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ABSTRACT

Chordoma is a rare tumor of notochordal origin, currently principally treated by surgery and/or irradiation.
Here, we describe the clinical outcome of 3 consecutive patients with metastatic and locally advanced
chordoma, treated with different immunotherapeutic approaches. All patients presented fast growing
tumors and failure of standard therapies. One was treated with a tumor-based vaccine, the 2 others with
anti-PD1 antibodies, all with impressive clinical and radiological responses. We therefore propose that
chordoma is an immunogenic tumor and thus that translational and clinical research is necessary to

develop rationally designed immunotherapy approaches.

Introduction

Arising from the embryonic notochord, chordoma is a rare
tumor most commonly localized in the clivus, sacrum and spine.
Chordoma is characterized by its slow growth, however, local
invasiveness with spread to the surrounding tissues can occur.
Metastasis is a rare event, occurring mainly in lymph nodes
(LNs), lungs, liver and bones. Surgery is the cornerstone of chor-
doma treatment, the goal being en bloc resection. Radiotherapy,
including proton therapy, is a valuable alternative for unresect-
able tumors or after incomplete surgery. Chemotherapy is con-
sidered ineffective and therapies targeting recently identified
oncogenic pathways have not met expectations."”” No treatment
is approved for local relapse after irradiation or for metastatic
disease. Here, we describe 3 clinical cases that reveal the previ-
ously unsuspected potential of immunotherapy for chordoma.

Case description
Case 1

A 67-year-old female patient was diagnosed in 2004 with a C3
vertebral conventional chordoma, with classical epithelioid syn-
cytial features (Fig. 1A). Immunohistochemistry (IHC) showed
strongly positive nuclear brachyury expression throughout the
tumor (Fig. 1B) as well as strong and diffuse cytoplasmic posi-
tivity for EGFR, weak positivity for CD117 and nuclear positiv-
ity for p53 in 30 to 50% of the nuclei (not shown). The initial
tumor was partially resected with anterior C3 corpectomy with
iliac bone graft reconstruction. The patient was then operated
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twice every year for local relapses that gradually invaded C2
and C4. In January 2007, she received local irradiation (46 Gy),
followed by additional proton therapy (74 Gy). In January
2009, after a relapse-free period of 2 years, imaging showed
right cervical LN metastases, which were surgically removed.
Multiple progressions were then sequentially treated with ima-
tinib (September 2009), right cervical LN dissection (January
2010), everolimus (November 2011), and erlotinib combined
with cetuximab (April to July 2012), the latter allowing disease
stabilization for 4 months. Multiple new metastases appeared
in the parotid gland, paralaryngeal area, left cervical LNs, and
subhyoid bone over the next 3 years, all treated by local irradia-
tion or surgery. Pazopanib was introduced in June 2014 for 6
months, followed by local radiotherapy of an intra-orbital
mass. In February 2015, a major change in tumor behavior was
observed with the rapid onset of multiple large-sized (2 to
5 cm) subcutaneous metastases (scalp, thorax, left thigh). Con-
sidering the tumor kinetics, a sarcoma chemotherapy regimen
was chosen. Four cycles of doxorubicin and ifosfamide were
administered, leading to a dissociated response with total disap-
pearance of some metastases. No limiting toxicity was identi-
fied with these previously mentioned therapies, which were all
stopped due to disease progression. Unexpectedly, concomitant
vitiligo was observed, suggesting a shared immune response to
both tumor cells and melanocytes. In this context, we hypothe-
sized that this immune response could be amplified using an
immune checkpoint inhibitor (ICI). At that time, the patient
had a painful submandibular bulk lesion and a complete palsy
of the right facial nerve caused by tumor infiltration (Fig. 1C).
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Figure 1. Clinical course of patient 1. A: HE staining (400x). B: IHC staining for the brachyury protein (DAB, 400x). C: Baseline clinical features and D: resolution of the right
facial palsy and shrinkage of the tumor located in the jaw after 6 cycles of pembrolizumab. E: T2 weighted MRI obtained before immunotherapy and during follow-up.
Note the multilobulated multifocal tumor (dashed yellow contours) at the floor of the mouth and in the C2 vertebral body (solid yellow contours). F: PD-L1 staining before
(left panel) and after (right panel) pembrolizumab initiation (DAB, 400x). G: PD1 staining before (left panel) and after (right panel) pembrolizumab initiation (DAB, 400x).

