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ABSTRACT

Although the development of anticancer drugs has improved the outcomes of bone and soft

tissue sarcomas, the clinical outcome of patients with relapsed sarcomas remains unsatisfactory due to

therapeutic toxicities and resistance to anticancer drugs. Therefore, novel therapeutic modalities are

needed to improve the outcome of patients with bone and soft tissue sarcomas. Dendritic cells present

tumor antigens and stimulate immune responses, and immune cells, such as cytotoxic T lymphocytes, kill

tumor cells by recognizing tumor antigens. However, immune-suppressive conditions by immune

regulator PD-1, CTLA-4, and regulatory T cells help tumor growth and progression. In this report, current

immunotherapies including cellular immunotherapy and checkpoint inhibitors are introduced, and the

advantages and disadvantages of the treatments are discussed.



Current treatment of sarcomas

Bone and soft tissue sarcomas are rare, heterogeneous solid tumors of mesenchymal origin.
Current standard treatment options for bone and soft tissue sarcomas consist of surgical resection,
chemotherapy, and radiation therapy. Before the introduction of chemotherapy, long-term survival
occurred in only 20 to 40% of patients with bone sarcomas and in only 35% of patients with soft tissue
sarcomas [1]. Since the 1970s, chemotherapy has significantly improved the outcomes of sarcomas, and a
majority of the patients without metastasis at the time of initial diagnosis have long survival [1]. Five-year
survival of 60 to 80% has been reported for patients receiving chemotherapy with surgical resection [2-6].
Despite intensive treatment, including chemotherapy, surgery, and radiation therapy, 6—15% of patients
develop recurrent disease [7-10], and the outcome of the patients with recurrent or metastatic sarcomas
remains poor [11]. Current treatment options are sometimes quite limited for patients with recurrent or
metastatic sarcomas because of resistance to chemotherapy and organ disorders, such as kidney and heart
disorders, caused by repeated chemotherapy. Although metastasectomy can be performed in patients with
a small number of metastatic lesions, only a part of these patients has long term survival [12]. Although
the efficacies of new anticancer agents for sarcomas were investigated in clinical trials [13-16], no
remarkable data can currently be derived [17]. Therefore, novel therapeutic modalities are required for
improving outcomes in patients with advanced sarcomas. Recent elucidation of the relationships between
cancer cells and immune systems has contributed to the development of immunotherapy. Effects and

limitations for immunotherapies for sarcomas are discussed in this report.

Target of cellular immunotherapy
Immune responses are classified into innate and adaptive immunity [18]. Innate immunity,
comprising neutrophils, macrophages, and natural Killer cells, provide initial defense against invading

microbes. Cytokines mediate various activities of the cells involved in innate immunity. T and B



lymphocytes, key components of adaptive immunity following initial innate immunity, play central role in
eliminating infectious pathogens, virus-infected cells, and cancer cells, and in generating antigen-specific
memory cells. Adaptive immunity consists of humoral- and cell-mediated immunity. T lymphocytes
recognize antigens presented by major histocompatibility complexes (MHCs) on the surface of dendritic
cells (DCs). CD4+ and CD8+ T cells recognize antigens in the context of the MHC. Primed and activated
T cells differentiate into mature effector cells, recognize virus infected cells and cancer cells, and
eliminate them from the body.

An effective immune system identifies cancer cells via detection of tumor-associated antigens
(TAAS). TAAs are presented on the surface of the cell by human leukocyte antigen (HLA) class | and is
targeted by cytotoxic T lymphocytes. Recent studies of TAAs have resulted in the identification of TAAs
expressed by various cancer types including breast, lung, colon, liver, and lung. Cytotoxic T lymphocytes
(CTL) are immune cells responsible for killing tumor cells. CTLs detect tumor cells by recognizing
peptide fragments of endogenous proteins, which are presented to CTLs in complex with MHC class |
molecules on the surface of the tumor cells. Antigen-presenting cells (APCs) induce the CTL response by
delivering costimulatory signals between APCs and CTLs to CD4+ and CD8+ cells. On the other hand,
DCs, one of the potent APCs, have the ability to take up apoptotic cells, process them, and present the
tumor antigens. DCs play a pivotal role in the decision to promote or inhibit immune responses, including
CTL responses [19]. In normal conditions, cancer cells with abnormal antigens are eliminated by the
immune responses. On the other hand, insufficient function of the immune system exists since the early
stages of cancer, and some cancer cells escape from the immune system. Furthermore, cancer cells
suppress immune checkpoints and the immune system by recruitment of cells with immune-suppressive
functions, such as regulatory T cells and myeloid-derived suppressor cells.

