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Abstract

Background There are no effective systemic therapies for
chordoma. The recent successes of immunotherapeutic
strategies in other cancers have resulted in a resurgence of
interest in using immunotherapy in chordoma. These ap-
proaches rely on a functional interaction between the host’s
immune system and the expression of tumor peptides via the

human leukocyte antigen (HLA) Class I antigen. It is not
known whether chordoma cells express the HLA Class 1
antigen.

Questions/purposes (1) Do chordoma tumors exhibit de-
fects in HLA Class I antigen expression? (2) What is the
pattern of lymphocyte infiltration in chordoma tumors?
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Methods Patients with chordoma treated at Massachusetts
General Hospital between 1989 and 2009 were identified
with permission from the institutional review board. Of the
75 patients who were identified, 24 human chordoma tumors
were selected from 24 distinct patients based on tissue
availability. Histology slides from these 24 formalin-fixed
paraffin-embedded chordoma tissue samples were depar-
affinized using xylene and ethanol and underwent heat-
induced antigen retrieval in a citrate buffer. Samples were
incubated with monoclonal antibodies directed against HLA
Class I antigen processing machinery components.
Antibody binding was detected via immunohistochemical
staining. Staining intensity (negative, weakly positive,
strongly positive) was assessed semiquantitatively and the
percentage of chordoma cells stained for HLA Class I an-
tigen subunits was assessed quantitatively. Hematoxylin and
eosin-stained histology slides from the same 24 chordoma
samples were assessed qualitatively for the presence of
tumor-infiltrating lymphocytes and histologic location of
these lymphocytes. Immunohistochemical staining with
monoclonal antibodies directed against CD4 and CD8 was
performed in a quantitative manner to identify
the lymphocyte subtype present in chordoma tumors. All
results were scored independently by two investigators and
were confirmed by a senior bone and soft tissue pathologist.
Results Seven of 24 chordoma samples exhibited no
staining by the anti-HLA-A heavy chain monoclonal an-
tibody HC-A2, two had weak staining intensity, and eight
had a heterogeneous staining pattern, with fewer than 60%
of chordoma cells exhibiting positive staining results. Four
of 24 samples tested were not stained by the anti-HLA-B/C
heavy chain monoclonal antibody HC-10, five had weak
staining intensity, and 11 displayed a heterogeneous
staining pattern. For the anti-3-2-microglobulin mono-
clonal antibody NAMB-1, staining was detected in all
samples, but 11 had weak staining intensity and four
displayed a heterogeneous staining pattern. Twenty-one of
24 samples tested had decreased expression in at least one
subunit of HLA Class I antigens. No tumors were negative
for all three subunits. Lymphocytic infiltration was found
in 21 of 24 samples. Lymphocytes were primarily found in
the fibrous septaec between chordoma lobules but also
within the tumor lobules and within the fibrous septae and
tumor lobules. Twenty-one of 24 tumors had CD4+ T cells
and 11 had CD8+ T cells.

Conclusion In chordoma tissue samples, HLA Class I anti-
gen defects commonly were present, suggesting a mechanism
for escape from host immunosurveillance. Additionally,
nearly half of the tested samples had cytotoxic CD8+ T cells
present in chordoma tumors, suggesting that the host may be
capable of mounting an immune response against chordoma
tumors. The resulting selective pressure imposed on chor-
doma tumors may lead to the outgrowth of chordoma cell
subpopulations that can evade the host’s immune system.
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Clinical Relevance These findings have implications in
the design of immunotherapeutic strategies for chordoma
treatment. T cell recognition of tumor cells requires HLA
Class I antigen expression on the targeted tumor cells.
Defects in HLA Class I expression may play a role in the
clinical course of chordoma and may account for the lim-
ited or lack of efficacy of T cell-based immunity triggered
by vaccines and/or checkpoint inhibitors.

