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Abstract. Osteosarcoma (OS) is a frequently observed primary 
malignant tumor. Current therapy for osteosarcoma consists 
of comprehensive treatment. The long‑term survival rate of 
patients exhibiting nonmetastatic OS varies between 65‑70%. 
However, a number of OS cases have been observed to be resis-
tant to currently used therapies, leading to disease recurrence 
and lung metastases, which are the primary reasons leading 
to patient mortality. In the present review, a number of pieces 
of evidence provide support for the potential uses of immu-
notherapy, including immunomodulation and vaccine therapy, 
for the eradication of tumors via upregulation of the immune 
response. Adoptive T‑cell therapy and oncolytic virotherapy 
have been used to treat OS and resulted in objective responses. 
Immunologic checkpoint blockade and targeted therapy are 
also potentially promising therapeutic tools. Immunotherapy 
demonstrates significant promise with regard to improving the 
outcomes for patients exhibiting OS.
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1. Introduction

Osteosarcoma (OS) is the most frequently observed primary 
bone tumor, typically affecting children and adolescents (1). 
The long‑term survival rate of patients exhibiting nonmeta-
static OS varies between 65‑70%, due to the introduction 
of multiagent chemotherapy, as well as the improvement of 
surgical techniques (2). However, the survival rate of patients 
exhibiting detectable metastases remains unchanged (3). The 
rapid development of metastatic lesions, and resistance to 
chemotherapy, are the primary factors that mean that patients 
eventually develop pulmonary metastases and succumb to 
disease  (4). The poor survival rates of patients exhibiting 
OS with metastases suggest that the development of novel 
therapies, including immunotherapies based on upregulation 
of the immune response in patients exhibiting tumors, is essen-
tial (2). The immune system is significant for tumor control, 
and appropriate command of the immune system may provide 
an effective therapeutic approach for the treatment of OS.

The present review focuses on the current strategies 
and developments in immunotherapies for the treatment of 
OS, including immunomodulation, adoptive T‑cell immu-
notherapy, vaccines, immunologic checkpoint blockade, 
oncolytic virotherapy and targeted therapy. As a nonspecific 
immunotherapy, immunomodulation involves activation of the 
innate immune system, leading to upregulation of the action of 
monocytes, macrophages and natural killer (NK) cells, in the 
hope that these will spontaneously attack tumors (3). Adoptive 
T‑cell immunotherapy and vaccines seek to transfer T‑cells or 
tumor‑associated factors into patients, therefore enhancing or 
inducing an antitumor immune response via manipulation of 
the adaptive immune system (5). Immunological checkpoint 
blockage and targeted therapy refer to the identification of 
specific targets in tumors, leading to inhibition of the signaling 
pathways involved in cancer onset and progression  (6). 
Oncolytic virotherapy uses replication competent viruses to 
selectively infect and damage tumor cells, and avoids causing 
harm to normal tissues (7). The present review will provide an 
overview of the above‑mentioned therapies.

2. Immunomodulation

Muramyl tripeptide phosphatidylethanolamine (MTP‑PE) 
is a synthetic lipophilic analogue of muramyl dipeptide (8). 
Encapsulation of MTP‑PE into multilamellar liposomes 
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(L‑MTP‑PE) has allowed targeted delivery of MTP‑PE to 
monocytes and macrophages, which induces them to become 
activated and tumoricidal  (8). This tumoricidal activity is 
associated with increased secretion of cytokines, including 
tumor necrosis factor‑α, interleukin (IL)‑6, and IL‑1β, which 
are proinflammatory molecules (9). The rationale underlying 
the use of L‑MTP‑PE in the treatment of OS is to stimulate an 
inflammatory response that is able to eradicate any residual 
micrometastases that were not eliminated by previous adju-
vant chemotherapy (9). In a preclinical trial in dogs exhibiting 
spontaneous OS, administration of L‑MTP‑PE following 
tumor excision improved disease‑free survival to 222 days, 
compared with a disease‑free survival period of 77 days in 
dogs that received placebo (10). Based on preclinical findings, 
a phase II study using L‑MTP‑PE was undertaken in patients 
exhibiting OS recurrence, following total surgical resection 
of all detectable disease. Patients that received 24 weeks of 
L‑MTP‑PE therapy demonstrated a significantly increased 
time to recurrence of 9 months, compared with 4.5 months for 
the control group. However, patients that received 12 weeks 
of L‑MTP‑PE therapy demonstrated no significant differ-
ence in time to recurrence compared with controls (11). In 
a subsequent phase IIb trial, the tolerability of L‑MTP‑PE, 
administered in combination with ifosfamide, was investi-
gated in 9 patients exhibiting OS and lung metastases. There 
was no increase in the anticipated toxicity of ifosfamide and 
no delay in administration of ifosfamide (12). The Children's 
Oncology Group Intergroup‑0133 was a randomized prospec-
tive trial, in which patients exhibiting newly diagnosed 
OS, without clinically detectable metastatic disease, were 
recruited in order to investigate the addition of L‑MTP‑PE 
and/or ifosfamide to standard high‑dose methotrexate with 
leucovorin rescue+doxorubicin/Adriamycin+cisplatin (MAP) 
therapy. The first analysis of Children's Oncology Group 
Intergroup‑0133, published in 2005, reported a significant 
interaction between L‑MTP‑PE and ifosfamide, and no signifi-
cant impact of L‑MTP‑PE on event‑free survival (EFS) (13). 
In the subsequent analysis with increased follow‑up times, 
this interaction was no longer statistically significant. A 2008 
report demonstrated that the addition of MTP‑PE in concur-
rent therapy was able to improve overall survival from 70 to 
78% (14). Additionally, in patients exhibiting primary meta-
static OS, improvements in event‑free and overall survival 
were observed, however, statistical analysis was not able to 
achieve a conventional level of statistical significance (15). 
A compassionate study of L‑MTP‑PE treatment for patients 
with metastatic and recurrent OS was completed in December 
2012, and additionally demonstrated a survival advantage for 
the patients who were administered L‑MTP‑PE (16). More 
recently, it has been suggested that the induction of macrophage 
antitumor activity by L‑MTP‑PE is dependent on interferon 
(IFN)‑γ, which may be capable of enhancing liposome uptake 
and improving the response to bacterial components. This 
is relevant for the optimization of L‑MTP‑PE therapy in OS 
patients (17). Based on a Markov model analysis, it has been 
identified that the addition of mifamurtide to chemothera-
peutic regimens increased survival time in children exhibiting 
OS (18). The relative quality‑adjusted life years and life years 
gained from treatment with L‑MTP‑PE plus chemotherapy, 
increased by 16.3% and 15.7%, respectively, compared with 

