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HIGHLIGHTS

o Metastatic spine disease, potentially leading to skeletal-related events, is a devastating consequence of cancer progression.
o The final goal of spinal metastases treatment is to improve independence and acceptable health-related quality of life.
e Surgery for spinal metastases improves the patient’s performance status and quality of life.

ARTICLE INFO ABSTRACT

Keywords: Background: Surgery for spinal metastases is almost always palliative and part of a multidisciplinary approach
SPin'fﬂ metastases that has determined a significant increase of life expectancy in the last decade; thus, an improvement in health-
Surgical treatment related quality of life (HRQOL) is the main goal of the treatment of spinal metastases. We report here the results

Health-related quality of life

f a pri i n ith the aim of evaluating the im f spinal sur n H L, m red b
Patient Reported Outcomes of a prospective study conducted with the aim of evaluating the impact of spinal surgery on HRQOL, measured by

Patient-Reported Outcomes Measures (PROMs). We analyzed clinical outcomes (ambulatory status, performance
status, pain, neurological status) and HRQOL scores (VAS, EQ5D, SF36) during the follow-up period and focused
on factors that could affect quality of life, considering both psychological and physical issues.

Methods: 169 patients (96 males, 73 females) with vertebral metastases who underwent surgery at a tertiary
referral center were consecutively enrolled from August 2018 to October 2022. Clinical and surgical data were
prospectively collected, and PROMs (VAS, EQ-5D and SF-36) were registered before surgery and during follow
up.

Results: The overall survival was 22 months, and a 61 % survival rate was registered at 1 year follow-up. We
observed a significant improvement in walking ability, general performance status, pain and HRQOL after sur-
gery, which was maintained during the follow up. Multivariate analysis identified three independent variables,
capable of influencing the trend of HRQOL after surgery: the presence of pathological fracture, the preoperative
neurological status and the local recurrence of disease.

Discussion: This study confirms the effectiveness of surgery for spinal metastases in improving patients’ perfor-
mance status and demonstrates an overall improvement in HRQOL, which is maintained over time.

1. Introduction compression to the point of paralysis [1-3].
Spinal metastases affect up to 30-70 % of cancer patients [4]. With
Metastatic spine disease can be one of the most devastating conse- the advancement of radiotherapy techniques, recent anticancer agents,
quences of cancer progression, potentially leading to significant skeletal- and various targeted drugs, survival for patients with spinal metastases
related events, including pathological fracture, instability, spinal cord has been prolonged. Even prognostic scores widely used to date [5,6] are
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considered unreliable because they do not consider current knowledge
about profound molecular and treatment differences within the same
neoplastic histotype.

The aim of metastatic tumors therapy is to achieve and prolong pa-
tient’s survival; but the final goal is to improve and preserve indepen-
dence and acceptable health-related quality of life (HRQOL) until the
terminal phase; so, management of spinal metastases is essential. The
indication for surgical treatment of spinal metastases should be evalu-
ated by a multidisciplinary approach [7], including spine surgeons,
oncologists, radiotherapists, interventional radiologists. It is based on
the presence of specific symptoms (spinal cord compression, patholog-
ical fracture, impending spinal instability, uncontrollable pain) and it is
also considered based on the general status of the patient and the
response of the tumor to non- surgical treatments (radiotherapy, sys-
temic therapy). Previous studies have shown that spinal surgery for
symptomatic spinal metastases can improve and maintain the perfor-
mance status and activity of daily living (ADL) for at least six months
after surgery [3,8]. Indeed, expected survival, postoperative HRQOL
and preservation of function are of great clinical relevance when
considering surgery [8,9].

Surgery for vertebral metastases is almost always palliative and
intralesional; only in a few carefully selected cases an en bloc removal is
performed with wide oncological margins. It is therefore clear that
obtaining an improvement in HRQOL is the main aim of the treatment of
vertebral metastases.

In addition to the multidisciplinary approach for the treatment of
spinal metastases, which has been largely investigated [7], recent
literature is increasingly focusing on the effects of cancer therapies on
patients’ quality of life [10-13]. Furthermore, as clinical management
and prognostication typically relies on patient-specific, tumor-specific,
and imaging parameters exclusively to make treatment decisions, our
understanding of how patient-specific factors influence outcomes, sur-
vival, and HRQOL continues to be poor and an area of active investi-
gation [1,2].

During the last years we retrospectively analyzed the outcomes of
surgical treatment on patients with spinal metastases in a tertiary spine
surgery department, focusing on factors affecting survival for metastatic
breast, kidney and lung cancer [14-16].

Following these investigations, we conducted a prospective study
with the aim of evaluating the impact of spine surgery on HRQOL,
measured by Patient-Reported Outcomes Measures (PROMs). In partic-
ular, we analyzed clinical outcomes (ambulatory status, performance
status, pain, neurological status) and HRQOL scores (EQ5D, SF36)
during follow-up period and focused on factors that could affect quality
of life, considering both psychological and physical issues.

2. Materials and methods
2.1. Study design and setting

This is a prospective monocentric cohort clinical study on 169 pa-
tients with vertebral metastases who underwent spinal surgery and were
consecutively enrolled at our tertiary referral center, from August 2018
to October 2022.

The study was approved by the local Ethics Committee in July 2018
(ID number: CE AVEC: 442/2018/0ss/IOR) and it was conducted ac-
cording to the declaration of Helsinki. The signature of a study-specific
informed consent form was obtained from all patients prospectively
enrolled for the study.

2.2. Inclusion criteria

In this study we enrolled patients older than 18 years, affected by
vertebral metastases, who received the indication for surgical treatment
following a multidisciplinary assessment. We also included vertebral
localizations of hematological diseases (lymphoma and myeloma). Both
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already treated and therefore recurrent metastases and untreated lesions
were included in the study.

Patients treated exclusively with radiotherapy, systemic therapy or
selective arterial embolization were excluded from the study.

2.3. Data collection

All patients included in this analysis made preoperative assessments
with Computed Tomography, Magnetic Resonance Imaging (MRI), bone
scintigraphy or Positron Emission Tomography (PET-CT). In all cases
diagnosis was histologically verified. Indications for surgery were pain
not responding to conservative measures, spinal instability or epidural
spinal cord compression, with or without progressive neurological
impairment.

Prospectively collected clinical and surgical information included
the following: demographic data, type and treatment of primary tumor,
location of spinal metastases, presence of other bone and visceral me-
tastases, neurologic status measured by ASIA score [17], performance
status measured by Karnofski score [18], walking status, type of surgery,
surgical complications classified according to SAVES v2 system [19],
adjuvant treatments performed before and after surgery, health status at
last follow up.

Clinical and radiological follow-up was performed on a regular basis
at the index surgery and at 3, 6 and 12 months after the surgical pro-
cedure, then every 6 months.

The following questionnaires were self-administered to patients at
baseline (before surgery) and at each time of follow-up as Patient-
Reported Outcomes: Visual Analogue Scale (VAS), an instrument for
measuring perceived pain, which is widely used [20]; EQ-5D (EQ-5D-
3L) and SF-36.

The 3-level version of EQ-5D (EQ-5D-3L), that was introduced in
1990 by the EuroQol Group [21], assesses health status in terms of five
dimensions of health (mobility, self-care, usual activities, pain and
discomfort, anxiety and depression); each dimension is described in 3
levels of severity. The questionnaire includes an index score (EQ-VAS)
summarizing the patient’s perceived health status on a vertical visual
analogue scale where the endpoints are labelled ‘Best imaginable health
state’ and ‘Worst imaginable health state’.

The Short Form 36 Health Survey (SF36) is a generic, multidimen-
sional instrument consisting of 36 questions divisible into 8 scales
[22,23]: Physical functioning (10 items), Limitations due to physical
health (4 items), Limitations due to emotional problems (3 items), En-
ergy and fatigue (4 items), Emotional well-being (5 items), Social ac-
tivities (2 items), Pain (2 items), General health perception (5 items).
The 36th item evaluates the change in health status (1 item) compared
to the previous year.

2.4. Statistical analysis

Numerical variables were summarized as mean + standard devia-
tion; categorical variables were summarized as frequencies and
percentages.

The Kaplan-Meier estimator was used to display the time to death of
the study patients, overall and by metastases status (intact or non-
intact), age group (<75 or > 75 years), and presence of complications.
The median survival time was calculated along with 95 % confidence
interval (CI), and groups were compared with the log-rank test.

The outcome variables with 6 follow-up evaluations (Ambulatory
status, Karnofsky score, ASIA score and NRS score) or 5 (EQ5D score and
SF36 score) were analyzed with multilevel linear mixed-effects regres-
sion. Because there were multiple follow-up evaluations per patient, we
fit a two-level model for each outcome with random intercepts at the
patient level. Time was treated as a categorical covariate to examine
possible nonlinear trends, which resulted in the inclusion of dummy
variables for time in the model. The fixed portion of the model was then
augmented by including, in addition to time dummies, age of patients
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(<75 or > 75 years), gender, singular or multiple vertebral metastases,
skeletal metastases, visceral metastases, intact metastases, ASIA score
(1-3 vs 4-5), previous radiotherapy treatment, pathological fracture,
complications (yes vs none), adjuvant treatment (chemio-radio post-
operative) and recurrences. In addition, the study outcomes were
modeled as a function of time-by-covariate interactions, which means
that multiplication terms involving time dummies and covariates were
included as further independent variables in the model. The inclusion of
interaction terms in our multivariate analysis was guided by prior
clinical hypotheses and supported by statistical testing. Our goal was to
explore whether specific baseline characteristics modified the impact of
spinal surgery on health-related quality of life (HRQOL). To prevent
overfitting, we adopted a stepwise approach, testing each interaction
individually and retaining only those that significantly improved model
fit, as determined by likelihood ratio (LR) tests. This approach ensures
that the reported interactions are not spurious but rather reflect mean-
ingful clinical relationships. We decided to include also adjuvant treat-
ments (postoperative chemotherapy and radiotherapy) as covariates,
basing on their known effects on survival and quality of life in cancer
patients. While their impact on HRQOL outcomes might be indirect, it
was crucial to adjust for these factors to isolate the effect of surgical
intervention.

