Modern Pathology (2005) 18, 1005-1010
© 2005 USCAP Inc Al rights reserved 0893-3952/05 $30.00

www.modernpathology.org

Incipient chordoma: a report of two cases of
early-stage chordoma arising from benign
notochordal cell tumors
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Chordomas are rare malignant bone tumors primarily involving both ends of the axial skeleton that present as
destructive bone lesions with a large soft tissue mass. Chordomas were previously believed to arise from
notochordal remnants. However, recent studies suggest the possibility that chordomas arise from benign
notochordal cell tumors. We present two cases of coccygeal incipient chordoma that strengthen the new
hypothesis. The first case was an 83-year-old man who died of prostatic adenocarcinoma. The second case
was a 79-year-old man who died of hepatocellular carcinoma. The coccygeal tumors were composed of
intraosseous and extraosseous infiltrative lesions. The intraosseous lesions consisted of both benign
notochordal cell tumor and incipient chordoma. The extraosseous lesions were consistent with incipient
chordoma. In addition, two other small benign notochordal cell tumors were found at a different level in case 1.
It is conceivable that pre-existing intraosseous benign notochordal cell tumors transform into incipient
chordoma and then extend through the cortex into the surrounding soft tissue. The incidence of incipient
chordoma appears much higher than expected because chordomas are rare tumors with an incidence of one
case per 1000000 persons per year. We suspect that unknown factors transform incipient chordoma into
classic chordoma.
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Chordomas are rare malignant bone tumors primar-  serve as the real precursors of classic chordomas.

ily involving both ends of the axial skeleton."™ They
usually present as destructive bone lesions with a
large soft tissue mass. Chordomas are generally
thought to arise from notochordal remnants. How-
ever, we documented a histologically confirmed
case of classic chordoma arising in a precursor
benign notochordal cell tumor and reported the
clinicopathological details of intraosseous benign
notochordal cell tumors.*® Based on the evidence,
we concluded that intraosseous benign notochordal
cell tumors are benign notochordal cell lesions with
potential neoplastic characteristics and possibly
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We recently found two interesting cases of micro-
scopic incipient chordomas coexistent with benign
notochordal cell tumors in the coccyx, which
supports the above hypothesis. This paper focuses
on the histological details of incipient chordomas
and provides additional possibility for oncogenetic
mechanism of chordomas.

Materials and methods
Case Report

Case 1: An 83-year-old man died of prostatic
adenocarcinoma. Autopsy examinations demon-
strated metastatic tumors in the lungs and vertebral
column.

Case 2: A 79-year-old man died of hepatocellular
carcinoma with liver cirrhosis caused by hepatitis C
virus infection.
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Methods

The vertebral column including sacrum and coccyx
was sagittally dissected using an anterior approach
to examine the metastatic spread of carcinoma to
bone. Our institutional autopsy authorization per-
mit specifically states that any part of the vertebra
may be removed as a part of an unrestricted autopsy
and examined microscopically. Each dissected spe-
cimen was cut into a 5-mm-thick slab with a Cutting
Grinding System BS-3000 (EXAKT Apparatebau,
Germany). The slabs were fixed with formalin and
processed for routine microscopic examination
following decalcification. Paraffin-embedded sec-
tions were immunohistochemically examined using
the streptavidin—biotin-peroxidase method (Nichirei
Co., Tokyo, Japan). The antibodies used are listed in
Table 1. Microwave antigen retrieval was carried out
prior to vimentin, AE1/AE3, CAM 5.2, and CK 18
immunostaining. To determine the specificity of
immunostaining, we included known positive and
negative tissues as controls.

Results
Case 1

The sagittally cut surface of the dissected vertebral
column exhibited no apparent macroscopic abnorm-
ality except for osteoblastic metastatic tumors in the
12th thoracic vertebra and the second sacral verte-
bra. Careful microscopic examinations revealed five
small notochordal cell lesions all within and around
the coccyx (Figure 1). Two lesions were in the
extraosseous soft tissue, and the other three were
within the bone. The extraosseous lesions measured
20 x 6mm? and 5 x 1 mm?, respectively. They were
not encapsulated. The larger lesion was located on
the anterior aspect of the coccyx and extended
around the distal end of the coccyx into the
extraosseous adipose tissue and onto the peripheral
nerve fibers (Figure 2a). The smaller lesion was
located on the posterior aspect just beneath the
ligament. They consisted of cords or strands of
tumor cells set within a rich myxoid matrix (Figure
2b). The tumor cells showed centrally or eccentri-
cally located round nuclei and eosinophilic cyto-
plasm with occasional small vacuoles. The nuclei

Table 1 Antibodies used in the study

were slightly hyperchromatic and atypical. The
intraosseous lesions measured up to 4 x 2mm? in
greatest dimension (Figure 1). The two smaller
intraosseous lesions were composed of solid sheets
of adipocyte-like vacuolated cells with eccentrically
located round nuclei (Figure 3). The lesions lacked

Figure 1 The coccyx obtained from an 83-year-old man who died
of prostatic adenocarcinoma reveals three intraosseous and two
extraosseous lesions (case 1). The extraosseous lesions are located
on the anterior and posterior aspects of the coccyx and measure
20 x 6mm* and 5 x1mm? respectively (thick arrows). The
intraosseous lesions measure up to 4 x 2mm? in greatest dimen-
sion. The largest intraosseous lesion is located in the posterior
part of the coccyx, close to the smaller extraosseous lesion (arrow
heads). The other lesions are located in the inferoposterior angle
of the second distal coccygeal vertebra, where the largest lesion is
located, and in the superoanterior angle of the most distal
coccygeal vertebra (thin arrows).