Pembrolizumab 200 mg (compassionate use) was introduced in
early November 2015, leading to a rapid clinical improvement
within 6 weeks, shrinkage of the tumor bulk, and recovery of
the facial palsy (Fig. 1D). The favorable outcome was confirmed
by MRI assessment (Fig. 1E). The disease was controlled for 6
months with concurrent vitiligo expansion.

Case 2

A 49-year-old male patient was diagnosed in August 2010 with
clival chordoma. The chondroid subtype was suggested by the
clinical presentation and the presence of hyalinized extracellular
matrix (Fig. 2A). A subtotal resection was performed, immedi-
ately followed by adjuvant radiotherapy (74 Gy). Nuclear stain-
ing for brachyury (Fig. 2B) and membrane and cytoplasmic
staining for CD117 (not shown) and S100 (not shown) was
observed. After an event-free period of 2 years, multiple local
progressions occurred, starting December 2012, all treated by
surgery at increasingly shorter intervals. Imatinib was

administered early 2014 with no clinical benefit. Surgery was per-
formed again on November 2014. A subsequent progression in
July 2015 was not suitable for surgery due to previous interven-
tions and proximity of vascular structures. At that time, a small
biopsy was performed and the patient was included in a pilot
study evaluating the efficacy of MVX-ONCO-1 (NCT02193503),
a personalized cell-based cancer immunotherapy combining the
subcutaneous implantation of irradiated autologous tumor cells
and biocompatible capsules containing allogeneic cells genetically
engineered to release standardized GM-CSF over 7 d. This
patient was the only chordoma patient included in this pilot
study. The immunization was repeated 5 times over a 9-week
period. Treatment was completed in September 2015 and no
maintenance treatment was planned in the protocol.’ The
patient provided the investigators with informed consent before
entering the study. No systemic toxicity was observed. The
patient developed a positive delayed type hypersensitivity reac-
tion to his autologous tumor cells upon immunization. Endo-
scopic control performed 2 months after immunization showed
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Figure 2. Clinical course and brachyury-specific T cell response of patient 2. A: HE staining, (400x), B: IHC staining for the brachyury protein (DAB, 400x). C: endoscopic pic-
tures at different time points during the course of the patient’s disease. From left to right and top to bottom: May 2014, 4th relapse; May 2014, post-surgical debulking;
October 2014, 5th relapse; December 2014, post-surgical debulking; June 2015, 6th relapse before biopsy; October 2016, no detectable clinical relapse 12 months after
the end of the vaccination protocol. D: Contrast-enhanced T1 weighted MRI performed, from left to right and top to bottom: May 2015, before immunotherapy and sur-
gery; July 2015, immediately after surgical biopsy and before immunotherapy; September 2015 during immunotherapy; and November 2016 and April 2017 after immu-
notherapy. Note a large tumor mass (yellow contours) leading to near total obstruction of the pharynx with invasion of the C2 vertebral body and the paravertebral
musculature. Note the reduction of the intrapharyngeal mass after biopsy and the long-term stability of the remaining tumor mass. E and F: IFN- y secretion after stimula-
tion with brachyury protein or medium (negative control) analyzed by ELISPOT (E) and quantified (F). Total PBMC (10° per well) from a healthy individual (negative con-
trol) and from patient 2 at 4 different time points (July 2015: before vaccination, August 2015: during vaccination, November 2015: 2 months after end of vaccination,
February 2016: 5 months after end of vaccination) were incubated for 24 h in the presence of purified brachyury protein (1 g, Acris). A 4-fold increase in IFN-y secretion
in response to stimulation with brachyury protein as compared with medium can be observed in July and August 2015. IHC staining for PD-L1 (G) and PD1 (H) before

MVX-ONCO-1 therapy initiation (DAB, 400x).

not only tumor control in a previously progressing tumor with
high growth kinetics but also complete disappearance of the
mucosal involvement with no relapse after 19 months of follow-
up (Fig. 2C). Serial MRIs of the facial bones showed a long-term
reduction of the remaining tumor mass (Fig. 2D).

