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Study Design Review.

Objective To describe a decision framework that incorporates key factors to be
considered for optimal treatment of spinal metastasis and highlight how this system
incorporates the Spinal Instability Neoplastic Score (SINS).

Methods We describe how treatment options for spinal metastasis have broadened in
recent years with advancements in stereotactic radiosurgery, vertebral augmentation,
and other minimally invasive techniques. We discuss classification-based approaches to
the treatment of spinal metastasis versus principles-based approaches and argue that
the latter may be more appropriate for optimal patient informed consent. Case
examples are provided.

Results Scoring systems at best produce an estimate of life expectancy but fall shortin
incorporating all of the relevant factors that determine which treatment(s) may be
indicated. We advocate a principle-based decision framework called LMNOP that
considers: (L) location of disease with respect to the anterior and/or posterior columns
of the spine and number of spinal levels involved (contiguous or non-contiguous); (M)
mechanical instability as graded by SINS; (N) neurology (symptomatic epidural spinal
cord compression); (O) oncology (histopathologic diagnosis), particularly with respect
to radiosensitivity; and (P) patient fitness, patient wishes, prognosis (which is mostly
dependent on tumor type), and response to prior therapy.

Conclusions LMNOP is the first systematic approach to spinal metastasis that
incorporates SINS. It is easy to remember, it addresses clinical factors not directly
addressed by other systems, and it is adaptable to changes in technology.

tumor growth. As systemic treatments improve, patients are
living longer, and thus there is more emphasis on the need for

Spinal metastasis is a complex condition requiring a multidis-
ciplinary approach to therapy. Many variables reflecting the
disease, patient, and treatment factors need to be taken into
account for an optimal outcome. In general, the goals of
therapy are palliative and include pain control, spinal stability,
improving or maintaining neurologic function, and control of
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durable functional outcomes and prevention of local tumor
recurrence.

The surgical axiom to achieve maximum-quality clinical
outcomes with the least invasive treatment remains at the
core of the decision-making process. Treatment choices are
complex because they depend on many interrelated clinical
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factors and patient-informed choice. Furthermore, several
treatment options have developed in recent years, including
stereotactic radiosurgery (SRS), minimally invasive spinal
surgery (MIS), and vertebroplasty or kyphoplasty. The Spine
Instability Neoplastic Score (SINS) is a relatively new tool that
provides a reliable method to describe spinal instability in
tumors, and will hopefully lead to a more consistent thera-
peutic approach to surgical decision making."?

We will review a decision framework that incorporates all
of the key factors that need to be considered in the treatment
of spinal metastasis. We will also highlight how this system
incorporates the SINS as well as the latest technical advances.

Disease Factors

The thoracic spine is the most frequent site of spinal metas-
tasis, followed by the lumbar, cervical, and sacral regions.’
The most common primary tumors metastasizing to the spine
reside in the lung, breast, marrow, kidney, and prostate.*>

Pain is the most common initial symptom, which is present in
more that 95% of patients with spinal metastasis.>’ Three types
of pain have been described in the context of spinal metastasis:
local (or “biologic”) pain, radicular pain, and mechanical pain.
Local pain is described as constant, which usually does not
worsen with movement and does not improve with recumben-
cy. It can be localized close to the lesion site, and palpation or
gentle percussion over the vertebral spinous process may assist
in localization. This type of pain has been associated with the
tumor itself. The exact etiology is unclear, but it may be partially
attributed to stretching of the vertebral body periosteum by the
tumor. Radicular pain is described as constant, which may be
worsened or relieved with movement or changes in posture, and
is usually associated with dysesthesia. It characteristically radi-
ates in the dermatomal distribution and is related to nerve root
compression by tumor or pathologic fracture. Mechanical pain
worsens with movement and standing upright, and is charac
teristically relieved or significantly improved with recumbency.
It is a significant cause of morbidity and is related to instability of
the spinal column caused by the tumor.

