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�� Spine

Prospective cohort study of surgical outcome 
for spinal metastases in patients aged 70 years 
or older

Aims
With recent progress in cancer treatment, the number of advanced-age patients with spinal 
metastases has been increasing. It is important to clarify the influence of advanced age on 
outcomes following surgery for spinal metastases, especially with a focus on subjective 
health state values.

Methods
We prospectively analyzed 101 patients with spinal metastases who underwent palliative 
surgery from 2013 to 2016. These patients were divided into two groups based on age (< 
70 years and ≥ 70 years). The Eastern Cooperative Oncology Group (ECOG) performance 
status (PS), Barthel index (BI), and EuroQol-5 dimension (EQ-5D) score were assessed at 
study enrolment and at one, three, and six months after surgery. The survival times and 
complications were also collected.

Results
In total, 65 patients were aged < 70 years (mean 59.6 years; 32 to 69) and 36 patients were 
aged ≥ 70 years (mean 75.9 years; 70 to 90). In both groups, the PS improved from PS3 to 
PS1 by spine surgery, the mean BI improved from < 60 to > 80 points, and the mean EQ-5D 
score improved from 0.0 to > 0.7 points. However, no significant differences were found 
in the improvement rates and values of the PS, BI, and EQ-5D score at any time points 
between the two groups. The PS, BI, and EQ-5D score improved throughout the follow-up 
period in approximately 90% of patients in each group. However, the improved PS, BI, and 
EQ-5D scores subsequently deteriorated in some patients, and the redeterioration rate of 
the EQ-5D was significantly higher in patients aged ≥ 70 than < 70 years (p = 0.027).

Conclusion
Palliative surgery for spinal metastases improved the PS, activities of daily living, and qual-
ity of life, regardless of age. However, clinicians should be aware of the higher risk of rede-
terioration of the quality of life in advanced-age patients.

Cite this article: Bone Joint J 2020;102-B(12):1709–1716.

Introduction
Recent progress in cancer treatment has improved 
the survival of patients with advanced-stage 
neoplasia.1 As a result, more patients are at risk 
of developing bone metastases.2,3 Approximately 
10% to 20% of patients with spinal metastases 
develop some degree of spinal destruction and 
epidural compression, leading to serious symp-
toms including neurological dysfunction, and 
intractable pain.3 These symptoms may impair the 
patients’ health state, including their activities of 
daily living (ADL) and quality of life (QoL).4-6 

Because the final goal of cancer therapy is to 
improve and preserve independence QoL until the 
terminal phase, management of spinal metastases 
is essential.

Previous studies have shown that spinal surgery 
for symptomatic spinal metastases (SSM) can 
improve and maintain the performance status (PS) 
and ADL for at least six months after surgery.4,5 
Additionally, spinal surgery for SSM has good 
cost utility.5

Japan had already become an aged society by 
1970, at which time 7% of the population was 
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Table I. Baseline demographics and clinical characteristics of patients according to age at surgery.

Variable Total (n = 101) < 70 years (n = 65) ≥ 70 years (n = 36) p-value

Mean age, yrs (range) 65.4 (32 to 90) 59.6 (32 to 69) 75.9 (70 to 90) < 0.001‡

Male sex, n (%) 67 (69.2) 44 (63.9) 23 (67.3) 0.820*

Mean Katagiri score (range) 4.9 (1 to 7) 5.0 (1 to 8) 4.9 (1 to 8) 0.900‡

Mean Tokuhashi score (range) 6.4 (3 to 10) 6.1 (3 to 11) 7.0 (3 to 10) 0.090‡

Mean SINS (range) 11.4 (5 to 16) 11.3 (7 to 16) 11.5 (5 to 16) 0.726‡

Mean operating time, mins (range) 199.3 (73 to 373) 197.1 (82 to 373) 186.9 (73 to 370) 0.440‡

Mean blood loss, ml (range) 355.2 (0 to 2,500) 354.8 (10 to 2,500) 355.8 (0 to 1,800) 0.944‡

Median fixed vertebrae, n (IQR) 6.0 (5.0 to 7.0) 6.5 (5.0 to 8.0) 6.0 (5.0 to 7.0) 0.215‡

