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Abstract

Introduction

Peripheral and spinal bone metastases arise mainly from 5 osteophilic cancers: lung,
prostate, kidney, breast and thyroid. Few studies combined results for the two types
metastatic location (peripheral and spinal). Therefore we performed a multicenter
retrospective study of surgically managed peripheral and spinal bone metastases to assess

1) global function at a minimum 1 year’s follow-up and 2) factors affecting survival.
Hypothesis

Global function is improved by surgery, with acceptable survival.

Material and method

Between 2015 and 2016, 386 patients were operated on in 11 centers for 401 metastases: 231
peripheral, and 170 spinal. Mean age was 62.6x£12.5 years in the 212 female patients (54%)
versus 66.4+11.5 years in the 174 males (46%) (p=0.001). Pre- to postoperative comparison
was made on pain on VAS (visual analog scale), WHO (World Health Organization) score,
Karnofsky score, walking and global upper-limb function. Survival was estimated at 4 years’
follow-up.

Results

The most frequent locations were in the femur (n=146, 36%) and thoracic spine (n=107,
27%). The primary cancer was revealed by the metastasis in 82 patients (21%). There were 55
general complications (14%) and 48 local complications (12%). Twenty-one patients (5.4%)
died during the first month. VAS and Karnofsky sores improved: respectively, 6.6+2.3 vs.
3.4%2.1 (p<0.001) and 65+14 vs. 72420 (p=0.01). Walking, upper-limb function and Frankel
grade improved in respectively 49/86 (57%), 19/29 (66%) and 31/84 (37%) patients. Median
survival was 13.3 months (95% CI: 10.8-17.1), and was related to the primary (log-rank,

p<0.001): lung 6.5 months (95% CI: 5.2-8.9), prostate 11.1 months (95% CI: 5.3-43.6),



kidney 12.9 months (95% CI: 8.4-22.6), breast 26.5 months (95% CI: 19.0-34.0), and thyroid
49.0 months (95% CI: 12.2-NA). On multivariate analysis, independent factors for death
comprised internal fixation rather than prosthesis (OR=2.20; 95% CI: 1.59-3.04 (p<0.001)),
high preoperative ASA score (OR=1.78; 95% CI: 1.40-2.28 (p<0.001)), preoperative
chemotherapy (OR=1.26; 95% CI: 1.13-1.41 (p<0.001)) and major visceral metastasis (lung,
brain, liver) (OR=11.80; 95% CI: 5.21-26.71 (p<0.001)).

Conclusion.

Although function improved only slightly, pain relief and maintained autonomy suggest
enhanced comfort in life, confirming the study hypothesis only partially. Factors affecting
survival and clinical results argue for preventive surgery when possible, before general health

status deteriorates.

Level of evidence: IV; retrospective observational

Key-words: Bone metastasis; Pathological fracture; Survival; Surgery; Osteophilic cancer



1. Introduction

Bone metastases often arise from osteophilic cancers, of the breast, kidney, lung, prostate or
thyroid. Locations are commonly classified as peripheral (PBM) for the appendicular
skeleton and spinal (SBM) for the axial skeleton. Bone metastasis, whether asymptomatic
or inducing clinical events, is a stage of progression requiring multidisciplinary
management [1-3].

With the exception of Bauer and Wedin [4] and Nathan et al. [5], overall postoperative
function has not been studied in both locations together, due to surgical specialization. Few
studies focused on factors for survival after bone metastasis surgery in the two locations.
Oncologically, however, recruitment in both is identical, and the final objective in both
cases is to improve quality of life [6—10]. We therefore performed a large-scale
retrospective multicenter study of patients undergoing surgery for peripheral and spinal
bone metastasis, to assess 1) global function at 1 year’s follow-up, and 2) factors affecting
survival. The study hypothesis was that global function is improved by surgery, with

acceptable survival.

