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Study Design: A retrospective multicenter case series was conducted.

Purpose: This study aimed to investigate survival and prognostic factors after surgery for a metastatic spinal tumor.

Overview of Literature: Prognostic factors after spinal metastasis surgery remain controversial.

Methods: A retrospective multicenter study was conducted. The study participants included 345 patients who underwent surgery for
spinal metastases from 2010 to 2020 at nine referral spine centers in Japan. Data for each patient were extracted from medical records.
To identify the factors predicting survival prognosis after surgery, univariate analyses were performed using a Cox proportional hazards
model.

Results: The mean age was 65.9 years. Common primary tumors were lung (n=72), prostate (n=61), and breast (n=39), and 67.8% (n=234)
presented with osteolytic lesions. The epidural spinal cord compression scale score 2 or 3 was recognized in 79.0% (n=271). Frankel
grade A paralysis accounted for 1.4% (n=5), and 73.3% (n=253) were categorized as intermediate or high risk according to the new Kata-
giri score. The overall survival rates were -71.0% at 6 months, 57.4% at 12, and 43.3% at 24. In the univariate analysis, Frankel grade
A (hazard ratio [HR], 3.59; 95% confidence interval [Cl], 1.23—10.50; p<0.05), intermediate risk (HR, 3.34; 95% CI, 2.10-5.32; p<0.01),
and high risk (HR, 7.77; 95% Cl, 4.72—12.8; p<0.01) in the new Katagiri score were significantly associated with poor survival. On the
contrary, postoperative chemotherapy (HR, 0.23; 95% Cl, 0.15-0.36; p<0.01), radiation therapy (HR, 0.43; 95% Cl, 0.26—-0.70; p<0.01), and
both adjuvant therapy (HR, 0.21; 95% Cl, 0.14-0.32; p<0.01) were suggested to improve survival.

Conclusions: Surgical indications for patients with Frankel grade A or intermediate or high risk in the new Katagiri score should be
carefully considered because of poor survival. Chemotherapy or radiation therapy should be considered after surgery for better survival.
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Introduction

The spine is the most frequent site of bone metastasis,
leading to considerable morbidities, including spinal
pain and neurological dysfunction [1]. The manage-
ment of spinal metastases requires a multidisciplinary
approach including pharmacotherapy, radiation ther-
apy, and surgery [2-4]. Surgery plays a valuable role
in the management of intolerable pain, acquisition of
structural stability, and restoration or preservation of
neurological function [5].

The current development of surgical techniques has
given rise to an expanding indication for surgery [6].
Minimally invasive surgery can be applied to patients
with a short life expectancy and poor condition [7,8].
Proper prediction of postoperative prognosis is im-
portant when considering surgical indications. Tomita
et al. [9], Tokuhashi et al. [10], and Katagiri et al. [11]
have examined prognostic factors for patients with spi-
nal metastasis. However, it is uncertain whether these
prognostic factors are still applicable in the current
situation with improvements in treatment modali-
ties. Moreover, few reports have discussed prognostic
factors in surgical treatment for spinal metastases in
the 2010s. In this study, we examined survival and
prognostic factors after surgery for a metastatic spinal
tumor from 2010 to 2020.

Materials and Methods

Patient selection and characteristics

This study was conducted as a retrospective multicenter
analysis at nine facilities in Japan. Patients who under-
went surgical treatment for spinal metastases between
January 2010 and December 2020 were selected from
each hospital’s medical records. For each patient, the
following indicators were extracted and analyzed: age,
sex, primary tumor, metastatic spine level, bone lesions,
epidural spinal cord compression (ESCC) scale, spinal
instability neoplastic score (SINS), Frankel grade, new
Katagiri score, bone-modifying agents, surgical pro-
cedure, perioperative complications, adjuvant therapy,
length of hospital stay, final disposition, and survival
period.

The ethical committee of Kyoto University Graduate
School and Faculty of Medicine approved this study
(approval no., R2901). Informed consent was obtained
from all individual participants included in the study.

