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Simple Summary: Chordomas and chondrosarcomas are rare tumors that can occur within the
skull base and spinal column and are often resistant to chemotherapy and radiation. While surgical
removal of these tumors is helpful, residual tumors that could not be removed surgically can often
lead to recurrences. Recent advances have revealed that chordomas and chondrosarcomas have
many interactions with our host immune system that may drive the progression of these tumors. In
our paper, we discuss these recent advances, potential treatment targets that leverage the immune
interactions, and emerging clinical data.

Abstract: Chordomas and chondrosarcomas are rare but devastating neoplasms that are characterized
by chemoradiation resistance. For both tumors, surgical resection is the cornerstone of management.
Immunotherapy agents are increasingly improving outcomes in multiple cancer subtypes and are
being explored in chordoma and chondrosarcoma alike. In chordoma, brachyury has been identified
as a prominent biomarker and potential molecular immunotherapy target as well as PD-1 inhibition.
While studies on immunotherapy in chondrosarcoma are sparse, there is emerging evidence and
ongoing clinical trials for PD-1 as well as IDH inhibitors. This review highlights potential biomarkers
and targets for immunotherapy in chordoma and chondrosarcoma, as well as current clinical evidence
and ongoing trials.
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1. Introduction

Chordomas are rare, malignant neoplasms that arise from vestigial notochord rem-
nants. Although these tumors may arise anywhere along the spinal column, they have
a predilection for the clivus and sacrococcygeal area, although they can also be found
throughout the spine [1]. Surgical resection is the mainstay of therapy for these patients;
however, deep-seated or locally advanced tumors preclude gross-total resection due to
anatomical constraints. Chordoma is generally resistant to chemotherapy, and the stan-
dard of care involves proton-beam radiotherapy or high dose photon radiotherapy to the
resection cavity [2,3]. Despite maximal safe resection and radiation, chordoma displays
high rates (>50%) of loco-regional recurrence [4], and some patients experience distant
metastatic disease [5]. Further, there are currently no chemo or immunotherapies approved
for the treatment of chordoma, and median survival is approximately 5-8 years from
the time of diagnosis with 5-year survival rates around 67% [6-9]. Effective adjuvant
therapies are thus desperately needed to improve the prognosis in this patient popula-
tion. Pharmacotherapy development has been hindered in the past, primarily due to the
‘quiet’ chordoma genome—that has few known drivers of disease from which to develop
targeted therapies [10]. Nevertheless, research advances in the last decade have identified
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biomarkers and potential therapeutic targets, of which several have been developed and
are undergoing clinical trials [11].

Chondrosarcoma of the skull base, though histopathologically distinct, has similar
radiologic features to chordoma as well as a similar clinical presentation. Arising from
embryonal endochondral cells of the skull base, chondrosarcoma confers a better prognosis
than chordoma of the same region, with a median projected survival of 22 years [12]. The
majority of these tumors are low to intermediate grade; however, as many as 10% of these
tumors exhibit high-grade features, including distant metastases, and confer a poor overall
survival rate [13]. Both chordoma and chondrosarcoma produce an abundant extracellular
matrix, which contributes to the histologic characterization of these tumors. Like chordoma,
chondrosarcoma is largely unresponsive to most chemotherapies [14]; however, some stud-
ies have reported a response to radiation, with significantly lower 5-year recurrence rates
with adjuvant radiotherapy [15]. Histologic variants of chondrosarcoma have also been
shown to contribute to specific clinical characteristics, including dedifferentiated, mes-
enchymal, and clear cell subtypes [16]. These subtypes have been shown to have specific
genetic alterations including mutations in COL2A1, IDH, and the hedgehog signaling
pathway [17].

