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Simple Summary: Liposarcomas (LPS) are malignancies arising from adipose tissue. Based on the
histological appearance, five subtypes are distinguished: well-differentiated LPS, dedifferentiated
LPS (DDLPS), myxoid LPS (MLPS), pleomorphic LPS, and myxoid pleomorphic LPS. Immune
cells can infiltrate the tumor microenvironment (TME) of LPS and can either promote an efficient
antitumor immune response or mediate immunosuppression paving the way for immune evasion of
the tumor. The LPS subtypes display different TME characteristics and vary in regard to immune
cell infiltration, ranging from the generally lowly infiltrated MLPS to the highly infiltrated DDLPS
where immunological determinants predict response to novel antibody-based immunotherapy. Thus,
immune cells in the TME can significantly affect response to therapy, disease progression, and patient
survival. This review aims to decipher the immune contexture of LPS as well as its clinical association
and highlights differences between the LPS subtypes that may have implications for the design of
novel treatment strategies.

Abstract: Liposarcomas (LPS) are the most frequent malignancies in the soft tissue sarcoma family
and consist of five distinctive histological subtypes, termed well-differentiated LPS, dedifferentiated
LPS (DDLPS), myxoid LPS (MLPS), pleomorphic LPS, and myxoid pleomorphic LPS. They display
variations in genetic alterations, clinical behavior, and prognostic course. While accumulating
evidence implicates a crucial role of the tumor immune contexture in shaping the response to
anticancer treatments, the immunological landscape of LPS is highly variable across different subtypes.
Thus, DDLPS is characterized by a higher abundance of infiltrating T cells, yet the opposite was
reported for MLPS. Interestingly, a recent study indicated that the frequency of pre-existing T
cells in soft tissue sarcomas has a predictive value for immune checkpoint inhibitor (CPI) therapy.
Additionally, B cells and tertiary lymphoid structures were identified as potential biomarkers for the
clinical outcome of LPS patients and response to CPI therapy. Furthermore, it was demonstrated that

Cancers 2022, 14, 4578. https://doi.org/10.3390/cancers14194578 https://www.mdpi.com/journal/cancers

https://doi.org/10.3390/cancers14194578
https://doi.org/10.3390/cancers14194578
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0002-6609-974X
https://orcid.org/0000-0002-7127-8611
https://orcid.org/0000-0003-4886-4214
https://orcid.org/0000-0002-6610-326X
https://orcid.org/0000-0003-4393-413X
https://orcid.org/0000-0002-5263-8386
https://orcid.org/0000-0002-4742-3962
https://orcid.org/0000-0003-4976-9534
https://doi.org/10.3390/cancers14194578
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers14194578?type=check_update&version=4


Cancers 2022, 14, 4578 2 of 31

macrophages, predominantly of M2 polarization, are frequently associated with poor prognosis. An
improved understanding of the complex LPS immune contexture enables the design and refinement
of novel immunotherapeutic approaches. Here, we summarize recent studies focusing on the
clinicopathological, genetic, and immunological determinants of LPS.

Keywords: liposarcoma; immune architecture; immunotherapy

1. Introduction

Soft tissue sarcoma (STS) is a rare heterogeneous group of more than 80 malignancies that
originate from mesenchymal tissues [1–4]. Together with gastrointestinal stromal tumors and
unclassified sarcomas, liposarcomas (LPS) are the most frequent STS in adults [1–4]. According
to the 2020 WHO classification, LPS are classified into five histological subtypes based on
their specific immunohistochemical, microscopic, and macroscopic features, and genetic
alterations [2–7]. The classification reflects wide variations in imaging appearance, patterns
of disease progression, clinical behavior, and prognostic course in each LPS subtype.
Understanding the variations among the five subtypes of LPS is crucial to establish the
most appropriate therapeutic strategy, planning follow-up intervals, and selecting the
most effective therapies for disease recurrence/progression [3]. The five subtypes of LPS
comprise well-differentiated LPS (WDLPS), dedifferentiated LPS (DDLPS), myxoid LPS
(MLPS), pleomorphic LPS (PLPS), and myxoid pleomorphic LPS (MPLPS) [2–6,8,9].

Currently, radical surgical resection, often combined with radiotherapy, is the main
treatment option for localized LPS [3–5]. For patients with localized LPS, centralization of
surgery is probably the most efficient strategy to reduce the risk of relapse and death [10].
However, some patients progress to advanced disease that is usually associated with a
poor prognosis. The standard first-line treatment for unresectable or metastatic disease is
systemic anthracycline-based chemotherapy [3,4]. However, the chemosensitivity of LPS
remains very low [3–5].

Over the past decade, several new systemic therapies, such as immunotherapy, have
entered phase II and III clinical trials, as both monotherapy and combination therapies for
the treatment of STS [4,5,11]. Consequently, an exceptional interest concerning immuno-
logical determinants of the tumor microenvironment (TME) and their impact on disease
development, patient survival, and response to therapy emerged. Hence, it was shown
that the abundance of tumor-infiltrating immune cells correlates with patient survival in
multiple tumor entities [12]. Especially tumor-infiltrating lymphocytes (TILs) play a key
role in predicting response to immunotherapy [12,13], which was also reported for STS
including LPS [14,15].

Thus, a thorough understanding of the immune contexture with its cellular, soluble,
and membrane-bound components enables improvement of existing immunotherapy
approaches, e.g., by efficient patient selection, as well as the design of novel treatment
modalities, e.g., by identifying new drug targets. However, the TME of LPS is still poorly
understood, mainly because of their low incidence and high heterogeneity. Therefore, this
review gathers novel insights into the tumor immune architecture of LPS that may guide
novel therapy options. Moreover, clinicopathological and genetic determinants as well as
approved treatment regimens, and clinical trials based on immunotherapeutic strategies
are summarized.

2. Liposarcoma Subtypes: Clinical, Pathological, and Genetic Characteristics
2.1. WDLPS
2.1.1. Clinical Features

WDLPS is the most common type of LPS, accounting for over 40–45% of cases [4,9,16].
The distribution between men and women is equal, and both WDLPS and DDLPS typi-
cally occur among 50–70-year-old individuals [17,18]. WDLPS consists of slowly growing
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masses localized in the extremities, trunk, or retroperitoneum and, more rarely, in the
paratesticular region, mediastinum, and head and neck region [16,17]. Although WDLPS
is locally aggressive, it does not usually spread to distant areas [2,18]. However, WDLPS
can dedifferentiate, and the risk of dedifferentiation is higher in deep-seated neoplasms in
the retroperitoneum [3,9,18]. In 10% of cases, WDLPS can relapse and dedifferentiate into
highly aggressive DDLPS with an average interval of 7.7 years [9,18].

WDLPS of the retroperitoneum can be very large in size and can displace adjacent
tissues [3,16]. Hence, retroperitoneal WDLPS has a worse prognosis than WDLPS arising
from other locations [3,9,16]. This may also be due to the fact that the retroperitoneal area is
a more challenging anatomic site to be surgically approached [3,9]. WDLPS located in the
extremities is commonly called an atypical lipomatous tumor (ALT) since local recurrence of
the tumor has no impact on the overall survival (OS) of patients with extremity WDLPS [19].
On the contrary, WDLPS located deep within the trunk can be related to a fatal outcome and
inoperable local recurrences were shown to be the most common cause of death in these
patients [3,16]. Thus, patient prognosis largely depends on the tumor location [20]. Due
to clinical and radiological overlap, a biopsy may be required to distinguish lipoma from
WDLPS [19]. The histologic and cytogenetic analysis is recommended by clinical practice
guidelines and may be essential for further therapeutic management of WDLPS [19].

2.1.2. Pathological Determinants and Genetic Background

Histologically, WDLPS is divided into lipoma-like, sclerosing, inflammatory, and
spindle cell WDLPS [16,17]. Even though these histological variants were identified, the
clinical significance of these subclasses was not proven [21]. The most frequent WDLPS
is the lipoma-like variant, which presents a proliferation of mature and differentially
pleomorphic adipocytes [2,4,18]. Adipocytes are intersected by fibrous septa and contain
single, enlarged hyperchromatic nuclei. Mono-vacuolated or multi-vacuolated lipoblasts
may be present [2].

The retroperitoneum and the paratesticular area are associated with the presence of
sclerosing WDLPS, which is characterized by scattered bizarre stromal cells and multivac-
uolated lipoblasts containing hyperchromatic nuclei [2,17,18]. These cells are present in the
dense collagenous stroma. Cytologically, lipoblasts, atypical fibroblasts, multinucleated
cells, adipocytes, and delicate and dispersed collagen can be evidenced [17,18].

The rarest variant is the inflammatory WDLPS, which often occurs in the retroperi-
toneum [16,17]. Histologically, inflammatory WDLPS has inflammatory infiltrates, in-
cluding lymphoplasmacytic aggregates, atypical adipocytic cell populations, and bizarre
multinucleated stromal cells [16,17]. In addition to the lymphoid and plasma cells, inflam-
matory WDLPS contain atypical cells with multiple or hyperlobated nuclei [17]. The nuclei
of the atypical cells contain coarse chromatin and abundant ill-defined cytoplasm [4,17,18].

WDLPS and DDLPS are characterized by the presence of a supernumerary ring or
giant rod chromosomes, which is the consequence of specific amplification of segment
12q13-15 [2,4,9,16,18]. The latter contains a large number of cancer-related genes that are
implicated in tumorigenesis [2,4,18]. The most important genes present in this sequence
are MDM2 and CDK4 [2,4,16,18,22]. MDM2 is an E3 ubiquitin-protein ligase, which is a
negative regulator of p53 and is amplified in almost all patients. CDK4 is a member of the
Ser/Thr protein kinase family and is a part of the catalytic subunit of the protein kinase
complex for the G1/S cell cycle checkpoint. CDK4 is usually co-amplified with MDM2
in 90% of patients making it the second most commonly amplified gene in LPS [2,4,18].
MDM2 protein overexpression, as well as CDK4, can be used to confirm the diagnosis
of WDLPS and DDLPS because these markers are not expressed in benign adipocytic
tumors [23,24]. In general, MDM2 amplification is seen in 7% of human cancers and one-
third of all sarcomas. For that reason, MDM2 belongs to the most studied of all genomic
aberrations in WDLPS [25]. MDM2 and CDK4 represent the common trait of WDLPS
and DDLPS diagnosis, and immunostainings and/or fluorescence in situ hybridization
(FISH) were shown to be particularly useful in this area. Principally, MDM2 and CDK4
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examination allows differentiation of WDLPS from benign adipose tumors while in DDLPS,
MDM2 and CDK4 evaluation help to exclude poorly differentiated sarcomas [26].

