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Opinion statement

Primary spinal neoplasms are rare tumors that can lead to significant morbidity sec-
ondary to local bone destruction and invasion into adjacent neurological and vascular
structures. These tumors represent a clinical challenge to even the most experienced
physicians and require a multidisciplinary approach to ensure optimal patient out-
comes. This review will discuss the most common primary bone tumors and focus on
recent surgical, medical, and radiation treatment advances.

Introduction

Primary spinal neoplasms make up less than 10% of
all the tumors seen in the spinal column. These rare
tumors can lead to significant morbidity secondary to
local bone destruction and invasion into adjacent
neurological and vascular structures. These tumors
represent a clinical challenge to even the most

experienced physicians and require a multidisciplinary
approach to ensure optimal patient outcomes. This
review will discuss the most common primary bone
tumors and focus on recent surgical, medical, and
radiation treatment advances.

Plasmacytoma/multiple myeloma

e Multiple myeloma (MM) is a B-cell lymphoid malignancy character-
ized by clonal proliferation of plasma cells in the hematopoietic bone
marrow [1]. In the United States, 65% of patients with MM are above
the age of 65 [2], with patients typically presenting with osteolytic
lesions, osteoporosis, or spinal compression fractures. This is a result
of either erosion of bone due to direct infiltration of plasma cells [3]
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or secretory factors released by plasma cells resulting in an imbalance
in bone metabolism, whereby erosive osteoclasts are preferentially
activated and restorative osteoblasts are inhibited [4-7].

o The extent of disease is an important factor in directing future treat-
ments. Early in the disease, patients with plasma cell malignancies
may present only with localized solitary plasmacytoma of bone or
extramedullary plasmacytoma that contains a risk of progressing to
generalized disease (MM) [8]. These tumors are exquisitely radiosen-
sitive, and radiotherapy typically achieves a local control rate of 96%
[9e-12].

o The standard of care for MM patients less than 65 years old involves
high dose chemotherapy followed by autologous stem cell trans-
plantation (ASCT) rescue. Induction therapy traditionally includes a
regimen of vincristine, adriamycin, and dexamethasone (VAD), but
there has been increasing evidence to suggest that agents such as
thalidomide, lenalidomide, or bortezomib combined with dexa-
methasone (TD, BD, RD) followed by the mustard agent melphalan
significantly increases response rates to treatment. Thalidomide and
lenalidomide are sedatives known to not only kill myeloma cells
directly [13] but also downregulate cell surface markers (i.e., CXCR4)
involved in homing and migration of myeloma cells. Bortezomib is a
novel protease inhibitor [14]. For patients who are not candidates for
transplant therapy (i.e., those with a number of medical co-morbid-
ities or the elderly), the standard of care is considered to be either a
combination of melphalan, prednisone, and thalidomide (MPT) or
melphalan, prednisone, and bortezomib (MPB).

e A number of medical drugs are recommended to treat skeletal com-
plications of MM. Bisphosphonates such as pamidronate and zoled-
ronic act to inhibit osteoclasts and serve solely to prevent further bone
degradation. However, these drugs do not help to redeposit new bone
and have significant side effects themselves, such as renal insufficiency
and osteonecrosis of jaw. Recently, it has been discovered that bort-
ezomib has many important qualities beyond its established role as an
induction agent. Much similar to the bisphosphonates, this drug has
the ability to inhibit osteoclast differentiation, thereby preventing
further bone destruction [15].

e Because of the radio- and chemosensitivity of plasmacytoma/multi-
ple myeloma, the role for surgery is generally limited. Even rare cases
of plasmacytoma/MM with epidural extension causing spinal cord
compression can be treated emergently with radiosurgery producing
excellent clinical results. Surgical intervention is generally reserved
for patients who develop mechanical instability. Tumor-induced
osteolysis may lead to symptomatic compression/burst fractures and
progressive kyphotic deformity, which may require surgical inter-
vention. In such instances, many centers are utilizing vertebroplasty/
kyphoplasty to stabilize compression fractures and improve pain
control [16].

