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Who are the Best Candidates for Decompressive
Surgery and Spine Stabilization in Patients With
Metastatic Spinal Cord Compression?

A New Scoring System

Mingxing Lei, MD, Jianjie Li, MD," Yaosheng Liu, MD,* Weigang Jiang, MD,* Shubin Liu,*

and Shiguo Zhou, ME*

Study Design. A retrospective study.

Objective. This study aims to develop a new scoring system that
can guild surgeons to select the best candidates for decompressive
surgery in patients with metastatic spinal cord compression (MSCC).
Summary of Background Data. Predicting survival and func-
tional outcome is essential when selecting the individual treatment
for patients with MSCC. The criteria for identifying MSCC patients
who are most likely to benefit from decompressive surgery remain
unclear.

Methods. We retrospectively analyzed 12 preoperative charac-
teristics for postoperative survival in a series of 206 patients with
MSCC who were operated with decompressive surgery and
spine stabilization. Characteristics significantly associated with
survival in the multivariate analysis were included in the scoring
system. Postoperative function outcome was also analyzed on
the basis of the scoring system.

Results. According to the multivariate analysis, primary site
(P<0.01), preoperative ambulatory status (P<0.01), visceral
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metastases (P < 0.01), preoperative chemotherapy (P=0.02), and
bone metastasis at cancer diagnosis (P=0.03) had a significant
impact on postoperative survival and were included in the
scoring system. According to the prognostic scores, which
ranged from 0 to 10 points, three risk groups were designed: 0
to 2, 3 to 5, and 6 to 10 points. The corresponding 6 months
survival rates were 8.2%, 56.5%, and 91.5%, respectively
(P<0.01), and postoperative ambulatory rates were 35.7%,
73.3%, and 95.9%, respectively (P <0.01).

Conclusion. We present a new scoring system for predicting
survival and function outcome of MSCC patients after surgical
decompression and spine stabilization. This new scoring system
can help surgeons select the best candidates for surgical treatment.
Key words: scoring system, spinal cord compression, spine
metastasis, surgical decompression and spine stabilization,
survival prognosis.
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etastatic spinal cord compression (MSCC) is one
of the most serious complications of metastatic
cancers and occurs in up to 10% of malignant
cancer patients, which, if left untreated, can result in relent-
less and progressive pain, sphincter dysfunction, and even
paralysis." The growing literature demonstrated that direct
decompressive surgery followed radiotherapy was superior
to radiotherapy alone in terms of postoperative survival
prognosis, function status, and pain outcome.>~* Thus,
surgical decompression and spine stabilization along with
radiotherapy have become one of the most widely used
modality for MSCC patients in recent years.’*®
A generally accepted benchmark for a surgical interven-
tion is an expected remaining survival time of greater than 3
to 6 months.”~” With lower life expectancy, radiation alone
or even best supportive cares would do more for the
patient’s quality of remaining life, while for patients with
an expected survival of more than 3 to 6 months, surgical
intervention could remarkably improve the patient’s
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symptoms.'®!! Accurate survival estimation, therefore, is
prerequisite to determine the most appropriate treatment for
patients with MSCC.

Several scoring systems were developed to estimate the
survival outcome of each patient and select the optimal
treatment strategy, and perhaps the Tokuhashi scores”®
and Tomita score'? were the most representative and com-
monly used scores among them. Unfortunately, the most of
available scoring systems were designed in the 1990s and
early 2000s, while the majority of the recent anticancer
agents, such as the anti-VEGF therapy, were available from
2005. Thus, those scoring system did not take the effective-
ness of new therapeutic strategies on survival into consider-
ation, contributing to a progressive loss of accuracy.'?=2°
Moreover, function outcome after treatments was not taken
into account in all above-mentioned scores. To our knowl-
edge, function outcome after surgery plays an important role
in patient’s quality of remaining life.?’

Therefore, our present study is designed to develop a new
survival score and analyze the function outcome for MSCC
patients after decompressive surgery. Notably, the gain in
survival time induced by recent new anticancer drugs was
also considered in our scoring system.