Case 3

A 47-year-old female patient was diagnosed in 2000 with a
chondroid, petro-clival chordoma. Besides the histological fea-
tures (presence of physaliferous cells, Fig. 3A, S100 and cyto-
keratin positivity, not shown) and clinical presentation that are
typical of skull base chordoma, IHC showed strong nuclear
positivity for brachyury (Fig. 3C), which gradually became neg-
ative with tumor dedifferentiation (Fig. 3B and D). The tumor
was subtotally resected, and the patient received additional
adjuvant proton therapy. A second partial resection was per-
formed in November 2013 and imatinib was administered dur-
ing 4 months, but was interrupted because of interstitial
pneumonia. A third surgery was attempted in July 2014, but
follow-up imaging showed massive skull base invasion

including the basilar and left carotid arteries. From December
2014 to March 2016, tumor growth was stabilized with pazopa-
nib that had to be stopped due to progression and onset of
multiple transient ischemic attacks. Nivolumab 3 mg/kg (com-
passionate use) was started in April 2016 with a rapid major
clinical improvement (resolution of headache, no recurrent
ischemic stroke). This very favorable outcome was confirmed
by the radiological response depicted in Fig. 3E. The clinical
response lasted for 9 months until progression in January 2017,
leading to discontinuation of nivolumab.

Molecular and immunological analysis

To elucidate the mechanisms underlying the responses observed
in our patients, we undertook several exploratory analyses.

Immune response against common melanoma antigens

We first focused on patient 1, for whom vitiligo suggested a
cross-reactive immune response against host melanocytes
induced by the release of tumor antigens after chemotherapy-
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Figure 3. Clinical course of patient 3. A: HE staining at diagnosis (400x, May 2000). B: HE staining after dedifferentiation (July 2014), C: IHC staining for the bra-
chyury protein at diagnosis (DAB 400x, May 2000). D: IHC staining for the brachyury protein after dedifferentiation (DAB 400x, July 2014). E: Contrast-enhanced
T1 weighted MRI images obtained before (April 2016) and during (May, July and October 2016) immunotherapy. Note the large tumor (contour) with extensive
skull base invasion and encasement of the carotid arteries and cavernous sinuses. Carotid arteries are indicated by arrows. (F) IHC staining for PD-L1 (DAB 400x,

July 2014) and (G) PD1 (DAB 400x, July 2014).

mediated tumor cell killing. Given the close embryological ori-
gin of the notochord and skin, some epitopes are likely to be
shared by chordoma cells and melanocytes, and expression of
melanoma-associated antigens by chordoma has indeed been
reported.’ Thus, we investigated whether peripheral CD8* T
cells displayed specificity for common melanoma antigens
(Melan-A, MAGE-A1, A3, A4, NY-ESO-1, gpl00, tyrosinase
and TRP2). ELISPOT analysis of overlapping long peptides
covering these antigens did not show any IFN-y secretion, sug-
gesting that other epitopes are the target of this complex
immune reaction.

Mutational load assessment

As described for various immunogenic tumors, response to ICI
positively correlates with the tumor mutational load, clinical
benefit being mediated by the enhancement of immune
responses to neoantigens.7’9 Thus, mutation rate in the 3 chor-
doma samples was explored by sequencing genes involved in
tumorigenicity (Ion AmpliSeqTM Comprehensive Cancer
Panel). No mutation was found among the selected panel of

400 genes, suggesting a very low mutational load in the tested
samples,'"™"" and challenging the concept of neoepitopes as an
essential prerequisite for efficient immunotherapy.