Various subtypes of sarcomas express TAAs that allow the development of cellular

immunotherapies [20]. In particular, some sarcomas have specific chromosomal translocations that may



serve as unique targets for immunotherapy [21]. Synovial sarcoma and myxoid/round cell liposarcoma
are translation-driven malignancies and often express high levels of self-antigen, notably NY-ESO-1, a
member of the MAGE and GAGE family, or developmental antigens such as the fetal acetylcholine
receptor [22-26]. DC-based vaccines target TAAs including fusion proteins, such as EWS-FLI-1
expressed in EWS or SYT-SSX2 expressed in synovial sarcoma [27,28]. These fusion proteins have been
thought to be promising candidates as targets for immunotherapy. Although some TAAs have been
identified in some sarcomas, a number of unknown TAAs may exist in sarcoma cells. In immunotherapy
utilizing DCs, tumor lysate (TL) is commonly used as the pool of TAAs to sensitize immune cells,
including DCs.

Recent advancements in cancer immunity revealed the presence of immunity-inhibition in
cancer patients [29]. To prevent an excessive immune response, inhibition or elimination of activated T
lymphocyte is regulated by immune checkpoints. Activated T lymphocytes, particularly cytotoxic T
lymphocytes, express immune checkpoint receptor-programmed cell death protein 1 (PD-1) [30], and
inhibit their survival by signals from PD-ligand 1 (PD-L1) and PD-ligand 2 (PD-L2). The expression of
PD-L1 is seen in DCs and non-immune cells, such as cancer cells, whereas the expression of PD-L2 was
seen only in DCs, macrophages, and B lymphocytes [31]. In particular, cancer cells highly expressing
PD-L1 and the interaction of PD-1 and PD-L1 downregulate the function of T cells expressing PD-1
within the cancer microenvironment [32,33]. CTLA-4 is a regulatory molecule, involved in the
downregulation of T cells and cytokine production [34]. Co-stimulatory signals by B7/CD28 binding
result in T cell activation and chemokine production. Effector T cells regulate expression of CTLA-4 after
induction of the costimulatory interaction between CD28 and B7 on APCs. However, regulatory T cells
highly express CTLA-4 constitutively to suppress the activation of cytotoxic lymphocytes. The
predominance of co-inhibitory pathways enables tumor cells to evade immune system control [35].

Self-tolerance and immunologic homeostasis are regulated by B7/CTLA-4 binding. Based on basic



research, anti-CTLA-4 and anti-PD-1 antibodies have been introduced for clinical use for several types of

cancer [36].

Therapeutic vaccine in sarcomas

The first report of cancer immunotherapy was performed by William B. Coley [37]. He
observed that a patient with an inoperable sarcoma that suffered a Streptococcus pyogenes infection twice
showed complete remission. Base on this case, Coley treated approximately 1000 patients with inoperable
malignant tumors with live or inactivated bacteria, known as “Coley’s toxins”, achieving complete
remission in 10% of the patients. In the 1970s, Marcove reported that immunization using autologous
tumor lysate significantly improved overall survival and that 9 of 21 patients had long term survival [38].
In a clinical trial of tumor-specific peptide vaccination combined with IL-2 for patients with Ewing
sarcoma and alveolar rhabdomyosarcoma, no clinical benefit and immunological response were observed
[39]. A cocktail peptide vaccination phase Il study for 20 patients with bone and soft tissue sarcoma
showed that stable disease was observed in 6 of 20 patients, and that there was regression of pulmonary
metastasis and long-survival in patients with malignant fibrous histiocytoma and synovival sarcoma,
respectively [40]. A clinical vaccination trial for HLA-A24+ patients with refractory synovial sarcoma
reported by Kawaguchi showed that 7 of 21 patients showed stable disease with minor immunological
responses [41]. Although vaccination with antigenic peptides has some efficacy and potential to elicits T
cell responses directed at vaccine peptides, the reported objective response rates are low. It is thought that

immunological adjuvant agents are needed to improve the clinical response to vaccine therapy,

Cytokine therapy for sarcomas
Immune system is regulated by cytokines, and cytokines such as interleukin-2 (IL-2) and

interferons (IFNs) have been used for immunotherapy [42-44]. Ito reported that 2 of 3 patients with



metastatic osteosarcoma treated with human leukocyte interferon showed remission of the metastatic
tumors [42]. Schwinger reported that high-dose IL-2 treatment in 4 patients with metastatic
osteosarcomas and 2 patients with metastatic Ewing sarcoma showed 2 patients with osteosarcoma
obtained complete remission [43]. However, all the patients showed adverse events such as fatigue,
anorexia, diarrhea, nausea, vomiting, and fever, and the treatment had to be stopped in 2 patients.
EURAMOS-1 study, a recent study in Europe, investigated the efficacy of the use of adjuvant
chemotherapy with pegylated interferon alfa-2b (IFN-a-2b) in patients with osteosarcoma, and no
significant improvement of the event-free survival by IFN-a-2b was observed in the study patients [44].
These studies indicate that cytokine therapies may improve the prognosis of bone and soft tissue sarcoma

to some extent.

