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Although multimodal therapies including surgery, chemotherapy, and radiotherapy have improved clinical outcomes of patients
with bone and soft tissue sarcomas, the prognosis of patients has plateaued over these 20 years. Immunotherapies have shown
the effectiveness for several types of advanced tumors. Immunotherapies, such as cytokine therapies, vaccinations, and adoptive
cell transfers, have also been investigated for bone and soft tissue sarcomas. Cytokine therapies with interleukin-2 or interferons
have limited efficacy because of their cytotoxicities. Liposomal muramyl tripeptide phosphatidylethanolamine (L-MTP-PE), an
activator of the innate immune system, has been approved as adjuvant therapeutics in combination with conventional chemotherapy
in Europe, which has improved the 5-year overall survival of patients. Vaccinations and transfer of T cells transduced to express
chimeric antigen receptors have shown some efficacy for sarcomas. Ipilimumab and nivolumab are monoclonal antibodies designed
to inhibit immune checkpoint mechanisms. These antibodies have recently been shown to be effective for patients with melanoma
and also investigated for patients with sarcomas. In this review, we provide an overview of various trials of immunotherapies for
bone and soft tissue sarcomas, and discuss their potential as adjuvant therapies in combination with conventional therapies.

1. Introduction

Sarcomas are malignant tumors of mesenchymal origin,
including bones, muscles, fat, nerves, and blood vessels.
According to the Surveillance Epidemiology and End Results
(SEER) database, prevalence of sarcoma accounts for nearly
21% of all pediatric solid malignant tumors and less than 1%
of all adult solid malignant tumors [1]. It was estimated that
approximately 11,400 Americans would be diagnosed with
soft tissue sarcomas and 3,000 with bone sarcoma in 2013 [2].
Based on the survival data obtained from the National Cancer
Data Base of the American College of Surgeons, the relative 5-
year survival rate is approximately 66% for patients with bone
and soft tissue sarcomas, 53.9% for osteosarcomas (1 = 8,104),

75.2% for chondrosarcoma (n = 6,476), and 50.6% for Ewing’s
sarcomas (n = 3,225) [3]. According to the classification
by the World Health Organization, the group of bone and
soft tissue sarcomas includes more than 100 histological
subtypes [4]. The prognosis of patients with bone and soft
tissue sarcomas is associated with histological diagnoses
[5]. Standard treatment modalities include surgical resec-
tion, chemotherapy, and often radiotherapy [6-8]. Despite
these multimodality therapies, survival rates have not been
improved over recent 20 years [9]. Therefore, new effective
treatment over conventional therapy is urgently needed.
Historically, Coley reported a case of unresectable small-
cell sarcoma of the neck in 1891. The sarcoma completely
regressed after a severe episode of erysipelas. He reported



that a systemic response against erysipelas influenced the
patient’s tumor [10]. The mechanism by which erysipelas
caused tumor regression was unclear at that time. However,
it is now understood that the activation of innate immunity
through Toll-like receptors (TLRs) by erysipelas followed by
activation of acquired immunity specific to sarcoma may
contribute to the underlying mechanism [11]. Thus, the case
described by Coley was the first to demonstrate that the
immune system is involved in the spontaneous regression of
sarcomas. Over the past 100 years, his work had encouraged
many scientists to work on cancer immunology, in an attempt
to find a cure for cancers [12, 13].

The dissection of the molecular mechanisms of innate
and acquired immunity has enabled medical doctors and
scientists to apply various cancer immunotherapies such as
vaccines, antibodies, adjuvants, and cell therapies [29-31].
Utilizing modern cancer immunotherapies for patients with
sarcomas began in the 1980s as a cytokine therapy [32, 33],
and more recently antigen-specific cancer vaccines and/or
cell therapies have been developed [34, 35].

2. Overview of Cancer Immunology

2.1. Immune System Overview. Knowledge about the immune
system is essential for understanding the principles under-
pinning cancer immunotherapy. There are two types of
immune responses against microbes: called innate and adap-
tive immunity [36]. Innate immunity, whose main compo-
nents are phagocytic cells (neutrophils and macrophages)
and natural killer cells, provides the initial defense against
invading microbes during infection [37, 38]. Small molecular
proteins called cytokines mediate many activities of the cells
involved in innate immunity. In addition to cytokines, pattern
recognition molecules such as TLRs expressed on dendritic
cells (DCs) and macrophages play critical roles in the activa-
tion of innate immunity. These components also have a role
in communicating with acquired (adaptive) immunity [39,
40]. The key components of adaptive immunity, following
the initial innate immunity, are T and B lymphocytes. The
lymphocytes play a central role in eliminating infectious
pathogens, virus infected cells, and cancer cells and also in
generating antigen-specific memory cells [37].

Adaptive immunity consists of humoral and cell-
mediated immunity. T lymphocytes recognize short peptides
as antigens presented by major histocompatibility complexes
(MHCs) on the cell surface of DCs [41, 42]. CD8 and CD4
T cells recognize antigen in the context of MHC class 1
and class II molecules, respectively [43, 44]. Primed and
activated T cells differentiate into mature effector cells while
undergoing clonal expansion. The effector CD8 T cells
recognize virus infected cells and tumor cells and eliminate
them from the body. The differentiation of naive CD8 T
cells into effector and memory CD8 T cells is mediated by
the “help” of CD4 T cells or by a stimulation of TLRs of DC
[43-45]. “Help” means signals occurring within DCs whose
CD40 interacts with CD40L of CD4 T cells to express large
amounts of CD80/86 to interact with CD28 of CD8 T cells
[46-48]. Signals from either CD40 or TLRs activate DCs,
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and this process then initiates the activation of naive CD8 T
cells following antigen recognition [49].

