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/ABSTRACT

Background. Stable spinal metastases are effectively treated
with radiotherapy, whereas unstable spinal metastases often
need surgical fixation followed by radiotherapy for local
control. The Spinal Instability Neoplastic Score (SINS) was
developed as a tool to assess spinal neoplastic related
instability with the goal of helping to guide referrals among
oncology specialists. We compare the average degree of
spinal instability between patients with spinal metastases
referred forsurgery or for radiotherapy and evaluate whether
this difference changed after introduction of the SINS in
clinical practice.

Methods. All patients with spinal metastases treated with
palliative surgery or radiotherapy in the period 2009-2013
were identified in two spine centers. For all patients, the SINS
was scored on pretreatment imaging. The SINS before and

after introduction of the SINS in 2011 were compared within
the surgical and radiotherapy group. Furthermore, the overall
SINS was compared between the two groups.

Results. The overall SINS was significantly higher in the
surgical group, with a mean SINS of 10.7 (median 11) versus
7.2 (median 8) for the radiotherapy group. The mean SINS
decreased significantly for both groups after introduction of
the SINS in clinical practice from 11.2 to 10.3 in the surgical
group and from 8.4 to 7.2 in the radiotherapy group.
Conclusion. The SINS differed significantly between patients
treated with surgery or radiotherapy. The introduction of SINS
led to a decrease in SINS score for both groups, suggesting that
using SINS in metastatic spinal disease increases awareness for
instability and may subsequently result in earlier referrals for
surgical intervention. The Oncologist 2016;21:95-101

Implications for Practice: Spinal metastases can present with varying degrees of mechanical instability. Because unstable spinal
metastases may respond insufficiently to palliative radiotherapy and can lead to loss of ambulation, timely detection and
appropriate referral are important. The Spinal Instability Neoplastic Score (SINS) may help physicians caring for patients with
metastasized disease to identify spinal instability before the onset of neurological deficits. In this study, it was shown that the
introduction of SINS in routine practice led to a decrease in spinal instability in radiotherapy and surgical cohorts. The use of SINS

may increase awareness of instability and subsequently result in earlier referrals.

INTRODUCTION

The skeleton is the most common site of metastases in
advanced cancer, with the spine being the most frequent
location [1]. The median survival time of patients with
bone metastases has substantially improved over the
last decades, mostly because of advances in oncological
treatment options [2]. Bone metastases greatly increase
the risk of skeletal-related events, which have a substan-
tial negative impact on quality of life and daily functioning
[3, 4]. Because the presence of spinal metastases repre-
sents advanced cancer, the goal of treatment shifts from

long-term survival to preservation of quality of life for the
remaining lifetime by retaining function and relieving
symptoms [2].

External beam radiotherapy has been the cornerstone of
palliative treatment for painful spinal metastases and has
been reported to be effective in 50%—80% of patients [5]. For
more complex cases, such as patients with spinal cord
compression, neurological deficits, and/or spinal mechanical
instability, medical oncologists, radiation oncologists, and
spinal surgeons need to collaborate to provide the best
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supportive care possible [6]. Neurological deficits and spinal
cord compression are relatively easy to assess with
physical/neurological examination and appropriate imag-
ing. In contrast, evaluating spinal instability is more de-
manding, especially for nonspine surgeons, yet it is important
because spinal instability increases the risk for neurological
compromise and persisting disabling pain [7]. Considering
the potential prognostic implications, spinal instability should
be suspected in every patient with a proven malignancy and
spinal complaints. To help direct referrals to a radiation
oncologist or spine surgeon, the Spine Oncology Study Group
(SOSG) developed the Spinal Instability Neoplastic Score
(SINS) in 2010 to assess the degree of spinal (in)stability
caused by metastatic disease [7]. The score consists of the
sum of 5 radiographical and 1 clinical parameter, resulting
in a total (summed) score between 0 and 18 points (Table 1)
[7]. The total score is divided in three categories of spinal
stability: stable (0—6 points), impending/potentially unsta-
ble (7-12 points), and unstable (13-18 points) [7]. The
SINS does not provide a treatment recommendation, but
consultation of a spinal surgeon is currently advised for
SINS scores equal to or greater than 7 points [7]. The SINS
has undergone extensive reliability testing among different
oncology specialists and radiologists, reflecting the multi-
disciplinary aspect of care for cancer patients [8—10]. Excellent
agreement was found between radiation oncologists, radiolo-
gists, and spinal surgeons for the differentiation between stable
and (impending) unstable cases [9, 10]. With the repeatability of
the SINS confirmed to assess spinal instability, the next step
would be to determine the influence of implementing the SINS
in routine clinical practice for patients with spinal metastases.
After the introduction and application of the SINS in clinical
practice, a change in referral pattern should be expected, with a
decrease ininappropriate and/or late referrals. Therefore the aim
of this study was to compare the average degree of spinal
instability in patients with spinal metastases referred for surgery
or radiotherapy before and after introduction of the SINS in
clinical practice.

