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Abstract
Metastatic spinal lesions are a common event in cancer patients. Spinal metastases usually
involve the vertebral bodies and are characterized by severe pain. Surgical treatment, as a
consequence of its high invasivity, is rarely offered to patients with metastatic disease and
expected limited life span. Spinal radiosurgery provides high rates of pain and local growth
control in association with limited risk of neurological complications. The use of radiosurgery
to treat spinal lesions has been strongly facilitated by the development of image-guided robotic
radiosurgery, a technique able to deliver stereotactic irradiation to intra- and extracranial
targets. Despite the exponential increase of treatments delivered to the spine using this novel
approach and the growing number of papers reporting the outcomes of spine radiosurgery in
terms of local growth control and analgesia following treatment of patients with metastatic and
benign lesions of the spine, the awareness of the general medical public to the use of this
technique remains limited. This paper aims to review the role of radiosurgery in the treatment
of vertebral metastases and benign tumors and its efficacy in terms of pain and local growth
control.
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Introduction And Background
The skeletal system is the third most frequent site of metastases after lung and liver, and the
spine is the most common site of skeletal metastases [1]. Spinal metastases in patients with
advanced cancer can cause significant morbidity, with pain and/or neurological deficits
adversely affecting the patients' survival and quality of life. Due to increased life expectancy of
cancer patients, a rise in incidence of vertebral metastases has recently been observed and
management of such patients has become a major neurosurgical issue.

Pain relief in patients with metastatic or primary spinal lesions is usually achieved with
steroidal or non-steroidal anti-inflammatories [2] and opioids, often in combination with
external beam radiation [3], surgery [4], and, in some cases, chemotherapy [3]. Steroids are
effective in reducing the spinal cord edema temporarily and thus allowing radiotherapy or
surgery of the lesion.

Surgery is the treatment of choice for metastases that require decompression and vertebral
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stabilization. A simple laminectomy should be reserved for very rare cases, such as when only
the spinous process or lamina is involved, or in the case of a purely epidural lesion. If surgery is
to be performed, the anterior column needs to be attended to through several surgical
approaches, and even a posterior approach should not exclude accessing the vertebral bodies
and reconstruction of the anterior column. Advanced surgery eliminates instability of the spine,
relieves neurologic compromise and pain, and provides histologic material for pathologic
diagnosis. Nevertheless, due to potential complications, life expectancy and general condition
of the patient ultimately determines the feasibility of this option. Radiotherapy is also a very
efficient option for pain relief, neurological function preservation or recovery, and control of
tumor growth [5]. Although both single- and multiple-fraction radiotherapy regimens have
been demonstrated to be effective in different instances [5-7], advancements that can provide a
boost to the therapeutic efficacy of radiation therapy are still desirable.

Benign spinal tumors, including schwannomas, meningiomas, chondromas, and neufibromas
are usually treated with surgery [8-9]. Local or radicular pain, along with radicular or
myelopathic weakness, axial sensory loss, and bladder paresis, can manifest as symptoms of
benign spinal tumors [10]. Radiosurgery is the treatment of choice for selected cases of benign
brain tumors [11-12].

Progress in radiation therapy of spinal tumors is dependent on development of new
technologies to improve tumor targeting, increase therapeutic dose, aid normal tissue sparing,
and improve dose conformality. All these can be achieved with radiosurgery. Radiosurgery is
defined as the delivery, in a single or few fractions, of a concentrated dose of radiation to
inactivate or eradicate a target, with a steep dose fall-off outside the treatment volume [13]. The
technique was first developed in the late 1940s by the Swedish neurosurgeon, Lars Leksell [14].
The required high spatial accuracy of dose delivery to intracranial targets was achieved with the
use of a rigid frame designed by Leksell. The stereotactic frame, anchored to the patient's skull,
provides external reference points for target localization, and is still in widespread use. Initial
attempts at spinal radiosurgery also involved a stereotactic frame that was fixed to the spine
with bone screws applied under general anesthesia [15]. This frame was invasive and
uncomfortable for the patient and tended to introduce image artifacts in the CT. The
development of a more flexible and less painful approach called image-guided, or frameless,
radiosurgery has allowed the principles of intracranial radiosurgery to be applied to the
treatment of spinal lesions [16-17].

Three image-guided linear accelerator (LINAC)-based devices are currently used to deliver
spinal radiosurgery [18]: the Novalis Tx™ (BrainLAB AG, Feldkirchen, Germany), an intensity-
modulated gantry-based system, which takes advantage of external infrared light-emitting
diodes placed on the patient's body and couch adjustment based on optical tracking combined
with X-ray imaging; TomoTherapy® Hi-Art® (TomoTherapy Incorporated, Madison, WI, USA),
using CT technology for image guidance, however, is not yet equipped with a system that would
allow intrafractional corrections without treatment interruption; and the CyberKnife®
(Accuray Incorporated, Sunnyvale, CA, USA), a device that uses a robotic arm to position a
compact LINAC and the only system that is capable of automatic targeting corrections based on
frequent orthogonal X-ray imaging combined with other tracking techniques used depending
on the application [19-21]. Image-guided radiosurgery uses intrafractional image guidance to
locate the tumor during a treatment session and redirect the radiation source or reposition the
patient based on these measurements. The accuracy of dose delivery using image-guided
radiosurgery is comparable to that of frame-based intracranial radiosurgery.