Introduction

Chordoma, a primary malignant bone tumor that almost
always arises in the axial skeleton, is thought to originate
from notochordal remnants or benign notochordal cell
tumors [3]. Chordomas are locally aggressive and have a
high rate of local recurrence when complete en bloc sur-
gical resection is not performed [58]. Unfortunately, the
morbidity associated with en bloc resection can lead to
poor function and quality of life [54], and in the case of
sacral chordoma, can lead to loss of bowel, bladder, and
sexual function [60]. The morbidity associated with sacral
resection has led some centers to abandon surgery in favor
of charged-particle radiation therapies such as carbon ion
and proton radiation [35, 46]. The favorable off-target
effect profile associated with these therapies allows for
higher doses to be used. However, a recent report on the
use of definitive carbon ion therapy without surgery
revealed a local recurrence rate of 50% after 10 years,
indicating that standalone therapy may not be appropriate
in all patients [31]. Furthermore, disease-free survival is
particularly poor once chordomas recur locally, and there
are no effective treatments for metastatic chordomas [48].
Because of the morbidity of en bloc resection and the lack
of an alternative with proven efficacy to control chordo-
mas locally or systemically, there is a need for different
treatment strategies.

Recent studies using an immune checkpoint blockade
have been successful in treating various types of cancer
[4, 5, 38], and these strategies have been suggested for
patients with chordoma based on reports of checkpoint
inhibitor molecule expression in chordoma tissues [20,
43, 66]. These immunotherapeutic strategies require that
the host mounts an immune response against the tumor.
A marker of a host immune response is the presence of
tumor-infiltrating lymphocytes [24, 32]. The presence of
tumor-infiltrating lymphocytes has been associated with
improved prognoses in numerous malignancies, in-
cluding melanoma [16, 17, 39, 59], breast cancer [2, 40,
42, 44], lung cancer [1, 19, 30, 33, 37], colorectal can-
cers [19-40], and ovarian cancer [29, 53, 64]. Recently,
tumor-infiltrating lymphocytes have been shown to be
present in chordomas; however, the lymphocyte in-
filtration has not been characterized [20, 66].
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Immunosurveillance requires tumor cells to express human
leukocyte antigen (HLA) Class I antigens loaded with tumor
antigen-derived peptides. These are recognized by T cell re-
ceptors on cognate CD8+ T lymphocytes [7]. T cell-based
immunotherapies such as checkpoint inhibitors rely on a
functional interaction between CD8+ T cells and HLA Class |
antigen/tumor antigen—derived peptide complexes that are
expressed on the surface of tumor cells. A growing body of
evidence indicates that a major obstacle to the success of im-
munotherapy is represented by the many escape mechanisms
used by tumor cells to avoid recognition and destruction by the
host’s immune system [13, 14, 23]. Among these are abnor-
malities in the expression and function of the HLA Class I
antigen processing machinery subunits, resulting in defective
recognition of tumor antigen—derived peptides by cognate
CD8+ T cells. Most, if not all, malignancies have been shown
to have downregulation or loss of HLA Class I antigen pro-
cessing machinery components, as recently reviewed by our
group [8-15, 21-23, 41, 55]. Chordoma is one of the few solid
tumors for which no information is available about the HLA
Class I antigen processing machinery component expression
on tumor cells. The lack of this information affects our ability
to assess the role of immunosurveillance in the clinical course
of chordoma and to design the most effective immunotherapy
to treat this malignancy.

To overcome this limitation, in this study, we therefore
asked: (1) Do chordoma tumors exhibit defects in HLA
Class I antigen expression? (2) What is the pattern
of lymphocyte infiltration in chordoma tumors?

Patients and Methods
Human Chordoma Samples

Patients with chordoma treated at Massachusetts General
Hospital between 1989 and 2009 were identified from our
orthopaedic oncology database with approval from the hos-
pital’s institutional review board. Seventy-five patients were
identified. Of these, 24 human chordoma tumors were se-
lected from 24 distinct patients based on tissue availability.
All chordoma tissue slides were reviewed in tandem with a
senior bone and soft tissue pathologist (GPN, VD) to confirm
the diagnosis of chordoma and ensure that a sufficient amount
of tumor tissue for analysis was present on each slide.

Monoclonal Antibodies

Monoclonal antibodies specifically directed against the sub-
units of HLA Class I antigens were used. The mAb HC-A2,
which recognizes 3-2-microglobulin-free HLA-A (excluding
-A24), -B7301, and -G heavy chains [56, 57]; the mAb HC-
10, which recognizes 3-2-microglobulin-free HLA-A3, -A10,

-A28, -A29, -A30, -A31, -A32, -A33, and —B (excluding
-B5702, -B5804, and -B73) heavy chains [50, 56, 57]; and the
B-2-microglobulin-specific mAb NAMB-1 [49] were de-
veloped and characterized as described. Antibodies were pu-
rified from ascitic fluid by affinity chromatography based on
Protein G. The purity and activity of the purified monoclonal
antibodies were monitored by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and by
Western blotting with lymphoid cell lysate [47, 61]. For our
study, we used antibodies that recognize the gene products of
the different HLA Class I loci instead of an antibody that
recognizes all of the HLA Class I antigen. It has been our
experience that the use of antibodies specific for the gene
products of HLA Class I loci increases the possibility to
identify selective loss of HLA Class I antigen subunits [6, 45].
Some studies have reported that selective HLA Class I antigen
defects are not detected with anti-pan HLA Class I antibodies
[36, 62].

