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Abstract

Background Spinal metastases are common in patients
older than 60 years with cancer. Because of the uncertainty
of survival and the high incidence of fatal complications,
however, chemotherapy and radiotherapy generally have
been considered preferable and surgery a treatment of last
resort for these patients. Further, the selection criteria
indicating surgery and reliable prognostic factors for sur-
vival remain controversial.

Questions/purposes We therefore assessed surgical com-
plications, postoperative function, and risk factors affecting
their overall survival.

Methods Weretrospectively reviewed 92 patients 60 years
or older (range, 60-81 years) who had surgery for spinal
metastases. The surgical complications were recorded and a
VAS pain score, Frankel grade, and Karnofsky score were
obtained. Statistical analyses were performed to identify
factors associated with survival. The minimum followup was
6 months (mean, 22 months; range, 6—78 months).
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Results  Surgical complications occurred in 21 patients.
Pain levels decreased postoperatively in 90% of patients
and neurologic function improved in 78%. The Karnofsky
status improved in 58 patients giving an improvement rate
of 63%. The overall survival rates at 1 year and 3 years
were 61% and 35% with a median of 15 months. Primary
tumor type and Tokuhashi score independently predicted
survival in patients with spinal metastases.

Conclusion Our findings suggest surgery for spinal
metastasis can achieve pain relief, neurologic improve-
ment, and restoration of general condition but with a high
risk of complications. Primary tumor type and Tokuhashi
scoring independently predicted survival in patients with
spinal metastases after surgery.

Level of Evidence Level IV, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Bony metastases are frequent in patients affected by can-
cer. The spine is the most common site [3, 56], accounting
for approximately 50% of bone metastases. Overall, 5% to
10% of patients with cancer eventually will have spinal
metastases develop [13, 19, 38, 40, 56]. Patients aged 60
years or older are more likely to be affected by bony
metastases than younger patients: the likelihood is report-
edly four times greater for men and three times greater for
women [1]. The most common spinal metastases (60%) are
derived from breast, lung, or prostate cancer [20, 47]. All
three of these metastasis types occur most frequently in
patients older than 60 years [16]. Spinal metastases most
often are located in the vertebral body [21]. Because
vertebral destruction can lead to bone instability and
spinal cord compression, these patients can present with
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intractable pain, impaired ambulatory ability, and neuro-
logic dysfunction [41]. More than 90% of the patients with
spinal metastases reportedly experience pain and approxi-
mately 20% have cord compression develop [19]. The
situation is somewhat more complicated in older patients
because clinical manifestations are more common in per-
sons of advanced age, because most of the older people
have degenerative disc diseases which can exacerbate
radiculitis and spinal cord compression caused by spinal
metastasis [1, 47], and most of these patients also have one
or more age-related general diseases. Therefore, metastases
have become a major issue in older people [1].

Some authors suggest surgically treating spinal meta-
static tumors is important to relieve pain, restore
neurologic function, and restore the immediate and per-
manent stability of the spine without excessive operative
morbidity and mortality [12, 15, 16, 34, 39, 41]. Surgical
complications, especially fatal cardiovascular and other
systemic complications, occur more frequently in older
patients than in younger patients, however [40]. Moreover,
the goal of surgery in these patients is usually not to
remove the entire tumor: radical operations for spinal
metastases often are not possible and several studies [5, 22,
23] suggest surgery does not fundamentally change the
survival rate of these patients. Furthermore, the local spinal
tumor in question is only rarely the cause of patient mor-
tality [12, 20, 29, 38, 57, 60]. Thus, the selection criteria
and extent of the surgery in these patients remain contro-
versial, and some surgeons tend to favor less invasive
surgical options [32, 33]. Because most of the surgical
options are palliative, Tokuhashi et al. [49] suggested it
was important to base the decision to treat on the survival
prognosis. That being the case, survival prognosis is one of
the most important considerations in the decision to per-
form surgery and in determining the extent of surgery in
patients with spinal metastases.