Screw technique, n (%) > 0.999*

Open technique 73 (72.3) 47 (72.3) 26 (72.2)

Percutaneous technique 28 (27.7) 18 (27.7) 10 (27.8)

ECOGPS grade, n 0.243*†

PS 1 1 0 1

PS 2 19 15 4

PS 3 40 26 14

PS 4 41 24 17

Mean BI (range) 53.4 (0 to 100) 55.7 (5 to 100) 49.2 (0 to 100) 0.270‡

Mean EQ-5D, (range) -0.037 (-0.594 to 1.000) -0.020 (-0.594 to 0.796) -0.130 (-0.594 to 1.000) 0.110‡

Frankel classification, n (%) 0.668*

Grade A, B, and C 38 (37.6) 23 (35.4) 15 (41.7)

Grade D and E 63 (62.4) 42 (64.6) 21 (58.3)

*Fisher’s exact test.
†Chi-squared test.
‡Mann-Whitney U test.
BI, Barthel index; ECOGPS, Eastern Cooperative Oncology Group performance status; EQ-5D, EuroQol Five Dimension questionnaire; IQR, 
interquartile range; PS, performance status; SINS, Spinal Instability Neoplastic Score.

0

< 
44

45
 to

 49

50
 to

 54

55
 to

 59

60
 to

 64

65
 to

 69

70
 to

 74

75
 to

 79

80
 to

 84

85
 to

 89 90
 >

5

10

N
u

m
b

er
 o

f 
p

at
ie

n
ts

15

20

25

Age at baseline

Fig. 1

Age distribution of patients.

of advanced age. Since then, the rate of ageing in Japan has 
remained 20% higher than that in any other country.7 Similar 
changes in the ageing population are being witnessed in the 
Western world.8,9 The older population requires more expen-
sive medical interventions, resulting in a scarcity of health-
care resources.10 Thus, it is relevant to clarify the influence of 
advanced age on outcomes following surgery for spinal metas-
tases. In general, ‘advanced age’ is defined as ≥ 65 years.9 
However, this definition does not satisfactorily match the current 

age stratification of patients with spinal metastases. Therefore, 
the present prospective cohort study of surgical outcomes for 
spinal metastases involved patients aged ≥ 70 years. We placed 
a particular focus on health state values.

Methods
Ethics statement. The study was approved by the Institutional 
Review Board of Kobe University Hospital. Written informed 
consent was obtained from each patient in accordance with the 
principles of the Declaration of Helsinki,11 and the laws and reg-
ulations of our country.
Patients. In total, 110 consecutive patients who presented 
with SSM from January 2013 to December 2016 who had a 
surgical indication in our hospital were prospectively enrolled. 
Metastases were diagnosed by plain radiography, computerized 
tomography (CT), magnetic resonance imaging (MRI), bone 
scintigraphy, positron emission tomography, and histological 
evaluation of needle biopsy samples. The patients were di-
vided into two groups: those aged < 70 years (Group Y) and 
those aged ≥ 70 years (Group O). We defined SSM as spinal 
metastases associated with progressive neurological deficits, 
spinal instability, or intractable pain resistant to conservative 
care. Consequently, all patients with SSM were also surgical 
candidates. The surgical indications were progressive neuro-
logical deficits, remarkable spinal instability (Spinal Instability 
Neoplastic Score of ≥ 13),12 or intractable pain resistant to 
conservative care, including the use of opioids. The interval to 
surgical intervention was decided based on surgical indication: 
patients with progressive neurological deficits underwent semi-
urgent surgery (within 48 hours), whereas patients without 
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Table II. Primary tumour types according to age at surgery.

Tumour type, n (%) Total
(n = 101)

< 70 years
(n = 65)

≥ 70 years
(n = 36)

Lung 19 (18.9) 13 (20.0) 6 (16.7)

Kidney 12 (11.9) 8 (12.3) 4 (11.1)

Breast 10 (9.9) 7 (10.8) 3 (8.3)

Liver 8 (7.9) 4 (6.2) 4 (11.1)

Thyroid 6 (5.9) 1 (1.5) 5 (13.9)

Lymphoma 6 (5.9) 5 (7.7) 1 (2.8)

Colon 6 (5.9) 2 (3.1) 4 (11.1)

Myeloma 6 (5.9) 6 (9.2) 0 (0.0)

Unknown 4 (4.0) 2 (3.1) 2 (5.6)

Others 24 (23.8) 17 (26.2) 7 (19.4)
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Kaplan-Meier survival curve. CI, confidence interval.