To analyze lymphocyte populations in chordoma tissue
sections, we purchased human CD4- and CDS8-specific
mAbs from Dako North America Inc (Carpinteria,
CA, USA).

Immunohistochemical Staining of Tissue Samples with
Monoclonal Antibodies

We obtained formalin-fixed paraffin-embedded human
chordoma tissue samples. Four-micron-thick tissue
sections were deparaffinized in xylene and ethanol and sub-
jected to heat-induced antigen retrieval in citrate buffer. We
incubated the slides in 3% hydrogen peroxide for 20 minutes
and then rinsed in tris-buffered saline with Tween 20 (TBST).
After incubation with a blocking buffer, the slides were in-
cubated with mADbs overnight at 4°C. After being rinsed with
TBST, slides were incubated for 45 minutes at room tem-
perature with EnVision™ + Dual Link System-horseradish
peroxidase (HRP) goat anti-mouse immunoglobulin (Dako).
Antibody binding was detected with the diaminobenzidine
(DAB) + Peroxidase Substrate Kit (Dako), and the slides were
counterstained with hematoxylin. Slides were then dehy-
drated and mounted with coverslips.

We examined the slides throughout the tissue section at
high-power (200x) magnification. For HLA Class I expression
in chordoma cells, the staining intensity and percentage of
stained tumor cells were assessed. Staining intensity was scored
semiquantitatively as 0 (negative), 1+ (weakly positive), or 2+
(strongly positive). We considered cytoplasmic and membra-
nous staining positive for the HLA-A heavy chain, HLA-B/C
heavy chain, and [3-2-microglobulin staining. The following
controls were used: mouse skin as an external negative control,
melanoma xenograft as an external positive control, and normal
muscle and fat as an internal positive control when present
adjacent to chordoma tissue. For CD4 and CDS staining
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of lymphocytes, four high-power fields were randomly chosen
on slides, and the number of stained lymphocytes was counted.
We considered membranous staining positive for CD4 and
CDS staining. The following controls were used: mouse skin as
an external negative control and human spleen as an external
positive control. Staining results were independently scored by
two investigators (SSP, SPN), and the results were confirmed
by a senior bone and soft tissue pathologist (GPN, VD). There
were no disagreements regarding the staining intensity of
samples. For the quantitative analysis of both the percentage of
chordoma cells stained for HLA Class I antigen subunits
and lymphocytes stained for CD4 and CDS, disagreements
were rare. In the event of a different count between investiga-
tors, the pathologist settled the disagreement.

Assessment of Lymphocytic Infiltration

Hematoxylin and eosin-stained human chordoma tissue slides
from the 24 patients were qualitatively assessed for the
presence of lymphocytes and histologic location. Slides were
evaluated to ensure that a sufficient amount of intact tumor
tissue was reviewed for lymphocytic infiltration and locali-
zation. Lymphocytes were present in the tumor lobule, the
fibrous septae between tumor lobules, both the tumor lobules
and fibrous septae, or absent throughout a tumor sample.
Slides were independently reviewed by two investigators
(SSP, SPN), and results were confirmed by a senior bone and
soft tissue pathologist (GPN, VD). There were no disagree-
ments among the investigators.

Results
HLA Class I Expression in Chordoma Tumors
Chordoma tumors exhibited defects in HLA Class I antigen

expression at a high frequency. Twenty-four samples were
tested. In seven samples, no staining by the HLA-A heavy

Table 1. HLA Class | antigen defects in chordoma

chain-specific mAb HC-A2 was detected (Table 1). Nine
samples were homogeneously stained and eight exhibited a
heterogeneous staining pattern, meaning that fewer than
60% of chordoma cells were stained. When analyzing
staining intensity, two of the positive samples exhibited a
weak staining intensity (Fig. 1).

