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CSPG4 as a prognostic biomarker in chordoma
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Abstract

BACKGROUND: There are currently no generally accepted biomarkers used in the clinical treat-
ment of chordoma tumors. CSPG4 has been associated with disease severity in other tumors.
PURPOSE: This study aimed to characterize the frequency of CSPG4 expression in chordoma tumors
and to correlate it with disease severity and clinical outcome.

STUDY DESIGN: A retrospective review of clinical outcomes and immunohistochemical staining
using tissue micro-array was carried out.

PATIENT SAMPLE: The sample comprised 86 patients treated for chordoma at a single center
(1985-2007).

OUTCOME MEASURES: Survival and incidence of metastases were the outcome measures.
METHODS: Pathologic specimens of chordoma tumors were evaluated for the expression of CSPG4
by immunohistochemical staining with mAbs. Chi-square testing and Cox proportional hazard re-
gression analysis were used to evaluate the impact of CSPG4 expression on survival and incidence
of metastases, while controlling for patient age, sex, and surgical margins.

RESULTS: Average patient age at the time of presentation was 59.8 years (standard deviation [SD]
13.7). Average follow-up was 6.5 years (SD 4.8). Twenty (23%) patients developed metastatic disease.
At the time of final follow-up, 57 patients (66%) had died. Chordoma tumors from 62 patients (72%)
stained positive for CSPG4. CSPG4 expression more than doubled the risk of death (hazard ratio
[HR] 2.3; 95% CI 1.04, 5.17). CSPG4 positive tumors were also associated with an increased risk
of metastatic disease (31% for CSPG4 positive tumors vs. 0% in CSPG4 negative, p=.02).
CONCLUSIONS: Results presented here support the consideration of using CSPG4 as a biomarker
establishing the prognosis for chordoma tumors. A positive CSPG4 stain may be associated with an

increased risk of metastasis and mortality from disease. © 2015 Elsevier Inc. All rights reserved.
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Introduction

Chordoma is the second most common primary malig-
nant tumor of the spine and occurs in 0.08 per 100,000 patients
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[1-3]. Afflicting men most often, the tumor is characterized
by indolent growth and local invasion [3—6]. Metastases have
been reported in 5%—44% of cases [7-13]. Current recom-
mendations for the treatment of chordoma advocate en bloc
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excision with a wide margin whenever possible [1,3,12—14].
Nonetheless, obtaining a wide margin can be quite challeng-
ing, and local recurrence rates over 70% have been reported
[7,15]. Moreover, in the event of recurrence, the tumor is more
likely to be aggressive in nature and to metastasize [10,13].

At present no generally accepted prognostic biomarkers
are routinely used in clinical practice to evaluate patients with
chordoma. In recent studies we have shown that chordoma
tumors express CSPG4 [16], a membrane-bound proteoglycan
that is highly expressed on malignant cells in several types
of cancer [16-21]. This tumor antigen participates in tumor
progression through activation of multiple oncogenic path-
ways. Specifically, it plays a role in proliferation, survival,
migration, and metastatic spread of tumor cells in vitro and
in animal model systems [22,23]. The clinical significance
of these experimental results is suggested by the associa-
tion which has been found between CSPG4 expression and
survival in several malignant diseases [18,24,25], as well as
by the association of CSPG4 expression with metastasis [18].

These findings prompted us to investigate the frequency
of CSPG4 expression in primary chordoma tumors and its
association with the clinical course of the disease. To address
this question, we immunohistochemically stained 86 chor-
doma tumors with CSPG4-specific monoclonal antibodies and
correlated the immunohistochemical results with the clini-
cal disease course including the development of metastases
and patient survival.

Materials and methods
Tumor specimens

Following approval from our institutional Investigational
Review Board, the Massachusetts General Hospital cancer reg-
istry and orthopedic oncology databases were used to identify
all patients with conventional chordoma treated at the Mas-
sachusetts General Hospital from 1985 to 2007. Data were
subsequently stratified, and only those patients with archi-
val tissue from resected specimens available through the
Department of Pathology were included for review.

Data obtained for each patient identified through the reg-
istry included age, sex, dates of surgery, type of surgery, radiation
treatments, presence of metastases, date of death if applica-
ble, and disease status at final follow-up. Medical records were
abstracted by investigators not involved in the pathologic, or
immunohistochemical, analysis of specimens. Discrepancies
in electronic medical records were resolved via manual review
of patients’ hospital and office charts.

Antibodies

All the mouse hybridomas used to produce mAbs in our
laboratory were developed by us. The mAb D2.8.5-C4B8 was
generated from a mouse immunized with a recombinant
CSPG4 fragment. The CSPG4 specificity of this mAb was
shown by its active binding to human cells which express
CSPG4 and by the SDS-PAGE profile of the antigen immu-
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Context

The authors present results of a retrospective analysis of
clinical outcomes and immunohistochemical staining for
CSPG4 in 86 patients with chordomas from a single in-
stitution over a 22-year time period.

Contribution

The authors maintain that tumors positive for CSPG4 ex-
pression were associated with more than double the risk
of mortality and an increased risk of metastasis.

Implications
The present findings are clearly of interest in the treat-
ment of a rare tumor and add to the growing body of
literature delineating the importance of biomarkers as prog-
nostic factors for outcomes in the treatment of oncologic
diseases. While this is a relatively large cohort of chor-
doma patients, the small overall number of subjects limits
the useful variables in the regression analysis. The retro-
spective nature of the study and relatively short follow-
up time for chordomas introduces selection bias and may
underestimate the rate of metastases. The discussion re-
garding the role of CSPG4 in modulating chordoma biology
and potentially being a therapeutic target remains specu-
lative. Until further work is completed, however, the
information presented here may prove useful for patient
counseling and clinical management.

—The Editors

noprecipitated from human melanoma cells. The mAb D2.8.5-
C4B8 recognizes a protein epitope in the second extracellular
domain of CSPG4 in formalin-fixed paraffin-embedded (FFPE)
tissue sections. The anti-idiotypic mAb MK2-23 [26] recog-
nizes an idiotope in the antigen-combining site of the CSPG4-
specific mAb 763.74 was used as an isotype control. All mAbs
are IgG1. The mAbs were purified from mouse ascitic fluid
by sequential ammonium sulfate and caprylic acid precipi-
tation. The activity and the purity of these mAbs were
monitored by binding assays and by SDS-PAGE.

Tissue processing

All archival tissue had been obtained at the time of biopsy,
or surgical excision, as a normal course of the patients’ treat-
ment. The chordoma specimens had been processed in a
standard manner and stained with hematoxylin and eosin as
per Department of Pathology protocol. Archival blocks and
representative hematoxylin and eosin slides from each case
were reviewed. Based on microscopic analysis, areas felt to
be good representations of the histopathology were marked
on the slide and the corresponding paraffin block. The paraffin
blocks and corresponding hematoxylin and eosin slides were
then used to make a tissue array.
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