2. Chordoma Immune Microenvironment

Chordomas have extensive interactions with the immune system that may help to
predict tumor aggressiveness, responses to existing therapies and the development of
novel treatments (Figure 1). Zou and colleagues have studied this interaction extensively,
specifically in regard to the PD-1/PDL-1 pathway [18-21]. In their initial investigations,
they reported that the expression of PD-L1 in tumor tissue was associated with advanced
chordoma stages and higher levels of tumor-infiltrating lymphocytes (TIL), whereas PD-L1
expression on TIL was associated with improved local recurrence free survival (LRFS) and
overall survival [18,19]. Conversely, TIL expression of PD-1 was associated with worse
LRFS and overall survival [18,19]. Notably, both Zou et al. and others have found that
a significant subset of chordomas express PD-L1/PD-1; however, this is likely driven by
TILs and macrophages as opposed to expression by tumoral tissue, which seems to be
less common [18,19,22,23]. PD-1/PD-L1 signaling may also be regulated by microRNA
in chordomas, with lower expression of miR-574-3p and higher PD-L1 expression being
associated with worse overall survival [19]. These data indicate that the locally aggressive
nature of chordoma may be driven in part by immune interactions within the tumor
microenvironment, allowing immune evasion and tumor progression.
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Figure 1. The chordoma immune microenvironment.

In addition to the PD-1/PD-L1 pathway, other interactions between chordoma and the
immune system have been elucidated. Chordomas positive for Galectin-9 (Gal9), a molecule
that interacts with TIM3* T-cells to induce apoptosis, had greater local invasiveness and
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lower Karnofsky performance status scores [24]. Higher TIM3* TILs were also associated
with invasiveness and lower performance status scores [24]. Gal9 expression, in turn, may
also be regulated by microRNA levels (miR-455-5p), with downregulation of miR-455-5p
being predictive of chordoma invasiveness and prognosis [24]. CTLA-4 is also expressed in
a significant portion of chordomas, both on TIL and tumoral tissue [25]. Higher expression
of CTLA-4 on chordoma tumor tissue was associated with decreased disease-free survival
and overall survival, and higher CTLA-4 expression on TIL was associated with decreased
disease-free survival only [25].

A few authors have proposed immune-based scoring systems for chordomas to help
to predict tumor aggressiveness and outcomes [19,21,26]. One study found that in their
proposed scoring system of cells by levels of CD3* and CD8* TIL in the tumor interior,
higher levels of TILs were associated with increased LRFS and overall survival [18]. An-
other study trained a scoring model which identified the presence of FOXP3 and PD-1
in tumor tissue, as well as stromal FOXP3 and CDS infiltration as predictors of tumor
outcomes, with their model effectively differentiating disparate tumor outcomes within
the same Enneking stage [21]. A third study found that higher platelet-to-lymphocyte
and neutrophil-to-lymphocyte ratios were associated with worse overall survival [26].
This may indicate that a non-specific inflammatory response, as opposed to a targeted
immune response driven by lymphocytes, may be an indicator of worse prognosis [26,27].
These studies make apparent that TIL, as well as systemic inflammation, may contribute to
chordoma outcomes [26,27]. Future work should focus on whether these scoring systems
have any implications or serve as biomarkers for the success of immune-based therapies
for chordomas.

3. Chordoma Biomarkers

Several biomarkers have been described in chordomas that contribute to tumor pro-
gression. While biomarkers such as brachyury, a transcription factor that is important
for chordoma progression, have been robustly investigated and now have associated im-
munotherapeutic agents being tested in trials, other biomarkers such as CSPG4 require
additional research to elucidate potential clinical relevance. In this section, we review the
known biomarkers of chordoma, their roles in chordoma progression, and their interactions
with the chordoma immune microenvironment.

3.1. CSPG4

In one study, 62% of chordomas expressed a high molecular weight-melanoma associ-
ated antigen (HMW-MAA), an antigen discovered in melanoma for which an antagonistic
immunotherapy already exists [28-30]. HMW-MAA, also known as CSPG4, is detected in
a majority of chordomas and chondrosarcomas and was implicated as an immunotherapy
target in both tumors due to its function in cellular migration, survival, and invasion [30].
A study by Schoenfeld and colleagues found that CSPG4 expression doubled the risk of
death and increased the risk of metastatic disease in chordoma [31].