Table III. Numbers and rates of postoperative complications.

Variable, n Total
(n = 101)

< 70 years
(n = 65)

≥ 70 years
(n = 36)

Postoperative complication (%) 39 (38.6) 24 (36.9) 15 (41.6)

Blood transfusion 18 12 6

Surgical site infection 6 4 2

Radiation-related disorders of 
the skin

3 2 1

Deep vein thrombosis 2 1 1

Hydrocephalus 1 1 0

Pneumonia 1 1 0

Ureteral stenosis 1 0 1

Acute renal failure 1 1 0

Acute myocardiac infarction 1 0 1

Peritonitis 1 1 0

Delayed wound healing 1 1 0

Cerebrospinal leakage 1 1 0

C5 palsy 1 0 1

Fixed end vertebral fracture 3 2 1

Rod breakage 1 1 0

Proximal junctional failure 1 0 1

Number of complications 43 28 15

Table IV. Severity of postoperative complications.

Clavien-Dindo grade Total, n < 70 years, n ≥ 70 years, n

2* 30 19 11

3a† 2 1 1

3b‡ 9 7 2

4a§ 2 1 1

4b¶ 0 0 0

*Requires pharmacological treatment with drugs other than those 
allowed for grade 1 complications.
†Requires intervention not under general anaesthesia.
‡Requires intervention under general anaesthesia.
§Single organ dysfunction.
¶Multiple organ dysfunction.

neurological deficits underwent surgery within two weeks. The 
contraindication for surgery was impaired consciousness due 
to cerebral metastases. Additionally, we excluded patients with 
dementia who were unable to make decisions because evalu-
ation of their subjective health state would have been inaccu-
rate. To maintain case homogeneity, we excluded patients who 
underwent total en-bloc spondylectomy for curative treatment. 
All operations involved single-stage posterior decompression 
and stabilization with fixation using lateral mass screws for 
the cervical spine and pedicle screws for the thoracic and lum-
bar spine. Neither corpectomy nor an anterior approach was 
performed. All immobilization devices, including corsets and 
collars, were removed postoperatively. All patients underwent 
radiotherapy before or after surgery. If indicated, chemotherapy 
was managed by an oncologist.

The postoperative survival duration was defined as the time 
from the date of surgery to the latest follow-up examination or 

death. At the start of the study (baseline), we documented age, 
sex, and the primary tumour type as preoperative-related factors. 
The Katagiri score,13 Tokuhashi score,14 and Frankel classifica-
tion15 were used to evaluate the severity of spinal metastases. 
The Eastern Cooperative Oncology Group performance status 
(ECOGPS), Barthel index (BI), and EuroQol-5 dimension (EQ-
5D)16 were used to evaluate the PS, ADL, and QoL, respec-
tively. As surgery-related factors, we investigated the operative 
time, blood loss, number of fixed vertebrae, screw technique, 
and postoperative complications. To clarify the chronological 
changes, clinical follow-up was routinely performed at one, 
three, and six months postoperatively. Improvement or deteri-
oration of each subjective health state value was defined as a ≥ 
one-level change in the PS, a ≥ ten-point change in the BI, and a 
≥ 10% change in the EQ-5D score. Based on this definition, the 
improvement rate, deterioration rate, and redeterioration rate 
within six months were calculated. To investigate the outcome 
of all patients, patients who were alive and could not attend 
our department were contacted by telephone to obtain the latest 
follow-up information. For patients who died, we obtained 
information from the patient’s family or institution to which 
they had been transferred.
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Table V. Outcome at each time point according to age at surgery.