chemotherapy treatment alone (18). However, the benefit of 
addition of L‑MTP‑PE to standard chemotherapy regimens, as 
an adjuvant in the treatment of patients exhibiting high‑grade 
OS, remains to be fully elucidated. Further investigation 
is necessary in order to define the role of L‑MTP‑PE in the 
treatment of OS. L‑MTP‑PE was approved by the European 
Medicines Agency in 2008 for the treatment of newly diag-
nosed, nonmetastatic OS, in combination with chemotherapy, 
however, the Food and Drug Administration has not approved 
L‑MTP‑PE in the USA.

IFNs are a group of pleiotropic cytokines that may cause 
antiviral, antitumor, apoptotic, antiangiogenic and cellular 
immune responses (19). The mechanisms of antitumor action 
of IFNs may be divided into direct cytostatic effects and 
indirect effects of cytotoxic T‑cell and B‑cell activation, 
leading to the secretion of antibodies (20). There are three 
subtypes of IFN: IFN‑α, IFN‑β and IFN‑γ; IFN‑α and IFN‑β 
activate the type I IFN receptors, while IFN‑γ binds distinctly 
to the type II IFN receptors (20). IFN‑α has been the most 
commonly used IFN in OS immunotherapy (21). In 1977, 
Strander et al (22) demonstrated that IFN‑α was capable of 
inhibiting the growth of human OS cells in vitro. An addi-
tional study demonstrated that IFN‑α is able to arrest the 
growth of tumors in nude mice transplanted with human OS 
cells (23). Manara et al (24) revealed that type I IFNs demon-
strated a significant inhibitory effect on multidrug‑resistant 
P‑glycoprotein overexpressing OS cells in vitro. However, to 
the best of our knowledge, little published data exists on the 
clinical efficacy of type I IFNs. In a pilot study of patients 
demonstrating nonmetastatic OS, the 5‑year disease‑free 
survival rate was 63% in patients that had been treated with 
single‑agent adjuvant IFN‑α over a period of 3‑5 years (25). 
A Scandinavian study demonstrated an apparent increase 
in relapse‑free survival rates in patients exhibiting 
primary high‑grade localized OS, who received IFN‑α as 
a single adjuvant to surgery (21). In addition, pegylation of 
IFN‑α‑2b may decrease clearance, thereby increasing its 
plasma half‑life. This may improve efficacy and offers the 
major advantage of an increased maximum-tolerated dose 
without unacceptable toxicity, compared with non‑pegylated 
IFN‑α (26,27). Currently, there is an ongoing randomized 
trial of the European and American Osteosarcoma Study 
group (EURAMOS 1) in patients exhibiting localized OS 
with positive histological responses to neoadjuvant chemo-
therapy. The patients were administered chemotherapy with 
or without pegylated IFN‑α‑2b; however, the results remain 
to be published.

Another immunomodulatory approach that is currently 
being investigated for the treatment of OS is utilization of gran-
ulocyte macrophage‑colony‑stimulating factor (GM‑CSF). 
An in vitro trial performed by Postiglione et al (28) demon-
strated that GM‑CSF was capable of inducing differentiation 
and apoptosis in the SaOS‑2 human OS cell line. In a phase I 
study, aerosol delivery of GM‑CSF was demonstrated to be 
feasible, safe and effective in a number of patients (29). A 
total of 7 patients were enrolled; 1 patient exhibiting Ewing's 
sarcoma demonstrated a complete response, 1  patient 
exhibiting melanoma demonstrated a partial response and 
3 patients demonstrated stabilization of pulmonary metas-
tases for 2‑6 months (29). Furthermore, GM‑CSF treatment 
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was demonstrated to be feasible and possess low toxicity in 
a phase II trial of patients exhibiting first isolated pulmonary 
recurrence of OS (30). A total of 37 patients demonstrated a 
second recurrence of OS, with a median event‑free survival 
time of 4.3 months. The majority of recurrences occurred 
within 1 year of study enrollment, and 2‑ and 3‑year EFS 
from the time of enrollment was 12.9 and 7.8%, respec-
tively. However, no detectable immunostimulatory effect 
was observed for tumor relapse and lung metastases (30). 
Additionally, another immunomodulatory approach that 
is currently being investigated is tumor‑specific oncolytic 
adenovirus delivery of GM‑CSF, which demonstrated 
increased antitumor activity in human lung and mouse 
melanoma models, when compared with phosphate-buffered 
saline treatment (31). These results suggest that this oncolytic 
agent may be an appealing approach for the treatment of OS.