METHODS

An international retrospective review was performed of patients
who underwent stabilizing surgery or radiotherapy for spinal
metastases in two tertiary academic centers between
January 2009 and December 2013. Both spine centers are
tertiary referral centers specializing in spinal oncology. The
time frame was chosen because the SINS was introduced in
August 2011 in our institutions, resulting in an equal
distribution of time before and after introduction of the SINS.
The SINS was introduced among the oncologists and radiation
oncologists through an instructional lecture and/or by pro-
viding pocket cards with SINS methodology for clinical use.
Surgical referral was recommended for patients with a SINS of
7 or above. Indications for treatment of patients with spinal
metastases were comparable for both spine centers. The study
was approved by the institutional review board of both
participating centers.

Study Population

Patients were included if they were diagnosed with spinal
metastases, were treated with radiotherapy or surgery, and
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Table 1. SINS according to Fisher et al. [7]

Characteristic

Location
Junctional (occiput—C2, C7-T2,T11-L1, L5-51) 3
Mobile spine (C3—C6, L2—L4) 2
Semi rigid (T3-T10) 1
Rigid (S2—-S5) 0
Pain®
Yes 3
Occasional pain but not mechanical 1
Pain-free lesion
Bone lesion
Lytic
Mixed (lytic/blastic)
Blastic
Radiographic spinal alignment
Subluxation/translation present
De novo deformity (kyphosis/scoliosis) 2

o

Normal alignment
Vertebral body collapse
>50% collapse
<50% collapse
No collapse with >50% body involved

S B N W

None of the above

Posterolateral involvement of spinal elements®
Bilateral 3
Unilateral 1
None of the above 0

@Pain improvement with recumbency and/or pain with movement/
loading of spine.

PFacet, pedicle, or costovertebral joint fracture or replacement with
tumor.

were neurologically minimally impaired or intact. Neurologi-
cal status was classified according to the American Spinal
Injury Association (ASIA) classification [11], with ASIA E
representing normal neurological function and ASIA D
without progressive neurological deficits beinginterpreted
as minimally impaired neurological function. All surgical
patients presented with symptoms warranting palliative
surgical intervention including pathological fracture, in-
tractable back pain, and impending deterioration of neuro-
logical status.

Surgical patients were included in both spine centers
and compared with patients from a cohort of radiotherapy
patients with spinal metastases who underwent palliative
radiotherapy at the European center. Patients in the
radiotherapy group that would never have been surgical
candidates based on their limited prognosis (as reflected
by their short follow-up time) were excluded. For this
purpose, we required radiotherapy patients to have the
same follow-up time as the surgical group or at least 12
months of follow-up. Because the number of patients
treated with radiotherapy exceeded the number of surgi-
cally treated patients, arandom sample of 160 patients was
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selected from the radiotherapy group to equal the number
of surgically treated patients.

The exclusion criteria were the presence of a primary spinal
tumor, intradural tumor, epidural metastasis without bony
involvement, or progressive neurological impairment. Patients
classified with progressive neurological impairment were
excluded to eliminate neurological compromise as primary
indication for treatment.