To mitigate the risk of overinterpretation, we have taken several
precautions:

e We utilized mixed-effects models with random intercepts at the pa-
tient level to account for intra-individual correlation in repeated
measures.

e Only statistically significant interaction terms were retained, and
their interpretation was guided by clinical plausibility.

e We reported confidence intervals alongside point estimates to reflect
the uncertainty of our findings.

Because ASIA score presented very high frequencies for levels 4 and 5
and low frequencies for levels 1, 2 and 3, we made it dichotomous,
classifying the values 4 and 5 as “0" (limited damage or no damage) and
values 1, 2 and 3 as “1” (presence of medium or high damage). There-
fore, the predicted “average” represents the proportion of patients with
medium-high damage.

The EQ5D items concerning Movement, Personal Care, Habitual
Activities, Pain, Anxiety and Depression were reclassified as 1 = 0 no
difficulty, 2 and 3 = 1 presence of difficulty; for these five EQ5D items,
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the value shown as “mean” is the proportion of patients with difficulties
at various follow-up times.

The variable NRS (VAS) pain scale was calculated for each follow-up
time as the maximum value among the patient’s imputed pain ratings of
back, legs, arms, and neck (0 = no pain, 10 = maximun pain level).

The Ambulatory status has 5 possible levels (1 = independently, 2 =
crutches, 3 = walker, 4 = wheelchair, 5 = bedridden) and was treated as
a continous scale.

Karnofsky score has values between 0 = death and 100 = no evi-
dence of disease and was treated as a continous scale.

All analyses were performed with Stata 17 (StataCorp. 2021. Stata 17
Base Reference Manual. College Station, TX: Stata Press). The signifi-
cance level was set at 5 %.

3. Results

169 patients were consecutively enrolled in this study from a single
center. All patients underwent surgery for vertebral metastasis from
August 2018 to October 2022. There were 96 men (56.8 %) and 73
women (43.2 %) with an average age of 61.4 + 12.1 years (from 18 to
89 years old). The most frequent histotypes were kidney clear cell cancer
(45 cases, 26.6 %), breast cancer (27 cases, 16.0 %), hematological
diseases (23 cases, 13.6 %), bronchial and lung carcinomas (20 cases,
11.8 %). The distribution of primary tumors is summarized in Fig. 1.

As already specified, we included in the study vertebral localizations
of multiple myeloma and lymphoma that required surgical treatment: in
fact, the surgical indications overlap with those of metastases from solid
tumors.

As reported in Table 1., 50.9 % of patients presented two or more
vertebral metastases. Metastases were more frequently found in the
thoracic spine (50.3 %), followed by the lumbar spine (36.7 %) and the
cervical spine (13 %). Approximately half of the cases (87, 51.5 %)
presented with pathological fracture of the vertebra. Other skeletal
metastases were present in 55 patients (32.5 %) and visceral metastases
in 64 patients (37.9 %).

Preoperative treatments were performed in 96.4 % of the patients:
systemic therapy (CHT) was performed in 95 cases (56.2 %) and
radiotherapy (RT) in 68 cases (40.2 %). Selective arterial embolization
(SAE) was performed preoperatively in 111 patients (65.7 %) not for
therapeutic purposes, but in order to control intraoperative bleeding. 34
patients (20.1 %) had already been operated on for the vertebral me-
tastases and had a local recurrence; we called these cases “non intact”,
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Fig. 1. Distribution of primary tumors.
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Table 1
Demographics and pre-operative clinical data.

Total number of patients: 169

N %

Age at surgery (mean, s.d.) 61.4 +12.1
Males 96 56.8 %
Females 73 43.2 %
primary tumor surgery 104 61.5 %
localization index Cervical 22 13.0 %
Thoracic 85 50.3 %
Lumbar 62 36.7 %
multiple vertebral metastases 86 50.9 %
pathological fracture 87 51.5 %
skeletal metastases 55 325 %
visceral metastases 64 37.9%
previous chemotherapy treatment 95 56.2 %
previous radiotherapy treatment 68 40.2 %
pre-operative embolization (SAE) 111 65.7 %
intact metastases 135 79.9 %

while the patients who underwent spine surgery for the first time are
called “intact” (135 cases, 79.9 %).

As reported in Table 2, patients were treated with 61 posterior
decompression and stabilization surgeries, 69 debulking and stabiliza-
tion, 26 minimally invasive stabilization operations, 8 en bloc resection
and 5 posterior stabilizations without decompression. The choice of the
type of surgery was based on an overall assessment of the patient and a
multidisciplinary discussion. Only patients with a single metastasis as in
case from kidney carcinoma underwent total en bloc resection for
curative treatment. However, the examination of the surgical in-
dications and the elements that determine the choice of the type of
surgery is beyond the scope of this paper. The mean length of hospital
stay was 14.7 days.

Concerning adjuvant treatments, 60.9 % of patients were treated
with postoperative CHT and 34.9 % were treated with postoperative RT.
40 cases (23.7 %) of recurrent metastatic lesions were detected after
surgery during the follow up period. 43 cases (25.4 %) of metastases on
other sites appeared during the follow up period.

58 patients (34.3 %) had one or more complications following the

Table 2
Surgical details and post-operative data.

Total number of patients:

169
N %
Type of surgery Debulking 69 40.8 %
Decompression and 61 36.1 %
stabilization
Minimally invasive procedure 26 15.4 %
En bloc resection 8 4.7 %
Stabilization 5 3.0 %
Post-operative systemic therapy 103 60.9 %
Post-operative radiotherapy 59 34.9 %
Recurrent metastases 1-6 months 14 8.3 %
7-12 months 11 6.5 %
13-17 months 2 1.2%
18 + months 13 7.7 %
1-6 months 20 11.8%
Other metastases 7-12 months 11 6.5 %
13-17 momths 5 3.0%
18 + months 7 4.1 %
Patients with surgical 58 34.3 %
complications
Surgical complications intra-operative 16 219 %
early post-operative 30 41.1 %
late post-operative 27 37.0 %
Total 73
Death during the follow up 100 59.2%

follow up perido
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surgical treatment for spinal metastases. A total of 73 complications
were classified according to the SAVES v2 system [19] and divided into
intra-operative (16), early postoperative (30) and late postoperative
(27) complications (Table 2). The most frequent intra-operative
complication was dural tear (13/73, 17.8 %); deep wound infection
was the most frequent post-operative complication (5/73 in the early
post-op period, 6.8 %; 11/73 in the late post-op period, 15.1 %)
(Table 3).

One hundred patients (59.2 %) died during the follow up period, one
of them because of a post-operative systemic infection.

Kaplan Meier survival estimates were constructed to calculate the
median survival time with a result of 22 months for the overall survival
(95 % CI [14.36-30.36]) (Fig. 2A) and a 1-year survival rate of 61 %
(Fig. 2B). The median survival time was estimated in relation to the
presence of complications, the status of metastases (intact or non-
intact), the age group (<75 or > 75 years) and the presence of a
minor or major pre-operative neurological damage (ASIA score 4-5 vs
1-3) (Fig. 3). No significant difference was observed for OS between the
groups of complicated and uncomplicated patients (p = 0.279) (Fig. 3A).
However, a significantly longer survival expectancy was observed in
patients where spinal metastases were not surgically treated before the
index surgery performed at our Institute (intact cases), with respect to
patients who received a revision surgery for residual disease or local
recurrence (p = 0.009) (Fig. 3B). In addition, survival expectancy was
significantly longer in the group of patients younger than 75 years with
respect to patients older than 75 years (p = 0.023) (Fig. 3C) and the
group of patients with medium-severe neurological damage at baseline
(ASIA score 1-3) had a significant reduction of survival with respect to
patients with limited damage or no damage (ASIA score 4-5) (p = 0.003)
(Fig. 3D).

Concerning the clinical outcomes, the walking ability improved with
statistical significance starting from the post-operative period (p <
0.001) and then remained stable (Fig. 4A). The Performance status
(Karnofski score) and the pain evaluation (NRS scale) significantly
improved (p < 0.001) throughout the time starting from the post-
operative period and then stabilized following one-year follow-up
(Fig. 4B and 4C). The NRS pain scale was recorded preoperatively and at
four follow-up times for neck, arms, back and legs. The scale analyzed is
a synthesis of the four scales, where the maximum of the four values was
considered.

The pre-operative ASIA score (reclassified in a dichotomous vari-
able) presented very high frequencies for levels 4 and 5 (limited damage
or no damage: motor function is preserved and at least half of the key
muscles below the lesion have a strength grade equal or greater than 3,
or.

motor and sensory functions are normal) and low frequencies for
levels 1, 2 and 3 (severe to medium damage: complete paraplegia,
incomplete paraplegia with sensory preservation, incomplete paraplegia
with muscle strength less than 3 in more than half of key muscles below

Table 3
Type of surgical complications.