IL‑2 possesses the ability to stimulate and upregulate T‑ 
and NK cells, and is able to activate lymphocytes so that they 
become lymphocyte‑activated killer cells (6). A study was 
performed in which high doses of IL‑2 were administered to 
10 children exhibiting progressive or metastatic solid tumors, 
including 4 patients with OS and 2 with Ewing's sarcoma. 
Of the 4 OS patients, 2 achieved complete responses with 
a median follow‑up time of 28 months; the remaining OS 
and Ewing's sarcoma patients demonstrated progression of 
disease (32). In a clinical trial, 18 children exhibiting local-
ized OS received IL‑2, alternated with pre‑ and post‑operative 
multiple chemotherapy. The results demonstrated that IL‑2 
was able to induce immune activation despite the intensive 
chemotherapy, and suggested that NK cells may possess a 
role in the control of OS (33). Toxicity during IL‑2 therapy 
may induce a number of symptoms, including gastrointestinal 
(nausea, vomiting and diarrhea), constitutional (fatigue and 
anorexia) and cardiac (tachycardia and hypotension) (32). 
Guma et al (34) demonstrated that aerosol IL‑2 treatment 
may increase lung NK cell numbers via stimulation of local 
NK cell proliferation, and this proliferation was observed to 
be organ specific, without IL‑2‑associated systemic toxici-
ties. In addition, the therapeutic efficacy of aerosol treatment 
with IL‑2+NK cells in inducing metastatic regression and 
increasing overall survival was observed to be higher, 
compared with aerosol IL‑2 treatment alone or treatment 
with NK cells without aerosol IL‑2 (34,35). In a murine OS 
transplantation model, an intraperitoneal injection of IL‑2 
monoclonal antibody was administered (S4B6) into mice that 
had received transplanted LM8 osteosarcoma cells, and it was 
identified that the number of pulmonary metastatic colonies 
and tumor size were significantly reduced (36). Additionally, 
in a phase I study, intravenous IL‑2 gene delivery utilizing 
cationic liposome‑DNA complexes has been revealed to 
elicit antitumor activity in mouse and dog models exhibiting 
advanced tumor metastases, and it has been identified to be 
safe and well‑tolerated at low doses (37). This represents an 
encouraging result that requires additional investigation.

3. Adoptive T‑cell immunotherapy

Adoptive T‑cell therapy is based on the use of allogeneic or 
autologous T‑lymphocytes, which exhibit antitumor activity 
and mediate objective clinical responses (38). Adoptive T‑cell 

therapy involves the ex vivo isolation of T‑cells, manipulation 
and subsequent infusion into patients (38). Recent advances 
include the successful use of genetic engineering to retarget 
T‑cells prior to their transfer into patients, which resulted in 
increased accuracy of targeting of the antigens expressed by 
tumors (39). These include T‑cell receptor (TCR)‑modified 
T‑cells, chimeric antigen receptor (CAR)‑modified T‑cells and 
NK cells (39).