Outcomes

Demographic characteristics and clinical data were collected
from medical charts. Governmental databases were accessed
to retrieve information regarding vital statistics. The SINS
was calculated for each patient using pretreatment computed
tomography (CT) scans. Pretreatment CTscans were obtained
using 16 detector row CT scanners or superior (Philips
Medical Systems, Eindhoven, The Netherlands, http://www.
medical.philips.com) for adequate visualization of the spinal
column. All CT scans were reviewed using the same window
and level settings: window level +300 Hounsfield units (HU)
and window width +1,000 HU.

In case of multiple spinal metastases, the SINS was calculated
for each lesion in the treatment area, and the lesion with the
highest SINS was used for analysis. Information regarding the
pain component was retrieved from the medical chart and was
scored with identical criteria for both groups: 3 points whenever
pain was continuously present and 1 point when pain was
occasionally present or of nonmechanical origin [6]. The SINS was
scored by one observer experienced in assessing spinal stability;
in ambiguous cases, a spine surgeon with a special focus on spinal
oncology was consulted for consensus on the final SINS. The
observers were blinded for patient characteristics but not for
treatment type.

Statistical Analysis

Patients treated with surgery or radiotherapy were compared
for age, gender, primary tumor type, disease extent, pain
symptoms, neurological status (ASIA score), total SINS (contin-
uous score), and categorical SINS (stable, potentially unstable,
unstable). In addition, the SINS scores before and after in-
troduction of the SINS in routine clinical practice were com-
pared within the two cohorts. The chi-square and Fisher exact
tests were used for categorical variables and the independent
sample t test for continuous variables. p < .05 defined statisti-
cal significance All statistical analyses were performed using
SPSS 21.0 (IBM Corp., Armonk, NY, http://www-01.ibm.com/
software/analytics/spss/).

RESULTS

Patient Characteristics

A total of 1,509 patients were identified; 160 underwent
stabilizing surgery and 1,349 received radiotherapy. From
the radiotherapy cohort, 160 patients were randomly
selected for analysis. Of the surgically treated patients,
84 were treated in Europe, and 76 were treated in North
America. Surgical patients were younger (p = .002), had less
often a primary breast, prostate, or lung tumor (p < .001),
had a shorter time between diagnosis of spinal metastases
and treatment (p = .013), and were more often classified as
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Table 2. Baseline characteristics

Surgery Radiotherapy

Characteristic (n = 160) (n = 160)
Age 60.5(+ 11.1) 64.5 (* 12.5)
Spinal metastases time® 5(0-369) 12 (0-276)
Treatment time® 5 (0-401) 8 (0-449)
Gender, n (%)

Male 90 (56) 97 (61)

Female 70 (44) 63 (39)
Tumor category, n (%)

Breast 25 (16) 47 (29)

Prostate 15 (9) 41 (26)

Lung 26 (16) 24 (15)

Renal cell 25 (16) 9 (6)

Others 69 (43) 39 (24)
Disease extent, n (%)

Local + bone 69 (43) 76 (48)

Local/bone/lymph node 39 (24) 32(20)

Local/bone/lymph node/ 52 (33) 52 (32)

organ
Presentation, n (%)

No pain 5(4) 14 (9)

Radicular pain 22 (16) 13 (8)

Back pain 87 (62) 106 (66)

Radicular and back pain 25 (18) 27 (17)
ASIA score, n (%)

ASIAE 105 (66) 152 (95)

ASIA D 55 (34) 8(5)

*Time between primary tumor diagnosis and diagnosis of spinal
metastases in months.

BTime between the diagnosis of spinal metastases and treatment.
Abbreviation: ASIA, American Spinal Injury Association.

ASIA D (p < .001) compared with radiotherapy patients
(Table 2).

No significant differences in demographic characteristics
were found between the surgical cohorts from the two spine
centers. Breast, renal cell, lung, and prostate were the most
common primary tumor types. Median follow-up time was
10 months (range 0—67) in the surgical cohort and 11 months
(range 0-66) in the radiotherapy cohort. During follow-up,
210 (66%) of the patients died: 112 patients (70%) of the
radiotherapy cohort and 98 patients (61%) of the surgical
cohort.