Several studies report age is one of the most important
survival-related prognostic factors [1, 13, 59]. For example,
60-year-old patients have a 30% greater risk of dying of
spinal metastases than do 30-year-old patients, and 70-
year-old patients have a 10% greater risk of dying of spinal
metastases than do 60-year-old patients [1]. Several large
series [13, 40] have determined that male gender, primary
tumors, comorbidities, and complications predict survival
in all patients with spinal metastasis. However, it is unclear
whether these factors remain predictors of survival in older
patients. The lack of prognostic factors that can reliably
and accurately predict individual survival in older patients
complicates selecting patients for surgery and determining
the magnitude of the surgery to be performed.

Therefore, we assessed patients older than 60 years with
spinal metastases to (1) determine their surgical risk,
especially surgical complications; (2) analyze postoperative

function; and (3) determine risk factors affecting overall
survival.

Patients and Methods

We retrospectively reviewed 115 patients 60 years or older
with spinal metastases treated with surgery from February
2000 to September 2010. The indications for surgery [9]
were (1) aggressive neurologic deficit; (2) intractable pain;
(3) instability of the spine; and (4) isolated and local ver-
tebral mass without symptoms. The contraindications for
surgery were: (1) unstable cardiovascular and cerebrovas-
cular diseases; (2) a Karnofsky performance score [28] of
30 or less; (3) local or general infection during the
admission; and (4) life expectancy less than 6 months. For
this study we included in-hospital patients who underwent
surgery on the basis of the following criteria: (1) age
60 years or older when receiving the surgery; (2) epidural
spinal metastasis with damaged spinal vertebrae; (3) clear
diagnosis of the disorder; (4) CT or MRI confirmation; and
(5) recorded Tomita staging [52] (Appendix 1). We
excluded 23 patients with incomplete information includ-
ing surgical complications, clinical outcome, and followup
and imaging data for our analysis. These exclusions left 92
patients; of these 53 were men and 39 were women (a
male-to-female ratio of 1.36:1) in the group. The average
age of the patients at surgery was 68 years (range, 60—
81 years). Sixty-one of the 92 patients had not returned for
recent routine followup: 55 were contacted by telephone
and six who could not be contacted by telephone were
visited in their home. Of the 61 patients 50 had died and 11
were doing well at their last visits. The minimum followup
was 6 months (median, 22 months; range, 678 months),
during which 50 patients died (a mortality rate of 54%). No
patients were recalled specifically for this study; all data
were obtained from medical records and radiographs.

The data of 92 patients who had complete information
including surgical complications, clinical outcome, fol-
lowup and imaging data in our database were analyzed in
the study. Vertebral body lesions accounted for 96% of the
vertebral metastases. In the 92 patients in our study, the
most common sites of origin were the lung, kidney, and
prostate, which together accounted for 54% of the cases
(Table 1). Visceral metastases occurred in 19 patients and
extraspinal bone metastases occurred in 47. Multiple ver-
tebrac were involved in 39 patients and pathologic
fractures were observed in 22. Relapse occurred in 15
patients and six of these patients underwent a second sur-
gery. Other relevant data included Tomita staging, Tomita
score [52], Tokuhashi score [51], re-Tokuhashi score [50],
preoperative Frankel grade [14] (Appendix 1), and preop-
erative VAS pain score [7] (Table 2).
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Table 1. Primary tumor types of 92 patients in this study

Primary tumor type Number of patients Percent
Breast 4 4.3
Colon 7 7.6
Kidney 18 19.6
Liver 3 3.3
Lung 20 21.6
Prostate 12 13.0
Thyroid 7 7.6
Unknown'" 9 9.8
Sarcoma 4 4.3
Other* 8 8.7
Total 92 100.0

* Others include gallbladder carcinoma, one case; uterus, two cases;
larynx carcinoma, one case; lymphoma, one case; pancreas carci-
noma, two cases; and malignant pheochromocytoma, one case;
funknown = patients whose primary tumor type was unclear.