2. Material and Method

2.1. Data collection and inclusion criteria

Between December 2015 and December 2016, 11 university hospitals consecutively included
231 cases of PBM and 170 of SBM arising exclusively from the five osteophilic cancers and
treated by first-line surgery. Seven centers (63%) had dedicated bone metastasis
multidisciplinary team meetings. Revision surgeries were excluded. Data input was on-line

(Calimed Santé, Marseille, France). Clinical assessments were performed successively for at



least 1 year. Survival was estimated between October 2020 and May 2021. Fourteen patients

lost to follow-up were considered deceased at last follow-up.

2.2 Series data

The series included 386 patients (212 female (55%) and 174 male (45%)) with 401
operated sites (231 PBM, 170 SBM). Fourteen patients underwent surgery at several sites in
the same year: 10 for 2 PBMs, 3 for 1 PBM and 1 SBM, and 1 for 3 PBMs. Mean age was
62.6x12.5 years (range, 34-94 years) in females, versus 66.4+11.6 years (range, 34-92 years)
in males (p=0.001). Table 1 shows epidemiological characteristics according to primary.

The most frequent sites were the femur and thoracic vertebrae (Table 2). The
metastasis revealed the primary in 82 patients (21%): 42 SBM and 40 PBM. Surgery was
indicated for pathologic fracture in 177 sites (44%) for 172 patients (45%). There was
synchronous visceral metastasis in 185 patients (48%), including 39 (10%) with at least 2
major visceral metastases (lung, liver, brain) and 167 (43%) with other bone metastases; 97
patients (25%) had visceral and multi-bone metastatic disease. Table 3 shows metastatic

disease according to primary tumor.
2.3 Assessment criteria and results

Global assessment on American Society of Anesthesiologists (ASA) score [11], visual
analog scale (VAS) [12], World Health Organization (WHO) score [13] and Karnofsky score
[14] was performed preoperatively, at discharge, at 6 months and at a minimum 1 year’s final
follow-up. Specific assessment according to type of metastasis was performed preoperatively
and at a minimum 1 year’s follow-up. In cases of lower-limb metastasis, walking was
categorized in 5 levels as impossible, possible with 2 crutches or a frame, possible with 1
crutch, unassisted but impaired, and normal. SBM patients were classified on neurologic
grade Frankel [15]. Upper-limb outcomes were classified by limb use as impossible, possible

with the help of the contralateral limb, limited by fatigue, or normal.



2.4. Surgical techniques

Preoperative radiotherapy was implemented in 48 sites (16 SBM, 32 PBM), and first-line
cementoplasty in 14 (9 SBM, 5 PBM). Preoperative systemic treatment was administered in
224 patients (58%): standard chemotherapy in 105 cases (27%), hormone therapy in 74
(19%), immune or targeted therapy in 42 (11%), and radioactive iodine in 3 (0.8%). Surgery
was indicated in a multidisciplinary team meeting for 250 patients (65%). Twelve PBM and 3
SBM sites underwent preventive embolization. Oncologic resection was performed in 18 sites
(5%): 9 SBM and 9 PBM.

2.4.1 Spinal locations

Twenty-five SBMs (15%) were treated by stabilization by cementoplasty and/or internal
fixation without decompression, 10 (11%) by laminectomy without internal fixation, 84
(49%) by laminectomy with internal fixation, and 42 (25%) by circumferential decompression
(spondylectomy, laminectomy and anterior corpectomy, partial vertebrectomy).

2.4.2 Peripheral locations

Surgery comprised 88 arthroplasties (77 hip, 6 knee, 4 shoulder, 1 elbow), 115 intramedullary
nailings (78 femur, 32 humerus, 1 tibia), 23 screw plates with cementoplasty (9 femur, 6
humerus, 5 tibia, 2 forearm) and 3 multiple pinnings (2 humerus, 1 radius). Resection without
reconstruction was performed in two femoral necks, 2 scapulae and 1 iliac wing.

2.5. Statistics

Descriptive analysis used R software, version 3.3.2 (R Core Team, Vienna, Austria): mean
and standard deviation for continuous variables, number and percentage for categoric
variables. The Student or Wilcoxon rank sum test and chi? or Fisher exact test were used to
compare continuous and categoric variables, respectively. Survival was analyzed on Kaplan-
Meier estimation and compared according to etiology on log-rank test. The individual effects

of epidemiological variables and initial WHO, ASA, Frankel, Karnofsky and VAS scores on



final scores, loss of walking autonomy and early death were analyzed on multivariate logistic
regression and odds ratio (OR) with 95% confidence intervals (95% CI). Loss to follow-up
counted as death at last follow-up. Missing data were imputed by combined additive
regression, bootstrap and mean values predicted by matching. The significance threshold was

set at p<0.05.