In 4 of 24 samples, we detected no staining by the HLA-
B/C heavy chain-specific mAb HC-10. Nine samples were
homogeneously stained, and 11 samples were heteroge-
neously stained. Five of the positive samples exhibited a
weak staining intensity.

In all samples, we detected staining by the (-2-
microglobulin-specific mAb NAMB-1. Specifically, four
of 24 samples exhibited a heterogeneous staining pattern
and 20 were homogeneously stained. Eleven samples
exhibited a weak staining intensity.

Twenty-one of 24 tumors tested exhibited decreased ex-
pression of at least one of the HLA Class I antigen subunits.
This included nine samples with no staining by at least one
mADb specific to components of the HLA Class I antigen and
an additional 12 samples with weak staining intensity or a
heterogeneous staining pattern. No tumor samples were neg-
ative for all three HLA Class I antigen subunits (HLA-A,
HLA-B/C, and -2-microglobulin). Although both HLA-A
and HLA-B/C mAbs ranged in staining from completely
negative to strongly positive, the 3-2-microglobulin mAb was
positive in all samples, although with different intensities.

Lymphocyte Infiltration in Chordoma Tumors

Lymphocyte infiltration in chordoma tumors was present at a
high frequency, primarily within the fibrous septae. Lymphocyte
infiltration was detected in 21 of 24 tumors (Table 2).
The lymphocyte infiltrates were distributed in the fibrous septae
surrounding the tumor lobules, within the tumor lobules them-
selves, or both (Fig. 2). In one sample, lymphocytes were found
in the tumor lobules only. In 17 samples, lymphocytes were
found only within the fibrous septae between tumor lobules.

HLA Class | component

HLA-A (n = 24) HLA-B/C (n = 24) 3-2-microglobulin (n = 24)

Staining intensity

Negative 7 0

Weakly positive 1

Strongly positive 15 15 13
Staining pattern

Homogeneous negative 7 4 0

Heterogeneous (fewer than 60% of 11

tumor cells stain positive)

Homogeneous positive 9 9 20
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Strongly positive

Weakly positive
- i

HLA-B/C

Fig. 1 Human chordoma tissue sections were stained with monoclonal antibodies directed
against the HLA class | antigen components: HLA-A heavy chain, HLA-B/C heavy chain, and
B.m. These representative sections demonstrate staining intensity (strongly positive, weakly
positive, and negative). Scoring was performed independently by at least two investigators
and was confirmed independently by a senior bone and soft tissue pathologist; B,m = beta-

2-microglobulin.

Lymphocytes were found throughout the tumor specimens, in
both the tumor lobules and fibrous septae, in three samples. In
contrast, in three samples, lymphocytes were not detected in any
of the slides analyzed for each sample.

All 21 tumors with lymphocytic infiltrates had
CD4+ lymphocytes (Fig. 3). The number of CD4+ T cells per
high-power field was not uniform in the chordoma tumors,
ranging from one to 300 lymphocytes per high-power field.
CD8+ T cells were present in 11 of 24 tumors. Similar to the
CD4+ T cells, the number of CD8+ T cells was not uniform in
the chordoma tumors, and ranged from one to 39 per high-
power field.

Discussion

Chordoma is a solid tumor with limited treatment options. In
the growing era of immunotherapy as a treatment for a variety

Table 2. Lymphocytic infiltration in chordoma

of cancers, it remains to be seen whether immunotherapeutic
strategies may have a role in the treatment of chordoma.
Although many malignancies have previously been reported to
have absent or decreased expression of HLA Class I antigen
[8-15,21-23, 41, 55], it was unknown whether the same holds
true for chordoma. Additionally, even though lymphocytic
infiltration has recently been reported in chordoma tumors [20,
66], their histologic distribution and subtype analysis remained
unknown. In this study, we found a high frequency of defects in
HLA Class I antigen expression in chordoma tumors.
Additionally, we confirmed a high frequency of lymphocyte
infiltration in chordoma, described their histologic pattern, and
characterized their subtypes within chordoma tumors. Taken
together, these findings suggest a mechanism of immune es-
cape for chordoma tumors, potentially in part due to selective
pressure imposed by the host immune response. This in-
formation will be critical when designing and implementing
immunotherapeutic strategies for chordoma since a functional

Histologic pattern

Number of samples

Absent in tumor sample 3
In tumor lobule only 1
In fibrous septae only 17
Present in tumor lobule and fibrous septae 3
(). Wolters Kluwer
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Lymphocyte infiltration

No lymphocyte
infiltration

Fig. 2 A-B Hematoxylin and eosin staining of human chordoma tissue depicts (A) the
histologic distribution of lymphocytes within the tumor microenvironment compared with
(B) human chordoma tissue without lymphocytic infiltration. The more common location for
lymphocytic infiltration was in the fibrous septae.

interaction between the host immune system and a patient’s
tumor is requisite for these treatments to be effective.