Cellular immunotherapy for sarcomas

Although immunotherapy as a novel modality for cancer treatment has been markedly
developed, only a small number of clinical trials on cellular immunotherapy in patients with sarcoma
have been reported (Table 1).

In a phase 1 study of DC immunotherapy using DCs pulsed with TL, keyhole limpet
hemocyanin (KLH), lipopolysaccharide, and interferon gamma (IFN-y), immune responses were induced
in 3 of the 6 patients and no serious adverse events were observed in the study patients [45]. Himoudi
reported that a phase 1 trial of immunotherapy using DCs pulsed with TL and KLH showed that
significant anti-tumor responses were induced in only 2 out of 12 patients with no evidence of clinical
benefit [46]. Geiger reported that a phase 1 trial of TL-pulsed DCs in pediatric solid tumors showed
significant regression of metastatic sites in 1 patient and stable disease in 5 patients out of 10 patients [47].
Suminoe reported DC-based immunotherapy using tumor-specific synthetic peptide or TL in 5 patients

with refractory solid tumors (Ewing sarcoma, synovial sarcoma, and neuroblastoma) [48]. In the report,



one patient with Ewing sarcoma had a residual tumor disappear following DC therapy, whereas 4 patients
had progression of the disease. Merchant reported a clinical trial of adjuvant immunotherapy using
autologous lymphocytes and TL-pulsed DCs following standard antineoplastic treatment [49]. In the
study, the five-year overall survival rate in patients with or without immunotherapy were 62% and 29%,
respectively, although there was no statistical significance by multivariate analysis. We previously
reported a phase 1/2 study of DC-based immunotherapy in 37 patients with refractory bone and soft tissue
sarcoma [50]. In the study, DCs were treated with or without TL, TNF-a, or OK-432, a
penicillin-inactivated and lyophilized preparation of Streptococcus pyogenes [51]. The study patients
showed significant elevation of serum IFN-y and serum IL-12 after the DC-based immunotherapy, and
clinical responses (partial response and stable disease) were observed in 7 patients (20%) after the
DC-based immunotherapy (stable disease in 6 patients and tumor regression in 1 patient), and no patients
had severe adverse events [50]. In the previous studies of DC-based immunotherapy, no significant
toxicity associated with the immunotherapy was reported, whereas some patients experienced induration
at the injection site and fever. DC therapy may represent a feasible, generally well-tolerated therapy in
patients with refractory sarcoma, owing to its safety and immunological responses. Although DC-based
immunotherapy was effective only in a small part of the patients with advanced sarcoma, it can be a
promising treatment for prevention of the relapse of sarcomas in patients.

Recently, adoptive T cell transfer therapy showed a high response rate in patients with synovial
sarcoma. Cancer germline antigen NY-ESO-1 is expressed in 10% to 50% of metastatic melanomas, lung,
breast, prostate, thyroid, and ovarian cancers as well as in 70% to 80% of synovial cell sarcomas
[22,25,26]. Robbins reported a clinical trial utilizing the adoptive transfer of autologous peripheral blood
mononuclear cells (PBMC) that were retrovirally transduced with a high-affinity T cell receptor directed
against NY-ESO-1. The study showed objective clinical responses (complete response and partial

response) in 11 of 17 patients with synovial sarcoma [25]. In the study, no toxicity associated with the



transferred cells was observed, although all patients experienced transient neutropenia and
thrombocytopenia associated with the adjuvant use of IL-2. Phase 1/2 clinical study of T cells expressing
an HER2-specific chimeric antigen receptor in patients with HER2-positive sarcomas [52] showed that 4
of 17 patients had stable disease for 12 weeks to 14 months without significant toxicity. Although
immunotherapies using TAA-specific T cells resulted in a significant result for synovial sarcoma, the
treatment can be used in only some bone and soft tissue sarcomas because TAA remains unknown in most

type of sarcomas.

