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Abstract

BACKGROUND CONTEXT: Despite advances in spinal oncology, research in patient-based prog-
nostic calculators for metastatic spine disease is lacking. Much of the literature in this area investigates
the general predictive accuracy of scoring systems in heterogeneous populations, with few studies
considering the accuracy of scoring systems based on patient specifics such as type of primary tumor.
PURPOSE: The aim of the present study was to compare the ability of widespread scoring systems
to estimate both overall survival at various time points and tumor-specific survival for patients un-
dergoing surgical treatment for metastatic spine disease in order to provide surgeons with information
to determine the most appropriate scoring system for a specific patient and timeline.

STUDY DESIGN: This is a retrospective study.

PATIENT SAMPLE: Patients who underwent surgical resection for metastatic spine disease at a
single institution were included.

OUTCOME MEASURES: Areas under the receiver operating characteristic curves were gener-
ated from comparison of actual survival of patients and survival as predicted by application of prevalent
scoring systems.

METHODS: A preoperative score for all 176 patients was retrospectively calculated utilizing the
Skeletal Oncology Research Group (SORG) Classic Scoring Algorithm, SORG Nomogram, origi-
nal Tokuhashi, revised Tokuhashi, Tomita, original Bauer, modified Bauer, Katagiri, and van der Linden
scoring systems. Univariate and multivariate Cox proportional hazard models were constructed to
assess the association of patient variables with survival. Receiver operating characteristic analysis
modeling was utilized to quantify the accuracy of each test at different end points and for different
primary tumor subgroups. No funds were received in support of this work. The authors have no con-
flicts of interest to disclose.

RESULTS: Among all patients surgically treated for metastatic spine disease, the SORG Nomogram
demonstrated the highest accuracy at predicting 30-day (area under the curve [AUC] 0.81) and 90-day
(AUC 0.70) survival after surgery. The original Tokuhashi was the most accurate at predicting 365-day
survival (AUC 0.78). Multivariate analysis demonstrated multiple preoperative factors strongly associated
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with survival after surgery for spinal metastasis. The accuracy of each scoring system in determining
survival probability relative to primary tumor etiology and time elapsed since surgery was assessed.

CONCLUSIONS: Among the nine scoring systems assessed, the present study determined the most
accurate scoring system for short-term (30-day), intermediate (90-day), and long-term (365-day) sur-
vival, relative to primary tumor etiology. The findings of the present study may be utilized by surgeons
in a personalized effort to select the most appropriate scoring system for a given patient. © 2018

Published by Elsevier Inc.
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Introduction

Surgery for metastatic spine disease, the most common site
of skeletal metastasis, is typically performed to address pain,
mechanical instability, local tumor control, or neurologic com-
promise [1,2]. Despite the prevalence of spinal metastases,
there is a lack of information regarding the factors that can
predict both short-term and long-term prognoses for these pa-
tients [3—7]. The majority of prognostic calculators in the
literature do not include multiple continuous variables in pre-
dicting a patient’s survival, fail to estimate survival probability
at various time points, and perform inconsistently across dif-
ferent primary tumor types [1,4,5,8-23].

Several input variables are common to the existing prog-
nostic calculators and include tumor type, Karnofsky
Performance Scale, presence or absence of visceral metas-
tases, and number of vertebral segments involved. Despite these
commonalities, prognostic calculators can provide inconsis-
tent survival predictions for a given patient. The most cited
predictive models in metastatic spine disease include the orig-
inal Tokuhashi, revised Tokuhashi, Tomita, original Bauer,
modified Bauer, Katagiri, and van der Linden scoring systems
[1-35]. The more recent Classic Scoring Algorithm and No-
mogram were created by the Skeletal Oncology Research
Group (SORGQG) to determine 30-, 90-, and 365-day survival
[36,37]. Today, there is still no consensus about which of these
scoring systems has the greatest predictive survival accura-
cy relative to primary tumor type and time since surgery. The
majority of the literature in this area investigates which scoring
system is most superior by considering a heterogeneous pop-
ulation of patients, consisting of varying tumor types and
prognosis [1,4,5,8-24,38,39].

The present study therefore aims to compare the most prev-
alent scoring systems available in their ability to determine
both overall survival and tumor-specific survival for pa-
tients undergoing surgical treatment for metastatic spine
disease. As such, the purpose of the present study is to arm
surgeons with information to determine the most appropri-
ate scoring system for a specific patient.

Methods
Study design and subject inclusion

After institutional review board approval (NA_00067508),
a retrospective chart review was conducted that included all

patients who underwent surgery for metastatic spinal tumors
at a single institution between 2003 and 2016. The inclusion
criteria were (1) patient age 18—100 years at the time of surgery;
(2) complete and detailed electronic medical records with clin-
ical presentation, imaging, and operative notes available; (3)
patient who underwent surgical resection of a metastatic spine
lesion; (4) pathologic confirmation of primary tumor etiol-
ogy; (5) known survival or most recent follow-up.

Predictive scoring systems

All patients were scored using the seven scoring systems
most represented in the literature [ 1-35]. These scoring systems
were calculated based on retrospective data, before the time
of surgery. Scoring was performed by a study member (AKA),
who did not participate in the medical or surgical manage-
ment of these patients and was blinded to postoperative
survival. Scoring systems included the original Tokuhashi [25],
revised Tokuhashi [7], Tomita [26], original Bauer [8,9], modi-
fied Bauer [17,32], Katagiri [16], and van der Linden scoring
systems (Supplementary Tables S1-S8) [29]. The recently pub-
lished SORG Classic Scoring System and Nomogram have
only been externally validated in one single-cohort study
[36,37]. Therefore, an external validation of the SORG sur-
vival algorithm was performed with the present cohort before
inclusion in the comparison.