Neurologic deficits may be present by the time of the
diagnosis.7’8 Once neurologic symptoms appear, the natural
history seems to be the progression of the deficits to complete
paraplegia, albeit at variable rates.’

Treatment Factors

Treatment options for spinal metastasis have significantly
evolved over the past 25 years.'” The earliest surgical ap-
proach, laminectomy, proved to be inadequate, leading to poor
pain control and destabilization of the spine. With the devel-
opment of instrumentation to effectively reconstruct and
stabilize the spine, surgical methods have become more
sophisticated, including corpectomy or spondylectomy via
either anterior or extracavitary posterolateral approaches.'!-'2
In 2005, Patchell et al conclusively demonstrated that direct
decompressive surgery plus postoperative radiation therapy
was superior to radiotherapy alone in patients with symptom-
atic spinal cord compression due to metastasis.'>

Global Spine Journal  Vol. 4 No. 2/2014

More recently, the development of MIS approaches has
provided new ways of achieving surgical decompression and
spinal stability. Approaches utilizing tubular retractors and
percutaneous pedicle screws,'* as well as video-assisted
thoracoscopic surgery,15 have been advocated, but rigorous
studies comparing these new techniques to traditional open
approaches have not been done yet.

Vertebral augmentation with vertebroplasty or kypho-
plasty may be used to address mechanical pain from vertebral
body fractures in the absence of severe instability or spinal
cord compression. These techniques are particularly useful in
patients with very limited life expectancy who hope to avoid
open surgery and those with very poor bone quality (e.g.,
myeloma bone disease).'® The prospective randomized Can-
cer Fracture Evaluation (CAFE) trial showed superiority of
kyphoplasty over nonoperative care in patients with cancer
and vertebral compression fractures, with a similar rate of
adverse events between treatment arms.'’

Radiation therapy has also developed new treatment para-
digms over the last several years. In patients with minimal
epidural disease, SRS can be used to deliver radiation more
precisely to the tumor, significantly reducing the dose to the
spinal cord, and allowing greater dose delivery per fraction.
This advance allows durable tumor control rates independent
of tumor histology-specific radiosensitivity to conventional
external beam radiation therapy (cEBRT). In other words, so-
called radioresistant tumors such as renal cell carcinoma may
be treated with SRS. As well, SRS may be used after cEBRT has
failed. Both hypofractionated SRS (typically 18 to 36 Gy in five
or six fractions) and more recently single-fraction SRS (24 Gy)
have been advocated.'® Higher doses produce superior local
control but are associated with vertebral compression frac-
ture.'® Laufer et al have shown durable tumor control after
only limited decompression of spinal metastasis (so-called
separation surgery) to reconstitute the CSF space around the
cord, combined with adjuvant SRS.'® This treatment paradigm
nicely demonstrates the potential for MIS and SRS to work
together to achieve the best outcomes.

Pharmacologic agents available for treatment of patients
with spinal metastasis include hormonal agents, chemother-
apeutic agents, bisphosphonates, and steroids.?> Hormonal
agents have been used in patients with prostate cancer and
breast cancer. Chemotherapeutic agents have a limited role in
treating spinal metastasis, except in cases of Ewing’s sarcoma
and neuroblastoma, which are chemosensitive tumors. Bi-
sphosphonates may be used to reduce the risk of pathologic
fracture by inhibiting osteoclastic activity. Corticosteroids
can be used to decrease tumor-associated inflammation
and decrease spinal cord edema.

Patient Factors

Patients with spinal metastasis can present with wide range
of comorbidities and length of expected survival.” Also, in the
Internet era, patients have become increasingly informed
about the disease process and the current treatment options.
Incorporating well-informed patients’ wishes in the decision-
making process is especially important in the palliative
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setting.”! One of the most difficult skills for the surgeon to
learn is when disease has advanced to the point that surgery
is likely to impart more harm than good. In the next section,
we will discuss how classification systems can help determine
the approach, based on an estimate of life expectancy.

