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Abstract
Purpose Lung cancer is one of the most common malignant tumors. Most patients develop spinal metastases during the 
course of cancer and suffer skeletal-related events. Currently, no consensus has been reached on the prognostic factors in 
patients undergoing surgeries. This study aimed to answer two questions: (1) what are the effects of surgical intervention, 
and (2) what are the factors associated with postoperative survival.
Methods Searches were performed on electronic databases including PubMed, Ovid/MEDLINE, Cochrane, and Scopus 
for articles published before February of 2022, involving the survival factors of patients with spinal metastasis. Multiple 
data items were considered, such as baseline demographics, surgical details, clinical outcome, and prognostic factors. The 
analysis was performed in Review Manager (RevMan) 5.5. The prognostic factors of survival were analyzed with univariate 
and multivariate cox regression analysis.
Results Finally, 14 studies with 813 patients were identified. Their 6, 12, and 24 months survival rates ranged from 18 to 
58%, 18 to 22.4%, and 0 to 58.5%, respectively. The pooled hazard ratio of preoperative ambulatory status and the number 
of involved vertebrae demonstrated statistical significance, while no significant prognostic effect on the overall survival was 
found for targeted therapy, visceral metastases, chemotherapy, radiotherapy, or postoperative ambulatory status.
Conclusion Overall, surgical intervention could achieve significant pain relief and neurological function improvements. For 
patients receiving surgery for spinal metastasis from lung cancer, preoperative ambulatory status and the number of involved 
vertebrae were significant prognostic factors associated with their survival.
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Introduction

As one of the most common malignant tumors, approxi-
mately 1.8 million new lung cancer cases are diagnosed 
worldwide annually [1]. Around 40% of the patients with 
advanced lung cancer develop bone metastases, where the 
spinal column is the most common site involved [2, 3]. 
Skeletal-related events, including intractable pain, patho-
logical vertebral fractures, and spinal cord compression, 
might accompany spinal metastasis. For such patients, 
surgical intervention could achieve better pain relief, 
improved ambulatory function, and extended survival, as 
reported in several studies of the last decades [4–8]. Sur-
gical treatments include radical and palliative resections 
with anterior, posterior, or anteroposterior approaches. 
Other than open surgery, percutaneous stabilization and 
cement augmentation are less invasive surgical techniques.

Surgery with adjuvant radiotherapy could achieve 
superior neurological function improvements compared 
with radiotherapy alone, which has significant implica-
tions for spinal oncology surgery. However, such surgeries 
often have high perioperative mortality and perioperative 
morbidity risk [9]. As technically demanding surgeries, 
experienced surgical teams are indispensable. In the mean-
time, several prospective studies indicated that surgical 
interventions did not appear to prolong patient survival 
[10–13]. Thus, the prevailing view was that surgical treat-
ments are only appropriate for patients expected to survive 
for a sufficient period post-surgery. Some scholars consid-
ered the predicted survival above 3 months as the cut-off 
for surgery, whereas others advocate the cut-off of at least 
6 months [14, 15].

Effective management of spinal metastasis requires 
multidisciplinary collaboration between surgery, radio-
therapy, chemotherapy, and corticosteroid therapy. The 
advent of bisphosphonates and denosumab has improved 
the therapies for cancer patients with bone metastasis. 
In any case, survival prognostication plays a key role in 
developing individualized treatment options, especially 
when surgical interventions are involved. As a result, the 
prognostic factors of patients with spinal metastasis have 
been a topic of great interest for several decades. Several 
classical prognostic score systems, such as the modified 
Tokuhashi and the Tomita scoring systems, consider vis-
ceral metastases and the number of metastasis foci as prog-
nostic factors associated with patient survival. Whereas 
the New England Spinal Metastasis Score (NESMS) 
regards serum albumin and ambulatory function as prog-
nostic factors [16–18].

A wide variety of prognostic factors of spinal metastasis 
has been identified in previous studies. However, no con-
sensus has been reached on the most accurate prognostic 

factors in patients receiving surgery for spinal metastasis 
from primary lung cancer. Through this systematic review 
and meta-analysis of the literature concerning surgical 
management of spinal metastasis secondary to lung can-
cer, we sought to answer two questions: (1) what are the 
postoperative outcomes (pain relief and neurological func-
tion improvement), and (2) what are the factors associated 
with survival. To the best of our knowledge, this is the 
first study combining a systematic review of the literature 
and a quantitative meta-analysis to investigate the surgical 
intervention efficacy to spinal metastasis secondary to lung 
cancer and identify significant prognostic factors during 
surgical treatments.

Materials and methods

Data source and search strategy

The systematic review and meta-analysis were conducted 
according to the preferred reporting items for systematic 
reviews and meta-analyses protocol [19]. The PRISMA 
checklist was presented in Additional file 1. A certified, 
experienced librarian carried out an extensive search of elec-
tronic databases in PubMed, Embase and Cochrane Library 
for published articles between 2000 and 2022 (over the last 
two decades) involving survival factors for patients with spi-
nal metastasis. Literature retrieving was carried out through 
a combined searching of subject terms (“MeSH” on Pub-
Med and “Emtree” on Embase) and free terms on PubMed 
and Embase, and through keywords searching on Cochrane 
Library. Searching strategies used on PubMed and Embase 
was presented in Additional file 2. And the searching on 
Cochrane Library was conducted with the following key-
words: “spinal metastasis; lung cancer; prognostic factor.” 
Additionally, some else reference studies of relative articles 
and reviews were screened and hand-searched for possible 
inclusion. The search limits were English language, studies 
conducted in humans, and full text available.