Total number of surgical complications: 73

—
w

Dural tear

Other

Deep wound infection
Pneumonia

Delirium

Pulmonary embolism
Deep vein thrombosis
Hematoma

Urinary tract infection
Other

Deep wound infection
Construct failure
Wound dehiscence
Other

Intra-operative complications

Early postoperative complications

[

Late postoperative complications
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Fig. 2. Overall survival (panel A), Survival estimate at 1 year (panel B).

the lesion level). As reported in Fig. 5, before the surgery 153 patients
(90.5 %) had limited neurological damage or no damage (ASIA score
4-5) and 16 patients (9.5 %) had medium-high neurological damage
(ASIA score 2-3, no patients with score 1). After the surgery, 8 patients
of the group with ASIA score 1-3 (8/16, 50 %) improved their neuro-
logical status, in particular 5 patients achieved score 4 (5/16, 31.2 %). In
the group with ASIA score 4-5, 150 patients maintained their score
while 3 patients (3/153, 1.96 %) had a deterioration of the neurological
status and reached the group with score 1-3. Thus, as shown in Fig. 5,
after the surgery a total of 155 patients had ASIA score 4-5 and 14 pa-
tients had ASIA score 1-3, and the proportion of patients with medi-
um-high neurological damage (ASIA score 1-3) did not significantly
change after the surgery and during the follow up period with respect to
the baseline.

Concerning the PROs, all the EQ5D items significantly improved over
the follow up period, except anxiety and depression (Table 4).

Values of EQ5D scale (which represent the patient’s self-evaluation
of health status) significantly improved starting from the second se-
mester of follow-up (7-12 months, p = 0.022) (Fig. 6A). This trend was
observed also for some specific EQ5D items, concerning the movement
and the management of daily activities, while the proportion of patients
with difficulties in personal care significantly decreased at each follow
up period after surgery. Pain also significantly decreased in accordance
with the results obtained for NRS score (Table 4).

Finally, the EQ5D value, calculated on the basis of the five EQ5D
items and representing the mean score of perceived health status,
improved significantly with respect to baseline starting from the first
semester of follow up (p < 0.001) (Table 4).

With regard to SF-36, the examination of the results is complicated
by the high number of items considered; Table 4 summarizes the esti-
mated average scores in the 4 visits, compared with the preoperative
data. In the field of physical health, we observed that the item “Physical
Functioning” significantly improved at the second semester of follow up
(7-12 months) and beyond 18 months FU (Fig. 6B). The item “Bodily
Pain” significantly improved during the follow up period starting from
the first semester, similarly to NRS score (Table 4). The item Social
Functioning improved with respect to baseline only by 18 months follow
up (in long surviving patients) (Fig. 6C). Finally, all the items related to
the psychological framework (vitality, emotional state, mental and
general health) do not present significant changes during the follow-up
(Table 4).

Different covariates were added in the mixed model to evaluate

possible interactions, and the results are reported in Table 5: as most of
EQ5D and SF36 items were affected by the age > 75 years, thus the
model was adjusted for the age at surgery. Following this adjustment, we
observed that gender, presence of single or multiple vertebral lesions,
presence of bone and/or visceral metastases, state of intact or non—
intact metastases, presence of surgical complications or post-surgical
adjuvant treatments did not affect HRQOL scores during follow up.
Only the presence of pre-operative neurological damage (ASIA score),
the presence of pathological fracture and the occurrence of metastatic
recurrence at FU impaired some HRQOL parameters, and they are
described in detail here.

It should be noted that the decrease of pain obtained after the surgery
was maintained during follow up and no covariates had an impact on
this improvement; thus, the presence of neurological damage or path-
ological fracture or the metastatic recurrence at baseline did not affect
the pain relief obtained following surgery (Table 5).

Considering the interaction between ASIA score and EQ5D value, we
observed that patients with medium to severe neurological damage
(ASIA 1-3) experienced a reduction of the perceived general health
status until 12 months follow up, with a subsequent increase. Patients
with no neurological damage or limited damage (ASIA 4-5) reported a
significant increase in the perceived health status during the follow up
period, starting from the first semester. The post hoc analysis between
the two groups indicates a significant difference of EQ5D value from pre-
operative period until 12 months follow up (Fig. 7A). The presence of
neurological damage significantly impaired also the health status eval-
uation at baseline.

Moreover, the SF36 Physical Functioning score resulted to be
significantly impaired by the presence of medium to severe neurological
damage (ASIA score 1-3) with respect to the absence of damage or
limited damage (ASIA score 4-5), both at baseline and during follow up,
as assessed by post hoc analysis. In the group of patients with low ASIA
score (ASIA 1-3) the mean value of SF36 Physical Functioning score was
significantly lower at FU 1-6 months than at baseline. In subsequent
follow-ups, the mean values did not differ significantly from baseline
(Fig. 7B).

The SF36 Energy Fatigue score was significantly lower at the first
follow up period (1-6 months) in the group of patients with medium to
severe neurological damage (ASIA score 1-3) with respect to the group
with no damage or limited damage (ASIA score 4-5), then no statistical
difference was recorded in the post hoc analysis at subsequent follow
ups (Fig. 7C).



S. Terzi et al.

Journal of Bone Oncology 52 (2025) 100675

o 4 C
o intact metastasis Intact metastasis
@ 4 ©
~ ~
o © 4
© 4 « 4
< 4 < 4
@ - o
o o~
) ur CC )
o - o 4
; ; : : . : : : . T . ' —— T
0 6 12 18 24 30 36 42 48 54 60 66 0 6 12 18 24 30 36 42 48 54 60 66
Months Months
N. at risk N. at risk
Uncomplicated 108 89 70 51 42 34 27 18 14 5 1 0 no intact metastasis 33 25 15 14 11 7 5 2 2 1 0 0
Complicated 57 42 33 28 24 16 10 4 3 3 0 0 intact metastasis 132 106 88 65 55 43 32 20 15 7 1 0
Log-Rank test: p=0.279 Log-Rank test: p= 0.009
o o 4
<75y 75y :
© @
™~ A ~ 4
© 4 ©
wn
] =
<
<
o
> o
o~
o~
o -
T T T T T T T T T T T T liniit - medium-severe m: -
% 5 Bh b oo o B b b B oD & o ‘ \r‘ntedon‘mdama‘ge(f‘ 5>‘ ‘ ‘ ed‘u se e‘sda a‘ge < 3)‘
Months 0 6 12 18 24 30 3 42 48 54 60 66
3 Months
N. at risk N. at risk
<75y 143 114 92 72 61 46 35 21 16 7 1 0 limited or no damage (4-5) 144 119 95 73 61 47 34 21 16 8 1 0
75y 22 17 1 7 5 4 2 1 1 1 0 0 medium-severe damage (1-3) 21 12 8 6 5 3 3 1 1 0 0 0

Log-Rank test: p=0.023

Log-Rank test: p=0.003

Fig. 3. Survival comparison between complicated and uncomplicated patients (panel A), cases with intact metastases and cases with non- intact metastases (panel
B), patients < 75 years and patients >=75 years (panel C), patients with pre-operative medium- severe damage (ASIA score 1-3) and patients with limited damage or

no damage (ASIA 4-5) (panel D).

Considering the interaction between the ability of movement and the
presence of a pathological fracture before surgery, the post hoc analysis
between patients in the two groups (with or without pathological frac-
ture) showed a significant difference only in the preoperative period (p
= 0.0096): patients with a pathological fracture more frequently had
difficulty with movement than patients without a pathological fracture.
This difference between the two groups disappeared in subsequent
follow-ups (Fig. 8A).

Post hoc analysis between patients with spinal metastases recurrence
at follow up and those without recurrence showed that the mean EQ5D
score was significantly different between the two groups, indicating that
the presence of recurrence impaired health status; only from 18 months
onward the difference disappeared (Fig. 8B).

4. Discussion

Surgery for spinal metastases is almost always palliative and is in any
case part of the multidisciplinary approach that has determined a sig-
nificant increase in life expectancy in the last decade. As more treatment
options are now available, the management of patients with spinal
metastases is focused on providing pain relief, maintaining or recovering
the neurological function, the local tumor control and the spinal

stability, and improving the quality of life. Thus, the impact of surgical
treatment on clinical outcomes and health-related quality of life for
patients with vertebral metastases has been evaluated in several studies,
both retrospective and, more recently, prospective multicenter studies
[8,10,24-28].

In our prospective study we analyzed a large cohort of patients with
spinal metastases of the mobile spine surgically treated by the same
team, focusing on the change in the different parameters that contribute
to defining the quality of life, and on the trend of these changes over
time.

The aim of this study is not to define indications and limits of surgical
treatment, but to observe and measure the changes of HRQOL in those
cases that were addressed to surgical treatment following a multidisci-
plinary assessment. So, consistently with pre-existing literature [10], we
have chosen to include both cancer metastases and spinal involvement
in lymphomas and myelomas; for the same reason, we considered both
major surgery and minimally invasive treatments.

4.1. Survival

Our study population is not different from that of other studies in
terms of demographic characteristics, primary tumors, postoperative
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Fig. 4. Plot of Ambulatory status (panel A), Karnofski performance status

complications and their frequency. However, survival analyses present
some peculiarities. In this series of 169 patients, the median survival is
22 months, and it is higher than in other studies, even recent ones
[8,10,25,29,30]. The 1-year mortality is 49 % in our study, while Kar-
hade et al. [31] reported a mortality of 56 % at 1-year. The increased OS
observed in our cohort could be attributed to an adequate selection of
patients who are candidates to the surgical treatment. As postulated
through the NOMS framework [32], a systemic disease assessment
should be performed before all treatment decisions for patients with
spinal metastases. The systemic assessment determines whether a pa-
tient can tolerate surgery and is based on the extent of tumor dissemi-
nation, medical comorbidities, and tumor histology. This assessment can
be achieved with an individualized discussion with the patient’s
oncologist, and it should be focused on whether the patient would have
an opportunity to adequately recover from the indicated surgery in
order to continue systemic therapy. Verlaan et al. [33] investigated the
characteristics of patients who survived more than 2 years compared to
patients who survived less than 3 months after surgery for spinal

(panel B) and NRS score (panel C) at baseline and during follow up.

metastases and found, through multivariate analysis, that the number of
levels included in the surgery and the primary tumor type were signif-
icantly associated with longer survival.