MATERIALS AND METHODS

Patients

Two hundred six patients with MSCC who were operated
with decompressive surgery were retrospectively analyzed in
the study between May 2005 and September 2015. The
diagnosis of bone metastasis was confirmed histologically,
and adequate diagnostic imaging including spinal computed
tomography (CT) or magnetic resonance imaging (MRI), as
well as bone scan. Patients with an estimated survival less
than 3 months or health too poor to undergo surgery were
excluded. The data were collected from patients, their
family members, treating surgeons, and patients’ files.
The Medical Research Ethics Board of the Affiliated Hos-
pital of Academy of Military Medical Sciences approved this
retrospective study and required neither patient approval
nor informed consent for review of patients’ images and
medical records. The data were retrospective in nature and
anonymized by the Medical Research Ethics Board.

Survival Analysis

We retrospectively analyzed 12 preoperative characteristics
for postoperative survival, including age (<56 vs. >56 yrs;
median age: 56 yrs), gender (female vs. male), primary
site (slow growth vs. moderate growth vs. rapid growth),
preoperative ambulatory status (ambulatory vs. not ambu-
latory), Eastern Cooperative Oncology Group (ECOG)
performance status (1-2 vs. 3—4), number of involved
vertebrae (1-2 ws. >3, conformed to previous studies),
visceral metastases (no vs. yes), preoperative chemotherapy
(no ws. yes), bone metastasis at cancer diagnosis (no vs. yes),
the time developing motor deficits (<14 vs. >14 days,
median time: 14 days), preoperative albumin (<35 wvs.
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>35g/L, conformed to previous studies), and radical
surgery at primary site (no vs. yes).

Primary cancer was classified into three groups, namely,
tumors that exhibited slow growth, including hormone-
dependent breast cancer, hormone-dependent prostate
cancer, thyroid cancer, multiple myeloma, and malignant
lymphoma, moderate growth, including lung cancer treated
with molecularly targeted drugs, hormone-independent
breast cancer, hormone-independent prostate cancer, renal
cell carcinoma, endometrial cancer, ovarian cancer, and
sarcoma, or rapid growth, including lung cancer without
molecularly targeted drugs, colorectal cancer, gastric cancer,
pancreatic cancer, esophageal cancer, hepatocellular carci-
noma, head and neck cancer, melanoma, malignant thy-
moma, and cancers of unknown origin, which was
developed from Katagiri et al.>* Head and neck cancer mainly
included nasopharyngeal carcinoma and squamous cell
carcinoma in the study.

Time-developing motor deficits was defined as the time
between deterioration of motor function to disability or
surgery. Deterioration of motor function was defined as a
change of at least one Frankel grade. The postoperative
survival was defined as the time between the date of surgery
and death or the latest follow-up, and patients who were
alive at the last follow-up were censored in the postoperative
survival analysis. In patients who had surgery for more than
one metastasis, all sites were included in the analysis.
However, only the first surgical procedure was accounted
for in the survival analysis.

Surgery and Function Analysis

The indication for surgery was neurological deficit due to
spinal cord compression. Patients were operated with decom-
pressive surgery (Case report was seen in Figure 1. Figure 1A:
preoperative X-ray presented vertebral collapse at T12.
Figure 1B: preoperative MRI showed spinal cord com-
pression at T12. Figure 1C: preoperative CT showed bone
destruction at T12. Figure 1D: preoperative MRI showed
spinal cord compression at T12. Figure 1E and F: following
laminectomy at T11 and T12, and pedicle screw fixation was
conducted to spine stabilization.). Local radiotherapy,
systemic chemotherapy, endocrine therapy, and targeted
therapy were routinely performed after the wound healed,
about 3 to 4 weeks after the surgery, if applicable. Post-
operative function outcome was also analyzed according to
the scoring system. Neurological function was graded on the
basis of Frankel grades preoperatively and about 4 weeks
postoperatively (Patients with Frankel D and E have the
ability to walk).

