which was significantly better than the

TNM staging system (c-index=0.697). And the calibration curve

showed that the predicted value of OS was in good agreement with

the actual value (Figure 3).

The nomogram gave a specific value to quantify each variable.

According to the total score, the Youden index was 0.572 with the

cut off score of 126. 72 patients were included in the low-risk group

(<126) and 46 were enrolled in the high-risk group (≥126), and their

median OS was 116.5 (95% CI, NA) and 24.0 (95% CI, 22.9-25.0)

months, respectively, showing a statistically significant difference

(p<0.001) (Figure 4).
Discussion

RLMS is a very rare mesenchymal malignant that originates in

the retroperitoneal space. RLMS is fatal but rare disease, and

metastasis, multifocal lesions and resection of multiple organs are

usually contraindications to the surgical resection (14). Therefore, it

is very important to analyze its long-term survival rate. In addition,

the potential beneficial effects of surgical resection are not always

obvious, resulting in very complicated decision-making. In other

words, it is extremely difficult for clinically determine whether the

patients with recurred RLMS could be treated by surgical resection.

The nomogram established in this study is conductive for such

decision or determination. For example, if the preoperative

assessment shows no need for combined organ resection, the

tumor diameter is smaller than 5 cm, FNCLCC shows grade 1

and single center disease, and even if it is a multiple recurrence

disease, the postoperative 5-year OS rate may exceed 90%, so that

patients have a high probability of benefiting from surgical

resection. On the contrary, if the combined resection of multiple

organs is needed, the tumor diameter is larger than 5cm, the

FNCLCC showed grade 3 and multifocal disease, and the

nomogram score was greater than 200 points, the postoperative

2-year OS is estimated to be less than 30%, so it has to be carefully

considered to take surgical resection.

Since the prediction model can be simplified into a continuous

numerical estimate tailored to individual patient conditions, the

role of the nomogram prediction model has gradually become
TABLE 1 Continued

Characteristics N (N=118) % of Total

Yes 22 18.6

No 96 81.4

Chemotherapy

Yse 46 39.0

No 72 61.0

Other therapy

Yes 15 12.7

No 103 87.3
FIGURE 1

Overall survival in patients with retroperitoneal leiomyosarcoma.
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prominent with the help of precision medicine. Some nomogram

prediction models have been incorporated into the staging system

of the American Joint Committee on Cancer (AJCC) to improve

the estimation accuracy of the prognosis for patients with subtype

pathology. In the eighth edition of the AJCC manual, the

nomogram by Trans-Atlantic Retroperitoneal Sarcoma Working

Group for RPS (7) was included as a model that met all AJCC

quality criteria. In this study, 523 patients were included to

provide basis for establishing the nomogram prediction model,

and 135 patients were used for foreign language validation. The c-

index values for OS in the training set and validation set were 0.74

and 0.68, respectively. However, LMS only accounted for 17.6% in
Frontiers in Endocrinology 0551
the training set, and its nomogram prediction model could only

predict the OS of patients at the seventh year after the surgical

resection, while the postoperative 5-year OS was only about 50%,

showing limited practicality. In 2010, Anaya et al. established a

nomogram model for predicting the postoperative 3-year and 5-

year OS of patients by using the clinicopathological characteristics

of 343 RPS patients, and its concordance index was 0.73.

However, this model defined the pathological type of LMS as

“others”, which was not listed separately (8). In 2019, Chandrajit

et al. established a nomogram model for predicting the 6-year OS

in RPS patients with first local recurrence based on the data of 602

patients from 22 sarcoma centers. Likewise, due to the rarity of
FIGURE 2

Nomogram for 1-year, 2-year and 5-year overall survival in patients with retroperitoneal leiomyosarcoma.
TABLE 2 Univariable and multivariable analyses to determine independent predictors of overall survival of retroperitoneal leiomyosarcoma.

Variables Univariate analysis Multivariate analysis

Hazard Ratio(95%CI) P value Hazard Ratio (95%CI) P value

Gender female vs. male 1.006 (0.672-1.507) 0.975

Age ≥60 vs. <60 1.242 (0.686-2.248) 0.475

Metastatic disease yes vs. no 1.929 (0.814-4.570) 0.135 1.925 (0.740-5.-12) 0.180

Times of surgery 0.486

second vs. first 0.664 (0.320-1.379) 0.272

more than twice vs. first 1.020 (0.510-2.040) 0.955

Complete resection no vs. yes 1.303 (0.846-2.007) 0.230

Number of resected organ >1 vs. 0-1 2.173 (1.187-3.981) 0.012 1.797 (0.909-3.552) 0.092

Tumor burden >5 vs. ≤5 5.351 (1.655-17.299) 0.005 2.945 (0.861-10.070) 0.085

FNCLCC grade <0.001 <0.001

II vs. I 3.352 (1.137-9.880) 0.028 3.320 (1.088-10.129) 0.035

III vs. I 9.355 (3.560-24.589) <0.001 11.693 (4.183-32.689) <0.001

Multifocal disease yes vs. no 1.906 (0.995-3.651) 0.052 2.333 (1.114-4.887) 0.025

Inferior vena cava invasion yes vs. no 1.259 (0.753-2.104) 0.380

Radiation yes vs. no 1.767 (0.786-3.970) 0.168 1.400 (0.580-3.383) 0.454

Chemotherapy yes vs. no 1.005 (0.548-1.842) 0.987

Other therapys yes vs. no 1.005 (0.395-2.555) 0.992
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RLMS, only 12.1% of LMS patients were included in the

cohort (5).

In addition to nomogram prediction models for retroperitoneal

sarcoma, there are also some LMS nomograms for the whole body.

MingFeng et al. used the SEER database to establish a nomogram

prediction model for predicting extremity LMS OS and cancer

specific survival, with c-index of 0.776 and 0.835, respectively (15).

And the LMS nomogram prediction model for the 5-year OS of

urinary system was established by Oliver et al. with the c-index of

0.67 (16). Although the primary tumor site has a significant impact

on the prognosis of LMS, there is currently no nomogram

prediction model for LMS originating in the retroperitoneum.

Therefore, this study developed and internally validated a novel

RLMS-specific nomogram for predicting the 1-, 2-, and 5-year OS

of patients with RLMS, and the c-index of the model was 0.779 (95%

CI, 0.659-0.898). The calibration plots showed that the predicted OS

rate was perfectly match with the actual value. In addition, to

enhance the clinical utility, patients were further rolled into high-

risk and low-risk groups based on the scores of the nomogram

prediction model. The median OS of patients in the high-risk and
Frontiers in Endocrinology 0652
low-risk groups was 116.5 (95% CI, NA) and 24.0 (95% CI, 22.9-

25.0) months, respectively. The TNM staging system of the AJCC is

the most commonly used method for staging STS, including RLMS.

Staging is based on pathological findings, including tumor size,

lymph node status, metastasis, and tumor grade based on the

FNCLCC system (17). The RLMS nomogram in this study had a

c-index of 0.779 (95% CI, 0.659-0.898) after internal validation,

which was superior to the TNM staging system (c-index= 0.697). A

more accurate prognosis could lead to a better postoperative

counseling for patients, so it is possible to monitor the high-risk

patients more appropriately.

In this study, the inclusion of radiation therapy in the

multivariate analysis was based on recent reports highlighting its

potential therapeutic benefits, despite having a p-value of 0.168 in

the univariate analysis. The combination of radiation therapy with

radical surgery has been shown to potentially be the standard of care

for a subgroup of patients with RPS. Studies have demonstrated that

patients treated with RT and surgery have significantly improved

median overall survival and 5-year survival rates compared to those

treated with surgery alone (p < 0.00001, p < 0.001). Additionally,
FIGURE 4

OS curves stratified by the score calculated by the nomogram and was stratified according to the risk score as follows: low-risk group (<100) and
high-risk group (≥100).
Predicted Overall Survival Predicted Overall Survival Predicted Overall Survival 

A B C

FIGURE 3

Calibration plots for internal validation of (A) 1-, (B) 2- and (C) 5-year overall survival nomogram.
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median recurrence-free survival was significantly increased in

patients treated with either preoperative or postoperative RT

compared to those undergoing surgery alone (18). Another study

further supports the use of radiotherapy in RPS, indicating that both

preoperative and postoperative radiotherapy are significantly

associated with improved overall survival compared to surgery

alone (19). However, a recent randomized phase 3 study showed

that the addition of preoperative radiotherapy did not improve local

control rates or provide survival benefits, particularly in high-grade

(G3) liposarcomas and LMS. Nevertheless, for recurrent

retroperitoneal sarcomas primarily localized within the abdominal

cavity, preoperative radiotherapy may help reduce the risk of local

recurrence, especially in well-differentiated liposarcomas and low-

grade dedifferentiated liposarcomas (20).Although radiation

therapy did not demonstrate a significant association with overall

survival in the further multivariate analysis of this study,

considering the evidence from the mentioned high-quality

studies, we still regard radiation therapy as a potential

effective modality for treating leiomyosarcomas sarcoma of

the retroperitoneum.

The results of survival analysis suggested that the FNCLCC

grade and multifocal lesion were the independent risk factors for

postoperative OS. The FNCLCC system is a commonly used

histological grading system for STS, and it is one of the best

indicators for predicting the metastasis-free survival and OS (21).

This study was similar to a previous study reported by Qian Li et al.,

for RLMS patients with recurrent or metastatic disease who had a

higher FNCLCC grade experienced worse prognosis (22).

Consistent with previous reports on RPS, patients with multifocal

lesions accounted for 23% of all subjects in this study; in addition,

the mortality risk of patients with multifocal lesion increased by

twice compared with non-multifocal lesion (23). Although there are

some reports about the role of multifocal lesions in the prognosis of

RPS, this study was the first to report it as an independent

prognostic factor in RLMS.

There were some limitations for this study. First, this is a

retrospective cohort study, and selection bias is inevitable.

Second, the median follow-up time in this study was only 31

months, and further follow-up was needed to improve the

reliability of the study. Thirdly, due to the complexity of

treatments received by patients in our study cohort, there is a

lack of information regarding adjuvant therapies. Finally, although

the RLMS nomogram prediction model was internally validated, the

cohort of this study was from an Asian tertiary hospital and was not

externally validated, so its scope of use may be limited.
Conclusions

We established an RLMS-specific nomogram prediction model

that can accurately predict postoperative survival in RLMS patients.

Dividing patients into high and low-risk groups by nomogram can

assist doctors in clinical decision-making.
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patients. An analysis of
associated factors - results of
the PROSa study
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Introduction: Sarcomas are rare cancers and very heterogeneous in their

location, histological subtype, and treatment. Health-Related Quality of Life

(HRQoL) of sarcoma patients has rarely been investigated in longitudinal studies.

Methods: Here, we assessed adult sarcoma patients and survivors between

September 2017 and February 2020, and followed-up for one year in 39 study

centers in Germany. Follow-up time points were 6 (t1) and 12 months (t2) after

inclusion. We used a standardized, validated questionnaire (the European

Organisation for Research and Treatment of Cancer Quality of Life Core
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Instrument (EORTC QLQ-C30) and explored predictors of HRQoL in two

populations (all patients (Analysis 1), patients in ongoing complete remission

(Analysis 2)) using generalized linear mixed models.

Results: In total we included up to 1111 patients at baseline (915 at t1, and 847 at

t2), thereof 387 participants were in complete remission at baseline (334 at t1,

and 200 at t2). When analyzing all patients, HRQoL differed with regard to

tumor locations: patients with sarcoma in lower extremities reported lower

HRQoL values than patients with sarcomas in the upper extremities. Treatment

which included radiotherapy and/or systemic therapy was associated with

lower HRQoL. For patients in complete remission, smoking was associated

with worse HRQoL-outcomes. In both analyses, bone sarcomas were

associated with the worst HRQoL values. Being female, in the age group 55-

<65 years, having lower socioeconomic status, and comorbidities were all

associated with a lower HRQoL, in both analyses.

Discussion: HRQoL increased partially over time since treatment and with

sporting activities. HRQoL improved with time since treatment, although not in

all domains, and was associated with lifestyle and socioeconomic factors. Bone

sarcomas were the most affected subgroup. Methods to preserve and improve

HRQoL should be developed for sarcoma patients.
KEYWORDS

sarcoma, GIST, health-related quality of life, patient reported outcomes, EORTCQLQ-
C30, longitudinal observational cohort
1 Introduction

Sarcomas and gastrointestinal stromal tumors are a group of

rare cancers, with about 7000 new cases per year in Germany (1)

and an incidence of around 7 per 100,000 in Europe (2). The five-

year relative survival in 2010–2016 was 65% for soft tissue sarcomas

(STS), 60-79% for bone sarcomas, and 83% for gastrointestinal

stromal tumors (GIST) (3). Sarcomas are heterogeneous tumors

that include a large variety of over 100 histological subtypes (4), can

occur anywhere in the body, and their therapy is based on complex

and divergent treatment algorithms (5). Sarcomas are often

diagnosed late due to their rarity and the unspecific symptoms

they cause (6). Unplanned resections, a result of misdiagnosing the

tumors as more common benign or even non-neoplastic lesions,

with a negative influence on patient outcome are common (7, 8).

Treatment at specialized centers is recommended by international

guidelines and is associated with a prolonged survival (9–12).

Cancer patients rate their Health-Related Quality of Life

(HRQoL) as an important aspect of their treatment and outcome,

and improvement of HRQoL is at times preferred to the mere

prolongation of live (13). The multidimensional construct HRQoL

itself is a patient-reported outcome, that surveys physical,

functional, social, and emotional well-being, as well as disease

specific symptoms and restrictions (14).

Literature on HRQoL issues of sarcoma patients has improved

over the last few years with two larger studies (15, 16) and a variety
0256
of reviews (17–19) published since 2019. Despite these

developments, the heterogeneity and rareness of the disease, the

variety of treatment pathways experienced by sarcoma patients, as

well as the lack of a sarcoma specific measurement tool (20, 21) still

leave questions unanswered.

The aim of this analysis was to explore factors associated with

longitudinal HRQoL and specifically address lifestyle factors and

HRQoL changes over time after the end of treatment. We examined

both the predictors of the course of HRQoL in all sarcoma patients

regardless of disease stage (Analysis 1) and the predictors of the

course of HRQoL in patients in complete remission (Analysis 2).
2 Methods

The prospective PROSa cohort study (Burden and Medical Care

of Sarcoma in Germany: Nationwide Cohort Study Focusing on

Modifiable Determinants of Patient-Reported Outcome Measures in

Sarcoma Patients; www.uniklinikum-dresden.de/prosastudie) was

conducted nationwide in 39 study centers in Germany between

September 2017 and May 2020 (NCT03521531; ClinicalTrials.gov).

Of those, 8 were office-based practices, 22 hospitals of maximum care,

and 9 other hospitals. Patients were approached at baseline as well as

six (t1) and twelve months (t2) after baseline.

Eligible patients and survivors were asked to participate at the

study centers during visits (treatment, diagnosis, aftercare) and
frontiersin.org
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sometimes by phone or letter. Participation required informed

consent. The study was approved by the ethics committees of the

Technical University of Dresden (IRB00001473, EK1790422017)

and the participating centers (22). Baseline and follow-up data (t1,

t2) were collected at the study coordination center at University

Hospital Dresden. HRQoL data and socio-demographic data were

sent by the participants to the study coordination center by mail or

online. In case of non-participation in follow-up, a reminder was

sent after 4 weeks. Clinical information was submitted to the study

coordination center online by the study centers using case report

forms. Data collection was performed using REDCap (23).

We included adult patients and survivors with histologically

proven sarcoma of any entity (24). We excluded persons who were

mentally or linguistically unable to complete questionnaires. For

Analysis 1 (all patients) only participants with HRQoL data were

included, for Analysis 2 (patients in ongoing complete remission),

we excluded all patients not in complete remission, in current

treatment, or with unknown disease status.
2.1 Instruments

HRQoL was measured using the European Organisation for

Research and Treatment of Cancer Quality of Life Core

Questionnaire (EORTC QLQ-C30) (25). This instrument

measures global quality of life (global health), 5 functioning, and

9 symptom scales in values from 0 to 100. Higher scores indicate

better quality of life for the functioning scales and higher symptom

burden for the symptom scales. The relevance of the differences was

evaluated using reference values from Cocks et al. (26). With these

reference values, each scale difference can be classified as “trivial”,

“small”, “medium” and “large”, defined as “Large: one representing

unequivocal clinical relevance. Medium: likely to be clinically

relevant but to a lesser extent. Small: subtle but nevertheless

clinically relevant. Trivial: circumstances unlikely to have any

clinical relevance or where there was no difference.” (26).

Socioeconomic status (SES) was assessed using the Winkler Index

(27). TheWinkler Index is a composite scorewhich covers and quantifies

three dimensions of SES: income, education and occupational prestige.

On a scale of 3 to 21, a lower score means a lower SES.

The extent of sporting activities was measured using the German

Exercise and Sport Questionnaire (“Bewegungs- und Sportfragebogen”)

(28). This questionnaire assesses whether patients regularly exercised

over the last 4 weeks and asks about the time spent doing so.

Alcohol consumption was grouped in 4 categories (none,

weekly or less, regularly moderate (2-3 times a week of up to 4

drinks or 4 times or more a week up to 2 drinks), and regularly

larger amounts (more than 4 drinks 2-3 times a week or more than

2 drinks 4 times or more a week.