Among the other genes that are often co-amplified within the 12q13-15 amplicon are
HMG2A, TSPAN31, and FSR2 genes [2,4,18]. The former belongs to the non-histone chromo-
somal high-mobility group (HMG) protein family. HMG proteins function as architectural
factors and are key components of the enhanceosome, a protein complex that contributes
to the regulation of the expression of a target gene. Mutations in this gene are associated
with lipomas and may play a role in adipogenesis and mesenchymal differentiation [2].
TSPAN31 is a cell surface protein that plays a role in growth-related cellular processes,
including cell development, activation, growth, and motility [2]. TSPAN31 was shown
to be clinically relevant in both WDLPS and DDLPS [27]. FSR2 is a recently identified
gene that codes for a signal transducing protein that links receptor tyrosine kinases to an
amplification reported in up to 90% of WDLPS [25]. The FGFR/FSR2 pathway is currently
discussed as a novel potential therapeutic target in retroperitoneal STS [28].

2.2. DDLPS
2.2.1. Clinical Features

DDLPS is a high-grade undifferentiated sarcoma that typically transits abruptly from
a WDLPS to a non-lipomatous sarcoma [3,17,18]. It accounts for 18–20% of all LPS with
an age and sex distribution similar to those of WDLPS [2,4,16,18]. DDLPS usually form
large-sized painless masses of at least several centimeters in diameter that commonly
arise in the trunk, extremities, and retroperitoneum [4,16–18]. It has a well-differentiated
portion that is clearly demarcated from the highly cellular, spindle cell-rich, dedifferentiated
portion [2,17]. By imaging, DDLPS presents as a non-homogenous fat-containing tumor
with a solid component [2,17,29].

However, the fatty component is not present in around 25% of the cases and the ter-
minal differentiation to adipocytes is also impaired in DDLPS [30]. Hence, the promotion
of adipogenesis in DDLPS was discussed as a potential approach to restrain tumorigenic-
ity [31]. The lesion can be discovered incidentally and within the diagnostic process, a
biopsy must be directed at both the lipomatous and non-lipomatous components of the
tumor to ensure accurate diagnosis and treatment [32].

Classification of DDLPS involves a differentiation between intermediate-grade (G2)
and high-grade tumors (G3). High-grade DDLPS are invasive, have a more aggressive
biologic nature, and spread to distant sites with a higher frequency [33].

Disease-specific mortality was reported to be significantly higher than that of WDLPS,
ranging between 30–75% [4,8,25]. This is because of high rates of local and metastatic
recurrence [2,3,8,16,18]. The aggressive biological behavior of DDLPS, together with its
tendency to spread to distant sites, are factors that affect patient prognosis [8,25]. DDLPS-
related mortality is significantly higher in G3 tumors. The early mortality, on the other hand,
reflects the lower risk of local recurrences in G3 DDLPS as compared to G2 DDLPS [33].

A larger portion of DDLPS is generated de novo, but some may also originate from
precursors of WDLPS lesions [3,9,16,18]. In fact, 25–40% of patients with WDLPS ulti-
mately manifest DDLPS as recurrence [3,8,18,25]. Compared to WDLPS, DDLPS can be
morphologically heterogeneous and contain both high- and low-grade dedifferentiated
components [34]. Dedifferentiation occurs more frequently in deep-sealed tumors [32].
Despite the presence of dedifferentiation, tumors can recur as pure WDLPS, DDLPS, or
both [8]. However, the molecular events leading to the derivation of DDLPS from WDLPS
are poorly understood [30]. In DDLPS, metastases can be observed in 20–30% of cases and
typically develop in the lungs [2,8]. The presence of lung metastasis is associated with a
poor outcome [3,8].
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2.2.2. Pathological Determinants and Genetic Background

The key histological feature of DDLPS is the presence of a polymorphous population of
round or spindle cells, including multinucleated forms with occasional lipoblasts [17,18,29].
The myxoid matrix and arborizing vasculature are rarely present [17].

The genomics of DDLPS is similar to that of WDLPS and is characterized by amplifi-
cation of the chromosomal region 12q13-15 [2,4,18,22,35]. In general, DDLPS is known to
have a more rearranged genome than WDLPS, together with a significantly higher number
of gene fusions and copy number alterations [36]. In addition to the mutations that char-
acterize WDLPS, YEATS4, and CPM are two other genes that are sometimes co-amplified
within the 12q13-15 chromosomal region of DDLPS [2,4,18]. YEATS4 has been described as
a transcriptional factor that physiologically suppresses p53 function and is involved in the
oncogenesis of several types of cancers. In a large-scale genomic screening study of DDLPS
cells, YEATS4 knockdown was associated with a greater antiproliferative effect than the
loss of MDM2 expression [37]. The CPM gene encodes carboxypeptidase M, a protease
that specifically removes COOH-terminal arginine or lysine. The CPM gene is involved in
many biological processes, including the activation, inactivation, or modulation of peptide
hormone activity, and alteration of the physical properties of proteins and enzymes [2].
Other genetic alterations that were shown to affect the genomic stability and prognosis in
WDLPS are presumably changes occurring on chromosomes 3, 11, and 19 [38].

Somatic mutations are not frequent in WDLPS and DDLPS. However, DDLPS de-
velopment requires the accumulation of additional chromosomal abnormalities [2,4,18].
For example, amplification of 1p32 and 6q23 is frequent in DDLPS, which has a worse
prognosis [2,9,39]. Additionally, in these regions, there are some genes related to ded-
ifferentiation, such as ASK1, also known as MAP3K5 (6q23.3) and JUN (1p32.1) [2,4,18].
The mechanism of ASK1-mediated dedifferentiation seems to involve the inhibition of
peroxisome proliferator-activated receptor gamma [2,25]. On the other hand, the genes
LIPE, PLIN, and PLIN2 are uniquely absent in DDLPS suggesting the loss of adipogenesis
in these tumors [40].

Other genes linked to reduced adipocytic differentiation have been identified through
LPS genomic profiling [2,4,18]. These genes undergo deletions in DDLPS and decrease
genome stability, resulting in a worse prognosis for DDLPS patients [2,25]. Among these,
there are tumor suppressor genes, such as RB1 (13q14.2), ATM and CHEK1 (11q22-24), and
RUNX3 and ARID1A (1p36) [2,25,41]. Finally, chromosomal amplicons, containing DDR2,
ERBB3, FGFR1, and ROS1 may play a role in tyrosine kinase-mediated oncogenicity [2,25].

2.3. MLPS
2.3.1. Clinical Features

MLPS accounts for approximately 30% of all LPS [2,4,42,43]. Unlike the other subtypes,
it usually affects younger individuals between 30–50 years of age [2,43]. However, MLPS
can also occur during childhood and adolescence [2,4,42,43]. Typically, it originates in the
proximal extremities with almost 75% of cases occurring in the thigh [4,42]. MLPS rarely
arises from the retroperitoneum [4,42,44]. Overall, local recurrence is reported in 15–30% of
cases, while disease-specific mortality ranges between 15–30% [4]. MLPS can undergo a
cellular transformation, which is associated with more aggressive disease and worse clinical
outcomes [3,42]. Particularly after cellular transformation, MLPS can disseminate to distant
sites and form metastases in up to 40% of cases [3,4,44]. Serosal membranes (peritoneum,
pleura, and pericardium), the abdominal cavity, distant soft tissues, and bones are the most
common site of generalization [3]. This can occur even in the absence of lung metastases [2].

2.3.2. Pathological Determinants and Genetic Background

Histologically, MLPS comprises a uniform population of small, round-to-oval-shaped, non-
adipocytic mesenchymal tumor cells, and a variable number of small ring lipoblasts [2,17,42,44].
Tumor cells are located within a myxoid stroma associated with a plexiform vascular net-
work [17,42,44]. MLPS does not usually show nuclear pleomorphism, giant cells, abundant
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spindle cells, or increased mitotic activity [17,42]. In a subgroup of patients, cellularity
can increase with the majority of cells being round with a high nuclear-to-cytoplasmic
ratio [2,42]. This is recognized as high-grade MLPS [2,42]. Round cell transformation
has been associated with a significantly worse five-year OS and the presence of a round
cell component in more than 5% of the cells has been shown to display a higher rate of
metastases as compared to MLPS poor in round cells [21].

Patients with MLPS show unique chromosomal rearrangements: t(12;16)(q13;p11)
or t(12;22)(q13;12) [2,4,18,45]. The first chromosomal rearrangement results in a fusion
of FUS and CHOP (also called DDIT3) genes (95% of patients) [2,4,18,44]. The second,
which is rarer, leads to the fusion of EWSR1 and CHOP [2,4,18,44]. FUS and EWSR1 belong
to the FET family and are involved in RNA processing and transcriptional regulation.
Contrastingly, CHOP is a dominant-negative inhibitor of the transcription factors C/EBP
and LAP and plays a role in adipocyte differentiation. Thus, the FUS-CHOP fusion protein
is thought to be tumorigenic through the dysregulation of adipocytic differentiation [2,46].
As a result, the proliferation of immature lipoblasts that are incapable of differentiating is
initiated [2,46]. Moreover, gene expression studies of MLPS underlined the involvement of
other genes, such as upregulation of MET, RET, and PIK3CA, as well as deletion of PTEN, a
tumor suppressor gene [2,4,18]. Since nuclear-localized CHOP is overexpressed in all cases
of MLPS, Scapa et al. suggested that CHOP immunohistochemistry (IHC) could be used as
a tool for diagnosing MLPS [47]. A targeted RNA sequencing assay that utilizes the Archer
Anchored Multiplex PCR technology has also been validated as a detection assay for gene
fusions in solid tumors [48].

2.4. PLPS
2.4.1. Clinical Features

PLPS is a rare type of LPS, accounting for approximately 5% of all cases [4,49]. PLPS usually
develops during adulthood (>50 years old) with a slight male predominance [4,49,50]. Normally,
PLPS arises in the limbs, or sometimes in the trunk or retroperitoneum [2–4,49]. Most PLPS
are located in deep soft tissues, but 25% develop in the skin or subcutaneous tissues [4,49,50].
The typical morphology of PLPS is characterized by a variable number of pleomorphic
lipoblasts on a background of high-grade pleomorphic sarcoma [2,17,49]. Local recurrence
occurs in 30–45% of cases, and tumor-associated mortality is 30–35% [4,49–51]. Factors
associated with a worse prognosis include large tumor size, high mitotic rate, truncal and
deep location, and vascular invasion [2–4]. Furthermore, cutaneous and subcutaneous
PLPS have better outcomes because they are not very aggressive and have a very low risk
of metastasizing [2,4,49]. Except for the cutaneous and subcutaneous forms, PLPS tends to
be the most aggressive type of LPS [2–4,49]. Moreover, PLPS has limited chemosensitivity
and metastases can develop in up to 50% of cases. The most common sites of metastases
are the lungs (75%) and liver (25%) [3,4,49,50].

2.4.2. Pathological Determinants and Genetic Background

The histology of PLPS is characterized by the presence of lipoblasts in the absence
of well-differentiated components [2,4,17]. The tumor cell population contains pleomor-
phic spindle cells, round cells, and multinucleated giant cells, which are associated with
pleomorphic multivacuolated lipoblasts [2,4,17]. Spindle cells can be arranged in fas-
cicles [2,4,17]. The cytological features of PLPS include marked pleomorphism, coarse
chromatin, prominent nucleoli, and recurring mitotic figures [2,4,17].