Aneurysmal bone cysts

e According to the World Health Organization, aneurysmal bone cysts
(ABCs) are defined as “an expanding lesion with blood filled cavities
separated by septa of trabecular bone or fibrous tissue containing
osteoclast giant cells.” The pathophysiology of ABCs remains unclear,
and there is much debate as to whether these lesions are neoplastic.
Approximately 80% of cases occur in the first two decades of life
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[17, 18]. The natural history of these lesions is variable and difficult to
predict for a given lesion. Although some lesions may resolve spon-
taneously in time, the majority of these lesions exhibit variable growth
rates over time. There is much debate over the best treatment for
spinal ABCs. Among the treatment modalities for ABCs, complete
surgical excision of the lesion remains the most effective with the
lowest rate of recurrence [19, 20]. Boriani and colleagues recom-
mended the use of en bloc resection especially when ABCs involved
the posterior elements, whereas complete curettage (preferably pre-
ceded by embolization) is preferred for anterior lesions [21]. How-
ever, kyphoscoliosis, compression of the spinal cord and nerve roots,
and functional impairment may complicate complete surgical exci-
sion. Thus, lesions are often treated by curettage and bone grafting.
The disadvantage to this technique is that it is often associated with
greater blood loss and with high recurrence rates ranging from 20% to
60% in different studies [22, 23]. Several less-invasive methods have
been studied for the treatment of ABCs including multiple injections
of calcitonin with methylprednisolone into the cyst [24-26], partic-
ulate embolization [27], intralesional injection of alcoholic zein [28],
radiotherapy alone [29], and radiotherapy combined with surgery [18,
30]. Recently, radionuclide ablation with **P chromic phosphate
colloid injected into the cyst proved to be an effective treatment
modality with resultant stabilization and progressive ossification
within the lesion [31].

e There have been several case reports that have examined the treatment
of ABCs with injections of calcitonin combined with methylprednis-
olone into the cyst [24-26]. In Szendroi et al., percutaneous injection
of calcitonin into the lesion three times per week for five weeks
resulted in growth arrest of the ABC and progressive ossification of the
cyst in six out of the seven patients [26]. Under this treatment, it is
necessary to monitor the patients for hypocalcemia and hypophos-
phatemia. Although this modality has proven to have potential, larger
studies are necessary to convincingly demonstrate its effectiveness.

e Selective embolization of ABCs has been shown to avoid excessive
bleeding when used with surgery and has also proven to be an
effective sole treatment in cases that were difficult to treat surgically
[19, 20, 32, 33]. In Boriani et al., they recommended that selective
arterial embolization be performed if the diagnosis of ABC was certain
and stability was not a concern [21]. However, this treatment has the
risk of embolization of the blood supply of unintended areas such as
the spinal cord or brain stem.

¢ Intralesional injection of a sclerosing agent, such as alcoholic solution
of zein, has shown efficacy in the treatment of ABCs [28, 34, 35].
However, Topouchian and colleagues reported a high rate (33%) of
complications with this treatment modality including pulmonary
embolization, fistulization, and local abscess [36]. In Peraud et al.,
injection of an alcoholic solution of zein in the ABC at the C2 level
resulted in inadvertent embolization of the vertebrobasilar system and
subsequent death of a child [37].

e Radiotherapy can be used as an alternative or adjunct to surgery
when ABCs are located in sites where an adequate resection cannot
be done without resulting in significant morbidity or poor cosmetic
results. Feigenberg and colleagues demonstrated that megavoltage
radiotherapy with doses of 26-30 Gy effectively treated ABCs that
were recurrent or inoperable [38]. Local control rates after radio-
therapy have been reported to be 75-92% [39-43]. Historically,
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radiation therapy fell out of favor because of the concern about
increased risk of radiation-induced cancers including sarcomatous
degeneration of the lesions [22, 41, 44]. On a review of the litera-
ture, it was discovered that all the cases of radiation-induced
malignancies occurred in patients who were treated suboptimally,
because of using orthovoltage equipment and employing techniques
that are considered obsolete today [38]. Megavoltage therapy allows
for the delivery of low doses of radiation while penetrating deeper
into the tissue to reach the actual lesion, thus reducing the incidence
of radiation-induced cancer [38].