3.2. Brachyury

A T-box-family transcription factor expressed by the T or TBXT gene, brachyury has
been shown to be essential in regulating notochord development [32]. Moreover, over-
expression of brachyury is unique to chordoma when compared to other neoplasms [33].
Subsequent studies have further elucidated brachyury as a driver of disease with T gene
duplication and single-nucleotide variations reported as contributing to chordoma devel-
opment [34,35]. Although brachyury has been identified as oncogenic and a biomarker in
chordoma, the mechanisms for dysregulation are not yet understood. Sharifnia et al. uti-
lized CRISPR-Cas9 screening to identify brachyury dependencies and therapeutic targets in
chordoma [36]. Specifically, the authors described the targeting of brachyury transcription
factor addiction, which describes a reliance on specific oncogenes for tumor progression as a
strategy for therapeutic development in chordoma [36,37]. They reported selectively lethal
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single-guide RNAs targeting the T gene against chordoma, underscoring brachyury as a
potential pharmacologic target [36]. The authors also performed a screen of several small
molecules on chordoma cell lines. Of those tested, 28 antiproliferative compounds were
identified [36]. Specifically, inhibition of CDK7/12/13 and CDK9 transcription reduced
brachyury expression and suppressed proliferation of chordoma cell lines [36]. Although
brachyury has been called an “intractable’ therapeutic target, afatanib has been shown to
promote degradation of brachyury and EGFR in chordoma cell lines [38,39]. Interestingly,
brachyury may also be targeted by the immune system. In an open label phase I trial of
seven patients with chordoma immunized to brachyury, 43% (3/7) of patients developed a
T-cell brachyury-specific response; however outcome data were unavailable [40].

3.3. Tumor—Stroma Ratio

Diagnosis and therapeutic regimens were conventionally identified and selected
based on histopathological analysis and tumor cell characteristics. However, an increasing
number of studies have investigated characteristics of tumor-associated stroma in relation
to neoplastic cells. The tumor-stroma ratio (TSR), representing the percentage of tumor
cells relative to stroma cells, has been explored as a significant prognostic factor in several
malignancies, including non-small cell lung cancer, breast cancer, esophageal cancer, and
cervical cancer [41]. Specifically, a high proportion of stroma in cancer tissue has been
associated with worse clinical outcomes in patients with solid tumors. One study to date
reported on the predictive value of TSR in spinal chordoma, specifically, and found that
low TSR independently predicted poor overall survival and loco-regional recurrence [42].
Further, stromal involvement negatively correlated with PD-L1 expression as well as TIL
density [23].

3.4. CTLA-4

One study has identified that CTLA-4 is expressed in a significant portion of chor-
domas [25]. He et al. investigated the rates of CTLA-4 expression in chordoma and TILs
and found that higher expression conferred a significantly shorter continuous disease-free
survival and overall survival [25].

3.5. EZH?

Enhancer of zeste homolog 2 (EZH2) is a histone methyltransferase that regulates cel-
lular differentiation and plays an important physiologic role in embryogenesis. Activating
mutations of EZH2 have been shown to lead to oncogenic transformation and proliferative
dependency on EZH2 activity in cancer [43]. Further, mutations of the INI1 (SMARCB1)
subunit of the switch/sucrose non-fermentable complex (SWI/SNF) have been thought
to lead to EZH2-dependent tumor formation [44]. Two small studies reported a lack of
nuclear expression of INI1 (SMARCBL1) in poorly differentiated chordoma [45,46].

4. Chondrosarcoma Immune Microenvironment

The immune microenvironment of chondrosarcoma is poorly understood. In or-
der to determine whether checkpoint blockade or other types of immunotherapy are
effective against chondrosarcoma, a thorough understanding of the immune milieu is
needed. Several microenvironmental mechanisms have been theorized to contribute to
chemoresistance—specifically, the expression of membrane-bound P-glycoprotein [47].
Chondrosarcomas have demonstrated CD163* macrophage infiltration, which has been
associated with more invasive and higher-grade chondrosarcomas, while higher concentra-
tions of CD8* T cells have shown to repress chondrosarcoma progression [48]. A 2016 study
by Kostine et al. reported that almost half of dedifferentiated chondrosarcomas expressed
PD-L1, which correlated with high concentrations of TIL and HLA class I expression [49].