Most metastatic patients in our cohort presented with a primary
tumor whose life expectancy has drastically increased in the last decade
(kidney 26.6 %, breast 16 %, blood 13.6 %).

Gonzalez-Kusjanovic et al. [34] in a study published in 2024,
examined the survival of 75 patients with surgically treated spinal cord
compression, in which the presence of major complications was found to
be an independent factor that negatively affects survival. Also, Chan-
bour et al. [35] in 2023 state that postoperative complications were
associated with unplanned readmission following metastatic spine sur-
gery and 3-month unplanned readmission was associated with a shorter
time to local recurrence and decreased OS. On the contrary, in our study
postoperative complications, which undoubtedly affect the patient’s
recovery time, don’t seem to significantly influence survival (p = 0.279).

On the other hand, survival after surgery is significantly lower for
patients who have already been operated on previously; this is expected,
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Fig. 5. Pre-operative and post-operative ASIA score assessment.

Table 4
Estimated mean of EQ5D and SF36 scores over the four follow up visits (Mixed model, Stata 17.0).
follow up
preop 1-6 months 7-12 months 13-17 months 24 months p
N [Mean| IC95.0% | N |Mean| IC95.0% | N |Mean| 1C95.0% | N [Mean| IC95.0% | N | Mean| IC95.0%
EQ5D
scale (0= worse health status. ;)| 4o 1 (461 52.1|84| 53.4[49.2|57.6|66| 55.3|50.6|60.1|31| 64.8|57.9|716(47| 63.0|57.2|68.8|<0.001
100= best health status)
» & MOVEMENT 162| 0.62]0.55(0.70|75| 0.55(0.46|0.65|61| 0.49|0.38(0.61|31| 0.37(0.22|0.51|45| 0.51)|0.37|0.65| 0.005
]
S S PERSONAL CARE 162| 0.64|0.57(0.71|75| 0.52|0.42|0.63|61| 0.44|0.32(0.55|31| 0.27|0.12|0.42|45| 0.28(0.16|0.41|<0.001
12}
g % DAILY ACTIVITIES 162| 0.82|0.75|0.88|75| 0.80(0.72(0.89|61| 0.68|0.56|0.79(31| 0.45(0.29|0.61|45| 0.52|0.37(0.67 | <0.001
=}
T 2 PAIN 162| 0.91)|0.87(0.96|75| 0.86|0.78|0.93|61| 0.77|0.67(0.88|31| 0.69|0.52|0.84 45| 0.64(0.50|0.78 | <0.001
L
‘" ANXIETY AND DEPRESSION 162| 0.61|0.53|0.68|75| 0.61|0.50(0.72|62| 0.60|0.48|0.72|(30( 0.51(0.35|0.68|45| 0.56|0.40(0.71| 0.844
Value 162 0.5[0.45|0.55|75| 0.66|0.59|0.73 |61 0.7|0.63(0.78 (31| 0.76|0.66|0.87 |45 0.74(0.65|0.83|<0.001
SF36
PHYSICAL FUNCTIONING 152| 43.0|38.3(47.8|64| 47.9|40.9|54.9|46| 51.9|43.6(60.3|15| 52.5|38.6|66.4|41| 61.6(52.9|70.3| 0.002
ROLE LIMITATIONS DUE TO
152| 11.8| 7.3|16.4|64| 12.2| 5.2|19.2|46| 255|14.1(36.7|15| 31.6| 9.1|54.2|41| 31.8(19.9|43.7| 0.002
§ PHYSICAL HEALTH
T; PAIN 152 | 34.0|29.8(38.2|64| 46.1(39.7|52.5|46| 55.1|47.6(62.6|15| 55.2(40.3|70.2|41| 57.4|49.3|65.5|<0.001
E S GENERAL HEALTH 152 | 46.2|43.2|49.3|64| 48.5(40.7(56.3|46| 42.4|34.8|499|15| 43.3(34.2|52.3|41| 47.9|42.3(53.5| 0.676
§ < ENERGY FATIGUE 152 | 49.3|45.6(52.9|64| 50.9(43.4|58.4|46| 48.3|41.7(54.9|15| 48.7(37.2|60.1|41| 54.8|47.8|61.8| 0.635
<
2 SOCIAL FUNCTIONING 152 | 46.5|42.4|50.7 64| 50.7|43.3(58.1|46| 53.6|45.6|61.5|15| 58.6|42.4(74.9|41| 63.2(54.8|71.6| 0.005
<
n ROLE LIMITATIONS DUE TO
152| 45.8|38.4(53.2|64| 51.6(38.3|64.9|46| 51.0(37.1(64.9|15| 60.7|37.5(83.9|41| 58.8(40.9|76.7| 0.528
EMOTIONAL PROBLEMS
EMOTIONAL WELLBEING 152| 58.5|54.7(62.3|64| 66.3|55.6|77.0|46| 65.2|58.4(72.0|15| 63.6|51.7|75.5|41| 70.5|62.1|78.8| 0.057
as local recurrences are often an expression of progression of the treated with en bloc resection: surgical complications did not affect
neoplastic disease and a lack of response to therapies. overall survival, while the occurrence of local recurrences was associ-
We recently reported similar results for primary spinal tumors ated to an increased risk of mortality [36].
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Fig. 6. Plots of EQ-5D scale (panel A), SF-36 Physical Functioning (panel B) and SF-36 Social Functioning (panel C) at baseline and during follow up.
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Table 5
Inclusion of covariates, adjustment for age at surgery.
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Covariates, adjustment for age at surgery

age, adjuvant
years spinal presence presence Intact ASIA Previous pathological presence of treatment presence
(>=75/ gender metastases of bone of visceral (1-3vs N - (chemio/ of
<75) single/multiple metastases metastases metastases 4-5) radiotherapy fracture complications radio recurrence
post-op)
EQS5D
scale (0= worse health
status. 100= best health <0.001* 0.921 0.837 0.767 0.620 0.010* 0.001 0.400 0.395 0.125 0.764 0.115
status)
g g MOVEMENT 0.006* 0.055 0.399 0.925 0.379 0.800 0.582 0.607 0.018 0.727 0.964 0.155
Q QO
a @
‘q"", % PERSONAL CARE <0.001* 0.900 0.821 0.917 0.232 0.115 0.219 0.429 0.141 0.354 0.789 0.101
o 0
A ﬁ DAILY ACTIVITIES <0.001* 0.918 0.205 0.388 0.521 0.314 0.685 0.134 0.049* 0.271 0.639 0.874
2 pAIN 0.001* 0.796 0.468 0.892 0.263 0.087 0.244 0.623 0.621 0.935 0.908 0.928
ANXIETY AND DEPRESSION 0.776  0.834 0.179 0.745 0.973 0.922 0.319 0.418 0.180 0.169 0.856 0.590
Value <0.001* 0.222 0.942 0.796 0.618 0.502  <0.001 0.977 0.050 0.299 0.667 0.008
SF36
PHYSICAL FUNCTIONING 0.003* 0.671 0.742 0.995 0.636 0.033* 0.023 0.997 0.119 0.977 0.729 0.235
8  ROLE LIMITATIONS DUE TO
=]
- 0.008* 0.828 0.896 0.716 0.932 0.134 0.904 0.017* 0.155 0.538 0.644 0.709
& _PHYSICAL HEALTH
4 PAIN <0.001* 0.232 0.259 0.311 0.632 0.169  0.013* 0.565 0.401 0.777 0.382 0.745
Tz GENERAL HEALTH 0.004* 0.483 0.621 0.748 0.747 0.369 0.376 0.741 0.937 0.692 0.649 0.292
E ENERGY FATIGUE 0.062 0.514 0.436 0.930 0.832 0.723 0.035* 0.893 0.977 0.973 0.090 0.346
-g SOCIAL FUNCTIONING 0.029* 0.768 0.757 0.707 0.148 0.136  0.011* 0.357 0.194 0.800 0.836 0.446
el
<  ROLE LIMITATIONS DUE TO
I} <0.001* 0.492 0.759 0.963 0.294 0.432 0.402 0.124 0.412 0.504 0.659 0.784
& EMOTIONAL PROBLEMS
EMOTIONAL WELLBEING <0.001* 0.763 0.097 0.679 0.762 0.636 0.328 0.740 0.156 0.544 0.402 0.261

In agreement with Verlaan et al. [33] and Knapp et al. [37], the
median survival is also significantly lower in surgically treated patients
older than 75 years. However, Kanda et al. [29] in 2020 found no sig-
nificant difference in OS between two groups of patients of different ages
(cut-off 70 years) operated on for spinal metastases, showing with a
median survival of 10.2 vs 11.2 months. In a recent retrospective study
Tan et al. [38] confirmed that > 70-yrs patients affected by spinal me-
tastases had comparable outcomes to < 70-yr old patients (in terms of
neurological improvement or maintenance, ambulatory status and sur-
vival at 6 and 12 months) with no significant increase in complication
rates. We know that in elderly patients, life expectancy is influenced by
comorbidities, which are added to the neoplastic pathology; for this
reason, in subsequent multivariate analyses, the “age” parameter was
disaggregated.

4.2. Quality of life

Improving the quality of life in all its aspects (pain, autonomy in
movement and in daily activities, social and work aspects) is the goal
that every palliative treatment, including surgery, aims to achieve.
Several retrospective and prospective studies have shown that surgery
improves the quality of life of patients with spinal metastatic disease
[8,13,39].