3. Results

3.1. Clinical results

3.1.1 Global results

Pain on VAS (rated out of 10) decreased significantly between preoperative and final values,
from 6.6%2.3 to 3.4%2.1 (p<0.001) (Table 4), and at discharge (4.2+2.1; p=0.001) and at 6
months (3.6+2.1(p=0.01)). Independent factors for worsened final pain comprised other bone
metastases (OR=1.53; 95% CI: 1.02-2.30 (p=0.04)), poor preoperative Frankel neurologic
grade (OR=1.24; 95% CI: 1.02-1.50 (p= 0.03)), and internal fixation rather than arthroplasty
(OR=3.65; 95% CI: 2.22-6.00 (p<0.001)).

Karnofsky score increased from 6514 to 72+15 (p=0.01) at 6 months and 72 £20 (p=0.01) at
last follow-up (Table 4). Independent factors for worsened final Karnofsky score comprised
poor preoperative WHO score (OR=1.38; 95% CI: 1.06-1.78 (p=0.014)) and poor
preoperative Frankel neurologic grade (OR=1.36; 95% CI: 1.10-1.68 (p=0.004)).

Final WHO score did not differ from the preoperative value (Table 4). Independent factors for
deterioration, however, comprised high preoperative ASA score (OR=1.32; 95% CI: 1.23-
1.94 (p<0.001)), visceral metastasis (OR=2.83; 95% CI: 1.82-4.40 (p<0.001)) or other bone
metastasis (OR=1.36; 95% CI: 1.00-1.84 (p=0.048)), and poor preoperative Frankel

neurologic grade (OR=1.27; 95% CI: 1.06-1.53 (p=0.01)).



3.1.2. Specific clinical results

Preoperatively, in patients with lower-limb involvement (n=171), walking was
impossible for 44 (26%), possible with 2 crutches or a frame for 47 (28%), possible with 1
crutch for 35 (24%), possible without assistance but impaired for 31 (18%), and normal for 14
(8%). In upper-limb involvement (n=46), limb use was impossible in 30 (65%) sites, possible
with contralateral help in 7 (15%), limited by fatigue in 6 (13%), and normal in 3 (7%).
Frankel grade in SBM (n=169) was A in 18 cases (11%), B in 62 (37%), C in 89 (53%), D in
8 (5%) and E in 10 (6%).
In patients with >1 year’s survival, walking, upper-limb function and Frankel grade improved
in respectively 49/86 (57%), 19/29 (66%) and 31/84 (37%) of cases (Table 5). Independent
factors for deterioration in walking comprised oncologic resection (OR=5.74; 95% CI: 3.02-
10.90 (p<0.001)), internal fixation rather than arthroplasty (OR=3.65; 95% CI: 2.49-5.34
(p<0.001)), high preoperative ASA score (OR=1.33; 95% CI: 1.05-1.69 (p=0.018)), and
visceral metastasis (OR=1.57; 95% CI: 1.12-2.21 (p=0.008)). Independent factors for
deterioration in Frankel grade comprised radiotherapy (OR=2.98; 95% CI: 1.4-6.3 (p<0.001)),
and poor preoperative Frankel neurologic grade (OR=3.95; 95% CI: 2.7-5.7 (p<0.001)).

3. 2. Postoperative complications

The 48 local complications (12%) comprised 20 surgery site infections (12 SBM, 8 PBM), 8
epidural hematomas, 8 hardware failures (3 femoral with 1 nail, 1 prosthesis and 1 screw
plate; 1 humeral with nail; and 4 spinal), and 12 other. They required 37 revision surgeries: 20
for hardware, 12 for lavage, and 5 for hematoma. Factors for surgical site infection comprised
high preoperative ASA score (OR=1.66; 95% CI: 1.11-2.50 (p=0.014)), preoperative
radiotherapy (OR=2.39; 95% CI: 1.12-5.07 (p=0.02)), major visceral metastasis (OR=3.57;
95% CI: 1.68-7.59 (p<0.001)), and poor preoperative Frankel neurologic grade (OR=1.96;

95% CI: 1.51-2.55 (p<0.001)).