Review
Radiation Therapy for Palliation of Spinal Metastases
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External beam radiotherapy

Radiotherapy is a cornerstone of the treatment of spinal metastases, especially in patients with
contraindications for surgery, limited disease, and radiosensitive lesions. In general,
lymphomas, myeloma, and seminomatous germ-cell tumors are highly radiosensitive. Most
solid tumors, such as breast cancer, prostate cancer, and lung cancer, are considered to have
intermediate radiosensitivity. Melanomas, osteosarcomas, and renal cell carcinomas are
usually considered to be radioresistant [22-24]. Radiotherapeutic options include conventional
external beam radiotherapy (EBRT) and more advanced techniques, such as intensity-
modulated radiotherapy (IMRT), stereotactic radiosurgery, stereotactic radiotherapy, and
systemic application of radio-isotopes.

Multifraction regimens, such as 2400 cGy in six fractions or 3000 cGy in 10 fractions, are
commonly used for the treatment of metastases. Nevertheless, the Radiation Therapy Oncology
Group Protocol No. 74-02 (RTOG 74-02) trial [25], the study of the Bone Pain Trial Working
Party in the United Kingdom [1], and the Dutch Bone Metastasis study [5] in the Netherlands
have demonstrated no consequential difference between single-fraction radiotherapy and
multifraction schemes. A single dose of 8 Gy has, accordingly, gained widespread acceptance
with response rates for pain relief of about 70-80% [5]. The efficacy of this single-fraction
scheme was also confirmed by different meta-analytic studies. Sze, et al. [26] published a
systematic review comparing short-versus long-course radiotherapy for bone metastases. Three
studies reported data on 2,206 randomized patients, 739 of whom had spinal metastases. In
this subgroup, the single-fraction treatment was as effective as the multifraction therapy in
relieving pain.

Though the immediate control of pain can be achieved with a single dose of 8 Gy, all of the
studies mentioned above reported that the incidence of repeat treatment is higher after single-
fraction radiotherapy. The question then arises whether higher doses are needed for a longer
term control of pain and tumor growth. Higher doses, however, require different techniques of
radiation delivery capable of providing higher conformality in order to spare nearby
radiosensitive structures, such as the spinal cord.           

Radiosurgery

Several studies have demonstrated that radiosurgery is feasible and effective for palliation of
spinal metastases. CyberKnife radiosurgery has been used and reported much more than other
modalities of spinal radiosurgery, due to the intrinsic ability of the system to provide accurate
single stage irradiation to the spine. A limited number of studies reporting the outcome of
spinal radiosurgery using the Novalis and the Hi-Art systems will be discussed first. Ryu and co-
workers reported results of a clinical feasibility study in 10 patients treated with radiosurgery
for spinal metastases with the Novalis system [9]. Radiosurgery (6-8 Gy in a single fraction) was
administered as a boost after external beam radiotherapy (25 Gy in 10 fractions). After a
median follow-up of six months, all patients had some pain relief, five leading to medication
reduction. In another study [27], 31 patients with symptoms of pain and/or neurological deficits
were treated with the same technique for 35 tumors, 26 of which were spinal metastases.
External beam radiotherapy (25 Gy in 10 fractions) was followed by a single-fraction
radiosurgical boost of 6 to 8 Gy. Patients who had previously received 30 Gy with external beam
radiotherapy were given a boost of 10 Gy in two fractions. Thirty-two patients experienced pain
relief within 72 hours and 22 showed durable neurological improvement. The incidence of
complications related to radiosurgery was fairly low, with two patients developing transient
radiculitis, and one showing severe neurological deterioration. The Novalis system has also
been used for radiosurgery of patients that had not previously received any radiotherapy [28]. In
one such study, 49 patients with 61 spinal lesions were treated with single-fraction doses
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ranging from 10 to 16 Gy, with pain control as the primary endpoint. The authors reported
complete pain relief in 37.7%, partial pain relief in 47.6%, and stable symptoms in 16.2% of
cases at eight weeks after treatment. De Salles, et al. [19] reported on the treatment of 14
patients with 22 spinal lesions. Following Novalis radiosurgery, 50% of the patients
experienced improvement in their pain. Tumor control was achieved in 56% of spinal tumors.
The Hi-Art helical tomotherapy system has been used by Kim, et al. [29] for fractionated
radiosurgery of spinal metastases. A series of eight patients were treated with doses of 15-30 Gy
in one to five fractions. Two patients were treated with a single dose of 15 Gy. All of the treated
patients experienced complete radiographic control. Pain control was achieved in all four
patients who had follow-up with regard to pain control. An unspecified number of patients with
spinal metastases were treated at the University of Virginia's radiosurgery program using a
radiosurgical dose of 18–24 Gy to treat spinal metastases. Overall, a fairly rapid pain relief
(often within one week) was observed, as assessed by the visual analog pain scale in these
patients. A smaller than 8-Gy dose to the region of the spinal cord immediately adjacent to the
levels involved in metastatic disease was recommended to avoid spinal cord complications.