A 2020 study by Iseulys and colleagues found that tumor-associated macrophages
were the predominant immune cell type in the immune environment of chondrosar-
coma [50]. They also found that high levels of CD68" macrophages were associated with
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metastatic disease at diagnosis and a poor prognosis. The authors also reported increased
expression of the colony-stimulating factor 1 receptor (CSF1R), signal regulatory protein
alpha (SIRPA), B7 superfamily member-H3 (B7H3), T cell immunoglobulin mucin (TIM3)
and lymphocyte activation gene-3 (LAG3). CSFI1R is a crucial signaling mechanism for
differentiation and survival in macrophages [51]. Also expressed by macrophages, SIRPA is
activated by the presence of CD47 on normal and tumor cells to prevent phagocytosis [52].
B7H3 is a membrane protein expressed by antigen-presenting cells (APC) that inhibits T
cell activity, but it is also suspected to play an important role in migration, invasion, and
angiogenesis in several malignancies [53]. TIM3 is a transmembrane protein expressed
by CD4* and CD8* T cells that has been shown to influence macrophage activation in
the context of autoimmune diseases and is a marker of T cell exhaustion [54,55]. LAG3 is
a membrane-bound, protein immune-checkpoint receptor related to CD4 on T cells that
serves to regulate T cell activation and proliferation [56].

5. Chondrosarcoma Biomarkers

While chondrosarcomas have a similar presentation and anatomical distribution
to chordomas, they also have unique biomarkers that regulate tumor progression and
survival. Due to the rarity of chondrosarcomas in comparison to chordomas, the molecular
underpinnings of chondrosarcoma are not as well understood. In this section, we highlight
key biomarkers that may contribute to the chondrosarcoma progression that may serve as
potential immunotherapeutic targets.

5.1. Aurora Kinase

The aurora kinases belong to the family of serine and threonine kinases, which have a
role in regulating the cell cycle through control of centriole and microtubule function [57].
Dysregulation of aurora kinases A and B has further been reported to promote tumorige-
nesis, and they are highly expressed in several malignant tumors [57]. A 2012 study by
Liang and colleagues demonstrated that aurora kinases A and B were highly expressed
in higher-grade chondrosarcoma when compared to lower grade chondrosarcoma [58].
Further, the authors reported a significantly reduced survival in patients with aurora kinase
A expression and thus concluded that it was an independent marker of poor prognosis.

5.2. Hypoxia Inducible Factor and Beclin-1

Hypoxia inducible factor (HIF) is a key transcription factor in the cellular response to
hypoxic conditions and has been implicated in tumor survival in ischemic conditions [59].
A 2011 study identified that HIF-1x as well as Bcl-xL expression was significantly higher
in chondrosarcomas when compared to benign cartilaginous tumors and conferred a
significantly worse overall survival [60,61]. Beclin-1 is a mediator of autophagy that is
downregulated in hypoxic conditions, delaying apoptosis [62]. Its downregulation has been
linked to significant compromises in appropriate autophagic responses to hypoxia in sev-
eral malignancies, including breast, ovarian, and colorectal [63-65], as well as high-grade
glial neoplasms [66]. A 2011 study by Chen et al. identified a significant inverse relation-
ship between beclin-1 and HIF-2« [60]. They also reported that high HIF-2cc expression
and negative beclin-1 levels were significant predictors for poor overall survival, making
the expression of HIF-1 and HIF-2« important biomarkers in chondrosarcoma [60].

5.3. Isocitrate Dehydrogenase

Somatic mutations of isocitrate dehydrogenase (IDH) 1 and 2 have been established
as biomarkers in glioma and acute myeloid leukemia [67,68]. Amary et al. identified
IDH1 and IDH2 mutations in approximately half of chondromas and chondrosarcomas
studied [69] and in another publication reported that almost all cases of Ollier disease and
Mafucci syndrome (both characterized by multiple cartilaginous tumors) were associated
with IDH mutations [70]. Preclinical evidence is sparse and conflicting for the inhibition
of IDH in chondrosarcoma cells. One study reported suppressed tumorigenic activity
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and reduced 2-hydroxyglutarate in cell lines [71], while another publication of the same
year reported decreased 2-hydroxyglutarate without significant effects on tumorigenic
properties in chondrosarcoma cell lines [72].

5.4. Plasminogen Activator Inhibitor 1

Plasminogen activator inhibitor 1 (PAI-1) is an enzyme that prevents the conversion
of plasminogen to plasmin by inhibition of urokinase plasminogen activator. A 2009 study
by Rozeman et al. reported that increased PAI-1 conferred a significantly better overall
prognosis [73].

5.5. Hedgehog Signaling

The Hedgehog signaling pathway has an important role in regulating cell proliferation
and differentiation during embryogenesis. Hedgehog signaling is essential for chondro-
cyte differentiation; additionally, chondrosarcomas express high levels of the Hedgehog
target genes GLI1 and PTCHI1 and, when constitutively activated, upregulated tumor cell
proliferation [74].