For Analysis 1 (all patients), we used the patient reported socio-

economic variable SES at baseline, as well as the lifestyle variables

sporting activities at baseline, t1, and t2 (none, 1-<15 min per week,

15-<30 min per week, ≥30 min per week, unknown), smoking at

baseline, t1, and t2 (never, former, actual, unknown), and alcohol

consumption at baseline (never, weekly or less, regularly moderate,

regularly larger amounts, unknown). From the medical records we
Frontiers in Endocrinology 0357
collected age at baseline (18-<40, 40-<55, 55-<65, 65-<75, ≥75

years), gender (male, female)the disease characteristics sarcoma

type (liposarcoma, fibroblastic/myofibroblastic/fibrohistiocytic

sarcoma, GIST, unclassified sarcoma, leiomyosarcoma, bone

sarcoma synovialsarcoma, others) and tumor location (abdomen/

retroperitoneum, thorax, pelvis, lower limbs, upper limbs, other),

comorbidities (cardiovascular, respiratory, diabetes, second cancer,

kidney) at baseline (0, 1, 2, ≥3), disease status at baseline, t1, and t2

(complete remission, partial remission/stable disease, progression,

unknown), time since treatment at baseline, t1, and t2 (in

treatment, <0.5 year, 0.5-<1 year, 1-<2 years, 2-<5 years, ≥5 years,

unknown), performed treatments at baseline, t1 and t2 (surgery

alone, surgery + systemic therapy (ST), surgery + radiotherapy

(RT), surgery + RT + ST, other). For Analysis 2 (patients in

ongoing complete remission), we used the above-mentioned

variables, except disease status at baseline.
2.2 Statistics

Continuous variables were evaluated by mean and standard

deviation (SD). Categorical variables were presented with absolute

and relative frequencies. We compared participants at all timepoints

with those who were lost or did not send back the questionnaire

during follow-up to estimate possible selection bias. An analysis of

non-participants at baseline was reported elsewhere (16).

For both analyses, five pre-specified domains of the EORTC

QLQ-C30 in which the most distinct differences were expected were

examined for associated factors: global health, physical functioning,

role functioning, pain, and fatigue. We used a generalized linear

mixed model with patients as level 1 and timepoint of data

collection (baseline, 6 months, 12 months) as level 2.

To avoid multicollinearity, correlations, and tolerance between the

model variables were calculated before regression analyses. Correlations

≥ 0.7 and tolerance values ≤ 0.1 indicate strong multicollinearity.

For model variables with more than 5 missing cases, a category

“unknown” was created. Imputation method for missing values in

SES is described elsewhere (16).

Statistical analyses were performed with SPSS V.28 (IBM

Corporation, Armonk, New York, USA).
3 Results

3.1 Description of the study population/
analysis of follow-up non-participants
and drop-outs

In total, 1309 sarcoma patients agreed to participate at baseline,

1030 were eligible at t1, and 969 at t2. Questions on global health

were answered by 1106 (baseline), 909 (t1), and 845 (t2) patients. A

number of 144 patients dropped out during the study period, 119 of

them died. For the Analysis 2 of patients in ongoing complete

remission, the general health data was available for 386 (baseline),

329 (t1), and 198 (t2) patients, respectively. See Figure 1 for a

detailed flow-diagram.
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A full description of the variables used for Analysis 1 and

Analysis 2 are presented in Table 1. At baseline, 51% of participants

were men, the mean age was 57 years, and around 30% of patients

were in treatment. For Analysis 2, 49% of analyzed patients were

men, the mean age was 54 years.

The characteristics of patients surveyed, patients who declined

responses, and patients who dropped out during follow-up, differed

in parts (Table 2). While unadjusted HRQoL values between

participants and non-participants were in a range of 2 points,

non-participants were on average between 4 and 7 years younger

than participants, and more often male than female. Large

differences between deceased patients and participants were

observed in HRQoL values (ranging from 14 to 20 points) and in
Frontiers in Endocrinology 0458
gender (overall 50% and 51% of participants were female, among

deceased patients this was only 37% and 39%).
3.2 Analysis 1: factors associated with the
course of HRQoL in all sarcoma patients

Data for Analysis 1 is summarized in Table 3, and includes non-

standardized regression coefficients (B) indicating a B point increase

or decrease in the respective scale. The HRQoL was mostly stable over

the observed time, with significant, but trivial differences found in

physical functioning, fatigue, and pain. In three domains woman

were more strongly affected than men: differences were trivial for
TABLE 1 Description of study populations.

Variable Value Baseline, all
patients, n=1106*

Baseline, patients in complete
remission, n= 386*

N % N %

Sex **/*** Male 567 51.3 189 49.0

Female 538 48.7 197 51.0

Age at baseline (18–89) Mean/Standard Deviation 56.6 15.9 54.4 16.4

Age at baseline **/*** 18-<40 185 16.7 82 21.2

40-<55 262 23.7 90 23.3

55-<65 297 26.9 99 25.6

65-<75 230 20.8 85 22.0

≥75 years 131 11.9 30 7.8

SES at baseline (3–21) **/*** Mean/Standard Deviation 12.8 3.7 12.7 3.6

Sporting activities at baseline **/*** None 711 64.3 205 53.1

1-<15 min/week 143 12.9 70 18.1

(Continued)
FIGURE 1

Flow-Chart study population.
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TABLE 1 Continued

Variable Value Baseline, all
patients, n=1106*

Baseline, patients in complete
remission, n= 386*

N % N %

15-<30 min/week 107 9.7 54 14.0

≥30 min/week 107 9.7 48 12.4

Unknown 38 3.4 9 2.3

Smoking at baseline **/*** Never 578 52.3 201 52.1

Formerly 390 35.3 131 33.9

Current 128 11.6 48 12.4

Unknown 10 0.9 6 1.6

Alcohol consumption at baseline
**/***

Never 282 25.5 78 20.2

Weekly or less 541 48.9 202 52.3

Regularly moderate 242 21.9 87 22.5

Regularly larger amounts 28 2.5 14 3.6

Unknown 13 1.2 5 1.3

Sarcoma type **/*** Liposarcoma 210 19.0 72 18.7

Fibroblastic/myofibroblastic/fibrohistiocytic sarcoma 130 11.8 60 15.5

GIST 130 11.8 19 4.9

Unclassified sarcoma 163 14.8 63 16.3

Leiomyosarcoma 130 11.8 34 8.8

Bone Sarcoma 205 18.6 90 23.3

Synovialsarcoma 47 4.3 16 4.1

Other 88 8.0 32 8.3

Tumor location **/*** Abdomen/retroperitoneum 299 27.0 59 15.3

Thorax 89 8.0 25 6.5

Pelvis 160 14.5 44 11.4

Lower limbs 400 36.2 207 53.6

Upper limbs 85 7.7 31 8.0

Other 73 6.6 20 5.2

Time since treatment at baseline **/*** In treatment 365 33.0 – –

<0.5 year 79 7.1 27 7.0

0.5-<1 year 52 4.7 30 7.8

1-<2 years 84 7.6 59 15.3

2-<5 years 88 8.0 62 16.1

≥5 years 80 7.2 59 15.3

Unknown 358 32.4 149 38.6

Disease status at baseline ** Complete remission 491 44.4 386 100

Partial remission/stable 328 29.7 - -

Progress 160 14.5 - -

Unknown 127 11.5 - -

(Continued)
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TABLE 1 Continued

Variable Value Baseline, all
patients, n=1106*

Baseline, patients in complete
remission, n= 386*

N % N %

Received treatments until baseline **/*** Surgery only 291 26.3 146 37.8

Surgery + ST 285 25.8 82 21.2

Surgery + RT 162 14.6 89 23.1

Surgery + RT + ST 232 21.0 69 17.9

Other 136 12.3 – –

Number of treatment lines **/*** 1 line 592 53.6 293 75.9

2 or more lines 426 38.5 87 22.5

unknown 88 8.0 6 1.6

Comorbidities at baseline**/*** 0 545 49.3 220 57.0

1 361 32.6 111 28.8

2 150 13.6 39 10.1

≥ 3 50 4.5 16 4.1
F
rontiers in Endocrinology
 0660
*Patients with available HRQoL data on Global Health. **Model variables analysis 1 (baseline). ***Model variables analysis 2 (baseline). ST, systemic therapy; RT, radiotherapy; SES,
Socioeconomic Status; GIST, gastrointestinal stromal tumors.
"-" not applicable.
TABLE 2 Comparison of Global Health data, sex and age of analyzed (included) patients, unit non responders (no questionnaires) and patients lost to
follow up during baseline, 6 months (t1) and 12 months (t2).

Baseline
n

t0
global
health
mean

Female
%

Age at
baseline
mean

t1
n

t1
global
health
mean

Female
%

Age
baseline
mean

t2
n

t2
global
health
mean

Female
%

Age at
baseline
mean

included
patients at
baseline

1106 59.5 49.7 56.6 - - - - - - - -

included
patients at t1

904 61.1 51.1 57.0 909 61.2 51.2 57.0 - - - -

-deceased until
t1

65 39.8 36.9 56.8 – – – – – – – –

-dropouts
before t1

8 46.9 14.3 53.6 – – – – – – – –

-dropouts at t1 9 47.2 55.6 69.8 – – – – – – – –

-no
questionnaires
t1

120 59.7 38.3 52.9 – – – – – – – –

included
patients at t2

840 62.1 50.6 57.1 803 61.8 51.6 57.3 845 62.5 50.7 57.2

-deceased after
t1

54 48.0 38.9 59.3 36 49.3 36.1 61.7 – – – –

-dropouts at t2 7 59.5 71.4 61.2 6 62.5 83.3 62.4 – – – –

-no
questionnaires
t2

123 58.3 46.3 50.5 64 59.9 51.6 50.6 – – – –
fro
Due to changes in item completion, numbers do not always add up to flow-chart numbers. How to read: First column (included patients at baseline): From 1106 patients global health data was
available. Second column (included patients t1): From 909 patients with global health data at t1, 904 reported on global health at baseline. Seventh column (included patients at t2): From 845
patients with global health data at t2, 840 reported on global health at baseline and 803 at t1.
"-" not applicable.
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TABLE 3 Factors associated with HRQoL domains over time in German sarcoma patients (Analysis 1).

Global Health Physical Functioning Role Functioning Fatigue Pain

Value B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Time point (baseline (ref.))

t1 (6 month) -0.7 (-2.1; 0.8) -2.8 (-4; -1.6)/T -0.3 (-2.2; 1.7) 2.5 (1.0; 4.0)/T 2.1 (0.2; 3.9)/T

t2 (12 month) -0.2 (-1.9; 1.5) -2.8 (-4.2; -1.4)/T 0.4 (-1.9; 2.6) 2.8 (1.0; 4.5)/T 1.7 (-0.4; 3.9)

Sex (male (ref.))

Female -1.3 (-3.6; 0.9) -3.8 (-6.3; -1.3)/T -2.9 (-6.2; 0.5) 7.1 (4.2; 10.0)/S 3.5 (0.1; 6.8)/T

Age at baseline (18-<40 (ref.))

40-<55 -6.1 (-9.6; -2.6)/S -6.6 (-10.6; -2.6)/S -9.5 (-14.8; -4.2)/S 7.1 (2.5; 11.8)/S 5.7 (0.3; 11.0)/T

55-<65 -7.0 (-10.7;
-3.3)/S

-9.0 (-13.2; -4.9)/S -10.0 (-15.5; -4.5)/S 8.0 (3.2; 12.8)/S 3.3 (-2.3; 8.8)

65-<75 -3.2 (-7.2; 0.9) -5.6 (-10.2; -1.1)/S -2.6 (-8.6; 3.4) -0.1 (-5.4; 5.1) -1.3 (-7.3; 4.8)

≥75 years -6.6 (-11.3;
-2.0)/S

-12.1 (-17.4; -6.9)/S -5.7 (-12.7; 1.2) 7.5 (1.4; 13.6)/S -1.3 (-7.3; 4.8)

SES at baseline

Per point increase¶ 0.7 (0.4; 1.0)/S 0.7 (0.4; 1.0)/S 0.3 (-0.1; 0.8) -0.5 (-0.9; -0.1)/S -1.2 (-1.6; -0.7)/S

Sporting activities (none (ref.))

1-<15 min per week 6.2 (4.1; 8.3)/S 4.2 (2.4; 6)/T 5.4 (2.5; 8.2)/T -4.0 (-6.2; -1.7)/T -2.6 (-5.4; 0.1)

15-<30 min per week 8.8 (6.4; 11.2)/S 6.1 (4.0; 8.2)/S 7.3 (4.0; 10.6)/S -6.1 (-8.7; -3.5)/S -6.8 (-10.0; -3.7)/S

≥30 min per week 9.3 (6.8; 11.9)/S 7.0 (4.8; 9.2)/S 12.5 (9.1; 15.9)/S -8.5 (-11.2; -5.7)/S -6.3 (-9.6; -3.0)/S

Unknown 7.4 (3.9; 11.0)/S 3.7 (0.7; 6.7)/T 9.1 (4.2; 13.9)/S -6.0 (-9.8; -2.2)/S -5.9 (-10.5;
-1.3)/T

Smoking (never (ref.))

Formerly -2.1 (-4.2; 0.1) -2.9 (-5.2; -0.7)/T -3.5 (-6.6; -0.3)/T 2.5 (-0.2; 5.1) 3.9 (0.9; 7.0)/T

Current -1.1 (-4.3; 2.1) -2.1 (-5.5; 1.2) -2.0 (-6.8; 2.7) 1.3 (-2.7; 5.3) 1.9 (-2.8; 6.6)

Unknown -4.5 (-10.7; 1.7) -0.1 (-5.3; 5.0) -0.8 (-9.0; 7.4) -2.0 (-8.5; 4.5) -0.6 (-8.5; 7.4)

Alcohol consumption at baseline (Never (ref.))

Weekly or less 5.1 (2.5; 7.7)/S 7.4 (4.5; 10.3)/S 7.6 (3.7; 11.6)/S -6.7 (-10.1; -3.2)/S -7.0 (-11.0; -3.1)/S

Regularly moderate 9.1 (5.8; 12.3)/S 10.4 (6.7; 14.0)/S 13.2 (8.3; 18.0)/S -9.9 (-14.2; -5.7)/S -9.9 (-14.8; -5.0)/S

Regularly larger amounts -2.0 (-9.0; 5.1) 1.9 (-6.0; 9.8) 3.8 (-6.7; 14.4) 3.9 (-5.3; 13.2) 5.5 (-5.1; 16.1)

Unknown 3.3 (-7.1; 13.7) 7.2 (-4.1; 18.5) 5.1 (-10.1; 20.3) -7.9 (-21.4; 5.6) -7.4 (-22.5; 7.8)

Sarcoma Type (liposarcoma (ref.))

Fibroblastic/myofibro-blastic/fibrohistiocytic
s.

-2.5 (-6.5; 1.5) -1.0 (-5.5; 3.5) -2.6 (-8.6; 3.4) 2.2 (-3.1; 7.4) 5.4 (-0.7; 11.4)

GIST 1.3 (-3.2; 5.8) 3.2 (-1.9; 8.2) 5.5 (-1.3; 12.2) 0.1 (-5.8; 6.0) 1.5 (-5.3; 8.3)

Unclassified sarcoma -3.7 (-7.6; 0.2) -7.5 (-11.8; -3.2)/S -9.2 (-15.0; -3.5)/S 5.9 (0.8; 10.9)/S 5.6 (-0.2; 11.4)

Leiomyosarcoma. -0.7 (-4.7; 3.3) -1.5 (-6.0; 3.0) -1.6 (-7.5; 4.3) 3.2 (-2.0; 8.4) -0.7 (-6.7; 5.2)

Bone Sarcoma -7.4 (-11.5;
-3.2)/S

-11.5 (-16.2; -6.9)/S -15.0 (-21.2; -8.7)/S 7.7 (2.2; 13.1)/S 9.7 (3.4; 16.0)/S

Synovialsarcoma -7.8 (-13.6;
-1.9)/S

-5.6 (-12.1; 1.0) -8.6 (-17.4; 0.2) 6.5 (-1.1; 14.2) 4.1 (-4.7; 12.9)

Other -0.3 (-4.6; 4.0) -3.6 (-8.4; 1.3) -4.4 (-10.8; 2.1) 4.4 (-1.3; 10.0) 5.2 (-1.3; 11.7)

(Continued)
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physical functioning and pain; small clinically relevant differences

were found for fatigue. With younger patients (age: 18-<40 years) as

reference value, we observed small but significant differences in all

analyzed domains: the most affected groups were patients aged 55-

<65 (global health, physical functioning, role functioning and fatigue)

and those ≥75 (global health, physical functioning, fatigue, and pain).

A 10-point increase in the socioeconomic status was associated with
Frontiers in Endocrinology 0862
small and significant beneficial changes in global health, physical

functioning, fatigue, and pain. Sporting activities were significantly

associated with higher HRQoL in all HRQoL domains. Former

smokers (comparison: those who never smoked) experienced lower

HRQoL in three domains, but those differences were trivial.

Compared to patients who consumed no alcohol at all, those with

weekly or less consumption or those with a regular, but moderate
TABLE 3 Continued

Global Health Physical Functioning Role Functioning Fatigue Pain

Value B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Tumor location (abdomen/retroperitoneum (ref.))