Immune checkpoint inhibitors

The expression of PD-1 and PD-L1 reflects antitumor immunity and associated with prognosis
of the patients with various cancers. Nowicki reported that PD-1 and PD-L1 expressions was significantly
higher in metastatic tumors than in primary tumors and that PD-1 positivity was significantly associated
with progression-free survival in patients with synovial sarcoma [53]. Zheng reported that PD-1 was
significantly upregulated in both peripheral CD4+ and CD8+ T cells from patients with osteosarcoma and
that patients with metastasis showed significantly higher levels of PD-1 in CD4+ T cells than in those
without metastasis [54]. High expression of PD-1 and PD-L1 were reported in pleomorphic sarcomas
(50%), malignant peripheral nerve sheath tumors (50%), and Kaposi sarcomas (80%), whereas synovial
sarcomas had only a low expression of PD-1 and PD-L1 (25%) [55]. Kim reported that high expression of
PD-1 and PD-L1 was observed in undifferentiated sarcoma, angiosarcoma, epithelioid sarcoma,
rhabdomyosarcoma, whereas only a low expression of PD-1 and PD-L1 was observed in myxoid
liposarcoma, well-differentiated liposarcoma, and myxofibrosarcoma [56]. In the report, PD-1 and PD-L1
expression were associated with clinical stage, distant metastasis, histological grade, poor differentiation
of tumor, and tumor necrosis in patients with sarcomas, and PD-1 and PD-L1 expression significantly

correlated with overall survival and event-free survival in patients with sarcoma. Pollack investigated the



expression of PD-1 and PD-L1 and tumor subtypes and reported that a high-grade tumor was associated
with higher expression of PD-1 and PD-L1 [57]. In the report, high expression of PD-1 and PD-L1 was
observed in undifferentiated pleomorphic sarcoma and leiomyosarcoma, whereas very few synovial
sarcomas and myxoid/round cell liposarcomas were found to have high PD-L1 and PD-1 expression.
Future studies are necessary to assess PD-1/PD-L1 as a predictive biomarker in patients with sarcomas.

Among various kinds of immunotherapies, immune checkpoint inhibitors have shown marked
anticancer effects on the advanced stages of some cancer types by inhibiting the escape phenomenon of
the cancer immune response [58]. Previous studies also suggested that PD-1 and PD-L1 are promising
targets for patients with sarcoma. However, there are only a few reports of checkpoint inhibitors for
sarcoma (Table 2). Ben-Ami reported that a phase 2 trial of PD-1 inhibition with nivolumab in patients
with advanced uterine leiomyosarcoma showed no objective response in 12 patients and grade 3-4
toxicity related to the treatment in 3 patients [59]. On the other hand, Paoluzzi retrospectively investigated
the effect of nivolumab in 24 patients with bone and soft tissue sarcoma. The study showed that 3 patients
had partial responses, 9 patients had stable disease, and 12 patients had disease progression, and that
grade 3-4 toxicity occurred in 5 patients [60].

Ipilimumab, a human monoclonal antibody that inhibits CTLA-4 activity, has been used as an
immunotherapy drug and has entered clinical trials for several cancers. In a phase 2 study, 6 patients with
synovial sarcoma were treated with ipilimumab every 3 weeks. The endpoint of the study was response
rate and secondary endpoints included determination of the clinical benefit rate and evaluation of
NY-ESO-1-specific immunity. In the study patients, the progression-free survival period ranged from 0.5
to 2.1 months, and neither clinical response nor evidence of serological or delayed type hypersensitivity
to NY-ESO-1 was observed [61].

Immune checkpoints may be a target of immunotherapy in patients with sarcomas. Although

immune checkpoint inhibitors have shown marked effects in several cancer types, previous clinical



studies showed no significant clinical benefit in patients with sarcomas. Further studies on the immune
response pathway and the indication of checkpoint inhibitors are demanded for improvement of the

treatment of bone and soft tissue sarcoma.

Future perspective

Immunotherapy can be considered as the candidate of standard treatment including surgery,
chemotherapy, and radiation therapy. Although the effect of cellular immunotherapy is seen in only a part
of patients, it is a feasible, well-tolerated, and promising approach in the treatment of children with
advanced sarcomas. Recent clinical and basic studies suggest that checkpoint inhibitors are promising
treatments for advanced sarcomas, whereas checkpoint inhibitors have shown only a small benefit and
severe side effects in some study patients. Most immunotherapies require a large cost and a technically
difficult process, and the effect of immunotherapy can be observed in only a limited number of patients.
To apply effective immunotherapies in the future, factors associated with immune responses should be
investigated to estimate the response to immunotherapy in each patient. Furthermore, further exploration
of innovative approach of combination therapy using multimodality immunotherapy is demanded to

enhance their antitumor activity.

Executive summary

® Novel therapeutic modalities have been demanded to improve outcome of patients with bone and
soft tissue sarcomas. Recent elucidation of the relationships between cancer cells and immune
systems has contributed to the development of immunotherapy.

® Immunotherapies, such as vaccinations, cytokine therapies, cellular immunotherapies, and immune
checkpoint inhibitors have been investigated for bone and soft tissue sarcomas. However, the effect

of immunotherapy can be observed in only a limited number of patients.