The molecular pathology of PLPS is still poorly understood because of its complex
karyotypes. PLPS contains multiple chromosomal rearrangements, including loss-of-
function (LOF) and gain-of-function (GOF) [2,4]. Genome analysis has described deletion
of 13q14.2-5 in half of the patients, which contains the RB1 gene [2]. Mutations or deletions
of TP53 can be present, whereas, in other forms of LPS, TP53 alteration is not common [2].
In some patients, NF1, an oncosuppressor gene, is lost, and p14ARF, a p53 target gene, is
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epigenetically silenced [2]. Tissue sections of PLPS show cells positive for smooth muscle
actin, S-100 protein, keratin, and desmin [17,49].

2.5. MPLPS
2.5.1. Clinical Features

According to the 2020 WHO classification, MPLPS has been defined as a new dis-
tinct subtype of LPS [6–8,52]. MPLPS was first described by Alaggio et al. in 2009 as a
subtype of LPS that mainly affects young people [53,54]. MPLPS is a rare and aggressive
adipocytic neoplasm that usually occurs in children and adolescents and predominantly
affects females [6,7,52]. MPLPS arises in the axial region of the body, preferentially in the
mediastinum, but it can also form in the thigh, head, abdomen, and back [52–54]. Half
of the patients can have local and sometimes multiple recurrences, owing to their highly
aggressive nature [6,52]. MPLPS is associated with an increased risk of distant metastases,
occurring mostly in the lungs, bones, and soft tissues [52,54].

MPLPS that arises from the thorax can invade nearby structures, such as the superior
vena cava, heart, trachea, pericardium, bronchi, and esophagus [6,52]. This invasion can
cause various symptoms, such as wheezing, shortness of breath, cough, tachycardia, and
chest pain [53]. Disease-associated death usually occurs within 40 months [6,52].

2.5.2. Pathological Determinants and Genetic Background

MPLPS shares histological features with MLPS and PLPS [6,52]. However, gene
fusions and amplifications, which are typical of MLPS, are missing in MPLPS [6,52]. The
tumor contains an abundant myxoid matrix containing well-developed blood vessels [6,52].
The cells are round to slightly spindle cells, which are similar to the cells of MLPS [6,52].
Moreover, in these areas, scattered tumoral cells with larger nuclei and some irregularities
can be observed [6,52]. The tumor also has regions containing necrosis [6,52]. Other
morphological features observed in the MPLPS include prominent fibrous septation and
lymphangioma-like mucin pools [6]. Thus, MPLPS shows a distinctive combination of
relatively bland zones, resembling MLPS, and more cellular and atypical areas, resembling
PLPS [19]. The immunophenotype of MPLPS is rather nonspecific [7].

MPLPS is not characterized by the presence of gene fusions, such as FUS-CHOP,
EWSR1-CHOP, and MDM2 gene amplification [52,53]. Zare et al. reported a case of MPLPS
in a patient with Li-Fraumeni syndrome and TP53 germline mutations [55]. The patient
tested negative for CHOP rearrangements and MDM2 amplifications. Gami et al. reported
a case of MPLPS in an infant that exhibited strong immunoreactivity for S100 and CD34 [53].
Moreover, MDM2 was non-reactive.

Additionally, in a study by Creytens et al., IHC revealed diffuse CD34 and p16 ex-
pression [6]. Subsequent FISH analyses allowed the identification of RB1 monoallelic
deletions and the absence of MDM2 amplification and CHOP rearrangements. Moreover,
genome-wide copy number profiling of eight patients revealed a complex genetic profile
with several LOF and GOF variants [6,52]. Particularly, there was recurrent GOF in chro-
mosomes 1, 6–8, and 18–21, and recurrent LOF in chromosomes 13, 16, and 17. Losses were
frequent in 13q14, which contains RB1, RCTB2, DLEU1, and ITM2B genes.

A summary of important clinicopathological and genetic features of the different LPS
subtypes is shown in Figure 1.



Cancers 2022, 14, 4578 8 of 31

Cancers 2022, 14, 4578 9 of 34 
 

 

Additionally, in a study by Creytens et al., IHC revealed diffuse CD34 and p16 
expression [6]. Subsequent FISH analyses allowed the identification of RB1 monoallelic 
deletions and the absence of MDM2 amplification and CHOP rearrangements. Moreover, 
genome-wide copy number profiling of eight patients revealed a complex genetic profile 
with several LOF and GOF variants [6,52]. Particularly, there was recurrent GOF in 
chromosomes 1, 6–8, and 18–21, and recurrent LOF in chromosomes 13, 16, and 17. Losses 
were frequent in 13q14, which contains RB1, RCTB2, DLEU1, and ITM2B genes. 

A summary of important clinicopathological and genetic features of the different LPS 
subtypes is shown in Figure 1. 

 
Figure 1. Characteristics of diverse liposarcoma (LPS) subtypes. Five distinct histological subtypes 
of LPS, including well-differentiated LPS (WDLPS), dedifferentiated LPS (DDLPS), myxoid LPS 
(MLPS), pleomorphic LPS (PLPS), and myxoid pleomorphic LPS (MPLPS) differ in 
clinicopathologic features, such as biologic behavior and patterns of disease progression. Genetic 
alterations in each subtype also display wide variations (Created with Biorender, Agreement No. 
JR24ANFF0H). 

3. Current Clinical Management and Treatment of LPS 
Clinical features and standard treatment differ for WDLPS, DDLPS, PLPS, and 

MLPS, whereas no specific recommendations have been developed for MPLPS. In 
addition to differing treatment concepts, the response to standard therapy also varies 
between LPS subtypes. Radiologically, WDLPS hardly ever shows a reduction in size after 
radiotherapy which is rarely used in this entity. DDLPS and PLPS show inconsistent 
responses to radiotherapy and chemotherapy in standard imaging. Moreover, changes in 
tumor size after neoadjuvant treatment do not necessarily correlate with pathological 
response. In contrast, MLPS has been known for its exceptional radio- and 
chemosensitivity, reflected in size reduction as well as good pathological response rates 
after radiotherapy and chemotherapy. 

  

Figure 1. Characteristics of diverse liposarcoma (LPS) subtypes. Five distinct histological subtypes of
LPS, including well-differentiated LPS (WDLPS), dedifferentiated LPS (DDLPS), myxoid LPS (MLPS),
pleomorphic LPS (PLPS), and myxoid pleomorphic LPS (MPLPS) differ in clinicopathologic features,
such as biologic behavior and patterns of disease progression. Genetic alterations in each subtype
also display wide variations (Created with Biorender, Agreement No. JR24ANFF0H).

3. Current Clinical Management and Treatment of LPS

Clinical features and standard treatment differ for WDLPS, DDLPS, PLPS, and MLPS,
whereas no specific recommendations have been developed for MPLPS. In addition to
differing treatment concepts, the response to standard therapy also varies between LPS
subtypes. Radiologically, WDLPS hardly ever shows a reduction in size after radiotherapy
which is rarely used in this entity. DDLPS and PLPS show inconsistent responses to
radiotherapy and chemotherapy in standard imaging. Moreover, changes in tumor size after
neoadjuvant treatment do not necessarily correlate with pathological response. In contrast,
MLPS has been known for its exceptional radio- and chemosensitivity, reflected in size
reduction as well as good pathological response rates after radiotherapy and chemotherapy.

3.1. WDLPS

Treatment for WDLPS is mostly limited to wide surgical resection with negative
surgical margins. Most superficial tumors are cured by this approach and do not need
multimodal treatment [56–58]. As these tumors usually do not metastasize [18], staging
consists of local imaging, mostly magnetic resonance imaging (MRI).

In selected cases, such as retroperitoneal LPS, neoadjuvant radiotherapy might be
considered as it has been shown to thicken the tumor pseudocapsule and thus, may
increase the chance of complete resection [33]. On the other hand, adjuvant radiotherapy
in retroperitoneal LPS has been abandoned due to the absence of any apparent clinical
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benefit. Moreover, delivering postoperative adjuvant radiotherapy was associated with
significant morbidity [33].

3.2. DDLPS and PLPS

Standard local treatment for DDLPS and PLPS of trunk and extremity includes wide
resection with additional radiotherapy or amputation if limb salvage is not possible [59].
Staging encompasses local imaging with MRI and chest computer tomography (CT) to
exclude pulmonary metastases. Neoadjuvant or adjuvant radiation therapy shall be offered
to patients with high-grade LPS with additional risk factors (tumor size >5 cm, deep local-
ization to superficial fascia, or inadequate surgical margins) [59,60]. Neoadjuvant treatment
is increasingly used, as it has been described to decrease long-term side effects such as
joint stiffness and fibrosis, in spite of higher rates of wound healing complications [61].
Additional radiation therapy may be avoided in small high-grade tumors (<5 cm) resected
with good surgical margins [60]. Additional chemotherapy in the curative setting seems
to prolong progression-free survival (PFS) but not OS [62]. The standard regimen in pa-
tients selected for additional chemotherapy is doxorubicin/ifosfamide. A randomized
trial comparing this standard regimen to histotype-tailored chemotherapy failed to show a
benefit for the stratified treatment [63]. Summarized, additional adjunctive chemotherapy
in localized LPS should be considered in young patients with large (>5 cm) and high-grade
LPS [60,64], as well as patients with borderline resectable tumors [65]. However, the deci-
sion about adjunctive therapy modalities should be made in multidisciplinary meetings
considering the individual subtype-related chemosensitivity [65].

The role of radiotherapy is less defined in retroperitoneal DDLPS. A randomized
trial did not show a benefit for radiotherapy plus surgery compared to surgery alone [66].
However, Callegaro et al. demonstrated a benefit in a propensity score matched comparison
of patients treated at recruiting centers on and off trial [67]. Usually, radiotherapy is
administered preoperatively, as adjuvant radiotherapy doses are hardly applicable for this
anatomical location without violating normal tissue constraints.

3.3. MLPS

The clinical behavior and therapy response of MLPS differ from other LPS and other
STS. As the metastatic pattern includes soft tissue and bone metastases, staging should be
performed using whole-body CT or MRI [68,69]. Basic treatment principles are similar to
DDLPS. Wide resection is often complemented with radiotherapy and chemotherapy. A
distinctive trait of MLPS is the high chemo- and radiosensitivity [64,70], leading to signifi-
cant size reduction after neoadjuvant treatment [71]. Thus, in addition to increasing local
control, neoadjuvant treatment can also lead to better resectability in complex anatomical
locations [71].

3.4. Additional Treatment Modalities

STS has become the tumor entity with the highest level of evidence for the addition of
locoregional hyperthermia to multimodal treatment. Keeping the tumor at temperatures
of 40–42 ◦C over one hour twice during every chemotherapy cycle with electromagnetic
fields improved disease-free survival (DFS) and disease-specific survival (DSS) [72]. The
biological mechanisms include improved tumor oxygenation and perfusion, inhibition of
DNA repair, and immune mechanisms such as the release of danger signals [73,74].