Thorax 0.0 (-4.8; 4.8) 3.0 (-2.4; 8.4) 0.1 (-7.1; 7.3) 0.9 (-5.5; 7.2) -2.6 (-9.9; 4.6)

Pelvis -3.4 (-7.4; 0.5) -3.4 (-7.8; 1.0) -1.2 (-7.1; 4.6) 1.3 (-3.8; 6.5) 5.8 (-0.1; 11.7)

Lower limbs -2.5 (-6.0; 0.9) -5.5 (-9.4; -1.6)/S -6.7 (-11.9; -1.5)/S 0.1 (-4.5; 4.6) 6.6 (1.4; 11.8)/S

Upper limbs 4.5 (-0.5; 9.4) 4.5 (-1.1; 10.0) -0.8 (-8.1; 6.6) -7.0 (-13.5; -0.5)/S -4.0 (-11.4; 3.5)

Other -1.5 (-6.7; 3.8) 0.4 (-5.4; 6.3) -0.2 (-8.0; 7.6) 0.2 (-6.6; 7.1) 0.8 (-7.1; 8.7)

Time since treatment (currently under treatment (ref.))

<0.5 year 1.5 (-1.0; 4.0) -1.8 (-4.0; 0.3) 2.0 (-1.5; 5.5) -2.3 (-5.0; 0.4) 1.5 (-1.8; 4.8)

0.5-<1 year 4.0 (0.6; 7.4)/S 0.3 (-2.6; 3.2) 5.4 (0.7; 10.0)/T -4.5 (-8.1; -0.8) -0.6 (-5.0; 3.9)

1-<2 years 5.1 (1.7; 8.4)/S 1.8 (-1.1; 4.8) 5.5 (0.9; 10.1)/T -3.7 (-7.4;
-0.05)/T

-1.8 (-6.2; 2.7)

2-<5 years 7.8 (4.1; 11.5)/S 3.7 (0.4; 7.1)/T 9.3 (4.1; 14.5)/S -4.5 (-8.6; -0.3)/T -1.6 (-6.6; 3.4)

≥5 years 5.9 (1.9; 9.9)/S 4.6 (0.9; 8.4)/T 11.3 (5.6; 17.0)/S -6.2 (-10.7; -1.6)/S -2.8 (-8.2; 2.7)

Unknown 6.0 (3.7; 8.3)/S 3.1 (1.0; 5.1)/T 11.3 (8.0; 14.5)/S -7.4 (-9.9; -4.8)/S -3.3 (-6.4; -0.3)/T

Disease status (complete remission (ref.))

Partial remission/stable -2.6 (-4.9; -0.3)/T -1.8 (-4.0; 0.3) -3.7 (-7.0; -0.5)/T 3.6 (0.9; 6.2)/T 2.2 (-1.0; 5.4)

Progress -6.0 (-8.7; -3.2)/S -3.7 (-6.2; -1.2)/T -5.7 (-9.5; -1.9)/T 3.7 (0.6; 6.7)/T 5.4 (1.7; 9.1)/T

Unknown -1.6 (-3.8; 0.6) -1.4 (-3.2; 0.5) -4.0 (-7.0; -1.1)/T 1.2 (-1.2; 3.6) 1.2 (-1.7; 4.1)

Received treatments (surgery alone (ref.))

Surgery + ST 0.7 (-2.3; 3.8) -4.8 (-8.1; -1.5)/T -1.8 (-6.3; 2.7) 3.2 (-0.7; 7.0) -1.3 (-5.8; 3.2)

Surgery + RT -0.4 (-3.4; 2.6) -4.6 (-7.8; -1.4)/T -2.3 (-6.8; 2.2) 7.9 (4.1; 11.6)/S 6.1 (1.7; 10.5)/S

Surgery + ST + RT 0.3 (-2.8; 3.4) -6.0 (-9.3; -2.8)/S -3.9 (-8.4; 0.6) 6.9 (3.1; 10.8)/S 2.1 (-2.4; 6.6)

Other -2.2 (-6.0; 1.7) -4.1 (-8.0; -0.3)/T 2.1 (-3.6; 7.7) 7.0 (2.3; 11.6)/S 4.1 (-1.4; 9.6)

Number of treatment lines (1 (ref.))

2 or more -3.4 (-6.1; -0.7)/T -4.0 (-6.9; -1.1)/T -7.4 (-11.4; -3.5)/S 5.6 (2.2; 9.0)/S 4.3 (0.4; 8.3)/T

unknown -0.5 (-4.9; 4) 1.6 (-3.3; 6.5) -4.1 (-10.7; 2.5) -0.9 (-6.6; 4.8) 4.0 (-2.6; 10.6)

Comorbidities at baseline (none (ref.))

1 -2.8 (-5.3; -0.3)/T -3.5 (-6.3; -0.7)/T -4.6 (-8.4; -0.9)/T 2.9 (-0.4; 6.2) 4.6 (0.9; 8.4)/T

2 -4.0 (-7.5; -0.5)/S -5.3 (-9.2; -1.3)/S -4.3 (-9.5; 1.0) 5.2 (0.6; 9.8)/S 2.5 (-2.8; 7.8)

≥ 3 -9.2 (-14.7;
-3.8)/S

-13.5 (-19.6; -7.4)/S -14.7 (-22.8; -6.5)/S 14.2 (7.1; 21.3)/M 9.3 (1.1; 17.5)/S
Results of Generalized Linear Regression Models. B, non-standardized regression coefficient (indicating a B point increase or decrease in the respective scale); GIST, gastrointestinal stromal
tumor; ST, systemic therapy, RT, radiotherapy; SES, Socioeconomic Status. 95% CI: 95% confidence interval. T, trivial. S, small. M, medium. L, large differences. ¶ Relevance of differences
calculated with 10 points.
Bold: significant differences.
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consumption reported small clinically relevant better outcomes in

all domains.

Using liposarcoma patients as reference group, bone sarcoma

patients were the worst performing group. They showed small

clinically relevant and significant differences in all analyzed

domains. Patients with unclassified sarcomas experienced worse

HRQoL in three (physical functioning, role functioning, fatigue),

those with synovialsarcoma in one domain (global health). Patients

with tumors located at the lower limbs (reference: abdominal/

retroperitoneal sarcomas) reported lower physical and role

functioning as well as higher pain. In contrast, patients with

tumors located at the upper limbs reported better global health

and less fatigue.

With respect to treatment status and time since treatment

(reference: patients in treatment), an relevant improvement over

time was observed in all domains except pain and physical

functioning. Clinically relevant improvements over time were not

uniform across domains. For global healtha small clinically relevant

improvement was observed 6 months, for role functioning 2 years

and for fatigue 5 years after treatment. Differences between patients in

complete remission and partial remission/stable disease remained

trivial. Patients with progressive disease showed small clinically

relevant differences in global health. In comparison to patients

treated with surgery alone, those treated additionally with systemic

therapy (ST) + radiotherapy (RT) experienced worse physical

functioning and more fatigue, and those treated additionally with

RT worse fatigue and pain. Patients who received (at least) second

line treatment were more affected than those in first line treatment.

Small significant differences were observed in role functioning and

fatigue. The number of comorbidities was also associated with lower

HRQoL for patients with 3 or more comorbidities as the worst

performing group over all 5 domains.
3.3 Analysis 2: factors associated with the
course of HRQoL in patients in ongoing
complete remission

Data for Analysis 2 is summarized in Table 4. HRQoL stayed

largely stable over the observed period, with a significant, but trivial

difference found in role functioning. Woman were in three domains

more affected than men; significant small clinically relevant

differences were found in global health, physical functioning, and

fatigue. With younger patients (age: 18-<40 years) as reference,

small to medium significant differences were found in all analyzed

domains: the most affected groups were patients aged 55-<65 (all

domains) and ≥75 (physical and role functioning, fatigue and pain).

A 10-point increase in socioeconomic status showed small

significant improvements in global health, physical functioning,

and pain. Sporting activities were significantly associated with better

HRQoL in all HRQoL domains. Current smokers (comparison:

never smoked) experienced worse HRQoL in two domains (role

functioning and fatigue), those differences were small. Compared to

patients who consumed no alcohol at all, those with weekly or less

consumption or those with a regular, but moderate consumption

reported small clinically relevant better outcomes in all domains.
Frontiers in Endocrinology 0963
Compared to liposarcoma patients as reference, patients with

bone sarcoma were the worst performing group. They showed small

clinically relevant and significant differences in general health,

physical and role functioning. Other differences did not reach

significance. No significant differences were observed with regard

to tumor location.

With respect to time since treatment (reference: up to 6 months

after treatment) an improvement over time was observed in all

domains except pain and fatigue. Improvement over time was not

uniform across domains and took longest in role functioning,

reaching clinical relevance in this domain 5 years after treatment.

In global health, a small clinically relevant improvement was

observed 12 months after treatment and a medium improvement

after 5 years. In physical functioning a small clinically relevant

improvement was observed 2 years after treatment.

No significant differences were observed for the received

treatment or the number of treatment lines. The number of

comorbidities was associated with lower HRQoL experiences in

general health and physical functioning.
4 Discussion

4.1 Results in context

Our study extends previous quality of life research in oncology

through the analysis of a large national sample of sarcoma patients

with standardized follow-up over a 1-year period. As expected, in

our heterogeneous population of sarcoma patients, differences were

found between factors studied in both longitudinal analyses.

The observed differences between gender and age-groups in

Analyses 1 and 2 are reported in almost all HRQoL studies in cancer

populations (29). It is noteworthy that patients between 55-<65

years (in addition to those ≥75) represented the most restricted age

group. This implies that reaching retirement age is accompanied by

a temporary improvement in various quality-of-life domains,

possibly associated with retirement itself, an aspect we previously

reported in more detail for a cross sectional analysis of the data (16).

Differences between women and men seemed to be larger in

patients in complete remission compared to all patients. The

association between HRQoL and SES was already observed in the

aforementioned study, indicating that a holistic approach to health

always should include the social-economic situation of patients.

To our knowledge, there is little sarcoma specific literature on

the relation of HRQoL and the analyzed lifestyle factors sporting

activities (30, 31), smoking, and alcohol consumption, even if the

importance of maintaining physical activity is discussed (32–34).

Sporting activities were in both analyses and across all domains

associated with improved HRQoL. In the literature about cancers in

general, this observation is well established (35, 36). However, our

study design – even if longitudinal – does not allow causal

conclusions, as it remains possible that a better HRQoL enables

sporting activities and is not the result of it. This may be particularly

obvious in the case of role functioning (fulfilling everyday tasks),

which can conceptually include sporting activities. In the analysis of

all patients, former smoking, but not current smoking, was
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TABLE 4 Factors associated with HRQoL domains over time in German sarcoma patients in complete remission (analysis 2).

Global Health Physical Functioning Role
Functioning

Fatigue Pain

Variable/ Value B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Time point (baseline (ref.))

t1 (6 month) 0.1 (-1.9; 2.1) -0.8 (-2.5; 0.8) 1.8 (-1.0; 4.5) 0.5 (-1.6; 2.5) 1.5 (-1.1; 4.2)

t2 (12 month) 1.3 (-1.2; 3.7) -0.9 (-2.8; 0.9) 3.5 (0.3; 6.8)/T 0.3 (-2.3; 2.9) -0.8 (-4.2; 2.6)

Sex (male (ref.))

Female -4.4 (-8.2; -0.6)/S -7.3 (-11.4; -3.1)/S -4.7 (-10.6; 1.1) 10.1 (5.2; 15.1)/S 5.5 (-0.1; 11.1)

Age at baseline (18-<40 (ref.))

40-<55 -5.7 (-11.3; -0.01)/
S

-8.7 (-14.8; -2.6)/S -12.4 (-21.1;
-3.7)/S

10.7 (3.3; 18.0)/S 10.4 (2.1; 18.7)/S

55-<65 -8.7 (-14.6; -2.7)/S -12.4 (-18.8; -5.9)/S -17.8 (-27.0;
-8.6)/S

14.7 (6.9; 22.5)/M 11.2 (2.5; 20.0)/S

65-<75 -1.9 (-8.7; 4.9) -6.8 (-14.1; 0.5) -9.9 (-20.3; 0.5) 5.0 (-3.8; 13.9) 8.3 (-1.7; 18.2)

≥75 years -8.8 (-18.1; 0.6) -20.0 (-30.0; -9.9)/M -17.2 (-31.4;
-2.9)/S

15.7 (3.6; 27.9)/M 14.7 (1.1; 28.3)/M

SES at baseline

Per point increase¶ 0.5 (0.02; 1.1)/S 0.8 (0.2; 1.3)/S 0.6 (-0.2; 1.4) -0.6 (-1.3; 0.1) -1.1 (-1.9; -0.3)/S

Sporting activities (none (ref.))

1-<15 min per week 6.1 (2.9; 9.4)/S 2.3 (-0.3; 4.9) 1.0 (-3.4; 5.3) -2.0 (-5.4; 1.4) 1.7 (-2.6; 6.0)

15-<30 min per week 7.3 (3.8; 10.8)/S 4.5 (1.7; 7.3)/T 4.1 (-0.6; 8.8) -4.5 (-8.2; -0.8)/S -3.6 (-8.2; 1.1)

≥30 min per week 7.1 (3.4; 10.8)/S 6.4 (3.4; 9.3)/S 8.9 (4.0; 13.9)/S -6.6 (-10.5; -2.7)/S -6.1 (-11; -1.2)/S

Unknown 2.7 (-3.2; 8.6) 1.5 (-2.9; 6.0) 5.1 (-2.5; 12.8) -2.9 (-8.9; 3.0) -3.9 (-11.5; 3.7)

Smoking (never (ref.))

Formerly 0.4 (-3.3; 4.0) -1.9 (-5.5; 1.7) -2.0 (-7.4; 3.4) 3.7 (-0.8; 8.1) -0.8 (-6.0; 4.4)

Current -2.5 (-7.9; 3.0) -5.3 (-10.7; 0.1) -10.0 (-18.2;
-1.9)/S

9.3 (2.5; 16.0)/S -2.9 (-10.8; 4.9)

Unknown -3.8 (-13.2; 5.5) 3.5 (-3.2; 10.2) 4.5 (-7.1; 16.2) -3.7 (-12.9; 5.6) -3.6 (-14.9; 7.8)

Alcohol consumption at baseline (Never (ref.))

Weekly or less 6.1 (1.3; 10.8)/S 4.3 (-0.9; 9.5) 7.5 (0.1; 14.8)/S -7.8 (-14.0; -1.6)/S -7.3 (-14.3; -0.3)/S

Regularly moderate 8.7 (2.8; 14.7)/S 7.3 (0.9; 13.7)/S 14.5 (5.5; 23.6)/S -11.9 (-19.6;
-4.2)/S

-10.5 (-19.2;
-1.8)/S

Regularly larger amounts -5.6 (-16.1; 4.9) -1.7 (-13.2; 9.7) 3.5 (-12.7; 19.7) 2.9 (-10.9; 16.6) 1.1 (-14.4; 16.6)

Unknown -0.1 (-18.8; 18.5) 2.4 (-16.0; 20.7) 14.5 (-11.8; 40.8) -15.7 (-39.9; 8.5) -17.8 (-42.7; 7.1)

Sarcoma Type (liposarcoma (ref.))

Fibroblastic/myofibro-blastic/fibrohistiocytic
s.

-1.6 (-7.9; 4.7) 0.1 (-6.7; 7.0) 1.5 (-8.2; 11.3) 1.7 (-6.5; 9.9) -0.2 (-9.5; 9.1)

GIST -1.1 (-11.6; 9.4) 5.7 (-5.8; 17.1) 7.1 (-9.0; 23.2) -2.0 (-15.7; 11.8) -6.7 (-22.1; 8.7)

Unclassified sarcoma -3.1 (-9.5; 3.3) -6.2 (-13.1; 0.7) -4.8 (-14.5; 4.9) 5.3 (-3.0; 13.6) 7.3 (-2.0; 16.6)

Leiomyosarcoma. 1.3 (-6.2; 8.7) 6.8 (-1.4; 14.9) 4.4 (-7.1; 15.8) -3.0 (-12.7; 6.8) -7.6 (-18.6; 3.3)

Bone Sarcoma -7.6 (-14.4; -0.9)/S -9.4 (-16.8; -2.0)/S -12.1 (-22.5; -1.7)/S 7.4 (-1.4; 16.3) 7.1 (-2.9; 17.0)

Synovialsarcoma -2.2 (-12.3; 8.0) -3.6 (-14.6; 7.4) 1.1 (-14.5; 16.7) 1.1 (-12.1; 14.3) 2.2 (-12.7; 17.0)

(Continued)
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associated with deteriorated HRQoL. It might be the case, that

decreased HRQoL lead to smoking cessation. In the analysis of

patients in complete remission, however, current smoking was

associated with poorer HRQoL. This association is well

established in the literature (37–39).

Moderate alcohol consumption was associated with an

improvement in HRQoL compared to no consumption in both

analyzed groups. This at first glance counterintuitive result is

observed in other studies (40–42) and likely reflects the fact,

when alcohol consumption is widespread and socially acceptable

as is the case for Germany (43), many of those who do not consume

alcohol (anymore) may be doing so because they are too ill or weak

to drink alcohol. So here we might observe reverse causality, too.

