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Abstract Immunologic approaches to cancer are over a cen-
tury old. Over the years, the strategy has been fine-tuned from
inciting infections in subjects to inhibiting negative regulatory
signals from the innate immune system. Sarcomas are among
the first tumors to be considered for immune interventions.
From Coley’s toxin to cytokine-based therapies to adoptive
cell therapy, there have been numerous immunotherapeutic
investigations in this patient population. A promising strategy
includes adoptive T cell therapy which has been studied in
small cohorts of synovial sarcoma, a subtype that is known
to widely express the cancer testis antigen, NY-ESO-1. Addi-
tionally, recent data in metastatic melanoma and renal cell
carcinoma demonstrate the utility and tremendous efficacy
of immune checkpoint blockade with increased rates of dura-
ble responses compared to standard therapies. Responses in
traditionally “non-immunogenic” tumors, such as lung and
bladder cancers, provide ample rationale for the study of im-
mune checkpoint inhibitors in sarcoma. While immunothera-
py has induced some responses in sarcomas, further research
will help clarify optimal patient selection for future clinical
trials and new combinatorial immunotherapeutic strategies.
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Introduction

In 2015, there will be an estimated 15,040 new cases of soft
tissue and bone sarcomas resulting in 8230 deaths in the USA.
Sarcomas account for nearly 21 % of all pediatric solid can-
cers but less than 1 % of all adult solid cancers [1]. Not sur-
prisingly, bone and soft tissue sarcomas are respectively the
third and fourth leading causes of cancer-related deaths in
patients under the age of 20 [2]. Trend analysis from 2001 to
2010 indicates that soft tissue sarcoma-associated death rates
are increasing in men [3].

Although sarcomas can be broadly categorized into soft
tissue sarcoma (STS) and bone sarcomas, they represent a
heterogeneous group of malignancies with more than 50 dis-
tinct histologic subtypes with varying age and location of
presentation. Studies to better understand sarcomas and treat-
ment modalities to improve outcomes are limited by their
rarity and diversity which is reflected in the slow progress
made in the systemic treatment of sarcoma. Treatment out-
comes generally reflect the extent of disease at presentation,
with early localized disease treated curatively with margin-
negative surgery and potentially adjuvant systemic therapy,
while advanced disease is treated palliatively with
metastasectomy, tumor debulking, radiation, and/or
chemotherapy.

In spite of recent advances in our understanding of the
biology of cancer, the prognosis of metastatic sarcoma re-
mains poor. In patients with metastatic disease or recurrent
locally advanced disease, the overall median survival is
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around 15 months and about 10 % of cases are alive at 5 years
[4]. Response to conventional chemotherapy and radiation
therapy varies with some subtypes being sensitive to conven-
tional approaches while other subtypes are fairly resistant.
Further complicating treatment is the first-order kinetics dem-
onstrated by cytotoxic agents, which cannot be reliably ex-
pected to eliminate last remnant tumor cells and therefore
not capable of achieving primary cures except in tumors with
high growth fractions such as Ewing sarcoma and some rhab-
domyosarcomas [5—7]. This limitation is reflected by relapses
despite aggressive adjuvant therapy casting a shadow of un-
certainty over the role of adjuvant chemotherapy even in high-
risk disease.

The last decade has seen novel agents being explored in a
collaborative fashion in the treatment of sarcoma with large
randomized controlled phase I1I clinical trials being conducted
rather efficiently and generating solid data. These agents in-
clude chemotherapeutic agents, such as trabectedin,
palifosfamide, eribulin, and most recently TH-302 and
aldoxorubicin. Also, novel targeted therapeutics has made in-
roads beyond gastrointestinal stromal tumors (GIST) with
pazopanib achieving FDA approval as a third-line agent in
metastatic sarcoma. Although these agents have demonstrated
benefit, it remains limited at best, where the expectations are a
few weeks to months of improvement in progression-free sur-
vival and largely absent impact on overall survival. The bar
may have been set too low and, the goal of achieving a cure in
the metastatic setting has remained elusive, perhaps in the
absence of potent therapeutic approaches with long-term im-
pact. The promise of individualized therapy is most relevant
for a disease like sarcoma where there is inherent heterogene-
ity and uniqueness of each individual’s disease; however, such
approaches are useless in the absence of effective therapeutic
choices. Immunotherapy is perceived as the epitome of indi-
vidualized medicine and has recently achieved tremendous
success in melanoma, lung cancer, and renal cell cancer to
name a few. Increased understanding of cancer immunology,
in general, and also as it relates to sarcoma has raised hope that
immunotherapy will have utility in treatment of sarcoma in the
neoadjuvant, adjuvant, and metastatic settings. This review
reflects on the progress made in the past decade and familiar-
izes the reader with the current state-of-the art of immunother-
apy in sarcoma.