The primary tumor was defined as the original tu-
mor of the spinal metastasis such as lung carcinoma,

prostate carcinoma, and breast carcinoma. The level
of spinal metastases that required surgery was sum-
marized, ranging from one to nine vertebrae depend-
ing on the patient. Bone lesions were evaluated using
computed tomography as “osteolytic,” “osteoblastic,”
and “mixed.” Spinal cord compression was graded us-
ing axial T2-weighted magnetic resonance imaging
based on the ESCC scale [12]. SINS was introduced
to evaluate spinal instability by assessing the level of
spinal metastases, pain, bone lesions, radiographic
spinal alignment, vertebral body collapse, and poste-
rior involvement of spinal elements [13]. The severity
of paralysis was classified into five levels according
to the Frankel grade [14]. The new Katagiri score is a
prognostic indicator for patients with metastatic spinal
disease based on the primary tumor, visceral metasta-
ses, laboratory data, performance status, preoperative
chemotherapy, and multiple skeletal metastases [11].
Bisphosphonates and a human monoclonal antibody
(HmADb) targeting the receptor activator of NF-«kB li-
gand (RANKL) were also prescribed as bone-modify-
ing agents to prevent skeletal-related events.

The surgical indication was the presence of progres-
sive nerve palsy or intolerable back pain because of
spinal cord compression or spinal instability caused
by pathologic fractures. Surgery was also performed
prophylactically in asymptomatic patients with high
SINS or new Katagiri scores. Surgical procedures were
mainly divided into palliative and definitive surger-
ies. Palliative surgery includes decompression and
instrumented stabilization to improve paralysis and
back pain. Neural tissue was decompressed using the
posterior median approach, sometimes with the par-
tial removal of the tumor to achieve sufficient neural
decompression. Pedicle screws were inserted and con-
nected using rods for stabilization. The fusion range
was determined for each patient by considering the
affected vertebrae, bone quality, and spinal alignment.
Definitive surgery was performed using tumor exci-
sional procedures when the long-term prognosis was
expected; however, adjuvant therapy was not assumed
to be effective. Biopsy and vertebroplasty were exclud-
ed from the surgical intervention.

During the postoperative hospital stay, perioperative
complications were defined as medical problems and
were categorized as “neurologic,” “respiratory,” “car-

» «

diac,” “gastrointestinal,” “urinary and renal,” “venous
thromboembolism,”
fection,” or “others” Final disposition was categorized
as “home discharge,” “transfer to another hospital,”

or “in-hospital death” The length of hospital stay was

» <.

wound,” “decubitus ulcer,” “in-
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defined as the duration from admission to discharge,
transfer, or death.

Statistical analysis

Data are expressed as the meantstandard deviation.
Kaplan-Meier survival curves are described. Univari-
ate analysis to identify predictors of survival was per-
formed for variables such as age, sex, ESCC scale, SINS,
Frankel grade, new Katagiri score, surgical procedure,
and postoperative adjuvant therapy using a Cox pro-
portional hazards model. In the univariate analyses, a
hazard ratio (HR) with a 95% confidence interval (95%
CI) was estimated; HR indicates the probability of death
in a particular group compared with that in a reference
group. All p-values <5% were considered significant.