Exploring the relation between time since treatment and analyzed

HRQoL domains, a heterogenous picture was revealed.While inAnalysis
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1 (all patients), a rapid improvement over time was observed for general

health, for role functioning, and fatigue clinically relevant improvements

were observed only 2 resp. 5 years post treatment, while pain did not

improve at all significantly and physical functioning not in a clinically

relevant manner. In Analysis 2 (complete remission), HRQoL did not

improve regarding pain and fatigue and improved at different times in

general health, physical, and role functioning. This ambiguous picture is

somewhat reflected in the literature, where for different populations some

studies reported improvements 1 year after treatment (44, 45), while

others reported more stable trajectories (46, 47). As the study population

in the complete remission analysis is more homogenous than in the all-

patients analysis, conclusions are probably easier to draw from the

former one. Here, the stable trajectory in pain and fatigue raises the

question, whether there is room for improvement especially in follow-up

care (48, 49).
TABLE 4 Continued

Global Health Physical Functioning Role
Functioning

Fatigue Pain

Variable/ Value B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Other 1.0 (-6.9; 8.9) -1.3 (-9.8; 7.2) 1.5 (-10.6; 13.6) 1.9 (-8.3; 12.1) -1.4 (-13.0; 10.1)

Tumor location (abdomen/retroperitoneum (ref.))

Thorax 2.8 (-6.5; 12) 2.6 (-7.4; 12.7) 1.8 (-12.5; 16.0) -0.3 (-12.3; 11.8) -12.0 (-25.6; 1.6)

Pelvis -0.1 (-8.2; 7.9) -4.6 (-13.3; 4.1) -0.8 (-13.1; 11.5) 1.3 (-9.2; 11.7) 3.9 (-7.9; 15.6)

Lower limbs -0.1 (-6.7; 6.6) -6.5 (-13.7; 0.7) -4.5 (-14.7; 5.8) 1.3 (-7.4; 9.9) 0.6 (-9.2; 10.3)

Upper limbs 4.3 (-4.7; 13.3) -1.2 (-10.9; 8.6) -2.9 (-16.8; 11.0) -0.9 (-12.7; 10.8) -10.3 (-23.6; 3.0)

Other 0.2 (-9.9; 10.4) -5.8 (-16.8; 5.2) -0.6 (-16.2; 15.0) 7.0 (-6.3; 20.3) 3.7 (-11.2; 18.6)

Time since treatment (<0.5 year (ref.))

0.5-<1 year 5.7 (-0.9; 12.3) 4.8 (-0.4; 10.1) 7.5 (-1.7; 16.6) -3.7 (-10.6; 3.3) -5.8 (-14.5; 2.9)

1-<2 years 7.9 (1.3; 14.5)/S 5.4 (-0.04; 10.8) 8.4 (-1.0; 17.8) -0.5 (-7.8; 6.8) -2.6 (-11.7; 6.5)

2-<5 years 8.6 (1.4; 15.9)/S 6.7 (0.6; 12.8)/S 6.6 (-3.8; 17.0) -0.6 (-8.7; 7.4) 1.7 (-8.2; 11.6)

≥5 years 10.7 (2.9; 18.6)/M 8.9 (2.0; 15.8)/S 12.4 (1.1; 23.8)/S -4.5 (-13.4; 4.4) -2.7 (-13.4; 8.0)

Unknown 8.5 (0.9; 16.1)/S 4.9 (-1.8; 11.6)/T 11.7 (0.7; 22.7)/S -2.6 (-11.2; 6.0) -2.6 (-13.0; 7.8)

Received treatments (surgery alone (ref.))

Surgery + ST -1.4 (-6.7; 3.9) -4.6 (-10.3; 1.1) -4.7 (-12.9; 3.4) 4.2 (-2.7; 11.1) 1.0 (-6.8; 8.7)

Surgery + RT -1.6 (-6.9; 3.8) 2.3 (-3.5; 8.0) 2.9 (-5.2; 11.1) 2.5 (-4.4; 9.4) 0.7 (-7.0; 8.5)

Surgery + ST + RT 2.4 (-3.3; 8.1) 2.2 (-4.0; 8.4) -0.7 (-9.5; 8.0) 3.6 (-3.9; 11.0) -4.4 (-12.8; 3.9)

Number of treatment lines (1 (ref.))

2 or more 0.5 (-5.0; 6.0) -1.1 (-6.8; 4.6) -5.2 (-13.5; 3.2) 1.0 (-6.0; 7.9) 5.4 (-2.6; 13.4)

unknown 6.2 (-9.4; 21.7) -1.3 (-17.9; 15.3) -8.6 (-32.4; 15.2) -0.1 (-20.1; 19.9) -8.5 (-31.0; 14.1)

Comorbidities at baseline (none (ref.))

1 -2.9 (-7.3; 1.5) -4.3 (-9.1; 0.5) -5.8 (-12.5; 1.0) 4.4 (-1.3; 10.1) 4.2 (-2.3; 10.6)

2 -6.6 (-13.3; 0.2)/S -8.0 (-15.3; -0.6)/S -0.8 (-11.2; 9.6) 6.3 (-2.6; 15.1) -5.8 (-15.8; 4.1)

≥ 3 -7.5 (-17; 2.0) -11.7 (-22.0; -1.3)/S -10.3 (-24.9; 4.2) 12.1 (-0.3; 24.5) 5.3 (-8.6; 19.2)
Results of Generalized Linear Regression Models. B, non-standardized regression coefficient (indicating a B point increase or decrease in the respective scale); GIST, gastrointestinal stromal
tumor. ST, systemic therapy, RT, radiotherapy; SES, Socioeconomic Status. 95% CI: 95% confidence interval. T, trivial. S, small. M, medium. L, large differences. ¶ Relevance of differences
calculated with 10 points.
Bold: significant differences.
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In Analysis 1, the heterogeneity of sarcoma patients was

reflected in the analysis of subgroups and tumor location (15, 16).

In Analysis 2, those differences did not remain statistically

significant, which might be, at least partly a result of the smaller

sample size. The exception are bone sarcoma patients, which were

in both analyses stronger affected by functional impairments and

lower general health than liposarcoma patients. Van Eck et al.

reported that patients with sarcomas of the axial skeleton were the

most affected group, a location that we did not document

separately (15).

Patients treated with surgery alone had the lowest restrictions in

terms of functional impairment and symptom burden in the all-

patients analysis. Patients treated with surgery + ST + RT were most

affected in all other domains, with the exception of pain, where patients

with surgery + RT reported strongest symptoms. Interestingly, no

differences were observed in the complete remission cohort. Winnette

et al. reported increased burden after CT and RT, as well (50). Further,

van Eck et al. compiled a comprehensive list of problems associated

with specific treatments (15). Van Tine et al. observed a relatively rapid

decline in HRQoL during doxorubicin-based treatment (51). An

ongoing observational cohort study is investigating effects of CT on

HRQoL (52).

As expected, progressive disease and the number of

comorbidities were significantly and relevantly associated with

most domains (53).

Overall, our research extends the existing knowledge on the

HRQoL in sarcoma patients by providing a comprehensive and

longitudinal analysis of a diverse national sample. Moreover, the

inclusion of lifestyle factors, socio-economic status, the examination

of time since treatment and disease-related factors add valuable

insights to the current understanding of HRQoL in this patient

population. We were thus able to capture a more holistic picture of

the disease.
4.2 Strength and limitations

The PROSa study is one of the largest studies on HRQoL in

sarcoma patients and survivors worldwide. Patients from 39 German

hospitals and practices were included, representing a broad spectrum

of sarcoma treating facilities and disciplines. We were able to follow

patients for one year and thus to collect and analyze longitudinal data.

The analysis has a limitation in the heterogenous patients collective.

Despite being able to collect information about a relatively large

number of patients, heterogeneity of the disease makes a subgroup

analysis difficult. We were not able to compute interaction-analyses,

especially on potential different HRQoL-trajectories in sarcoma

subgroups (type, location, or treatment).

Although the present study has a longitudinal design, causal

conclusions should be drawn cautiously. As discussed with respect

to sporting activities, changes in HRQoL outcomes may have

occurred before changes in independent variables. Unobserved or

spurious confounding is also possible and the study is subject to

selection bias. The majority of our patients were recruited in

university hospitals and/or specialized centers and thus might not

be representative for all sarcoma patients. In addition, we suspect a
Frontiers in Endocrinology 1266
sick survivor bias, as healthy survivors have less frequent contact

with our recruiting study centers. For Analysis 1, it should

additionally be considered, that, as patients were in most cases

recruited during hospital visits, the probability that the course of

HRQoL over time is influenced by a subsequent treatment or

worsening of disease is higher than in a sarcoma population

recruited at a random timepoint. Our study population changed

over the course of one-year, with younger patients and men being

overrepresented in non-participants during follow-up, and there is

the possibility that this influenced our results.
5 Conclusion

The heterogeneity of sarcomas regarding type, location, and

treatment is reflected in the HRQoL outcomes in the analysis of all

sarcoma patients, but only to a certain extent in the complete

remission cohort. Bone sarcoma patients were in both analyses the

most affected sarcoma type, while significant differences regarding

location (patients with tumors located at the lower extremities

performed worst and those with sarcomas at the upper

extremities best) and treatment (having received radiotherapy

and/or systemic therapy was associated with lower HRQoL in

some domains) were only found in the analysis of all patients.

In both cohorts, sociodemographic factors like age, sex, and

socioeconomic status were associated with HRQoL as well. Patients

between 55-<65 years of age were the most affected group,

indicating that certain life circumstances, like work, may increase

the disease burden.

Lifestyle factors, especially sporting activities were strongly

associated with HRQoL outcomes. Additionally, smokers had a

higher probability of experiencing deteriorated HRQoL scores. It is

thus important that clinicians are aware of these factors and take

them into account and address them during treatment and follow-

up. They should be considered in the development of supportive

care programs.

Outcomes improved in both analyses over time since treatment,

albeit in different patterns. Patients in ongoing complete remission

improved over time in global health, physical, and role functioning.

Such improvements were not observed for fatigue and pain. These

findings can inform healthcare professionals and policymakers in

developing targeted interventions and support services to enhance

the well-being and overall quality of life for sarcoma patients.
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Primary mediastinal Ewing’s
sarcoma presenting with
sudden and severe chest
pain: a case report
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Ewing’s sarcoma, characterized by small round cell morphology, is a rare

malignancy, with mediastinal Ewing’s sarcoma being even less common. This

case describes a distinctive presentation of primary mediastinal Ewing’s sarcoma in

a 32-year-old male presenting with sudden and severe chest pain. Initial evaluation

excluded cardiac and pulmonary emergencies, revealing a posterior mediastinal

mass through advanced imaging. The patient’s clinical symptoms significantly

improved following the complete resection of the tumor via thoracoscopy.

Subsequent analysis incorporating imaging, histological, immunohistochemical

and genetic findings led to the conclusive diagnosis of primary mediastinal

Ewing’s sarcoma.
KEYWORDS

Ewing’s sarcoma, mediastinum, case report, thoracic cancer, chest pain
Introduction

Ewing’s sarcoma (EwS) is a rare and aggressive malignant neoplasm primarily affecting

the bones and soft tissues, with a predilection for the long bones of extremities (1, 2).

However, in exceedingly rare instances, this aggressive tumor can manifest in the

mediastinum. Due to the restricted mediastinal space and the marked malignancy of the

tumor, patients frequently exhibit a rapid onset of clinical symptoms. In this case report, we

delineate a particularly rare and perplexing presentation of EwS originating in the posterior

mediastinum and manifesting with acute chest pain. The patient underwent thoracoscopic

surgical exploration and tumor resection. The postoperative pathological diagnosis confirmed

the presence of primary EwS in the mediastinum.
Case report

A 32-year-old young male patient presented to the emergency department with a 1-day

history of severe right chest and back pain. He had no significant medical history and denied
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any tobacco or alcohol use. Initial vital signs at the emergency

department showed a blood pressure of 150/90 mmHg, a heart rate

of 100 beats/min, and an oxygen saturation of 98%. Cardiac markers

and inflammatory markers were within normal limits, and the

electrocardiogram (ECG) showed sinus rhythm without ST-

segment elevation. Given the patient’s increasing discomfort,

admission for further evaluation was arranged. Enhanced chest

computed tomography (CT) revealed a 4cm x 4cm x 3cm mass in

the right posterior lateral spine at the thoracic inlet, closely adjacent

to the esophagus, trachea, right subclavian artery, right lung apex and

posterior ribs. The tumor exhibited well-defined margins,

heterogeneous internal density and partial internal enhancement

after contrast enhancement (Figures 1A, B). In addition, laboratory

testing showed normal tumor markers and lactate levels. Contrast-

enhanced magnetic resonance imaging (MRI) revealed high signal

intensity at the periphery and moderate signal within the interior on

T2-weighted images (Figures 1C, D). Subsequent 18F-

flurodeoxyglucose positron emission tomography/computed

tomography scan showed no evidence of distant malignancy. The

preliminary diagnosis was a primary mediastinal neurogenic tumor.

After the failure of common analgesics to relieve the symptoms, the

patient consent to surgery. Thoracoscopic exploration of the chest

and tumor resection were performed on the fourth day after

admission. Intraoperatively, the pleural cavity was free of adhesions

and pleural effusion. The tumor, located in the right pleural apex,

exhibited a smooth cystic wall with a rich vascular supply on its

surface, and no evidence of invasion. The tumor was successfully

excised en bloc via thoracoscopy, and subsequent histopathological

analysis revealed a small round cell malignant tumor (Figures 2A, B).

Immunohistochemical testing demonstrated strong positivity for

CD99, CyclinD1, and negativity for CK, EMA, S-100, MyoD1,

CD20, WT-1, Bcl-2, Vimentin and Desmin. The proliferation

marker Ki-67 was found to be approximately 35% (Figures 2C–F).

All indicators strongly suggest the presence of a sarcoma in this

patient. To refine the classification of the specific sarcoma subtype, we

engaged expert pathologists from Shanghai Zhongshan Hospital to

reassess the histologic and immunohistochemical findings.

Ultimately, genetic testing confirmed the existence of EWSR1::FLI1

fusion within the sarcoma tissue. Based on the combined findings of

histopathological analysis, immunohistochemical and genetic testing,

the conclusive diagnosis was recognized as primary mediastinal EwS.

Postoperatively, the patient had no complications and was

discharged. Continued chemotherapy was recommended, but due

to financial constraints, he declined radiotherapy or chemotherapy

during follow-up. Remarkably, he has survived nearly one year since

the operation, attributing his longevity to his mindset. Despite
Abbreviations: CD99, Cluster of differentiation 99; CK, Cytokines; EMA,

Epithelial membrane antigen; MyoD1, Myogenic Differentiation 1; CD20,

Cluster of differentiation 20; WT-1, Wilms’ tumor protein; Bcl-2, B-cell

lymphoma 2; Ki-67, Antigen Kiel 67; EWSR1, Ewing sarcoma breakpoint

region 1 gene; FLI1, Friend leukemia integration 1 transcription factor; MIC2,

MHC class I chain-related Gene 2; NKX2.2, NK2 Homeobox 2; ETS, E twenty-

six; CIC, Capicua; BCOR, BCL6 corepressor; LSD1, Lysine-specific histone

demethylase 1A.
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recommendations for postoperative CT and chemotherapy, he

remains resilient in his decision.
Discussion

EwS is a highly aggressive and poorly prognostic malignant

tumor that usually originates in the metaphysis of the long bones

and the pelvis (3). It primarily affects children and young adults,

with a slight male predominance (4). The EwS family includes

extra-skeletal EwS, accounting for around 12% of EwS cases, and

mainly occurs in the thigh, upper arm, and shoulder (5). However,

EwS originating in the mediastinum is extremely rare, with no more

than 20 cases of mediastinal EwS reported in the literature. Given its

low incidence and atypical clinical manifestation, accurate

diagnosis, differential diagnosis, and subsequent treatment

options pose numerous challenges.

EwS displays a rapid growth pattern, and when growing in the

mediastinum, it may compress the trachea, resulting in symptoms

such as chest tightness, wheezing and coughing (6, 7). Furthermore,

compression of the heart or major blood vessels can lead to

mediastinal shift or superior vena cava obstruction syndrome,

while intercostal nerve compression may cause chest pain (8, 9).

These clinical manifestations of mediastinal EwS are atypical andmay

easily be mistaken for other mediastinal tumors or diseases. In this

particular case, the patient was urgently admitted to the hospital due

to severe chest pain accompanied by back pain. Given the patient’s

age, potential conditions such as aortic dissection, pulmonary

embolism, and tension pneumothorax could not be eliminated

as possibilities. However, enhanced chest CT and ECG were able to

rule out these acute and debilitating illnesses. Although the posterior

mediastinal mass visible in preoperative imaging was initially deemed

to be a neurogenic tumor, its location in the cervical pleura made it

unsafe to perform a puncture biopsy for pathology. From these

perspectives, the differential diagnosis of a mass found in

the mediastinum is extensive and encompasses lymphomas, germ

cell tumors, thymic tumors, and neurogenic tumors, necessitating a

comprehensive approach to rule out various possibilities. CT

and MRI play a crucial role in localizing and characterizing

mediastinal tumors.