Variable < 70 years ≥ 70 years p-value*

Median ECOGPS (IQR), (number of PS 0, 1, 2, 3, 4)
Baseline 3 (3 to 4), (0, 0, 15, 26, 24) 3 (3 to 4), (0, 1, 4, 14, 17) 0.243

One month 2 (1 to 2), (1, 26, 24, 14, 0) 2 (1 to 2.75), (1, 11, 15, 7, 2) 0.426

Three months 1 (1 to 2), (1, 32, 16, 4, 0) 1 (1 to 3), (1, 13, 9, 8, 0) 0.070

Six months 1 (1 to 2), (1, 27, 6, 3, 1) 1 (1 to 2), (1, 13, 3, 2, 1) 0.834

Mean BI (range)
Baseline 55.7 (5 to 100) 49.3 (0 to 100) 0.292

One month 83.1 (10 to 100) 79.6 (15 to 100) 0.460

Three months 88.4 (10 to 100) 81.9 (30 to 100) 0.236

Six months 91.8 (5 to 100) 90.6 (15 to 100) 0.849

Mean EQ-5D (range)
Baseline -0.020 (-0.594 to 0.796) -0.130 (-0.594 to 1.000) 0.110

One month 0.712 (-0.221 to 1.000) 0.644 (-0.331 to 0.883) 0.531

Three months 0.781 (-0.016 to 1.000) 0.697 (-0.043 to 1.000) 0.192

Six months 0.766 (-0.331 to 1.000) 0.720 (-0.429 to 1.000) 0.941

*Kruskal-Walis test and Scheffe’s post hoc test.
BI, Barthel index; ECOGPS, Eastern Cooperative Oncology Group performance status; EQ-5D, EuroQol Five Dimension questionnaire; IQR, 
interquartile range.
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Performance status preoperatively and at one, three, and six months postoperatively.

The Clavien-Dindo classification was used to investigate the 
rate and severity of postoperative complications.17 Complica-
tions were defined as Clavien-Dindo grade ≥ 2, and the propor-
tion of patients with complications was calculated.
Statistical analysis. All statistical analyses were performed 
using SPSS 13.0 (SPSS, Chicago, Illinois, USA) with signif-
icance set at a p value < 0.05. The overall survival rate was 
calculated by the Kaplan-Meier method, and the two groups 
were compared by the log-rank method. To compare the pre-
operative factors and surgery-related factors between the two 
groups, the Mann-Whitney U test was used for continuous 
variables, and chi-squared test or Fisher’s exact test for cat-
egorical variables. The chronological changes between the 
two groups were identified using the Kruskal-Wallis test and 
Scheffe’s post hoc test. The improvement rate, deterioration 
rate, and redeterioration rate were compared between the two 
groups using Fisher’s exact test. Finally, multivariate logistic 
regression analysis was performed to identify the associa-
tions between the preoperative related factors and redeterio-
ration of the PS, BI, and EQ-5D score.

Results
Demographic data and multidisciplinary approach. Nine 
of 110 patients with SSM were excluded because of treatment 
contraindications (n = 6) and total en-bloc spondylectomy (n = 
3). Consequently, 101 patients (mean age 65.4 years; 32 to 90) 
were enrolled. Group Y comprised 65 patients (mean age 59.6 
years; 32 to 69), and Group O comprised 36 patients (mean age 
75.9 years; 70 to 90). The patients’ age distribution is shown 
in Figure  1. No patients were lost to follow-up. The median 
follow-up period was 10.2 months (interquartile range 3.5 to 
24.0). There were no significant differences between the two 
groups in preoperative demographic factors (Table  I). Lung 
cancer was the most common type of primary neoplasm in 
both groups. The other primary malignant tumours are listed in 
Table II. Chemotherapy was performed in 50 patients (Group Y, 
n = 33; Group O, n = 17) at the start of the study. Postoperative 
chemotherapy was also performed in 48 patients (Group Y, n = 
31; Group O, n = 18). The statistical analysis via Fisher's exact 
test showed no significant difference in postoperative chemo-
therapy (p = 0.835).
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Table VI. Individual chronological changes according to age at surgery.