Foundations

The concept of the immune system as a surveillance and anti-
tumor effector system is over a century old. The anti-tumor
effect of the immune system was originally observed by Wil-
liam B. Coley in a patient with metastatic sarcoma [§]. The
patient was noted to have cleared his disease following an
Erysipelas infection. This observation and further experiments
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involving direct injection of live streptococcus into tumors
lead to the development of Coley’s toxin—a combination of
heat-inactivated streptococcal organisms along with Serratia
marcescens. This combination was used to treat patients with
inoperable sarcomas. Coley’s toxin was observed and ana-
lyzed over the next few decades including in a controlled
study that reported response rates of up to 21 % in primary
tumors, as well as metastatic lesions [9, 10]. The sarcoma
surgical literature has reported correlations between deep sur-
gical infection and improved overall survival. In a study of 47
dogs with sarcoma, Lascelles et al. found a correlation be-
tween survival and the clinical event of a deep surgical infec-
tion [11]. Additionally, a large study from the Royal Ortho-
paedic Hospital in Birmingham, England, showed a statistical
(p=0.017) advantage to deep surgical infection in terms of
long-term survival [12]. Another study in a mouse model of
osteomyelitis reported that tumor growth was inhibited in in-
fected animals [13]. This notion that concurrent infection
somehow enhances immune surveillance is controversial;
however, in a series of 396 soft tissue sarcoma patients, a
protective survival advantage with infection was not found
[14]. Certainly, the relationship between surgical infection
and enhanced immune surveillance must be evaluated more
thoroughly.

At the same time as Coley was testing his hypothesis, Paul
Ehrlich in 1909 proposed the concept of the immune system
as an anti-tumor mechanism (vaccine). Burnet coined the term
tumor surveillance, which implied surveillance of the host for
malignant cells presumed to be recognized and destroyed as
they emerged [15]. Dunn et al. further expanded on this con-
cept of “immunoediting” [16]. Immunoediting can be thought
of as the relationship between the immune system and tumors
with respect to elimination, equilibrium, and escape. Data
supports that a functional cancer immunosurveillance process
exists and serves as extrinsic tumor suppressor—
“elimination”; however, the immune system can facilitate tu-
mor progression by sculpting an adaptive phenotype under se-
lective pressure, “equilibrium” that eventually allows the tumor
to “escape.” Such observations and hypotheses form the bed-
rock of the application of immunotherapy in oncology today.

Immunogenicity of Sarcoma

The immunogenic nature of sarcoma was evaluated in early
experiments, clinical observations, and animal models. Tumor
responses to Coley’s toxin were attributed to the host response
to bacterial endotoxins. The effectors of this response are
thought to be TNF-« and interleukin (IL)-12 which are key
and early factors in immune response activation. Studies eval-
uating TNF-o showed that it did not produce the same effect
as Coley’s toxin and also only seemed to work in patients with
immunogenic tumors who had preserved immunity and built
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some preexisting immunity to their malignancy—a vaccinated
quiescent immune system needing a jump start [17]. Given the
significant toxicities associated with systemic delivery of
TNF-o and IL-12, clinical studies have evaluated targeted
delivery of these agents to the tumor microenvironment to
generate an endogenous immune response to sarcoma.
Intratumoral delivery via sustained release mechanisms dem-
onstrated tumor regression in mouse models [18]. This re-
sponse is thought to be dependent on cytotoxic T cells and
natural killer (NK) cells activity. IL-12’s ability to amplify
immune responses has been shown in murine models of sar-
coma vaccines [19].