Classification-Based Approaches to Decision
Making

Classification systems, in particular those described by To-
kuhashi et al*>%3 and Tomita et al,>* are well-established
methods to estimate life expectancy in patients with spinal
metastasis. A major drawback is that the relative weighting of
different categories may change in diverse patient popula-
tions. Some important aspects of care, such as the response to
previous therapies, are not addressed by these systems. Life
expectancy can change for certain tumor types with the
development of systemic therapies, so systems need to be
continuously updated.

Balain et al recently described the Oswestry Risk Index
(OSRI), which condenses and combines the Tomita and
Tokuhashi systems into one simplified score.”’ The most
predictive items were combined: the Primary Tumor Pathol-
ogy score from the Tomita system and the General Condition
score from the Tokuhashi system. Also, the Primary Tumor
Pathology index from the Tomita system was expanded by
adding a fourth category, “very rapid growth” with a score of
5, to include primary tumor of the lung. The OSRI score ranges
from 1 to 7 and is grouped into five Risk Index categories, with
associated median survival times and 85th percentile survival
times. The OSRI system provides a useful tool for estimating
survival times, taking into account disease (Primary Tumor)
as well as patient factors (General Condition), and provides
useful guidance in identifying patients who will not benefit
from surgery: those with the shortest survival times. Howev-
er, it does not provide any recommendation for the type of
surgery for patients who may benefit from it.

In essence, this is the major limitation of all of these
systems: at best, they provide guidance on who not to operate
on (i.e., reduced life expectancy). However, they provide very
little guidance with regards to which treatment(s) may be
indicated. For example, the surgical strategies advocated by
Tokuhashi et al include “conservative treatment,” “palliative
surgery” and “excisional surgery."23 Similarly, Tomita et al
advocate a range of treatments including “supportive care,”
“palliative surgery,” “marginal or intralesional surgery,” and
“wide or marginal excision.””* None incorporates newer
treatment modalities such as kyphoplasty. Also, none con-
sider the previous therapies the patient has failed, which may
help predict response to other treatments and help determine
risk (e.g., wound infection with surgery performed through
an irradiated field).

Principle-Based Approach to Decision
Making

The “principle-based” approach does not include an algo-
rithm based solely on a score. Instead, decision making is
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based on a framework of key clinical considerations, recog-
nizing that the care of each patient remains highly individu-
alized for metastatic disease. Bilsky and Smith have described
an approach called NOMS, which addresses neurologic (N)
and oncologic (O) disease, mechanical instability (M), and
systemic disease (S).25 The NOMS framework represents a
comprehensive approach to spinal metastases, which takes
into consideration patient-related (S) as well as disease-
related (N, O, M) factors. However, mechanical instability is
discussed only in the context of movement-related pain.
Considering that spine instability is one of the major causes
of morbidity in patients with spinal metastasis, a framework
that addresses the instability question in greater detail is
required.

LMNOP

We proposed a decision-making strategy for spinal metasta-
sis called LMNOP, which incorporates: location and level(s) of
spinal disease (L); mechanical instability (M); neurology (N);
oncology (O); patient fitness, prognosis, patient wishes and
prior therapy (P).2® LMNOP includes three key considerations
that were only indirectly addressed by NOMS: (1) the location
of disease with respect to the anterior and/or posterior
columns of the spine; (2) the number of spinal levels involved
with tumor, contiguous or noncontiguous; and (3) the re-
sponse to previous therapies. In addition, it is the first surgical
decision aid for spinal metastasis that is integrated with the
SINS.

Location]Level (L)

Within individual vertebra, the well-vascularized vertebral
body is the most common site of tumor involvement (80%).3
Therefore, epidural compression most commonly occurs from
a ventral or ventrolateral direction. The location of disease
compressing the spinal cord is obviously a key consideration
in determining the approach to facilitate decompression. In
addition, the level of the tumor involvement significantly
influences the choice of surgical approach.