Results

Patient demographics

From 2010 to 2020, a total of 345 patients were identi-
fied, and they were included in the study, and their
backgrounds are summarized in Table 1. The mean
age of patients admitted was 65.9 years, and the mean
follow-up period was 13.7 months. The primary tumor
was located in the lung in 72 patients (20.9%), prostate
in 61 (17.7%), and breast in 39 (11.3%), accounting for
half of the cases. The most common site of spinal in-
volvement was the thoracic spine (69.2%), followed by
the cervical (15.1%), lumbar (14.7%), and sacral (1.0%)
spines. A total of 234 patients (67.8%) presented with
osteolytic lesions. Spinal cord compression correspond-
ing to ESCC scale 2 or 3 was recognized in 271 patients
(79.0%). SINS representing spinal instability was “0-6"
in 45 patients (13.0%), “7-12” in 215 (62.3%), and
“13-18” in 82 (23.8%). The severity of paralysis was
Frankel grade E in 60 patients (17.4%), D in 109 (31.6%),
Cin 147 (42.6%), B in 24 (7.0%), and A in 5 (1.4%). A
total of 175 patients (50.7%) were categorized into the
intermediate-risk group with a new Katagiri score of
“4-6," 91 (26.4%) into the low-risk group of “0-3;” and
78 (22.6%) into the high-risk group of “7-10.” Bone-
modifying agents were prescribed to only 84 patients
(24.3%), bisphosphonate to 37 (10.7%), and HmADb tar-
geting RANKL to 47 (13.6%).

Surgical procedures and perioperative outcomes

Data on surgical treatment, perioperative complica-
tions, and outcomes are presented in Table 2. Most
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Table 1. Demographic data for overall patients in the study (n=345)

Characteristic Value

Age (yr) 65.9+11.3
Gender
Male 208
Female 134
Primary tumor
Lung 72.21)
Prostate 63 (18)
Breast 39 (11)
Colorectal 20 (6)
Kidney 19.(6)
Thyroid 13(4)
Multiple myeloma 13 (4)
Stomach 12 (3)
Malignant lymphoma 11 (3)
Liver 10(3)
Pancreas 9(3)
Esophagus 8(2)
Sarcoma 7(2)
Nasopharynx 6(2)
Unknown 6(2)
Gall bladder 3(1)
Malignant melanoma 1(0.3)
Uterus 1(0.3)
Others 24 (7)
Metastatic spine level
Cervical 74 (15)
Thoracic 340 (69)
Lumbar 72 (15)
Sacal 5(1)
Bone lesion
Osteolytic 234 (68)
Osteoblastic 36 (10)
Mixed 61 (18)
ESCC scale
0 12(3)
la 13 (4)
1b 17 (5)
lc 30(9)
2 89 (26)
3 182 (53)
SINS
0-6 45 (13)
7-12 215 (62)

(Continued on next page)
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Table 1. Continued

Characteristic Value

13-18 82 (24)
Frankel grade
E 60 (17)
D 109 (32)
© 147 (43)
B 24 (7)
A 5(1)
New Katagiri score
0-3 91 (26)
4-6 175 (51)
7-10 78 (23)
Bone modifying agent
Vitamin D 2 (1)
Bisphosphonate 37 (11)
HmAD targeting RANKL 47 (14)
None 259 (75)

Values are presented as mean+tstandard deviation or number (%).

ESCC, epidural spinal cord compression; SINS, spinal instability neoplastic
score; HmAb, human monoclonal antibody; RANKL, receptor activator of
NF-kB ligand.

patients (97.4%) underwent palliative surgery mainly
by both decompression and stabilization, whereas only
5 (1.4%) underwent definitive surgery. The in-hospital
complication rates were 4.3% for neurological, 3.5% for
respiratory, 0.9% for cardiac, 4.3% for gastrointestinal,
5.5% for urinary and renal, 2.0% for venous thrombo-
embolism, 5.5% for wound, 0.6% for decubitus ulcer,
4.6% for infection, 7.8% for others, and 39.1% for
overall complications. In addition, 12 deaths (3.5%) oc-
curred within 30 days of surgery, ranging from 13 days.
As shown in Table 3, 318 patients (92.2%) received
adjuvant therapies, including chemotherapy or radia-
tion therapy, before or after surgery. Postoperative che-
motherapy was administered to 106 patients (30.7%),
postoperative radiation therapy to 56 (16.2%), and
both postoperative chemotherapy and radiation ther-
apy to 137 (39.7%). Table 2 also shows that the mean
length of hospital stay was 46.1 days; 52.8% of patients
were discharged home, 35.9% were transferred to an-
other hospital, and 8.7% died in the hospital.
Neurological status after surgery at the final follow-
up is shown in Table 4. Frankel grade A was noted in 6
patients (1.7%), B in 19 (5.5%), C in 94 (27.3%), D in
126 (36.6%), and E in 99 (28.8%). The number of am-
bulatory patients with Frankel grade D or E increased
from 168 (48.8%) to 225 (65.4%) after surgery. The