This observation has been supported by evidence showing
that tumor infiltration by lymphocytes is associated with im-
proved patient outcomes [20]. Chemokines expressed by tu-
mors causing recruitment of CD8+ T cells into the tumor
microenvironment have been investigated in patients with
Ewing sarcoma where tumor infiltration was correlated with
improved survival compared to stroma infiltration only [21].
Tumor-infiltrating lymphocytes (TILs) were also seen in cases
of partial regression of osteosarcoma [22]. In stark contrast,
high concentrations of regulatory T cells (Tregs) were seen in
patients that presented with metastatic Ewing sarcoma [23].
This could be attributed to inhibition of cytotoxic CD8+ T
lymphocytes by Tregs which likely promoted tumor escape
[20, 21]. Anti-tumor immune responses, as seen in rare cases
of spontaneous tumor regression, represent evidence of the
role of the immune system in the elimination of sarcomas
[24]. Regression was also seen in cases of STS where un-
planned resection was carried out with residual tumor remain-
ing. Only 35 % of patients had residual tumor on re-excision
[25]. Similarly, re-excision seemed to confer an immune-
mediated benefit in terms of disease-free survival (DFS) in
patients with STS of the extremities based on a retrospective
review of 1092 patients at Memorial Sloan Kettering Cancer
Center (MSKCC). On multivariate analysis, re-excision was a
significant predictor of improved DFS even after adjusting for
stage [26]. These observations support the theory of incom-
plete resection leading to priming of the immune system to
eliminate sarcoma.

Besides utilizing Tregs to their advantage, tumors also
adapt their cell surface markers to escape immune detection
and elimination. Major histocompatibility complex I (MHC I)
plays a key role in expression of tumor antigens to the cellular
arm of the immune system which can lead to the elimination
of tumor cells by CD8+ T cells. Interestingly, studies evaluat-
ing MHC 1 expression in sarcoma have shown a significant
number of specimens of varying subtypes that lost or down-
regulated the MHC class I [27, 28]. Conversely, HLA 1 ex-
pression was associated with improved overall and event-free
survival compared to HLA I-negative osteosarcoma which
underscores the importance of the immune systems response
to sarcoma [27].

Kaposi sarcoma (KS) has provided valuable insight to the
role of the immune system in tumor elimination and equilib-
rium. Its causative agent is the oncogenic human herpes virus-
8 (HHV-8) [29]. KS is noted to develop in untreated HIV
patients and is considered an AIDS-defining illness. KS is
the most common malignancy seen in untreated HIV-
positive patients and in the Western world is pathognomonic
for untreated HIV [29]. The introduction of highly active an-
tiretroviral therapy (HAART) as an effective treatment has
improved outcomes in AIDS patients. A clinical marker for
response to HAART is resolution of the KS lesions in patients
with recovering immune systems [30]. The advent of HAART
therapy has also led to a decrease in the incidence of KS.
Given the viral oncogenic etiology and immunosuppressed
status of patients, the resolution of KS lesions and also de-
crease in overall incidence of KS can be attributed to HAART
therapy and its effect on bolstering the immune system. This
hypothesis was evaluated in prospective studies that showed
HAART therapy led to increasing CD4 count, decreasing
HHV-8 titers (undetectable in majority cases), and decreasing
HIV titers and also response in terms of complete response
(CR) and partial response (PR) of KS [31-34]. These investi-
gations confirm that sarcoma responses could be directly re-
lated to robustness of the patient’s immune system.