For lesions from CO to C2, posterior stabilization and
adjuvant radiation therapy is the preferred approach. Due
to the large central canal at this region, symptomatic cord
compression is relatively uncommon: most patients present
with mechanical pain.27 Anterior approaches (transoral,
transpharyngeal) are associated with significant morbidity
and are therefore relatively contraindicated considering the
palliative goals of the surgery.

For lesions from C3 to C6, both anterior and anterior/
posterior approaches have been advocated. Anterior ap-
proaches are indicated in most cases undergoing surgical
resection. However, combined anterior/posterior approaches
are preferred in cases with multilevel disease, circumferential
tumor involvement, severe instability, and poor bone quali-
ty.?8 For lesions at the C7-T1 level, both anterior and posterior
approaches can be employed; however, supplemental poste-
rior stabilization is usually required.29

For lesions from T2 to T5, posterolateral approaches have
been recommended.>? The location of great vessels and the
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heart complicate anterior approaches. For lesions from T6 to
L5, a wide spectrum of approaches (anterior, posterior, and
circumferential) have been described.'’3® The choice of
approach depends on the goals of the surgery, and the
experience and preference of the surgeon.

For lesions in the sacrum, surgical treatment is rarely
indicated. The sacral canal has the capacity to accommodate
large tumor volumes before developing neurologic symp-
toms. Also, the degree of bone destruction needed to cause
the instability is substantial. Most often, sacral metastases do
not cause significant instability, and palliative radiation ther-
apy is indicated. If surgery is required, posterior approaches
have been used most often.3'-33

Multilevel involvement of the spine is not uncommon in
metastatic spine disease. In some cases, two or more non-
contiguous levels are involved.>* Usually, only one particular
level is symptomatic, which needs to be identified accurately
to provide optimum surgical intervention.

Mechanical Instability (M)

Mechanical instability is perhaps the most common indica-
tion for surgery in patients with metastatic spinal disease. It
has been defined as the “loss of spinal integrity as a result of a
neoplastic process that is associated with movement-related
pain, symptomatic or progressive deformity and/or neural
compromise under physiological loads.”' Tumor related in-
stability is graded by SINS using a combination of six clinical
and radiologic criteria. Each component is assigned a score
reflecting its contribution to the overall instability of the
spinal segment.

1. The Spine Location score reflects the inherent stability of
the various segments of the spine. The spine is divided into
“junctional” (C0-C2, C7-T2, T11-L1, L5-S1), “mobile”
(C3-C6, L2-14), “semirigid” (T3-T10), and “rigid”
(S2-S5) segments, and the scores of 3, 2, 1, and 0 are
assigned, respectively.

2. The Mechanical Pain score reflects the presence of me-
chanical pain. Patients who have pain with movement,
upright posture, or loading of the spine that is relieved or
improved with recumbence receive a score of 3. Patients
who present with local biologic pain without mechanical
characteristics receive a score of 1. Nonpainful lesions are
scored as 0.

3. The Bone Lesion Quality score reflects the presence of bone
destruction. Lytic lesions receive a score of 2, blastic
(sclerotic) lesions receive a score of 0, and mixed lesions
are scored as 1.

4, The Spinal Alignment score can be assessed with serial
radiographs, or by comparing supine and upright radio-
graphs. Lesions with subluxation or translation receive a
score of 4, those with a de novo deformity (kyphosis or
scoliosis) without subluxation or translation receive a score
of 2, and those with normal alignment receive a score of 0.

5. The Vertebral Body Collapse score reflects the extent of
vertebral body involvement and collapse. Lesions with
greater than 50% collapse receive 3 points, those with
less than 50% collapse receive 2 points, those with no
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collapse but greater than 50% vertebral body involvement
receive a score of 1, and those with no collapse and less
than 50% vertebral body involvement receive a score of 0.
6. The Posterolateral Involvement of Spinal Elements score
reflects the extent of involvement of the pedicles, facets,
and/or costovertebral joints. Lesions with bilateral involve-
ment receive a score of 3; those with unilateral involve-
ment of these elements receive a score of 1; and those
without posterolateral involvement receive a score of 0.