Primary lesions involving the vertebral body occurred in
the cervical spine in 12 patients, thoracic spine in 37, and
lumbar spine in 43. Among patients with lesions in the
cervical spine, seven had an anterior cervical tumor
resection and reconstruction with vertebral bone or a tita-
nium cage plus titanium plate fixation; three had a posterior
cervical tumor resection and an occipitocervical fusion,
lateral screw, or transpedicle screw fixation; and two had
combined resection and fixation with a combination of
anterior and posterior approaches. Among patients with
lesions in the thoracic spine, four had anterior decom-
pression or vertebral body tumor curettage and titanium
mesh plus titanium plate fixation coupled with an anterior
approach, 30 had a posterior tumor resection and bone graft
or bone cement fusion plus pedicle screw fixation, and
three had tumor resection and anterior vertebral bone or
titanium cage reconstruction plus posterior pedicle screw
fixation with combined approaches. Among patients with
lesions in the lumbar spine, three had anterior decom-
pression or vertebral tumor curettage and titanium mesh
plus titanium plate fixation with an anterior approach, 30
had posterior tumor resection and fusion of a bone graft or
bone cement plus pedicle screw fixation, and 10 had a
combined approach consisting of vertebral body resection
and reconstruction plus posterior pedicle screw fixation.
From above, an anterior approach was used in 14 patients,
a posterior approach was used in 63, and a combined
anterior and posterior approach was used in 15. Although
various prophylactic antibiotics were used during the long
study period, we consistently used a single antibiotic
administrated intravenously once 30 minutes before skin
incision and continued for 3 days postoperatively.
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Postoperatively, we saw most patients at 2 weeks,
3 months, and 6 months thereafter until 1 year, after which
they were seen annually. We used medical records to
collect demographic data, clinical function, results of the
treatment, and radiographic data at each followup. We
recorded and analyzed the operative blood loss, operative
time, and major complications. Major complications
included postoperative wound infection, mechanical com-
plications related to graft hardware, and medical and/or
surgical misadventures [11, 13]. VAS score, Frankel grade,
and Karnofsky score were measured preoperatively and
postoperatively. There were no missing data for VAS
scores, Frankel grades, and Karnofsky scores for the 92
patients.

We used the Wilcoxon test to identify difference in the
patients’ general characteristics including VAS score and
Karnofsky score between preoperation and postoperation.
The overall survival rate was assessed with a Kaplan-Meier
life-table analysis [27]. The Kaplan-Meier method was
used to estimate event—time distributions and the log-rank
test to compare survival between the following groups: age
(> 70 years or > 60 to < 70 years) (Table 2), primary
tumor type (low growth, intermediate growth, or fast
growth), Tomita stage (intervertebral [Types 1-3], peri-
vertebral [Types 4-5], adjacent vertebral [Type 6], or
multiple vertebral [Type 7]), pathologic fracture, Tomita
score, Tokuhashi score, re-Tokuhashi score, Frankel grade,
VAS score, surgical complications, local recurrence, Kar-
nofsky score, and extraspinal bone metastasis. Multivariate
analysis by Cox proportional hazards model [10] was
performed with all significant factors (p < 0.05) in uni-
variate analysis to determine which independently
predicted survival. All of the statistical analyses were
conducted using SPSS 13.0 (SPSS Inc, Chicago, IL, USA).
All of the tests were two-sided.

Results

Surgical complications occurred in 21 patients (Table 3).
The most common complications were massive postoper-
ative hemorrhage, wound infection, systemic infection, and
cardiovascular disease. Three patients died in the hospital
within 30 days after surgery of acute respiratory failure,
heart failure, and multiple systemic infections, giving an
in-hospital mortality rate of 3.4%. The average operative
time was 170 + 89 minutes (range, 72-530 minutes). The
average blood loss was 1278 £ 941 mL (range, 100-
4800 mL).