Change Total per score (n = 101) < 70 years per score (n = 65) ≥ 70 years per score (n = 36) p-value*

ECOGPS, n (%)

Improvement 90 (89.1) 60 (92.3) 30 (83.3) 0.193

Unchanged 9 (8.9) 3 (4.6) 6 (16.7)

Deterioration 2 (2.0) 2 (3.1) 0 (0.0)

Redeterioration 14 (15.6) 8 (13.3) 6 (20.0) 0.538

Barthel index, n (%)

Improvement 91 (90.1) 58 (89.2) 33 (91.7) > 0.999

Unchanged 9 (8.9) 6 (9.2) 3 (8.3)

Deterioration 1 (1.0) 1 (1.5) 0 (0.0)

Redeterioration 13 (14.3) 6 (10.3) 7 (21.2) 0.213

EQ-5D, n (%)

Improvement 96 (95.0) 61 (93.8) 35 (97.2) 0.653

Unchanged 4 (4.0) 3 (4.6) 1 (2.8)

Deterioration 1 (1.0) 1 (1.5) 0 (0.0)

Redeterioration 18 (18.8) 7 (11.5) 11 (31.4) 0.027

*Fisher's exact test.
BI, Barthel index;ECOGPS, Eastern Cooperative Oncology Group performance status; EQ5D, EuroQol-5 Dimension.

Table VII. Multivariate analysis of risk factors for redeterioration of 
ECOGPS, BI, and EQ-5D.

Factors OR (95% CI) p-value*

ECOGPS

Age ( ≥ 70 years) 1.96 (0.50 to 7.75) 0.338

Sex (male) 2.19 (0.40 to 12.17) 0.369

Katagiri score 2.61 (1.41 to 4.82) 0.002

Tokuhashi score 1.23 (0.85 to 1.78) 0.282

ECOGPS at baseline 0.96 (0.25 to 3.67) 0.947

BI at baseline 1.02 (0.98 to 1.07) 0.299

EQ-5D at baseline 0.39 (0.05 to 3.41) 0.394

Frankel classification at baseline 0.88 (0.20 to 4.00) 0.872

Barthel index

Age ( ≥ 70 years) 2.78 (0.71 to 10.81) 0.141

Sex (male) 0.84 (0.18 to 3.82) 0.816

Katagiri score 1.90 (1.09 to 3.31) 0.024

Tokuhashi score 1.17 (0.81 to 1.71) 0.408

ECOGPS at baseline 0.82 (0.21 to 3.12) 0.768

BI at baseline 1.03 (0.98 to 1.08) 0.201

EQ-5D at baseline 0.49 (0.06 to 3.82) 0.449

Frankel classification at baseline 0.18 (0.04 to 0.87) 0.032

EQ-5D

Age ( ≥ 70 years) 3.75 (1.05 to 13.41) 0.042

Sex (male) 1.81 (0.41 to 7.96) 0.433

Katagiri score 2.26 (1.31 to 3.91) 0.003

Tokuhashi score 1.18 (0.83 to 1.67) 0.365

ECOGPS at baseline 0.72 (0.20 to 2.67) 0.625

BI at baseline 1.04 (1.00 to 1.08) 0.085

EQ-5D at baseline 0.18 (0.02 to 1.48) 0.111

Frankel classification at baseline 0.30 (0.07 to 1.23) 0.094

*Multiple logistic regression analysis.
BI, Barthel index; CI, confidence interval; ECOGPS, Eastern Cooperative 
Oncology Group performance status; EQ-5D, EuroQol-5 dimension.

Table VIII. Time points of redeterioration of EQ-5D score.

Time One to three months Three to six months Total

< 70 years 4 3 7

≥ 70 years 8 3 11

EQ-5D, EuroQol-5 Dimension.

Survival rate. One patient in each group died within one month 
due to primary cancer; therefore, the number of surviving pa-
tients at one month was 64 in Group Y and 35 in Group O (one-
month survival rate, 98.5% and 97.2%; 95% confidence interval 
(CI) 95.5 to 101.3 and 91.8 to 102.7). The three-month survival 
rate in Groups Y and O was 81.5% (n = 53; 95% CI 73.9 to 
92.3) and 80.6% (n = 29; 95% CI 64.0 to 91.6), respectively, 
and that at six months was 61.5% (n = 40; 95% CI 48.0 to 72.0) 