Antibodies Source Clonality Dilution
Epithelial membrane antigen DAKO Cytomation A/S, Glostrup, Denmark M 1:100
Cytokeratin (AE1/AE3) DAKO Cytomation A/S, Glostrup, Denmark M 1:100
Cytokeratin (CAM5.2) Becton Dickinson, San Jose, CA, USA M 1:1
Cytokeratin 18 DAKO Cytomation A/S, Glostrup, Denmark M 1:20
Vimentin DAKO Cytomation A/S, Glostrup, Denmark M 1:100
S-100 protein Nichirei Co., Tokyo, Japan P 1:200

M, monoclonal; P, polyclonal.
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Figure 2 Soft tissue tumors around the coccyx. (a) The tumor
lacks any fibrous capsule and extends into the extraosseous
adipose tissue and close to the peripheral nerve fibers. These
findings indicate the infiltrative potential of the tumor. (b) High-
power view reveals small nests or strands of tumor cells within a
myxoid matrix. The tumor cells exhibit eccentrically located oval
nuclei and eosinophilic cytoplasm. Some tumor cells contain
large cytoplasmic vacuoles.

any intercellular myxoid matrix and significant
nuclear atypia. These findings indicated benign
notochordal cell tumors. The largest intraosseous
lesion consisted of two parts with a relatively sharp
interface (Figure 4). One was consistent with benign
notochordal cell tumor, and the other was identical
to the extraosseous lesions. The tumor cells of all
lesions stained positive for EMA, AE1/AE3,
CAMS5.2, CK18, vimentin, and S-100 protein.

Case 2

The coccyx demonstrated an intraosseous notochor-
dal lesion and an extraosseous lesion, measuring
3x2mm? and 17 x 8mm?® in greatest dimension,
respectively (Figure 5). The intraosseous lesion was
located within the posterior part of the coccyx and

Figure 3 One of the smaller intraosseous tumors in the coccyx
exhibiting a close pack of adipocyte-like vacuolated cells with
eccentrically located bland nuclei. The lesion lacks any inter-
cellular myxoid matrix or mitotic figures. The findings are typical
for benign notochordal cell tumor.

Figure 4 The largest intraosseous tumor in the coccyx consisting
of two different components with a relatively sharp interface: a
nonmyxoid tumor tissue along the bone trabecula and myxoid on
the left. The nonmyxoid tumor demonstrates a close pack of
vacuolated cells with bland round nuclei indicating benign
notochordal cell tumor. The myxoid tumor reveals individual
less vacuolated cells set within a rich myxoid matrix. The nuclei
are slightly enlarged and hyperchromatic. The features are
identical to those of the soft tissue lesions.

was composed of two components (Figure 6a). One
component consisted of solid sheets of extremely
vacuolated tumor cells with eccentrically located
round nuclei and lacked any intercellular myxoid
matrix (Figure 6b). The other demonstrated cords or
strands of less vacuolated eosinophilic cells with
slightly atypical round or oval nuclei embedded
within a myxoid background. The extraosseous
lesion, which was located on the posterior aspect
of the coccyx just behind the intraosseous lesion,
extended down through the subligament space and
into the coccygeal intervertebral disk. The lesion
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Figure 5 The coccyx dissected from a 79-year-old man who died
of hepatocellular carcinoma with liver cirrhosis demonstrates an
intraosseous lesion in the posterior part (arrow heads) and an
infiltrative soft tissue lesion on the posterior aspect just behind
the intraosseous lesion (thick arrows), measuring 3 x 2mm? and
17 x 8 mm? in greatest dimension, respectively (case 2).

consisted of small nests or cords of eosinophilic
tumor cells, some with small cytoplasmic vacuoles,
within a myxoid matrix (Figure 6c). Some nests of
the tumor cells were separated by thin fibrous septa
and formed small lobules, reminiscent of classic
chordoma (Figure 6d). The nuclei were mildly
enlarged and exhibited small nucleoli. All tumor
cells of both lesions stained with EMA, AE1/AE3,
CAM5.2, CK18, vimentin, and S-100 protein.

Discussion

Benign notochordal cell tumors are recently dis-
covered benign tumors of notochordal cell origin.>*
They are found in approximately 20% of autopsy
cases and their anatomical characteristics are iden-
tical to that of classic chordomas. Benign notochor-
dal cell tumors consist of sheets of adipocyte-like
vacuolated or less vacuolated eosinophilic tumor
cells with eccentrically located round nuclei and
lack any myxoid matrix. Mitotic figures are not
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usually found. The affected bone trabeculae are
often sclerotic. The tumor cells stain for the
epithelial markers, vimentin, and S-100 protein.
Benign notochordal cell tumors are histologically
different from notochordal vestiges in the fetal
intervertebral disks or classic chordomas.