Statistical Analysis

The univariate and multivariate analysis of postoperative
survival was estimated by the simple and multiple Cox
proportional hazards regression models, respectively.
Characteristics significantly associated with postoperative
survival in the multivariate analysis were included in the
scoring system. The scoring point for each significant factor
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Figure 1. A 58-year-old man who was unable to walk due to metastatic spinal cord compression (MSCC) resulted from lung cancer. A,
Preoperative X-ray presented vertebral collapse at T12. B, Preoperative MRI showed spinal cord compression at T12. C, Preoperative CT
showed bone destruction at T12. D, Preoperative MRI showed spinal cord compression at T12. E, F, Following laminectomy at T11 and T12,
and pedicle screw fixation was conducted to spine stabilization. Postoperative motor function was improved from Frankel C to D 4 weeks
after operation. He died at postoperative 6 months and spine stability was maintained throughout the survival period.

was derived from the hazard ratios on multiple Cox pro-
portional hazards regression model. The total prognostic
score for each patient was determined by adding the scoring
points of every significant factor. Regarding postoperative
function outcome, the ambulatory status in prognostic
groups was compared with Chi-square test. A P value of
0.05 or less was considered statistically significant. Statisti-
cal analysis was performed using SAS 9.2 software for
windows XP (SAS Institute Inc., Cary, NC).

RESULTS

Patient Characteristics

In the entire cohort of 206 patients, 40 patients with slow
growth cancer, 60 patients with moderate growth cancer, and
106 patients with rapid growth cancer. Lung and breast were
the most common primary site: 44.2% (91/206) patients with
lung cancer (lung cancer treated with molecularly targeted
drugs: 32 cases, and lung cancer treated without molecularly
targeted drugs: 59 cases) and 18.9% (39/206) patients with
breast cancer (hormone-dependent breast cancer: 25 cases,
and hormone-independent breast cancer: 14 cases). The
median overall survival was 7.3 months [95% confidence
interval (95% CI), 6.4-9.3 months], and 6-month and
12-month survival rates were 59.7% and 32.7%, respect-
ively. At the latest follow up, 24 patients were alive with a
mean follow-up of 11.5 months (range, 1.0-67.2 months).

Scoring System

In the univariate analysis, primary site [hazard ratio
(HR), 1.78, 95% CI: 1.46-2.17; P <0.01], preoperative
ambulatory status (HR, 1.94, 95% CI: 1.43-2.64;
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P <0.01), ECOG performance status (HR, 1.66, 95%
CI: 1.22-2.25; P<0.01), visceral metastases (HR, 2.21,
95% CI: 1.63-3.00; P <0.01), preoperative chemother-
apy (HR, 2.14, 95% CI: 1.56-2.94; P<0.01), bone
metastasis at cancer diagnosis (HR, 1.77, 95% CI:
1.30-2.41; P<0.01), time-developing motor deficits
(HR, 1.64, 95% CI: 1.21-2.22; P <0.01), and radical
surgery at primary site (HR, 2.07, 95% CI: 1.50-2.86;
P <0.01) were significantly associated with postoperative
survival (Table 1). According to the multiple Cox pro-
portional hazards regression model, five of above eight
factors, namely, primary site (HR, 1.74, 95% CI: 1.41-
2.15; P<0.01), preoperative ambulatory status (HR,
2.04, 95% CI: 1.48-2.80; P <0.01), visceral metastases
(HR, 3.00, 95% CI: 2.17-4.13; P<0.01), preoperative
chemotherapy (HR, 1.53, 95% CI: 1.08-2.16; P=0.02),
and bone metastasis at cancer diagnosis (HR, 1.46,
95%CI: 1.05-2.02; P=0.03) maintained significant
impact on survival and were included in the survival
scoring system (Table 1). The scoring points for each of
the five significant characteristics obtained from the haz-
ard ratios based on the multiple Cox proportional hazards
regression model are seen in Table 2. The prognostic score
for each patient was calculated by adding the scoring
points of the five significant characteristics. The addition
resulted in prognostic scores of 0, 1, 2, 3,4, 5,6, 7, 8,9,
and 10 points, and the corresponding 6-month survival
rates, median survival time, and the total number of
patients of each prognostic score are seen in Figure 2.
Taking into account the 6-month survival rate and median
survival time of each prognostic score, patients were
divided into three prognostic groups: 0 to 2 points (group
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Univariate and Multivariate Analysis of Preoperative Characteristics for Postoperative