and 58.3% (n = 21; 95% CI 45.0 to 77.3), respectively. The me-
dian survival time after the start of the study was 10.2 months 
(95% CI 5.2 to 15.1; numbers at risk = 32) in Group Y and 11.2 
months (95% CI 2.2 to 20.2; numbers at risk = 18) in Group O. 
There was no significant difference between the two groups (log 
rank, p = 0.439) (Figure 2).
Complications. Postoperative complications occurred in 24 pa-
tients (36.9%) in Group Y and 15 patients (41.6%) in Group O. 
The complication rate was not significantly different between 
the two groups (Table III). The total number of postoperative 
complications in Groups Y and O was 28 and 15, respective-
ly (Table III). Grade 2 Clavien-Dindo complications (i.e. con-
ditions requiring pharmacological treatment including blood 
transfusion) were the most common. The second most common 
grade was grade 3b (i.e. conditions requiring surgical interven-
tion under general anaesthesia) (Table IV). Most such compli-
cations were wound problems due to radiation ulcers and sur-
gical site infection. There was no significant difference in the 
severity of complications between the two groups (p = 0.522).
PS. The median PS at the start of the study was PS3 in both 
groups. At one month postoperatively, it had improved to PS2 
in both groups. In Group Y, it further improved and reached 
PS1 at three months postoperatively, and this was maintained 
until six months. In Group O, it was maintained at PS2 at 
three months postoperatively and reached PS1 at six months 
(Figure 3). The chronological course of the PS was not signif-
icantly different between the two groups at all postoperative 
intervals (one month, p = 0.426; three months, p = 0.07; six 
months, p = 0.834) (Table V).
BI (ADL). The mean BI at the start was 55.7 (0 to 100) in Group 
Y and 49.2 (0 to 100) in Group O (p = 0.270, Mann-Whitney 
U test). There was no significant difference between the two 
groups (Table  I). These scores indicated dependence in daily 
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Table IX. Neurological status at the start and latest follow-up of the study based on Frankel classification, according to age at surgery.

< 70 years (n = 65), n (%) ≥ 70 years (n = 36), n (%)

A→A A→B A→C A→D A→E Total A→A A→B A→C A→D A→E Total

0 0 0 0 0 0 0 0 0 0 0 0

B→A B→B B→C B→D B→E Total B→A B→B B→C B→D B→E Total

0 0 1 (1.5) 1 (1.5) 1 (1.5) 3 (4.6) 0 1 (2.8) 0 0 0 1 (2.8)

C→A C→B C→C C→D C→E Total C→A C→B C→C C→D C→E Total

0 0 2 (3.1) 9 (13.8) 9 (13.8) 20 (30.8) 0 0 4 (11.1) 7 (19.4) 3 (8.3) 14 (38.9)

D→A D→B D→C D→D D→E Total D→A D→B D→C D→D D→E Total

0 0 2 (3.1) 7 (10.8) 16 (24.6) 25 (38.5) 0 0 0 1 (2.8) 9 (25.0) 10 (27.8)

E→A E→B E→C E→D E→E Total E→A E→B E→C E→D E→E Total

0 0 0 0 17 (26.2) 17 (26.2) 0 0 0 0 11 (30.6) 11 (30.6)

The first grade indicates the neurological status preoperatively. The second grade indicates the neurological status at the latest follow-up within six 
months. The Frankel classification: grade A, complete paralysis; grade B, sensory function only; grade C; incomplete motor function; grade D, fair 
to good motor function; and grade E, normal function.

life. At one-month postoperatively, the mean BI had greatly im-
proved in both groups sufficently to indicate independence in 
daily life. At three and six months, the BI was maintained with 
gradual additional improvement in both groups. The chrono-
logical course of the mean BI showed no significant differences 
between the two groups at all stages (Table V).
EQ-5D score (QoL). The mean EQ5D score at the start was 
−0.020 (−0.590 to 0.796) in Group Y and −0.130 (−0.594 to 
1.000) in Group O. There was no significant difference between 
the two groups (Table  I). At one month postoperatively, the 
mean score had greatly improved to 0.712 (−0.021 to 1.000) in 
Group Y and 0.644 (−0.331 to 0.883) in Group O. Additionally, 
at three and six months, the score was maintained in both groups. 
There was no significant difference in the EQ-5D score between 
the two groups at all postoperative time points (Table V).
Chronological changes. Almost 90% of patients with SSM 
showed an improved PS (90 of 101, 89.1%), BI (91 of 101, 
90.1%), and EQ-5D score (96 of 101, 95.0%) after spine surgery 
(Table VI). They also exhibited a similar chronological clinical 
course. The mean PS, BI, and EQ-5D scores improved after 
spinal surgery in both groups, with no significant difference 
between the groups at any point. Individual analysis showed 
that some patients’ health state deteriorated after the initial im-
provement. The redeterioration rate of the PS, ADL, and QoL 
among all patients was 15.6%, 14.3%, and 18.8%, respectively 
(Table VI). The multivariate analysis revealed that the Katagiri 
score was a significant independent risk factor for redeteriora-
tion of the PS (odds ratio (OR) 2.61), ADL (OR 1.90), and QoL 
(OR 2.26). Additionally, age of ≥ 70 years (OR 3.75) was a 
significant risk factor for deterioration of the EQ-5D score; it 
was identified as the strongest risk factor among all variables 
(Table VII).