SINS

The majority of patients (73%) were treated foralesion in the
junctional or semirigid spine, and mechanical pain was
present in 63% of the patients (Table 3). The mean SINS was
significantly (p < .001) higher for the surgical patients (10.7;
median 11; range 3-17) compared with those receiving
radiotherapy (7.2; median 8; range 2—14). The mean SINS in
both groups decreased significantly after introduction of the
SINS in routine clinical practice, from 11.2 to 10.3 in the
surgical group and from 8.4 to 7.2 in the radiotherapy group
(Table 4).
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Table 3. Baseline SINS characteristics

The Effect of SINS on Clinical Practice

Surgery, n (%) Radiotherapy, n (%)

SINS Component Europe North America Europe
Location

Junctional (occiput—C2, C7-T2, T11-L1, L5-S1) 33 (39) 28 (37) 62 (39)

Mobile (C3-C6, L2-L4) 18 (22) 17 (22) 50 (31)

Semirigid (T3-T10) 33 (39) 30 (39) 46 (29)

Rigid (S2—-S5) 0(0) 1(3) 1(1)
Pain

Yes 45 (54) 4(71) 101 (63)

Occasional pain but not mechanical 33 (39) 14 (18) 41 (26)

Pain-free lesion 6(7) 8(11) 17 (11)
Bone lesion

Lytic 61 (73) 44 (58) 73 (46)

Mixed 13 (15) 30 (39) 54 (34)

Blastic 10 (12) 2(3) 33(20)
Spinal alignment

Subluxation/translation present 5(6) 10(13) 0(0)

De novo deformity (kyphosis/scoliosis) 22 (27) 24 (32) 12 (7)

Normal alignment 57 (68) 42 (55) 147 (93)
Vertebral body collapse

>50% collapse 30 (36) 19 (25) 14 (9)

<50% collapse 32 (38) 26 (34) 40 (25)

No collapse with >50% body involved 18 (22) 20 (26) 48 (30)

None of the above 4 (4) 11 (15) 57 (36)
Posterolateral involvement of spinal elements

Bilateral 45 (54) 49 (64) 30(19)

Unilateral 38 (45) 21(28) 88 (55)

None of the above 1(1) 6 (8) 41 (26)

Abbreviation: SINS, Spinal Instability Neoplastic Score.

Evaluation of the SINS score by category of stability showed
a significant (p < .001) difference between the surgical and
radiotherapy group, with more unstable lesions (28%) in the
surgical group than in the radiotherapy group (3%). Addition-
ally, 107 (67%) of the radiotherapy patients and 105 (66%) of
the surgical patients fell in the category of impending instability
(7-12 points) (Fig. 1A).

Twenty (23%) patients treated with radiotherapy had a
SINS below 7 before introduction of the SINS compared with
27 (39%) after introduction. Furthermore, 65 (73%) of the
radiotherapy patients had a SINS between 7 and 12 before
introduction, and 42 (60%) patients had a SINS between 7
and 12 after introduction of the SINS (Fig. 1B). In compar-
ison, 31 (39%) of the surgically treated patients had a SINS
above 12 before introduction and 13 (17%) after introduction
of the SINS. Forty-one (52%) of the surgically treated patients
were within the category of impending instability before
introduction and 57 (77%) after introduction of the SINS
(Fig. 1C).

Eleven (7%) of the surgically treated patients were in
the stable category comprising 1 patient with a SINS of 3,
1 patient with a SINS of 4, and 9 patients with a SINS of 6.
The 2 patients with a SINS score of 3 and 4 points were
operated to avoid further neurological compromise but
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were without progressive neurological deficits at the time of
consultation. The 9 patients with a SINS score of 6 consisted
of 6 patients with minimal neurological impairment (ASIA D)
but no signs of progressive neurological deficits; 5 patients
had lesions in the thoracolumbar or lumbosacral junction,
combined with the presence of mechanical pain; or occasional
pain and a lytic lesion. The remaining 4 patients had a lesion
in the semirigid region, occasional pain, vertebral body
collapse, and unilateral involvement of the posterior
elements.