Osteoid osteoma and osteoblastoma

e Osteoid osteomas and osteoblastoma are bone-producing lesions,
which often occur in long bones but may also be found in the spine
(20% of osteoid osteomas and 40% of osteoblastomas) with a pre-
dilection for posterior elements of the vertebrae [45-47]. These
lesions are similar histologically to one another, containing osteo-
blasts that produce osteoid and woven bone. Osteoid osteomas are
small, self-limited, and benign, whereas osteoblastomas are often
larger, more aggressive, and can become malignant.

e Osteoid osteomas and osteoblastomas are common causes of painful
scoliosis in children and adolescents. The most common presenting
symptom is neck or back pain that often responds to aspirin or
nonsteroidal anti-inflammatory drugs (NSAIDs). Scoliosis secondary
to muscle spasms, which result from the inflammatory process around
the tumor, occurs in 63-70% of affected adolescents [48]. Pain from
osteoid osteomas is often initially managed with NSAIDs or aspirin,
especially for nocturnal pain [49e]. Chemotherapy has played a
minimal role in the treatment of these lesions and has only been used
in selected patients with recurrent aggressive lesions or in patients
with surgically inaccessible lesions [50, 51]. Surgery becomes the
primary treatment for osteoid osteoma and osteoblastoma, as the pain
becomes more severe and less responsive to medication [49e]. Com-
plete resection is often curative for these lesions, and modern surgical
techniques allow for complete resections in over 90% of cases [52,
53]. Incomplete resections occur more frequently in osteoblastomas
than in osteoid osteomas because the lesions are greater in size and
more frequently involve extraosseous tissue. Osteoblastomas recur in
10-15% of cases [46, 54-57], whereas the recurrence rate of osteoid
osteomas is 4.5% [46].

o New technologies are making surgical resection more effective for
osteoid osteomas and osteoblastomas. Rajasekaran and colleagues
reported the complete excision of a spinal osteoid osteoma without
causing spinal instability or necessitating fusion using iso-C 3D
computer navigation [58]. Barend and colleagues demonstrated that
computer-assisted surgery combined with y-probe-guided high-speed
drill excision of osteoid osteoma of the spine assured complete
resection of the nidus in all the five patients, thus avoiding en bloc
resection of the tumor and subsequent stabilization with posterior
fusion of the spine [59]. Moreover, histological confirmation of the
lesions was possible with this technique. Since osteoid osteomas and
osteoblastomas are often very vascular, several studies have advocated
preoperative embolization [60, 61]. In Denaro et al., all the nine cases
that were treated with preoperative embolization had no signs of
recurrence at an average follow up of 39 months [61].
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e There are several treatments under CT guidance now available
allowing for less-invasive approaches. These treatments include drill
resection accompanied by ethanol injection [62], trephine resection
[63, 64], and thermal destruction using radiofrequency ablation [65,
66] or laser thermocoagulation [67, 68]. CT-guided percutaneous
resection using a drill inside a trocar has been studied in the treatment
of osteoid osteomas of the extremities and spine as a less-invasive
treatment modality [69, 70]. As reported in Sierre et al., percutaneous
resection of osteoid osteomas was achieved successfully in all the 18
patients with primary and secondary success rates of 100% and
94.5%, respectively, and with no complications reported [71].

e CT-guided laser thermocoagulation has many advantages. The optic
fiber is so small that it can be introduced through an 18-gauge spinal
needle. This results in a minimally invasive procedure so that patients
are only hospitalized one night and are able to bear weight and
resume activities immediately after hospitalization [72]. As reported in
Aschero et al., laser thermocoagulation was initially effective in 96% of
the treated children with osteoid osteoma and had a positive long-
term effect in 92% of the patients [72]. In another, larger study, Gangi
et al. reported a primary clinical success rate of 99% and a secondary
clinical success rate of 93.8% (with six recurrences) with the same
technique [67]. Similar to percutaneous resection and radiofrequency
ablation, a major disadvantage of laser thermocoagulation is that it
does not allow for histological confirmation of the lesion.

e CT-guided radiofrequency ablation is another treatment modality
that causes thermal destruction of the lesion. Radiofrequency abla-
tion has been shown to be effective in the treatment of osteoid
osteoma of the hip and limbs [65, 73, 74] as well as the cervical
spine [75]. This treatment modality can substitute for posterior
approaches for osteoid osteoma involving the posterior arch and
joint pillars of the cervical spine, thus decreasing the need for sub-
sequent spinal reconstruction after the lesion has been treated [75].
Samaha and colleagues reported that radiofrequency ablation was
effective and safe in the treatment of lesions adjacent to neural
structures [76]. However, osteoid osteomas of the cervical spine are
frequently localized in the vicinity of the vertebral artery, spinal cord,
or nerve roots, thus rendering heat-generating treatment difficult and
risky. In order to ensure the success of radiofrequency ablation,
proper patient selection is necessary. Ideal candidates are patients in
whom the cortex of the vertebrae can be preserved, and there is no
contact of the lesion with neural structures [76].