In selected cases of locoregional disease widespread in one limb or pre-irradiated
recurrences, hyperthermic isolated limb perfusion can be performed. After blocking the
blood flow from and to the core of the body, the extremity is perfused with cytotoxic and/or
immunologically effective substances (e.g., melphalan and tumor necrosis factor-alpha).
The treatment can be applied as monotherapy or in a neoadjuvant approach [75].
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3.5. Palliative Treatment for Inoperable and Metastatic Disease

Palliative systemic therapy for inoperable patients consists of chemotherapies such as
doxorubicin monotherapy or doxorubicin with ifosfamide [76]. Other therapeutic options
include trabectedin [77] as well as targeted agents such as pazopanib [78]. MLPS respond
especially well to trabectedin [79]. There are a number of clinical trials with different
compounds (chemotherapy, targeted therapy, immune checkpoint blockade, cellular thera-
pies) [80]. Immune checkpoint inhibitor (CPI) therapy is evaluated as a single or combined
treatment in the palliative as well as the curative setting [81].

4. LPS-Infiltrating Immune Cell Subsets and Their Clinical Significance

The tumor immune microenvironment is composed of cellular and non-cellular com-
ponents, which are both involved in the complex tumor-immune cell bidirectional crosstalk.
The former includes tumor-infiltrating immune cells that, depending on their abundance,
localization, phenotype, and functional orientation, can shape the TME by either promoting
efficient tumor elimination or enabling immune evasion. This section gathers novel insights
into the immune infiltration of LPS as well as its prognostic and predictive value with a
particular emphasis on the differences between LPS subtypes.

4.1. T Cells

As drivers of cell-mediated adaptive immunity, T cells comprise several subsets
mediating a variety of functions with potentially opposing effects. Subsets of particular
prognostic and/or predictive value are CD8+ cytotoxic T cells and FoxP3+ regulatory
T cells (Tregs), a subtype of CD4+ T helper (Th) cells. CD8+ T cells exhibit potent cytotoxic
properties and are therefore crucial for facilitating antitumor immunity. Accordingly, a
link between high CD8+ T cell infiltration and a favorable patient outcome was reported in
several tumor entities [12,82]. In contrast, Tregs physiologically exhibit immune suppressor
functions to maintain homeostasis and prevent an excessive immune response. Therefore,
a protumoral role was proposed but the prognostic value of intratumoral Tregs remains
controversial due to contradictory findings [12,82]. Besides Tregs, the infiltration of other
CD4+ T cell subsets has been less intensively studied as clear discrimination of intratumoral
Th cells remains methodologically challenging. Of these subsets, Th1 cells are largely
associated with antitumoral properties while Th2 cells seem to mediate protumor effects in
the TME [12].

Several studies indicate that T cell infiltration levels are highly variable among LPS
subtypes. In general, STS exhibit a wide range of cytogenetic alterations allowing broad
discrimination between STS with a simple, translocation-driven karyotype and STS with a
complex karyotype harboring primarily copy-number aberrations [83,84]. While MLPS is
considered to have a simple karyotype, DDLPS and PLPS represent karyotypically complex
STS [83–85]. Dancsok et al. observed significantly higher TIL levels in mutation- and/or
copy number-driven sarcoma subtypes (including WDLPS and DDLPS) compared to their
translocation-associated counterpart (including MLPS) [86]. Thereby, the infiltration rate of
translocation-associated sarcoma was closer to that of benign mesenchymal neoplasms.

Among the LPS subtypes, several reports demonstrated that DDLPS harbors the
highest TIL numbers, followed by WDLPS and MLPS [86–89]. Since PLPS is a rare LPS
subtype, data is scarce and inconsistent. Yan et al. observed in PLPS the lowest TIL rate of
all subtypes in a cohort of retroperitoneal LPS [88]. In contrast, Oike et al. reported that
PLPS have CD8+ T cell levels between that of DDLPS and MLPS but exhibit the highest
CD4+ and FoxP3+ levels of all LPS subtypes [89].

Interestingly, it has been frequently shown that TIL levels in DDLPS also range among
the highest compared to other STS subtypes [86,90,91], which also applies to the percentage
of TIL-positive tumors [92]. Moreover, about 40% of DDLPS represent tumors with high
T cell infiltration termed immune-hot [93]. Compared to DDLPS, other karyotypically
complex STS have a similar or lower proportion of immune-hot tumors. In contrast, studies
that lack LPS subtype differentiation reported a relatively low rate of TILs in LPS compared
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to other STS subtypes [94–97]. As this observation strongly implies that the heterogeneity
of LPS infiltration cannot be reflected by pooling various LPS subtypes, it should be taken
into consideration for future study design.

4.1.1. Prognostic Value of T Cells in LPS

Several studies demonstrated that CD8+ T cells represent the majority of T cells in
LPS, followed by CD4+ T cells and FoxP3+ Tregs [88,89,98]. However, results regarding
the prognostic significance of LPS-infiltrating T cells are less consistent. In a mixed LPS
cohort of retroperitoneal origin, survival analysis showed no significant correlation, but
high numbers of FoxP3+ Tregs tended to predict an unfavorable DFS and OS [88].

In the karyotypically complex DDLPS, high numbers of CD4+ T cells correlated
significantly with a favorable three-year recurrence-free survival (RFS) [98], while another
study found no association between CD4+, CD8+, and FoxP3+ infiltration and disease
progression [89]. However, a link between FoxP3+ Treg infiltration and a prolonged OS
was also reported [86]. A more detailed survival analysis based on gene expression data
of The Cancer Genome Atlas Sarcoma Collection (TCGA-SARC) dataset revealed that a
high Th2 gene signature was significantly associated with a worse DSS in DDLPS [90]. This
highlights the necessity of a subset differentiation within the Th compartment, as this may
be of prognostic relevance.

In the karyotypically simple MLPS, Oike et al. observed by using IHC that MLPS
patients display significantly lower human leukocyte antigen (HLA) class I expression than
DDLPS and PLPS patients suggesting a link to the overall low T cell infiltration [89]. More
specifically, about 78% of MLPS samples were negative for HLA class I whereas all DDLPS
and PLPS samples exhibited HLA class I expression. CD8+ T cell infiltration was positively
associated with the level of HLA class I expression both in MLPS and DDLPS. Whether
HLA class I is lost or downregulated in MLPS, this finding provides a potential mechanism
leading to the overall lowest infiltration rate in MLPS and exposes an obstacle to overcome
in terms of T cell-based immunotherapy. Interestingly, a high HLA class I expression
in MLPS was associated with an unfavorable PFS, but only 9% of the patients exhibited
this feature [89]. A lower, but not absent, HLA class I expression in MLPS compared to
WDLPS/DDLPS is further supported by gene expression data [87]. Minopoli et al. reported
that T cell infiltration (CD3+, CD8+, and CD4+) was significantly elevated in low-grade
compared to high-grade MLPS while infiltration of FoxP3+ Tregs was consistently low and
independent of grading [99]. In addition, a negative impact of FoxP3+ Treg infiltration on
the OS of MLPS patients was observed [86]. However, other studies failed to demonstrate
an association between CD8+, CD4+, and FoxP3+ T cell levels and PFS in MLPS [89,99].

Studies collectively analyzing T cell infiltration in different STS subtypes (including
LPS) via IHC are also inconsistent regarding the prognostic value. While there are reports
correlating high CD3+, CD8+, and CD4+ T cell infiltration with a significantly favorable
outcome [100,101], others showed that high CD3+ and CD4+ infiltrates tend to predict a
negative prognosis [102]. Furthermore, several studies did not find any association between
T cell infiltration and patient outcome [95,96]. The prognostic value of high FoxP3+ Treg
levels is also undefined in mixed STS cohorts (including LPS) since no impact on OS, but
a negative impact on local recurrence in multivariate analysis was demonstrated [95,102].
Besides different examined survival parameters, these conflicting results may be caused by
varying cohort characteristics and STS heterogeneity both in terms of genetic alterations
and subsequent T cell infiltration as well as clinical features and treatment characteristics.
However, contradictory results also occurred within one LPS subtype indicating further
mechanisms leading to an inconclusive prognostic value. In this regard, Issels et al. ob-
tained an interesting finding when comparing pre- and post-therapeutic STS samples [103].
While the pre-treatment immune infiltration had no impact on patient outcome, significant
correlations with the prognosis were only observed for the post-treatment immune infiltra-
tion. The fact that the above-mentioned studies often combine STS with different treatment
regimens, both neoadjuvant and adjuvant, implies another reason hampering the definition
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of the prognostic value of T cells in STS and LPS. In addition, methodological differences
regarding both IHC and survival analysis may contribute to inconclusive outcomes.

Several studies used the publicly available TCGA-SARC dataset to investigate a
potential association of transcriptomic immune signatures to the clinical outcome. The
cohort includes only therapy-naïve, primary tumors of seven different STS histologies and
thus allows for improved clinical association due to increased homogeneity [90]. Of note,
LPS is only represented by DDLPS which is the only histology in the cohort with 4/50
recurrent cases. Based on these data, Judge et al. demonstrated that a CD8+ T cell gene
signature was significantly associated with an improved OS, whereas CD4+ T cells and
Tregs were not related to OS [101]. Zhu and Hou showed that CD8+ T cell and Treg gene
signatures were significantly associated with prolonged OS [104]. A third study reported
no significant correlation between both CD8+ T cells and Tregs and OS [105]. Regarding
publicly available transcriptome databases, the composition of the patient cohort and, most
importantly, the applied gene signatures may vary among the studies and thereby cause
conflicting results that are based on the same initial dataset.

In contrast to a quantitative analysis of the T cell infiltration via IHC or RNA sequenc-
ing, an analysis of the T cell receptor (TCR) repertoire provides additional information
about the quality of the T cell response and was linked to patient outcomes in different
tumor entities [106]. By sequencing the TCR β chain complementary determining region 3,
several studies reported low TCR clonality in LPS compared to other tumor entities and
other STS subtypes [87,88,94,98]. These findings indicate a diverse intratumoral TCR reper-
toire that lacks highly expanded T cell clones, which is generally associated with a low
specificity of the T cell response [106]. While Pollack et al. observed a similar low TCR
clonality for WDLPS/DDLPS and MLPS, MLPS exhibited a lower T cell fraction (reflecting
a lower T cell infiltration) compared to WDLPS/DDLPS [87]. Moreover, Schroeder et al.
demonstrated in DDLPS that a high TCR clonality combined with a low T cell fraction
was linked to significantly worse OS [98]. This implies the need for novel therapeutic
approaches that induce an efficient tumor antigen-driven expansion and infiltration of
specific effector T cells.

4.1.2. Predictive Value of T Cells in LPS and Their Therapeutic Modulation

In addition to a prognostic significance, the level of T cell infiltration gained interest as
a predictive value for the response to immunotherapy-based approaches [107]. Response
to pembrolizumab (anti-PD-1 antibody) monotherapy in advanced sarcoma (SARC028
clinical trial) was only seen in DDLPS and undifferentiated pleomorphic sarcoma (UPS)
patients [108]. Retrospectively, the response was positively correlated with a higher baseline
density of several T cell phenotypes including FoxP3+ Tregs and CD45RO+ effector memory
T cells [15]. In addition, higher FoxP3+ Treg percentages and higher CD8+ T cell densities
prior to immunotherapy were associated with a favorable PFS.