Development of sarcoma cell lines and mouse models in
the late 1970s and early 1980s led to the generation of pre-
clinical data supporting immunotherapy in humans [35]. De-
velopment of methylcholanthrene-induced fibrosarcoma
(meth A) cell lines allowed for the evaluation of sarcomas in
mice [35]. Vaccination with Corynebacterium parvum was
noted to be associated with increased tumor rejection and in-
hibition compared to control [36]. The tumor rejection was
found to be a T cell-dependent process. This acquired immu-
nity could be transferred to other mice with syngeneic tumor
leading to tumor regression [37]. Similar studies also showed
the feasibility of transfer of immunity [38]. Interestingly, it
was noted that the suppression of host immune system was
required and anti-tumor effect was lost after a certain time of
tumor transplantation. It was hypothesized that it was second-
ary to generation of Tregs [38]. These results were duplicated
in mouse models at the National Cancer Institute (NCI) [39].
Adoptive transfer of spleen cells from immunized mice con-
sistently led to the regression of established fibrosarcoma tu-
mors (MCA 105 and 106 tumors) in host mice [39]. The
observed immune response was specific for the tumor type
and was mediated by sensitized T lymphocytes. It was noted
that irradiation of the transferred cells nullified this effect and
also successful therapy required prior immune suppression of
the host. Interleukin-2 (IL-2) was used to expand and sensitize
T cells in vitro. These were then infused into mice with pul-
monary metastases, which resulted in resolution of pulmonary
disease [40—42]. These innovative experiments form the basis
of adoptive cell transfer therapy (ACT).
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Collectively, these studies strongly support the clinical ap-
plication of cellular immunotherapy for sarcoma and are a
basis for clinical trials.

Prior Inmunotherapeutic Strategies in Sarcoma
Cytokine-Based Immunotherapy

One of the oldest immunotherapeutic approaches to anti-
tumor response is via cytokines which induce activation and
proliferation of T cells. Among these strategies are high-dose
interleukin-2 (HD IL-2) approved in 1995 for metastatic mel-
anoma or renal cell carcinoma. At the National Cancer Insti-
tute (NCI), HD IL-2 alone or in conjunction with lymphokine-
activated killer cells was used in 652 patients with metastatic
solid tumors, including sarcomas. In this trial, none of the
sarcoma patients (n=6) showed a response [43]. In a subse-
quent small trial of pediatric patients with Ewing sarcoma or
osteosarcoma, and in contrast to Dr. Rosenberg’s study at the
NCI, two of six patients had durable complete responses and
both patients had osteosarcoma [44]. These studies were
small; therefore, no firm conclusions of the efficacy of HD
IL-2 can be drawn.

Interferon (IFN) has been employed in several sarcoma
subtypes with intriguing results. A large case series showed
activity in patients with high-grade osteosarcoma treated in
the adjuvant setting. With a median follow-up of 12 years,
the observed 10-year progression-free and sarcoma-specific
survivals were 39 and 43 %, respectively, for 178 patients.
Additionally, the European and American Osteosarcoma
Study Group conducted a randomized trial (EURAMOS-1)
of post-operative systemic therapy consisting of methotrexate,
doxorubicin, and cisplatin with or without pegylated IFN oc-
2b (PEG-IFN) in patients who had good histologic response to
neoadjuvant chemotherapy for osteosarcoma (>90 % necro-
sis). Two thousand two hundred sixty patients agreed to take
part in EURAMOS-1 between 2005 and 2011, making it the
largest ever clinical trial in osteosarcoma. The primary end
point was event free survival (EFS) at 3 years. Additional
end points of overall survival and toxicity were secondary.
Among 1041 patients that achieved a good response to neo-
adjuvant chemotherapy, 716 consented to random assignment.
Three hundred fifty-seven were randomized to the PEG-IFN
arm, but only 271 patients started the experimental treatment.
Among those 271, 105 stopped early with refusal and toxicity
as the main reasons for never starting the PEG-IFN and for
stopping prematurely, respectively. The results did not show
benefit of addition of PEG-IFN maintenance to adjuvant che-
motherapy (HR 0.83, 95 % CI, 0.61 to 1.12; p=.214); how-
ever, the dosing and use of PEG-IFN have generated criticism
given its unclear role in sarcoma. Also, the results need to be
interpreted with caution given the high attrition rate. Long-
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term follow-up for overall survival continues [45]. Although
no statistically significant results have been reported, and un-
like the small HD IL-2 trials, this intergroup study showed that
large international clinical trials of rare cancers could be per-
formed and has provided framework for future clinical trials.