TCRs are composed of α and β chains, which form heterodi-
mers (40). TCRs recognize intracellularly processed peptides, 
which are presented on major histocompatibility complex 
(MHC) molecules on the cell surface (41). T‑cells with particu-
larly positive antitumor responses may be isolated from patients. 
Following isolation, genes encoding TCRs are cloned and 
inserted into retrovirus or lentivirus vectors, and subsequently 
utilized for infection of autologous T‑cells from the patient 
to be treated (41). One of the initial studies in humans with 
TCR‑redirected T‑cells focused on the treatment of melanoma 
using autologous polyclonal T‑cells that expressed melan‑A 
(MART‑1) specific α/β TCRs. A total of 2/15 lymphodepleted 
melanoma patients demonstrated an objective regression of 
metastatic lesions without significant toxicity (42). A subsequent 
trial that utilized T‑cells expressing high affinity MART‑1 and 
gp100‑specific α/β TCRs, resulted in an increased objective 
response, while a number of patients demonstrated toxicities, 
including erythematous skin rash, hearing loss, anterior uveitis 
and vitiligo, due to the destruction of normal tissues that were 
expressing target antigens (43). New York‑esophageal squamous 
cell carcinoma‑1 (NY‑ESO‑1) is a member of the cancer‑testis 
antigen family, which is expressed in ~80% of synovial carci-
noma cases, and 30‑40% of breast, thyroid, urothelial, prostate, 
hepatic, esophageal and gastric cancer cases, as well as in mela-
noma and neuroblastoma (44). In a clinical trial, objective clinical 
responses were observed in 4/6 patients exhibiting synovial cell 
sarcoma and 5/11 patients with melanoma, following treatment 
with NY‑ESO‑1‑specific TCR T‑cells subsequent to preparative 
chemotherapy, and no significant toxicities were observed (45). 
Additionally, a study (NCT01967823) is currently ongoing for 
patients with metastatisis, combining a conditioning regimen 
of cyclophosphamide and fludarabine with NY‑ESO‑1‑specific 
TCR T‑cells (5). TCRs that target melanoma‑associated antigen 
(MAGE) have additionally been evaluated. In a trial performed 
by Morgan et al (46), 9 cancer patients were treated with adop-
tive cell therapy utilizing autologous anti‑MAGE‑antigen (A)3 
TCR engineered T‑cells. The TCR was derived from the immu-
nization of human leukocyte antigen (HLA)‑A*0201 transgenic 
mice, which recognized epitopes in MAGE‑A3/A9/A12. In 
these 9 patients, 5 experienced clinical regression of their 
cancer, however, 3 patients exhibited mental status changes, 
and 2 patients lapsed into comas and subsequently died. Post-
mortem analysis indicated that MAGE‑A12 was expressed in 
the human brain. Linette et al (47) initiated clinical testing of 
engineered T‑cells that expressed an affinity‑enhanced TCR 
against HLA‑A*01‑restricted MAGE‑A3, for patients exhib-
iting myeloma and melanoma. The initially treated patients 
developed cardiogenic shock and died, due to recognition 
of an unrelated peptide that was derived from the striated 
muscle‑specific protein titin. The carcinoembryonic antigen 
(CEA) has additionally been targeted in adoptive immuno-
therapy; however, recognition of normal tissue that expressed 
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low levels of CEA leading to induction of severe transient 
colitis has additionally been reported (48). Although there are 
clinical limitations in adoptively transferred TCR‑modified  
T‑cells, the above‑mentioned clinical studies have additionally 
demonstrated the potential applications in the treatment of OS.

CARs are synthetic receptors that consist of an extracel-
lular single‑chain variable fragment (scFv) derived from 
monoclonal antibodies, a transmembrane domain and an 
endodomain, which contains a cluster of differentiation 
(CD)3ζ chain signaling domain and costimulatory molecules, 
including CD27 (49), CD28 (50), CD244 (51), 4‑1BB (52) and 
OX40 (53). First generation CARs contain only the CD3ζ chain 
signaling domain, second generation CARs incorporate one 
costimulatory molecule and third generation CARs combine 
two costimulatory molecules (39). The scFv domain binds 
directly to target cell surface epitopes and does not require 
antigen presentation on MHC molecules, thus rendering CAR 
T‑cells resistant to tumor escape mechanisms associated 
with HLA downmodulation and altered processing escape 
mechanisms (54). CAR‑engineered T‑cells have been gener-
ated against a number of tumor‑associated antigens for OS, 
including human epidermal growth factor receptor 2 (HER‑2) 
and IL‑11 receptor alpha (Rα). HER‑2 has been observed to be 
expressed in a proportion of OS cases and is known to be a risk 
factor for poor patient outcomes (55). Ahmed et al (56) gener-
ated a second generation HER‑2‑specific CAR, containing 
a CD28ζ signaling domain, via retroviral transduction, and 
induced regression of established OS xenografts in locore-
gional and metastatic mouse models. In a follow‑up study, 
administration of HER‑2‑specific CAR T‑cells was observed 
to significantly reduce the number of tumor‑initiating cells 
in bulk tumors, as judged by decreased sarcosphere‑forming 
efficiency in OS cells (57). However, a clinical trial has served 
to highlight the safety considerations of HER‑2‑CAR T‑cell 
therapy. A patient exhibiting colon cancer that had metasta-
sized to the lungs and liver was treated with third generation 
HER‑2‑specific CAR T‑cells, containing CD28, 4‑1BB and a 
CD3ζ signaling domain (58). The patient experienced respira-
tory distress and pulmonary infiltration <15 min following 
cell infusion and died 5 days subsequent to treatment (58). 
CARs for the targeting of IL‑11Rα have additionally been 
evaluated in adoptive immunotherapy. IL‑11 is a member 
of a family of pleiotropic cytokines and is observed to be 
overexpressed on OS lung metastases (59). IL‑11 is involved 
in adipogenesis, osteoclastogenesis, neurogenesis, megakaryo-
cyte maturation, platelet production and the activation of the 
Janus kinase‑signal transducer and activator of transcription 
pathway (60). An IL‑11Rα‑CAR‑specific T‑cell strategy was 
employed in a trial for the treatment of OS. The metastatic OS 
model developed regression of pulmonary metastases with no 
organ toxicity (59). The above‑mentioned preclinical studies 
have demonstrated the encouraging antitumor activity of CAR 
T‑cells, and these results justify the active investigation of the 
suitability of CAR T‑cell therapy for the treatment of OS.