DCs, B cells, and macrophages are professional antigen-
presenting cells (APCs) [50, 51]. Among them, DCs are
the most effective APCs [51, 52]. For example, B cells and
macrophages present endogenous and internalized exoge-
nous antigens with MHC class I and class II molecules
[53], respectively. Therefore, B cells and macrophages can
only activate CD4 T cells when they internalize extracellular
antigens [54]. On the other hand, DCs are able to process
both endogenous and exogenous antigens with MHC class I
molecules to activate CD8 T cells. This is referred to as cross-
presentation and is essential in fighting against virus infected
cells and tumor cells [55-57].

2.2. Tumor Immunology and Immune Checkpoint. Tumor
antigens recognized by the immune system are categorized
into cancer testis antigens (CTAs), melanocyte differentiation
antigens, mutated proteins, overexpressed proteins, and viral
antigens [58] (Figure1). Several types of CTAs have been
identified in patients with sarcomas (Table 1). Because tumor
antigens are potential targets that induce cytotoxic immune
responses [59], many clinical trials have utilized tumor
antigens as vaccines for decades. The results, however, are
limited and the desired therapeutic effect is not achieved
[60, 61].

Although antitumor immunity is induced in patients with
cancer vaccines, recent advancements in cancer immunity
have revealed the presence of immune-inhibitory mech-
anisms, referred to as immune checkpoints [62], in the
draining of lymph nodes and tumor sites. CTLA-4, a protein
receptor expressed on T cells, downregulates T cell activation
[63]. The structure of CTLA-4 is similar to CD28, with a
T cell costimulatory receptor. Immune inhibition is caused
by the competition between CD28 and CTLA-4 to bind
CD80/86 on DCs [64]. Regulatory T cells (Tregs) that define
CD4"CD25"Foxp3* T cells highly express CTLA-4 and sup-
press the activation of cytotoxic lymphocytes [65]. The inhibi-
tion of activated T cells via CTLA-4 occurs particularly within
draining lymph nodes [66]. Programmed cell death protein 1
(PD1) is also an immune checkpoint receptor expressed on T
cells, particularly cytotoxic lymphocytes [67, 68]. Tumor cells
upregulate the expression of PD-ligand 1(PD-L1), and the
interaction of PDI with PD-L1 downregulates the function
of T cells within the tumor microenvironment [69, 70].
The immune checkpoint is therefore considered to be an
important therapeutic target. Anti-CTLA-4 and anti-PD1
antibodies have been introduced for clinical use in some
cancers [71]. In addition to CTLA4 and PD-1, there are
similar cell surface molecules of activated effector T cells,
such as Tim-3 and LAG3, that suppress tumor immunity
[72]. Inflammation in the tumor microenvironment induces
STAT3 activation within tumors and Tregs. In contrast,
STATS3 in certain tumors is constitutively activated by genetic
alterations [73, 74]. STAT3 activation leads tumor cells and
Tregs to express molecules that are related to immune
checkpoints, such as PD-LI, and eventually inhibit T cell
function {75, 76].
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TaBLE 1: Cancer testis antigens in bone and soft tissue sarcomas.
Expression of cancer testis antigens
Sarcoma subtypes
NY-ESO LAGE MAGE-A3 MAGE-A4 MAGE-A9 PRAME $SX-2
Bone sarcomas
Osteosarcoma [14] +
Ewing’s sarcoma [14]
Chondrosarcoma [14] ks
Soft tissue sarcomas
Synovial sarcoma [15] + i+ + g 4 + +
Heotonphic spndlc el avcoma 5] * + : . +
Liposarcoma [15] + +
Leiomyosarcoma [15] + +

Lymph node

FIGURE 1: An overview of tumor immunology. Tumor cells are initially attacked by the innate immune system. DCs capture tumor antigens
at the tumor site and migrate to the tumor draining lymph nodes. DCs present the tumor antigen to T cells within the lymph node. Antigen-
specific CD4 and CD8 T cells are stimulated by DCs. After stimulation, T cells differentiate into effector cells and activate at the tumor site.
Effector CD8 T cells kill tumor cells, although their function is regulated by the immune checkpoint mechanism. NK: natural killer cell; MP:

macrophage; DC: dendritic cell.

3. Outcomes of Clinical Trials for Bone and
Soft Tissue Sarcomas

Treatments for bone and soft tissue sarcomas include surgery,
chemotherapy, and radiotherapy. To date, clinical results of
combined therapies have been more successful than those
of surgical approaches. However, as described above, the
prognosis of bone and soft tissue sarcomas has plateaued
since the 1990s. In these recent years, immunotherapies are
expected to further improve the prognosis of patients, and
several clinical trials have been performed (Tables 2 and 3).

3.1. Cytokine Therapies. Cytokines are proteins that regulate
the immune system. Interleukin-2 (IL-2) and interferons
(IFNs) have been used in the immunotherapy for sarcomas

[77], and clinical results are evident. IL-2 leads to the activa-
tion and expansion of CD4 and CD8 T cells [78]. Rosenberg
et al. established a tumor regression model involving recom-
binant IL-2 injection for murine melanoma and sarcomas
[32]. Then, several studies described the effectiveness of high-
dose IL-2 therapy for patients with metastatic melanomas
[79, 80]. Therefore, recombinant IL-2 was administered to
patients with bone and soft tissue sarcomas [16]. Schwinger
et al. reported a positive clinical result using a high-dose IL-
2 treatment in two patients with Ewing’s sarcomas and four
patients with metastatic osteosarcomas. Patients had already
been treated with surgery (1-5 times), chemotherapy (7-43
cycles), and radiation therapy (for patients with Ewing’s sar-
coma). Although one patient with metastatic osteosarcoma
progressed during the treatment period, two patients with