Muramyl Tripeptide Phosphatidyl Ethanolamine

Another agent has generated debate as to its efficacy in treat-
ment of osteosarcoma is muramyl tripeptide phosphatidyl eth-
anolamine (L-MTP-PE). L-MTP-PE is a synthetic analogue of
bacterial cell wall which causes a monocyte/macrophage acti-
vation leading to nonspecific immune modulation similar to
bacillus Calmette-Guérin (BCG). L-MTP-PE showed promise
in phase I and II trials [46, 47]. Based on these studies, the
Children’s Oncology Group conducted a large randomized
phase III intergroup trial 0133 enrolling 677 osteosarcoma
patients. Half the patients received adjuvant chemotherapy
with L-MTP-PE as an immune modulator [48, 49]. It was
associated with reduction in risk of recurrence and death by
25 and 30 %, respectively. These results were called into
question given the 2 x2 factorial study design which exposed
the study to a potential interaction between L-MTP-PE and
ifosfamide. In follow-up analysis, DFS and non-statistically
significant overall survival benefit was noted [50]. Although
the analysis was not powered to demonstrate benefit in pa-
tients with metastatic disease, improvements in outcomes
may also be seen in terms of event free and overall survival
[51]. This agent is presently available in the European Union
countries: the UK, Israel, and Mexico. It is not approved for
usage in North America. Hopefully, additional data from the
ongoing use of this agent will confirm or deny its efficacy for
patients with osteosarcoma.

Targeted Therapy

Humoral immunity or the antibody-mediated immune system
is another strategy in the fight against sarcoma. As discussed
before, sarcoma presents a target-rich environment with spe-
cific epitopes that can be exploited. A pilot study evaluated a
human monoclonal antibody that mimics the complement reg-
ulatory protein, CD55, which is over-expressed by osteosar-
coma. Patients were vaccinated with this antibody in an at-
tempt to generate an immune response against tumor express-
ing CDS5S5. Although the majority of patients showed T helper
responses with minimal side effects, it did not translate into
clear benefit [52]. I'*'-radiolabelled monoclonal antibody
8H9 directed against epitopes specifically expressed in sarco-
mas is being evaluated in a phase I clinical trial at MSKCC
(NCTO01099644). Antibodies directed against the insulin-like
growth factor-1 receptor (IGF1-R) have been evaluated in
patients with Ewing sarcoma with promising results [53-55].
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Vaccines

Vaccine-based therapy for the treatment of sarcoma in the
metastatic and adjuvant setting is a very attractive modality
given its decreased potential for toxicity and the individual-
ized nature of therapy in respect to the patient’s immune sys-
tem and their sarcoma. Given the heterogeneity of sarcomas,
they make ideal vaccine targets. Almost 25 % of sarcomas are
characterized by specific genomic alterations. They tend to
express specific epitopes based on specific translocations or
histology that make for attractive targets for an activated im-
mune system. Sarcoma-specific fusion proteins include SSX,
FOXO1, EWSRI1, and TLS CHOP. Partially specific sarcoma
proteins include NY-ESO-1, SSX2/3, MAGE, GAGE, WTI,
and GD2/3. Also, given the large masses that sarcoma pre-
sents with, tissue is generally readily available to help manu-
facture patient/disease-specific vaccines.

Multiple vaccine strategies have been used including
targeting well-defined antigens, tumor lysate, dendritic cells
(DDCs) pulsed with antigen, and most recently heat shock
proteins (HSP) combined with sarcoma-specific antigens.
DDCs in vivo serve the role of antigen presenting cells and
can sensitize the immune system to tumor-specific antigens
and elicit a cytotoxic T cell response. A phase 1 trial in 2000
looked at pediatric patients with relapsed solid tumors, most of
them sarcomas. DDCs from patients were primed with tumor
lysate ex vivo and injected intradermally. It was well tolerated
and deemed a feasible approach. The one patient who demon-
strated a vigorous response was also characterized by a robust
delayed-type hypersensitivity reaction. DDC pulsed with
tumor-specific translocation peptide and E7, a binder of
HLA-A2, was evaluated in patients with metastatic or recur-
rent Ewing sarcoma family of tumors and alveolar rhabdo-
myosarcoma with t (2:13) ort (11:22) translocations [56]. This
was given as a consolidation therapy to 30 out of 52 patients.
It was well tolerated with improved survival outcomes at
5 years (43 vs. 15 %) (p=0.0004) in patients who underwent
immunotherapy versus those that did not. The mediocre re-
sponse to this strategy could potentially be due to the medium
in which DDCs are developed ex vivo resulting in decreased
ability of these DDCs to trigger an effective response in vivo
[57]. SYT-SSX-derived peptide vaccines were evaluated in
patients (n=21) with advanced synovial sarcoma.
Interferon-o was given as an adjunct. Although a significant
number (n=9) showed increase in cytotoxic T cells, only one
patient had decrease in tumor size [58].