A survival probability was calculated for each patient with
respect to the given scoring system. The predictive ability of
each scoring system was assessed using receiver operating
characteristic (ROC) analysis at 30-, 90-, and 365-day
postsurgery time points such that an area under the curve
(AUC) could be calculated to quantify predictive accuracy.

Statistical analysis

To assess which variables were marginally significant, a
univariate Cox regression analysis (p<.1) was performed for
all variables collected (Table 1). Categorical variables were
established as age<65 years versus >65 years, Eastern Co-
operation Oncology Group (ECOG) performance status score
0-2 versus 3—4, Charlson Comorbidity Index<6 versus >6
(where 6 points is assigned for metastatic solid tumor) [40],
primary tumor of good prognosis (lymphoma, breast, mul-
tiple myeloma, kidney, prostate, and thyroid) versus primary
tumor of poor prognosis (lung, colon, rectum, bladder, esoph-
agus, hepatocellular, melanoma, stomach, any other), 1 versus
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Context
There are multiple scoring systems available to guide spine
surgeons regarding metastatic disease.

Contribution

Using cases from a single institution, the authors retro-
spectively applied nine of them to their cases to determine
accuracy for specific time-points and tutor type. The SORG
Nomogram and original Tokuhashi systems were best (at
different time points) in predicting mortality.

Implications

The information provides some guidance as surgeons look
to assess prognosis and provide rational treatments for these
patients.

>1 spinal metastases, presence versus absence of metastases
to lung or liver, presence versus absence of metastases to brain,
history or no history of previous systemic therapy, white blood
cell count<11,000/uL versus =11,000/uL, and hemoglobin
level>10g/dL versus <10g/dL. The proportional hazards as-
sumption was tested using a log-rank test and by visualizing
the graph of the scaled Schoenfeld residual against time for
each covariate. A multivariate Cox proportional hazards model
was constructed using all the marginally significant vari-
ables (p<.1). Subsequently, covariates that were not
independently associated with survival (p<.05) or that vio-
lated the proportional hazards assumption were removed in
a stepwise manner. The final variables with independent and
statistically significant association with patient survival were
retained and reported.

The predictive abilities of prognostic scoring algorithms
were tested using ROC analysis at 30-, 90-, and 365-day
postsurgery time points using the calculated AUC, 95% con-
fidence intervals (CIs), and p-values for each model. Receiver
operating characteristic curves were generated using a cu-
mulative or dynamic definition for cases and controls at each
time point. Two-tailed p-values<.05 were considered statis-
tically significant. In an effort to test the predictive accuracy
of each scoring system based on primary tumor etiology, ROC
curves for the most represented primary tumor types were also
created. Primary tumors included in the analysis were breast,
prostate, lung, and renal cell carcinoma (RCC). Two-tailed
p-values<.05 were considered statistically significant. An AUC
cutoff was set at 0.70 for a scoring system to be considered
to have sufficient predictive accuracy [37,41].

Results
Patient demographics and presentation

Upon retrospective review of electronic medical records
for patients surgically treated for spinal metastasis, 235

patients were initially identified. Of the 235 patients screened,
59 did not have complete medical records and were ex-
cluded. The remaining 176 patients met all inclusion criteria
for the present study and were included. The mean age and
body mass index for all patients were 6012 years and 27+7 kg/
m?, respectively. The mean preoperative modified Charlson
Comorbidity Index score, with age factored in, was 812. Of
the 176 patients included, 66 (38%) had additional comorbidities
before surgery. The majority of patients were male (60%) and
had metastasis located in the thoracic spine (64%). Preopera-
tively, the most common presenting symptoms were pain (93%)
and neurologic deficit (59%). American Spinal Cord Injury
Association scores were not available, retrospectively. A ver-
tebrectomy or corpectomy with stabilization was performed
in 122 (69%) cases (Table 1). The decision to operate was
made by the attending surgeon at this single institution and
followed standard treatment guidelines, from widely

Table 1

Patient demographics and baseline characteristics

Characteristic Value
Age* (y) 60£12
BMI*" (kg/m?) 27+7
Modified Charlson Comorbidity Index score* (points) 8+2
Additional comorbidities 66 (38%)
Male sex 105 (60%)

Surgical and clinical characteristics
Pathologic fracture 129 (73%)
Pain 164 (93%)
Time from start of neurologic symptoms and surgery

No neurologic symptoms 72 (41%)

<l4d 53 (30%)

>14d 51 (29%)
Preoperative ASIA impairment scale

Neurologic deficit (A, B, C, or D) 104 (59%)

No neurologic deficit (E) 72 (41%)
ECOG performance status

Score 0-2 (£50% of waking hours bed or chair bound) 109 (62%)

Score 3—4 (>50% of waking hours bed or chair bound) 66 (38%)
Time between primary cancer diagnosis and surgery

<30d 38 (22%)

>30d 138 (78%)
Number of mobile spine levels undergoing operation

1 level 17 (10%)

2 levels 11 (6%)

>3 levels 67 (38%)
Surgery

Vertebrectomy or corpectomy with stabilization 122 (69%)

Decompression and stabilization 40 (23%)

Decompression alone 11 (6%)

Stabilization alone 3(2%)
Location

Cervical 36 (21%)

Thoracic 112 (64%)

Lumbar 51 (29%)

Combined 30 (17%)

ASIA, American Spinal Cord Injury Association; ECOG, Eastern Co-
operation Oncology Group; BMI, body mass index.