On careful comparison of age and redeterioration, subsequent 
deterioration of an acquired PS and BI were observed in eight 
of 60 (13.3%) patients and six of 58 (10.3%) patients in Group 
Y, respectively, and in six of 30 (20.0%) patients and seven of 
33 (21.2%) patients in Group O, respectively. These differences 
were not statistically significant (Table  VII). Redeterioration 
of the EQ-5D score occurred in seven of 61 (11.5%) patients 
in Group Y and 11 of 33 (31.4%) patients in Group O. This 
difference was statistically significant (p = 0.027, Fisher's exact 
test) (Table VII). In addition, four out of seven patients (57.1%) 
in Group Y redeteriorated within three months postoperatively, 

while three out of seven patients (42.9%) in Group Y redeteri-
orated from three to six months postoperatively (Table VIII). 
Meanwhile, eight out of 11 patients (72.7%) in Group O rede-
teriorated within three months postoperatively (Table  VIII). 
However, the QoL was maintained at more than the baseline 
level except in one of seven (14.3%) patients in Group Y and 
two out of 11 (18.2%) patients in Group O.
Frankel classification (neurological status). The Frankel 
classifications at the start and latest follow-up of the study are 
shown in Table IX. Almost all patients showed an unchanged or 
improved neurological status compared with their initial status; 
only two patients showed deterioration. Some patients (Group 
Y, n = 3; Group O, n = 4) developed neurological deterioration 
after improvement. However, there was no significant differ-
ence between the two groups (p = 0.420, Fisher's exact test).

Discussion
Many studies have revealed the effectiveness of palliative 
surgery, but most have focused on objective indicators such 
as physical activity, neurological findings, walking ability, 
and bladder/rectal disturbance.18–20 In 2005, a Phase III trial 
involving patients who were non-ambulatory because of spinal 
metastases strongly suggested that decompressive surgery 
following postoperative radiotherapy was superior to radio-
therapy alone in terms of the ambulatory status, regaining 
the ability to walk, ambulatory duration, and survival.19 With 
respect to surgical outcomes in patients of advanced age, a 
retrospective study of 92 patients aged ≥ 60 years (mean 68.0) 
by Liang et al18 showed that the neurological function improved 
in 78% of patients. They concluded that spinal surgery for 
older patients with spinal metastasis can achieve pain relief and 
neurological improvement. However, few studies have investi-
gated the comprehensive surgical outcome for spinal metastasis 
in older patients.21

Accordingly, we designed the present prospective cohort 
study to reveal the surgical outcome for spinal metastases in 
older patients with a particular focus on health state values. 
Approximately 90% of patients experienced initial improve-
ment by spinal surgery, and older and younger patients were 
equally affected. The surgical outcome of older patients was 
considered to compare favourably with that of younger patients. 
Regarding the surgical outcome of spinal surgery in older 
patients, Chen et al22 reported that improvement after surgical 
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treatment of cervical spondylotic myelopathy was poor in 
patients aged ≥ 70 years. Elsewhere, Ethe clinical outcome of 
surgically treated spinal deformity in patients aged > 70 years 
has been reported to be worse than that in younger patients.23 
However, Ragab et al24 concluded that the surgical outcome of 
lumbar spinal stenosis in patients aged ≥ 70 years was not worse 
than that in younger patients. The effect of spinal surgery for 
each disease in patients of advanced age remains controversial. 
Further studies with higher levels of evidence are needed.