Histopathological evaluation, immunohistochemistry and genetic

testing are all indispensable for confirming the diagnosis of primary

mediastinal EwS. A prominent characteristic of EwS is the abundance

of solid sheets of small round blue cells with high ratio of nuclear to

cytoplasmic volume and scant eosinophilic cytoplasm, as observed in

Hematoxylin and eosin (H&E) staining (7, 10, 11). It is crucial to

acknowledge that other tumors might display comparable H&E

staining characteristics, such as embryonal rhabdomyosarcoma,

neuroblastoma and lymphoma (11). Therefore, the precise

diagnosis of primary mediastinal EwS necessitates a range of

techniques, including immunohistochemistry, genetic testing and

other procedures. CD99, a protein product encoded by MIC2,

serves as a crucial molecular marker for the diagnosis of EwS (1,

11). Although there are limited reports on primary mediastinal EwS

cases, CD99 has been found to exhibit robust positive expression.

However, the diagnostic specificity of CD99 for EwS is not 100%, and
frontiersin.org
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strong positive expression of CD99 can also be manifested in

ependymoma (12). At the same time, the diagnostic sensitivity of

CD99 for EwS is not 100%, and a small number of EwS cases can be

weakly positive or negative for CD99 (13). NKX2.2 is considered to

be another highly specific molecular marker in the diagnosis of EwS

(14). Its combination with CD99 may improve the accuracy of

diagnosis of EwS. Notably, histology and immunohistochemistry

cannot definitively diagnose EwS, and further accurate diagnosis

depends on genetic testing. Genetic testing can help rule out other

types of sarcomas, including round cell sarcomas with EWSR1::non-

ETS fusions, CIC-rearranged sarcomas, and sarcomas with BCOR

gene alteration (15). Typically, FET::ETS gene family fusion can be

used for the diagnosis of EwS (16). The EWSR1::FLI1 fusion formed

by t(11,22)(q24;12) chromosomal translocation can be found in

about 80% of EwS cases (13).

Due to its rarity, the optimal management of mediastinal EwS

remains a subject of debate and a corresponding guideline reference is

lacking. Current therapeutic strategies are predominantly adapted

from the treatment regimens utilized for osseous EwS, encompassing

a multimodal approach that includes surgery, chemotherapy, and

radiotherapy. Surgical resection is considered a crucial intervention
Frontiers in Oncology 0371
when viable, as complete tumor removal can alleviate symptoms and

facilitate subsequent adjuvant therapies. ESMO Clinical Practice

Guidelines suggest initiating combination chemotherapy for 3 to 6

cycles post-tumor diagnosis, followed by local treatment, and then up

to another 6 to 10 cycles of chemotherapy. The duration of treatment

is estimated at 10 to 12 months. The combination chemotherapy

drugs encompass doxorubicin, cyclophosphamide, ifosfamide,

vincristine, actinomycin, and etoposide (18). The EURO EWING

2012 phase 3 trial compared European and US chemotherapy

regimens for newly diagnosed EwS. The study found that dose-

intensive chemotherapy with vincristine, doxorubicin,

cyclophosphamide, ifosfamide, and etoposide was more effective,

less toxic, and shorter in duration, establishing it as the

recommended standard of care for EwS (19). Radiotherapy is

indicated in cases with incomplete excision, positive surgical

margins, or inoperable tumors (20). The post-operative radiation

treatment dose ranges from 45 to 60 Gy, contingent on tumor

resection margin, reaction, and location (18). While multimodal

therapy is the conventional method, tailored treatment plans

should be taken into account to accommodate the distinct

circumstances of each patient. When there is no evidence of local
FIGURE 1

(A, B), enhanced chest CT showed a mass adjacent to spine at the thoracic inlet with uneven density and the tumor is adjacent to 2nd and 3rd
posterior ribs. (C, D), enhanced MRI showed a higher signal intensity at the periphery of the tumor on T2-weighted images. The internal signal
distribution was found to be heterogeneous, while the tumor margins were clearly demarcated with no apparent signs of adjacent tissue or
structure infiltration.
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or distant metastases and complete removal is possible, surgery

should be chosen without delay. We summarize most of the case

studies on primary mediastinal EwS in Table 1. Tumor biopsy should

be site-specific in the mediastinum, CT-guided transthoracic biopsy is
Frontiers in Oncology 0472
preferred. In case of need, endobronchial ultrasound guided

transbronchial needle aspiration or mediastinoscopic biopsy can be

utilized. Occasionally, the tumor is extensive or infiltrates adjacent

organs and tissues, and neoadjuvant therapy may provide patients
FIGURE 2

(A, B), H&E staining revealed a homogeneous population of spherical cells with basophilic cytoplasm, and hyperchromatic nuclei (x100 and x200
respectively). (C–F) (immunohistochemistry), (C) showed strong positive expression of CD99 membrane staining. (D) showed strong positive
expression of CyclinD1 membrane staining. (E) showed CK marking is negative in tumor cells. (F) showed the proportion of tumor cells exhibiting Ki-
67 positivity was approximately 35%.
TABLE 1 Management and prognosis of primary mediastinal Ewing’s sarcoma in previous studies.

Study Age
and
Sex

Site Biopsy Treatment Prognosis

Reali A,
et al (9)

66-F Anterior
mediastinum

Mediastinoscopy Unresectable, chemotherapy
and radiotherapy

Post-treatment, multiple pulmonary metastases
appeared two months later

Koc U,
et al (21)

63-M Anterior
mediastinum

NA Unresectable, chemotherapy NA

Cui M,
et al (22)

66-M Anterior
mediastinum

None Thoracotomy Post-surgery, pericardial metastasis appeared two
months later

Silver JM,
et al (23)

17-M Posterior
mediastinum

None Thoracotomy, postoperative
chemotherapy and radiotherapy

NA

(Continued)
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with access to surgery. Multidisciplinary management emerges as the

primary strategy to augment the survival rate of patients afflicted with

mediastinal EwS. Beyond traditional surgical, radiotherapeutic, and

chemotherapeutic interventions, molecular therapeutic strategies

may be integrated clinically in potential future scenarios. Inhibitors

of the histone demethylase LSD1 selectively induce programmed cell

death in EwS cell lines and are presently under evaluation in a clinical

trial (26). The recommended follow-up strategy is to undertake MRI

examinations every 2 to 3 months post-treatment, to scrutinize the

condition of the soft tissue within the mediastinum. If survival

surpasses 5 years, a follow-up may be conducted biannually (18).

Our patient’s one-year survival after surgery, despite the

unavailability of comprehensive adjuvant therapies, suggests that

surgery can play a crucial role in managing early mediastinal EwS.

Early studies indicate that patients with EWSR1::FLI1 fusions have

higher disease-free survival rates than patients with other types of

fusions (17, 27). Nonetheless, it is important to acknowledge that our

study is limited to a single case, and given the aggressive nature of

EwS, it is imperative that eligible patients receive standard

postoperative chemoradiotherapy to enhance their long-term

survival. Further research and larger case series with more

comprehensive follow-up data are warranted to establish the most

effective treatment paradigm for this rare entity.
Conclusion

Our case illuminates the intricate diagnosis and management of

primary mediastinal EwS, an uncommon and highly aggressive

malignancy with an atypical presentation. We aim to expand the

existing knowledge on this unusual entity and promote further

research to enhance therapeutic strategies for primary mediastinal

EwS. Furthermore, it underscores the indispensable significance of
Frontiers in Oncology 0573
an interdisciplinary approach in handling rare and intricate cases in

thoracic surgery and oncology.
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TABLE 1 Continued

Study Age
and
Sex

Site Biopsy Treatment Prognosis

Caltavituro
A,
et al (24)

30-F Anterior
mediastinum

None Thoracotomy, postoperative
chemotherapy and stem
cell transplantation

Post-surgery, local recurrence appeared a few
months later. But the patient is still alive after
adjuvant therapy

Halliday J,
et al (7)

16-F Anterior
mediastinum

An open biopsy of the
neck was performed
but failed

Thoracotomy NA

Halefoglu
AM,
et al (25)

19-F Posterior
mediastinum

CT-guided biopsy Thoracotomy NA

Ata F,
et al (8)

16-M Anterior and
posterior
mediastinum

CT-guided biopsy None NA

Li X,
et al (6)

15-F Anterior
mediastinum

CT-guided biopsy Chemotherapy Remission
M, male; F, female; NA, not applicable.
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An elderly low-grade fibromyxoid 
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postoperative recurrences and 
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literature review
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Background: Low-grade fibromyxoid sarcoma (LGFMS) is a rare type of soft 
tissue sarcoma that often involves the deep soft tissue of the extremities and 
trunk in young and middle-aged adults. It is uncommon in the elderly. Here 
we  discuss a case of LGFMS in an elderly patient who had recurrence and 
metastasis within 2  years of resection of the primary tumor.

Case report: A 71-year-old LGFMS patient was presented with a mass in the 
left forearm accompanied by pain and numbness from the left upper arm to 
fingers. The patient subsequently underwent 3 surgical resections, although she 
had 3 recurrences within 6  months after the initial diagnosis. Considering the 
malignant biological behavior of the tumor, an amputation at 5  cm above the 
elbow was eventually performed. However, recurrence in the extremity of the 
stump and chest wall metastasis were observed 2  years after amputation. Then 
resection of the metastases, radiotherapy and particle implantation therapy 
were performed. The patient is currently undergoing follow-up and has no 
evidence of recurrence.

Conclusion: In our case, multiple early postoperative recurrences may 
be associated with a positive margin at initial operation. The patient underwent 
a total of 5 operations including local resection of the primary tumor, twice 
wide resections, amputation and metastatic surgery with 4 early postoperative 
recurrences and metastases within 4  years, suggesting that LGFMS may have 
highly invasive biological behavior. Our case demonstrated that early aggressive 
surgical treatment is recommended for LGFMS patients with a positive margin 
at initial operation and patients who had recurrence even after wide resection 
rather than local resection. Further research is needed to develop more effective 
treatment options for rapidly progress and highly aggressive LGFMS.

KEYWORDS

low-grade fibromyxoid sarcoma, postoperative recurrences, metastasis, magnetic 
resonance imaging, PET/CT
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Introduction

Low-grade fibromyxoid sarcoma (LGFMS) is a rare type of soft 
tissue sarcoma that is classified as a “fibroblastic/myofibroblastic 
tumor” according to the 2020 edition of the World Health 
Organization (WHO) Classification of Bone and Soft Tissue Tumors. 
LGFMS often involves the deep soft tissue of the extremities and trunk 
in young and middle-aged adults with a deceptively benign histologic 
appearance (1). Its biological behavior is both indolent and malignant. 
About 9% of patients have recurrence and 6% have metastasis within 
2 years after resection of primary tumor (2). However, the long-term 
local recurrence rate and the eventual metastasis rate can reach 64 and 
46%, and the clinical course is often prolonged (3). Here, we described 
a rare case of a 71-year-old LGFMS patient who underwent a total of 
5 operations with 4 early postoperative recurrences and metastases 
within 4 years. In addition, we summarized characteristics of LGFMS 
cases with twice or more local recurrences by reviewing previous 
relevant literature in order to assist the clinician in decision making 
and treatment planning for achieving a good prognosis for this 
rare tumor.

Case presentation

A 71-year-old female patient presented with a mass in the left 
forearm for 3 years. When the patient sought medical attention 1 year 
ago, the doctor considered a diagnosis of fibroma and did not proceed 
with surgical treatment. The mass began to enlarge and harden 
significantly more than 5 months ago, accompanied by pain and 
numbness from the left upper arm to fingers. The patient had no 
family history of a similar condition. Physical examination revealed 
an 8 cm × 6 cm tender fixed mass on the patient’s left forearm with an 
unclear boundary. Laboratory tests showed no obvious abnormalities. 
Magnetic resonance imaging (MRI) was performed to further assess 
the lesion. The pronator teres, flexor carpi radialis, flexor digitorum 
superficialis, flexor carpi ulnaris and intermuscular space showed 
patchy and irregular isointense signals on T1-weighted image 
(Figure  1A) and high signal intensity on T2-weighted image 
(Figures  1B–E). The boundary of the lesion is not clear, with 
intermuscular edema (Figures 1A–E).

The patient subsequently underwent a resection of the left forearm 
mass with a size of 8 cm × 6 cm × 6 cm. Intraoperative findings showed 
the mass borders were indistinct from surrounding muscle fibers and 
tendon. The trunk and branches of the dorsal interosseous nerve were 
also tightly adhered to the tumor and the nerve branches surrounded 
by tumor tissue were removed. Postoperative histopathology showed 
alternating myxoid and fibrous areas and that the tumor cells were 
predominantly spindle-shaped cells arranged in bundles with uneven 
proliferation. Moderate cytologic atypia and up to 11 mitoses per 10 
hpf in the most active part of the tumor were observed (Figures 1L,M). 
By immunohistochemistry (IHC), the tumor cells were diffusely 
positive for vimentin, focally for SMA, KP1, MSA, and negative for 
S−100, CD34, EMA, HMB-45, desmin, LCA, AE1/AE3, ALK (1A4), 
SOX10, TLE1 and ß-catenin. Ki-67 staining showed the proportion of 
the positive tumor cells was about 20%. Upon pathologic examination 
with immunohistochemistry, low-grade soft tissue sarcoma was 
diagnosed. Using the French Federation of Cancer Centers Sarcoma 
Group (FNCLCC) guidelines for the histopathologic grading, the final 

scores were 4 and the tumor was graded as 2. The tumor cells 
infiltrated surrounding skeletal muscle tissue. Presence of tumor cells 
at the surgical resection margin can also be observed. Genetic test was 
performed to differentiate between low-grade fibromyxoid sarcoma 
and low-grade/well-differentiated myxofibrosarcoma. In situ 
hybridization (ISH) and fluorescence in situ hybridization (FISH) 
detected FUS gene rearrangement, which was consistent with the 
diagnosis of LGFMS (Figure 1N).

Two months after the primary surgery, MRI revealed multiple 
subcutaneous and intermuscular soft tissue nodules in the left forearm 
(Figures 1F–K). The patient subsequently had a wide resection of the 
local recurrent tumor with a 2 cm margin in all directions to the mass 
or the scar from the previous surgery. The postoperative 
histopathological findings reveal a proliferation of spindle-shaped 
tumor cells, with some arranged in a fascicular pattern. These cells 
exhibit moderate to severe cytologic atypia, and up to 31 mitoses per 
10 hpf in the most active regions were observed. A mucinous 
background is evident in certain areas of the stroma. Three months 
after the second surgery, the patient found a mass in the left forearm 
again. MRI also showed multiple intermuscular and subcutaneous soft 
tissue nodules and abnormal signals at the left ulna and proximal 
radius. Then, the patient underwent another larger-scale resection. 
The postoperative histopathological features exhibit resemblances to 
those observed in the preceding recurrence. After the wide resections, 
the follow-up MRI showed multiple masses in the left forearm muscle 
(Figures 2A–E) and abnormal signals in the T8, T11 vertebral body 
(Figure 2F) and accessory of T11 (Figure 2G). To assess the patient’s 
whole-body situation, 18F-flurodeoxyglucose (18F-FDG) positron 
emission tomography/computed tomography (PET/CT) examination 
was further performed. It revealed increased metabolic uptake with a 
maximum standardized uptake value (SUVmax) of 11.2 within the left 
forearm mass (Figures 3A–C) and increased FDG uptake in the T8 
and T11 vertebral body (SUVmax 3.3, 4.1) where slightly lower bone 
mineral density was observed (Figures 3A,D). Then, her left arm was 
amputated 5 cm above the elbow and the mass was about 10 cm from 
the incision, protruding from the skin with a necrosis surface. The 
histopathological characteristics of the tumor manifest similarities to 
those observed in prior recurrences. IHC assessment demonstrated 
diffusely positive for vimentin, focally for CD34, CD31, and negative 
for S−100, SMA, desmin, AE1/AE3. Ki-67 staining showed the 
proportion of the positive tumor cells was 90%.

Two years after amputation, the patient was found to have a mass 
on the back. MRI showed a mass in the right back muscle (Figure 2H) 
and the adjacent right 7th rib (Figure 2I). PET/CT revealed increased 
FDG uptake at the extremity of the left stump (SUVmax 5.4; 
Figures 3E–G), irregular thickening of the right chest wall and bone 
destruction of the adjacent right 8th rib (Figure 3H). Resection of the 
metastases in the right chest wall and the 8th rib was performed on 
the patient. She was also treated with radiotherapy and particle 
therapy. The patient is currently undergoing follow-up and has no 
PET/CT evidence of recurrence.

Discussion

LGFMS was first reported by Evans (1) in 1987, which has a 
deceptively benign histologic appearance and relatively frequent 
recurrence and metastasis. In Evans’ early reports, 7 out of 12 
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LGFMS patients developed distant metastasis, with a follow-up 
ranging from 5.5 to 50 years (4). However, among the 54 LGFMS 
patients reported by Folpe et al. (2), only 5 (9%) had local recurrence 
and 3 (6%) had distant metastasis, possibly due to the fact that most 
of the patients had been treated with aggressive surgery or the 
relatively short follow-up time, with a median of 24 months. In 33 
cases of LGFMS later reported by Evans, the interval to local 
recurrence was up to 15 years with a median of 3.5 years, while the 
interval to metastasis was up to 45 years with a median of 5 years. 
(3) These reports suggest that LGFMS is characterized by late 
recurrence and metastasis with a prolonged clinical course, 
therefore a short-term follow-up may not be sufficient to assess the 
biological behavior of this tumor. In our case, pathology indicated 
a positive surgery margin upon the resection of primary mass. 
Local recurrence occurred 2 months later and a wide resection was 
performed. However, local recurrence and bone metastasis were 
found 1 month later. The patient underwent radiotherapy, particle 
therapy and amputation. She was regularly followed up for 2 years 

without recurrence. Two years after the amputation, PET/CT scans 
revealed increased FDG uptake at the extremity of the stump and 
metastatic lesions in the back that invaded adjacent ribs. The patient 
had to undergo another resection of the metastatic lesion in the 
chest wall. This patient had 3 recurrences within 6 months of the 
initial diagnosis, underwent a total of 5 surgeries within 4 years, 
which is probably the most detailed report of the fastest recurrence 
with the shortest interval of LGFMS so far.