Hemangiomas

e Spinal hemangiomas (Fig. 1) are benign lesions that are found inci-
dentally in the spinal column in approximately 11% of autopsy
specimens [77]. The lesions are aggregates of thin-walled vessels with
qualities that are more hamartomatous than neoplastic [78].
Hemangiomas are usually asymptomatic, but they may occasionally
cause symptoms of local pain, tenderness, or neurologic deficit sec-
ondary to nerve root or spinal cord compression. They have a very
distinctive radiographic appearance and seldom require any inter-
vention.

¢ Clinical management of painful lesions usually begins with medical
management involving oral analgesics. Other options include tran-
sarterial embolization [79], vertebroplasty [80], radiotherapy [81],
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Figure 1. Axial CT of a thoracic vertebral body heman-
gioma

and ethanol injection [82]. Recently, balloon kyphoplasty has been
reported to be effective in a patient with a cervical vertebral heman-
gioma [83]. All of these therapies have been reported to provide long-
term relief for painful hemangiomas. Patients with persistent pain
despite these therapies may benefit from definitive surgical resection.
For hemangiomas that cause neurologic deficit and/or have extraos-
seous tumor extension, surgical management is typically the first line
of therapy. Decompressive laminectomy combined with transarterial
embolization has been proposed by some authors to treat heman-
giomas limited to the vertebral body and/or posterior elements [79].
Primary resection of the hemangioma with 360-degree reconstruction
may also be an option, particularly with tumors with extraosseous
extension. Alternatively, radiotherapy has also been shown to reverse
neurologic deficit in patients with vertebral hemangiomas [81, 84].

Giant cell tumor

¢ Giant cell tumors (GCTs) of the spinal column have a predilection for

the thoracolumbar and sacral regions (Fig. 2). It is the second most
common primary sacral tumor after chordoma [85]. Patients with
spinal involvement usually present in the third and forth decades of
life [86]. The GCTs are believed to arise from mononuclear cells of
macrophage origin. Histologically, GCTs are multinucleated giant
cells and macrophages that may contain areas resembling aneurismal
bone cysts, and care should be made when interpreting bone biopsy
samples to avoid an errant diagnosis. Although they are histologically
benign, approximately 5-10% of giant cell tumors may undergo
malignant degeneration and assume a more aggressive course [87].
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Figure 2. Sagittal MRI of a sacral giant cell tumor

¢ Clinical management of GCTs is difficult given their high propensity
for recurrence. En bloc resection of GCTs with wide margins is the
gold standard for treating these lesions. Unfortunately, these tumors
often grow to a large size before initial diagnosis, and extension of the
tumor into the spinal canal and adjacent soft tissues is not uncom-
mon. Therefore, subtotal resection in concert with adjuvant chemo-
therapy, arterial embolization, and/or radiosurgery is the typical
treatment algorithm when en bloc resection is not feasible.

o The literature suggests that successful en bloc resection of GCTs can
minimize the risk of tumor recurrence. In a literature review of 159
patients with GCT of the sacrum, Leggon and colleagues reported that
no patients demonstrated tumor recurrence after en bloc resection.
Patients who were treated with radiotherapy alone or with incomplete
surgical resection with or without radiation therapy had a 48% risk of
tumor recurrence [88]. Some other authors also report isolated cases
of complete cure after en bloc resection in the cervical spine [89-91].

o Arterial embolization of GCTs is a critical adjuvant therapy that may
increase the safety of surgery as well as improve progression-free
survival. Preoperative embolization is a useful tool that minimizes
intraoperative blood loss during the resection of these highly vascu-
larized tumors. Embolization may be especially useful to limit
bleeding during intralesional resections. Interestingly, arterial embo-
lization may also be useful as a primary treatment modality for GCTs.
Hosalkar and colleagues recently reported the use of serial
embolization of GCTs in a small series of nine patients. These patients
received serial embolization of arterial vessels feeding the tumor every
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six weeks until no new vessels were noted, followed by repeat emb-
olizations at 6 and 18 months following tumor stabilization. Seven
patients demonstrated no evidence of tumor progression (median
followup of 7.8 years) without the need for surgery or radiation
therapy [92]. This promising technique may be useful in patients who
cannot tolerate surgery or may be used as a postoperative adjuvant
treatment after incomplete tumor resection.