Note: One hundred seventy-six patients with metastatic spine tumors were
included from a single institution.

* Values depicted as meantstandard deviation.

¥ BMI was available for 125 of the 176 patients.
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accepted literature in spinal oncology, at the time of surgery
[2,42,43]. Surgery for metastatic spine disease was palliative
in nature, to address neurologic dysfunction, instability, or pain.
Because this was a retrospective study, it was not possible to
characterize the exact surgical indication for each case, as many
patients presented with multiple possible indications (ie, pain
and myelopathy). All patients were managed, consulted on,
and followed up by a multidisciplinary team of radiologists,
medical oncologists, and radiation oncologists. As such, the
decision to pursue surgery was made based on the best inter-
est of the patient and clinical judgment by the treating team.
As evidenced by the mean age at surgery and modified Charlson
Comorbidity Index, patients undergoing surgery were rela-
tively healthy and believed to benefit from surgery. All patients
had oncologic staging before surgery, and those with signifi-
cant comorbidities or systemic burden were not offered surgery.

Survival by primary tumor etiology

Primary tumor etiology included hepatocellular, lung, breast,
diffuse large B-cell lymphoma, melanoma, Merkel cell, mul-
tiple myeloma, pancreatic adenocarcinoma, plasmacytoma,
prostate, RCC, sarcoma, squamous cell, thyroid, and bladder
cancer. The greatest tumor-specific mean overall survival from
the time of surgery was for patients with multiple myeloma
(1,658 days), and the poorest prognosis was for patients with
bladder cancer (55 days) (Table 2). The overall survival for
all 176 patients was 282 days (95% CI 207-374) from the
time of surgery (Fig. 1).

Table 2
Primary tumor type and survival

Number of Pathologic Survival from
Primary tumor patients™ fracture’ surgery (d)
Adrenocortical 2 (1%) 1 (50%) 150
Basal cell 1 (1%) 0 (0%) 121
Breast 37 (21%) 31 (84%) 695
CLL 1 (1%) 1 (100%) 978
Colorectal 3 (2%) 2 (67%) 278
Hepatocellular 2 (1%) 1 (50%) 306
Lung 34 (19%) 22 (65%) 158
DLBCL 1 (1%) 0 (0%) 139
Melanoma 5 (3%) 5 (0%) 491
Merkel cell 1 (1%) 0 (0%) 82
Multiple myeloma 16 (9%) 15 (94%) 1,658
Pancreatic 1(1) 1 (100%) 374
Plasmacytoma 3(2%) 3 (100%) 1,607
Prostate 27 (15%) 10 (37%) 372
Renal cell 36 (20%) 33 (92%) 730
Sarcoma 1 (1%) 0 (0%) 200
Squamous cell 2 (1%) 1 (50%) 87
Thyroid 2 (1%) 2 (100%) 623
Bladder 1 (1%) 1 (100%) 55

CLL, chronic lymphocytic leukemia; DLBCL, diffuse large B-cell

lymphoma.

* The percentage of patients of a given primary tumor etiology is rep-
resented out of 176 patients included in the study.
T Percent pathologic fracture is represented as the proportion of pa-
tients of a respective primary tumor etiology.
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Fig. 1. Kaplan-Meier curve for patient survival within 1 year after surgery.
After surgery, the median age of survival for the 176 patients included in
the present study was 282 days (95% confidence interval [CI] 207-374).

External validation of the SORG survival algorithm

The SORG Classic Scoring Algorithm was utilized to cal-
culate a predictive score for each patient (Supplementary
Table S1, Fig. S1) [36,37]. Patients with scores of 0-2, 3-4,
and 5-12 were determined to be in the good, intermediate,
and poor prognosis groups, respectively. The mean respec-
tive survival times for the good, intermediate, and poor
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Fig. 2. Kaplan-Meier survival curves for SORG Classic Scoring Algorithm.
The good prognosis group (0-2), intermediate prognosis group (3—4), and poor
prognosis (5-12) group had median survival of 880 days (95% confidence
interval [CI] 516-1227), 352 days (95% CI 238-484), and 163 days (95%
CI 111-207) from the time of surgery, respectively. Stratified patient surviv-
al within 1 year of follow-up with the corresponding 95% CI for each line.
The number of at-risk patients in each group is specified above the graph at
30-day checkpoints. Green: Good prognosis group (score 0-2). Yellow: In-
termediate prognosis group (score 3—4). Red: Poor prognosis group (score 5-12).
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prognosis groups were 1261£98, 552+51, and 338+39 days,
respectively. Fifteen patients were still alive at the most recent
follow-up (mean 1,994 days).

Patients were stratified based on prognosis group, and a
Kaplan-Meier survival analysis was performed (Fig. 2). The
median survival times for the good, intermediate, and poor prog-
nosis groups were 880 days (95% CI 516-1227), 352 days (95%
CI 238-484), and 163 days (95% CI 111-207) from the time
of surgery, respectively. A log-rank test revealed statistical sig-
nificance (p<.015) between each defined prognostic group based
on the preoperative SORG Classic Scoring Algorithm. Satis-
factory receiver operating characteristic curves, as presented
in Tables 5-7, demonstrate external validation of the Nomogram.