Gangliosides are abundantly expressed in sarcomas mak-
ing them good targets for vaccine therapy. Among them,
GM2, GD2, and GD3 are the most prevalent. GM2 is also
expressed on a variety of malignancies, whereas GD2 and
GD3 expression is restricted to sarcomas and tumors of
neuroectodermal origin [59]. One randomized double-
blinded, multi-center phase II trial targeted these antigens by

utilizing a KLH conjugated trivalent ganglioside vaccine con-
taining GM2, GD2 lactone, and GD3 lactone with the immu-
nological adjuvant OPT-821 versus OPT-821 plus placebo in
metastatic sarcoma patients who are rendered disease free.
The primary endpoint of PFS was not statistically significantly
different; however, serologic responses were seen in the vac-
cine arm versus placebo (98 vs. 21 %) and minimal toxicities
were seen [60].

Lack of efficacy seen in vaccine trials is discouraging given
the existence of clear targets and scientifically sound tech-
nique to target them. The most likely reason is the downreg-
ulation of the T cell response by sarcoma. This setting would
be ideal for adjuvant therapies to enhance the activity of the
immune system and make the primary therapy, e.g., vaccines,
chemotherapy, etc., more potent. Attempts to use adjuvants
such as GM-CSF, IL-2, or Freund’s adjuvant to increase the
immune system response has not translated to increased effi-
cacy [61-63]. Sarcoma deployment of escape mechanisms by
co-opting Tregs, myeloid-derived suppressor cells (MDSCs),
and tumor-associated macrophages likely leads to a muted
immune response. The future of vaccines is likely in combi-
nation with agents that prevent suppression of the immune
system by sarcoma.

Adoptive Immunotherapy

Compared to chemotherapy, which is nonspecific, this ap-
proach offers a selective method to eliminate sarcoma by in-
volving transfer of high-affinity tumor antigen-specific cyto-
toxic T cells or NK cells which have been expanded ex vivo.
Based on the work done at the NCI, Robbins et al. evaluated
adoptive immunotherapy in patients with sarcoma and mela-
noma expressing the NY-ESO-1 epitope [64]. Patients were
conditioned with cyclophosphamide and fludarabine and then
infused with autologous T cells designed to recognize NY-
ESO-1. Four out of six synovial sarcoma patients achieved a
partial response. One patient had a durable response lasting
18 months. Recently, chimeric antigen receptor (CAR) mod-
ified T cell therapy has shown promise in hematologic malig-
nancies and may also be a promising therapeutic approach to
sarcoma. Nineteen patients with HER2 expressing bone sar-
comas including 16 patients with osteosarcoma were enrolled
to receive HER2-CAR engineered T cell therapy. All patients
tolerated the infusions well with no dose-limiting toxicities.
Of 17 evaluable patients, four patients had stable disease on
tumor assessment. A subset of patients had biopsies, and
among them, three tumors had >90 % necrosis exhibited. Me-
dian overall survival was shown at 10.3 months [65]. The data
are relatively new, but stimulating and thought provoking.
Additional work with adoptive immunotherapy in sarcoma
is being executed and may be promising as processes are
fine-tuned.
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Immune Checkpoint Blockade