Table 2. Surgical procedures and perioperative outcomes (n=345)

Item Value

Surgical procedure

Palliative
Decompression 37 (11)
Stabilization 56 (16)
Both 245 (71)
Definitive 51
Perioperative complication
Neurologic 154)
Respiratory 12 (3)
Cardiac 3(1)
Gastrointestinal 15 (4)
Urinary and renal 19 (6)
Venous thromboembolism 7(2)
Wound 19 (6)
Decubitus ulcer 2(1)
Infection 16 (5)
Others 27 (8)
Length of hospital stay (day) 46.1£31.7
Final disposition
Home discharge 182 (53)
Transfer to other hospital 124 (36)
Died in hospital 30(9)

Values are presented as number (%) or mean+tstandard deviation.

Table 3. Adjuvant therapies before or after surgery

Radiation therapy

Chemotherapy

Neither Before After Both Total
Neither 27 4 34 2 67
Before 10 5 15 5 35
After 40 7 72 6 125
Both 37 22 40 19 118
Total 114 38 161 32 345

neurological status improved by 1 grade in 99 patients,
2 in 21 patients, and 3 in four patients. Approximately
half (n=177) of the patients had maintained preopera-
tive neurological status.

Postoperative survival analysis

A Kaplan-Meier curve for all patients is shown in Fig.
1. The 6-, 12-, and 24-month overall survival rates were
71.0%, 57.4%, and 43.3%, respectively. Fig. 2 indicates

that based on the primary tumor type, survival for lung
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Table 4. Comparison of Frankel grade between before and after surgery

Postoperative Frankel

Preoperative Frankel

Table 5. Univariate analysis for predictors of survival

Cox hazard model

A 1 3 1 5
B 1 7 11 2 3 24
C 3 9 59 60 16 147
D 2 20 58 28 108
E 1 1 1 5 52 60
Total 6 19 94 126 99 344
1.0
0.8
% 0.6
=
2
£ 04
w2
0.2
0
T T T T T
0 20 40 60 80 100
Time (mo)

Fig. 1. The Kaplan-Meier survival curve for overall patients in the study
(n=345).

and colorectal cancer was the poorest, followed by kid-
ney, prostate, and breast cancer. In the univariate analy-
sis in Table 5, Frankel grade A, intermediate risk, and
high risk in the new Katagiri score were significantly as-
sociated with poor survival, with HRs of 3.59 (95% CI,
1.23-10.50; p<0.05), 3.34 (95% CI, 2.10-5.32; p<0.01),
and 7.77 (95% CI, 4.72-12.8; p<0.01) compared with
Frankel grade E and low-risk groups, respectively. Post-
operative chemotherapy (HR, 0.23; 95% CI, 0.15-0.36;
p<0.01), radiation therapy (HR, 0.43; 95% ClI, 0.26-0.70;
p<0.01), and both types of adjuvant therapy (HR, 0.21;
95% CI, 0.14-0.32; p<0.01) were significantly associated
with improved survival. Kaplan-Meier survival curves
for Frankel grades and new Katagiri scores are shown
in Figs. 3 and 4, respectively.