The median VAS score was 6 preoperatively while it
was 2 at the final followup. Preoperative pain was reported
in 89 patients (97%), whereas postoperative pain levels
decreased (p < 0.001) in 81 patients, resulting in a pain
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Table 2. Demographics of 92 patients older than 60 years in this
study

Factors Number of Percent
patients
Age
Group 1 (> 70 years) 29 31.5
Group 2 (> 60 to < 70 years) 63 68.5
Primary tumor type
Group I (low-growth grade) 12 13.0
Group II (intermediate-growth grade) 38 41.3
Group III fast-growth grade) 42 45.7
Tomita stage
Intravertebral (Types 1-3) 4 4.3
Perivertebral involvement (Types 4-5) 40 43.5
Adjacent vertebral involvement (Type 18 19.6
0)
Multiple vertebral involvement (Type 30 325
7
Tomita score
Group 1 (2-3 points) 32 34.6
Group 2 (4-5 points) 30 32.6
Group 3 (6-7 points) 13 14.1
Group 4 (8-10 points) 17 18.4
Tokuhashi score
Group 1 (14 points) 9 9.8
Group 2 (5-8 points) 34 37.0
Group 3 (9-12 points) 49 53.3
Re-Tokuhashi score
Group 1 (1-8 points) 19 20.7
Group 2 (9-11 points) 36 39.1
Group 3 (12-15 points) 37 40.2
Preoperative Frankel score
Grade A 2 2.2
Grade B 4 4.3
Grade C 17 18.5
Grade D 19 20.6
Grade E 50 543
Preoperative VAS score
Group 1 (1-4) 12 13.0
Group 2 (5-7) 43 46.7
Group 3 (8-10) 37 40.2
Preoperative Karnofsky score
Group 1 (0-40) 23 25.0
Group 2 (50-70) 67 72.8
Group 3 (80-100) 2 22
Overall 92 100.0

relief rate of 88%. Preoperative neurologic dysfunction
occurred in 73 patients (79%), and 78% improved post-
operatively. The improvements were three grades in two
patients, two in 24, and one in 31. The average degree of

Table 3. Postoperative complications of 92 patients

Complication” Number of patients  Percentage (%)

Massive hemorrhage 11 12.0
Would infection 6 6.5
Neurological injury 4 4.3
Systemic infection* 5 54
Implant failure 2 2.2
Cerebrospinal fluid leakage 3 34
Cardiovascular diseases’ 5 54

# Surgical complications occurred in 21 patients with one or multiple
complications. One complication occurred in 12 patients, and multi-
ple complications occurred in the remaining nine patients including
two complications in five patients, three in two patients, and four in
another two patients; *systemic infection includes pulmonary infec-
tion in one patient, urologic infection in one, and a combination of
pulmonary and urologic infections in three; two patients died of acute
respiratory failure and multiple systemic infections within 30 days
after surgery; 'cardiovascular diseases include heart failure in three
patients and major vessel injury in two. Among them one patient died
of heart failure within 30 days after surgery.

neurologic improvement was 1.2 grades (Table 4). The
median postoperative Karnofsky scores increased from 60
(range, 40-80) to 70 (range, 0-80). Postoperative
improvement (p < 0.001) in Karnofsky status was
observed in 58 patients, resulting in an improvement rate of
63%.

The overall survival rates for the 92 patients at 1 year
and 3 years after surgery were 61% and 35%, respectively
(Fig. 1) with a median survival of 15 months after surgery.
The average and median intervals from surgery until death
were 10 months and 7 months, respectively. Several fac-
tors were substantially associated with postoperative
survival with a p value less than 0.05 (Table 5). The sub-
sequent multivariate analysis showed that primary tumor
type (hazard ratio [HR], 2.0; 95% CI, 1.4-3.1) and Tok-
uhashi score (HR, 0.27; CI, 0.14-0.45) independently
predicted survival (Table 6). The survival curves reveal
that a slow-growing primary tumor and high Tokuhashi
score were associated with longer survival in patients with
spinal metastases (Fig. 2). The patients with slow-growing
primary tumors had an 83% survival rate at 1 year com-
pared with 66% for intermediate-growth tumors and 35%
for fast-growing tumors (Fig. 2A). The following 1-year
survival rates were found for specific primary tumor types:
85% for thyroid cancer, 83% for breast, 74% for kidney,
64% for prostate, 47% for colon, 33% for liver, and 34%
for lung. The Tokuhashi score also was predictive; the
patients with scores of 1 to 4 had a 3.7% survival rate at
1 year compared with 53% for scores of 5 to 8 and 72% for
scores of 9 to 12 (Fig. 2B). Two typical clinical patients are
presented in this study, and one was diagnosed with cer-
vical spinal metastasis from lung cancer (Fig. 3) and