Another immunotherapeutic approach that has gained recent
popularity is blockade of immunologic checkpoints, or “brakes”
employed by tumors allowing them to “escape” the immune
system as discussed previously. Melanoma and non-small cell
lung cancers, as well as other solid tumors, and hematologic
malignancies are known to evolve and co-opt the naturally
occurring feedback loop that dampens the immune system
response leading to tumor tolerance. Mechanisms that block
tumor tolerance are key to not only augmenting the effect of
current therapies but to also complete a cure. The FDA approved
ipilimumab, an anti-cytotoxic T lymphocyte-associated protein
4 (CTLA-4) agent, in 2011 for metastatic melanoma. Given its
mechanism of action, ipilimumab is now being evaluated in
other malignancies including sarcoma. A phase II pilot study
trial using ipilimumab in synovial sarcomas expressing the
NY-ESO-1 antigen was conducted. In this study, six patients
were treated with one course of ipilimumab given at 3 mg/kg
every 3 weeks for three doses only. Although there were no
Response Evaluation Criteria in Solid Tumors (RECIST)
bresponses observed and only one patient demonstrated an im-
mune response, patients tolerated the treatment well with man-
ageable side effects. This study was terminated early for slow
accrual, lack of activity, and lack of immune responses [66].
The role of the programmed death-1 (PD-1)/PD-L1 axis in
STS is presently being elucidated. Tumor PD-L1 expression
was noted in up to 65% of sarcomas of different subtypes
[67¢¢, 68¢]. In one retrospective study of tumor specimens
from 105 cases, it was determined that the degree of PD-1
positivity in tumor-infiltrating lymphocytes and PD-L1 ex-
pression in tumor specimens correlated with a poorer progno-
sis and more aggressive disease [69+¢]. These studies suggest
that PD-1 and PD-L1 staining may be viable biomarkers for
prognosis, and possibly treatment, using anti-PD-1 treatment
strategies. Additionally, in osteosarcoma, PD-L1 expression
has been investigated via quantitative real-time RT-PCR.
Eighteen optimized osteosarcoma cell lines were examined
and validated in select cell lines. Among 38 osteosarcoma
tissue samples, PD-L1 mRNA expression was high ranging
over 4 log (>5000-fold difference). Also, high PD-L1 expres-
sion was associated with the presence of TILs (p=0.01) [70].
In a preclinical study, the activity of anti-PD-1 monotherapy
was established in an implanted fibrosarcoma mouse model,
and interestingly, this activity was independent of PD-L1
staining [71]. Other studies in fibrosarcoma rodent xenografts
have shown modest activity using anti-PD-1 therapy alone,
but significantly enhanced activity when combined with a dual
checkpoint antibody directed at LAG-3, another integral im-
mune checkpoint of adaptive immunity [72]. These data pro-
vide rationale for both monotherapeutic and combinatorial im-
mune checkpoint blockade strategies in future clinical trials.
Given these results and the preclinical data showing
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encouraging activity in STS, an open-label single-arm phase
II study (SARCO028) utilizing the anti-PD-1 antibody,
pembrolizumab, in patients with advanced soft tissue and bone
sarcomas is currently enrolling at the University of Pittsburgh
and other national sites (NCT02301039). Pembrolizumab is
given intravenously at 200 mg every 3 weeks. Endpoints are
objective response rate (ORR) by RECIST 1.1 (primary) and
progression-free survival, overall survival, safety, and re-
sponse rates by immune-related response criteria (irRC). A
unique and important aspect of the trial is mandated tumor
biopsies pre- and then 8 weeks post-treatment with
pembrolizumab which will determine PD-L1 tumor expres-
sion as well as monitoring of the immune system in both the
tumor microenvironment and in the circulation [73].

Determinants of Anti-tumor Responses

Ongoing biomarker studies will help to solidify the most
appropriate patient selection for future immunotherapy tri-
als. While PD-L1 expression as a predictor of response to
PD-1 blockade is not well understood [74], there is recent
generated data correlating the presence of tumor-infiltrating
lymphocytes with better response to anti-PD-1 therapy
[75¢¢]. Furthermore, it is clear that not only is it important
that CD8+ TILs are present but that they are distinctly
located at the invasive tumor margin. These findings result-
ed from collected tissue samples pre- and during anti-PD-1
therapy in 46 metastatic melanoma patients. The data are
thought provoking and are prototypical examples for future
studies in biomarker development among other tumor types.
Additionally, hypothesis-generating data from the Chan lab
at MSKCC has shown increased intratumoral mutational
burden to correlate with response to ipilimumab therapy
in melanoma patients [68+¢]. The theory is that increased
mutational burden and new peptides, i.e., neoantigens, are
formed that help to stimulate the immune system and
jumpstart an immune response.