It is out hypothesis that benign notochordal cell
tumors are precursors of chordomas. This new
explanation for the origin of chordomas may help
to resolve some of the contradictions of the classic
theory that chordomas arise from notochordal
vestiges directly. Although Jaffe” predicted the
presence of intraosseous precursors, none have been
documented by modern histological examination.
We documented a histologically confirmed case of
chordoma arising from a benign notochordal cell
tumor in 2002.* This previous case suggested a
small intraosseous benign notochordal cell tumor
(described as a benign notochordal lesion in the
original paper) located adjacent to the coccygeal
chordoma. In addition, two other small benign
notochordal cell tumors were evident in the sacrum
at a different level. However, we could not totally
eliminate the possibility that de novo chordoma
developed coincidentally in the vicinity of a pre-
existing benign notochordal cell tumor.

The present cases exhibited both extraosseous
infiltrative and intraosseous lesions. The intraos-
seous lesions consisted of two components: one
component was consistent with benign notochordal
cell tumor, and the other exhibited proliferation of
chordoid cells with minimal nuclear atypia accom-
panied by an intercellular myxoid matrix. The
interface between the two components appeared
relatively sharp. The extraosseous tumors consisted
of solid nests or cords of atypical chordoid cells set
within a myxoid matrix variable in volume. In
addition, two other small intraosseous benign
notochordal cell tumors were evident in case 1.
These findings suggest that pre-existing intraos-
seous benign notochordal cell tumors transformed
into an incipient chordoma that extended through-
out the cortex into the subligament space, and
infiltrated soft tissue or the intervertebral disk.

Benign notochordal cell tumors may be associated
with small soft tissue components.® They are located
on the periosteum just above intraosseous lesions.
Their histology is identical to that of intraosseous
benign notochordal cell tumors. In contrast, the soft
tissue components in the cases presented here were
microscopically different from benign notochordal
cell tumors. Furthermore, careful observation re-
veals that the small nests in the soft tissue
components seemed to invade between or among
the original anatomical structures. Therefore, the
soft tissue components in the present cases are
considered miniature chordomas.

Congdon® documented four cases of notochordal
cell lesions that were classified as benign chordoma.
His first three cases are consistent with ecchordosis
physaliphora sphenooccipitalis. The fourth case
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Figure 6 (a) The intraosseous lesion consists of a mixture of, on the left, benign notochordal cell tumor and, on the right, incipient
chordoma with a relatively distinct margin. (b) High-power view of benign notochordal cell tumor demonstrates a close pack of
vacuolated tumor cells with eccentrically located round nuclei. No intercellular myxoid matrix is recognized. (c) Close-up view of the
extraosseous lesion exhibits strands of tumor cells or individual tumor cells embedded within a myxoid background. The tumor cells
show slightly hyperchromatic nuclei and less vacuolated eosinophilic cytoplasm. (d) Small nests of the epithelioid tumor cells are
separated by thin fibrous septa and form a lobular configuration, reminiscent of classic chordoma.

was a 44-year-old man who underwent coccygec-
tomy for rectal carcinoid tumor. Serial sections of
the coccyx demonstrated a notochordal lesion in the
coccygeal intervertebral disk, which extended be-
neath the coccygeal periosteum. No information on
coccygeal bone marrow was available. The descrip-
tion seems similar to the incipient chordoma
presented in case 2. Benign notochordal cell tumors
are usually located within bone and never infiltrate
surrounding soft tissue even if they are associated
with a small soft tissue mass on the periosteum.® It is
more likely that the lesion came from the perio-
steum into the intervertebral disk like the incipient
chordoma in case 2.

The incipient chordomas in our two cases were
characterized by small infiltrative tumors composed
of less vacuolated chordoid cells with an intercel-
lular myxoid matrix. The nuclei were slightly larger
and minimally atypical than those of benign

notochordal cell tumors. The tumor cells were
occasionally arranged in a small lobular configura-
tion. However, the tumors did not show any large
lobular configuration or the wide variety of nuclear
atypia that are typical of classic chordomas. The
incipient chordomas presented here strengthen the
new theory that chordomas arise from pre-existing
intraosseous benign notochordal cell tumors. The
term of ‘incipient chordoma’ includes two mean-
ings. One indicates miniature chordomas and the
other may mean prechordomatous intermediate
conditions between benign notochordal cell tumor
and classic chordoma. The incidence of incipient
chordoma seems much higher than expected since
these tumors were found over a period of approxi-
mately 3 months. In contrast, chordomas are
extremely rare malignant bone tumors found in
one case per 1000000 persons per year.”'® The
phenomenon of benign notochordal cell tumors
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undergoing transformation into incipient chordo-
mas may be a relatively common event, and there
may be some unknown factors necessary to trans-
form incipient chordomas into classic chordomas.
However, the confirmation of this hypothesis will
require further careful histological examination of a
larger number of incipient chordomas.
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