5.6. mTOR

The mechanistic target of rapamycin (mTOR) pathway plays a critical role in tumor
survival, metabolism, and proliferation [75]. Inhibition of mTOR in chondrosarcoma
cell lines and animal models has led to anti-tumor responses via reduction of glycolysis,
oxidative metabolism, cellular proliferation, and Glutl and HIF-1o expression [76,77].

6. Preclinical and Clinical Studies
6.1. Chordoma

The first report of any clinical response of chordoma to immunotherapy was in 2017.
Three chordoma patients with failure of standard therapies were treated with tumor-
based vaccine or checkpoint inhibitor therapy [78]. In the two cases of treatment-resistant
chordomas, immune checkpoint inhibitors pembrolizumab and nivolumab were used
as a last resort [78]. In the patient with a C3 conventional chordoma treated with pem-
brolizumab, there was marked radiographic tumor regression and recovery of a facial
palsy that was sustained at the 6-month follow-up period [78]. The second patient with
a petro-clival chordoma treated with nivolumab also had radiographic and clinical im-
provement for 9 months, followed by tumor progression [78]. The third patient in this
series with a locally aggressive clival chondroid chordoma was treated with MVX-ONCO-1
through an ongoing clinical trial (ClinicalTrials.gov (accessed on 2 March 2021) Identifier:
NCT02193503): a personalized anti-tumor vaccine consisting of irradiated individual tumor
cells, surrounded by a capsule of allogeneic, genetically modified cells that secrete GM-CSF
to promote antigen-presenting cells to tumor neoantigens [78-80]. At 19 months after
treatment, this patient has had sustained radiographic improvement; the implications of
which are difficult to determine due to the lack of published Phase I clinical trial results of
MVX-ONCO-1, which is being tested on metastatic carcinoma or refractory sarcoma [78].
Brachyury immunohistochemistry staining was initially positive in all three cases, but
negative after de-differentiation and, in one case, prior to commencement of checkpoint
inhibitor therapy [78]. Another case report described a patient with metastatic chordoma
who, after initiation of pembrolizumab, had a reduction in metastatic burden by >30% and
progression-free survival for over 9 months until progression occurred and pembrolizumab
was discontinued [81]. These case series indicate that there are select chordomas that do
respond to immunotherapy. However, it is not clear what contributed to their responses—
tumor genetics, immune microenvironment, tumor checkpoint inhibitor expression, or
otherwise [78]. In one study on patient-derived chordoma organoids, expression of PD-L1
in chordoma was correlated with TILs but did not predict response to immune check-
point inhibitor therapy [82]. Similarly, a 2016 study of the anti-PD-L1 antibody avelumab
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was investigated in four chordoma cell lines and demonstrated antibody-mediated cell
cytotoxicity, particularly when co-incubated with brachyury-specific CD8* T cells [83].

In 2013, Hamilton and colleagues investigated the efficacy of a newly developed
brachyury-yeast vaccine (GI-6301) and found that it elicited a brachyury-specific CD4* and
CD8" T-cell response in vitro [84]. A follow-up phase I trial of 34 patients demonstrated
safety and brachyury-specific T-cell response in the majority of the cohort [85]. A phase II
trial was developed but stopped early due to no difference in response between GI-1301
and placebo [86]. An ongoing phase II trial, however, is currently testing a transgenic
BN-brachyury vaccine in chordoma undergoing radiation therapy (NCT03595228).

Inhibition of EZH2 with tazemetostat has also been explored [87]. A phase I study of
tazemetostat, an inhibitor of EZH?2, showed antitumor activity in patients with various
lymphomas and sarcomas [88]. In a case report of a patient with metastatic chordoma who
was treated with tazemetostat, treatment resulted in a >2-year response characterized by
tumor-infiltrating T-lymphocytes and checkpoint activation [87]. This patient was enrolled
in the ongoing Phase II clinical trial of tazemetostat for INI1-negative tumors or refractory
sarcomas (ClinicalTrials.gov (accessed on 2 March 2021) Identifier NCT(02601950).