DISCUSSION

This study demonstrated a significant decrease in mean and
median SINS in both the surgical and radiotherapy groups
after introduction of the SINS in routine clinical practice. In
addition, a significant difference in overall mean, median, and
categorical SINS between the surgical and radiotherapy
cohort was found. The decrease in SINS may be explained by
increased awareness of neoplastic-related spinal instability
and earlier and more appropriate referral to the spine
surgeon after introduction of the SINS in clinical practice.
The SINS classification system was developed to classify spinal
instability caused by metastatic disease and to provide a tool
to guide referrals among the different specialists involved in
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Table4. MeanSINS scores before and afterintroduction of the
SINS in clinical care

Before SINS After SINS
Treatment (n = 168) (n = 145) p value
Radiotherapy 8.4 7.2 .046
Surgery 11.2 10.3 .002
Europe 10.8 10.3
North America 11.4 10.1
Abbreviation: SINS, Spinal Instability Neoplastic Score.
A Distribution of SINS categories
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Figure 1. Distribution of SINS categories. (A): Distribution of SINS
categories for surgical and radiotherapy cohort. (B): Distribution
of SINS categories within radiotherapy cohort. (C): Distribution of
SINS categories within surgery cohort.

Abbreviations: Nr, number; SINS, Spinal Instability Neoplastic
Score.

SINS 13-18

the care of cancer patients. Evaluation of the SINS has until
now been limited to reliability and validity testing on selected
case series [8-10, 12, 13]. This study is the first to determine
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the influence of the SINS in a clinical setting with a substantial
number of patients.

At baseline, significant differences were found between
the surgical and radiotherapy cohorts for age at time of
treatment, primary tumor type, time between the diagnosis
of spinal metastases and treatment, and neurological status.
Although breast, prostate, lung, and renal cell carcinoma
represented more than 50% of the primary tumors in both
the surgical and radiotherapy cohort, the surgical cohort
contained significantly more (46%) “other” primary tumor
types compared with the radiotherapy cohort. This may
be explained by aggressiveness of other tumor types
warranting earlier surgical intervention in patients still fit
for surgery. In addition, the neurological status differed
significantly between the two cohorts, with the surgical
cohort containing more patients classified as ASIA D. This
may be explained by the choice for a more aggressive
(surgical) approach, in case a patient presents with the
combination of (impending) spinal instability and minimal
nonprogressive neurological deficits. Furthermore, radia-
tion oncologists refer patients with neurological deficits in
an earlier stage for surgical evaluation, because neurolog-
ical compromise is one of the key indications for surgical
intervention [14].

The decrease in mean SINS scores in both groups after
introduction of the SINS may be explained by the reverse of
the “Will-Rogers phenomenon” [15], an apparent epidemiolog-
ical paradox named after comedian Will Rogers based on
his quotation: “When the Oakies left Oklahoma and moved
to California, they raised the average intelligence level in both
states” [15]. This term has been used to describe stage migra-
tion in cancer patients, a change in diagnostic criteria, or the
improved sensitivity of diagnostic techniques to stage cancer
results in the migration of patients with a better prognosis
into a stage of patients with a worse prognosis, resulting in
improved survival rates for both groups [15]. Similarly, in
our study patients with the highest SINS scores in the ra-
diotherapy cohort, yet still in the lower range of spinal insta-
bility, shifted from the radiotherapy group to the surgical
group, resulting in decreased mean SINS scores in both cohorts.
More patients with a score of impending spinal instability and
an indication for surgical stabilization were operated. Mini-
mally invasive procedures can effectively be used to treat
impending instability, whereas gross spinal instability re-
quires extensive open surgery, which is less desirable in this
fragile patient category. Increased awareness of (impend-
ing) spinal instability and earlier and more appropriate
referral by different oncology specialists after the intro-
duction of the SINS in clinical practice may account for these
changes.