In a retrospective study, Tang et al. [13] compared two cohorts of
patients with vertebral metastases from non-small cell lung cancer,
operated and unoperated, and reported not only a better quality of life
for the surgery group, but also a longer survival compared to the non-
surgery group. Other studies, such as the one carried out in 2018 by
Gao X et al. [39] on patients with vertebral metastases of gynecological
origin, confirmed the improvement of the parameters examined (pain,
neurological function, performance status) but not the impact on sur-
vival. We do not have a control group made up of patients who were not
operated on and treated exclusively with chemo/radiotherapy. In our

10

experience, in most patients the positive impact that the surgical treat-
ment of metastases has on survival is indirect, and it is associated to an
improvement of clinical parameters and quality of life: for example, a
patient who moves better, walks more independently, has less pain, is a
patient who reaches the sites where therapies are administered more
easily and in general has greater confidence and adherence to them.

4.3. Pain

In this study we first analyzed the general parameters that define
HRQOL: the pain measured with the NRS scale, the performance status
according to Karnofsky score, the walking ability and the neurological
status evaluated by ASIA scale.

The early and persistent improvement of pain symptoms achieved
with surgery, which is often the most relevant aim of treatment from the
patient’s point of view, is known and is reported by numerous papers
[8,10,25,29,40]. Also in our study, pain decreases significantly after the
surgery during the first 6 months of follow up, and further in the second
semester, thereafter it remains stable. Parallel to the reduction in pain,
the performance status according to Karnofski score and the walking
autonomy also improve significantly starting from the postoperative
period and remain stable after one year follow up.

4.4. Neurological status

Concerning the neurological status, a postoperative improvement is
mostly reported in the literature. Quan et al. [8] in 2011 state that half of
patients with neurological deficit improve after surgery. Similarly,
Depreteire et al. [25] reports an improvement in the Frankel score from
the first follow-up in a quarter of the patients, and a marked reduction in
the number of patients with severe spinal cord damage 6 months after
the operation (even if a high percentage of patients with severe damage
have already died). In our population the proportion of patients with
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medium-high spinal cord damage (ASIA score 1-3) was very low (9.5
%); thus, considering the variable as dichotomous, the statistical ana-
lyses carried out on our population indicate that the proportion of pa-
tients with medium-high spinal cord damage (ASIA score 1-3) remains
stable during the follow up period compared to the preoperative data.
This result is not in conflict with the significant improvement in the
performance status and walking autonomy, because the preoperative
bedridden status is frequently due to pain, instability or pathological
fracture.

However, the analysis of individual patients indicates that 50 % of
patients with ASIA score 1-3 improved their neurological status after
surgery, in particular 31.2 % of them achieved ASIA score 4 (limited
damage). In our population a limited number of patients was admitted
with severe neurological damage, probably due to an efficient multi-
disciplinary assessment, allowing surgical intervention before the
neurological damage becomes severe. In cases where no improvement of
the neurological status was achieved (8 patients) probably the damage
had occurred for a long time, so that it was not possible to restore the
motor function.

12

4.5. Patient reported outcomes measures

The examination of our data obtained from the EQ5D self-assessment
questionnaire and the more detailed SF36 highlights a significant and
permanent improvement in all physical aspects (pain, movement,
management of daily activities), starting from the second postoperative
follow up (after six months); only the perceived ability to take care of
oneself improves from the first postoperative follow up (1-6 months).
The SF36 item defined as “Social Functioning”, i.e. the recovery of social
life activities and the performance of working and non-working life,
improves significantly only after 18 months, and therefore in long-term
survivors, although showing an early tendency to improve (but without
statistical significance). Consistent with our study are the results re-
ported by Dea et al. [41] in 2020, where SOSGOQ questionnaire was
administered before surgery, at 6 and 12 weeks after surgery. In the first
postsurgical FU, no differences are reported, which improves at 12
weeks. It is likely that the recovery of movement ability and previous
daily activities is closely related to rehabilitation and therefore requires
a longer period to be evident; the immediate postoperative period is
characterized by a progressive but slow recovery of functioning,
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especially walking, which is only partially perceived.

With regard to the pain assessment, the answers are partially
different: the simple measurement of VAS indicates a significant
improvement after the surgical treatment, starting from the post-
operative period and maintained throughout the follow up, while the
same parameter within the more complex questionnaires, is self-
assessed in a more prudent way; the pain actually improves immedi-
ately, but the change becomes statistically significant from the second
follow-up.

Finally, the emotional state, assessed in the EQ5D “anxiety and
depression” item, presents a minimal improvement in the different
follow up times, which is never significant compared to the preoperative
value. Similarly, in the SF36 questionnaire the “social functioning” item
presents a trend towards improvement throughout the follow up, even if
there are no significant changes compared to the preoperative value.

Thus, the emotional state and the perceived anxiety or depression
show no significant improvement after the surgical treatment, despite a
significant physical improvement; this can be explained by the fact that
the mental well-being of patients suffering from vertebral metastases is
not only correlated to the success of the surgery and therefore to the
local control of the disease, but depends on the global perception of the
health status in the presence of a metastatic tumor.

In 2020 Luzzati et al. [42] investigated changes in the physical and
mental state for patients undergoing spinal surgery for primary tumor or
metastases, reporting an opposite behavior pattern: unlike patients who
undergo invasive surgeries for primary spinal tumors, metastatic pa-
tients present a significant improvement in all physical components of
HRQOL, while mental components do not improve; an inverse pattern
was observed in patients operated on for primary tumors.

On the other hand, it is conceivable that anxiety and depression can
negatively influence the clinical pathway of a patient affected by a
chronic disease, where the surgical treatment of the spinal metastasis
has not a curative intent but allows in the best cases local control of the
disease; it is therefore an aspect that should not be underestimated, and
a long-term psychological supportive care should be included in the
multidisciplinary management of the patient.

The multivariate analysis of our data identified three independent
variables, capable of influencing the trend of HRQOL after surgery: the
presence of pathological fracture, the preoperative neurological status
and the local recurrences after surgery. Sowa et al. [43] in 2023
examined 39 patients with pathological vertebral fracture undergoing
minimally invasive surgery (Spine-Jack), demonstrating a significant
improvement in EQ5D-VAS values (56.4 vs 72.4) three months after
surgery. Several case series in the literature confirm immediate and
persistent pain relief and improvement in HRQOL after stabilization of a
pathological vertebral fracture [44,45]. In agreement with us, a retro-
spective multicenter study by Yang et al. [46] demonstrated that path-
ological fracture is one of the independent factors related to
postoperative improvement in quality of life. In our study, if preopera-
tively patients with pathological fracture have significantly greater
difficulty in movement compared to the control group, the difference
between the two groups disappears from the first follow-up; therefore,
the improvement is more significant in the group with pathological
fracture. This observation confirms that the finding of a pathological
fracture or impending fracture is an indisputable indication for surgical
stabilization, even in cases in which the prognosis quoad vitam is
considered short.

The presence of severe neurological damage leads to a lower evalu-
ation of all the parameters that describe HRQOL both at baseline and in
subsequent follow up, and this is predictable. We can observe that pa-
tients with severe neurological damage (ASIA 1-3) in the preoperative
period do not experience an improvement in HRQOL after the surgery,
but a worsening is registered in the first postoperative period (in
particular for SF36 Physical Functioning and EQ5D scores), an obser-
vation that is noteworthy and could affect the choice of surgically
treating this kind of patients if they have a life expectancy of less than 6
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months. Even if this finding appears to be in contrast to the reports of
other authors [25,41,47], it should be considered with caution due to
the small number of patients with medium-severe damage included in
our study: in fact, only 5 of 16 patients with ASIA score 2 or 3 improved
to score 4 after surgery.

The last independent variable that negatively affects the quality of
life is the development of a local recurrence of the disease. This finding
confirms that surgery for vertebral metastasis must aim at local control,
possibly obtained with adjuvant radiotherapy; local recurrence should
be considered a failure of the surgical treatment.

4.6. Strengths and limitations

This study has several strengths and limitations. It’s a prospective
study, which included all patients treated surgically in the reference
period, without selection bias; it is based on a large single-centre series,
which leads to uniformity in therapeutic choices and follow-up in-
dications. In our third level center patients come from different hospi-
tals, even distant ones; nevertheless, we were able to follow the included
patients until the end of the study or death, thus obtaining great reli-
ability of the statistical analyses.

The limitations include the absence of a control group consisting of
patients with vertebral metastatic disease treated exclusively with sys-
temic therapies and radiotherapy, which precludes a direct comparison
between the benefits of surgery and those obtained with non-surgical
treatments. However, it should be underlined that the aim of this
study was to evaluate the impact of surgery (when this kind of treatment
was decided at multidisciplinary assessment) on the HRQOL, and not to
make a comparison with other treatments, as patients have different
basal characteristics.

Another limitation is the potential clustering effect in a single center
study. This issue is particularly relevant when patients receive treatment
from different surgeons or follow distinct institutional protocols. How-
ever, in our study, all surgeries were performed within a highly
specialized spine surgery unit following standardized clinical pathways.
Moreover, to account for potential intra-center correlations, we used
mixed-effects models with patient-specific random intercepts. This
approach effectively adjusts for within-subject correlation in longitudi-
nal data. While the inclusion of a random effect for the treatment center
would be necessary in a multi-center study, in our case, the single-center
setting reduces variability related to differences in surgical techniques
and perioperative care. That said, we acknowledge that our findings
may not be generalized to other institutions with different patient
populations or surgical practices.