Survival in Patients with MSCC

Simple Cox Regression Multiple Cox Regression
Characteristics Patients (n) MOS (m) HR (95% Cl) P HR (95% CI) P
Age
<56 yrs 106 8.8 1.21 (0.90-1.64) 0.21 Not included
>56 yrs 100 7.1
Gender
Female 101 8.4 1.30 (0.96-1.76) 0.09 Not included
Male 105 7.1
Primary site
Slow growth 40 18.3 1.78 (1.46-2.17) <0.01 1.74 (1.41-2.15) <0.01
Moderate growth 60 8.2
Rapid growth 106 5.3
Preoperative ambulatory status
Ambulatory 118 10.9 1.94 (1.43-2.64) <0.01 2.04 (1.48-2.80) <0.01
Not Ambulatory 88 5.6
ECOG performance status
1-2 105 10.9 1.66 (1.22-2.25) <0.01 Not included
3-4 101 6.0
Number of involved vertebrae
1-2 110 8.4 1.21 (0.89-1.63) 0.22 Not included
>3 96 6.4
Visceral metastases
No 107 11.7 2.21 (1.63-3.00) <0.01 3.00 (2.17-4.13) <0.01
Yes 99 4.5
Preoperative chemotherapy
No 117 5.8 2.14 (1.56-2.94) <0.01 1.53 (1.08-2.16) 0.02
Yes 89 11.5
Bone metastasis at cancer diagnosis
No 99 10.8 1.77 (1.30-2.41) <0.01 1.46 (1.05-2.02) 0.03
Yes 107 5.9
Time-developing motor deficits
<14 d 105 6.2 1.64 (1.21-2.22) <0.01 Not included
>14 d 101 10.8
Preoperative albumin
<35 g/L 88 7.1 1.26 (0.93-1.71) 0.13 Not included
>35 g/l 118 7.7
Radical surgery at primary site
No 127 6.0 2.07 (1.50-2.86) <0.01 Not included
Yes 79 11.7
Cl indicates confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; m, months; MOS, median overall survival; MSCC, Metastatic
spinal cord compression.

A, n=42), 3 to 5 points (Group B, #=90), and 6 to
10 points (group C, #=74). The corresponding median
survival was 3.3 months (95% CI, 2.5-4.4 mnths),
6.6 months (95% CI, 5.8-7.3 mnths), and 16.4 months
(95% CI, 13.7-21.4 mnths), respectively; the 6-month
survival rates were 8.2%, 56.5%, and 91.5%, respect-
ively, and the 12-month survival rates were 2.7%, 15.1%,
and 68.9%, respectively (P <0.01, Figure 3).

Function Outcome
The postoperative ambulatory rates were 35.7% (15/42) in
patients with 0 to 2 points, 73.3% (66/90) in patients with
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3 to 5 points, and 95.9% (71/74) in patients with 6 to 10
points, respectively (P < 0.01, Table 3). In the entire cohort
of 206 patients, 73.8% (152/206) patients had the ability
to walk after surgery, 55.7% (49/88) of nonambulatory
patients before operation became ambulatory after surgery,
and 87.3% (103/118) of ambulatory patients maintained
their neurological status.

DISCUSSION

Nowadays, who are the best candidates for decompressive
surgery in patients MSCC remains unclear. Generally speak-
ing, selection of patients for surgery in MSCC patients
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A New Scoring System for Patients
With MSCC After Surgical

Decompression and Spine
Stabilization

Prognostic Factors Hazard Ratio Scores
Primary site

Slow growth 1.74 2

Moderate growth 1

Rapid growth 0
Preoperative ambulatory status

Ambulatory 2.04 2

Not Ambulatory 0
Visceral metastases

No 3.00 3

Yes 0
Preoperative chemotherapy

No 1.53 0

Yes 2
Bone metastasis at cancer diagnosis

No 1.46 1

Yes 0
Prognostic groups Patients (n)

Group A 42 0-2

Group B 90 3-5

Group C 74 6-10
Slow growth: hormone-dependent breast cancer, hormone-dependent
prostate cancer, thyroid cancer, multiple myeloma, and malignant
lymphoma.
Moderate growth: lung cancer treated with molecularly targeted drugs,
hormone-independent breast cancer, hormone-independent prostate cancer,
renal cell carcinoma, endometrial cancer, ovarian cancer, and sarcoma.
Rapid growth: lung cancer without molecularly targeted drugs, colorectal
cancer, gastric cancer, pancreatic cancer, esophageal cancer, other
urological cancers, hepatocellular carcinoma, head and neck cancer,
melanoma, malignant thymoma, and cancers of unknown origin.
MSCC indicates metastatic spinal cord compression.