Limitations

This study has several limitations. First, we had a limited
sample size. Our group has extensive experience treating
chordoma clinically, and we are a tertiary care referral center
for the treatment of chordoma; however, despite this, chor-
doma is a rare malignancy. We were limited by tissue avail-
ability, which not only restricted our tumor sample size but also

S
e

3 i{ “;’y o
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Fig. 3 Both CD4+ and CD8+ T lymphocytes were noted in
chordoma specimens. Low-power images were taken at 200x
total magnification. High-power images were taken at 400x
total magnification. Interpretation of immunohistochemical
staining was confirmed by a senior bone and soft tissue
pathologist.

‘{E&Wolters Kluwer

limited our ability to perform further analysis. For example,
when characterizing the tumor-infiltrating lymphocytes, it
would be interesting to evaluate whether regulatory T cells
(Tregs) were present within chordoma tumors. Tregs are a
subset of CD4+ T cells that are immunosuppressive and have
been suggested to play a role in tumor cell escape from
immunosurveillance. We theorize that tumor infiltration by
Tregs could be a mechanism for poor prognosis in chordoma.
Although we were limited by our sample size and ability to
perform further subtype analysis of the lymphocytic infiltration
in chordoma tumors, our study is the first to describe HLA
Class I antigen defects in chordoma and to begin to charac-
terize the tumor-infiltrating lymphocytes in terms of their his-
tologic location and subtype. Another limitation of our study is
the heterogeneity of prior treatments that the patients were
exposed to before their chordoma tumor was resected at our
institution. Even though this is to be expected when studying a
rare disease, it precludes any substantive clinical correlations
between our basic science findings presented here and the
outcomes of the patients. However, our study furthers the
current understanding of the interplay between chordoma tu-
mors and the host immune response, which is crucial when
designing and trialing immunotherapy for the treatment of
chordoma.

HLA Class I Expression in Chordoma Tumors

The expression of HLA Class I subunits was defective in
21 of 24 chordoma tumors we studied. This frequency is
consistent with that found in other malignancies that
have been characterized for HLA Class I antigen ex-
pression, including the mechanisms underlying their
defective expression and clinical importance [7, 51].
Interest in HLA Class I antigen expression by malignant
cells is generated by the crucial role they play in the
interactions of tumor cells with the host’s immune sys-
tem. Specifically, they present tumor antigen—derived
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peptides to cognate cytotoxic T cells. As a result, HLA
Class I antigens are involved in tumor immuno-
surveillance and respond to T cell-based immunother-
apy. The high percentage of chordoma tumors with
defects in HLA Class I antigen expression is particularly
relevant in light of the current interest in using vaccines
to induce T cell immunity [18] and immune checkpoint
inhibitors [20, 43, 66] to treat chordoma. These immu-
notherapeutic strategies rely on a functional interaction
between T cell receptors and HLA Class I antigens
loaded with tumor antigen—derived peptides on tumor
cells. Both strategies have had limited success. The re-
sults we present in this study suggest that the efficacy of both
therapeutic strategies may be improved by approaches that
correct defects in the expression of HLA Class I antigens,
provided that they are generated by epigenetic mechanisms.
In this regard, one might consider combining T cell-based
immunotherapy with radiation therapy because the latter is
part of a multidisciplinary therapeutic strategy used to treat
chordoma. In previous preclinical studies, we showed that
radiotherapy can enhance the expression of HLA Class I
antigen processing machinery components in malignant cells
[26, 27]. These phenotypic changes have functional relevance
because they are associated with an increased susceptibility of
tumor cells to recognition and destruction by cognate cyto-
toxic T cells. The total dose and fractionation schedule re-
quired to upregulate HLA Class 1 antigen processing
machinery components in chordoma cells are likely to be
different from those required to eradicate chordoma cells
when used as a single agent or as an adjuvant to surgery.