We identified 19 LGFMS cases with twice or more local 
recurrences based on the literature search on PubMed from 1987 to 
2022. The keywords were “low grade fibromyxoid sarcoma.” The 
characteristics of all cases are summarized in Table 1. The median age 
of the patients was 26 years (range, 6–53 years). Tumor size (maximum 
diameter) was known in 10 cases, in which it ranged from 3.5 to 15 cm 
with a median of 10 cm. Among the 19 patients, 13 were men, with a 
male-to-female ratio of 2.17:1. All patients received surgery as initial 
treatment, only 3 had data on surgical margin status, all of which were 
positive. The median time of first recurrence was 3 years while the 

FIGURE 1

Preoperative MRI shows the soft tissue mass in the left arm. T1-weighted coronal image (A) shows patchy and irregular isointense signal lesion (yellow 
arrow). The soft tissue mass (yellow arrow) shows slightly high signal intensity on T2-weighted coronal (B) and axial (C) images and high signal intensity 
on T2 fat-suppressed axial (D) and coronal (E) images. 6-months postoperative MRI shows recurrence of left arm LGFMS after initial resection. Multiple 
nodules (yellow arrow) were detected in the extensor digitorium at the medial of the ulna, which exhibited high signal intensity on T2-weighted sagittal 
(F), T2 fat-suppressed sagittal (G) and coronal (H) images. The nodules (yellow arrow) demonstrate low signal intensity on T1-weighted axial image (I), 
high signal intensity on T2-weighted (J) and diffused (K) weighted axial images. Photomicrograph shows the alternating myxoid and fibrous area in the 
lesion (L) (HE, original magnification × 40). Higher magnification shows the spindle-shaped tumor cells arranged in bundles with uneven proliferation 
(M) (HE, original magnification × 200). FISH analysis of FUS detected both fused-and split-signals (N).
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median time from illness onset to death was 28 years. Five patients had 
metastases, including lung (n = 5), bone (n = 1) and chest wall (n = 1). 
Characteristics of dedifferentiated sarcoma were observed in 2 
recurrent tumors and features of sclerosing epithelioid fibrosarcoma 
(SEF) was observed in one case.

LGFMS tends to occur in young and middle-aged people. It often 
involves the deep soft tissues of lower limbs, followed by the chest wall, 

shoulder, groin and other areas. The most common site of metastasis 
is the lung. It is histologically characterized by alternating myxoid and 
fibrous areas, bland fusiform cells, a whorled growth pattern (6). 
Other histological variations include giant rosettes (8), areas of 
hypercellularity, foci with rounded epithelioid cells, less commonly 
observed are focal osseous metaplasia and significant nuclear 
pleomorphism. In addition, characteristics of focal sclerosing 
epithelioid fibrosarcoma has been reported in LGFMS (9). However, 
the relationship between these histological variations and tumor 
biological behavior has not been reported. In our case, focal dense 
cells with less stroma and higher atypia were found in the resected 
recurrent tumor, which may be related to its rapidly proliferation and 
aggressive behavior.

Most LGFMS appear to be  well-circumscribed but have no 
capsule. Local infiltration may occur, and resection is usually 
incomplete (10). Therefore, the preferred treatment for LGFMS is 
wide resection and radical surgery (11, 12). Prognosis of LGFMS is 
based on tumor size at diagnosis, invasion to adjacent tissues, and 
surgical margin (3, 4). Patients with negative margins after active 
surgical resection have a lower recurrence probability and a longer 
recurrence interval (13). Our case had a positive surgical margin, 
which may account for the multiple early postoperative recurrences. 
If possible, wide resection should be the preferred treatment for all 
local recurrences (14). There is currently little guidance on how to 
treat LGFMS patients with metastatic disease. Due to the very low 
mitotic rate in LGFMS, chemotherapy and radiotherapy usually have 
no significant effect on the long-term prognosis (12). When bone 
metastases occur, especially vertebral metastases, local radiotherapy 
and particle therapy may be alternative treatments to reduce skeletal 
related events, while radical surgery for distant metastases (usually to 
the lungs) may still be the best option for patients. The efficacy of 
conventional systemic therapy for advanced LGFMS is also limited 
(15). A recent study suggested that Trabectedin could be effective on 
metastatic patients (16), which may be related to the FUS::CREB3L2 
fusion gene in LGFMS.

In our case, the tumor progressed rapidly with early postoperative 
recurrences and metastases. These clinical manifestations along with 
histopathological findings of focal dense cells and less stroma are 
similar to SEF. It is necessary to distinguish LGFMS from SEF. SEF, 
originally reported by Meis-Kindblom et al. (17), is characterized by 
a large number of sclerotic stroma and rounded or polygonal 
epithelioid cells growing in cords or nests. In a study of LGFMS, 
Guillou et al. (18) included 4 cases of SEF as a comparison, one of 
which was similar to LGFMS. Despite the short follow-up of these SEF 
patients, 3 had metastases at presentation and 4 had local recurrence 
at 6 months. SEF often occurs in older people, metastasizes more 
frequently, and has a higher mortality rate and shorter overall survival 
than LGFMS. Antonescu et al. (19) mentioned that a few SEF tumors 
had fibroma-like areas and myxoid components similar to 
LGFMS. When the typical morphological features of SEF and LGFMS 
appear simultaneously or sequentially, it is called hybrid SEF/LGFMS 
(17, 20, 21). Compared with LGFMS, hybrid SEF/LGFMS exhibit 
more aggressive tumor behavior, and the recurrence, metastasis and 
death caused by tumors occur earlier and at shorter intervals. The 
histological morphology and clinical features of LGFMS and SEF 
partially overlap but also differ to some extent, which may be related 
to their common and unique genetic characteristics (16, 22–25). 
Based on these findings, we speculate that SEF may be a variant of 

FIGURE 2

MRI after wide resections shows recurrence of left arm LGFMS. The 
mass in the extensor carpi ulnaris (thin yellow arrow) demonstrates 
high signal intensity on contrast enhanced T1 weighted sagittal 
image (A) and isointense signal intensity on T1-weighted sagittal 
(B) and axial (C) images. T2 fat-suppressed axial (D) and sagittal 
(E) images reveal high signal intensity in the mass (thin yellow arrow) 
and in the cavity of the left ulna with discontinuous cortical bone 
(thick yellow arrow). The nodule in the flexor digitorum profundus 
(yellow arrow head) demonstrates rim enhancement on contrast 
enhanced T1 weighted sagittal image (A) and mixed signal intensity 
on T1-weighted sagittal (B) and axial (C) images. T2 fat-suppressed 
axial image (D) reveals mixed high signal in the nodule (yellow arrow 
head). Images of contrast-enhanced MRI of the thoracic spine after 
wide resections show patchy high signal intensity in the T8, T11 
vertebral body (F) (thin yellow arrows) and abnormal enhancement 
in T11 vertebral body and accessory (G) (thin yellow arrow). MRI after 
amputation shows chest wall metastases. T2 fat-suppressed axial 
(H) and sagittal (I) images reveal a mass with mixed signal intensity in 
the right back muscle (thin yellow arrow) and show discontinuous 
bone cortex of the adjacent right 7th rib with high signal intensity 
(thin yellow arrow).
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LGFMS rather than a distinct fibrosarcoma under certain  
circumstances.

Pure SEF and hybrid SEF/LGFMS SEF are extremely rare, and 
therefore very limited data about the clinical behavior and the 
effectiveness of different treatments are known. Surgery remains the 
mainstay of treatment, especially wide resection with histologically 
negative margins. Perioperative or postoperative radiotherapy can 
be used due to the rapid growth and relatively more aggressive clinical 
features of pure SEF or mixed SEF/LGFMS, which may help to control 
tumor recurrence and metastasis, although its efficacy has not been 
proven by previous studies (26). A recent study suggests that 
chemotherapy has very limited efficacy in SEF (27).

18F-FDG PET/CT is a wildly used imaging modality in oncology. 
Metabolically active, high-grade soft tissue sarcomas tend to have high 

uptake of 18F-FDG on PET/CT. In our case, increased metabolic 
uptake was observed within the recurrent tumor (SUVmax 11.2), 
which could be  related to aggressive tumor biology and frequent 
postoperative recurrences. Yoshimura et al. (28) reported a case of 
primary pulmonary LGFMS with 18F-FDG PET/CT findings 
suggestive of malignancy. Preoperative 18F-FDG PET/CT showed focal 
FDG uptake, with a maximum standardized uptake value of 5.59 in 
the mass. In addition, 18F-FDG PET/CT could also provide a whole-
body assessment of the patient as part of tumor monitoring and 
follow up.

The recurrent tumors in the elderly patient we  reported had 
histopathological findings of focal dense cells, less stroma, and high 
atypia. Thus, the possibility of mixed SEF/LGFMS being the diagnosis 
cannot be excluded. Our patient suffered multiple early postoperative 

FIGURE 3

Images of 18F-FDG PET/CT after wide resections and PET/CT after amputation. The MIP image (A) shows left forearm (red arrow) and T8, T11 vertebral 
body lesions (red arrow heads) with varying degrees of FDG uptake. The coronal (B) and axial (C) views of mass in the left forearm demonstrate 
increased metabolic uptake (red arrow; SUVmax 11.2). The sagittal image (D) demonstrates increased metabolic uptake in the T8 and T11 vertebral 
body (red arrow heads; SUVmax 3.3, 4.1), suggesting the presence of bone metastasis. The MIP image (E) reveals absence of the left forearm and 
lesions of the left stump (thin red arrow) and chest wall (thick red arrow) with varying degrees of FDG uptake. The axial (F) and coronal (G) views of the 
left stump demonstrate increased metabolic uptake at the extremity (thin red arrow; SUVmax 5.4). The axial image (H) reveals irregular thickening of 
the right chest wall with mildly increased metabolic uptake (thick red arrow; SUVmax 2.9).
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TABLE 1 Characteristics of LGFMS cases with twice or more local recurrences.

Author Case 
no.

Age/Sex Site Maximum primary 
tumor site(cm)

Initial treatment Follow up

Goodlad et al. (5) 1 53/M Trunk (anterior chest wall) NA Excision (margin unknown) LR at 4, 6, 7, 9 and 10 years

2 50/M Groin 5 Excision (margin unknown) LR at 2, 9 and 10 years

3 18/M Lower limb (thigh) NA Excision (margin unknown) LR at 7, 11 and 15 years

4 53/M Trunk (anterior chest wall) 13 Excision (margin unknown) LR at 2 and 5 years

Oda et al. (6) 1 13/M Buttock NA Excision (margin unknown) LR at 2, 3, 5 years; wide excision; NED at 63 months

Evans et al. (3) 1 28/F Axilla-chest wall area 11 Excision (margin unknown) Lung metastases at presentation. LR at 3, 26, 30 years, showed features of SEF. Alive at 31 years.

2 6/F Inguinal area 3.5 Excision (margin probably +) LR at 13, 19, 25, 30 and 39 years. Lung metastases at 45 years. Alive at 70 years.

3 30/M Perineum >6 Excision (margin unknown) Recurrences excised 17 times over a 29-year period. Died of recurrent at 31 years.

4 51/M Inguinal area 13.5 Excision (margin unknown) LR at 5, 9 years. Lung and bone metastases. Died postoperatively at 9 years.

5 26/M Small bowel mesentery 15 Excision (margin +) LR at 3 and at 10 years. Died of recurrence at 28 years.

6 26/M Neck NA Excision (margin unknown) LR at 3, 10, 14, 22, 24, 27, 31, 36 and 43 years. Alive and NED at 44 years.

7 38/M Buttock NA Excision (margin unknown) LR at 4, 6, 12, 14, 21, 23 and 28 years. Biopsy showed dedifferentiated sarcoma. Died at 31 years.

8 22/F Abdominal wall (lower) NA Excision (margin unknown) LR at 3, 6 and 11 years. Lung metastases. Alive at 12 years.

9 9/M Neck NA Excision (margin unknown) LR at 5, 9, 12, 17, 20, 22 and 23 years. Died of lung and chest wall metastases at 42 years

10 24/F Inguinal area NA Excision (margin unknown) LR at 4 and at 14 years. Alive and NED at 19 years.

11 39/M Mesentery 10 Excision (margin unknown) LR at 2 and at 18 years. Alive at 18 years.

12 41/F Chest wall 10 Excision (margin probably +) LR at 1, 2 and 4 years. Died at 6 years.

13 26/M Retroperitoneum 10 Excision (margin unknown) Recurrent dedifferentiated tumor excised at 2 years and more recurrent tumor shortly after. 

Died at 6 years.

Indap et al. (7) 1 20/F Shoulder NA Excision (margin unknown) LR at 3 and 20 years. Alive at 22 years.
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recurrences and bone invasion, reflecting the biological behavior 
characteristics of rapid growth and strong invasion potential. Long-
term follow-up should be  performed for LGFMS patients with a 
positive margin at initial operation and patients who had recurrence 
even after wide resection to closely monitor recurrence or metastasis. 
The preferred treatment is early wide resection to reduce local 
recurrence. For metastatic lesions, radical excision should 
be performed if possible. Our case expands our understanding of the 
biological behavior of LGFMS and provides clinical experience in 
diagnosis and treatment.

Conclusion

In our case, multiple early postoperative recurrences may 
be associated with a positive margin at initial operation. The patient 
underwent a total of 5 operations including local resection of the 
primary tumor, two wide resections, amputation and metastatic 
surgery with 4 early postoperative recurrences and metastases within 
4 years, suggesting that LGFMS may have highly invasive biological 
behavior. Our case expands our understanding of the biological 
behavior of LGFMS and provides clinical experience in diagnosis and 
treatment. Further research is needed to develop more effective 
treatment options for rapidly progressing and highly aggressive  
LGFMS.
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Case report: Primary pulmonary
low grade fibromyxoid sarcoma
progressing to dedifferentiation:
probably due to TP53
driver mutation
Jiawen Zhang1†, Haisheng Fang1†, Xiaomei Zhu2,
Chenchen Yao3, Qinhe Fan1* and Qixing Gong1*

1Department of Pathology, The First Affiliated Hospital with Nanjing Medical University,
Nanjing, China, 2Department of Radiology, The First Affiliated Hospital with Nanjing Medical
University, Nanjing, China, 3Department of Pathology, Women's and Children’s Hospital Affiliated to
Xiamen University (Xiamen Maternal and Child Health Care Hospital), Xiamen, China
Low Grade Fibromyxoid Sarcoma (LGFMS), a rare entity characterized by bland

histologic features, typically affects deep soft tissues of the trunk and lower

extremities. Rare cases have been reported arising from the viscera and few

demonstrating morphology of high-grade dedifferentiation. Here we report a

39-year-old Chinese woman presenting with primary lung LGFMS, which

metastasized to the pancreas five years after diagnosis and then relapsed ten

years later as a mediastinum mass. Microscopically, the lung and pancreatic

lumps shared similar classical features of LGFMS, composed of bland spindle-

shaped cells with low mitotic activity. However, the mediastinal mass had

dedifferentiated morphology of dense sheets of round and epithelioid cells

with high degree of nuclear pleomorphism and brisk mitosis. Molecular studies

showed both classical and dedifferentiated areas had FUS::CREB3L2

rearrangement. However, the mediastinal dedifferentiated area presented with

extra H193Y mutation of the TP53. Moreover, the mediastinal tumor displayed a

strong and diffuse pattern of p53 expression immunohistochemically, but the

primary lung and secondary pancreatic masses did not. Thus, we diagnosed the

mediastinal mass as dedifferentiated LGFMS and proposed that TP53 mutation

was probably the driver gene alteration in the process, which, to the best of our

knowledge, has not been reported in the existing literature.
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Introduction

Low Grade Fibromyxoid Sarcoma (LGFMS) is a low-grade

malignant fibroblastic neoplasm predominantly arising from the

deep soft tissues of the trunk and lower extremities among young

to middle-aged adults. It’s characterized by bland spindle-shaped

cells with mild nuclear pleomorphism in a fibrous and myxoid

background. MUC4 is often expressed in LGFMS (1). Furthermore,

LGFMS mostly harbors FUS::CREB3L1/2 gene fusions, and

EWSR1::CREB3L1 gene fusion has also been reported (2).