The survival rate and the complication rate were similar 
among patients aged ≥ 70 years and younger patients. In a 
retrospective study of 92 cases by Liang et al,21 the surgical 
complication rate in patients aged > 60 years (mean, 68.0) with 
spinal metastases was 22.8%. Additionally, Jansson and Bauer20 
reported that the surgical complication rate in 282 patients 
with spinal metastases (median age 66.0 years (23 to 93)) was 
20.0%. In the current study, the survival rate was similar to 
these prior reports and was affected by the primary tumour type 
and lung metastasis rather than advanced age. The complica-
tion rate was higher than in these previous reports. However, 
those reports did not include the need of blood transfusion. 
With the exception of blood transfusion, the complication rate 
in our patients aged ≥ 70 years was 25.0%, which compares 
favourably with previous reports considering that our patients 
were older than those in previous reports. Interestingly, the 
current study showed that neither the complication rate nor the 
severity in the patients aged ≥ 70 years was significantly higher 
than that in the patients aged < 70 years. To minimize surgical 
stress, we performed posterior decompression and stabilization 
without using an anterior approach or resecting tumours that 
were located in front of the spinal cord; this might have been 
related to our favourable results.

The older patients in this study showed a trend toward 
deterioration of their heath status after the initial postopera-
tive improvement, and the redeterioration rate of their QoL 
reached a statistically significant difference. In the multivariate 
analysis, the risk factors for redeterioration were the Katagiri 
score and age ( ≥ 70 years). This is because the Katagiri score, 
which reflects the primary tumour type and extent of metastatic 
progression, is associated with the prognosis. With respect 
to advanced age, Amelot et al21 also reported that surgery for 
spinal metastases significantly improved the QoL of patients in 
all age groups and maintained this improvement for at least one 
year; when limited to patients aged > 80 years; however, the 
two-year postoperative QoL deteriorated with greater variation. 
Because the QoL of older patients may be likely to deteriorate 
over time in general, this redeterioration can be considered the 
natural clinical course.

In the current study, advanced age did not have a significant 
effect on the chronological change in QoL using the Kruskal-
Wallis test and Scheffe’s post hoc test with true value of the 
EQ5D score. However, we also analyzed these results from a 
critical viewpoint. According to Fisher’s exact test based on 
another definition (≥ 10% change in the EQ-5D score in each 
patient), the QoL of older patients with spinal metastases was 
more likely to redeteriorate after surgery than that of younger 
patients. However, even when the QoL redeteriorated after 
surgery, it was maintained at a higher level than that at baseline. 

Because the final goal of treatment for spinal metastases is to 
improve and maintain patients’ ADL and QoL, advanced-age 
patients with SSM should undergo decompression and stabi-
lization surgery if they are surgical candidates, although the 
limitation of redeterioration of QoL in older patients still 
remains. When considering the treatment strategy for spinal 
metastases, advanced-age patients may need more attention and 
an individual tailored strategy through a multidisciplinary team 
discussion that includes the patient and his or her family.

This study has several limitations. First, the follow-up 
period varied and was relatively short. However, this limita-
tion is inevitable because of the characteristics of patients with 
terminal-phase cancer. Actually, the overall median postop-
erative survival time was < one year in both groups. Another 
limitation is the bias of the age distribution. Consequently, the 
number of patients aged ≥ 70 years was relatively small, with a 
high number of patients aged 70 to 74 years (n = 20) and a low 
number of patients aged ≥ 75 years (n = 16). As the ageing of 
society progresses, the number of patients aged ≥ 75 years with 
spinal metastases is likely to increase. Therefore, future investi-
gation will be required.

In conclusion, palliative posterior decompression and stabi-
lization surgery for spinal metastases greatly improved the PS, 
ADL, and QoL of patients, regardless of age. Furthermore, the 
improvement rate in patients aged ≥ 70 years was as good as 
that in patients aged < 70 years without an increased risk of 
complications. However, it should be noted that the Katagiri 
score and advanced age ( ≥ 70 years) were risk factors for dete-
rioration after improvement of the QoL.

Take home message
- - Palliative surgery for spinal metastases improved the 

performance status, activities of daily living, and quality of 
life, regardless of age.

- - In patients of advanced age, we should pay attention to the higher risk 
of redeterioration of quality of life.
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