Owing to the rarity of chordomas, literature on their response to immunotherapy is
scarce. Predicting which chordomas will respond to immunotherapy is not possible with
current evidence. Additional clinicopathological studies are needed to elucidate cellular
markers. There are two ongoing clinical trials testing nivolumab (anti-PD-1) for advanced
chordomas (ClinicalTrials.gov (accessed on 2 March 2021) Identifier NCT02989636 [89] and
NCT03623854 [90], respectively).

6.2. Chondrosarcoma

Approximately 50% of dedifferentiated chondrosarcomas have been reported to ex-
press PD-L1 [49], which has given cause for investigation of anti-PD-1 and/or PD-L1
antibodies in this patient population. Despite the emerging preclinical evidence, clinical
evidence remains limited, with a number of clinical trials currently ongoing (Table 1). A
2016 study by Paoluzzi et al. retrospectively analyzed the response of nivolumab, an
anti-PD1 monoclonal antibody, in patients with metastatic sarcoma, only two of whom
had a diagnosis of chondrosarcoma [91]. The authors reported a partial response after six
cycles of nivolumab alone in a patient with dedifferentiated chondrosarcoma, while stable
disease was observed in a patient with mesenchymal chondrosarcoma after four cycles of
nivolumab. Another case report of a 67-year-old man with metastatic chondrosarcoma,
treated with nivolumab, reported near complete response in pulmonary nodules after four
cycles [92]. The SARCO028 trial, a multicenter phase II trial investigating the activity of
pembrolizumab in patients with advanced soft-tissue and bone sarcoma, reported a partial
objective response in only one of five patients with chondrosarcoma [93]. There is also
an ongoing phase II trial investigating the efficacy of nivolumab plus ipilimumab in non-
resectable sarcoma and endometrial carcinoma (ClinicalTrials.gov (accessed on 2 March
2021) Identifier: NCT02982486) [94]. Another ongoing phase I/1I study is investigating
combined nivolumab and the mTOR inhibitor ABI-009 in patients with chondrosarcoma
and other advanced malignancies (ClinicalTrials.gov (accessed on 2 March 2021) Identifier:
NCT03190174) [95].

There are currently three ongoing clinical trials investigating IDH inhibition in chon-
drosarcoma patients. The first is a phase II trial of AG-120 in patients with glioma, cholan-
giocarcinoma, chondrosarcoma, and other advanced solid tumors (ClinicalTrials.gov (ac-
cessed on 2 March 2021) Identifier: NCT04278781) [96]. The second is a phase I study
of BAY1436032 in patients with IDH mutated solid tumors (ClinicalTrials.gov (accessed
on 2 March 2021) Identifier: NCT02746081) [97]. Finally, a phase I/1I study of AG-221
is underway for patients with chondrosarcoma as well as other solid tumors and T-cell
lymphoma (ClinicalTrials.gov (accessed on 2 March 2021) Identifier: NCT02273739) [98].
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Table 1. Ongoing chordoma and chondrosarcoma immunotherapy clinical trials.
. . . Trial
Study Title Drug(s) Phase Population Estimated Study Sites Primary Completion Registration
Enrollment Date
Number
Nivolumab with or
without Stereotactic .
Radiosurgery in . ]ohns. Hopkms
Treating Patients Nivolumab + Recurrent or University,
with Recurrent stereotactic Phase I metastatic 33 Memorial March 2022 NCT02989636
Advanced. or ’ radiosurgery chordomas Sloan-Kettering
Metasta tic Cancer Center
Chordoma
vaolumab a.nd Metastatic or locally . .
Relatlimab in Nivolumab + advanced/ University of
Treating . Phase II 20 California, Los April 2021 NCT03623854
. . relatlimab unresectable
Participants with chordomas Angeles
Advanced Chordoma
Mayo Clinic (AZ, FL),
BN-Brachyury and BN-Brachyur Chordoma Gl(\e/fesrs;aalclk-lll(l)ietittil
Radiation in chyury Phase II undergoing 29 osprial April 2022 NCT03595228
Chordoma (transgenic vaccine) radiation therapy Washington
University, MD
Anderson
QUILT-3.011 Phase 2 Yeast-brachyur c}E{)r:;c?re;;avl\)lliih
Yeast-Brachyury CIyULY Phase II i 55 NIH Clinical Center March 2020 NCT02383498
Vaccine Chordoma vaccine planned radiation
therapy
QUILT-3.091 NANT
Chordoma Vaccine
vs. Radiation in VNAET (Ck]; Oriomj Phase I & II Unresectable N/A Chan Soon-Shiong A ¢ 2022 NCT03647423
Subjects with acane braciyuty ase chordoma Institute for Medicine Hgus
Unresectable immunogenic)