There were 55 general complications (14%): 21 hemorrhages requiring transfusion, 9 deep

venous thromboses, 9 cases of pneumonia, 8 urinary infections, and 8 other.
3.3. Early death

Twenty-one patients (5.4%) died within a month: 11 with lung cancer (10% of cases with this
etiology), 3 with prostate cancer (8%), 4 with breast cancer (3%), 2 with kidney cancer

(3%) and 1 with thyroid cancer (8%). On multivariate analysis (Table 6) independent factors
for early death comprised high preoperative WHO score (OR=1.50; 95% CI: 1.25-1.80
(p<0.001)), high preoperative ASA score (OR=1.40; 95% CI: 1.11-1.77 (p=0.004)), low
preoperative Karnofsky score (OR=0.98; 95% CI: 0.97-0.99 (p=0.02)), preoperative
chemotherapy (OR=1.13; 95% CI: 1.02-1.24 (p=0.02)), and visceral metastasis (OR=2.95;

95% CI: 2.08-4.18 (p<0.001)).

3.4. Survival

One-year survival was 52% overall (201/386): 55% (93/170) in SBM, 47% (108/231) in
PBM, 63% (82/131) in case of single bone metastasis without visceral metastasis, 44%
(39/88) with visceral metastasis, and 61% (43/70) in multiple bone metastasis without visceral
metastasis and 38% (37/97) with. An update at 4 years postoperatively found 63 patients
(16.3%) still alive: 4 thyroid cancers (33% of this etiology), 33 breast cancers (23%), 13
kidney cancers (15%), 6 prostate cancers (15%) and 8 lung cancers (8%).

Median overall survival was 13.3 months (95% CI: 10.8-17.1), with significant differences
according to primary (log-rank, p<0.001): lung 6.5 months (95% CI: 5.2-8.9), prostate 11.1
months (95% CI: 5.3-43.6), kidney 12.9 months (95% CI: 8.4-22.6), breast 26.5 months
(95% CI: 19.1-34.0), thyroid 49.0 months (95% CI: 12.2-non-applicable) (Figure 1). There
was no significant difference between SBM and PBM: respectively 13.3 months (95% CI:

10.8-18.1) and 12.7 months (95% CI: 7.9-17.1) (log-rank, p=0.41). Median survival was 26.4



months (95% CI: 18.3-35.7) in single bone metastasis versus 11.0 months (95% CI: 8.43-
14.5) in multiple bone metastasis (log-rank, p<0.001), and 18.0 months (95% CI: 14.7-24.0)
without visceral metastasis versus 7.9 months (95% CI: 6.1-11.0) with (log-rank, p=0.003).
Patients discussed in a multidisciplinary team meeting showed median survival of 15.0
months (95% CI: 11.1-18.1) versus 11.5 months (95% CI: 7.4-17.4) otherwise (log-rank,
p=0.6). On multivariate analysis, independent factors for death comprised internal fixation
rather than arthroplasty (OR=2.20; 95% CI: 1.59-3.04 (p<0.001)), high preoperative ASA
score (OR=1.78; 95% CI: 1.40-2.28 (p<0.001)), preoperative chemotherapy (OR=1.26.
95% CI: 1.13-1.41 (p<0.001)), and major visceral metastasis (lung, brain, liver) (OR=11.80;
95% CI: 5.21-26.71 (p<0.001)). Pathologic fracture was protective (OR=0.52; 95% CI: 0.37-
0.72 (p<0.001)) and metastases revealing the primary showed a trend toward protection

(OR=0.65; 95% CI: 0.41-1.05 (p=0.07)).