e Traditional photon beam radiation has been used as a primary
treatment for GCT as well as postoperative adjuvant therapy. When
used as a primary therapy, the risk of tumor recurrence approaches
50% [88, 93]. In addition to the high rate of tumor recurrence, there is
a significant risk of developing secondary sarcomas (most commonly
osteosarcoma) [94] after traditional radiation therapy techniques.
Several retrospective reviews document this risk at approximately 10%
[88, 93, 95]. Recently, stereotactic radiosurgery has been utilized to
treat patients with primary spine tumors [96]. Although stereotactic
radiosurgery allows clinicians to deliver higher radiation doses to the
tumor while sparing adjacent structures, it is unclear at this time
whether such techniques will lead to improvements in clinical out-
come and risk of secondary sarcoma compared to traditional radio-
therapy.

e Chordoma (Fig. 3) is the most common primary malignant bone
tumor of the spine with an overall incidence of less than 1 in
1,000,000 people [97]. It is most commonly found in the sacrococ-
cygeal spine. The median age at diagnosis is 58.5 years, although it
can occur even in young children [98]. Chordomas are slow-growing
tumors that are thought to be derived from remnants of the noto-
chord and are characterized by physaliphorous cells. Clinical mor-
bidity from chordoma is secondary to local bone destruction and
compression of spinal elements. Extension of the tumor into the
surrounding soft tissue is typical and accounts for the difficulty in
surgical resection of these lesions. Approximately 30% of patients with
sacrococcygeal chordoma eventually develop metastatic disease [99].
A recent literature suggests that five-year survival is ranging from 50%
to 68% [98, 100, 101].

¢ En bloc resection of spinal chordoma is the most critical factor in
promoting tumor-free survival [99]. However, this is a difficult
endeavor for a number of reasons. First, chordomas often grow to
large sizes before the initial diagnosis is made. Furthermore, although
chordomas often have a grossly distinct capsule, chordoma cells
interdigitate with surrounding tissue on a microscopic level. It is
therefore critical to include a wide margin of normal tissue along with
the surgical specimen when resecting these tumors en bloc [102].
Adequate margins can be obtained in approximately half of sacral
chordomas [99, 103-105], and even less success has been reported
with other locations in the mobile spine [106]. The center of chor-
domas, particularly large tumors, is often liquefied, and care must be
made to avoid violating the tumor capsule during surgical resection.
Spillage of tumor into surrounding tissue may place the patient at
higher risk of recurrence. Unfortunately, even with an apparent en
bloc resection, approximately 50% of patients experience a recurrence
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Figure 3. Sagittal MRI of a large sacral chordoma

[107e]. Those without recurrence may still be left with significant
weakness, numbness, or bowel/bladder dysfunction as a result of
surgery.

o In cases where adequate margins are unable to be obtained, radiation
therapy is currently used as an adjuvant modality. Radiation therapy is
complicated by the fact that the curative dose for chordomas, a radi-
oresistant tumor, is higher than the tolerance dose for the spinal cord,
rectum, and other adjacent structures. The current literature is mixed
with respect to the efficacy of conventional or hyperfractionated
photon beam radiation with respect to extending disease-free survival.
Some data suggest that radiotherapy after subtotal resection increases
disease-free survival compared to subtotal resection alone [99]. Other
studies suggest that the addition of radiation therapy after surgery
does not lead to significant benefit [108-110].