@ Springer



632 Liang et al.

Clinical Orthopaedics and Related Research®

Table 4. Preoperative and postoperative neurologic function

Preoperative Frankel score Postoperative Frankel score Total
A B C D E
A 1 1 1 1 0 4
B 1 1 0 2 5
C 0 1 6 14 21 42
D 0 1 1 4 16 22
E 0 1 2 1 15 19
Total 2 5 10 22 53 92
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Fig. 1 The overall survival curve for the 92 elderly patients with

spinal metastases showed the overall survival rates at 1 year and
3 years after surgery were 61% and 35%, respectively.

Table 5. Univariate analysis of survival prognostic factors*

Factors p value**
Age 0.468
Primary type 0.001
Tomita stage 0.018
Visceral metastasis 0.827
Tomita score 0.000
Tokuhashi score 0.000
Revised Tokuhashi score 0.000
Preoperative Frankel score 0.008
Primary surgery 0.062
Preoperative VAS score 0.018
Preoperative Karnofsky score 0.686
Pathological fracture 0.056
Surgical complications 0.283
Extraspinal bone involved 0.038

* log-rank test, n = 92; **significant at p < 0.05.
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another with thoracic spinal metastasis from prostate can-
cer (Fig. 4). After surgery, both had a good clinical
outcome and long-term survival. The Tokuhashi score
accurately predicted survival for less than 3 months, 3 to
6 months, longer than 6 months in 78%, 41%, and 82% of
the patients, respectively (Table 7).

Discussion

Because of lack of clinical reports with large sample sizes,
the incidence of fatal complications and surgical outcomes
in patients (> 60 years) with spinal metastases is uncer-
tain. Survival prognosis is one of the most important
considerations in the decision to perform surgery and in
determining the extent of surgery in patients with spinal
metastases. However, it is unclear which possible risk
factors are reliable to predict survival. We therefore posed
three questions: (1) What surgical risk occurs in patients
(> 60 years) with spinal metastasis, especially surgery-
related complications? (2) Does tumor removal with
reconstruction improve the clinical status? (3) Which
possible risk factors are reliable to predict survival after
surgical interventions in patients affected by spine
metastases?

We recognize some limitations in our study. First, the
data for this study came from one clinical center, and the
sample size was not large enough to draw definitive con-
clusions. Neoadjuvant and adjuvant radiotherapy and
chemotherapy data were not included in our analysis,
although these factors may substantially influence survival
rates. This omission may overestimate the effect of surgical
treatment on clinical function and survival. However, we
believe that this effect was relatively low, since radio-
therapy and chemotherapy reportedly do not influence
survival in patients with spinal metastases [3, 17]. Second,
because the surgeries were performed by different ortho-
paedic oncologists during a long interval, surgery and
reconstruction methods were selected differently. For this
reason, stratified analysis was not performed. Third, we
excluded 23 patients with incomplete information. How-
ever, since these patients had similar distributions of
primary tumor, sex, and age, we assumed these data would
not substantially affect the results.

We observed major surgical complications in 21
patients, giving a 23% complication rate and a 3.4% 30-day
in-hospital mortality rate. Other series have reported 30-
day in-hospital mortality rates ranging from 3% to 13% [2,
3, 13, 18, 22, 23, 26, 37, 40, 42, 45, 46, 51, 60] (Table 8).
Previous studies have reported major surgical complication
rates of 14% to 34% [2, 3, 13, 18, 22, 23, 26, 37, 40, 42, 45,
46, 51, 57, 60] (Table 8). Systemic infections such as
pulmonary infection and cardiovascular failure are more
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Table 6. Multivariate analysis of survival prognostic factors (Cox proportional hazards model)