4. Discussion

The present retrospective study reports results in a multicenter cohort of 386 patients
operated on in 2015 and 2016 for bone metastasis of osteophilic cancer. Its originality lies in
reporting both peripheral (n=231) and spinal (n=170) bone metastases, which are usually dealt
with separately, at long follow-up. The main findings were: a postoperative analgesic effect,
conserving acceptable function, with relatively short survival depending on the type of
primary and preoperative clinical status, independently of the metastasis site. Quantitatively,
survival after metastasis of osteophilic cancer ranged between 1 and 4 years, except for lung
cancer, where it was 6 months.

Most studies [4—10] reported peri-operative complications, with 6-12 months’
survival, but failed to report precise clinical results, hindering comparison with the present

study. The present study focused on objective clinical results, with global scores and specific



assessment: walking, upper-limb function, and Frankel score. In patients surviving beyond 1
year, general clinical status mostly stabilized or improved, in 69% according to WHO score
and in 78% according to Karnofsky score. Analgesic effect was even more satisfactory, with
improved VAS ratings in 79% of patients. Improvement in functional indices was less
marked: walking improved in 57% of cases beyond 1 year and upper-limb function in 66%.
Neurologic recovery was the least satisfactory criterion, with improvement in Frankel score in
only 37% of patients. In many cases, clinical assessment was performed near the limit of the
survival expected for the type of cancer, and general health status may have ineluctably
deteriorated under the effect of metastatic spread, impairing scores without really expressing
the clinical benefit of surgery [4,5].

Functional outcome on ASA and WHO scores depended on general preoperative
status, as seen in the analysis of factors for deteriorated Karnofsky score. Poor ASA score was
also associated with impairment in walking on final assessment (OR=1.33 (p=0.02)). The fact
that oncologic resection was a factor for impairment of walking (OR=5.74 (p<0.001)) may be
partly explained by the 50% of SBM cases treated by en-bloc vertebrectomy in this subgroup.
The rates of initial neurologic disorder and of improvement agreed with the literature
[2,16,17]. As also shown in many studies [17—-19], poor preoperative neurologic status was of
poor prognosis for neurological recovery (OR=3.95 (p<0.001)). These results indicate the
importance of preventive treatment by stabilization and/or decompression before general and
functional status is jeopardized by the progression of the cancer.

The main postoperative complication was surgery-site infection (5%). The literature
reports rates of 5.8-12.9% for bone metastasis in the limbs [20-22] and of 5.1-25% in the
spine [2,19,23,24]. Preoperative radiotherapy in the site increased infection risk 2.39-fold

(p=0.023). Frail patients or those with visceral metastases also showed higher risk. Other



possible factors, such as body-mass index, smoking or blood loss, were not studied here, but
have been implicated in other reports [24].

Median survival in the cohort was 13.3 months, and closely bound to primary type, in
agreement with the literature [22], lung cancer showing by far the poorest prognosis (median,
6.5 months). Whether the metastasis was peripheral or spinal did not affect survival. It was
however significantly impaired by multiple bone metastasis (median, 11.0 months) or visceral
metastasis (18.0 months). Prognosis was also poorer in case of internal fixation rather than
arthroplasty, although there may have been selection bias here as less invasive treatment was
probably preferred in frailer patients.

Surprisingly, pathologic fracture was not associated with poorer prognosis, despite
being reputed to having adverse impact on overall survival [1,4,6,8,10,17,18]. Although
fracture risk is difficult to estimate [25], indications for preventive surgery need to be
discussed in the multidisciplinary team meeting [26].

Death within 1 month suggests the surgical indication might not have been appropriate
(wrong indication, major surgery in a frail patient,...). The rate is little studied in the
literature, but in the present series was 5.4%, particularly concerning prostate and lung
primaries. Tsuda et al. [27] reported 2.6% mortality at 30 days in 1,496 patients operated on
for pathologic femoral fracture in a context of bone metastasis. In the present series, early
death was significantly related to general preoperative health status on ASA, WHO and
Karnofsky scores and to visceral metastasis. These factors related to the patient and the
disease led to proposals in the multidisciplinary team meeting that improved survival in the
present series. However, improvement was just a matter of a few months, and only slightly
more than half the present centers had multidisciplinary team meetings.