The total score of the six individual components (from O to
18) reflects the degree of spine instability. SINS of O to 6
denotes a “stable” lesion, 7 to 12 denotes a “potentially
unstable” lesion, and 13 to 18 denotes an “unstable” lesion.
Surgical consultation is recommended for patients with SINS
of 7 to 18.

In terms of treatment decision making, patients in the
“potentially unstable” group (SINS 7 to 12) who do not have
spinal cord compression may be treated with less invasive
procedures such as kyphoplasty or vertebroplasty, while
supplemental pedicle screw fixation and multilevel con-
structs are more often indicted for those with more overtly
unstable lesions (SINS 13 to 18).

~Figs. 1 and 2 illustrate examples of scoring and demon-
strate two patients with SINS score of 12, categorized as
“potentially unstable.” Individualized surgical treatment op-
tions were used in these two cases, taking into account
oncology, neurology, and patient factors. The younger patient
in =Fig. 1 with few comorbidities and with no history of
previous radiation underwent a more aggressive surgery
aiming for local tumor control, and the older patient
in =Fig. 2 with immunocompromise and previous radiation
underwent less aggressive surgery with the goal of symp-
tomatic management.

Neurology (N)

The randomized prospective study by Patchell et al conclu-
sively demonstrated the superiority of surgical decompres-
sion plus postoperative radiotherapy compared with
radiotherapy alone for the treatment of metastatic epidural
spinal cord compression restricted to a single area with at
least one neurologic symptom.'? Significantly more patients
in the surgery group (42/50, 84%), compared with the patients
in radiation group (29/51, 57%), were able to walk after the
treatment (odds ratio 6.2 [95% confidence interval 2.0 to
19.8],p = 0.001); and surgery group patients maintained the
ability to walk longer (median 122 days versus 13 days,
p = 0.003). Also, surgically treated patients had a substantial
reduction in the use of corticosteroids and analgesics. Sur-
gery did not result in prolonged hospitalization, with the
median length of a hospital stay being 10 days in both groups.
In addition, 10 patients in the radiation group substantially
declined in motor strength and needed to be operated on,
three of whom developed wound infections, reflecting the
high rate of wound complications related to surgery through
the previously radiated area. Thus, decompressive surgery
preceding radiotherapy is clearly the preferred approach.
However, it is important to note that this study excluded
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Fig. 1 Sagittal (A) and axial (B) postcontrast magnetic resonance imaging and computed tomography scan (C, D) of a 24-year-old woman with a
history of metastatic squamous cell carcinoma of the cervix who presented with back pain. Although there was radiologic spinal cord
compression, she only had T10 radiculopathy (no symptoms or signs of myelopathy). Vertebrectomy was performed via left thoracotomy and
reconstruction with a cage and plate as seen on X-ray film (E). LMNOP: L = solitary, anterior column, M = Spinal Instability Neoplastic Score (SINS)
12 (potentially unstable), N = symptomatic spinal cord compression, O = moderately radioresistant, P = good fitness, naive to therapy but poor
prognosis with limited systemic options. SINS: location T10 = 1, pain mechanical = 3, bone lesion lytic = 2, normal alignment = 0, vertebral
body collapse > 50% = 3, posterolateral involvement of both pedicles = 3.

patients with exquisitely radiosensitive lesions (e.g., Oncology (O)

lymphoma, myeloma). Tumor biology affects the responsiveness to cEBRT, which has
Surgical decompression is unlikely to benefit when deficits ~ significant impact on treatment decision making. In this

are severe, especially if they have been present for more than  respect, tumors can be divided into three groups: highly