120%
100%
80%
60%
40%
20%

0%
X . Scoring points
Figure 2. The 6-month survival rates (%), the total

number of patients, and the median survival time
of each score. (*Five patients were still alive).
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Figure 3. A new score for patient with metastatic spinal cord com-
pression: survival curves for the three prognostic groups (P<0.01,
log-rank test).

depends on several factors, including the patient’s expected
survival prognosis and function outcome after surgery,
general performance status, the nature and severity of
symptoms, and the biological behavior and metastatic
extent of the cancer. Of these, the patient’s survival prog-
nosis”® and function outcome should be of the utmost
important considerations. Previously, in order to avoid
under- or overtreatment, we developed scoring systems to
enable physicians to identify patients with MSCC who may
be candidates for decompressive surgery, supportive care
alone, or more aggressive surgery, such as excisional pro-
cedures, based on survival prognosis and function outcome
after decompressive surgery.'®!'" However, those scoring
systems were especially for lung cancer or nonsmall cell lung
cancer patients, making it difficult to draw conclusions on
patients with MSCC resulted from other primary cancers.

Fortunately, several prognostic scoring systems, includ-
ing the Tokuhashi and revised Tokuhashi scores, Tomita
score, Van der Linden score, Sioutos score, Bauer score, and

1 2 3 4 5 6 7 8 9 10

15 11 16 31 21 38 17 21 16 13 7*
22 43 33 60 72 74 142 143 183 164 30.0

0
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Neurological Status of the Patients in Three Prognostic Groups 4 Weeks After

Decompressive Surgery

Neurological Status
Groups Scores Patients (n) Not Ambulatory Ambulatory p
A 0-2 42 27 15 <0.01
B 3-5 90 24 66
C 6-10 74 3 71

P value was obtained from Chi-square test.

Bauer modified score, have been proposed to predict sur-
vival time, to help surgeon select appropriate candidates for
surgical intervention, and to provide guidelines for the type
and extent of surgery to be performed in the selected patients
with spinal metastasis from various primary tumors. How-
ever, aside from Bauer and Bauer modified scores, the
above-mentioned scores were not reliable in predicting
survival in patients with spinal metastasis.'*'* Lee
et al." estimated the prognostic accuracy of Tokuhashi
and Tomita scores in a meta-analysis and concluded that
both scores had weak diagnostic evidence due to low sen-
sitivity. Another literature review was conducted to evaluate
the accuracy of the revised Tokuhashi score by Zoccali
et al.,'® the authors showed that only 63% patients actually
followed the survivorship pattern. More importantly, the
accuracy of the revised Tokuhashi score was decreasing over
time.'® Pointillart et al.'” found that the original and revised
Tokuhashi scores were accurate in predicting survival in less
than 67% of cases in a total of 142 patients. Other studies
also have reported moderate-to-low overall precision
between 33% and 57%.'%1° Moreover, function outcome
after treatments was not taken into account in all above-
mentioned scores. Notably, function outcome after surgery
plays an important role in patient’s quality of remaining life.
Thus, revision of those scoring system or a relatively more
precious new score is really needed. Besides, function out-
come after surgery should be considered in the scoring
system.