®  Further studies on the immune response pathway and the indication of immunotherapies are
demanded for improvement of the treatment of sarcomas.
REFERENCES

Papers of special note have been highlighted as: * of interest; **of considerable interest

Presant CA, Lowenbraun S, Bartolucci AA, Smalley RV. Metastatic sarcomas: chemotherapy with
adriamycin, cyclophosphamide, and methotrexate alternating with actinomycin D, DTIC, and
vincristine. Cancer 47(3), 457-465 (1981).

Bielack SS, Kempf-Bielack B, Delling G, et al. Prognostic factors in high-grade osteosarcoma of the
extremities or trunk: an analysis of 1,702 patients treated on neoadjuvant cooperative osteosarcoma
study group protocols. J. Clin. Oncol. 20(3), 776790 (2002).

Meyers PA, Schwartz CL, Krailo M, et al. Osteosarcoma: a randomized, prospective trial of the
addition of ifosfamide and/or muramyl tripeptide to cisplatin, doxorubicin, and high-dose
methotrexate. J. Clin. Oncol. 23(9), 2004-2011 (2005).

Goorin AM, Schwartzentruber DJ, Devidas M, et al; Pediatric Oncology Group. Presurgical
chemotherapy compared with immediate surgery and adjuvant chemotherapy for nonmetastatic
osteosarcoma: Pediatric Oncology Group Study POG-8651. J. Clin. Oncol. 21(8), 1574-1580
(2003).

Bacci G, Bertoni F, Longhi A, et al. Neoadjuvant chemotherapy for high-grade central osteosarcoma
of the extremity. Histologic response to preoperative chemotherapy correlates with histologic
subtype of the tumor. Cancer 97(12), 3068-3075 (2003).

Crews KR, Liu T, Rodriguez-Galindo C, et al. High-dose methotrexate pharmacokinetics and
outcome of children and young adults with osteosarcoma. Cancer 100(8), 1724-1733 (2004).

Andreou D, Bielack SS, Carrle D, et al. The influence of tumor- and treatment-related factors on the

10



10.

11.

12.

13.

14.

15.

development of local recurrence in osteosarcoma after adequate surgery. An analysis of 1355
patients treated on neoadjuvant Cooperative Osteosarcoma Study Group protocols. Ann. Oncol.
22(5), 1228-1235 (2011)

Rodriguez-Galindo C, Shah N, McCarville MB, et al. Outcome after local recurrence of
osteosarcoma: the St. Jude Children's Research Hospital experience (1970-2000). Cancer 100(9),
1928-1935 (2004)

Puri A, Byregowda S, Gulia A, Crasto S, Chinaswamy G. A study of 853 high grade osteosarcomas
from a single institution-Are outcomes in Indian patients different? J. Surg. Oncol. (in press)

Folkert MR, Singer S, Brennan MF, et al. Comparison of local recurrence with conventional and
intensity-modulated radiation therapy for primary soft-tissue sarcomas of the extremity. J. Clin.
Oncol. 32(29), 3236-3241 (2014)

Leary SE, Wozniak AW, Billups CA, et al. Survival of pediatric patients after relapsed
osteosarcoma: the St. Jude Children's Research Hospital experience. Cancer 119 (14), 2645-2653
(2013).

Billingsley KG, Lewis JJ, Leung DH, Casper ES, Woodruff JM, Brennan MF. Multifactorial
analysis of the survival of patients with distant metastasis arising from primary extremity sarcoma.
Cancer 85(2), 389-395 (1999).

van der Graaf WT, Blay JY, Chawla SP, et al. Pazopanib for metastatic soft-tissue sarcoma
(PALETTE): a randomised, double-blind, placebo-controlled phase 3 trial. Lancet 379(9829),
1879-1886 (2012).

Kawai A, Araki N, Sugiura H, et al. Trabectedin monotherapy after standard chemotherapy versus
best supportive care in patients with advanced, translation-related sarcoma: a randomized,
open-label, phase 2 study. Lancet Oncol. 16(4), 406-416, 2015.

Nakamura T, Matsumine A, Kawai A, et al. The clinical outcome of pazopanib treatment in

11



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Japanese patients with relapsed soft tissue sarcoma: a Japanese Musculoskeletal Oncology Group
(JMOG) study. Cancer 122(9), 1408-1416 (2016).

Anderson PM, Bielack SS, Gorlick RG, et al. A phase Il study of clinical activity of SCH 717454
(robatumumab) in patients with relapsed osteosarcoma and Ewing sarcoma. Pediatr. Blood Cancer
63(10), 1761-1770 (2016)

Omer N, Le Deley MC, Piperno-Neumann S, et al. Phase-1l trials in osteosarcoma recurrences: A
systematic review of past experience. Eur. J. Cancer 75, 98-108 (2017).