Value Regression coefficient SE Wald test df p value* HR value 95% CI

Lower Upper
Primary tumor type 0.712 0.206 11.920 1 0.001 2.039 1.361 3.055
Tokuhashi score —1.298 0.259 25.114 1 0.000 0.273 0.164 0.454

* Significant at p < 0.05; SE = standard error; df = degree of freedom; HR = hazard ratio.
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Fig. 2A-B The survival curves showed that (A) primary tumor type independently predicted survival (HR, 2.0; CI, 1.4-3.1); and (B) the
Tokuhashi score also independently predicted survival (HR, 0.27; CI, 0.14-0.45).

common in patients 60 years old or older than in other
patients with spinal metastasis [1, 35]. In our study, the 29
patients who were 70 years or older had a systemic
infection rate of 10% and a cardiovascular disease rate of
10%, whereas the patients younger than 70 years had a
systemic infection rate of 3.1% and a cardiovascular dis-
ease rate of 3.1%. In a recent study of perioperative
complications and prognosis in older patients (> 70 years)
undergoing surgery for spinal metastases, pulmonary
complications were observed in 19% of the patients, car-
diovascular complications were observed in 9%, and
delirium in 13%. In the younger patients, pulmonary
complications occurred in only 2.5%, cardiovascular
complications occurred in 0.6%, and delirium in 1.2% [35].
These findings should be considered carefully when
deciding to pursue surgical treatment, especially in elderly
patients.

We found pain levels decreased after surgery in 81 of
the 92 patients for a pain relief rate of 88%, which is
similar to reductions in pain in 89% to 100% of patients
reported in the literature [6, 25, 57]. These findings all
suggest surgery can substantially relieve pain, which is
consistent with other reports [2, 3, 12, 16, 36, 41, 49, 51,
52, 58]. In our study, neurologic dysfunction was improved
after surgery in 78% of these patients (Table 8). The

improvement in overall neurologic function therefore was
substantial, which is consistent with findings from other
studies [25, 43, 57]. In our study, the Karnofsky score
increased dramatically, and this result was largely consis-
tent with the findings of previous studies [28, 49-51, 55,
59]. Therefore, restoring general health through partially or
totally removing the tumor was relatively straightforward.

The median postsurgical survival of the 92 patients in
our study was 15 months. This result compares favorably
with those from other studies of surgically treated spinal
metastases in which the median postoperative patient sur-
vival ranges from 6 to 16 months [8, 13, 22, 31, 33, 37, 51,
53] (Table 8). The relatively long survival times of the
patients in our study may be related to the more conser-
vative surgical selection criteria we used; some of the
patients presenting to our department with severe metas-
tases received  percutaneous  vertebroplasty  and
kyphoplasty and were excluded from our study. The sur-
vival analysis in our study revealed that the primary tumor
type and Tokuhashi score were independent factors asso-
ciated with survival. The univariate and multivariate
analyses in our study revealed the pathological type of the
primary tumor was a substantial predictor of survival,
which is consistent with multiple reports [13, 22, 31, 33,
37, 48, 51, 52]. We found slow-growing primary tumors
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Fig. 3A-D A 61-year-old woman
previously diagnosed with lung
cancer had intractable neck pain,
numbness, and weakness in the
lower limbs with difficulty walk-
ing. Posterior decompression
surgery with C3 tumor curettage,
C2 pedicle screw fixation, C4-5
lateral mass screw fixation, and
autograft fusion were performed.
Pain relief and neurologic func-
tion were achieved at the 16-
month postoperative followup,
and the patient is still alive and
ambulatory with a crutch. (A) The
patient’s preoperative radiograph
shows a destroyed C3 vertebra,
and (B) her transverse CT scan
shows an invasive mass that has
destroyed the vertebra and
invaded the paravertebral tissue
and spinal canal, resulting in
spinal cord compression. Postop-
erative (C) AP and (D) lateral
view radiographs show stable
fixation.