Factors associated with survival

A univariate Cox regression analysis was performed. Older
age (=65 years, hazard ratio [HR] 1.02 [95% CI 1.01-1.04],
p=-003), additional comorbidities (Charlson Comorbidity
Index>6, where 6 points is assigned for metastatic solid tumor;
HR 1.57 [95% CI 1.14-2.16], p=.006), presence of patho-
logic fractures at affected spinal level (HR 0.58 [95% C10.41—
0.82], p=.002), acute neurologic deficit (<14 days, HR 1.61
[95% CI 1.11-2.35], p=.012), poor ECOG performance status
(ECOG3or4; HR 2.10 [95% CI 1.53-2.89], p<.001), primary
cancer type with poor prognosis (lung, colon, rectum, bladder,
esophagus, hepatocellular, melanoma, stomach, and any other
not included in good prognosis group—consisting of lym-
phoma, breast, multiple myeloma, kidney, prostate, and thyroid;
HR 2.83[95% CI 1.98—4.04], p<.001), metastasis to the lungs
or the liver (HR 1.94 [95% CI 1.35-2.78], p<.001), brain me-
tastasis (HR 2.53 [95% CI 1.53—4.16], p<.001), and hemoglobin
levels (<10 g/dL, HR 0.89 [95% CI 0.81-0.98], p=.012) were
significantly associated with survival (Table 3).

Upon multivariate analysis, the following covariates had
an independent and statistically significant association with
decreased survival: older age (HR 1.02 [95% CI 1.01-1.03],
p=.024), poor ECOG performance status (HR 2.23 [95% CI
1.59-3.12], p<.001), primary cancer type with poor prognosis
(HR 2.61 [95% CI 1.78-3.81], p<.001), metastasis to the lungs
or the liver (HR 1.61 [95% CI 1.12-2.31], p=.010), and brain
metastasis (HR 2.38 [95% CI 1.41-4.05], p=.001) (Table 3).

Upon multivariate analysis, the following covariates had
an independent and statistically significant association with
decreased survival: older age (HR 1.02 [95% CT 1.01-1.03],
p=-024), poor ECOG performance status (HR 2.23 [95% CI
1.59-3.12], p<.001), primary cancer type with poor prognosis
(HR 2.61 [95% CI 1.78-3.81], p<.001), metastasis to the lungs
or the liver (HR 1.61 [95% CI 1.12-2.31], p=.010), and brain
metastasis (HR 2.38 [95% CI 1.41-4.05], p=.001) (Table 4).

Overall predictive accuracy of survival by nine scoring
systems

Among all patients surgically treated for metastatic spine
disease, the SORG Nomogram demonstrated the highest ac-

curacy at predicting 30-day (AUC 0.81) and 90-day (AUC
0.70) survival after surgery (Tables 5 and 6). The original
Tokuhashi was the most accurate at predicting 365-day sur-
vival (AUC 0.78) (Table 7).

The SORG Nomogram (AUC 0.81), Classic Scoring Al-
gorithm (AUC 0.77), original Tokuhashi (AUC 0.74), van der
Linden (AUC 0.74), Katagiri (AUC 0.73), and revised
Tokuhashi (AUC 0.71) were the only scoring systems to
achieve sufficient accuracy at predicting 30-day survival
(Table 5). The SORG Nomogram and Katagiri were the only
scoring systems considered sufficiently accurate at predict-
ing 90-day survival after surgery (AUC 0.70 for both)
(Table 6). All systems but the original Bauer system were
found to be sufficient at predicting 365-day survival (AUC
0.69) (Table 7). Therefore, the SORG Nomogram and Katagiri
were the only scoring systems to achieve sufficient accura-
cy at predicting 30-, 90-, and 365-day survival for all patients.

Predictive accuracy of survival: excluding hematologic
malignancies

Receiver operating characteristic AUC curves were gener-
ated for all patients excluding those with multiple myeloma,
lymphoma, and plasmacytoma (n=155). Of this group, the SORG
Nomogram had the highest accuracy at predicting 30-day sur-
vival (AUC 0.79), and the original Tokuhashi had the highest
accuracy at predicting 365-day survival (Table 5-7). No scoring
system achieved sufficient accuracy at predicting 90-day sur-
vival for this subgroup, although the original Tokuhashi and
Linden systems came closest (both AUC 0.69) (Table 6).

Five systems accurately predicted both 30- and 365-day
survival in this cohort: the SORG Classic Scoring (30-day
AUC 0.75, 365-day AUC 0.75), original Tokuhashi (0.75,
0.81), revised Tokuhashi (0.72, 0.81), Katagiri (0.70, 0.76),
and Linden (0.76, 0.77) systems (Tables 5 and 7). The Tomita
accurately predicted 365-day survival only (AUC 0.70).

Predictive accuracy of survival: breast cancer

For patients with metastatic breast cancer of the spine, the
SORG Nomogram was the most accurate (AUC 0.99) at pre-
dicting 30-day survival after surgery—significantly
outperforming all other scoring systems at this time point
(p<.05 for all). The 30-day survival estimate was also suffi-
ciently accurate for the Linden (AUC 0.89), original Tokuhashi
(AUC 0.88), and SORG Classic Scoring (AUC 0.81) systems.
The Linden was the most accurate predictive scoring system
at 90 days (AUC 0.88) and at 365 days (AUC 0.89) (Tables 6
and 7). The original Tokuhashi was the only system to achieve
sufficient accuracy at predicting 30-day (AUC 0.88), 90-
day (AUC 0.71), and 365-day (AUC 0.82) survival after
surgery for patients with breast cancer (Table 5-7).