For TCR‑ and CAR‑modified T‑cell strategies, numerous 
preclinical and clinical studies have documented the benefits 
of adoptive immunotherapy (39). However, several challenges 
remain in the development of safe and effective T‑cell therapies, 
including target antigen selection, in vivo T‑cell expansion and 
persistence, the inhibitory tumor microenvironment and T‑cell 

trafficking to tumor sites  (39). In order to overcome these 
limitations, T‑cell therapy combined with blocking antibodies 
has been developed and evaluated. For example, blocking of 
programmed death receptor 1 (PD‑1), in combination with the 
adoptive transfer of HER‑2‑CAR T‑cells, resulted in enhanced 
antitumor effects in a clinical melanoma model (61).

In addition, NK cells are being tested in adoptive transfer 
strategies. As a part of the innate immune system, NK cells 
are characterized by their cytotoxic and regulatory functions 
against infections and malignancies (62). NK cells have the 
ability to lyse malignant and infected cells, with no need 
for prior immunization or MHC restriction, and their acti-
vation is dependent on the balance between inhibitory and 
activating signals from invariant receptors (63). Clinical data 
has demonstrated that NK cells may possess a significant role 
in OS tumor development and treatment responses (64,65). 
The susceptibility of tumor cells to NK cell killing correlates 
negatively with the expression of HLA class I antigens (66). 
With respect to OS, loss or downregulation of HLA class I 
expression has been observed in primary and metastatic 
tumors (67), thus indicating increased susceptibility to NK 
cell killing. In a preclinical trial, Cho et al (68) tested the 
cytotoxicity of expanded NK cells against various cell lines 
(Ewing's sarcoma, rhabdomyosarcoma, neuroblastoma and 
osteosarcoma) and assessed the therapeutic effects of NK 
cell infusions in immunodeficient (non‑obese diabetic/severe 
combined immunodeficient IL‑2RG null) mice. The results 
of this study revealed that solid tumors were potentially 
susceptible to NK cell cytotoxicity. In addition, another study 
has revealed that the cytolytic potential of patient‑derived 
NK cells may be potentiated and directed toward OS cells 
via cetuximab‑mediated antibody‑dependent cell‑mediated 
cytotoxicity (69). NK‑92 is a cell line isolated from a patient 
with lymphoma, which demonstrates high cytotoxic activity 
and may be expanded  (70). Patients exhibiting advanced, 
treatment‑resistant malignancies received an infusion of 
NK‑92 cells, and a number of encouraging responses were 
observed in patients with advanced lung cancer, however, no 
significant response in OS was observed (71). To enhance 
NK cell functioning and OS sensitivity, Chang et al  (72) 
developed a genetically modified NK cell that was 
composed of the NK cell activating molecule NKG2D, 
plus two key signaling molecules, DAP10 and CD3ζ. 
NKG2D‑DAP10‑CD3ζ‑expressing NK cells were observed 
to markedly increase NKG2D surface expression in NK cells 
and improve antitumor activity in a mouse model of OS (72). 
Although the number of studies concerning NK cell‑based 
immunotherapy for OS has been few to the best of our knowl-
edge, NK cell‑based immunotherapy may hold significant 
promise for OS treatment. For future clinical applications, 
combination with other therapies, and genetic modification 
may provide increased benefit for cancer patients.

4. Vaccines

The aim of vaccination is to deliver intensified exposure 
of various tumor‑associated factors to the immune system, 
with the hope of inducing an antitumor immune response in 
the form of an antibody and T‑cell response that ultimately 
translates to clinical benefit. These ‘tumor‑associated 
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factors’ generally consist of autologous or allogeneic tumor 
cells, autologous dendritic cells, isolated tumor peptides or 
proteins, genetic material or other immunogenic substances, 
including heat shock proteins and gangliosides (73). In order 
to intensify the immune response, vaccines may be combined 
with costimulatory adjuvants, as well as immunostimulants, 
including IL‑2 and GM‑CSF.