Discussion

Spinal metastasis is critical for patients, leading to sub-
stantial morbidities, including spinal pain and neuro-
logical dysfunction [1]. Surgery plays a valuable role in
treatment to reduce pain, acquire structural stability,
and restore or preserve neurological function [5]. Pre-
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Characteristic
HR (95% CI) p-value

Age (yr)

<60 77 1.00

60-69 126 0.94 (0.63-1.40) 0.75

70-79 110 1.00 (0.66-1.51) 1.00

>80 32 0.67 (0.33-1.34) 0.26
Sex

Female 134 1.00

Male 208 1.31 (0.96-1.80)  0.086
ESCC scale

0 12 1.00

la 13 2.80 (0.72-10.85) 0.14

1b 17 1.11 (0.27-4.65) 0.89

Ic 30 1.83 (0.52-6.43) 0.35

2 89 2.20 (0.69-7.05) 0.18

3 182 1.86 (0.59-5.88) 0.29
SINS

Stable 45 1.00

Potentially unstable 215 0.88 (0.55-1.39) 0.57

Unstable 82 0.78 (0.46-1.30) 0.34
Frankel grade

E 60 1.00

D 109 1.30 (0.79-2.15) 0.31

C 147 1.75 (1.08-2.83) 0.02

B 24 1.60 (0.79-3.26) 0.19

A 5 3.59 (1.23-10.50) 0.02

New Katagiri score

Low risk 91 1.00
3.34(2.10-5.32)  <0.01
7.77 (4.72-12.8)  <0.01

Intermediate risk 175
High risk 78

Surgical procedure

Decompression 37 1.00

Stabilization 56 0.55 (0.30-1.00) 0.05
Both 245 0.79 (0.51-1.24) 0.31
Definitive surgery 5 0.20 (0.03-1.45) 0.11

Postoperative adjuvant therapy

None 27 1.00

Chemotherapy 106 0.23 (0.15-0.36)  <0.01
Radiation therapy 56 0.43 (0.26-0.70)  <0.01
Chemoradiation therapy 137 0.21(0.14-0.32)  <0.01

HR, hazard ratio; CI, confidence interval, ESCC, epidural spinal cord com-
pression; SINS, spinal instability neoplastic score.
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Fig. 2. The Kaplan-Meier survival curve for each tumor. The 12-month sur-
vival rate was 91.0% for breast; 87.8% for kidney; 71.7% for prostate; 37.9%
for lung; and 16.1% for colorectal cancer.
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Fig. 3. The Kaplan-Meier survival curve for Frankel grade. The 12-month
survival rate was 62.0% for grade E; 65.0% for grade D; 51.7% for grade C;
44.1% for grade B; and 30.0% for grade A.

diction of life expectancy in patients with spinal me-
tastasis is important when determining the treatment
option, particularly when surgery is considered. The
Tomita score, Tokuhashi score, and new Katagiri score
have been proposed and used over the years as prog-
nostic factors for spinal metastasis [9-11].

However, recent studies have cast doubt on the va-
lidity of these scores, reporting the possibility that they
do not reflect the prognosis with the improvement of
treatment modalities [15]. Moreover, a study reported
that primary tumor etiology and time elapsed since
surgery should be considered when determining sur-
vival probability [16]. Conversely, the new Katagiri
score was demonstrated to be a useful prognostic
factor for patients undergoing surgery for spinal me-
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Fig. 4. The Kaplan-Meier survival curve for new Katagiri score. The
12-month survival rate was 91.0% for 0-3; 55.0% for 4-6; and 19.6% for 7-10.

tastasis, even in recent cases [17]. The new Katagiri
score is notable because it includes all bone and spinal
metastases and takes into account the influence of the
primary tumor and the efficacy of targeted and selec-
tive chemotherapy [11]. For these advantages, the
new Katagiri score was selected for this study. In this
study, the mean of the new Katagiri scores was 4.9,
which was classified into intermediate-risk group, with
overall survival rates of 71.0% at 6 months, 57.4% at
12, and 43.3% at 24. These results were not far from a
previous report of survival rates of 74.0% at 6 months,
49.3% at 12, and 27.6% at 24 for patients with a prog-
nostic score of 4-6 [11]. Moreover, the new Katagiri
score was demonstrated to be a significant prognostic
factor with HRs of 3.34 (95% CI, 2.10-5.32; p<0.01)
for the intermediate-risk group and 7.77 (95% CI,
4.72-12.8; p<0.01) for the high-risk group, compared
with the low-risk group. The new Katagiri score is still
considered to greatly influence survival after surgical
treatment of spinal metastases.