e Recent innovations in radiosurgical techniques may increase the effi-
cacy of radiosurgery for chordomas. Intensity-modulated radiotherapy
(IMRT) is a technique that increases conformal delivery of radiation.
This allows for the delivery of higher doses of radiation while mini-
mizing exposure to adjacent critical structures. The use of hadrons
(high-dose proton or charged particles such as helium, neon, or car-
bon), as opposed to conventional photon, radiation has also been
utilized to improve conformal delivery of radiation to the target lesion
while sparing adjacent structures. The ballistic properties of hadrons
cause a progressive increase in the quantity of energy deposited along
its trajectory until it stops suddenly in the form of a “Bragg peak”
[111]. This allows for clinicians to use the “Bragg peak” to deliver high
doses of radiation to tumor but spare surrounding structures. Proton
beams have been used successfully in chordomas of the skull base and
upper cervical spine [111], and this modality may eventually play a
role in sacrococcygeal chordomas as well as other primary spine
tumors.
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e There is a growing interest in utilizing radiosensitizing agents to
augment the efficacy of radiation therapy in the treatment of chord-
oma. Rhomberg and colleagues reviewed a series of five patients with
chordoma who received oral razoxane before radiation therapy. They
report that all the five patients were alive at five years with locally
controlled tumor [112]. The potential for radiosensitizing agents in
patients with chordoma continues to be investigated.

¢ As of now, chemotherapy is not typically employed in the treatment
of “classic” chordomas (dedifferentiated chordomas, a particularly
rare subgroup of chordoma, may respond to chemotherapeutic regi-
mens employed for high-grade sarcomas). However, several pre-
liminary studies suggest that a number of chemotherapeutic agents
may have efficacy against chordoma. The most promising agent to
date is imatinib mesylate (Gleevec®, Novartis), a tyrosine kinase
inhibitor that targets platelet-derived growth factor receptor-f. In their
initial series of six cases followed by a larger institutional series of 18
patients, Casali and colleagues report that imatinib mesylate has
antitumor activity against advanced chordoma [113e, 114]. Further
clinical studies with imatinib mesylate are currently in progress.

e [t has been demonstrated that chordomas demonstrate increased
expression of epidermal growth factor, c-Met, and HER2/neu com-
pared to other malignancies [115]. Interestingly, Hof and colleagues
report the use of a combination of cetuximab/gefitinib for the treat-
ment of a patient with EGF receptor positive sacral chordoma and
pulmonary metastasis [116]. Other investigators are investigating the
possible role of antiangiogenic agents in the treatment of chordomas
[117].

Chondroma/chondrosarcoma

e Chondromas are cartilaginous tumors found primarily in the small
bones of the hands and feet. These tumors are rarely found in the
spine. They can be divided into enchondromas (originating from the
medullary cavity) or periosteal chondromas (originating from the
cortex). These lesions commonly present with local tenderness and/or
a palpable mass when the tumor expands into surrounding tissue
[118].

e Complete surgical resection with negative margins is the primary
treatment for chondromas. Less than 10% of patients experience
tumor recurrence after complete resection [119]. If incomplete resec-
tion is performed, residual tumor is at risk for sarcomatous degener-
ation [120]. As chondromas are radioresistant lesions, radiosurgery at
present does not have a significant role in the treatment of these
tumors.

e Chondrosarcomas are extremely rare tumors with a predilection
towards the thoracic spine. These slow-growing tumors commonly
present with focal pain or neurologic deficits [121]. Although chon-
drosarcomas can be divided into multiple pathologic subgroups, the
most important characteristic with respect to clinical outcome is the
World Health Organization (WHO) grade. Grade I chondrosarcomas
have a 90% 10-year survival rate from 30% to 40% compared with
high grade lesions [122].

o Regardless of WHO-specified tumor grade, the gold standard for
treating chondrosarcomas is gross total resection with negative mar-
gins. The literature suggests that en bloc resection is associated with
long-term recurrence-free survival [123-125]. En bloc resection may
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result in recurrence rates of 20% or less [126]. In cases of tumor
recurrence, repeat resection may lead to improved survival [127].

¢ The role for radiation therapy in chondrosarcomas, a relatively radi-
oresistant tumor, is unclear. Typically, radiation therapy is utilized
after incomplete surgical resection or in nonoperable lesions. A recent
study by Normand and colleagues reports that in a small series of 13
patients with unresectable and symptomatic chondrosarcoma, six
patients exhibited an improvement in clinical symptoms after radia-
tion [128]. However, there are no studies existing now demonstrating
that radiation therapy increases long-term survival.