In a phase  I/II trial, recurrent or metastatic sarcoma 
patients were administered a subcutaneous injection of irradi-
ated autologous tumor cells, accompanied by adjuvant IFN‑α 
or GM‑CSF (73). Delayed‑type hypersensitivity (DTH) tests 
on irradiated tumor cells were negative in 20 patients tested 
at baseline, however, the test results converted to positive 
following 3 weekly vaccinations in 8/16 patients who were 
retested. The median survival time for the 8 DTH convertees 
was 16.6  months vs. 8.2  months for the 8  responders 
whose tumor DTH test remained negative (73). Dendritic 
cell vaccines are prepared by isolating and expanding the 
autologous dendritic cell population of patients ex vivo. The 
dendritic cells are then exposed to tumor-derived antigens, 
such as tumor lysate, peptides or genetic material, which 
may result in tumor-specific CTL responses and cytokine 
production. Mackall et al (74) used dendritic cells exposed to 
tumor‑specific peptides, derived from fusion proteins and ET 
(a peptide known to bind HLA‑A2), to treat pediatric patients 
exhibiting recurrent Ewing's sarcoma or rhabdomyosar-
coma. The results of this study suggested that 5‑year overall 
survival was improved in the group of patients who received 
vaccination, compared with those undergoing leukapheresis 
but not receiving vaccination (74). In a vaccination trial that 
combined external beam radiation therapy with intratumoral 
injection of dendritic cells as a neoadjuvant treatment for 
high‑risk soft tissue sarcoma patients, 9/17 patients devel-
oped tumor‑specific immune responses and 12/17 patients 
remained progression‑free 1  year later  (75). In a study 
performed by Suminoe  et  al  (76), 5  children exhibiting 
refractory solid tumors (Ewing's sarcoma, synovial sarcoma 
or neuroblastoma) received dendritic cells (DCs) exposed to 
tumor lysate or tumor‑specific synthetic peptides, consisting 
of SYT‑SSX2 and EWS‑Friend leukemia integration 1 
transcription factor (FLI‑1). A patient exhibiting Ewing's 
sarcoma, who received DCs pulsed with EWS‑FLI‑1‑associ-
ated synthetic peptides, demonstrated total remission that was 
maintained for 77 months. An additional 2 patients exhibiting 
synovial sarcoma or neuroblastoma demonstrated temporary 
stabilization of disease (76). An alternative approach is to 
use vaccines consisting of peptide alone. A trial has been 
published reporting that 105AD7, a human monoclonal anti-
body that mimics the complement regulatory protein CD55 
that is frequently overexpressed in OS, was well‑tolerated in 
younger patients exhibiting OS, and was capable of inducing 
a T‑cell proliferation response and antigen‑specific IFN‑γ 
secretion (77). In a similar study utilizing SYT‑SSX‑derived 
peptide vaccines in patients exhibiting advanced synovial 
sarcoma, the administration of vaccine with incomplete 
Freund's adjuvant led to improved stable disease in patients, 
compared with those treated with vaccine alone (78). In order 
to enhance clinical efficacy, combination therapy with DC 
vaccine and IL‑2 encapsulating polymeric micelles against 
EG7 tumor‑bearing mice was examined (79). This treatment 

induced efficient accumulation of antigen‑specific cytotoxic 
T‑lymphocytes (CTLs) in the tumor and resulted in marked 
antitumor effects. The response of this combination therapy 
is encouraging and requires additional investigation for the 
treatment of OS (79).

5. Immunologic checkpoint blockade

CTL antigen‑4 (A‑4) is a potent immunoregulatory molecule 
that is capable of attenuating antitumor responses via down-
regulation of T‑cell activation, thus inducing the occurrence 
of cancer (80). Ipilimumab is an antagonistic monoclonal 
antibody that blocks CTLA‑4, and enhances antitumor 
immunity by inhibition of the immunosuppressive activity 
of regulatory T‑cells (81). In a randomized, double‑blind, 
phase II trial, patients exhibiting advanced melanoma were 
randomly assigned a fixed dose of ipilimumab of 10, 3, or 
0.3 mg/kg every 3 weeks for 4 cycles, followed by mainte-
nance therapy every 3 months (82). Ipilimumab demonstrated 
a dose‑dependent effect on efficacy and safety measures and 
suggested that additional studies at a dose of 10 mg/kg may 
be required (82). Another randomized phase III trial demon-
strated improved overall survival rates in patients exhibiting 
previously untreated metastatic melanoma, who were treated 
with CTLA‑4 antagonist ipilimumab with dacarbazine (83). 
However, for synovial sarcoma patients, despite high expres-
sion of cancer testis (CT) antigens, no clinical benefit and 
no evidence of anti‑CT antigen serological responses was 
identified  (84). Although a number of patients achieved 
long‑term progression‑free survival, the majority of patients 
demonstrated disease progression (84). Lesterhuis et al (85) 
demonstrated that ipilimumab is able to exert a synergistic 
effect in the treatment of cancer in combination with 
gemcitabine chemotherapy. The number of studies concerning 
ipilimumab for the treatment of OS has been few to the best 
of our knowledge; however, comprehensive data suggests that 
+49 G/A polymorphism of the CTLA‑4 gene is associated 
with increased susceptibility to OS (86,87). The results of 
the above‑mentioned studies provide novel promising insight 
into the clinical benefits of this therapeutic approach for the 
treatment of OS.

PD‑1 is a member of the CD28 receptor family and is 
expressed on activated T‑cells (88). Evidence suggests that 
activation of the PD‑1/PD‑ligand (L)1 signaling pathway 
may attenuate the immune response due to a decrease in 
cytokine production and induction of T‑lymphocyte anergy 
and apoptosis  (89). The expression of PD‑L1 has been 
associated with not only progression, but additionally poor 
prognosis of human cancer (5). Preclinical cancer models 
have suggested that interruption of PD1/PD‑L1 interactions 
may lead to augmented T‑cell proliferation and enhanced 
humoral immunity (90,91). A study has demonstrated that 
58% of soft‑tissue sarcomas (STS) possessed intratumoral 
infiltration of PD1‑positive lymphocytes, and 65% of 
STS cases expressed PD‑L1, which may benefit from PD1 
signaling pathway‑targeted therapy  (92). Phase  I clinical 
trials have been undertaken using nivolumab (BMS‑936558), 
an antibody that is able to specifically block PD‑1, producing 
objective responses in patients exhibiting non‑small‑cell lung 
cancer, melanoma and renal‑cell cancer; the adverse event 
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profile does not appear to preclude its use (93‑95). To the best 
of our knowledge, studies concerning PD‑1 and OS remain 
limited.