Uehara T, Fujiwara T, Takeda K, Kunisada T, Ozaki T, Udono H. Immunotherapy for Bone and
Soft Tissue Sarcomas. Biomed. Res. Int. 2015, 820813 (2015).

Banchereau J, Briere F, Caux C, et al. Immunobiology of dendritic cells. Annu. Rev. Immunol. 18,
767-811 (2000).

Mata M, Gottschalk S, Adoptive cell therapy for sarcoma. Immunotherapy 7(1), 21-35 (2015).

Maki RG. Soft tissue sarcoma as a model disease to examine cancer immunotherapy. Curr. Opin.
Oncol. 13(4), 270-274 (2001).

Lai JP, Robbins PF, Raffeld M, et al. NY-ESO-1 expression in synovial sarcoma and other
mesenchymal tumors: significance for NY-ESO-1-based targeted therapy and differential diagnosis.
Mod. Pathol. 25(6), 854-858 (2012).

Dalerba P, Frascell E, Macino B, et al. MAGE, BAGE and GAGE gene expression in human
rhabdomyosarcomas. Int. J. Cancer 93(1), 85-90 (2001).

Sudo T, Kuramoto T, Komiya S, Inoue A, Itoh K. Expression of MAGE genes in osteosarcoma. J.
Orthop. Res. 15(1), 128-32 (1997).

Robbins PF, Kassim SH, Tran TL, et al. A pilot trial using lymphocytes genetically engineered with
an NY-ESO-1-reactive T-cell receptor: long-term follow-up and correlates with response. Clin.

Cancer Res. 21(5), 1019-1027 (2015).

12



26.

217.

28.

29.

30.

31.

32.

33.

34.

* Clinical study demonstrating clinical benefit of NY-ESO-1 T-cell receptor (TCR) T cells for
synovial sarcoma patients.

Jungbluth AA, Antonescu CR, Busam KJ, et al. Monophasic and biphasic synovial sarcomas
abundantly express cancer/testis antigen NY-ESO-1 but not MAGE-A1 or CT7. Int. J. Cancer 94(2),
252-256 (2001).

Evans CH, Liu F, Porter RM, et al. EWS-FLI-1-targeted cytotoxic T-cell killing of multiple tumor
types belonging to the Ewing sarcoma family of tumors. Clin. Cancer Res. 18(19), 5341-5351
(2012).

Dimitriadis E, Rontogianni D, Kyriazoglou A, et al. Novel SYT-SSX fusion transcript variants in
synovial sarcoma. Cancer Genet. Cytogenet. 195(1), 54-58 (2009).

Rabinovich GA, Gabrilovich D, Sotomayor EM. Immunosuppressive strategies that are mediated by
tumor cells. Annu. Rev. Immunol. 25, 267-296 (2007).

Sakuishi K, Apetoh L, Sullivan JM, Blazar BR, Kuchroo VK, Anderson AC. Targeting Tim-3 and
PD-1 pathways to reverse T cell exhaustion and restore anti-tumor immunity. J. Exp. Med. 207(10),
2187-2194 (2010).

Zhong X, Tumang JR, Gao W, Bai C, Rothstein TL. PD-L2 expression extends beyond dendritic
cells/macrophages to B1 cells enriched for V(H)11/V(H)12 and phosphatidylcholine binding. Eur. J.
Immunol. 37(9), 2405-2410 (2007).

Klebanoff CA, Gattinoni L, Torabi-Parizi P, et al. Central memory self/tumor-reactive CD8+ T cells
confer superior antitumor immunity compared with effector memory T cells. Proc. Natl. Acad. Sci.
U. S. A. 102(27), 95716 (2005).

Murata K, Tsukahara T, Emori M, et al. Identification of a novel human memory T-cell population
with the characteristics of stem-like chemo-resistance. Oncoimmunology. 5(6), e1165376 (2016).

Mccoy DK, LeGros G. The role of CTLA-4 in the regulation of T-cell immune response. Immunol.

13



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Cell. Biol. 77(1) 1-10 (1999).

Driessens G, Kline J, Gajewski TF. Costimulatory and coinhibitory receptors in anti-tumor
immunity. Immunol. Rev. 229(1), 126-144 (2009).

Aoun F, Rassy EE, Assi T, Albisinni S, Katan J. Advances in urothelial bladder cancer
immunotherapy, dawn of a new age of treatment. Immunotherapy. 9(5), 451-460 (2017).