Considering the three different categories of spinal
stability, it is known that most stable spinal metastases
can effectively be treated with radiation therapy and that
gross spinal instability is best treated with surgical
stabilization provided the patient is fit for surgery [5, 8].
However, it is unknown what the optimal treatment is
for patients with impending spinal instability. This is
reflected by the large number of patients with impending
instability in both the radiotherapy (66%) and surgical cohorts
(67%). Although radiotherapy is effective in 50%—80% of the
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patients, a substantial number of patients do not gain any
pain relief [16, 17]. It is not completely understood why
some patients respond to radiotherapy and others do not.
The current authors hypothesize that “metastatic bone pain, if
predominantly caused by mechanical instability of the spine
responds less well to radiotherapy than metastatic bone pain
caused by local tumor activity” [18]. This was confirmed by a
study from Huisman et al. [18] demonstrating a relationship
between the risk on radiotherapy failure and a higher SINS;
every point increase in SINS increased the risk of radio-
therapy failure with 30%. Patients with a high SINS should
therefore not be subjected to radiotherapy before consul-
tation of a spine surgeon to reduce the risk of radiotherapy
failure and having to perform surgery after irradiation
withitsinherentrisksaround wound healing. However, this
was a retrospective study with radiotherapy failure defined
as the need for retreatment on the index site rather than
using international consensus guidelines for radiotherapy
response.

The SOSG recommends consultation of a spine surgeon
for all patients with a SINS of 7 or greater [7]. In view of the
increased burden of extra hospital visits for cancer patients
to consult a spine surgeon and the fact that more than 60%
of the patients in the radiotherapy cohort have a SINS score
above 7, increasing the threshold of the SINS may be con-
sidered before recommending surgical consultation. Fur-
thermore, considering the limited resources and increasing
costs of health care [19, 20], it may be useful to increase the
threshold of the SINS to limit the number of inappropriate
referrals. To find the optimal cut-off value, a step-wedge study
design using different cut-off values in different centers should
be performed.

Although this study demonstrated a significant dif-
ference in spinal stability between the surgical and
radiotherapy groups and within the individual groups
before and after introduction of the SINS, some study
limitations can be identified. First, because of the retrospec-
tive nature of the study, scoring of the pain component is
less reliable. According to the SOSG, spinal instability is
strongly related to the presence of mechanical pain as de-
fined by presence of movement-related pain improving
with recumbency [7]. Scoring of the pain component was
done with identical criteria in the radiotherapy and surgery
cohort to score the pain component uniformly. Any over-
or underestimation would therefore be equal in both
groups. However, this may have influenced the overall SINS
scores for both groups to some extent. Second, the observer
was not blinded for the treatment strategy of the patients,
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which could have biased scoring of the SINS. Furthermore,
the SINS was scored by one rater. However, previous testing
of the reliability of the SINS has demonstrated excellent
inter- and intraobserver reliability to distinguish between
the three different categories of spinal instability [8], and
the judgment of one observer experienced with the SINS
methodology was therefore deemed sufficient. Moreover, a
spine surgeon was consulted in ambiguous cases to reach
consensus.

CONCLUSION

This is the first study to evaluate the effect of the in-
troduction of the SINS in clinical practice. The SINS was
developed to evaluate the degree of spinal instability,
improve communication, and facilitate appropriate refer-
rals among spine oncology specialists. Treatment of
patients with spinal metastases is multidisciplinary, and
evaluation of spinalinstabilityisonly one of several factors
that are taken into account. Our study demonstrated a
significant decrease in mean SINS after the introduction of
the SINS in clinical practice. This may be explained by
increased awareness of spinal neoplastic related instabil-
ity and earlier and more appropriate referral of patients to
a spinal surgeon after introduction of the SINS. Future
studies are needed to determine the optimal threshold
to recommend surgical consultation to balance under-
and over-referral, considering that most of the surgical
and radiotherapy patients have a score of impending
instability.
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Implications for Practice:

The Metastatic Spine Disease Multidisciplinary Working Group algorithms can facilitate interdisciplinary referrals by
providing physicians with straightforward recommendations regarding available treatment options, including emerging
modalities such as stereotactic body radiation therapy and percutaneous tumor ablation.
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