were associated with more favorable prognoses, whereas
fast-growing tumors were linked to poorer prognoses,
which is consistent with other studies [4, 24, 31, 48, 60].
Tomita et al. [52] and Tokuhashi et al. [49-51] regard the
primary tumor type as the most important predictive factor
in their respective scoring systems. Several prognostic
scoring systems have been developed to facilitate selecting
candidates for surgical treatment and determining the
extent of surgery to be performed [30, 44, 50-52, 55]. We
investigated the predictive value of three commonly used
prognostic scoring systems: the Tomita score, the Tokuh-
ashi score, and the re-Tokuhashi score [50-52, 54]. We
found all of these scores were substantially associated with
postoperative survival in the univariate analysis, but only
the Tokuhashi score was independently associated with
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survival. Moreover, we further investigated the accuracy of
the Tokuhashi score for predicting patient survival. We
found Groups 1 to 4 and 9 to 12 of the Tokuhashi score
predicted survival time in 78% and 82% of the patients,
respectively, whereas Groups 5 to 8 were accurate in only
41% of the patients. This finding emphasizes the difficulty
of accurately predicting individual survival, particularly of
predicting which patients will survive for 3 to 6 months,
although the Tokuhashi score was substantially correlated
with survival time in the univariate and multivariate anal-
yses. For this reason, we do not recommend using only the
prognostic score to choose surgical treatment. Rather, our
treatment algorithm considers pain, spinal cord compres-
sion, neurologic compromise, potential postoperative
complications, and primary tumor type.
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Fig. 4A-D A 65-year-old man
previously diagnosed with pros-
tate cancer had severe chest and
back pain and weakness in both
lower extremities. His radiograph
and CT results revealed the T3
vertebra had been destroyed by an
invasive mass and the spinal cord
was compressed. Posterior total
en bloc resection of the T3 tumor,
bone graft fusion with titanium
mesh, and pedicle screw fixation
were performed. His pain was
relieved and neurologic function
was improved postoperatively.
The patient was still alive at
41 months after the surgery with
no recurrence. (A) A preoperative
radiograph shows a destroyed T3
vertebra and vertebral pedicles,
and (B) his transverse CT scan
shows an invasive mass that has
destroyed the vertebra and
invaded the paravertebral tissue
and spinal canal, resulting in
spinal cord compression. (C) AP
and (D) lateral view postoperative
radiographs show stable fixation.

Table 7. Survival predictive accuracy of Tokuhashi scores (n = 92)

Original Tokuhashi score

Actual survival median (months)

Range (months)

Accuracy (%)

Number of patients

Group 1 (1-4)

Predicted survival < 3 months
Group 2 (5-8)

Predicted survival > 3 months
Group 3 (9-12)

Predicted survival > 6 months

1.6

10

13

1.0-33

0.2-78

0.7-72

78%

41%

82%

34

49

Our observations suggest surgery for spinal metastasis in
patients older than 60 years can achieve pain relief, neu-
rologic improvement, and restoration of general condition

but with a high risk of complications. Primary tumor type
and Tokuhashi scoring predicted survival in patients with
spinal metastases after surgery. We recommend considering
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Table 8. Comparison of data from the literature

Study Patients ~ Major Mean age  30-day Neurologic Median  Prognostic factors Minimal
(number)  surgical of patients mortality function survival followup
complication  (years) rates improvement (months) (months)
rate rate
Wise et al. [60] 80 13.8% 56 5.7% 97% 15.7 NR 5
Weigel 76 19% 59 2.6% 58% 13.1 NR
et al. [57]
Tomita 67 NR 56 NR 74% NR Primary tumors; visceral NR
et al. [52] metastases; bone metastases
Finkelstein 987 27% 60 9% NR 7.6 Increasing age; male sex; NR
et al. [13] primary tumors
North et al. 61 8.2% 52 3.3% 88% 10 Primary tumors; preoperative
[37] neurologic status
Jansson & 282 20% 66 13% 70% 6 NR 3
Bauer [26]
Leithner 69 NR 60 NR NR 10 Primary tumor; visceral 12
et al. [31] metastases
Chaichana 114 17% 58 3% NR 7 NR 10.8*
et al. [8]
Wibmer 62 NR 60 NR NR 10.6 Systemic therapy; primary 12
et al. [59] tumors; visceral metastases
Arrigo 200 34% 59 3% NR 8.0 Charlson comorbidity index; NR
et al. [3] preoperative ambulatory
status; primary tumors
Current study 92 22.8% 68 3.4% 78% 15 Primary tumors; 6