24 to 48 hours.>® radiosensitive, radiosensitive, and radioresistant. The highly

A B.C

Fig. 2 Sagittal T2-weighted magnetic resonance imaging (A) of a 63-year-old woman post-radiation therapy and autologous stem cell transplant
for multiple myeloma with T12 pathologic fracture and persistent mechanical back pain. LMNOP: L = solitary, anterior column, M = Spinal
Instability Neoplastic Score (SINS) 12 (potentially unstable), N = normal, O = highly radiosensitive, P = good fitness and prognosis. SINS:
location = 3, pain mechanical = 3, bone lytic = 2, alignment kyphosis = 2, vertebral body collapse < 50% = 2, no posterolateral involvement.
She received kyphoplasty as seen on X-ray films (B, C).
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radiosensitive group (which includes lymphomas, leukemias,
multiple myeloma, and germ-cell tumors) generally respond
well to urgent radiation therapy, regardless of the degree of
spinal cord compression.?> The radiosensitive group, which
includes most of the common solitary metastasis to the spine
(e.g., breast, prostate, non-small cell lung), can be managed
with cEBRT if there is no symptomatic cord compression or
significant instability.® SRS has also been advocated for
this group by some authors because local disease control
is improved over historic rates.'® So-called radioresistant
tumors (e.g., renal carcinoma) are defined as such based on
how they respond to cEBRT (e.g., 30 Gy in 20 fractions).
Durable disease control for these tumors may now be achieved
with SRS. As such, aggressive en bloc resection of solitary renal
cell carcinoma may have become an obsolete strategy.37

Tumor biology, reflected in the growth rate, has a signifi-
cant influence on the patients’ survival, which has important
implications in terms of management planning.?' Based on
the growth rate, primary tumors have been divided into four
groups: (1) tumors with slow growth (breast, thyroid, pros-
tate, myeloma, hemangioma, endothelioma, non-Hodgkin
lymphoma); (2) tumors with moderate growth (kidney,
uterus, tonsil, epipharynx, synovial cell carcinoma, metastatic
thymoma); 3) tumors with rapid growth (stomach, colon,
liver, melanoma, teratoma, sigmoid colon, pancreas, rectum,
unknown origin); and (4) tumors with very rapid growth
(lung). With an increasing growth rate, the prognosis is much
poorer, and aggressive surgery has less utility.

In recent years, an understanding of tumor biology at the
molecular genetic has improved our ability to predict treat-
ment response and survival time. For example, estrogen
receptor positivity has been linked with longer median
survival in patients undergoing spine surgery for metastatic
breast disease.>®

Patient Fitness, Prognosis, Patient Wishes, and Prior
Response to Therapy (P)
Patients with significant medical risk and/or limited progno-
sis are most appropriately treated with nonsurgical or mini-
mally invasive methods, such as cEBRT, SRS, and MIS
approaches including kyphoplasty. However, there is no
consensus regarding the life expectancy required to justify
a more aggressive surgical intervention. A period of 3 to
6 months has been proposed; however, it is difficult to
accurately determine life expectancy for an individual pa-
tient. As discussed earlier, the Oswestry Index Score can be
useful in informing patients about their prognosis and elicit-
ing an informed decision reflecting the patient’s wishes.?’
The response to previous treatments (such as radiation
therapy, chemotherapy, and chronic corticosteroid use) needs
to be closely reviewed and any adverse effects identified. In
general, a patient with active systemic disease on fourth-line
chemotherapy obviously has a poorer prognosis than a
patient who is naive to therapy. Cancer therapies may lead
to bone marrow suppression with leukopenia and thrombo-
cytopenia. There is a high rate of wound infection and
dehiscence after surgery through previously irradiated tis-
sues. In the past, failure of radiation therapy was a common
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indication for surgery; however, SRS may now be safely
employed for local disease control in many circumstances.'®

Summary

Spinal metastasis is a complex medical condition that poses
a challenge to treatment decision making. Classification-
based approaches may be helpful to predict life expectancy,
but are inherently limited by the particular patient pop-
ulations in which they were developed. A principles-based
model allows a more individualized approach, which is
most appropriate in the setting of advanced cancer. The
LMNOP system is the first to incorporate the SINS as a
reliable grading of spinal instability and includes factors
not directly addressed by other principle-based mnemon-
ics: the location and number of levels of spinal disease (L) as
well as effects of prior therapy (P).

Disclosures
None
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