Predictive accuracy of survival: lung cancer

For patients with metastatic lung cancer of the spine, the
Linden scoring system most accurately predicted 30-day
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Table 3
Univariate Cox regression analysis
B Regression coefficient™ HR' p-Value
Demographic characteristics
Age 0.020+0.007 1.02 (1.01-1.04) .003*
Sex 0.004+0.162 1.00 (0.73-1.38) 978
BMI
18.5-30 kg/m?
<18.5 kg/m? 0.200+0.464 1.22 (0.49-3.03) .666
>30 kg/m’ —0.309+0.217 0.73 (0.48-1.12) 155
Comorbidities 0.44910.164 1.57 (1.14-2.16) .006*
Clinical and surgical characteristics
Pathologic fractures —0.548+0.177 0.58 (0.41-0.82) .002*
Pain —0.4214+0.301 0.66 (0.36-1.19) 162
Time between start of neurologic symptoms and surgery
No neurologic symptoms Reference Reference Reference
<l4d 0.479+0.191 1.61 (1.11-2.35) .012¢
214d 0.051+0.193 1.05 (0.72-1.53) 792
ASIA impairment scale (preoperative)
No neurologic deficit (E) Reference Reference Reference
Neurologic deficit (A, B, C, D) 0.278+0.162 1.32 (0.96-1.81) .087
ECOG performance status
Score 0-2 (£50% waking hours bed or chair bound) Reference Reference Reference
Score 3—4 (>50% waking hours bed or chair bound) 0.74340.163 2.10 (1.53-2.89) <.001*
Oncologic status
Primary cancer type®
Good prognosis group Reference Reference Reference
Poor prognosis group 1.040+0.182 2.83 (1.98-4.04) <.001*
>1 mobile spine metastases (mobile spine defines as C3—-C6, L2-1.4) —0.105+0.164 0.90 (0.65-1.24) 52
Other bone metastases 0.159+0.164 1.17 (0.85-1.62) 332
Visceral metastases
None Reference Reference Reference
Lung or liver 0.660+0.184 1.94 (1.35-2.78) <.001*
Brain 0.927+0.254 2.53 (1.53-4.16) <.001*
Prior local radiation therapy —0.20520.160 0.81 (0.60-1.12) 201
Prior systemic therapy 0.169£0.162 1.18 (0.86-1.63) 295
Laboratory values
White blood cell count (1,000/uL) —0.00940.011 0.99 (0.97-1.01) 379
Hemoglobin (g/dL) —0.116£0.046 0.89 (0.81-0.98) .012*
Calcium (mg/dL) —0.131+0.092 0.88 (0.73-1.05) 157
Creatinine (mg/dL) 0.087+0.306 1.09 (0.60-1.99) 775
Platelet (1,000/mL) —0.000£0.000 1.00 (1.00-1.00) 719

ASIA, American Spinal Cord Injury Association; ECOG, Eastern Cooperation Oncology Group; BMI, body mass index; HR, hazard ratio.

* The values are given as the b coefficient and the standard error.

The values are given as the HR, with the 95% confidence interval (CI) in parentheses.

+
 These p-values were significant and had a two-tailed p-value of <.05.
§

The good prognosis group included lymphoma, breast cancer, multiple myeloma, kidney cancer, prostate cancer, and thyroid cancer. The poor prog-
nosis group included lung cancer, colon cancer, rectal cancer, bladder cancer, esophageal cancer, liver cancer, melanoma, gastric cancer, and other cancers.

survival after surgery (AUC 0.72). None of the scoring systems
were sufficiently accurate at predicting 90-day survival after
surgery for this group (Table 6). The SORG Nomogram was
the most accurate for 365-day (AUC 0.85) survival. The revised
Tokuhashi also achieved sufficient accuracy at 30 days (AUC
0.71). Both SORG predictive systems were significantly more
accurate than the Tomita, original Bauer, modified Bauer, and
Katagiri at 365 days for patients with metastatic lung cancer
(p<.05 for all) (Table 7).

Predictive accuracy of survival: prostate cancer

For patients with metastatic prostate cancer of the spine,
the SORG Classic Scoring, SORG Nomogram, original

Tokuhashi, revised Tokuhashi, Katagiri, and Linden were
equally accurate at 30 days (AUC 1 for all). All of these
scoring systems, with the exception of the SORG Nomo-
gram, were also sufficiently accurate at predicting 365-day
survival (Table 7). However, the most accurate scoring system
at 365 days was the Linden (AU 0.76), and no scoring systems
were sufficiently accurate at predicting 90-day survival for
prostate cancer (Table 6).

Predictive accuracy of survival: renal cell carcinoma

For patients with RCC, the SORG Classic Scoring system
most accurately predicted 30-day survival (AUC 0.82) after
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Table 4
Multivariate Cox regression analysis
B Regression coefficient™ HR' p-Value
Age 0.017+0.008 1.02 (1.01-1.03) .024*
ECOG performance status
Score 0-2 (£50% waking hours bed or chair bound) Reference Reference Reference
Score 3—4 (>50% waking hours bed or chair bound) 0.800£0.172 2.23 (1.59-3.12) <.001*
Primary cancer type®
Good prognosis group Reference Reference Reference
Poor prognosis group 0.958+0.194 2.61 (1.78-3.84) <.001%
Visceral metastases
None Reference Reference Reference
Lung or liver 0.476+0.185 1.61 (1.12-2.31) .010*
Brain 0.869+0.270 2.38 (1.41-4.05) .001*

ECOG, Eastern Cooperation Oncology Group.