Furthermore, the use of self-assessment questionnaires like EQ5D
and SF-36, while providing an accurate assessment of the patient’s
health status, can introduce a subjective bias, especially in patients with
various comorbidities, or in elderly people. Finally, the finding of a lack
of clinical improvement in patients with severe neurological impair-
ment, with immediate and persistent worsening of HRQOL, while
affected by the small proportion of patients with ASIA score 1-3 in our
population, should be taken into consideration for the decision-making
of surgical treatment for spinal metastases.

5. Conclusion

The life expectancy of patients with neoplastic disease, including
metastatic ones, has increased in the last decade thanks to the progress
of local and systemic treatments and the integrated multi-disciplinary
approach. Surgery for vertebral metastases is part of this approach
and is aimed at local control of the disease with a positive impact on
quality of life. The survival of operated patients is reduced in patients
aged > 75 years, in case of metastases already treated surgically and in
the presence of severe neurological damage; however, postoperative
complications do not significantly change life expectancy.

The results of this study demonstrate an overall improvement in
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HRQOL, evident from the first follow-up, which is maintained over time.
The improvement involves all the physical parameters examined and the
self-assessment of the overall state of health; however, the psycho-social
and emotional aspects improve only 18 months after the operation, in
long-surviving patients. Our population of patients affected by spinal
metastases who are surgically treated need better care from a psycho-
logical point of view, to reduce the risk that a depressive state com-
promises the results obtained with therapies.

Surgery is always indicated in the presence of pathological spine
fractures, even in patients with reduced life expectancy, because the
improvement in pain and autonomies is immediate and persists over
time.

Surgery for patients with severe spinal cord damage should instead
be carefully evaluated, to avoid subjecting a patient with a reduced
expected survival to a surgery that seems to worsen HRQOL for a long
period following treatment. In this study we didn’t take into consider-
ation the timing of surgical treatment with respect to the onset of the
neurological impairment, a factor that can be critical in the therapeutic
decision.

Finally, the importance of local control of the disease is confirmed,
because local recurrence and possible surgical revision have a negative
impact on both survival and HRQOL itself.

CRediT authorship contribution statement

Silvia Terzi: Writing — original draft, Methodology, Conceptualiza-
tion. Cristiana Griffoni: Writing — original draft, Data curation. Simona
Rosa: Writing — review & editing, Formal analysis. Chiara Cini: Writing
- review & editing, Investigation. Emanuela Asunis: Writing — original
draft, Data curation. Chiara Alcherigi: Writing — review & editing,
Investigation. Federica Trentin: Writing — review & editing, Investi-
gation. Stefano Bandiera: Writing — review & editing, Resources. Ric-
cardo Ghermandi: Writing — review & editing, Resources. Giuseppe
Tedesco: Writing — review & editing, Resources. Gisberto Evangelisti:
Writing — review & editing, Resources. Marco Girolami: Writing — re-
view & editing, Resources. Valerio Pipola: Writing — review & editing,
Resources. Giovanni Barbanti Brodano: Writing — review & editing,
Resources. Alessandro Gasbarrini: Writing — review & editing, Su-
pervision, Resources.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] M. Eleraky, I. Papanastassiou, F.D. Vrionis, Management of metastatic spine
disease, Curr Opin Support Palliat Care. 4 (3) (2010 Sep) 182-188, https://doi.org/
10.1097/SPC.0b013e32833d2fdd.

D.M. Sciubba, Z.L. Gokaslan, Diagnosis and management of metastatic spine
disease, Surg Oncol. 15 (3) (2006 Nov) 141-151, https://doi.org/10.1016/j.
suronc.2006.11.002. Epub 2006 Dec 20.

P.L. Zadnik, L. Hwang, D.G. Ju, M.L. Groves, J. Sui, A. Yurter, T.F. Witham,

A. Bydon, J.P. Wolinsky, Z.L. Gokaslan, D.M. Sciubba, Prolonged survival following
aggressive treatment for metastatic breast cancer in the spine, Clin Exp Metastasis.
31 (1) (2014 Jan) 47-55, https://doi.org/10.1007/s10585-013-9608-3. Epub 2013
Sep 3.

R.J. Rothrock, O. Barzilai, A.S. Reiner, E. Lis, A.M. Schmitt, D.S. Higginson,

Y. Yamada, M.H. Bilsky, I. Laufer, Survival Trends After Surgery for Spinal
Metastatic Tumors: 20-Year Cancer Center Experience, Neurosurgery 88 (2) (2021
Jan 13) 402-412, https://doi.org/10.1093/neuros/nyaa380.

K. Tomita, N. Kawahara, T. Kobayashi, A. Yoshida, H. Murakami, T. Akamaru,
Surgical strategy for spinal metastases, Spine (Phila Pa 1976) 26 (3) (2001 Feb 1)
298-306, https://doi.org/10.1097,/00007632-200102010-00016.

Y. Tokuhashi, H. Matsuzaki, S. Toriyama, H. Kawano, S. Ohsaka, Scoring system for
the preoperative evaluation of metastatic spine tumor prognosis, Spine (Phila Pa
1976) 15 (11) (1990 Nov) 1110-1113, https://doi.org/10.1097/00007632-
199011010-00005.

[2]

[3]

[4]

[5]

[6]

14

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Journal of Bone Oncology 52 (2025) 100675

A. Gasbarrini, H. Li, M. Cappuccio, L. Mirabile, S. Paderni, S. Terzi, S. Boriani,
Efficacy evaluation of a new treatment algorithm for spinal metastases, Spine
(Phila Pa 1976) 35 (15) (2010 Jul 1) 1466-1470, https://doi.org/10.1097/
BRS.0b013e3181¢680b9. Erratum in: Spine (Phila Pa 1976). 2011 Jan 15;36(2):
179.

D. Choi, Z. Fox, T. Albert, M. Arts, L. Balabaud, C. Bunger, J.M. Buchowski, M.
H. Coppes, B. Depreitere, M.G. Fehlings, J. Harrop, N. Kawahara, J.A. Martin-
Benlloch, E.M. Massicotte, C. Mazel, F.C. Oner, W. Peul, N. Quraishi, Y. Tokuhashi,
K. Tomita, J.J. Verlaan, M. Wang, M. Wang, H.A. Crockard, Rapid improvements in
pain and quality of life are sustained after surgery for spinal metastases in a large
prospective cohort, Br J Neurosurg. 30 (3) (2016 Jun) 337-344, https://doi.org/
10.3109/02688697.2015.1133802. Epub 2016 Feb 22.

G.M. Quan, J.M. Vital, N. Aurouer, I. Obeid, J. Palussiére, A. Diallo, V. Pointillart,
Surgery improves pain, function and quality of life in patients with spinal
metastases: a prospective study on 118 patients, Eur Spine J. 20 (11) (2011 Nov)
1970-1978, https://doi.org/10.1007/s00586-011-1867-6. Epub 2011 Jun 26.

L. Westermann, P. Eysel, H. Luge, A. Olivier, S. Oikonomidis, D. Baschera,

K. Zarghooni, Quality of life and functional outcomes after surgery for spinal
metastases: Results of a cohort study, Technol Health Care. 28 (3) (2020) 303-314,
https://doi.org/10.3233/THC-191727.

J. Wu, W. Zheng, J.R. Xiao, X. Sun, W.Z. Liu, Q. Guo, Health-related quality of life
in patients with spinal metastases treated with or without spinal surgery: a
prospective, longitudinal study, Cancer 116 (16) (2010 Aug 15) 3875-3882,
https://doi.org/10.1002/cncr.25126.

D. Choi, Z. Fox, T. Albert, M. Arts, L. Balabaud, C. Bunger, J.M. Buchowski, M.
H. Coppes, B. Depreitere, M.G. Fehlings, J. Harrop, N. Kawahara, J.A. Martin-
Benlloch, E.M. Massicotte, C. Mazel, F.C. Oner, W. Peul, N. Quraishi, Y. Tokuhashi,
K. Tomita, J.J. Verlaan, M. Wang, H.A. Crockard, Prediction of Quality of Life and
Survival After Surgery for Symptomatic Spinal Metastases: A Multicenter Cohort
Study to Determine Suitability for Surgical Treatment, Neurosurgery 77 (5) (2015
Nov) 698-708, https://doi.org/10.1227/NEU.0000000000000907, discussion
708.

Y. Tang, J. Qu, J. Wu, H. Liu, T. Chu, J. Xiao, Y. Zhou, Effect of Surgery on Quality
of Life of Patients with Spinal Metastasis from Non-Small-Cell Lung Cancer, J Bone
Joint Surg Am. 98 (5) (2016 Mar 2) 396-402, https://doi.org/10.2106/JBJS.
0.00629.

S. Terzi, F. Trentin, E. Carretta, V. Pipola, R. Ghermandi, G. Barbanti Brodano,
C. Ferrari, C. Griffoni, A. Gasbarrini, Breast cancer spinal metastases: Prognostic
factors affecting survival after surgery, A Retrospective Study. J Clin Neurosci. 78
(2020 Aug) 73-78, https://doi.org/10.1016/j.jocn.2020.06.010. Epub 2020 Jun
26 PMID: 32600973.

S. Terzi, V. Pipola, C. Griffoni, F. Trentin, E. Carretta, A. Monetta, F. Vita,

S. Bandiera, G. Barbanti-Brodano, R. Ghermandi, G. Evangelisti, G. Tedesco,

M. Girolami, C. Cavallari, A. Gasbarrini, Clear Cell Renal Cell Carcinoma Spinal
Metastases: Which Factors Matter to the Overall Survival? A 10-Year Experience of
a High-Volume Tumor Spine Center, Diagnostics (basel). 12 (10) (2022 Oct 9)
2442, https://doi.org/10.3390/diagnostics12102442.