Combinatorial Strategies

Anti-tumor response with immune checkpoint blockade will
be enhanced with combinatorial strategies. The combination
of ipilimumab and nivolumab in advanced melanoma has
shown significant clinical benefit, and other immune check-
point inhibitors targeting TIM3, BTLA, and LAG-3, among
others, are already in clinical development. Chemotherapy,
radiation therapy, targeted agents, and other immune check-
point inhibitors, to name a few, partnered with anti-PD-1 or
anti-CTLA-4 antibodies may yield meaningful clinical ben-
efit (Fig. 1). Specifically, chemotherapy has been shown to
have immunosuppressive properties and the combination
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Fig. 1 Potential immunotherapeutic treatment strategies to combat
adaptive immune resistance. In tumors, such as melanoma, that elicit a
strong endogenous anti-tumor immune response (a), single-agent block-
ade of the PD-1 checkpoint results in anti-tumor response. Conversely, in
adaptive immune resistance, weak endogenous immune responses are
seen, in other tumors, leading to lack of anti-tumor response despite

with immune checkpoint inhibitors may be beneficial [76].
It will however be important to minimize potential toxicity.
Radiation is often a palliative companion for non-
responding patients, and several preclinical studies have
shown enhanced effects of immune checkpoint blockade
with radiation making this technique an ideal partner for
immunotherapy. The “abscopal effect” was discovered as
the multiple beneficial immunologic effects on radiation
making this also another reasonable combinatorial approach
[77]. Specifically, radiation was found to both promote up-
regulation of immune effector transcripts and cancer testis
antigens, as well as promote increased MHC class I expres-
sion among other findings [78]. The role of vascular endo-
thelial growth factor-A (VEGF-A) has been shown to mod-
ulate expression of inhibitory checkpoints on CD8+ T cells
in tumors such as PD-1. These findings and others serve as
justification for future clinical trials combining anti-
angiogenic agents with immune checkpoint blockade espe-
cially in those sarcomas that are highly vascular [79]. Cur-
rently, there are several open or pending clinical trials in
renal cell carcinoma (NCT02348008; pembrolizumab plus
bevacizumab) and other solid tumors looking at immune
checkpoint inhibitors in combination with targeted agents.
A lesson learned from melanoma is the application of
BRAF inhibition, a common driver mutation, plus immune
checkpoint blockade, which creates potential synergy in the
treatment of patients with advanced melanoma to hopefully
combine the high response rates from BRAF inhibitors and
the durable responses from anti-PD-1 and anti-CTLA-4 an-
tibodies. Also, there is evidence that PD-L1 is upregulated
on tumor cells when combined with this targeted agent [80,
81]. Phase III data was recently demonstrated showing

PD-1 blockade (b). Using combinations of anti-PD-1 monotherapy and
another immunotherapy approach or other strategy (¢) may transform a
weak endogenous anti-tumor immune response into a more robust one
with increased PD-L1 expression and anti-tumor response overcoming
adaptive immune resistance

impressive activity and overall good tolerability of dual
anti-PD-1 and anti-CTLA-4 blockade in melanoma patients
as well as making this another promising approach in sar-
coma [82e, 83¢]. Rationale for combinatorial strategies is
constructed on diverse scientific research that could trans-
late to potential meaningful clinical benefit; however, much
of the data has not yet been reported.

Conclusion

Advanced sarcoma remains a grim disease and newer ther-
apies are clearly needed. Immunologic treatment strategies
in sarcoma hold substantial potential and provide a novel
approach. Adoptive cellular therapy and immune check-
point blockade clinical trials are ongoing and future re-
search will help to identify the best delivery of these agents
in addition to ongoing biomarker studies that will help to
select the optimal patient populations for these studies. Ad-
ditional work looking at multiple combinations, including
immunotherapy plus chemotherapy, radiation, targeted ther-
apy, and more, is the future of immunotherapy research in
sarcoma.
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