However, LGFMS can be diagnostically challenging in unusual

locations with advanced morphological features. We here report a

39-year-old woman with LGFMS originating from the lungs,

metastasized to the pancreas and then relapsed as a mediastinum

mass, showing dedifferentiated morphology with over ten years of

follow-up, and carrying FUS::CREB3L2 gene fusion and TP53

mutation. To the best of our knowledge, this is the first published

case of LGFMS harboring the mutation of TP53.
Case report

A 39-year-old woman was referred to our hospital due to a

diagnostic dilemma concerning the left mediastinal occupancy. Her

medical history revealed an admission to another hospital in 2012

for non-inducible hemoptysis. A computed tomography (CT) scan

at the time revealed a mass in the left upper lobe (Figure 1A),

initially diagnosed as a solitary fibrous tumor (SFT). No pancreatic

lesion was observed then (Figure 1B). One year after the

pneumonectomy, a follow-up CT (Figure 1C) scan showed a

small shadow near the main pulmonary artery, considered to be a

postoperative change, without further treatment. In 2017, an

abdominal CT scan (Figure 1D) uncovered a well-demarcated

pancreatic tumor (60mm×50mm×30mm), leading to middle

segment pancreatectomy and LGFMS diagnosis. In 2020, a CT

(Figure 1E) scan showed a mass (70mm×56mm×53mm) in the left

upper lobe and middle mediastinum, pressing on the left

pulmonary artery. As surgical treatment was no longer an option,

the patient was treated with anlotinib for 1.5 months, discontinued

because of recurring infections. In 2022, she was admitted to

another hospital for shortness of breath. A chest CT scan

(Figure 1F) revealed a larger mass occupying the left thoracic

cavity, with pleural and pericardial effusions. Bronchoscopic

examination reported broccoli-like neoplasms completely

blocking the left main bronchus. A small biopsy was made and

concurrent bronchial stent placement was performed. There was no

recurrence of pancreatic mass then. After the diagnosis, the patient

started combined chemotherapy and immunotherapy in early

September 2022. The specific plan was doxorubicin (60mg d1),

ifosphosate (2g d1-d3) and sintilimab (200mg d1). After the first

cycle of treatment, the patient developed myelosuppression (Grade

3). After another cycle of treatment with this regimen, the patient

developed nauseating pericardial effusion. As a result, the treatment

was adjusted to Liposu (210mg d1), carboplatin (500mg d1) and

sintilimab (200mg d1) for the third to sixth cycles of treatment,

during which the patient’s condition was evaluated as stable disease
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(SD). In February 2023, the plan was changed to immunotherapy

and anti-vascular targeted therapy with sugalimab (1200mg d1) and

bevacizumab (400mg d1), the 7th to 10th cycles of treatment were

performed, progressive disease (PD) was assessed during this

period. In May 2023, the patient experienced a sudden epileptic

episode. CT showed multiple abnormal signals in both cerebral

hemispheres and the right cerebellar hemisphere. Multiple brain

metastases were considered, and the patient underwent whole-brain

radiotherapy (CTV-haima 30 Gy/12f). Subsequently, treatment

with sugalimab (1200mg d1), bevacizumab (400mg d1) and

etoposide (200mg d1-d5) were continued for 11th-13th cycles.

Current assessment of disease progression. The timeline of the

patient’s clinical history is presented (Figure 1G).

Histologically, the left lung mass was composed of bland spindle-

shaped cells with a fibrous stroma and thin-walled blood vessels in

the background (Figure 2A). In some areas, the spindle cells were

densely composed and arranged in fascicular, whorled or random

manner. While in other areas, cells with a spindle to stellate

configuration were randomly distributed within a fibrous to

myxoid background. Although the tumor cells appeared mild and

amicable, the surrounding bronchial and alveolar epithelia were

observed entrapped in the tumor (Figure 2B). Upon careful

observation, a network of curvilinear and branching capillary-sized

blood vessels was observed in both cellular and the myxoid areas.

Some vessels were slender, while others were dilatated as staghorn

vessels (Figure 2C). At high magnification, the tumor cells displayed

mild nuclear pleomorphism, finely clumped chromatin, pale

eosinophilic cytoplasm, and few mitotic figures. Focally, epithelioid

cells were present, and a giant collagen rosette was witnessed

(Figure 2D). There was no necrosis, and the average number of

mitotic figures was approximately 1-2/10 high power fields (HPFs).

The pancreatic tumor shared similar microscopic features to

the lung tumor, displaying low aggressiveness as involvement of the

surrounding pancreatic tissues was limited (Figure 2E), but the

spindle tumor cells were more sparsely distributed within a myxoid

background, alongside thin-walled branching vessels (Figure 2F).

The biopsy of recurrent left upper lobe and mediastinal mass

revealed notably aggressive morphological features. Sheets of

anaplastic cells were observed beneath the squamous metaplasia

bronchial surface epithelium (Figure 2G). Tumor cells displayed a

round, polygonal to epithelioid shape with significant nuclear

pleomorphism and some vacuolated cytoplasmic changes in a

disordered arrangement (Figure 2H). Mitosis was active, with

visible pathological mitotic figures (Figure 2I). Extensive necrosis

was observed. The classical LGFMS with mild spindle tumor cells

was hardly identifiable.

Immunohistochemistry of the lung and pancreatic masses

showed strong MUC4 expression (Figure 2J), but were negative

for S-100, CD117, CK, EMA, Desmin, CD34, SMA, and b-Catenin.
The Ki-67 index was about 5%+ (Figure 2K). The mediastinal mass

biopsy showed positive staining for vimentin, CD99, INI-1, MDM2,

and MUC4 (Figure 2M), but was negative for CKp, Desmin, SMA,

S-100, CD31, CD34, TTF-1, P40, STAT6, and SOX10. The Ki-67

index averaged 50% (Figure 2N). Additionally, the mediastinal

tumor cells strongly and diffusely expressed p53 (Figure 2O),

while the pancreatic tumor cells did not (Figure 2L).
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Dual‐color break‐apart commercial probes of FUS (Anbiping,

Guangzhou, China) were used for fluorescence in situ hybridization

(FISH) assays, showing separate signals in over 30% of pancreatic and

mediastinal tumor cells (Figures 3A, B), indicating FUS

rearrangement. Next-generation sequencing (NGS) was performed
Frontiers in Oncology 0385
on the mediastinal mass, revealing a FUS exon 6::CREB3L2 exon 5

fusion (Figure 3C) and H193Y mutation of TP53 (Figure 3D).

Otherwise, reverse transcription polymerase chain reaction (RT-

PCR) on the pancreatic tumor confirmed the presence of the same

FUS exon 6::CREB3L2 exon 5 fusion as the mediastinal mass
A B

D

E F

G

C

FIGURE 1

Computed tomography (CT) of lung (left) and pancreas (right). In 2012, CT showed a mass in left upper lobe (A). No lesion was seen in the pancreas
(B). In 2016, CT found a small rise at the left edge of the main pulmonary artery ((C), red arrowhead). Then in 2017, CT revealed a low-density mass
measuring 60mm×50mm×30 mm in the body of pancreas, the mass being mildly enhanced and homogeneous, the pancreatic duct dilatated, and
the splenic artery slightly compressed (D). In 2020, there was a tumor in the left middle and upper mediastinal mass measuring
70mm×56mm×53mm, pressing the left pulmonary artery ((E), red arrowhead). In 2022, on the left side of the mediastinum, a mass-like soft tissue
mass was seen, with a larger size than the lesion in 2020 (F). The timeline of the patient’s clinical history is presented (G).
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(Figure 3E), but TP53 mutation was absent (Figure 3F). Considering

these morphological and molecular findings along with the clinical

history, the relapsed mediastinal tumor was diagnosed as

dedifferentiated LGFMS.
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Discussion

Some low-grade soft-tissue sarcomas may undergo high-grade

transformation, including dedifferentiation, namely losing
A B

D E F

G IH

J K L

M N

C

O

FIGURE 2

Morphological features and immunophenotype of LGFMS, a primary, metastasized, and dedifferentiated tumor. Primary lung tumor (A–D).
Hematoxylin & eosin (HE) staining in the low-power view showed spindle cells were densely composed and arranged in a fascicular manner (A).
Spindle to stellate cells were sparsely distributed in the fibrous to myxoid background, with the surrounding alveolar epithelial cells entrapped in the
tumor (B). Curvilinear and branching capillary-sized blood vessels were observed, some of which were dilatated as staghorn vessels (C). Giant
collagen rosettes characterized by a central zone of eosinophilic collagen surrounded by spindle to oval tumor cells (D). Metastatic pancreatic tumor
(E, F). Pancreatic tissues were limitedly involved in the tumor cells (E). Bland spindle cells sparsely distributed in a mucus background with thin-
walled branching vessels (F). Dedifferentiated mediastinal tumor (G–I). Anaplastic cells were present beneath the squamous metaplasia bronchial
surface epithelium (G). The tumor cells were round, polygonal to epithelioid with high degree of nuclear pleomorphism and abu4ndant eosinophilic
cytoplasm, and some cells showed vacuolated changes in cytoplasm (H). Mitosis was active (I, red arrowheads), and pathological mitosis could be
seen ((I), the red arrowhead below). Immunohistochemistry (J–O). The pancreatic tumor cells strongly expressed MUC4 (J). The Ki-67 proliferation
index was about 5%+ (K), but negative for p53 (L). The mediastinal tumor cells were strongly positive for MUC4 (M) as well. The Ki-67 proliferation
index was averagely 50% (N). The p53 staining was strongly and diffusely expressed (O).
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their original characteristics. Dedifferentiated components can

coexistxwith the original components either synchronously or

heterochronously. This phenomenon has been reported in many

tumors, including liposarcoma (3), chondrosarcoma, chordoma,

SFT (4), gastrointestinal stromal tumor (GIST) (5), and LGFMS (6).

Dedifferentiated LGFMS was first described by Evans in 1993 (7). In

contrast to the classical morphology, dedifferentiated LGFMS is

characterized by densely distributed epithelioid or round cells with

obvious atypia. In 2006, Périgny (8) reported a case of LGFMS that

dedifferentiated into a high-grade sarcoma upon recurrence, with

regions resembling pleomorphic undifferentiated sarcoma and

sclerosing epithelioid fibrosarcoma (SEF). In 2011, Evans reported

three cases of LGFMS with high-grade transformation during

relapse (6), with one case showing SEF-like changes and survived

after treatment, while the other two showed high-grade round

cell components and survived for only one year after

dedifferentiation. More recently, Dobin (9) and Tay (10) reported

molecularly confirmed cases of dedifferentiated LGFMS with FUS

rearrangement validated by FISH, RT-PCR or NGS, respectively. To

date, the mechanism of dedifferentiation has not been further

explored. We summarize clinicopathological characteristics in

Supplementary Table 1. The patients in this cohort exhibit a

broad age range, spanning from 3 to 85 years old, with the

majority of middle-aged individuals. Predominantly, the affected

areas involve deep tissues of the limbs and trunk, with one case

located in the retroperitoneum. Histological morphology and

molecular characteristics have been described above. Surgical

resection was performed in all 6 cases, with additional treatments

including chemotherapy, radiotherapy, and immunotherapy in
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some instances. Overall survival (OS) varied from 17 months to

31.5 years, with 5 cases experiencing relapse post-surgery.

Remarkably, one case remained disease-free for 17 months

following surgery.

In our case, the dedifferentiated morphological features of the

mediastinum tumor and misdiagnosis of the primary pulmonary

LGFMS as SFT in her medical history posed diagnostic dilemmas.

Initially, the mediastinal mass did not express any particular

diagnostic antibodies except for MUC4, which was once

considered a marker for LGFMS and SEF. However, MUC4 can

also be positively expressed in synovial sarcomas, ossifying

fibromyxoid tumors, and EWSR1::CREB family rearranged

tumors as recently reported (11). Considering the high-grade

morphology of the mediastinal tumor, the diagnosis needed more

backups, although there was a history of pancreatic LGFMS.

Therefore, we borrowed and reviewed the slides of the lung mass.

We witnessed closed or dilated thin-walled vessels, spindle cells in

fibromyxoid background, and giant collagen rosettes, which

indicating the diagnosis of pulmonary LGFMS. Meanwhile, the

NGS test identified FUS::CREB3L2 fusion in the mediastinal tumor.

Hence, we considered the diagnosis of primary pulmonary LGFMS

with pancreatic metastasis and recurrence at the original site with

dedifferentiated changes. To date, there are only 4 cases of LGFMS

originating from the lungs in the available English literature (12–

15). The initial misdiagnosis of SFT likely stemmed from the rarity

of pulmonary LGFMS and the presence of dilated staghorn vessels,

which are often considered a diagnostic hallmark of SFT. However,

as Papp (1) has pointed out, LGFMS can also exhibit staghorn

vessels. Moreover, it’s essential to highlight that the pancreas can be
A B

D

E F

C

FIGURE 3

Molecular characterization of pancreatic and mediastinal tumors. Two fusions and one extra green signal were detected in more than 30% of tumor
cells by FUS break-apart fluorescence in situ hybridization (FISH) test in pancreatic (A) and mediastinal (B) masses. Genetically, next-generation
sequencing (NGS) test of the mediastinal mass revealed that FUS exon 6 was fused to CREB3L2 exon 5 (C) and the TP53 had an H193Y mutation (D).
By direct sequencing of RT-PCR product in pancreatic tumor, chimeric transcripts were detected between FUS exon 6 and CREB3L2 exon 5 (E), but
TP53 mutation was not detected (F).
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a target organ for tumor metastasis (16). Hence, as in our case, when

LGFMS occurs in atypical locations such as the lungs or pancreas, it

warrants a careful distinction from other spindle cell tumors such as

SFT, desmoid fibromatosis, fibrosarcoma, leiomyosarcoma,

synovial sarcoma, etc. Immunohistochemical and molecular

testing do help the differentiation. Moreover, when LGFMS

undergoes dedifferentiation, it needs to be differentiated from

various high-grade sarcomas such as round cell liposarcoma,

small round cell sarcomas, undifferentiated sarcoma, etc. Accurate

diagnosis relies on auxiliary detection and the relationship with the

primary low-grade tumor or with reference to the clinical history.

Interestingly, recurred dedifferentiated LGFMS showed a driver

mutation in TP53 gene and p53 protein overexpression, but the

pancreatic tumor did not. TP53 plays a crucial role in cell cycle

regulation (17). Previous studies have identified the positive

expression of p53 in classical LGFMS (18), but there was no

molecular test to confirm the presence of TP53 mutation in either

LGFMS or EFS. However, the presence of TP53 mutations or TP53

pathway-related gene alterations have been demonstrated in the

progression and dedifferentiation of a variety of soft-tissue

sarcomas, such as dedifferentiated liposarcoma, dedifferentiated

SFT (4), and dedifferentiated GIST (5) for instance. Thus, we

hypothesized that TP53 mutations might similarly play a

significant role in the dedifferentiation process in this case.

Clearly, LGFMS with dedifferentiated morphology has poor

prognosis according to Evans’ study (6). For LGFMS, either classic

or dedifferentiated, surgical resection is the main treatment thus far.

When the tumor is removed incompletely, it is more prone to

relapse. On the other hand, conventional chemoradiotherapy has

limited efficacy for LGFMS. Our patient was still assessed as having

progressive disease after 13 courses of chemotherapy and

immunotherapy, and developed multiple brain metastases,

indicating a poor prognosis.

Overall, we here describe the first case of primary pulmonary

LGFMS undergoing dedifferentiation changes and associated with a

diver mutation in the TP53 gene. This case underscores the critical

role of precise diagnosis in treatment. To ensure accurate diagnosis

and comprehensive understanding of the disease, enough attention

can never be overpaid to the application of molecular testing such as

NGS, as well as careful inquiry or examine the clinical history.
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Case report: A 17-year-old male 
with primary pulmonary 
osteosarcoma
Xin Wen 1, Liyan Xue 2, Xu Jiang 1, Jiuming Jiang 1, Meng Li 1* and 
Li Zhang 1*
1 Department of Diagnostic Radiology, Center for National Cancer, Cancer Hospital, Chinese Academy 
of Medical Sciences and Peking Union Medical College, Beijing, China, 2 Department of Pathology, 
Center for National Cancer, Cancer Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing, China

Primary pulmonary osteosarcoma is one of the extraskeletal osteosarcomas 
originating from the lung with an extremely low incidence and highly invasive 
potential. Here we report a case of primary pulmonary osteosarcoma treated 
in our hospital with a literature review. The patient, a 17-year-old male, had a 
cough and hemoptysis for 20  days. Computed tomography (CT) and positron 
emission tomography (PET)/CT were performed in our hospital. According 
to pathological examination after surgery, the tumor was diagnosed as a 
high-grade sarcoma with remarkable osteogenesis and necrosis. Based on 
radiological and histological examinations, a diagnosis of primary pulmonary 
osteosarcoma originating was considered. The patient underwent surgery 
and adjuvant chemotherapy. This patient has been under consecutive follow-
up for nearly 8  years, showing no signs of recurrence or distant metastasis. 
Primary pulmonary osteosarcoma is a rare lung malignancy that shows rapid 
progression, nonspecific symptoms and inapparent signs at an early stage. The 
diagnosis of primary pulmonary osteosarcoma highly relies on imaging and 
histological examinations, among which chest CT is the predominant method 
to check this disease.