Notes: Explanatory variables were dropped by stepwise backward elimination in the following order: (1) preoperative ASIA score, (2) time between the
start of neurologic symptoms and the surgical procedure, (3) presence of a pathologic fracture due to violation of proportional hazard assumption, (4) pres-
ence of any additional comorbidity, and (5) hemoglobin levels.

* The values are given as the b coefficient and the standard error.

" The values are given as the hazard ratio (HR), with the 95% confidence interval (CI) in parentheses.

 These p-values were significant and had a two-tailed p-value of <.05.

$ The good prognosis group included lymphoma, breast cancer, multiple myeloma, kidney cancer, prostate cancer, and thyroid cancer. The poor prog-
nosis group included lung cancer, colon cancer, rectal cancer, bladder cancer, esophageal cancer, liver cancer, melanoma, gastric cancer, and other cancers.

Table 5
Area under the curve (AUC) from receiver operating characteristic (ROC) analysis for all patients at 30 days after surgical treatment for metastatic spine
disease

Renal cell
carcinoma

All patients excluding

Scoring method All patients hematologic malignancies’  Breast Lung Prostate

Classic 0.77* (0.66-0.8773)  0.75 (0.63-0.87) 0.81 (0.69-0.92)  0.55 1.00° (1.00-1.00)  0.82 (0.68-0.97)
SORG Nomogram  0.81 (0.69-0.93) 0.79 (0.66-0.92) 0.99 (0.96-1.00) 0.61 1.00° (1.00-1.00)  0.81 (0.64-0.99)
Original Tokuhashi ~ 0.74 (0.64-0.85) 0.75 (0.64-0.85) 0.88 (0.78-0.97)  0.64 1.00° (1.00-1.00)  0.68
Revised Tokuhashi ~ 0.71 (0.57-0.85) 0.72 (0.58-0.86) 0.68 (0.54-0.82)  0.71 (0.46-0.97)  1.00° (1.00-1.00)  0.63
Tomita 0.59 0.57 0.24 0.56 0.42 0.55
Original Bauer 0.63 0.61 0.31 0.67 0.73 (0.61-0.86) 0.59
Modified Bauer 0.59 0.56 0.24 0.57 0.44 0.55
Katagiri 0.73 (0.57-0.89) 0.70 (0.54-0.87) 0.25 0.64 0.94 (0.88-1.00) 0.65
Linden 0.74 (0.60-0.88) 0.76 (0.62-0.89) 0.89 (0.80-0.98)  0.72 (0.47-0.98)  0.73 (0.61-0.86) 0.76 (0.63-0.89)

SORG, Skeletal Oncology Research Group.

Notes: The most accurate scoring system for a group of patients is highlighted in red. Scoring systems that were sufficiently accurate (AUC>0.70) appear
in bold.

* Values are given as the AUC (95% confidence interval [CI]) for values achieving sufficient accuracy.

" Hematologic malignancies include patients with multiple myeloma, plasmacytoma, or lymphoma. It was not possible to generate an AUC for 30-day
survival because there were no deaths during this period for this group.

£ One patient with metastatic prostate cancer passed away within 30 days after surgery.

Table 6
Area under the curve (AUC) from receiver operating characteristic (ROC) analysis for all patients at 90 days after surgical treatment for metastatic spine
disease

All patients excluding Renal cell Hematologic
Scoring method All patients hematologic malignancies® Breast Lung  Prostate  carcinoma malignancies
Classic 0.67 0.65 0.57 0.63 0.58 0.71 (0.52-0.89)  0.74 (0.55-0.93)
SORG Nomogram 0.70 (0.61-0.79)  0.67 0.59 0.67 0.52 0.70 (0.51-0.89)  0.87 (0.72-1.00)
Original Tokuhashi ~ 0.69 0.69 0.71 (0.42-0.99)  0.62 0.65 0.65 0.89 (0.80-0.99)
Revised Tokuhashi 0.67 0.67 0.68 0.63 0.63 0.62 0.97 (0.92-1.00)
Tomita 0.60 0.59 0.53 0.53 0.42 0.53 0.61
Original Bauer 0.63 0.61 0.52 0.55 0.46 0.57 0.68
Modified Bauer 0.62 0.59 0.54 0.51 0.44 0.53 0.63
Katagiri 0.70 (0.60-0.79)  0.67 0.53 0.61 0.60 0.63 0.92 (0.84-1.00)
Linden 0.66 0.69 0.88 (0.74-1.00)  0.65 0.62 0.74 (0.58-0.89)  0.84 (0.73-0.95)

SORG, Skeletal Oncology Research Group.
Notes: The most accurate scoring system for a group of patients is highlighted in red. Scoring systems that were sufficiently accurate (AUC >0.70) appear
in bold.
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Area under the curve (AUC) from receiver operating characteristic (ROC) analysis for all patients at 365 days after surgical treatment for metastatic spine

disease

Scoring method

All patients

All patients
excluding
hematologic
malignancies*®

Breast

Lung

Prostate

Renal cell
carcinoma

Hematologic
malignancies

Classic

SORG Nomogram
Original Tokuhashi
Revised Tokuhashi
Tomita

Original Bauer
Modified Bauer
Katagiri

Linden

0.77 (0.70-0.84)
0.78 (0.71-0.85)
0.78 (0.71-0.85)
0.77 (0.70-0.84)
0.70 (0.62-0.78)
0.69