As STS generally exhibit a predominantly low T cell infiltration, termed immune-
cold [109], several studies investigated the immunomodulatory properties of conventional
anticancer treatments to convert them into immune-hot tumors with high T cell levels [110].
Studies analyzing paired tissue samples via IHC in mixed STS cohorts (including LPS)
indeed disclosed therapy-induced priming of T cell infiltration. Sharma et al. reported
that around 80% of patients showed elevated expression of HLA class I molecules after
radiotherapy and that a majority of patients exhibited higher T cell infiltration (CD3+,
CD4+, and CD8+) post-treatment [111]. After chemotherapy with or without regional
hyperthermia, increased TIL levels were found in around 40% of STS patients [103]. Fo-
cusing solely on LPS, Snow et al. observed that TIL levels before and after radiotherapy
remained unchanged for the majority of LPS patients [112]. However, the separation of
LPS into the histological subtypes revealed an increase in the TIL score in 64% of all paired
DDLPS samples. In contrast, no WDLPS or MLPS patients showed increased TIL scores
after radiotherapy. Furthermore, FoxP3+ Treg levels were more likely to decrease and the
CD8:FoxP3 cell ratio more likely to increase among recurrence-free patients. Once again,
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these findings underscore the remarkable eligibility of DDLPS for immunotherapy and
challenge the suitability of radiotherapy to enhance the accessibility of WDLPS and MLPS
for immunotherapy. Yet, given the relatively small cohort size due to the limited availability
of paired tissue samples and the fact that different therapeutic regimens were applied in the
studies, further analysis of therapeutic modulation is needed. Since MLPS is characterized
by an exceptionally low HLA class I expression and showed no increase in TIL levels after
radiotherapy [87,89,112], systemic treatment with interferon-γ may be a suitable approach
to enhance HLA class I expression and subsequently T cell infiltration, as it was already
demonstrated in synovial sarcoma and MLPS patients [113].

4.2. B Cells

Studies investigating TILs in STS have traditionally focused on T cells, particularly
cytotoxic T cells, due to their outstanding direct antitumor effects and strong correlation
with good clinical outcomes. However, recent pioneering studies have shifted the interest
to B cells and tertiary lymphoid structures (TLS) [14,114]. As activators of the adaptive
humoral immune response, B cells mediate their effector functions via antibody production,
cytokine secretion, and antigen-presentation to T cells as professional antigen-presenting
cells. These diverse effector mechanisms harbor both antitumor and protumor potential,
which was recently reviewed by Sharonov et al. [115]. Thus, the clinical benefit of high
B cell, plasma cell, or immunoglobulin levels remains unclear due to contradictory findings
within and between tumor entities. Furthermore, B cells are involved in the formation of
TLS, which represent ectopic accumulations of lymphocytes resembling the structure of
secondary lymphoid organs [116]. Therefore, TLS are sites of lymphocyte proliferation and
effector cell differentiation and may play a key role in antitumor immunity.

4.2.1. Prognostic Value of B Cells in LPS

In LPS as well as mixed STS cohorts (with or without LPS), T cells are generally more
frequent than CD20+ B cells [88,96,117]. Nevertheless, Sorbye et al. identified high levels of
CD20+ B cells as an independent positive prognostic marker for DSS in STS (including LPS)
with wide resection margins [100]. This was confirmed within the TCGA-SARC cohort
(including DDLPS), where high CD20+ B cell levels were associated with favorable OS [117].
Combining two independent gene expression databases comprising overall about 500 STS
of DDLPS, UPS, and leiomyosarcoma histologies, Petitprez et al. demonstrated that high
expression of B cell-associated genes was a strong prognostic marker for an improved
OS, independent of CD8+ T cell infiltration [14]. However, not all studies investigating
CD20+ B cells in STS indicate a positive correlation between B cell infiltration and patient
survival. While Yan et al. found no significant association with DFS or OS in LPS [88],
Smolle et al. reported that CD20+ B cells were significantly correlated with an increased
risk of recurrence in a mixed STS cohort including LPS [96]. However, this correlation was
not reproducible in multivariate analysis. They further analyzed the TCGA-SARC dataset
and found no correlation between the expression of B cell-related genes (CD19, MS4A1,
CD22, and CD79A) and OS using univariate Cox-regression analysis. Thereby, different
statistical approaches (stratified vs. unstratified) may have led to these conflicting results
within the TCGA-SARC cohort. Smolle et al. further reported that LPS was characterized
by the highest B cell infiltration among the studied histological subtypes, confirmed both
at protein and RNA levels [96].

Investigating the TME of STS more comprehensively, Petitprez et al. integrated several
immune cell populations and malignant cell characteristics to define an immune classifica-
tion that ranges from the least infiltrated class A to the highly vascularized class C, to class
E with the highest expression of immune cell-associated genes [14]. Class D and E STS,
both ‘immune-high’, were significantly associated with a prolonged OS compared to other
classes. Besides harboring an elevated B cell lineage signature, class E STS exhibited high
expression of plasma cell-related genes and CXC-chemokine ligand 13 (CXCL13), known
for lymphocyte recruitment to secondary lymphoid organs. Accordingly, they displayed
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intratumoral TLS in more than 80% of the cases making them a characteristic of class E STS.
In addition, TLS-bearing STS were significantly stronger infiltrated by CD3+ and CD8+ T
cells as well as CD20+ B cells—even after exclusion of the lymphocytes located inside the
TLS. Consistently, Yan et al. reported that retroperitoneal TLS+ LPS showed higher TIL
proportions and tended to have a favorable DFS and OS [88]. However, Tseng et al. found
no significant correlation between TLS-containing retroperitoneal WDLPS/DDLPS and
recurrence while the presence of TLS in DDLPS was associated with a shorter OS [118].
However, a small sample size limits the impact of these findings.

4.2.2. Predictive Value of B Cells in LPS

Beyond the prognostic significance of B cells, the immune classification according
to Petitprez et al. had predictive value within the SARC028 study (phase II trial of pem-
brolizumab in patients with advanced STS). Expectedly, immune class E STS exhibited the
highest response rate compared to other classes [14,108]. Following these findings, the
PEMBROSARC study (phase II trial of pembrolizumab combined with low-dose cyclophos-
phamide in patients with advanced STS) was extended by a new patient cohort with TLS+

STS of which around one-third represented WDLPS and DDLPS [114]. In contrast, the
initial, unselected cohort included just one patient with TLS. The TLS+ cohort showed a
significantly higher response rate (30% vs. 2%) and survival (median PFS of 4.1 months vs.
1.4 months) in comparison to the unselected cohort.

Taken together, these findings suggest a major role of intratumoral B cells in STS for
both the clinical outcome and response to immunotherapy, potentially mediated by their
involvement in TLS.

4.3. Natural Killer (NK) Cells

Belonging to innate immunity, NK cells exhibit a high cytotoxic potential and capacity
to secrete a wide range of cytokines. In contrast to CD8+ T cells, they do not rely on
the presentation of tumor-associated antigens but can instead eliminate cells that avoid T
cell recognition by reduced HLA class I expression. Thus, NK cells have a crucial role in
cancer immunosurveillance [119] and are associated with increased patient survival across
multiple tumor entities [12]. However, due to their plasticity and challenging molecular
characterization, studies addressing tumor-infiltrating NK cells are scarce, especially in STS
and LPS.

In a sarcoma cohort of 1072 patients, Dancsok et al. observed that most tissues were
completely void of CD56+ cells as examined by IHC [86]. However, among all sarcoma
subtypes, DDLPS displayed an increased number of tissues that were infiltrated by CD56+

cells, although infiltration by CD8+, CD4+, and FoxP3+ T cells was remarkably higher.
In contrast, analysis of transcriptomic data of two independent cohorts revealed that the
immune infiltration score of NK cells in DDLPS ranges among the scores of CD8+ T cells
and Th2 cells [90]. Flow cytometry analysis confirmed that in STS (including LPS) CD56+

NK cells account for a similar proportion as CD8+ T cells of all TILs [101].
While the majority of NK cells in the peripheral blood exhibit a CD56dimCD16hi pheno-

type, which is considered primarily cytotoxic, CD56brightCD16-/lo NK cells are considered
as less cytolytic and rather regulatory [119]. In a mixed STS cohort, of which around 40%
represented LPS, no difference in the proportion of CD56bright NK cells between peripheral
blood and tumor tissue was observed [101]. For both CD56bright and CD56dim NK cells, the
percentage of CD69+ NK cells was higher in the tumor tissue compared to peripheral blood
with no significant difference between both subsets in the tumor. Nevertheless, intratu-
moral CD56dim NK cells exhibited significantly elevated levels of the immune checkpoint
TIGIT compared to CD56bright NK cells suggesting an impaired functionality. Based on
these findings, the authors demonstrated in vitro that combining IL-15 stimulation and
TIGIT blockade was able to significantly increase the cytotoxic activity of both NK and
T cells, highlighting its potential as a novel treatment strategy for STS and LPS.
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Prognostic Value of NK Cells in LPS

To our knowledge, at present no study has been published investigating NK cells
exclusively in LPS. Therefore, its prognostic value was only assessed in mixed sarcoma
cohorts that included LPS. Dancsok et al. observed that a high CD56+ score was linked
to significantly worse OS in mutation- and/or copy number-driven sarcomas (including
WDLPS and DDLPS) while the overall CD56 expression in this cohort was remarkably
low [86]. In contrast, a high NK cell-related gene signature was associated with a signifi-
cantly prolonged OS in the TCGA-SARC cohort (including DDLPS) as confirmed by two
independent studies [101,105]. However, a separate analysis of the histological subtypes
within the TCGA-SARC cohort revealed that a NK cell signature was not significantly
correlated with DSS in DDLPS [90]. Further studies and the implementation of novel NK
cell-specific markers or signatures are needed to explore the functional role and prognostic
significance of NK cells in the TME of LPS.

4.4. Tumor-Associated Macrophages (TAMs)

Within the tumor tissue, macrophages exhibit remarkable plasticity displayed by M1
and M2 macrophages that represent the two extreme cases of a spectrum with several
intermediate states. These phenotypes are accompanied by distinct functional profiles with
opposing effects, making the role of TAMs in the antitumoral immune response highly
complex [120]. Importantly, the polarization is mainly determined by the surrounding
micromilieu, shaped by both tumor cells and the TME. Macrophages of M1 polarization
are characterized by pro-inflammatory properties and are associated with favorable patient
outcomes in several tumor entities [12]. In contrast, M2 macrophages are physiologically
involved in wound healing and tissue repair and mediate anti-inflammatory effects and
immunosuppression. In line with this, high infiltration with M2 macrophages is overall as-
sociated with a poor prognosis [12]. While CD68 is traditionally used as a pan-macrophage
marker and CD163 as a marker for M2-like TAMs, novel methods enable a more detailed
dissection of their polarization and functional state.