Frankel grade A was also associated with poor sur-
vival after surgery for spinal metastasis. The Frankel
grade represents the degree of paralysis and is not a
prognostic predictor. However, several studies have
suggested a correlation between Frankel grade and
survival period. According to Candido et al. [18], cases
that did not improve from Frankel grade A, B, or C
demonstrated statistically shorter survival than those
who recovered to Frankel grade D or E: 7.89 months
versus 19.13 months. Vanek et al. [19] reported that
preoperative neurological status significantly influ-
enced survival time; the median survival was 5.1
months in Frankel grades A-C and 28.2 months in
Frankel grades D and E (p<0.001). Moreover, patients
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with Frankel grade A had a poor improvement rate in
function after surgery [20]. Patients with Frankel grade
A and severe motor deficits are less likely to achieve
improvement in function, which may lead to medical
complications and poor survival rates.

Although the ESCC scale and SINS were originally
not used for indicating survival prognosis, relation-
ships with survival have been proposed. Quraishi
et al. [21] concluded that spinal surgery tended to
result in more complications and worse survival in
patients with higher grades of spinal cord compres-
sion. Whether SINS affects survival prognosis is con-
troversial. Masuda et al. [22] reported that the median
survival of the SINS unstable group (SINS >13) was
statistically shorter than that of the unstable group,
whereas other studies demonstrated no prognostic
value of SINS for postoperative survival [23,24]. While
older age is also expected to be associated with short
survival after surgery, previous reports mentioned that
compared with age <80 years, age >80 years was a risk
factor only for poor improvement in neurological sta-
tus and quality outcome but not for survival rates [20].
In this study, The ESCC scale, SINS, or age was not
found to be a predictor for survival, and patients aged
>80 years tended to survive longer than those aged
<60 years with HR of 0.67 (95% CI, 0.33-1.34; p=0.26),
although it was not significant. Patients with a good
background, such as performance status and general
condition, were limitedly extracted as participants be-
cause this study only focused on patients undergoing
surgery.

In this study, ESCC scale 2 or 3 was noted in up to
79.0% (n=271) of patients, and intermediate or high
risk of new Katagiri score in 73.5% (n=253), which
could explain the increased incidence of complica-
tions. Complication rates after palliative spinal sur-
gery remain high, ranging from 14% to 34% [25,26].
Systemic cancer treatment makes patients immuno-
compromised, and radiotherapy increases the risk of
wound problems and infections. Patients also have a
high risk of venous thromboembolism. In this study,
the total complication rate was 39.1%, which was
slightly higher than that in previous reports.

This study has some limitations. First, only patients
who underwent surgery were enrolled. Second, owing
to the retrospective analysis of data from multicenters,
some clinical information was lacking, and surgical
indications and procedures were not standardized
among facilities. Third, nine facilities enrolled in this
study were affiliated hospitals, resulting in limited
indications or procedures of surgery that might not
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reflect current trends in Japan. Fourth, some patients
had less than 1 month of follow-up by an orthopedic
doctor, which may affect perioperative outcomes, in-
cluding complications and survival rates. Finally, pa-
tient satisfaction and quality of life were not assessed.
Patient satisfaction has been reported to be affected by
neurological improvement [27], and further studies
including these aspects are necessary to validate the ef-
ficacy of surgical treatment for spinal metastases.

Conclusions

Frankel grade A or intermediate or high risk in the new
Katagiri score were significant prognostic factors asso-
ciated with poor survival after surgery in patients with
spinal metastases. Taking these factors into account is
of great importance when considering treatment op-
tions for patients with spinal metastases. For better
survival, chemotherapy or radiation therapy should be
considered after surgery.
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