0.71 (0.64-0.79)
0.78 (0.72-0.85)
0.71 (0.63-0.78)

0.75 (0.67-0.82)
0.75 (0.68-0.83)
0.81 (0.74-0.88)
0.81 (0.74-0.88)
0.70 (0.62-0.79)
0.68

0.69

0.76 (0.69-0.84)
0.77 (0.69-0.84)

0.71 (0.52-0.90)
0.72(0.51-0.93)
0. 82 (0.66-0.97)
0.77 (0.61-0.93)
0.56
0.59
0.55
0.61
0.89 (0.81-0.98)

0.84 (0.66-1.00)
0.85 (0.69-1.00)
0.69
0.79 (0.56-1.00)
0.50
0.48
0.50
0.62
0.77 (0.59-0.94)

0.73 (0.53-0.92)
0.64
0.74 (0.55-0.94)
0.76 (0.57-0.94)
0.61
0.59
0.64
0.76 (0.57-0.94)
0.76 (0.59-0.94)

0.72 (0.53-0.90)
0.71 (0.52-0.89)
0.78 (0.61-0.95)
0.75 (0.57-0.93)
0.69
0.67
0.67
0.73 (0.56-0.91)
0.84 (0.69-0.99)

0.81 (0.59-1.00)
0.81 (0.62-1.00)
0.73 (0.53-0.94)
0.75 (0.53-0.97)
0.48
0.41
0.50
0.77 (0.58-0.95)
0.70 (0.49-0.92)

SORG, Skeletal Oncology Research Group.

Notes: The most accurate scoring system for a group of patients is highlighted in red. Scoring systems that were sufficiently accurate (AUC>0.70) appear

in bold.

surgery for metastatic spine disease. The Linden system most
accurately predicted both 90-day (AUC 0.74) and 365-day
survival (AUC 0.84) (Tables 5-7). The SORG Classic Scoring
(AUC 0.82, 0.71, 0.72), the SORG Nomogram (AUC 0.81,
0.70, 0.71), and the Linden system (AUC 0.76, 0.74, 0.84)
were sufficiently accurate at predicting survival at 30, 90, and
365 days after surgery. However, the SORG Nomogram out-
performed Tomita and modified Bauer at 30 days, and Linden
at 365 days (p<.05 for all). The original Tokuhashi (AUC 0.78),
the revised Tokuhashi AUC 0.75), and the Katagiri (AUC 0.73)
were accurate for this subgroup at 365 days only (Table 7).

Predictive accuracy of survival: lymphoma, plasmacytoma,
and multiple myeloma

Of the patients with lymphoma, multiple myeloma, or plas-
macytoma of the spine, none passed away within 30 days of
surgery for spine disease. The 90-day survival was most ac-
curately predicted by the revised Tokuhashi (AUC 0.97) and
the 365-day survival by the SORG Nomogram (AUC 0.81)
(Tables 6 and 7). The SORG Classic Scoring (AUC 0.74, 0.81),
SORG Nomogram (AUC 0.87, 0.81), original Tokuhashi
(AUC 0.89, 0.73), revised Tokuhashi (AUC 0.97, 0.75),
Katagiri (AUC 0.92, 0.77), and Linden (AUC 0.84, 0.70) were
sufficiently accurate at predicting survival 90 and 365 days
after surgery. The SORG Nomogram was significantly more
accurate than the SORG Classic Scoring system at 90 days
(p<.05) and more accurate than the Tomita, original Bauer,
and modified Bauer at both 90 and 365 days (p<.05 for all)
(Tables 6 and 7).

Discussion

Traditional scoring systems in metastatic spine disease are
beneficial in distinguishing long-term survival (>12 months)
from short-term survival (<3 months) for patients with good
or poor prognosis, respectively. However, given the mean
overall survival of patients diagnosed with a metastatic spine

lesion in the literature is ~10 months [1,2,23,42] (9.4 months
for our cohort), there is a necessity for more accurate pre-
dictive methods in the short- to intermediate-term survival
interval. The present study was concerned with the accura-
cy of predictive scoring systems with respect to tumor-
specific prognosis in metastatic spine disease.

In the present study, univariate and multivariate analyses
demonstrated that several previously investigated factors were
significantly associated with decreased survival (Tables 3 and
4). Notably, presence of preoperative pathologic fracture was
associated with better survival in our independent cohort. This
may be due to confounding, whereby the majority of patho-
logic fractures presented in patients with tumors of good
prognosis. Pathologic fracture was seen in 84% of patients
with breast cancer, 94% of patients with multiple myeloma,
and 92% of patients with RCC, which were three of the largest
cohorts characterized by three of the longest mean survival
times (Table 2).

In the current study, the SORG Nomogram was the most
accurate scoring system at predicting 30- and 90-day sur-
vival, and the original Tokuhashi was the most accurate at
predicting 365-day survival. A previous study comparing the
SORG Nomogram with the Tokuhashi and SORG classic
scores also found the Nomogram to be superior at predict-
ing 3-month survival, but further found that superiority to
persist at the 12-month range [37]. The inclusion of multi-
ple myeloma, lymphoma, and plasmacytoma is controversial
in scoring systems of metastatic spine disease because they
are hematological malignancies [17,23,36]. Several scoring
systems, such as the Tokuhashi [23] and Tomita systems [26],
exclude these patients in their original texts. To accurately
and directly compare the validity of each scoring system, we
elected to assess predictive accuracy by both including and
excluding patients with hematologic malignancies of the spine.
Interestingly, the original Tokuhashi score, which did not
include such malignancies in the original work, was the most
accurate at predicting survival at 365 days after surgery.