Immune response to the brachyury antigen

We observed an intense nuclear brachyury staining in all 3
patients, which disappeared after dedifferentiation in patient 3.
This prompted us to investigate T cell responses to the bra-
chyury protein. A brachyury-specific T cell response was
detectable by ELISPOT at 2 different time points for patient 2
(Fig. 2E and F). This alone does not explain the favorable clini-
cal outcome, but is probably a surrogate marker of a complex
immune response. Brachyury-specific T cell responses were not
detected in patient 1, whereas patient 3 could not be tested due
to unavailability of PBMC.

PD1/PD-L1 status

Upon progression in April 2016, a subcutaneous metastasis was
analyzed in patient 1, showing strong upregulation of PD-L1
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(Fig. 1F) while PD1 was negative before and after immunother-
apy (Fig. 1G). PD-L1/PD1 staining before therapy in patient 2
(Fig. 2G and H, respectively) and 3 (Fig. 3F and G, respectively)
showed negativity to low expression of PD1 on both patients
and low to important patchy expression for PD-LI.

Discussion

At first sight, chordoma is not a promising candidate for
immunotherapy, considering the abundance of extracellular
matrix and the low mutational burden,'? a commonly accepted
criterion suggesting limited tumor immunogenicity.” However,
as extensively described in the context of melanoma,'” the rapid
onset of vitiligo after chemotherapy for patient 1 was suggestive
of a cross-reactive immune reaction to both melanocytes and
tumor cells. To our knowledge such an autoreactive cutaneous
immune reaction has not been reported in chordoma patients
with or without metastatic skin lesions, in itself a relatively rare
clinical presentation. This observation triggered the hypothesis
that this chemotherapy-induced immune response could be
boosted using an ICI, indeed resulting in a major clinical bene-
fit for the patient. To strengthen the hypothesis that chordoma
could potentially be responsive to immunotherapy, 2 additional
consecutive chordoma patients were exposed to immune
manipulation using either ICI or a tumor-based vaccine deliv-
ered in the context of a clinical trial. This resulted in a dramatic
clinical benefit for both patients, without apparition of vitiligo,
suggesting that the latter is not a pre-requisite for the efficacy
of immunotherapy in chordoma.

To get insight into the mechanisms mediating these clinical
responses, we investigated both cross-reactivity with melanoma
antigens and tumor mutational load, neither of which provided
an explanation for the effectiveness of ICI therapy. The detection
of a brachyury-specific T cell response at 2 different time points
for patient 2, although not explaining by itself the major clinical
effect observed, suggests that immune responses to tumor anti-
gens can be elicited in chordoma. Brachyury, a transcription fac-
tor expressed by many solid cancers including chordoma,'*"” is
indeed being targeted in vaccination trials in chordoma
patients' that might be worth combining with ICL The nature
of the immune response mediating the impressive clinical effects
observed in our patients needs to be further investigated.

Recent studies revealed the expression of PD1 and PD-L1 by
a fraction of chordoma tumor cells and infiltrating lymphocytes,
with preliminary data suggesting prognostic significance.'” "
The expression of PD-L1 is a dynamic and transient process in
reaction to an inflammatory state,®® and its relation to ICI
checkpoint responses is an area of active investigation.”' PD-L1
expression is associated with clinical response to PD1 blockade
in certain solid tumors.??> However, of the 2 patients treated
with anti-PD1 antibodies, only patient 1 presented a high PD-
L1 expression, both patients however responding to treatment.
Thus, PD1/PD-L1 expression is probably not a definitive predic-
tor of the efficacy of immunotherapy in chordoma.

Conclusions

Further research is urgently warranted to elucidate how the out-
come of chordoma could be improved using immunotherapy.

ONCOIMMUNOLOGY e1338235-5

Several critical issues are unresolved such as the biologic back-
ground of the abundant extracellular matrix, the steps of anti-
gen presentation or the identification of chordoma epitopes.
Meanwhile, based on the clinical observations reported here,
we advocate the immediate start of clinical trials using non-
specific immune stimulation with checkpoint inhibitors, per-
sonalized cell-based immunization, or both. These results will
clearly open new avenues for the therapeutic intervention of
locally advanced and metastatic chordoma.
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