The present study had several limitations. 1) It was an observational study, and

surgical results were not compared versus non-operative treatment. Surgery may have been



indicated for patients with better prognosis, introducing a selection bias. 2) Analysis of
surgical results was limited by not assessing self-reported quality of life. On the other hand,
pain, function and autonomy were assessed on scores recognized in medical and surgical
oncology. 3) The multicenter design introduced variations in indications and systemic
treatment, and a large number of surgeons were involved. 4) In interpreting the results, it
should be borne in mind that the alpha risk was increased by the multiple statistical tests used
for subgroup analysis. There may also have been an estimation bias due to missing data and
loss to follow-up; patients lost to follow-up were treated as deceased at last follow-up so as
not to overestimate survival. However, despite these limitations, the study gives a good

picture of the surgical management of bone metastases in France.

5. Conclusion

Surgical treatment of bone metastasis procured slight clinical improvement at a
minimum 1 year’s follow-up. The factors identified for early death, survival and satisfactory
clinical results argue for early preventive surgery well before cancer progression undermines
general health status. The choice and heaviness of the surgical technique should be discussed
with the anesthesia and medical and surgical oncology teams in a comprehensive care project.
It is also the role of the dedicated multidisciplinary team meeting to determine optimal

surgical indications, notably preventive and oncologic.
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Table 1. Epidemiological data for the 386 patients operated on at 401 sites of bone metastasis

from the 5 osteophilic forms of cancer

Primar Sex ratio Age Number of PerlI;(l::;::lizzpmal

N (% )y N (%) (meanzstandard sites N (%)

¢ ¢ deviation) N (%) ¢

Breast  F=136(96) 61.2 £12.6 145 (36) P=88 (61)
14137 M=5@4) (34-88) $=57 (39)
Lung F= 39 (35) 64.8 £11.1 120 (30) P=71 (59)
114 30) =75 (66) (38-92) S=49 (41)
Kidney  F=28 (35) 65.1 £12 84 (21) P=49 (58)
80 21 M=52(65) (34-86) S=35 (42)
Prostate F=N-A 70.8 £10.9 40 (10) P=19 (43)
3910 m =39 (100) (45-87) S=21(52)
Thyroid F=9 (75) 69.9 £14 12.3) P=4(33)
12 (3) M= 3 (25) (47-94) S=8(77)
F: female; M: male; P: peripheral; S: spinal
N-A: non-applicable




Table 2. Distribution of the 401 bone metastases: peripheral (n=231) and spinal (n=170)

Bone metastases (N=401)

Peripheral Spinal

n=231 (%) n=170 (%)
Femur 146 (36) Thoracic 107 (27)
Humerus 45 (11) Lumbar 37 (9)
Acetabulum 27 (7) Cervical 22 (5)
Tibia 6 (1.5) Sacral 4 (1)
Forearm 3(0.7)
Scapula 2 (0.5)
Pelvis 2(0.5)




Table 3. Preoperative clinical data in 386 patients operated on for 401 locations of bone metastasis from the 5 osteophilic cancers.

Type Single bone metastasis | Multiple bone metastasis
Of cancer . .
With Without With Without Pathologic Revelatory | ASA WH Karnofsk
visceral . visceral . . VAS 0]
visceral visceral fracture metastasis score y score
metastasis . | metastasis . [12] | score
N (%) N (%) metastasis N (%) metastasis N (%) N (%) [11] [13] [14]
(patients) ¢ N (%) ¢ N (%)
Cohort 5 2.5 7.0 2.0 60
97 (2 70 (18 172 (45 82 (21
N=386 88 (23) 131(34) (2 (1% ) GO w07 | 123 | 210 +15
Breast 2 (03 . 64 (45 1913 24 7.1 1.9 60
141 (37) 25 (18) 53 (36) (29 (22) ) D17 | 2 | 09 +16
Lung 36 (32) © £7 @) 41G36) 2.6 6.9 2.2 59
( 7 7( (
114 (30) 25(22) 46 (40) +07 | +23 | +1.1 +16
Kidney 19 (24) 13 (16) 36 (45) 10 (13) > 70 >0 !
( ( (
30 (21) 29 (36) 19.24) +07 | +24 | 1.0 +14
Prostate 5 2.6 7.1 2.4 53
9 (23) 17 (44) 21 (54) 7 (18)
39 (10) 4(10) 2(23) +06 | +27 | 09 +16
Thyroid 2.6 6.4 1.8 67
1(8) 2(17) 4 (33) 542)
12 (3) 5 (42) 4(33) +05 | 2.8 | #1.0 +16