S. Terzi, F. Trentin, C. Griffoni, E. Carretta, S. Bandiera, C. Ferrari, F. Vita, A. Righi,
M. Maioli, D. De Biase, A. Monetta, G. Barbanti Brodano, G. Evangelisti,

M. Girolami, V. Pipola, M. Gambarotti, A. Gasbarrini, Indications and Limits of
Surgery for Spinal Metastases Derived from Lung Cancer: A Single-Center
Experience, Diagnostics (basel). 13 (12) (2023 Jun 16) 2093, https://doi.org/
10.3390/diagnostics13122093.

W.S. El Masry, M. Tsubo, S. Katoh, Y.H.S. El Miligui, A. Khan, Validation of the
American Spinal Injury Association (ASIA) Motor Score and the National Acute
Spinal Cord Injury Study (NASCIS) Motor Score, Spine 21 (1996) 614-619, https://
doi.org/10.1097,/00007632-199603010-00015.

D.A. Karnofsky, B.JH. In, Evaluation of chemotherapeutic agents, in: C.M. MacLeod
(Ed.), The Clinical Evaluation of Chemotherapeutic Agents in Cancer, Columbia
University Press, New York, 1949, pp. 191-205.

Y.R. Rampersaud, P.A. Anderson, J.R. Dimar, C.G. Fisher, _Spinal Adverse Events
Severity System, Version 2 (SAVES-V2): Inter- and Intraobserver Reliability
Assessment, J. Neurosurg. Spine 25 (2016) 256-263, https://doi.org/10.3171/
2016.1.SPINE14808.

G. Genti, G. Balint, E. Borbas, Visual analogue pain scales, Ann Rheum Dis. 39 (4)
(1980 Aug) 414.

EuroQol Group (1990) EuroQol-a new facility for the measurement of health-
related quality of life. Health Policy 16:199-208.

J.E. Ware Jr, C.D. Sherbourne, The MOS 36-item short-form health survey (SF-36).
I. Conceptual framework and item selection, Med Care. 30 (6) (1992 Jun) 473-483.
J.E. Ware, M. Kosinski, The SF-36 Health Survey (Version 2.0) Technical Note,
Health Assessment Laboratory, Boston, MA, 1996.

F. Bernard, J.M. Lemée, O. Lucas, P. Menei, Postoperative quality-of-life
assessment in patients with spine metastases treated with long-segment pedicle-
screw fixation, J Neurosurg Spine. 26 (6) (2017 Jun) 725-735, https://doi.org/
10.3171/2016.9.SPINE16597. Epub 2017 Mar 24.

B. Depreitere, F. Ricciardi, M. Arts, L. Balabaud, C. Bunger, J.M. Buchowski, C.
K. Chung, M.H. Coppes, M.G. Fehlings, N. Kawahara, J.A. Martin-Benlloch, E.

M. Massicotte, C. Mazel, B. Meyer, F.C. Oner, W. Peul, N. Quraishi, Y. Tokuhashi,
K. Tomita, J.J. Verlaan, M. Wang, H.A. Crockard, D. Choi, How good are the
outcomes of instrumented debulking operations for symptomatic spinal metastases
and how long do they stand? A subgroup analysis in the global spine tumor study
group database, Acta Neurochir (wien). 162 (4) (2020 Apr) 943-950, https://doi.
org/10.1007/s00701-019-04197-5. Epub 2020 Jan 17.

A.L. Versteeg, A. Sahgal, L.D. Rhines, D.M. Sciubba, J.M. Schuster, M.H. Weber,
A. Lazary, S. Boriani, C. Bettegowda, M.G. Fehlings, M.J. Clarke, P.M. Arnold, Z.


https://doi.org/10.1097/SPC.0b013e32833d2fdd
https://doi.org/10.1097/SPC.0b013e32833d2fdd
https://doi.org/10.1016/j.suronc.2006.11.002
https://doi.org/10.1016/j.suronc.2006.11.002
https://doi.org/10.1007/s10585-013-9608-3
https://doi.org/10.1093/neuros/nyaa380
https://doi.org/10.1097/00007632-200102010-00016
https://doi.org/10.1097/00007632-199011010-00005
https://doi.org/10.1097/00007632-199011010-00005
https://doi.org/10.1097/BRS.0b013e3181c680b9
https://doi.org/10.1097/BRS.0b013e3181c680b9
https://doi.org/10.3109/02688697.2015.1133802
https://doi.org/10.3109/02688697.2015.1133802
https://doi.org/10.1007/s00586-011-1867-6
https://doi.org/10.3233/THC-191727
https://doi.org/10.1002/cncr.25126
https://doi.org/10.1227/NEU.0000000000000907
https://doi.org/10.2106/JBJS.O.00629
https://doi.org/10.2106/JBJS.O.00629
https://doi.org/10.1016/j.jocn.2020.06.010
https://doi.org/10.3390/diagnostics12102442
https://doi.org/10.3390/diagnostics13122093
https://doi.org/10.3390/diagnostics13122093
https://doi.org/10.1097/00007632-199603010-00015
https://doi.org/10.1097/00007632-199603010-00015
http://refhub.elsevier.com/S2212-1374(25)00016-8/h0090
http://refhub.elsevier.com/S2212-1374(25)00016-8/h0090
http://refhub.elsevier.com/S2212-1374(25)00016-8/h0090
https://doi.org/10.3171/2016.1.SPINE14808
https://doi.org/10.3171/2016.1.SPINE14808
http://refhub.elsevier.com/S2212-1374(25)00016-8/h0100
http://refhub.elsevier.com/S2212-1374(25)00016-8/h0100
http://refhub.elsevier.com/S2212-1374(25)00016-8/h0110
http://refhub.elsevier.com/S2212-1374(25)00016-8/h0110
http://refhub.elsevier.com/S2212-1374(25)00016-8/h0115
http://refhub.elsevier.com/S2212-1374(25)00016-8/h0115
https://doi.org/10.3171/2016.9.SPINE16597
https://doi.org/10.3171/2016.9.SPINE16597
https://doi.org/10.1007/s00701-019-04197-5
https://doi.org/10.1007/s00701-019-04197-5

S. Terzi et al.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

L. Gokaslan, C.G. Fisher, AOSpine Knowledge Forum Tumor. Health related quality
of life outcomes following surgery and/or radiation for patients with potentially
unstable spinal metastases, Spine J. 21 (3) (2021 Mar) 492-499, https://doi.org/
10.1016/j.spinee.2020.10.017. Epub 2020 Oct 22.

S.G. Walter, J. Hockmann, M. Weber, N. Kernich, P. Kn6ll, K. Zarghooni, Predictors
for quality of life, pain and functional outcomes after surgical treatment of
metastatic disease in the spine, Surg Oncol. 52 (2024 Feb) 102029, https://doi.
org/10.1016/j.suronc.2023.102029. Epub 2023 Dec 16.

Barzilai O, Sahgal A, Rhines LD, Versteeg AL, Sciubba DM, Lazary A, Weber MH,
Schuster JM, Boriani S, Bettegowda C, Arnold PM, Clarke MJ, Laufer I, Fehlings
MG, Gokaslan ZL, Fisher CG; AO Spine Knowledge Forum Tumor. Patient-Reported
and Clinical Outcomes of Surgically Treated Patients With Symptomatic Spinal
Metastases: Results From Epidemiology, Process, and Outcomes of Spine Oncology
(EPOSO0), a Prospective, Multi-Institutional and International Study. Neurosurgery.
2024 Jun 4;95(5):1148-57. doi: 10.1227/neu.0000000000002989. Epub ahead of
print.

Y. Kanda, K. Kakutani, Y. Sakai, T. Yurube, S. Miyazaki, T. Takada, Y. Hoshino,
R. Kuroda, Prospective cohort study of surgical outcome for spinal metastases in
patients aged 70 years or older, Bone Joint J. 102-B (12) (2020 Dec) 1709-1716,
https://doi.org/10.1302/0301-620X.102B12.BJJ-2020-0566.R1.

Y. Kanda, K. Kakutani, Y. Sakai, T. Yurube, Y. Takeoka, K. Miyazaki, H. Ohnishi,
T. Matsuo, M. Ryu, N. Kumagai, K. Kuroshima, Y. Hiranaka, R. Kuroda, Clinical
Characteristics, Surgical Outcomes, and Risk Factors for Emergency Surgery in
Patients With Spinal Metastases: A Prospective Cohort Study, Neurospine. 21 (1)
(2024 Mar) 314-327, https://doi.org/10.14245/ns.2347012.506. Epub 2024 Feb
1.

A.V. Karhade, A.K. Ahmed, Z. Pennington, A. Chara, A. Schilling, Q.C.B.S. Thio, P.
T. Ogink, D.M. Sciubba, J.H. Schwab, External validation of the SORG 90-day and
1-year machine learning algorithms for survival in spinal metastatic disease, Spine
J. 20 (1) (2020 Jan) 14-21, hitps://doi.org/10.1016/j.spinee.2019.09.003. Epub
2019 Sep 7.

I. Laufer, D.G. Rubin, E. Lis, B.W. Cox, M.D. Stubblefield, Y. Yamada, M.H. Bilsky,
The NOMS framework: approach to the treatment of spinal metastatic tumors,
Oncologist. 18 (6) (2013 Jun) 744-751, https://doi.org/10.1634/
theoncologist.2012-0293. Epub 2013 May 24.

J.J. Verlaan, D. Choi, A. Versteeg, T. Albert, M. Arts, L. Balabaud, C. Bunger, J.
M. Buchowski, C.K. Chung, M.H. Coppes, H.A. Crockard, B. Depreitere, M.