In a retrospective study by Lee ez al.>® in 2013, the authors
found the observed survival to be much longer than the
survival predicted by the revised Tokuhashi score. Such
underestimation of life expectancy of scores was
also observed in other studies."*'® To our knowledge, the
Tokuhashi score and other prognostic scoring systems were
designed in the 1990s and early 2000s, while the majority of
the recent anticancer agents, such as the anti-VEGF therapy,
were available from 20035. Patients with spine metastasis are
living longer due to the development of targeted therapy, new
chemotherapeutic agents, and hormonal therapies.>*** The
underestimation of life expectancy of scores and subsequent
inadequate treatment of spinal metastases for a long-term
survival patients may be insufficient to assure a good quality
of life over an extended period of time. Therefore, the gain in
survival produced by recent anticancer agents should be
considered in a new scoring system.
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In the present study, the scoring system was developed on
the basis of the data derived from 206 patients with MSCC
who were treated with decompressive surgery along with
spine stabilization. Lung cancer patients were divided into
two subgroups, namely, lung cancer patients with molecu-
larly targeted agents and other lung cancer, and so were
breast and prostate cancers that were divided on the basis of
their sensitivity to hormonal therapy. Thus, the different
survival period induced by recent anticancer drugs was
taken into consideration in our scoring system. Further,
functional outcome was also considered according to the
scoring system. The patient’s individual situation, therefore,
was taken more into account in the present scoring system.
Five preoperative prognostic factors were included in the
new scoring system: primary site, preoperative ambulatory
status, visceral metastases, preoperative chemotherapy, and
bone metastasis at cancer diagnosis. The scoring points for
each of the five significant characteristics were obtained
from the hazard ratios, and the hazard ratios were rounded
off to the nearest integer. Regarding primary site, the rapid
growth cancer was given two points and the moderate
growth cancer was given one point. Preoperative ambu-
lation and chemotherapy were each given two points. With-
out bone metastasis at cancer diagnosis was given one point.
Notably, without visceral metastases was given the highest
points. Thus, visceral metastases should be carefully eval-
uated before surgery. According to the new scoring system,
patients with scores of 0 to 2 points, who had a median
survival time of 3.3 months and ambulatory rate of 35.7%,
appeared to be best treated with radiotherapy or best
supportive care alone. Patients with scores of 6 to 10,
who survived more than 12 months in a median time and
were ambulatory in 95.9% patients after surgery, more
radical surgery, such as widely excision of vertebra meta-
stasis, can be considered in order to realize better local
control of disease and prevent the occurrence of local dis-
ease. The remaining patients (3—5 points) with a median
survival of greater than 6 months and ambulatory rate of
73.3% should be the best surgical candidates, because
survival prognosis and functional outcome were acceptable
after surgery.

The median overall survival time was 7.3 months in the
entire cohort of 206 patients, 7.7 months was reported in
a prospective study,”’ and 5 to 11 months was showed
in other retrospective studies.'””* Regarding function
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outcome in all patients, 73.8% patients had the ability to
walk after surgery, 55.7% nonambulatory patients before
operation became ambulatory after surgery, and 87.3%
ambulatory patients maintained their neurological status.
Other studies reported that 67% to 82%2>>%° patients were
able to walk after surgery and 29% to 62% nonambulatory
patients became ambulatory again.>*°

We acknowledged the limitations of our study. First of
all, this was a retrospective study, patients with incomplete
data for analysis had to be excluded, and systematic treat-
ment was not carefully recorded. Second, patients with
myeloma and lymphoma were included in our study. Their
inclusion in research has been a matter of debate. Tokuhashi
scores excluded them, while Bauer scores included them.
And then, preoperative chemotherapy and without bone
metastasis at cancer diagnosis had similar hazard ratios,
while both were given different points, which might result in
bias in the study. Finally, there is always patient’s hope for
an intervention that might preserve ambulation and drasti-
cally improve quality of remaining life, despite poor prog-
nosis predicted by some clinical scores. Therefore, the
decision regarding treatment of MSCC patients is compli-
cated, should take into account patient’s personal opinions
or concerns, and should not merely rely on clinical scores.
Besides, the score still warrants a prospective study to
be confirmed.

In conclusion, we present a new scoring system for pre-
dicting survival and function outcome of MSCC patients after
surgical decompression and spine stabilization. This new
scoring system can help surgeons select the best candidates
for surgical treatment. Patients with scores of 3 to 5 points
should be the best surgical candidates, because survival
prognosis and function outcome are preferable after surgery,
while patients with scores of 0 to 2 points, who have the
shortest survival time and poorest function outcome, appear
best treated with radiotherapy or best supportive care alone,
and patients with scores of 6 to 10 points, who have the most
favorable survival prognosis and function outcome, can be
treated with more radical surgery to realize better local
control of disease and prevent the occurrence of local disease.

> Key Points

@ A new scoring system was developed to guild
surgeons to select the best candidates for
decompressive surgery in patients with
metastatic spinal cord compression.

@ Primary site, preoperative ambulatory status,
visceral metastases, preoperative chemotherapy,
and bone metastasis at cancer diagnosis were
included in the new scoring system.

0 Both survival and function outcome were
considered in the new scoring system.

[ Patients with scores of 3 to 5 points should be the
best surgical candidates, as survival prognosis and
function outcome were preferable after surgery.
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