Tokuhashi score

* Mean followup; NR = not reported.

aggressive surgery for primary tumors with histopathologic
features indicating slow growth. Despite limitations, our
study provides insight into surgically treating patients with
spinal metastases, a subject that has not received much
attention from previous researchers.
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Appendix 1. Different Scoring Systems Used in our
Study

Tomita Score [52]

According to the grade of malignancy, primary patholog-
ical tumor types are divided into three categories:

Grade 1, slow growth (breast, multiple myeloma,
prostate, metastasizing hemangioendothelioma, heman-
giopericytoma, thyroid, non-Hodgkin lymphoma).

Grade 2, moderate growth (kidney, uterus, tonsil, epi-
pharynx, femoral synovial sarcoma, malignant thymoma).
Grade 3, rapid growth (lung, melanoma, malignant
teratoma, liver, stomach, colon, sigma, rectum, pancreas).

@ Springer

Tomita scoring system for spinal metastases that was
designed based on these data consists of three prognostic
factors: (1) grade of malignancy (slow growth,1 point;
moderate growth, 2 points; rapid growth, 4 points), (2)
visceral metastases (no metastasis, O points; treatable, 2
points: untreatable, 4 points), and (3) bone metastases
(solitary or isolated, 1 point; multiple, 2 points). These
three factors were added together to give a prognostic score
between 2 and 10.

Tokuhashi Scores [50, 51]

Tokuhashi scores (original and revised) include six
parameters with O to 2 points (0 to 5 in the revised version),
resulting in three prognostic groups.

The Revised Tokuhashi Score [50]

This score has the following parameters:

General condition (Karnofsky)
0 points: poor (10%—40%)
1 point: moderate (50%—70%)
2 points: good (80%—100%)
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Number of extraspinal bone metastases foci: 0 points:
> 3; 1 point: 1-2; 2 points: 1.

Number of metastases in the vertebral body: O points:
> 3; 1 point: 1-2; 2 points: 1.

Metastases to the major internal organs: O points: unre-
movable; 1 point: removable; 2 points: no metastases.
Primary site of the cancer:

0 points: lung, osteosarcoma, stomach, bladder,
esophagus, pancreas

1 point: liver, gallbladder, unidentified

2 points: others

3 points: kidney, uterus

4 points: rectum

5 points: thyroid, breast, prostate, carcinoid tumor)

Palsy: O points: complete (Frankel A, B); 1 point:
incomplete (Frankel C, D); 2 points: none (Frankel E).
Survival prognosis: total score 0-8: lives < 6 months;
total score 9-11: lives > 6 months; total score 12-15:
lives > 1 year.

The Original Tokuhashi Score [51]

This is mostly the same as the revised version. Only the
factor “primary site of the cancer” is different as it
includes three ranks from 0-2 points:

0 points: lung, gastrointestinal tract, and other unknown
reasons;

1 point: liver, kidney, uterus;

2 points: thyroid, rectum, breast, prostate, bone marrow.

Survival prognosis: total score 0—4: lives < 3 months; total
score 5-8: lives > 3 months (and 30% > 1 year); total
score 9-12: lives > 1 year.

Frankel Grade [14]

A

B

Complete neurological injury. No motor or sensory
function detected below level of lesion.

Preserved sensation only. No motor function detected
below level of lesion, some sensory function below
level of lesion preserved.

Preserved motor, nonfunctional. Some voluntary motor
function preserved below level of lesion but too weak
to serve any useful purpose, sensation may or may not
be preserved.

Preserved motor, functional. Functionally useful volun-
tary motor function below level of injury is preserved.
Normal motor function. Normal motor and sensory
function below level of lesion, abnormal reflexes may
persist.
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