G. Fehlings, J. Harrop, N. Kawahara, E.S. Kim, C.S. Lee, Y. Leung, Z. Liu, A. Martin-
Benlloch, E.M. Massicotte, C. Mazel, B. Meyer, W. Peul, N.A. Quraishi,

Y. Tokuhashi, K. Tomita, C. Ulbricht, M. Wang, F.C. Oner, Characteristics of
Patients Who Survived < 3 Months or > 2 Years After Surgery for Spinal
Metastases: Can We Avoid Inappropriate Patient Selection? J Clin Oncol. 34 (25)
(2016 Sep 1) 3054-3061, https://doi.org/10.1200/JC0.2015.65.1497. Epub 2016
Jul 11.

N. Gonzélez-Kusjanovic, B. Delgado Ochoa, C. Vidal, M. Campos, Post-operative
complications affect survival in surgically treated metastatic spinal cord
compression, Int Orthop. 48 (5) (2024 May) 1341-1350, https://doi.org/10.1007/
500264-024-06120-9. Epub 2024 Mar 12 PMID: 38472466.

H. Chanbour, J.W. Chen, L.S. Gangavarapu, G.A. Bendfeldt, M.E. LaBarge,

M. Ahmed, S.G. Roth, S. Chotai, L.Y. Luo, A.M. Abtahi, B.F. Stephens, S.

L. Zuckerman, Unplanned Readmission Is Associated With Decreased Overall
Survival and Performance After Metastatic Spine Surgery, Spine (Phila Pa 1976) 48
(9) (2023 May 1) 653-663, https://doi.org/10.1097/BRS.0000000000004596.
Epub 2023 Feb 13.

S. Bandiera, L.E. Noli, C. Griffoni, G. Tosini, E. Carretta, S. Pasini, E. Pesce, A.

D. Ruinato, G. Barbanti Brodano, G. Tedesco, M. Girolami, S. Terzi, R. Ghermandi,
G. Evangelisti, V. Pipola, A. Gasbarrini, Complications and Risk Factors in En Bloc

15

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Journal of Bone Oncology 52 (2025) 100675

Resection of Spinal Tumors: A Retrospective Analysis on 298 Patients Treated in a
Single Institution, Curr Oncol. 29 (10) (2022 Oct 17) 7842-7857, https://doi.org/
10.3390/curroncol29100620.

B. Knapp, A. Govindan, S.S. Patel, K. Pepin, N. Wu, S. Devarakonda, J.

M. Buchowski, Outcomes in Patients with Spinal Metastases Managed with Surgical
Intervention, Cancers (Basel) 16 (2) (2024 Jan 19) 438, https://doi.org/10.3390/
cancers16020438.

Tan JHJ, Hallinan JTPD, Ang SW, Tan TH, Tan HIJ, Tan LTI, Sin QS, Lee R, Hey
HWD, Chan YH, Liu KPG, Kumar N. Outcomes and Complications of Surgery for
Symptomatic Spinal Metastases; a Comparison Between Patients Aged > 70 and
<70. Global Spine J. 2023 Oct 25:21925682231209624. doi: 10.1177/
21925682231209624. Epub ahead of print.

X. Gao, C. Zhao, S. He, T. Fan, W. Xu, C. Yang, T. Liu, J. Xiao, Treatment and
outcomes of 28 patients with spinal metastasis from gynecological cancer,

J Neurooncol. 137 (2) (2018 Apr) 387-394, https://doi.org/10.1007/s11060-017-
2728-x. Epub 2018 Jan 18 PMID: 29349614.

B. Liu, H. Chen, X. Liu, G. Wang, X. Shen, Separation Operation Followed by
Stereotactic Radiotherapy in the Treatment of Spinal Metastasis From
Hepatocellular Carcinoma: A Retrospective Cohort Study, Global Spine J. 5 (2023
Jun) 21925682231182332, https://doi.org/10.1177/21925682231182332. Epub
ahead of print. PMID: 37277967.

N. Dea, A.L. Versteeg, A. Sahgal, J.J. Verlaan, R. Charest-Morin, L.D. Rhines, D.
M. Sciubba, J.M. Schuster, M.H. Weber, A. Lazary, M.G. Fehlings, M.J. Clarke, P.
M. Arnold, S. Boriani, C. Bettegowda, I. Laufer, Z.L. Gokaslan, C.G. Fisher,
Metastatic Spine Disease: Should Patients With Short Life Expectancy Be Denied
Surgical Care? An International Retrospective Cohort Study. Neurosurgery. 87 (2)
(2020 Aug 1) 303-311, https://doi.org/10.1093/neuros/nyz472. PMID:
31690935; PMCID: PMC7360875.

F. Luzzati, E.M. Giusti, G.M. Scotto, G. Perrucchini, L. Cannavo, G. Castelnuovo, C.
A. Colonna, Quality of life, pain, and psychological factors in patients undergoing
surgery for primary tumors of the spine, Support Care Cancer 28 (3) (2020 Mar)
1385-1393, https://doi.org/10.1007/500520-019-04965-0. Epub 2019 Jul 1
PMID: 31264185.

D. Sowa, G. Guzik, M. Bronisz, D. Merkiel, D. Pyrka, Z. Pyrka, Outcomes of
Treatment of Spinal Fractures with the SpineJack System, Ortop Traumatol
Rehabil. 25 (1) (2023 Feb 28) 1-8, https://doi.org/10.5604,/01.3001.0053.4025.
PMID: 38078347.

M.O. Ulu, M.Y. Akgun, O. Alizada, E.F. Akcil, T. Kartum, M. Hanci, Posterior-only
approach in patients with poor general condition and spinal metastatic vertebral
fracture, Neurocirugia (Astur: Engl Ed) 34 (5) (2023 Sep-Oct) 247-255, https://
doi.org/10.1016/j.neucie.2022.10.002, Epub 2023 Mar 15. PMID: 36931930.

F. Arrigoni, C. de Cataldo, F. Bruno, P. Palumbo, L. Zugaro, M. Di Staso, G.

L. Gravina, A. Barile, C. Masciocchi, Ablation, consolidation and radiotherapy for
the management of metastatic lesions of the spine: impact on the quality of life in a
mid-term clinical and diagnostic follow-up in a pilot study, Med Oncol. 37 (6)
(2020 May 2) 53, https://doi.org/10.1007/s12032-020-01378-6.

L. Yang, F. Wang, H. Zhang, X.G. Yang, H.R. Zhang, J.K. Li, R.Q. Qiao, G.C. Zhang,
Y.C. Hu, Patient Characteristics Following Surgery for Spinal Metastases: A
Multicenter Retrospective Study, Orthop Surg. 11 (6) (2019 Dec) 1039-1047,
https://doi.org/10.1111/0s.12551. PMID: 31823501; PMCID: PMC6904612.

O. Barzilai, A.L. Versteeg, C.R. Goodwin, A. Sahgal, L.D. Rhines, D.M. Sciubba, J.
M. Schuster, M.H. Weber, A. Lazary, M.G. Fehlings, M.J. Clarke, P.M. Arnold,

S. Boriani, C. Bettegowda, Z.L. Gokaslan, C.G. Fisher, 1. Laufer, AOSpine
Knowledge Forum Tumor. Association of neurologic deficits with surgical
outcomes and health-related quality of life after treatment for metastatic epidural
spinal cord compression, Cancer. 125 (23) (2019 Dec 1) 4224-4231, https://doi.
org/10.1002/cner.32420. Epub 2019 Aug 13. PMID: 31410854.


https://doi.org/10.1016/j.spinee.2020.10.017
https://doi.org/10.1016/j.spinee.2020.10.017
https://doi.org/10.1016/j.suronc.2023.102029
https://doi.org/10.1016/j.suronc.2023.102029
https://doi.org/10.1302/0301-620X.102B12.BJJ-2020-0566.R1
https://doi.org/10.14245/ns.2347012.506
https://doi.org/10.1016/j.spinee.2019.09.003
https://doi.org/10.1634/theoncologist.2012-0293
https://doi.org/10.1634/theoncologist.2012-0293
https://doi.org/10.1200/JCO.2015.65.1497
https://doi.org/10.1007/s00264-024-06120-9
https://doi.org/10.1007/s00264-024-06120-9
https://doi.org/10.1097/BRS.0000000000004596
https://doi.org/10.3390/curroncol29100620
https://doi.org/10.3390/curroncol29100620
https://doi.org/10.3390/cancers16020438
https://doi.org/10.3390/cancers16020438
https://doi.org/10.1007/s11060-017-2728-x
https://doi.org/10.1007/s11060-017-2728-x
https://doi.org/10.1177/21925682231182332
https://doi.org/10.1093/neuros/nyz472
https://doi.org/10.1007/s00520-019-04965-0
https://doi.org/10.5604/01.3001.0053.4025
https://doi.org/10.1016/j.neucie.2022.10.002
https://doi.org/10.1016/j.neucie.2022.10.002
https://doi.org/10.1007/s12032-020-01378-6
https://doi.org/10.1111/os.12551. PMID: 31823501; PMCID: PMC6904612
https://doi.org/10.1002/cncr.32420
https://doi.org/10.1002/cncr.32420

	Health- related quality of life after surgery for spinal metastases
	1 Introduction
	2 Materials and methods
	2.1 Study design and setting
	2.2 Inclusion criteria
	2.3 Data collection
	2.4 Statistical analysis

	3 Results
	4 Discussion
	4.1 Survival
	4.2 Quality of life
	4.3 Pain
	4.4 Neurological status
	4.5 Patient reported outcomes measures
	4.6 Strengths and limitations

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	References