Lymphocyte Infiltration in Chordoma Tumors

In agreement with other studies, we showed
that lymphocytes are present in most chordoma tumors
[20, 25, 65, 66]. In addition, we analyzed, for the first
time that we know of, the distribution of lymphocytes
within chordoma tumors. Histologically, chordomas are
arranged in lobules that contain tumor cells. The lobules
are separated by fibrous septae. These septae contain
collagen, fibroblasts, and blood vessels. Tumor-
infiltrating lymphocytes are found primarily in the fi-
brous septae. However, 17% of our samples
had lymphocytes within the lobules surrounding tumor
cells. The mechanism underlying this finding remains to
be elucidated. Nevertheless, our findings suggest that
most patients with chordomas mount a T cell immune
response against their own tumors. The selective pres-
sure applied by the host’s immune response on the
chordoma tumor cells plays a role in the generation of
tumors with HLA Class I antigen defects [15].
Specifically, selective pressure facilitates the over-
growth of chordoma cells that can escape the host’s

immune response because of defects in the expression of
HLA Class I antigens.

Several studies have demonstrated the presence of
tumor-infiltrating lymphocytes in chordoma [20, 25, 65,
66], and two have shown that the tumor expression of
programmed death-ligand 1 (PD-L1) correlated with
increased tumor-infiltrating lymphocytes [20, 66].
Furthermore, the expression of PD-1 in tumor-
infiltrating lymphocytes has been correlated with re-
duced survival [66]. These findings have led to interest
in using immune checkpoint inhibitors in patients with
metastatic or unresectable chordomas. However, one of
the mechanisms by which previously responsive tumors
develop resistance to checkpoint inhibitors is by losing
HLA Class I antigen expression [28, 63]. In addition,
chordoma cells have been shown to express PD-L1, yet
PD-L1 expression has not been correlated with worse
survival [20, 66]. This finding resembles what was
found in intrahepatic cholangiocarcinoma, where PD-
L1 expression and lack of HLA Class I antigen ex-
pression, when analyzed separately, did not correlate
with a worse oncologic outcome [52]. However, when
the expression of PD-L1 was analyzed in the context of
loss of HLA Class I antigen expression, it portended a
worse prognosis [52].

Furthermore, the efficacy of immune checkpoint in-
hibitors relies on “releasing the brakes” on normal tumor
surveillance. The normal presentation of tumor antigens
is not possible without fully functional HLA Class I
antigen processing machinery. This was shown in
esophageal carcinoma, where responses to anti-PD-1
monoclonal antibodies were documented only in cases in
which HLA Class I antigens were highly expressed on
malignant cells [34]. This finding suggests that the high
frequency of defects of HLA Class I antigen expression
in chordoma tumors provides malignant cells with an
escape mechanism from the cognate cytotoxic T cells
unleashed by checkpoint inhibitors. As a result, this
therapy is expected to have a low efficacy unless HLA
Class I antigen expression is restored on malignant cells.

Conclusion

Our findings provide a useful background for the ra-
tional design of combinatorial strategies that take ad-
vantage of the major progress made recently in the
immunotherapy of solid tumors. These strategies may
have an effect on the treatment of chordoma in combi-
nation with local strategies such as surgery and radiation
therapy. By understanding that chordoma tumors have a
high frequency of defects in HLA Class I antigen ex-
pression, we may be able to better understand why some
chordoma tumors may or may not respond to certain
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types of immunotherapy. This in turn could also explain
why some tumors display a more aggressive clinical
phenotype than others. This information could poten-
tially help prognosticate patient outcomes based on their
tumor’s expression of HLA Class I antigen subunits.
The high frequency of lymphocyte infiltration in chor-
doma tumors and lymphocyte subtype analysis we
present suggests that the host is able to mount an im-
mune response against the tumor. Further studies in-
vestigating the presence of Tregs in chordoma tumors
could also point to mechanisms by which chordoma
pathogenesis occurs. Future prospective translational
studies that track patient outcomes and analyze their
tumor specimens for HLA class I antigen expression
and lymphocyte infiltration could broaden our un-
derstanding of the clinical consequences of immune
escape mechanisms in chordoma. Additionally, in-
formation about a tumor’s expression of HLA Class I
antigen could identify which patients would be ideal
candidates for immunotherapy. Further investigation
into the effects of adjuvant treatments, such as radiation,
on upregulating expression of HLA Class I antigen in
chordoma tumors would be relevant in further eluci-
dating methods to prime these tumors for more suc-
cessful attempts at immunotherapy.
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