Qualitative variables reported as number (percentage); continuous variables reported as mean * standard deviation

ASA: American Society of Anesthesiologists: VAS: visual analog scale; WHO: World Health Organization




Table 4. Progression of general scores from preoperative assessment to last follow-up in

VAS [12] WHO score [13] Karnofsky
6
Initial 6 months  Final p Initial Final p Initial
months
6.6 3.6 34 1.8 1.9 65 72
+2.4 +2.1 +2.1 <0.001 +0.9 +1.1 0.5 +14 +15
. 6.9 3.9 3.7 2.2 1.9 65 71
stasis +2 06 21 0001 w08 YT as 17
. 6.4 3.9 3.1 1.8 1.6 66 71
metastasis 06 6 21 0000 +1 w08 23| 413 216
Without visceral 6.6 3.5 3.4 1.8 1.9 65 72
metastasis +2.73 +2.1 +2.2 <0.001 +1.0 +1.1 0.58 +14 +15
stasis
With visceral 6.6 3.5 34 1.7 1.9 64 72
metastasis +23 01 o+ 0001 o 0 O aa srs
Without visceral 6.6 3.6 3.4 2.0 1.9 65 72
metastasis +2.73 +2.1 +2.2 <0.001 +1.0 +1.1 0.83 +14 +15
etastasis
With visceral 6.6 3.5 3.4 2.0 1.9 64 72
metastasis +2.4 +2.1 +2.2 <0.001 +1.0 +1.1 0.08 +14 +15

1 + standard deviation. P value between initial and final values.

rof Anesthesiologists, VAS: visual analog scale, WHO: World Health Organization. P-values in bold: significant difference

patients with >1 year’s survival.
Table S. Final progression of general scores and function in patients with >1 year’s survival;
Improvement, aggravation or stability are indicated as 1 point on VAS, 1 grade on WHO

score, 10 points on Karnofsky score, 1 grade for walking and for upper-limb function, and 1

Frankel grade.
. VAS[12] WHO  Karnofsky [14] Walking U?plfgil:fl?b Frﬁ‘;l](el
Evolution n=208 [13] n=197 n=86 un—29 n=84
(%) n=189 (%) (%) (%) (%) (%)
43 23 1 12
Aggravation 26 (13) 39 3D
(22) (27) 3) (14)




17 59 14 9 41
Stability 77 (41)
(8) (30) (16) (31) (49)
95 49 19 31
Improvement 165 (79) 53 (28)
(48) (57) (66) (37)

Data reported as number (percentage). ASA: American Society of Anesthesiologists; VAS: visual analog scale; WHO: World

Health Organization.




Table 6. Multivariate analysis of general risk factors for early death (<30 days).

Parameter Odds Ratio (95% CI) p
WHO score [13] 1.50 (1.25-1.80) <0.001
ASA score [11] 1.40 (1.11-1.77) 0.004
Karnofsky score [14] 0.98 (0.97-0.99) 0.02
Discussion in MDT meeting 1.03 (0.74-1.44) 0.84
Preoperative chemotherapy 1.13 (1.02-1.24) 0.01
Multiple bone metastases 1.33 (0.97-1.83) 0.07
Visceral metastasis 2.95 (2.08-4.18) <0.001

MDT: multidisciplinary team; ASA: American Society of Anesthesiologists; VAS: visual analog scale; WHO:

World Health Organization. P-values in bold indicate significant difference




Figure legend

Figure 1. Survival curves (months) following Kaplan-Meier for patients operated on for bone

metastasis from the 5 osteophilic cancers.
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