At the University of Pittsburgh Medical Center, the largest clinical series to date has been
treated with single-fraction CyberKnife radiosurgery [23]. The study involved 500 lesions in 393
patients with metastases of various histologies, mostly renal cell, breast, lung, and melanoma.
Goals of the study included tumor control, palliation of symptoms, and restoring neurological
function. The average maximum dose to the tumor was 19 Gy in a single fraction. Sixty-seven
patients had not been previously irradiated. In 48 of these cases, a significant decrease in pain
was observed during the follow-up period of six-48 months (median 16 months). Authors
reported long-term radiographic control in 88% of all cases, and 100% for breast, lung, and
renal cell carcinoma treated for the first time. Overall long-term pain relief was obtained in 290
of the 336 cases that presented with pain as the primary symptom (86%).

Similar local control results were obtained in a series of 58 patients treated at the Georgetown
University Hospital for various metastatic lesions with a dose of 21.16 Gy in 3.6 fractions on
average [30]. Most patients were treated for pain rather than other symptoms. Authors reported
a rapid and durable pain relief in the short-term. In a very recent article, the same team
reported on a prospectively treated 200-patient cohort that consisted of 151 patients with
metastases, 36 patients with benign, and 13 patients with malignant spinal tumors. The
patients who had not received previous radiation received a mean dose of 26.3 Gy in three
fractions and those with pre-CyberKnife radiation history were treated with a mean 21.05 Gy in
three fractions. In this study, the pain scores declined from 40.1 to 28.6 post-treatment and
continued to decline in the following four years. The authors also noted a significant
improvement in the quality of life component.

CyberKnife was also used by Gibbs, et al. [31] for radiosurgery of 74 patients with 102 metastatic
lesions. Doses ranged between 16 and 25 Gy in one to five fractions. Two-thirds of the patients
had been previously irradiated. Symptoms, including pain and neurological deficits, improved
in 84% of cases. Severe myelopathy related to radiosurgery occurred in three patients after a
mean of seven months from treatment. The same Stanford team, in collaboration with
University of Pittsburgh researchers, recently published a much larger study (1,075 patients)
focusing on safety of the CyberKnife radiosurgery of the spine, particularly in terms of delayed
myelopathy. Only six patients experienced this adverse event at a median 6.3 months following
the treatment. Three of these patients had had previous radiation treatment, three had
metastatic, and three benign tumors. Also, half of the afflicted patients had received a BED
above 8 Gy to the spinal cord. The authors recommended limiting this dose [32].
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FIGURE 1: CyberKnife robotic, image-guided, stereotactic
radiosurgery system.

Future perspectives

Although spinal radiosurgery remains in its infancy, the data reported in the literature clearly
show an effective role for it in the treatment of spinal metastases. Stereotactic delivery of
radiation to metastatic lesions near the spinal cord can result in good tumor control, rapid and
durable pain relief, and in some cases, recovery of neurologic function with little evidence of
radiation-related side-effects or radiation necrosis. The largest studies of spinal radiosurgery
have consistently shown excellent clinical outcomes without complications using single-
fraction approaches. Gerszten, et al. presented outcome of a 115-patient study, including 108
metastatic lesions [33]. They treated all patients with a mean single-fraction dose of 14 Gy (12-
20 Gy) prescribed to the 80% isodose line. No acute radiation toxicity or new neurological
deficits occurred during the follow-up period (median, 18 months). Axial and radicular pain
improved in 74 of 79 patients. In the large-scale study from the same group, not a single
instance of radiation-induced neurological complications was observed.

Taken along with the current findings, pain control and local control after single-fraction or
hypofractionated radiosurgery are equivalent. This is consistent with results of randomized
studies that have failed to show significant difference in pain control between single- and
multifraction regimens for external-beam radiation therapy. We can conclude that single-
fraction radiosurgery is effective in most cases of spinal lesions, and that hypofractionated
radiosurgery should be reserved for treatment of special cases (e.g., larger tumors). The efficacy
and safety of highly conformal radiation therapy against metastatic spinal lesions appears to be
well-established, based on the data in the literature. However, several questions remain open.
Is radiosurgery a viable option as salvage treatment for those who have already undergone
conventional radiotherapy, yet demonstrate persistent symptoms and/or radiological
progression; or as an initial treatment for patients with limited spinal disease, favorable overall
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performance status, and focal neurological symptoms? Dose and fractionation schemes are
currently chosen on the basis of personal experience and beliefs: a more systematic approach
has not been developed yet. Finally, control of tumor progression and palliation of symptoms
are two disparate goals of any treatment that must be addressed on a case-by-case basis. 

Conclusions
Spinal radiosurgery is a fast, non-invasive treatment used with good results in a growing
number of patients with vertebral metastatic pain. In particular, radiosurgery is rapidly
becoming the main treatment option for patients with stable vertebral disease, offering high
rates of pain and tumor growth control and low incidence of neurological complications.
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