However, data from Zheng et al  (96) revealed that the 
percentages of PD‑1 were significantly upregulated on periph-
eral CD4+ and CD8+ T‑cells from OS patients, and patients 
exhibiting metastasis demonstrated a significantly increased 
level of PD‑1 on CD4+ T‑cells compared with those without 
metastasis. Therefore, based on evidence concerning the clin-
ical significance and therapeutic potential of targeting PD‑1 
in human cancer, there is reason to believe that an anti‑PD‑1 
antibody may be a potential therapeutic strategy for the treat-
ment of OS.

6. Oncolytic virotherapy

Oncolytic virotherapy is an emerging treatment approach, 
which utilizes replication‑competent viruses in order to selec-
tively infect and damage cancerous tissues, without causing 
harm to normal tissues (7). Advances in the past two decades 
in genetic engineering technologies, as well as viral delivery 
systems, have rapidly increased the pace of the clinical devel-
opment of DNA and RNA virus therapies in cancer patients. 
A variety of clinical trials utilizing oncolytic viruses are 
currently being performed in OS patients.

Adenoviruses (AdV) are DNA viruses that are typically 
capable of causing mild respiratory, alimentary and conjunc-
tiva tract infections  (97). Adenovirus infection occurs 
via receptor‑mediated endocytosis and release of double 
stranded DNA into the nucleus (98). Once the viral genome 
enters the nucleus, early‑region 1A (E1A) or early‑region 
1B (E1B) gene transcription begins (99,100). The products 
of these genes bind a number of cellular proteins, including 
the retinoblastoma and p53 proteins (99,100). This interac-
tion inactivates these cellular proteins, inducing cell cycle 
progression and promotion of DNA replication (99). Thus, 
deletions in E1A or E1B genes result in attenuated mutants 
that are unable to bind normal cellular proteins, which was 
expected to replicate only in tumor cells and to prevent viral 
replication in non-cancerous cells. Mutant adenovirus dl1520 
(also known as ONYX‑015 and CI‑1042) contains a dele-
tion in the E1B gene that does not express a functional E1B 
55 kD protein. Due to this mutation, dl1520 was expected to 
replicate in and lyse p53‑deficient human tumor cells, and 
not damage cells possessing functional p53 (101). This agent 
has been administered intratumorally to patients exhibiting 
recurrent head and neck cancer (102). Results have demon-
strated that intratumoral administration of dl1520 is feasible, 
well‑tolerated and associated with biological activity (102). 
In OS, inactivating p53 mutations are common (103), and the 
investigation of AdV, particularly with a deletion of the E1B 
gene for the treatment of OS, is warranted. The conditionally 
replicating AdV vectors (CRAd) AdDelta24 possess small 
deletions in conserver region‑2 of E1A, which prohibit the 
E1A viral protein from binding to Rb, and subsequently inac-
tivate cell progression from the G1 to the S (DNA synthesis) 
phase of mitosis, as well as causing replication in and lysis of 
cancer cells with significant efficiency (104). As genetic alter-
ations in the Rb pathway are frequently observed in OS, the 
oncolytic capacity of the CRAd AdDelta24 was investigated 

in primary OS cells in vitro and in vivo (105). AdDelta24 was 
demonstrated to be markedly active in the killing of human 
OS cell lines, as well as primary cell cultures. Furthermore, 
intratumoral injections of AdDelta24 into established 
human OS xenografts led to a significant tumor growth 
delay  (105). Moreover, AdDeltaΔ24‑RGD OS treatment 
induced antitumor activity in vitro, which was additionally 
enhanced when combined with cisplatin treatment (106). In 
addition, E1A, E1B double‑restricted replicating adenovirus 
significantly replicated in and led to oncolysis of tumors 
in vitro and in vivo, without marked toxicity to normal cells, 
suggesting a potential use of this combination therapy for the 
treatment of OS (107,108). Another method of introducing 
therapeutic genes into malignant cells in vivo may provide 
an effective treatment strategy for OS. AdV‑osteocalcin 
(OC)‑E1A, which contains a murine OC promoter for regula-
tion of the production of adenoviral E1A, allows for restricted 
viral replication and subsequent lysis of tumor cells, and has 
demonstrated efficacy in preclinical models of OS and its 
pulmonary metastasis (109,110). Human telomerase and the 
catalytic subunit telomerase reverse transcriptase (hTERT), a 
polymerase that stabilizes telomere lengths, are activated in 
a significant number of human cancer types, however, are not 
activated in normal tissues (111,112). Li et al (113) developed 
a replication‑defective oncolytic adenovirus that utilizes 
hTERT promoter to control the expression of E1A and E1B 
genes, which are associated with an internal ribosome entry 
site. This agent has been evaluated in human OS in vitro and 
in vivo, and provides a promising strategy for the treatment 
of human OS. Inhibitor of growth family, member 4 (ING4) 
is a novel member of the ING family that demonstrates 
potential tumor‑suppressive effects via multiple signaling 
pathways (114). Adenovirus‑mediated ING4 gene transfer 
in human OS significantly suppressed tumor growth in vitro 
and in vivo (115). This agent was associated with an increase 
in the expression of cell cycle‑associated molecules p21 and 
p27, and a decrease in the ratio of anti‑ to pro‑apoptotic mole-
cules B‑cell lymphoma‑2 (Bcl‑2)/Bcl‑2‑associated X protein, 
followed by the activation of caspase‑3 which resulted in 
apoptosis via intrinsic apoptotic signaling pathways, and the 
inhibition of tumor angiogenesis (114).