McCarthy EF. The toxins of William B. Coley and the treatment of bone and soft-tissue sarcomas.
lowa Orthop. J. 26, 154—158 (2006)

Marcove RC, Miké V, Huvos AG, Southam CM, Levin AG. Vaccine trials for osteogenic sarcoma. A
preliminary report. CA Cancer J. Clin. 23(2), 74-80 (1973)

Dagher R, Long LM, Read EJ, et I. Pilot trial of tumor-specific peptide vaccination and continuous
infusion interleukin-2 in patients with recurrent Ewing sarcoma and alveolar rhabdomyosarcoma: an
inter-institute NIH study. Med. Pediatr. Oncol. 38(3), 158-164 (2002)

Takahashi R, Ishibashi Y, Hiraoka K, et al. Phase Il study of personalized peptide vaccination for
refractory bone and soft tissue sarcoma patients. Cancer Sci. 104(10), 1285-1294 (2013)

Kawaguchi S, Tsukahara T, Ida K, et al. SYT-SSX breakpoint peptide vaccines in patients with
synovial sarcoma: a study from the Japanese Musculoskeletal Oncology Group. Cancer Sci. 103(9),
1625-1630 (2012)

Ito H, Murakami K, Yanagawa T, et al. Effect of human leukocyte interferon on the metastatic lung
tumor of osteosarcoma: case reports. Cancer 46(7), 1562-1565 (1980)

Schwinger W, Klass V, Benesch M, et al. Feasibility of high-dose interleukin-2 in heavily pretreated
pediatric cancer patients. Ann. Oncol. 16(7), 1199-1206 (2005)

Bielack SS, Smeland S, Whelan JS, et al. Methotrexate, Doxorubicin, and Cisplatin (MAP) Plus
Maintenance Pegylated Interferon Alfa-2b Versus MAP Alone in Patients With Resectable

High-Grade Osteosarcoma and Good Histologic Response to Preoperative MAP: First Results of the

14



45,

46.

47.

48.

49.

50.

51.

52.

EURAMOS-1 Good Response Randomized Controlled Trial. J. Clin. Oncol. 33(20), 2279-2287
(2015)

Dohnal AM, Witt V, Hugel H, Holter W, Gadner H, Felzmann T. Phase 1 study of tumor Ag-loaded
IL-12 secreting semi-mature DC for the treatment of pediatric cancer. Cytotherapy 9(8), 755-770
(2007).

Himoudi N, Wallace R, Parsley KL, et al. Lack of T-cell responses following autologous tumour
lysate pulsed dendritic cell vaccination, in patients with relapsed osteosarcoma. Clin. Transl. Oncol.
14(4), 271-279 (2012).

Geiger JD, Hutchinson RJ, Hohenkirk LF, et al. Vaccination of pediatric solid tumor patients with
tumor lysate-pulsed dendritic cells can expand specific T cells and mediate tumor regression.
Cancer Res. 61(23), 8513-8519 (2001).

Suminoe A, Matsuzaki A, Hattori H, Koga Y, Hara T. Immunotherapy with autologous dendritic
cells and tumor antigens for children with refractory malignant solid tumors. Pediatr. Transplant.
13(6), 746-53 (2009).

Merchant MS, Bernstein D, Amoako M, et al. Adjuvant immunotherapy to improve outcome in
high-risk pediatric sarcomas. Clin. Cancer Res. 22(13), 3182-3191 (2016).

Miwa S, Nishida H, Tanzawa Y, et al. Phase 1/2 study of immunotherapy with dendritic cells pulsed
with autologous tumor lysate in patients with refractory bone and soft tissue sarcoma. Cancer 123(9),
1576-1584 (2017).

Kuroki H, Morisaki T, Matsumoto K, et al. Streptococcal preparation OK-432: a new maturation
factor of monocyte-derived dendritic cells for clinical use. Cancer Immunol. Immunother. 52(9),
561-568 (2003).

Ahmed N, Brawley VS, Hegde M, et al. Human Epidermal Growth Factor Receptor 2 (HER2)

-Specific Chimeric Antigen Receptor-Modified T Cells for the Immunotherapy of HER2-Positive

15



53.

54.

55.

56.

57.

58.

59.

60.

61.

Sarcoma. J. Clin. Oncol. 33(15), 1688-1696 (2015).

Nowicki TS, Akiyama R, Huang RR, et al. Infiltration of CD8 T Cells and Expression of PD-1 and
PD-L1 in Synovial Sarcoma. Cancer Immunol. Res. 5(2), 118-126 (2017).

Zheng W, Xiao H, Liu H, Zhou Y. Expression of programmed death 1 is correlated with progression
of osteosarcoma. APMIS. 123(2), 102-107 (2015).

Paydas S, Bagir EK, Deveci MA, Gonlusen G. Clinical and prognostic significance of PD-1 and
PD-L1 expression in sarcomas. Med. Oncol. 33(8), 93 (2016).