e There is no clear role for the use of chemotherapy for patients with
chondrosarcoma. These slow-growing tumors are poorly vascularized
and have a large amount of extracellular matrix, thus limiting the access
of antitumor agents [129]. Chondrosarcomas also express the multi-
drug-resistance-1 and p-glycoprotein, which may also play a role in
chemoresistance [130]. Various subtypes of chondrosarcomas may have
different responses to chemotherapy. For mesenchymal chondrosar-
coma, small studies suggest that there may be a role for chemotherapy
[131, 132]. In contrast, the role of chemotherapy for dedifferentiated
chondrosarcoma is less clear. Staals and colleagues reported that in a
small series of patients with dedifferentiated chondrosarcomas arising
from pre-existing osteochondromas, adjuvant chemotherapy after sur-
gical resection improved overall survival compared to surgical resection
alone. The majority of patients received a combination of adriamycin
(doxorubicin), cisplatin, methotrexate, and ifosfamide [133]. Nooij
and colleagues reported that two patients with dedifferentiated chon-
drosarcoma receiving a combination of doxorubicin and cisplatin pre-
operatively demonstrated no significant response to chemotherapy
[132]. The phase II trials investigating the use of gemcitabine/docetaxel,
ifosfamide, and tyrosine kinase inhibitors such as imatinib, sunitinib,
and dasatinib are currently being investigated [134].

Ewing’s sarcoma

¢ Ewing’s sarcoma is a primary bone tumor rarely found in the spine.
Ewing’s sarcoma of the spine typically occurs at a young age, and the
sacrum is the most common location in the spinal axis. The etiology
of this tumor is unclear, although there is recent evidence that mes-
enchymal stem cell progenitors may play a role [135]. Pain is the
usual presenting symptom, and neurologic deficit is common.

e The current treatment regimen for Ewing's sarcoma involves surgery,
chemotherapy, and radiation therapy. Patients with localized disease
have been reported to have five-year relapse-free or event-free survival
rates of 59-76% [136-138]. Chemotherapy plays a central role in the
treatment of Ewing's sarcoma. Current protocols typically use a
combination of vincristine, cyclophosphamide, and doxorubicin
[139]. The addition of ifosfamide and etoposide to this four-drug
regimen has shown improved outcomes and is considered the stan-
dard of care in the United States [137]. Recent studies have investi-
gated other chemotherapeutic agents for Ewing’s sarcoma. Paulussen
and colleagues recently published the results of the EICESS-92 study,
which showed that the addition of etoposide to vincristine, dactino-
mycin, ifosfamide, and doxorubicin (VAIA) therapy approached, but
did not reach, statistical significance with respect to improving sur-
vival. In a separate arm in this study, cyclophosphamide was used in
place of ifosfamide to determine whether toxicity could be reduced
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without decreasing overall survival. The study suggests that replacing
ifosfamide with cyclophosphamide in a standard VAIA therapy had no
effect on event-free and overall survival but may actually increase
toxicity [140e]. Camptothecan derivatives have shown some success in
preliminary studies. Irinotecan has been used in combination with
temozolamide with some success in advanced relapsed Ewing's Sar-
coma [141]. A recent phase II trial using the mammalian target of
rapamycin (mTOR), a critical protein kinase involved in the regula-
tion of cell proliferation and growth, showed drug activity in patients
with advanced sarcoma, including patients with Ewing’s sarcoma
[142]. Inhibitors to the insulin growth factor-1 receptor (IGF-1R) have
shown promise in reducing proliferation of Ewing's sarcoma in vitro
and in vivo [143]. The use of a monoclonal antibody against IGF-1R
in a patient with refractory Ewing's sarcoma led to a complete re-
sponse [144].

The addition of surgical resection and/or radiation to chemotherapy
may improve outcomes for patients with Ewing’s sarcoma. There is
some evidence that en bloc resection leads to improved local control.
In a review of 244 patients with Ewing's sarcoma in a variety of
locations, including the spine, Ozaki and colleagues found that
patients with radical or wide surgical margins had improved local
control compared to marginal or intralesional resections [145]. Bacci
and colleagues also showed that adequate surgical margins improve
both local control and event-free survival [146].

Radiation therapy plays an important role in the treatment of Ewing's
sarcoma, a relatively radiosensitive tumor compared to other sarco-
mas. In a retrospective study by Schuck and colleagues, patients who
have received radiation therapy as the lone primary treatment had a
22.6% local recurrence rate [147]. Radiation therapy is utilized after
chemotherapy or in conjunction with chemotherapy and surgical
resection, particularly in cases where residual tumor remains after
surgery. Radiation therapy may be of particular benefit in patients
who are poor responders to chemotherapy [148]. In addition to tra-
ditional radiation therapy, stereotactic radiosurgery is playing an
emerging role in Ewing’s sarcoma [149].