Chordoma
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Table 1. Cont.
. . . Trial
Study Title Drug(s) Phase Population Estimated Study Sites Primary Completion Registration
Enrollment Date
Number
Talimogene Talimogene Locally advanced
Laherparepvec laherparepvec, unresectable or
. parepvec, nivolumab, and . Sarcoma
Nivolumab and . . Phase II metastatic sarcoma 40 December 2022 NCT03886311
Trabectedin for trabectedin as first, including desmoid Oncology Center
second- or third-line
Sarcoma (TNT) therapy tumor or chordoma
Advanced
MVX-ONCO-1 in MVX-ONCO-1 metastatic Hopitaux
Patients with Solid vaccine Phase | carcinoma or 35 Universitaires de December 2021 NCT02193503
Tumor sarcoma refractory to Geneve
all treatments
A Phase I,
Multicenter Study of
the EZH2 INI1-negative
Inhibitor r?laligne;ncg with |
Tazemetostat in exhausted therapies 32 internationa
Adult Subjects with Tazemetostat Phase II (including 250 study locations May 2023 NCT02601950
INI1-Negative chordoma and
Tumors or chondrosarcoma)
Relapsed /Refractory
Synovial Sarcoma
A Phase IT of Nonresectable/
Nivolumab Plus .
Ipilimumab in ' metastatlc s.arcoma
Non-resectable Nivolumab + Phase II (including 60 Assaf-Harofeh December 2020 NCT02982486
Sarcoma and ipilimumab chondrosarcoma) or Medical Center
. endometrial
Endometrial .
carcinoma

Carcinoma
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Table 1. Cont.

Estimated Primary Completion Trial
Study Title Drug(s) Phase Population Study Sites y P Registration
Enrollment Date
Number
Nivolumab Metastatic or locally
(Opdivo®) Plus advanced (and
ABI-009 Nivolumab + nonresectable) Sarcoma
. Phase I & II 40 Oncology April 2021 NCT03190174
(Nab-rapamycin) for ABI-009 sarcomas and other
. . Research Center
Advanced Sarcoma cancers (including
and Certain Cancers chordoma)
Lol sévmed Memril
AG-120 in People Sloan-Kettering
with IDH1 Mutant AG-120 (IDH Phase IT recurrent operable 17 Cancer Center, March 2023 NCT04278781
inhibitor) chondrosarcoma
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In light of the results demonstrating the importance of the hedgehog signaling path-
way in chondrosarcoma, a phase II study is underway investigating the efficacy of vismod-
egib, a Hedgehog signaling pathway inhibitor, in patients with advanced chondrosarcoma
(ClinicalTrials.gov (accessed on 2 March 2021) Identifier: NCT01267955) [99].

7. Conclusions

Chordoma and chondrosarcoma are malignancies that can arise from the skull base
and spine that present a particular challenge to manage due to associated resistance to
conventional therapies such as chemoradiation. Several studies in the last decade have de-
tailed the immune microenvironment as well as genetic and molecular biomarkers in these
cancers, which have laid the foundation for individualized therapy and immunotherapeu-
tic targets that show promise for improving outcomes in these patients. This is exemplified
in chordoma with the transcription factor brachyury, which is now a treatment target
of multiple ongoing clinical trials that leverage the immune system to target brachyury.
Chordoma and chondrosarcoma have also benefited from the robust investigation of check-
point inhibitors for solid tumors, with numerous promising case reports and ongoing
trials using these immunotherapeutic agents. While additional preclinical and clinical data
are needed, available evidence indicates that there are significant interactions between
chordoma and chondrosarcoma and the immune system, particularly tumor-infiltrating
lymphocytes. Several biomarkers exist that have not been studied in-depth and warrant
detailed investigation to elucidate their clinical relevance and potential as treatment targets.
Targeted therapies such as immunotherapy may have a robust impact for select patients
with chordoma and chondrosarcoma.
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