KEYWORDS

primary pulmonary osteosarcoma, computed tomography, positron emission 
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1 Introduction

Primary pulmonary sarcoma is extremely uncommon with an incidence of one sarcoma 
for every 500 carcinomas, and primary pulmonary osteosarcoma, a highly malignant soft 
tissue tumor, is the rarest histological type of primary pulmonary sarcoma (1, 2), therefore it 
is often misdiagnosed. Consequently, more knowledge is beneficial to the early detection and 
treatment of this disease, which is also vital to the improvement of prognosis (3, 4). A case of 
primary pulmonary sarcoma treated in our hospital is reported in this paper with a 
literature review.
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2 Case description

A 17-year-old male patient had a cough and hemoptysis for 
20 days, a mass in the lower lobe of the left lung was observed during 
the examination of an external hospital, therefore he came to visit our 
hospital. His medical history and family history were negative. 
Laboratory examination demonstrated no abnormalities in the 
examination of lung cancer tumor markers CA125, cyfra21-1, NSE, 
SCC, or CEA. In CT images, the lesion appeared as a soft tissue 
density mass at the lateral bronchus of the dorsal segment of the left 
inferior lobe, which also grew towards the lumen of the left 
interlobular pulmonary artery. It was a spherical-like mass with a 
maximum diameter of 4.2 cm and uneven density. In addition, there 
were small striations and areas of bone density to the right of the 
center, and its postero-lateral side appeared hypodense. The mass was 
ill-defined, with no abnormal density in the surrounding lung tissue, 
no clear enlarged lymph nodes in the mediastinum, and no abnormal 
density changes at the rib scan level. The enhancement scan revealed 
mild to moderate heterogeneous enhancement with poorly defined 
boundaries and no enhancement in the cystic region. 18F FDG PET/
CT images demonstrated a tumor in the left lower lobe of the lung 
with an unevenly increased metabolic rate and increased mediastinal 
lymph node metabolism with no other systemic PET/CT abnormalities 
observed, which indicates the high potential of lymph node metastasis 
and no distant metastasis. This lesion exhibits the obvious absence of 
elevated metabolism in its postero-lateral side, where the density was 
relatively low in contrast-enhanced CT. Combining CT and PET/CT 
assessments, the initial preoperative TNM staging was determined to 
be T2N1M0.

After a comprehensive evaluation, the surgical resection was 
performed. The dimension of the postoperative lobectomy specimen 
was 14 × 10 × 3.8 cm. As the lung was dissected along the bronchus, 
a mass measuring 4.2 × 4 × 3.8 cm with a firm, off-white surface and 
locally discernible ossification was discovered at the root of the lung. 
The mass involved the lobar and segmental bronchi and did not 
involve the visceral pleura. At a maximum diameter of 0.4–1.0 cm, 
peripheral lungs were grey-red and mushy, with localized lamellar 
thickening apparent under the surrounding pleura. Pathological 
diagnosis: the mass in the lower lobe of the left lung was a high-
grade sarcoma with significant osteogenesis and necrosis, indicating 
that it was an extraosseous osteosarcoma based on the morphology 
and immunophenotype. The tumor had a maximal diameter of 
4.2 cm and involved the segmental and lobar bronchi, but not the 
visceral pleura and lymph nodes. The immunohistochemistry results 
showed AE1/AE3 (−), EMA (−), Vimentin (3+), Bcl2 (1+), CD99 
(2+), Ki67 (40%+), SMA (−), Desmin (−), TTF1 (a few scattered 
cells+), CD34 (−), S100 (−), Calponin (−). The patient underwent 
surgery for osteosarcoma resection, along with lymph node 
clearance. Subsequently, he  received six cycles of systemic 
chemotherapy with doxorubicin at a dose of 25 mg/m2 (day 1–day 3) 
and cisplatin at a dose of 100 mg/m2 (day 4), with one cycle consist 
of 21 days. After treatment, the patient’s vital physical signs and 
health conditions remained stable. This patient has been under 
consecutive follow-up for nearly 8 years, showing no signs of 
recurrence or distant metastasis which are assessed by CT or 
MRI. The timeline of patient’s diagnosis, treatment and follow-up 
has been displayed in Figure 1.

3 Discussion

Primary pulmonary osteosarcoma is a relatively rare tumor that 
originates in the lung and accounts for only 0.01% of malignant 
tumors (3). There have only been 31 cases of primary pulmonary 
osteosarcoma reported (Table 1). So far, no confirmed etiology for the 
disease has been found, and radiation therapy administered near the 
lesion’s location and trauma may contribute to primary 
intrapulmonary osteosarcoma’s development (1). Takamura et al. (23) 
reported a case of extraosseous osteosarcoma secondary to 
chemoradiotherapy in the lung. But in this case, there was no history 
of such treatment in this patient.

In contrast to osteosarcoma originating from the bone which 
tends to affect younger patients, primary pulmonary osteosarcoma 
mostly affects patients over the age of 50, with a male-to-female ratio 
of 1.9:1 according to previous case reports. But in this case, 
we reported a 17-year-old case of primary pulmonary osteosarcoma, 
and as we know, this is the youngest patient reported to date.

The clinical manifestations have always been unremarkable, with 
the primary symptoms being chest pain, cough, and hemoptysis (3, 
24–26). Among the published reported cases (including the current 
one), the left lung was affected in 21 cases, the right lung in 11 cases, 
and the upper lobe of the left lung in 12 cases (Table 1).

Imaging and pathological examinations are the key methods used 
to determine the diagnosis of primary pulmonary osteosarcoma. 
Extraskeletal osteosarcoma frequently presents on radiographs as soft 
tissue opacity with various degrees of mineralization. The primary 
examination method for this disease is a chest CT scan, which 
typically reveals a large, lobulated soft tissue mass in the lung with 
irregular stripes and nodular dense calcifications inside and around 
the lung, as well as intact neighboring bone structures and no signs of 
destruction. When necrosis and hemorrhage occur within the tumor, 
the enhanced scan is typically unevenly enhanced. Calcification or 
osteoid matrix formation occurs in approximately 50% of primary 
lesions and can appear during the course of the disease or worsen over 
time, which also appeared in the images of this case. Calcification on 
CT scan was clearly indicated in 26% (8/31) of the reported cases 
(Table 1). PET/CT showed increased metabolic rate of this mass (21). 
Under the microscope, malignant, primitive spindle cells and osteoid 
matrix are the hallmarks of primary pulmonary osteosarcoma’s 
pathology (26). A lung mass must meet the following diagnostic 
criteria to be considered primary lung osteosarcoma: (1) the tumor 
must consist of a uniform pattern of osteosarcomatous tissue; (2) the 
tumor must produce osteoid or bone matrix; and (3) the tumor must 
be originated from the lung and exclude the possibility of a primary 
osteogenic tumor (26).

Several differential diagnoses should be  considered when a 
primary pulmonary osteosarcoma is suspected. Clinically, primary 
pulmonary osteosarcoma first needs to be separated from pulmonary 
metastases of osteosarcoma that originated from bone. The lung is the 
principal location of metastasis of osteosarcoma, which typically 
occurs in adolescents, and primary pulmonary osteosarcoma mainly 
predominates in middle-aged people and elders. One of the key 
methods for distinguishing between the two is a whole-body bone 
scintigraphy, which can identify high uptake changes in the primary 
bone lesion while also ruling out primary osteosarcoma elsewhere in 
the body, particularly in the chest wall and nearby ribs. Additional 
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disorders that require differentiation include primary lung cancer with 
substantial intrapulmonary calcifications, intrapulmonary hamartoma 
and benign pulmonary calcifications (2, 27). The key points of 
differentiation in terms of imaging are as follows. Multiple round 
variable-sized nodules and diffuse interstitial thickening are typical 
radiologic findings of pulmonary metastasis (28). Stratified or annular 
calcification is usually harmless which occurs more frequently in 
granulomas or tuberculous lesions. Hamartomas are characterized by 
popcorn calcifications (29). None of the above features were present 
in this patient (see Figures 2, 3).

The preferred method of treatment, which has been applied 
in 12 of the cases that have been recently described, is surgical 
removal of the primary tumor, and there are relevant studies 
suggesting that compared with En bloc resection or extensive 
surgery, inadequate resection was referred to as poor survival 
(14). While the effectiveness of chemotherapy and radiotherapy 
is still debatable. In terms of prognosis, it is difficult to predict 
the prognosis of primary pulmonary osteosarcoma because of its 
rarity, but the prognosis appears to be  poor. Of the reported 
cases, 15 patients died of their own disease within 1 year and 4 
died of unrelated causes, with the longest survival being 
42 months after total pneumonectomy, but this patient developed 
extensive metastases. All the above cases indicated that this 
disease typically has a relatively poor prognosis, however, in this 
case, there has been no evidence of metastasis or recurrence 
during an 8 years follow-up period. This may perhaps be related 
to his relatively younger age and timely treatment. The prognosis 
may also be  impacted by the greatest tumor diameter, the 
presence of calcification, insufficient surgical resection, and local 
recurrence. Nascimento et al. considered that the prognosis is 
bad when the maximum tumor diameter is more than 5 cm. 
Benign indicators are thought to be the presence of osteoid in 
microscopic results and calcification in imaging (2, 3, 14).

Additionally, we  should point out that although the final 
diagnosis was primary pulmonary osteosarcoma, we  highly 

suspected that it was originating from the left interlobular 
pulmonary artery for the reason that it was located at the lateral 
bronchus within the dorsal segment of the left inferior lobe and 
extended towards the lumen of the left interlobular pulmonary 
artery, and Zhai et al. (26) once reported a case of osteosarcoma 
originating from the pulmonary artery. But in this case, the 
possibility that the tumor originated in the lung and later invaded 
the pulmonary arteries cannot be excluded completely, which is 
difficult to differentiate by the imaging examination.

In summary, primary pulmonary osteosarcoma is an extremely 
scarce malignancy that is associated with a high incident rate of 
lymphatic and hematogenous metastasis, and early diagnosis and 
treatment are crucial to the patient’s prognosis. We can identify 
original intrapulmonary osteosarcoma using imaging and 
histopathological findings. To be more specific, imaging helps to 
diagnose the lesion and make a differential diagnosis by giving a 
clear visual of the lesion. A CT scan of the lung typically displays a 
large, lobulated soft tissue mass with irregular stripes and nodular 
dense calcifications inside and around the lung, as well as intact 
neighboring bone structures and no signs of destruction. The 
enhanced scan is often unevenly increased when necrosis and 
bleeding occur within the tumor. PET/CT is commonly performed 
in oncology patients to exclude distant and lymph node metastasis, 
perform neoplasms staging and evaluate treatment response. Tumor 
cells typically exhibit heightened metabolic activity, and increased 
uptake of radiopharmaceuticals in PET/CT suggests the potential 
for metastasis (30). The histopathological identification of this 
tumor is based on the microscopically observed tumor cells and 
osteoid matrix (4, 26).

4 Patients’ perspective

Our patient states that upon identifying the mass in the lower lobe 
of my left lung, the medical team promptly conducted a surgical 

FIGURE 1

Timeline with relevant data about the onset, diagnosis, and therapy of the patient with primary pulmonary osteosarcoma.
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TABLE 1 Reported cases of primary pulmonary osteosarcoma.

Author Age Gender Chief complaints Size and location Procedure to 
make definite 

diagnosis

Calcification 
on CT scan

Bone 
scintigraphy 

uptake

Treatment Prognosis

Greenspan (5) 35 F Pain, hemoptysis Left main bronchus, 7 cm Autopsy ND ND No radical treatment DOD 11 M after 

symptoms onset

Yamashita et al. 

(6)

74 F Progressive asthmatic 

symptoms

Large mass replacing left lung Autopsy ND ND No radical treatment DOD 6 M after 

symptoms onset

Reingold and 

Amromin (7)

62 M Pneumonia Right middle lobe, 6 × 6 × 4 cm Necropsy ND ND Chemotherapy DOD 7 M after 

symptoms onset

56 F Chills, fever, chest pain Left upper lobe, 7 × 5 × 4 cm Surgery ND ND Surgery Alive 14 M after surgery

Nosanchuk and 

Weatherbee (8)

66 M Weakness dyspnea, chest 

pain, and hemoptysis

Entire left upper lobe and 

most of lower lobe

Autopsy ND ND No radical treatment DOD 4 M after 

symptoms onset

Nascimento (9) 77 F Asymptomatic Right middle lobe, 4 cm Surgery ND ND Surgery DUC 6 M after surgery

72 M Asymptomatic Right middle lobe, 5.5 cm Surgery ND ND Surgery DUC 10 M after surgery

Bagaric and 

Belicza (10)

49 F ND Right lower lobe ND ND ND ND DOD

Saito et al. (11) 83 M Chest pain Right middle lobe 10 cm ND ND ND ND DOD 4 M after 

symptoms onset

Colby et al. (12) 61 M Respiratory symptoms Right lung, 16 × 10 ND ND ND ND Died several months 

later of unknown causes

51 M Cough Left lower lobe, 11 × 7 cm ND ND ND ND Alive 6 M after surgery

77 F Pneumonia Right middle lobe, 4 × 3 cm ND ND ND ND DUC 6 M after surgery

Loose et al. (13) 54 M Chest pain, left upper 

extremity paresthesia

Left upper lobe, 10 cm Surgery (+) Performed after 

surgery

Surgery, chemotherapy, 

radiation

Alive 7 M after surgery

45 F Chest pain Left lower lobe, 5.5 cm Surgery (−) ND Surgery Alive 2 M after surgery

Petersen (14) 70 M Asymptomatic Left lower lobe, 5 × 3.5 × 6 cm Surgery (+) (+) Surgery, radiation Alive 6 M after surgery

Stark et al. (15) 59 M Asymptomatic Left lower lobe, 6.5 × 7 × 11 cm Surgery (+) ND Surgery ND

Bhalla et al. (16) 58 M Fever and cough Left upper lobe, 18 × 9 × 8 cm Autopsy (+) ND No radical treatment DOD about 1 M after 

first admission

Miller and Allen 

(17)

72 M ND ND TBLB, splenectomy ND ND Chemotherapy, 

radiation

DOD 12 M after 

symptoms onset

Sievert et al. 

(18)

56 M Tingling in left fingertips Left upper lobe, 4 × 2 × 2 cm Surgery (−) Performed after 

surgery

Surgery Alive 12 M after surgery

(Continued)
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Author Age Gender Chief complaints Size and location Procedure to 
make definite 

diagnosis

Calcification 
on CT scan

Bone 
scintigraphy 

uptake

Treatment Prognosis

Chapman et al. 

(4)

33 F Cough, left-sided chest pain Left lung, 5.5 × 5 × 4 cm Surgery ND (+) Surgery, chemotherapy Alive 42 Mafter surgery

Magishi et al. 

(19)

74 F Asymptomatic Left upper lobe, 

5.7 × 5 × 3.3 cm

Surgery (−) Performed after 

surgery

Surgery DOD 11 Mafter surgery

Kadowaki et al. 

(2)

72 M Chest pain, dyspnea Left lower lobe, 9 × 9 cm Needle biopsy (+) (+) ND DOD 3 M after 

symptoms onset

77 M Hemoptysis Left lower lobe, 11 × 8 cm Needle biopsy (+) (+) ND DOD 3 M after 

symptoms onset

Yamazaki et al. 

(20)

73 M Cough, hemoptysis Left upper lobe, 7 × 6.5 cm ND ND ND ND DOD 7 M after operation

77 M Hemoptysis Left lower lobe, 11 × 8 cm ND ND ND ND DOD 3 M after 

symptoms onset

Gu et al. (21) 58 M Chest pain Right lung, 5.7 × 8.0 × 5.3 cm Surgery (+) (+) Surgery, chemotherapy ND

Shenjere et al. 

(22)

66 M Found on assessment for 

trapped nerve

Left upper lobe, 6 × 5 cm Biopsy ND ND Surgery Alive 12 M after initial 

symptoms

79 M Shortness of breath Left upper lobe, 11 × 9 cm Biopsy (−) (+) Radiation DOD 5 M after initial 

symptoms

56 F Cough Right lower lobe, 

3.2 × 2.2 × 2 cm

ND ND ND ND ND

58 F Chest pain, cough Left lower lobe, 25 × 24 × 6 cm ND ND ND ND ND

Takamura et al. 

(23)

80 M ND Right middle lower lobe, 

14 cm

Autopsy ND ND Radiotherapy, 

chemotherapy

DOD

Current case 17 M Cough and hemoptysis Left lower lobe, 4.2 × 4 × 3.8 cm Surgery (+) (+) ND ND

DOD, died of disease; DUC, died of unrelated cause; M, month; ND, not documented; TBLB, transbronchial lung biopsy.

TABLE 1 (Continued)
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procedure, providing me with a corresponding postoperative plan. As 
of now, my condition has been favorable.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding authors.
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FIGURE 3

Malignant, primitive spindle cells and osteoid matrix were observed (A,B).

FIGURE 2

CT scans of the mediastinal window (A), bone window (B), and sagittal mediastinal window (C) revealed a mass-like soft tissue density shadow in the 
dorsal segment of the lower lobe of the left lung. The mass had an irregular sphere-like margin, uneven density within the mass, and irregular eccentric 
ossification or calcification. In addition, axial (D) and coronal (E) enhanced CT images also revealed a heterogeneous mass with no enhancement in 
the cystic portion. 18F-FDG PET/CT revealed uneven increased metabolism of the mass in the lower lobe of the left lung, with barely absent uptake in 
its postero-lateral side (F,G), and the area in the postero-lateral side with increased metabolic activity in lymph nodes was also observed, which also 
appears hypodense on contrast-enhanced CT. No elevated metabolic activity was observed in other areas on the PET/CT scan (H). Based on a 
comprehensive evaluation of CT and PET/CT findings, the initial staging before surgery was T2N1M0.
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