Osteosarcoma

e Osteosarcoma (Fig. 4), the most common primary spine sarcoma,

represents from 3% to 15% of all primary spine tumors [150-152]. It
is most commonly found in the posterior elements of the sacral and
thoracic spine [151]. Paget’s disease is a known risk factor for osteo-
sarcoma, but less than 1% of patients with Paget’s disease will develop
malignant transformation [153]. There are multiple histological sub-
types of osteosarcomas. High grade lesions include conventional
osteosarcomas, the most common subtype, as well as telangiectatic,
small-cell, giant-cell, epithelioid, and osteoblastoma-like osteosarco-
mas. Surface osteosarcomas are generally lower grade lesions but are
rare in the spine [154].

e The prognosis of patients with spinal osteosarcomas continues to be

poor. The difficulty in obtaining adequate surgical margins when
resecting these tumors likely explains why the outcomes of these
patients are much worse compared with patients presenting with
osteosarcomas of the extremities. Furthermore, the radiation dose
delivered by traditional methods of radiotherapy is limited by the
proximity of the tumor to critical neural structures.
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Figure 4. Coronal MRI of a sacral osteosarcoma

e Advances in surgical techniques have improved our ability to perform
en bloc resections of osteosarcomas while preserving spinal stability.
Because of the rarity of these lesions and the relative novelty of the
surgical techniques, there are no large case series evaluating the effi-
cacy of en bloc resection of osteosarcomas with respect to long-term
outcomes. Rao and colleagues recently published their series of 80
patients with primary or metastatic sarcoma of various histologies,
including osteosarcoma. Twelve patients with en bloc resections had a
median survival of 26.2 months compared to 18.6 months for
patients with intralesional resection [155]. Although the difference in
survival was not statistically significant, this result may be secondary
to the small number of patients in the en bloc resection group.
However, it is our opinion that en bloc resection should be pursued
when possible to offer patients with the greatest chance of long-term
survival.

o Despite surgical advances, en bloc resection of these lesions will not
always be feasible. Osteosarcomas are generally radioresistant lesions,
and traditional radiotherapy has limited benefit in the treatment of
this pathology [156]. There is no evidence showing that traditional
means of radiotherapy offers improvement in clinical outcome [157].
In contrast, adjuvant chemotherapy currently plays a role in the
treatment of patients with spinal osteosarcoma. Current protocols use
a combination of methotrexate, cisplatin, ifosfamide, and doxorubi-
cin. There has been evidence of recent interest in the use of the
immunostimulant muramyl tripeptide-phosphatidylethanolamine
(MTP-PE). In combination with traditional agents, the addition of
MTP-PE led to marginal improvements in event-free survival [158].

e The combination of gemcitabine and docetaxel has been investigated
for the use in patients with osseous sarcomas. Gemcitabine is a
difluorinated deoxycytidine analog that is activated by deoxycytidine
kinase after cellular uptake. In activated dihposphate and triphosphate
forms, gemcitabine depletes deoxynucleotide stores and interferes
with DNA elongation [159]. In phase I and II trials with gemcitabine
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alone, 4 out of 13 patients with osteosarcoma demonstrated disease
stabilization. No patients demonstrated objective responses [160,
161]. Docetaxel is a cytotoxic agent that stabilizes microtubules
against depolymerization and results in cell cycle arrest. The use of
docetaxel as a single agent has demonstrated modest responses in
patients with osteosarcoma [162-164]. Navid and colleagues retro-
spectively reviewed their institutional experience using a combination
of gemcitabine and docetaxel in the treatment of patients with pedi-
atric sarcoma. Out of 10 patients with recurrent or progressive oste-
osarcoma, three patients demonstrated a partial response, while one
patient had no disease progression [159].

Conclusion

e Primary tumors of the spine encompass a wide variety of pathologies,
each with their own unique clinical algorithms. Multi-disciplinary
management of these lesions is critical to maximize clinical outcomes.
Although the ability to surgically resect primary spine tumors con-
tinues to be refined, it is likely that advances in chemotherapy and
radiation therapy will be much more critical in significantly improv-
ing patient outcomes in the future.
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