1812 A.K. Ahmed et al. / The Spine Journal 18 (2018) 1804-1814

Excluding these patients, the SORG Nomogram and Origi-
nal Tokuhashi were still the most accurate at predicting 30-
and 365-day survival, respectively (none of the nine scoring
systems reached significant accuracy at 90 days for this cohort).

A study by Aoude and Amiot demonstrated that both the
revised Tokuhashi score and the Tomita score were accurate
in predicting poor prognosis (survival less than 6 months),
but that the Tomita score was limited in distinguishing between
moderate (6—12 months) and good (>12 months) prognosis
for patients undergoing surgery for spine metastases [24]. In
the present study, the revised Tokuhashi was sufficiently ac-
curate at 30 and 365 days after surgery, whereas, in contrast
to this previous study, the Tomita score was only accurate at
predicting 365-day survival. Breast cancer, lung cancer, pros-
tate cancer, RCC, and hematologic malignancies represent
some of the most common spinal malignancies [1,2,44]. As
such, it is valuable to compare the accuracy of predictive
scoring systems in estimating tumor-specific survival for these
etiologies, and these results are presented earlier (Tables 5-7).
Interestingly, the original and modified Bauer were the only
scoring systems to include lymphoma and multiple myeloma
in their original classification [8,9,17,18], but were not found
to be accurate at predicting survival for these patients in the
present study.

The revised Tokuhashi score is often cited as the most ac-
curate predictive scoring system for spinal metastases
[7,11-13,19,22,26-35]. Ulmar et al. and Wang et al. dem-
onstrated that, unlike the original Tokuhashi score, only the
revised Tokuhashi score accurately predicted survival for pa-
tients undergoing surgery for breast cancer metastases to the
spine [7,25,27,28,31]. This is in contrast to the present study,
where, although the original Tokuhashi did not have the great-
est accuracy at any individual time point for patients with
metastatic breast cancer, it was the only scoring system to
achieve sufficient accuracy at all time points (30, 90, and 365
days) after surgery (Tables 5-7).

In a study of the revised Tokuhashi score in metastatic lung
cancer by Hessler et al. [14], the predicted survival was only
similar to actual survival in 67.1% of cases—likely attrib-
uted to recent medical advances in lung cancer treatment
[14,19,21,23,35]. However, the revised Tokuhashi was dem-
onstrated here to have sufficient accuracy at 30 and 365 days
for patients with metastatic lung cancer. Similar to previous
studies [27,28,31], the Tomita score failed to accurately predict
survival in patients with RCC.

The present study successfully validated the SORG Classic
Scoring Algorithm and Nomogram in an independent cohort
at a single institution and compared the survival accuracy of
nine predictive scoring systems in metastatic spine disease.
This was accomplished for all patients, all patients exclud-
ing hematologic malignancies, and by primary tumor type.
To date, this is one of the largest studies comparing the ac-
curacy of multiple scoring systems, the only study to include
nine scoring systems, and the only study to compare primary
tumor-specific prognostic accuracy for this many scoring
systems and time points. In doing so, clinicians can utilize

the tables outlined here (Tables 5-7) to choose the most ap-
propriate scoring system for patients with metastatic spine
disease relative to both primary tumor etiology and time after
surgery.

Despite the advantages of the present study, there are limi-
tations. The present sample size used in the external validation
of the SORG Nomogram is underpowered compared with the
original cohort of 649 patients. For tumor-specific progno-
sis, not all primary tumor etiologies are equally represented,
introducing possible sampling bias. In addition, Karnofsky
Performance Status, which was found to be significant in other
studies [5-7,22,23,25], is not included in this analysis. The
present study also carries with it the limitations inherently
associated with retrospective studies, including selection and
information bias. There are additional limitations regarding
single institution studies. As such, further prospective multi-
institutional studies are appropriate to replicate and confirm
the findings presented herein.

Conclusions

Multivariate analysis demonstrated preoperative factors
strongly associated with survival after surgery for spinal me-
tastasis. For all patients with various primary tumor types,
SORG Nomogram demonstrated the highest accuracy at pre-
dicting 30- and 90-day survival after surgery for metastatic
spine disease. The original Tokuhashi had the highest 365-
day predictive accuracy after surgery. Similarly, the most
accurate scoring system to predict postoperative survival prob-
ability was assessed relative to primary tumor etiology for
short-term (30-day), intermediate (90-day), and long-term (365-
day) survival after surgery. To date, this is one of the largest
studies comparing the accuracy of multiple scoring systems,
the only comprehensive study to include nine scoring systems,
and the only study to compare primary tumor-specific prog-
nostic accuracy for this many scoring systems. Clinicians may
use the tables outlined here (Tables 5-7) to determine the most
accurate scoring system for a specific patient, based on primary
tumor etiology and prognosis. The findings of the present study
can improve decision-making in the care for patients with
metastatic spine disease, and offer a more individualized tool
for informing patients.

Supplementary material

Supplementary material related to this article can be found
at https://doi.org/10.1016/j.spinee.2018.03.011.
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