When combining STS subtypes as well as LPS subtypes, macrophages generally
constitute the majority of infiltrating immune cells thereby outnumbering TILs, which was
confirmed both at protein and RNA levels [89,96,117,121]. Comparing the LPS subtypes,
a distribution similar to the T cell infiltration emerges. DDLPS and PLPS exhibit the
highest TAM levels, followed by WDLPS and MLPS [89,121]. Moreover, compared to
other karyotypically complex STS subtypes, DDLPS exhibits one of the highest TAM
infiltrations [90,121]. Interestingly, Dancsok et al. demonstrated that the less infiltrated
LPS subtypes WDLPS and MLPS were no longer found to have an excess of TAMs over
TILs [121]. In this regard, it was reported that high-grade MLPS are associated with elevated
TAM levels compared to low-grade MLPS whereas the opposite applied for TILs, thereby
revealing an inverse correlation of TAMs and T cells in MLPS [99]. Since the patient cohort
of Dancsok et al. included low- and high-grade tumors and no distinction was made in
the analysis, this inverse correlation may be the underlying mechanism of a missing TAM
excess in these LPS subtypes [121].

In general, TAMs are considered to be predominantly M2 polarization. Several studies
confirmed this for STS, both at protein and RNA levels [117,121]. Moreover, based on gene
expression data from the TCGA-SARC cohort, DDLPS exhibited the highest M2:(M0 + M1)
ratio among the analyzed STS subtypes [121].

4.4.1. Prognostic Value of TAMs in LPS

Remarkably, TAMs are mainly associated with poor prognosis. Especially in MLPS,
a worse patient outcome (PFS and OS) was frequently reported for both high CD68+ and
CD163+ TAM levels [89,99,122] with a significant correlation to the occurrence of metastasis
for CD68+ cell infiltration [122]. However, the clinical association regarding DDLPS is rather
inconclusive. High CD163+ TAM infiltration was either observed to have a significantly
positive [121] or no significant impact on PFS [89]. A negative association between an M2
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macrophage-associated gene signature and three-year survival was also demonstrated [98].
In mixed STS cohorts including LPS, Smolle et al. linked high CD68+ TAM levels to a
significantly higher risk of local recurrence [96] while Sorbye et al. reported no significant
impact of high CD68+ TAM levels on DSS [123].

Interestingly, Minopoli et al. reported that primary cancer cells of two high-grade
MLPS patients significantly promoted M2 polarization of monocytes in co-culture, and in
turn, the monocytes increased the invasiveness and transendothelial migration of MLPS
cells, thus providing a potential explanation for the link to poor prognosis [99]. The
positive effect of TAMs on motility and invasiveness of MLPS cells in vitro was already
demonstrated by a previous study [122]. Additionally, activation of epidermal growth factor
receptor (EGFR) in MLPS tumor cells by macrophage-secreted ligand heparin-binding EGF-
like growth factor (HB-EGF) plays a crucial role in this process. Accordingly, the presence
of phosphorylated EGFR was significantly associated with higher CD68+ TAM levels
in human MLPS samples, thereby suggesting HB-EGF as a potential drug target in the
treatment of MLPS patients [122].

4.4.2. Predictive Value of TAMs in LPS and Their Therapeutic Modulation

Apart from cytokines, TAMs mediate immunosuppressive effects via the expression of
immune checkpoint molecules. Therefore, TAM infiltration may play a key role in response
to CPI therapy. A correlative analysis of immune infiltrates within the SARC028 study
(phase II trial of pembrolizumab in patients with advanced STS) reported a significantly
higher proportion of PD-L1-expressing CD68+ TAMs at baseline among the responders
(exclusively UPS and DDLPS) [15]. In addition, PD-L1+ TAMs may be a better predictor
of anti-PD-1 response than PD-L1 expressing tumor cells since several responders were
negative for the latter prior to therapy. In contrast, all responders were positive for PD-L1+

TAMs. Interestingly, UPS and DDLPS patients showed a significant decrease in CD68+

TAM density in course of the therapy (pre-treatment vs. 8 weeks on-treatment) that was not
observed for all STS subtypes together. Combined with a largely unchanged T cell density
this suggests that anti-PD-1 treatment may shape the TME towards an effective antitumor
landscape in UPS and DDLPS.

However, modulation of TAM infiltration during radiotherapy seems to behave differ-
ently. Snow et al. observed that CD68+ TAM levels were increased in the majority of LPS
patients after radiotherapy, especially in DDLPS [112]. Interestingly, a similar trend towards
increased CD163+ infiltrates upon radiotherapy was shown in UPS, while the combination
with chemotherapy instead led to a slight decrease [124]. Moreover, transcriptomic analysis
of a mixed STS cohort, of which one-third represented LPS, indicated that radiotherapy-
induced downregulation of molecules and cell markers related to immunosuppression,
including interleukin (IL)-10, transforming growth factor (TGF)-β, CD68, and CD163, cor-
related positively with three-year survival [111]. The fact that anti-PD-1 treatment was able
to induce a decrease in TAM infiltration in DDLPS highlights its potential as an effective
anticancer treatment.

A summary of important immune contexture characteristics of DDLPS and MLPS is
depicted in Figure 2.
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Figure 2. The histological LPS subtypes display different features of their immune contexture.
Research mainly focuses on DDLPS and MLPS, whereas insights on the immune microenvironment
of WDLPS and PLPS are scarce and lacking in the case of MPLPS. DDLPS is characterized by a
higher infiltration of T cells and tumor-associated macrophages (TAMs) compared to MLPS and
TAMs are outnumbering T cells in DDLPS while this was not observed in MLPS. Both subtypes
exhibit low T cell receptor (TCR) clonality and additionally, MLPS tumors display low levels of
human leukocyte antigen (HLA) class I expression. Response to pembrolizumab in DDLPS patients
was correlated to a higher density of T cells and a higher proportion of PD-L1+ TAMs at baseline.
Furthermore, the presence of tertiary lymphoid structures (TLS) in DDLPS is associated with response
to pembrolizumab treatment and correlates with elevated infiltration levels of CD3+ and CD8+ T cells
as well as CD20+ B cells. In MLPS, tumor cells can promote M2 polarization of TAMs which in turn
can enhance the motility and invasiveness of MLPS cells. While several immune cell types are of
undefined prognostic value in LPS, accumulating evidence suggests a link to positive prognosis for
B cells and TLS in DDLPS and an association with negative prognosis for TAMs, both CD68+ and
CD163+, in MLPS.

5. Soluble and Membrane-Bound Molecules within the TME of LPS and Their
Clinical Relevance

Within the constantly evolving microenvironment, non-cellular components are of ma-
jor importance and significantly affect both the immune response and tumor development,
growth, and progression. Among the membrane-bound molecules, immune checkpoints
emerged as key molecules harnessed by the tumor to inhibit effective antitumor immunity.
Furthermore, cytokines play a crucial role in the TME since they shape various functions
of immune cells, which contribute to TME modulation and influence tumor growth. Nev-



Cancers 2022, 14, 4578 18 of 31

ertheless, a comprehensive analysis of the cytokine composition within the TME remains
challenging and thus studies addressing the LPS cytokine micromilieu are quite limited.

5.1. Protumoral Soluble Molecules

Due to its effects on tumor progression, metastasis formation, and antitumor immunity,
the cytokine IL-6 gained increasing attention and is among the most studied cytokines in
the context of LPS. Enhanced IL-6 serum levels in STS (including LPS) patients correlated
with higher tumor grade and were a negative prognostic factor for OS, DFS, and event-free
survival [125,126]. Furthermore, Rutkowski et al. showed an association between elevated
IL-6 serum levels and larger tumor size, and more frequent recurrence [125]. IHC analysis
of STS tissues (including WDLPS, DDLPS, and MLPS) confirmed the results obtained from
blood serum. High-grade tumors displayed elevated levels of IL-6 and IL-6R compared to
low-grade tumors [127]. While Rutkowski et al. did not find any difference in serum levels
of IL-6 between patients with and without metastasis [125], simultaneous high expression
of both IL-6 and IL-6R was associated with worse OS and metastasis-free survival and
thus emerged as prognostic factors [126]. Additionally, upregulated extracellular vesicles
containing miR-25-3p and miR-92a-3p were detected in WDLPS/DDLPS patients [128]. Fur-
ther in vitro analyses including human LPS cell lines and peritoneal murine macrophages
showed that miR-25-3p and miR-92a-3p promoted toll-like receptor 7/8–dependent IL-6
secretion in TAMs, which resulted in LPS cell proliferation, migration, and invasion. These
observations suggest that serum levels of IL-6 might serve as a feasible, promising prognos-
tic marker, and treatment with monoclonal antibodies targeting IL-6 and/or IL-6R might
be of interest for patients with high expression of these molecules [129].

Besides IL-6, various immunosuppressive cytokines have been identified to play
significant roles in shaping a protumoral immune landscape and subsequently driving
tumor growth. While the clinical significance of the two major cytokines IL-10 and TGF-β
has been studied in mixed cohorts of STS, which, to a greater or lesser extent, contained
LPS, only a few studies have analyzed them at the level of LPS histological subtype.
For example, high expression of the immunosuppressive cytokine TGF-β was associated
with shorter DSS in a mixed STS cohort including LPS [123]. Moreover, Mazzu et al.
reported that miR-193b directly interacts with a regulator of TGF-β signaling, SMAD4,
in WDLPS/DDLPS cells [130]. Interestingly, gene expression of TGFBR2 was highest in
WDLPS/DDLPS in comparison to other STS such as UPS, leiomyosarcoma, or synovial
sarcoma [87]. It was further shown by utilizing transcriptomic data from the TCGA-
SARC cohort (including DDLPS) that an immunosuppressive profile of the tumor may
attenuate the positive prognostic effect of B cells [117]. Importantly, CD20+ B cells had
no impact on OS in tumors with high IL-10 expression levels, compared to those with
low or non-stratified IL-10 expression. This was also demonstrated for high expression
levels of the enzyme cyclooxygenase-2 (PTGS2). Similar to IL-6, high serum levels of IL-10
were associated with worse DFS and OS in STS patients, including LPS [125]. Moreover,
IL-10 was frequently co-expressed with CD163 suggesting M2 TAMs as a potential IL-10
source [117]. Interestingly, high serum levels of macrophage colony-stimulating factor
(M-CSF), a critical growth and differentiation factor for macrophages, were correlated to
the large tumor size of STS, including LPS [125]. Furthermore, high M-CSF in serum and
tumor tissue was linked to a shorter OS in STS patients (including LPS) [123,125].

Although further studies are required to comprehensively dissect the LPS cytokine
micromilieu, these observations underline the clinical significance and prognostic value
of immunosuppressive soluble molecules within the TME of LPS, providing an initial
incentive that blocking these pathways may enable novel therapeutic approaches.