Kim JR, Moon YJ, Kwon KS, et al. Tumor infiltrating PD1-positive lymphocytes and the expression
of PD-L1 predict poor prognosis of soft tissue sarcomas. PLoS ONE 8(12), e82870 (2013).

Pollack SM, He Q, Yearley JH, et al. T-cell infiltration and clonality correlate with programmed cell
death protein 1 and programmed death-ligand 1 expression in patients with soft tissue sarcomas.
Cancer 123(17), 3291-3304 (2017)

Brahmer JR, Tykodi SS, Chow LQ, et al. Safety and activity of anti-PD-L1 antibody in patients with
advanced cancer. N. Engl. J. Med. 366(26), 2455-2465 (2012).

Ben-Ami E, Barysauskas CM, Solomon S, et al. Immunotherapy with single agent nivolumab for
advanced leiomyosarcoma of the uterus: Results of a phase 2 study. Cancer 123(17):3285-3290
(2017)

* One of the clinical studies that demonstrates the antitumor activity of a PD-1 monoclonal antibody
in leiomyosarcoma.

Paoluzzi L, Cacavio A, Ghesani M, et al. Response to anti-PD1 therapy with nivolumab in
metastatic sarcomas. Clin. Sarcoma Res. 6, 24 (2016).

Maki RG, Jungbluth AA, Gnjatic S, et al. A Pilot Study of Anti-CTLA4 Antibody Ipilimumab in

Patients with Synovial Sarcoma. Sarcoma 2013, 168145 (2013).

16



Table 1. Clinical trials using cellular immunotherapy for sarcomas.

Cell therapy Number of Diagnosis Treatment Ancillary Severe adverse | Result
patients treatment event

TL-pulsed 15 Pediatric solid DCs pulsed with None None PR: 1
DCs [Geiger, tumors TL/KLH SD: 5
2001] (1x10°%-1x107 PD: 9

cells)
TL-pulsed 5 EWS (1), SS DCs pulsed with None None CR:1
DCs [Suminoe 1), tumor antigen and SD: 2
2009] neuroblastoma | KLH PD: 2

(3) (3x10°-1.5x10"

cells)
TL-pulsed DCs | 13 [6F] DCs pulsed with IL-2 None No tumor
[Himoudi, TL/KLH regression
2012] (1x10°-1x10°

cells)
TL-pulsed 37 Sarcoma DCs pulsed with None None PR: 1
DCs [Miwa, TL/OK-432/TNF- SD: 6
2017] o (5%10° cells) PD: 28
Autologous Immunotherapy ES, RMS, Autologous Standard Transaminitis 5-year OS:
lymphocyte (29), DSRCT, SS, lymphocyte antineoplasti (grade 2: 24%; | 62% and
and nonimmunotherap | and infusion and DC ¢ therapy grade 3: 7%) 29% in
TL/KLH-pulse | y(14) undifferentiate | pulsed with and patients with
d d sarcoma TL/KLH anaphylaxis or without
DCs [Merchant (grade 4: 14%) | immunothera
. 2016] attributed to py

CYT107

HER2-CAR T 19 OS (16), EWS HER2-CAR T None None SD: 4 of 17
cells [Ahmed (1), PNET (1), cells
2015] DSRCT (1) (1x10*-1x10%/m?)
NY-ESO-1 38 Melanoma NY-ESO-1TCRT | IL-2 Neutropenia CR: 5/37
TCRT (20), SS (18) cells and PR: 17/37
cells [Robbins (0.9x10%°-1.3x10* thrombocytope

2015

! cells)

nia associated




with 1L.2

(100%)

DC: dendritic cell, TL: tumor lysate, PR: partial response, SD: stable disease, PD: progression of

disease

Table 2. Clinical trials using checkpoint inhibitors for sarcoma.

Agent Number of Diagnosis Treatment Severe adverse events Responses
patients
Anti-PD-1 24 Sarcoma nivolumab (3 Elevation of PR: 3
antibody [Paoluzzi mg/kg), every 2 AST/ALT/ALP and SD: 9
2016] weeks bilirubin elevation (1), ALT | PD: 12
elevation (1), AST/ALT
elevation (1), and
pneumonitis, colitis (1)
Anti-PD-1 12 Uterine nivolumab (3 Abdominal pain (1), serum | CR/PR:
antibody [Ben-Ami leiomyosarcoma mg/kg), every 2 amylase and lipase 0/12
2017] weeks increase (1), and fatigue
()
Anti-CTLA4 6 Synovial sarcoma | Ipilimumab Vomiting and diarrhea (1) PD: 6/6

antibody [Maki, 2013

(3mg/kg), every 3

weeks