Herpes simplex virus (HSV) is a neurotropic virus that 
possesses a large linear, double‑stranded DNA genome, which 
is presented in the form of two distinct serotypes: HSV‑1 and 
HSV‑2 (116). HSV often infects the mucosa of the mouth, 
eyes and the human anogenital tract (117). The natural infec-
tion of HSV may activate double stranded RNA‑dependent 
protein kinase (PKR) to phosphorylate the eukaryotic initia-
tion factor (eIF)‑4A, and subsequently terminate host protein 
synthesis in order to prevent viral replication (118). Virus 
gene γ‑34.5 is the primary neuropathogenicity gene in HSV, 
and its protein product [infected cell protein(ICP)‑34.5)] 
causes dephosphorylation of eIF‑2 and disinhibition of 
protein synthesis (118). The Ras/mitogen‑activated protein 
kinase signaling pathway is frequently activated in cancer 
cells, which suppresses PKR and enables γ‑34.5‑deficient 
HSV to replicate selectively in cancer cells (119). In addition, 
the ICP‑6 gene encodes the large subunit of ribonucleotide 
reductase, which is essential for the replication of viral 
DNA and is highly expressed in rapidly dividing tumor 
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cells (117). ICP‑6‑mutated HSV is only able to replicate in 
rapidly dividing cells, but not in quiescent cells (117). Thus, 
ICP‑6/γ‑34.5‑deleted HSV imposes oncolytic activity in 
tumor tissue and low pathogenicity in normal tissues (117). 
NV1020 is an attenuated, replication‑competent, recombi-
nant virus that is derived from HSV‑1 (120). NV1020 was 
attenuated by deletion of a 15‑kb region at the UL/S junction 
and a 700 bp deletion in the thymidine kinase locus (120). 
G207 is another conditionally replicating HSV‑1 vector 
exhibiting viral gene deletions of two copies of the γ‑34.5 
and insertion of an Escherichia coli LacZ (121). NV1020 
and G207 demonstrated that rhabdomyosarcoma, malig-
nant fibrous histiocytoma and OS were sensitive to HSV 
recombinants and may benefit from this treatment (122,123). 
Vaccinia virus treatment has additionally been investigated 
in OS. GLV‑1h68 is a recombinant, replication‑competent 
vaccinia virus that has been demonstrated to exert oncolytic 
effects against human bone and soft‑tissue sarcoma cell lines 
in vitro and in vivo, including in OS (118).

7. Conclusion

There have been multiple preclinical and clinical trials evalu-
ating the role of immunotherapy in OS; the clinical activity 
in certain patients has demonstrated that this may be an area 
deserving additional study. However, the field of immuno-
therapy has not yet matured enough to demonstrate decisive 
and robust antitumor effects. Therefore, surgery remains the 
primary choice for removal of tumors, and multiagent chemo-
therapy may be utilized for the treatment of any remaining 
or micrometastatic lesions. Nonspecific immunomodula-
tion, with the use of L‑MTP‑PE, IFNs, GM‑CSF and IL‑2, 
has demonstrated a significant survival benefit. In order to 
achieve the desired overall survival rates, immunomodula-
tion combined with conventional chemotherapy treatment 
is recommended. With regard to adoptive T‑cell immuno-
therapy, enhancing T‑cell expansion and persistence in vivo, 
overcoming tumor‑mediated immunosuppression, improving 
homing to tumor sites and improving the safety of T‑cell 
therapy may lead to a more successful approach for the treat-
ment of OS (39). To the best of our knowledge, the number 
of published trials utilizing vaccines for the treatment of OS 
is low. However, there are a number of pieces of evidence 
demonstrating the application of vaccines for the treatment 
of sarcoma (124). The investigation of surface antigens and 
cancer testis antigen may provide potential targets for vaccine 
development  (6). As an immunological checkpoint, under-
standing the mechanism of CTLA‑4 and PD‑1 blockade and 
determining its applicability to the treatment of OS remains to 
be elucidated. The future of oncolytic viruses in the treatment 
of OS will depend on more successful viral delivery, tumor 
penetration and replication strategies. In addition, harnessing 
the host immune system to aid in viral killing and specific 
targeting of resistant cancer stem cells, which are believed 
to be cells that possess the ability to self‑renew and give rise 
to other tumor cells, is important (118). There are a variety 
of targeted agents that have demonstrated antitumor activity 
in vitro and in vivo. In summary, an improved knowledge and 
understanding of the immune system may lead to the develop-
ment of more potent approaches for the treatment of OS. It is 

important to promote the development of immunotherapeutic 
strategies for the treatment of OS, particularly in metastatic 
OS, where a standard systemic therapy is not available. The 
increasing efforts in immunotherapy studies with a particular 
focus in overcoming heterogeneity are encouraging, thus hold 
promise for the successful treatment of patients with OS.
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