5.2. Immune Checkpoint Molecules

Numerous immunological checkpoints regulate immune cell activation and function
to maintain homeostasis and self-tolerance while preventing autoimmunity. Moreover, they
regulate the duration and magnitude of the immune response to prevent excessive damage
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to healthy tissue. In the context of cancer, long-lasting immune responses and constant
high antigen load lead to an upregulation of these molecules and thus a dampening of anti-
tumor immune responses [131–133]. Immune checkpoint signaling on effector cells then
induces loss of proliferation, inhibition of effector functions, or apoptosis. While tumor cells
exploit this as an extremely successful immune escape mechanism it was extensively shown
that blocking such a pathway holds an immense potential to treat even progressed and
metastatic tumors [134]. Thus, various drugs targeting immune checkpoint molecules are
being developed and explored. However, the extreme heterogeneity of LPS, both in terms of
immunological landscape and clinical behavior, makes the clinical application challenging.

5.2.1. Expression of Immune Checkpoints in LPS
PD-1

Due to the significant role of the PD-1/PD-L1 axis in the antitumor immune response,
the expression of both has been widely studied in various cancer entities. Wunder et al.
demonstrated via IHC that LPS tissues contained very few or no PD-1+ cells (92% of
LPS had ≤5% of PD-1+ cells) [97]. Accordingly, Yan et al. observed that only 23% of
retroperitoneal LPS had 1% or higher amounts of PD-1+ TILs [88]. While this suggests very
low expression of PD-1 within the TME of LPS, another study with 220 LPS tissues showed
PD-1 expression in 55% of tumors [135].

When dividing LPS according to histological subtypes, further variations in expression
and inconsistencies among studies become evident. Torabi et al. reported that almost all
MLPS, WDLPS, and PLPS were PD-1+ by IHC, but the mean positive staining decreased
in the given order [136]. Other studies showed consistently low expression of PD-1 in
MLPS (10%) and higher in WDLPS (around 25%) [86,137]. The highest expression of PD-
1 and also the largest differences between studies were reported in DDLPS, where the
PD-1 expression varied between 19%, 50%, and 67% [86,92,137]. Notably, Miyake et al.
did not show any significant difference in PD-1 expression between WDLPS and DDLPS,
UPS or leiomyosarcoma [138], whereas Pollack et al. reported lower PD-1 expression in
WDLPS/DDLPS compared to UPS [87].

Further flow cytometry analysis revealed that the expression of PD-1 by CD8+ T cells
in LPS (WDLPS, DDLPS, MLPS) was among the lowest compared to other STS [94]. Specifi-
cally, around 50% of LPS-infiltrating CD8+ T cells in LPS were positive for PD-1 and about
10% of these also expressed LAG-3. Similarly, Tseng et al. showed that 65% of CD8+ T cells
expressed PD-1 in retroperitoneal WDLPS/DDLPS [118].

LAG-3 and TIM-3

LAG-3 and TIM-3 have been widely studied to be used as next-generation targets for
immune checkpoint inhibition. Pioneeringly, the first anti-LAG-3 monoclonal antibody has
been recently approved by U.S. Food and Drug Administration (FDA) in a combinatorial
therapy with nivolumab (anti-PD-1) for the treatment of melanoma patients [139]. In
general, the highest proportion of tissues positive for LAG-3 (defined as ≥1 positive cell in
any tissue microarray core) was observed in DDLPS (77%), followed by WDLPS (31%) and
MLPS (5%) [86]. LAG-3 expression was highly correlated with CD8A gene expression in
the TCGA-SARC cohort and the predominant expression of LAG-3 by tumor-infiltrating
CD8+ T cells was then confirmed by IHC [140]. A flow cytometry analysis revealed that
approximately 20% of LPS-infiltrating CD8+ T cells expressed LAG-3, while no significant
difference was observed compared to other STS [94].

Similarly, the highest proportion of tissues positive for TIM-3 was found in DDLPS
(88%), whereas around half of WDLPS (55%) and just very few MLPS (10%) samples
expressed TIM-3 [86]. In a cohort of LPS patients that included WDLPS, DDLPS, and MLPS,
only around 3% of tumor-infiltrating CD8+ T cells were positive for TIM-3, which was
among the lowest compared to other STS [94]. However, MLPS, which was shown to have
very low expression of TIM-3 in other studies, accounted for 40% of the cohorts’ patients.
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Interestingly, in the immune classification of STS according to Petitprez et al., class
E STS (‘immune- and TLS-high’), and to a lesser extent class D STS (just ‘immune-high’)
exhibited high expression of PD-1 and TIM-3 likely due to the general high immune cell
signature [14]. However, high levels of LAG-3 were observed only in class E STS.

Altogether, the variation in expression of immune checkpoint molecules across LPS
subtypes largely follows the degree of T cell infiltration. Accordingly, DDLPS displays
the highest expression of LAG-3 and TIM-3 while a much lower abundance is observed
in MLPS tissues. Nevertheless, these observations give further incentive for potential CPI
treatment of DDLPS.

PD-L1

The expression of PD-L1 by tumor cells is a potent immune evasion mechanism.
However, also immune cells, such as dendritic cells, macrophages, and T cells can express
PD-L1. Of note, studies investigating PD-L1 expression in STS do not always distinguish
between tumor and immune cells. Movva et al. analyzed 220 not further defined LPS
tissues and reported PD-L1 positivity (defined as ≥5%) in 77% of samples [135] while 23% of
tumors expressed PD-L1 in retroperitoneal LPS [88]. In contrast, another study observed no
LPS tissues with tumor or immune PD-L1 expression in ≥5% of cells [97]. Analysis of gene
expression data revealed similarities within translocation-associated sarcoma (including
MLPS), such as low expression of PD-L1 [141]. Additionally, WDLPS/DDLPS showed
a significantly lower PD-L1 score compared to UPS [87]. Further distinction according
to histological subtypes disclosed that DDLPS, WDLPS, and MLPS exhibit positivity for
PD-L1 at 67%, 50%, and 30%, respectively [137]. However, the number of studied samples
was very low (3, 4, and 10, respectively). On the other hand, in a larger cohort including
49 DDLPS patients, PD-L1 positivity was found in only 12% of cases [92]. Surprisingly,
Torabi et al. reported only one PD-L1+ sample among 64 tissues of WDLPS, MLPS, and
PLPS [136], which was further supported by Que et al. who observed not a single PD-
L1+ sample among 23 LPS tissues [142]. In conclusion, these studies suggest that PD-L1
expression levels, investigated by different methods, vary among histological subtypes of
LPS. However, different scoring methods lead to different definitions of PD-L1 positivity,
thereby limiting the comparability of the results.

5.2.2. Clinical Significance of Immune Checkpoint Expression in LPS
PD-1 and LAG-3

Association of PD-1 expression to clinical parameters revealed that in retroperitoneal
LPS the percentage of PD-1+ cases was higher in patients exhibiting multiple tumors and
that grade 1 LPS displayed higher proportions of PD-1+ TILs compared to grade 2 and
3 LPS [88]. However, Miyake et al. failed to show a correlation between PD-1 expression
and tumor grading in a mixed cohort of retroperitoneal sarcoma, including LPS [138].

In a mixed STS cohort (including LPS), the presence of intratumoral PD-1+ cells
predicted shorter OS and event-free survival [137]. Similarly, in retroperitoneal sarcoma
(including LPS), high levels of PD-1 were associated with shorter RFS [138]. A separate
analysis of mutation and/or copy number-driven subtypes (including WDLPS/DDLPS)
and translocation-associated subtypes (including MLPS) revealed that high PD-1 expression
is linked to shorter OS in the first group, while it did not affect patient prognosis in the
translocation-associated group [86]. Conversely, RNA-sequencing revealed that DDLPS
patients with an OS of more than three years exhibited higher PD-1 levels [98].

The clinical significance of LAG-3 in LPS remains largely undefined, as to our knowl-
edge only one study showed that high levels of LAG-3 were associated with high tumor
grade and shorter OS in a mixed STS cohort [140].

As the above-mentioned studies consisted mainly of mixed STS cohorts and results
exclusive to LPS are still rare, comprehensive analyses according to histological subtypes
of LPS may reveal new insights.
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PD-L1

The percentage of PD-L1+ cases in retroperitoneal LPS was higher among patients
with multiple tumors and necrosis and was further linked to high tumor grading [88]. In
contrast, PD-L1 expression did not correlate with tumor size and tumor grade in DDLPS
but tended to associate with metastasis occurrence [92]. Zheng et al. demonstrated that
post-recurrent STS (including LPS) exhibited significantly elevated levels of PD-L1+ tumor
cells and lymphocytes compared to STS at primary diagnosis while the amount of CD8+

T cells decreased [143].
The intratumoral presence of PD-L1+ cells predicted shorter OS and event-free survival

in a mixed STS cohort including LPS [137]. In DDLPS, high PD-L1 levels were linked to a
significantly shorter five-year OS [92]. Furthermore, Kim et al. reported that the five-year
survival rate of PD-1+/PD-L1+ STS patients was only 13% [137]. In contrast, PD-1+/PD-L1−

and PD-1−/PD-L1+ patients as a group as well as PD-1−/PD-L1− patients had strongly
improved five-year survival rates.

Moreover, the PD-L1 DNA copy number represents another possible prognostic
marker. In the TCGA-SARC cohort, 21% of DDLPS patients displayed PD-L1 copy number
gains (CNG) and PD-L1 CNG was also detected in an independent, untreated high-grade
STS cohort that included DDLPS [144]. Patients with PD-L1 CNG exhibited higher PD-L1
expression, a significantly higher mutational load, and were associated with shorter OS.

Altogether these results further emphasize the association of the PD-1/PD-L1 axis to
poor survival but also encourage the application of drugs blocking this immune checkpoint
pathway to foster an efficient antitumor immunity.

6. Immunotherapy for LPS

Immunotherapy has changed the treatment algorithms in multiple malignancies and
thus, holds considerable promise also for STS patients [145]. Diverse immunotherapeutic
approaches are currently being applied with complete responses observed in selected
cancer types and individuals [146]. Profound TME analyses have allowed deciphering
the immune cell signatures within the tumor and immunotherapies that may target the
tumor-infiltrating immune cells are being investigated in clinical trials [147]. To date,
148 clinical trials in patients with LPS have been initiated. Adoptive cell transfer, chimeric
antigen receptor (CAR) T cell therapy, cytokine therapy, and CPI treatment remain the
major immunotherapies that are subjected to testing in a total of 22 different clinical
trials [148]. These trials mainly aim to trigger the antitumor immune responses in patients
with these tumors.

6.1. Cytokines and Telomerase Vaccines in Clinical Trials

Cytokine administration may not just serve the purpose of non-specific immune stimu-
lation but can also represent a supportive modality to chemotherapy treatment [148]. In LPS,
four clinical trials with granulocyte-macrophage colony-stimulating factors, such as filgras-
tim, pegfilgrastim, and sargramostim, have been completed (NCT00002764, NCT00061984,
NCT00025441, NCT00346125). Interestingly, sargramostim was evaluated in a phase I
clinical trial for the treatment of LPS in a combination with a 540–548 telomerase vac-
cine (NCT00069940). Telomerase is considered an attractive immunotherapeutic target as
telomerase activity has been described in more than 85% of human cancers [149]. Several at-
tempts to induce peptide-reactive lymphocytes with 540–548 telomerase vaccine were made,
however, they failed to demonstrate the immunological efficacy of this approach [150].

6.2. CPI in Clinical Trials

CPI therapy has demonstrated encouraging therapeutic outcomes with a relatively
good safety profile which gave a rationale for the addition of CPI to other modalities [151].

It has been previously shown that as compared to other STS subtypes, DDLPS has a
relatively high T cell infiltration, together with a higher PD-1 expression [86,90,91]. For that
reason, DDLPS has become the predominant LPS subtype evaluated in clinical trials with



Cancers 2022, 14, 4578 22 of 31

CPI. MLPS, on the other hand, was associated with the lowest T cell infiltration among
LPS suggesting a rather limited efficacy of CPI therapy [87,89]. Clinical trials evaluating
the efficacy and safety of CPI therapy in participants with either PLPS or MPLPS are
currently missing.

In a study by D’Angelo et al., nivolumab and ipilimumab were evaluated in patients
with STS, including those with locally advanced LPS and unresectable LPS [152]. In this
multi-center phase II study, forty-three patients were randomly assigned to nivolumab
treatment alone and forty-two patients to concomitant treatment with nivolumab and
ipilimumab (NCT02500797). In the monotherapy arm, the clinical benefit rate at 12 months
was only 2%. Nivolumab and ipilimumab combination showed encouraging objective
response rates, however, only in selected histological subtypes. Patients with LPS did not
display clinically relevant responses which may be due to their low expression of genes
related to T cell infiltration [87,152].

Another phase II clinical trial is currently evaluating nivolumab with and without
ipilimumab and radiation therapy in a neoadjuvant setting for the treatment of both
resectable and recurrent DDLPS (NCT03307616). In this randomized open-label clinical trial,
RFS and OS will be assessed at 12 and 24 months. Similarly, another study of nivolumab in
combination therapy has been initiated as an open-label phase I clinical trial of nivolumab
and intratumoral BO-112, a nanoplexed form of polyinosinic:polycytidylic acid (poly I:C)
for patients with resectable DDLPS. The trial is currently recruiting patients (NCT04420975).
Since BO-112 was previously shown to induce local and systemic immunotherapeutic
effects by increasing tumor cell apoptosis and enhancing immune reactivity, the primary
objective of this study is to determine the safety and tolerability of adding BO-112 to
nivolumab treatment (NCT04420975) [153].

Among other clinical trials with CPI, a study evaluating the efficacy and safety of anti-
PD-1 therapy together with a conditionally active biologic (CAB) AXL-targeted antibody-
drug conjugate (CAB-AXL-ADC) has reached phase II of clinical testing and is currently
recruiting LPS patients (NCT03425279).

Avelumab, an anti-PD-L1 antibody, was subjected to testing in phase I/II open-label
clinical trials together with chemotherapy in patients with leiomyosarcoma and LPS [154].
A partial response was observed in 13% of the study participants and 43% of the patients
had stable disease (SD) as the best response [154]. However, the trial did not meet the
primary objective response rate endpoint and was terminated in 2020 (NCT03074318).

Despite these rather disappointing results in LPS patients, avelumab still represents
a promising agent that is being evaluated mostly in combination therapies. A recruiting
phase 1 clinical trial aims to determine the safest dose of DCC-3014, a tyrosine kinase
inhibitor, that can be administered together with avelumab to participants with advanced
or metastatic sarcomas, including those with DDLPS. DCC-3014 is a highly specific inhibitor
of the receptor of the colony-stimulating factor-1 (CSF-1R) that has shown promising results
in the treatment of rare tenosynovial giant cell tumors [155]. The efficacy and safety of
DCC-3014 and avelumab combination in DDLPS remains to be determined.

Atezolizumab, another anti-PD-L1 agent, has been tested in LPS patients together
with prime-boost immunotherapy targeting NY-ESO-1 called CMB305 [156]. Although
the combination of atezolizumab and CMB305 did not significantly improve the OS of the
study participants, the dual administration led to an induction of NY-ESO-1-specific T cells
and promoted antibody responses [156].

Compelling results in patients with LPS were observed in a multicenter open-label
phase II clinical trial of pembrolizumab monotherapy (SARC028) in 80 patients with bone
and soft tissue sarcomas. Objective responses were observed in 18% of the STS patients,
with responses seen only in LPS and UPS [108]. However, one of the most interesting
findings of this study was that in the LPS tumors, clinical responses were observed despite
the absence of PD-L1 expression [108].

Pembrolizumab is further being applied in another open-label clinical trial with
57 participants diagnosed with STS, including LPS. The trial is currently evaluating the ef-
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ficacy and safety of pembrolizumab and eribulin in combination treatment (NCT03899805).
Eribulin, a nontaxane microtubule inhibitor, has been approved by the FDA for the treat-
ment of patients with LPS who have received a prior anthracycline-containing regimen [157].
In this trial, chemotherapy treatment with eribulin is expected to increase the response to
immunotherapy with pembrolizumab. The estimated completion is in August 2024.

6.3. Adoptive Transfer, CAR T Cells, and Oncolytic Viruses in Clinical Trials

NY-ESO-1 and MAGE-A4 were identified as important target antigens for the treat-
ment of patients with MLPS [158,159]. Both antigens were shown to be of strong diagnostic
value and immunotherapy targeting NY-ESO-1 and MAGE-A4 in MLPS was supported by
multiple studies [159]. To date, a single phase I clinical trial has been initiated in patients
who have the appropriate HLA-A2 tissue marker and whose LPS tumor has the MAGE-
A4 protein expression. In this study, the tolerability and safety of autologous genetically
modified MAGE-A4c1o32 T cells will be determined (NCT03132922).

In a recent study, MLPS was shown to express high levels of NY-ESO-1 in up to 70%
of the cases [160]. Since NY-ESO-1 has been already successfully targeted with adoptive
cell therapy, another noticeable clinical trial utilizes autologous NY-ESO-1-specific CD8+

T lymphocytes, chemotherapy, and IL-2 with or without dendritic cell-targeting lentiviral
vector ID-LV305 (LV305) in the treatment for MLPS. The trial is currently an active open-
label phase I clinical trial (NCT03450122) with a total of 15 study participants. The safety of
adoptively transferred CD8+ T cells targeting NY-ESO-1 positive tumors will be assessed in
both the monotherapy setting and in the combination with antigen-specific vaccination.
With one of the primary objectives being the assessment of in vivo persistence of NY-ESO-
1-specific CD8+ T cells, the results of this trial are eagerly awaited in December 2022.

Several other phase I clinical trials have been initiated in patients with LPS, including
a first-in-human multicentre study (NCT05120271) of CAR T cells engineered to express
glypican-3 (GPC3) CARs. The GPC3-CAR T cells administration is scheduled in patients
with myxoid/round cell LPS after a lymphodepleting chemotherapy and the primary
outcome measures aim to assess the safety of such an approach. GPC3-CAR T cells were
previously shown to efficiently eradicate liver cancer in vivo and thus, also bring a great
deal of promise in LPS [161].

Another CAR T cell study with GPC3-CAR T cells is scheduled to start in July 2023
(NCT04715191). In this study, GPC3-CAR T cells will be administered to patients with
GPC3-positive LPS together with IL-15 and IL-21 along with lymphodepleting chemother-
apy, cytoxan, and fludarabine. Similarly, a phase I clinical trial with GPC3-CAR T cells
and IL-15 (AGAR T cells) is currently recruiting patients with the diagnosis of LPS
(NCT04377932).

Oncolytic viral immunotherapy with Talimogene laherparepvec (T-VEC) has entered
phase II of clinical evaluation in STS, including LPS. In this study, the administration of
T-VEC is designed for combination with radiation therapy in localized tumors during
neoadjuvant treatment (NCT02923778).

7. Conclusions

A growing body of literature investigates the immune contexture of STS and LPS,
thereby confirming that its dissection is a highly relevant topic in light of recent advances in
immunotherapy. Accumulating evidence emphasizes that there are major differences in the
immune landscape of the histological LPS subtypes that may not only have implications for
clinical behavior but also their eligibility for novel immunotherapy. In particular, it emerges
that MLPS has a largely quiescent immune microenvironment with several potential im-
munosuppressive mechanisms such as low HLA class I expression and promotion of M2
polarization of TAMs. In contrast, DDLPS displays a highly infiltrated microenvironment,
even in comparison to other STS subtypes. Concomitantly, the highest levels of immune
checkpoints, e.g., PD-1, LAG-3, and TIM-3 were observed in DDLPS compared to the
other LPS subtypes. Unique characteristics are also reflected in the prognostic significance
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of immune cell infiltrates as B cells emerged as a strong prognostic factor for prolonged
survival in DDLPS, mainly driven by analysis of the TCGA-SARC cohort including DDLPS
as the only LPS subtype. In contrast, accumulating evidence suggests TAMs as a marker for
poor prognosis in MLPS, whereas such consistent association was not observed in DDLPS.
However, data for WDLPS and PLPS is scarce, and studies investigating MPLPS are entirely
lacking, impeding a detailed characterization of their immune contexture.

So far, the success of immunotherapeutic strategies in LPS is limited. Therefore, a
thorough characterization of LPS-infiltrating immune cells as well as the immunogenicity of
tumor cells is crucial to overcome these challenges. On the one hand, it guides the develop-
ment of selection strategies for the most responsive patient cohort. Since TLS have proven a
strong predictive value for response to CPI therapy in STS including LPS, tailored patient co-
horts based on this biomarker may dramatically broaden the benefit of CPI therapy in LPS.
On the other hand, it drives the identification of prospective immunotherapeutic targets
specifically for LPS. Delivering a “don’t eat me” signal, expression of CD47 on tumor cells
was demonstrated to be among the highest in DDLPS and PLPS compared to other sarcoma
subtypes [121]. Moreover, expression of the corresponding ligand SIRP-α on macrophages
was most frequent in DDLPS, followed by WDLPS and MLPS compared to other sarcomas.
Equally encouraging are expression levels of the costimulatory molecule OX40 in DDLPS,
as DDLPS exhibited the second highest OX40 score of various tumor entities within the
TCGA dataset [93]. These findings suggest that LPS and particularly DDLPS are worthy
candidates for treatment strategies targeting the CD47-SIRP-α or OX40-OX40L signaling
pathways. A multitude of clinical trials investigates the therapeutic manipulation of these
axes, however, none of these trials focuses on LPS. Besides targeting specific immune cells
or molecules, treatment modalities that augment tumor-specific immunity and induce T
cell recruitment may broaden the use of CPI treatment in LPS. As such, radiation therapy
or chemotherapy prior to immunotherapy is evaluated by several ongoing clinical trials in
STS. However, only a limited number of studies investigated therapy-induced modulation
of LPS-infiltrating immune cells. Further characterization of these changes may lead to an
improved design of combinatorial treatment strategies in LPS.

However, a major limitation of several studies presented is an insufficient distinction
between STS and LPS subtypes. Therefore, a detailed deciphering of the LPS immune
contexture requires a broad awareness that grouping of different LPS subtypes does not
pay respect to their unique characteristics. This is particularly crucial as dissection of the
immune architecture displays a key driver for the design and improvement of efficient
immunotherapeutic strategies to combat LPS.
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