Selection criteria

We reviewed the references of all retrieved articles to manually 
identify additional relevant articles. All identified articles were 
systematically assessed according to the inclusion and exclu-
sion criteria. The inclusion criteria were defined as prospective 
and retrospective cohort series reporting the survival factors in 
adult patients with spinal metastases. Exclusion criteria were 
defined as concerning no survival factor, mixed report with 
other bone metastases, duplicated reports, no multivariate 
analysis, and other publication types including case report, 
review article, or technical report. Patients who received ver-
tebral augmentation were also excluded. Additional articles 
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were identified from the references of the retrieved articles on 
survival in spinal metastases.

Data extraction

After removing duplicated publications, two reviewers inde-
pendently screened the abstracts and titles. Then, full-paper 
readings were performed to determine the final inclusion. 
Disagreements were resolved by consensus reached via dis-
cussion. The following data items of the included studies were 
considered: study design (author, year, prospective or retro-
spective), study population (diagnosis, patient number, age), 
cancer histology, surgical details (intraoperative time and intra-
operative blood loss), use of adjuvant therapy (chemotherapy, 
radiotherapy, and targeted therapy), type of surgery, survival 
period, neurologic parameters and so on. A third reviewer par-
ticipated in the discussion to resolve discrepancies between the 
first two reviewers.

Methodological quality and risk of bias

The Newcastle–Ottawa scale (NOS) was adopted to assess the 
methodological quality of the included articles, which con-
tained three quality item categories, i.e., group selection, group 
comparability, and outcome of interest ascertainment. Higher 
NOS scores indicate better quality. The risks of bias in the 
included studies were assessed using the Cochrane handbook 
for systematic reviews based on six different domains, which 
were graded as “low” or “high” risk of bias, or “unclear” [20, 
21].

Statistical analysis

All meta-analyses were performed in Review Manager 5.5. 
As the prognostic effects of the factors were represented with 
hazard ratio (HR) and 95% confidence interval (95% CI) in the 
primary studies, the meta-analysis was performed with HR as 
the effect size. The I2 statistic was adopted to assess the het-
erogeneity of all included studies. If I2 ≤ 50%, the assumption 
of homogeneity was accepted, and a fixed-effects model was 
used. Otherwise, low homogeneity was assumed, and a ran-
dom-effects model was adopted. Pooled estimates and effect 
sizes were represented with forest plots. Prognostic factors of 
survival were also analyzed with univariate and multivariate 
cox regression analysis. P-values less than 0.05 were consid-
ered statistically significant.

Result

Study selection

The search yielded 58 relevant studies, from which 22 
duplicate records were excluded. A total of 36 articles 
were reviewed, 18 of which were rejected for not including 
any survival analysis, and 4 were excluded as the reported 
patients received vertebral augmentation. Thus, 14 studies 
published between 2009 and 2021 based on 813 patients 
were included according to the inclusion and exclusion 
criteria [22–35]. Figure 1 shows the searching and select-
ing procedures.

Patient characteristics

The specific characteristics of each included study are 
listed in Table  1. In terms of study design, 13 of the 
included studies were retrospective, and the remaining 
one was prospective. In addition, the primary site of spi-
nal metastasis was mixed in two of the included articles, 
and the available data of the patients with primary lung 
cancer were extracted. Lung cancer histology was reported 
in 12 articles, 6 of which only focused on patients with 
non-small cell lung cancer (NSCLC), while the other half 
included both NSCLC patients and small cell lung cancer 
(SCLC) patients. Patient age and gender distributions were 
provided in 13 articles. The study population was largely 
elderly males in all included studies.

Table 2 presents the treatment details of the included 
studies. Adjuvant therapies of surgical intervention, 
including chemotherapy, radiotherapy, targeted therapy, 
and bisphosphonate therapy, were reported in 13 of the 
included studies. Specifically, 290 (48.5%) of 598 patients 
reported in 11 included studies received chemotherapy 
[22–25, 28–34]; 367 (64.2%) of 572 patients reported in 
10 included studies underwent radiotherapy [22, 24, 27, 
29–35]; 137 patients (38.9%) reported in 5 studies received 
targeted therapy [23, 27, 28, 30, 31]; and 79 patients 
(60.3%) reported in 2 studies received bisphosphonate 
therapy [27, 31]. As for surgical technique, the relevant 
data of specific surgery and corresponding patients’ num-
ber were provided in 12 studies [23–34], involving 740 
patients. Among them, a total of 413 patients (55.8%) 
received decompression with or without fusion, which 
is the most common surgery type in all included studies, 
followed by corpectomy (16,121.8%) and spondylectomy 
(12,917.4%). Almost all of the decompression surgery 
used posterior approach (99.8%), which was also mostly 
used in the corpectomy (66.5%). The significant surgical 
complications mentioned in 12 included articles are listed 
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in Table 3 [22–29, 31–34], with wound infections reported 
in 6 articles and dehiscence reported in 7 articles being the 
most common. One-month postoperative mortalities were 
reported in 6 articles as 3.8–19.7%. Notably, one study 
reported a significantly higher one-month postoperative 
mortality (19.7%) than others (3.8–5.5%) [33].

Study quality and risk of bias

NOS was adopted to assess the methodological quality of 
identified articles. The studies with the score of 7 was con-
sidered good quality. According to this method, the NOS 

scale evidenced an overall high quality of the included stud-
ies. There are 7 included studies with a NOS score of 7, 6 
studies with a NOS score of 8, one study with a NOS score 
of 9. All included studies were assessed at high risk of per-
formance bias consequently.

Evaluation of surgery outcome

The surgical intervention outcomes reported by the included 
studies involved pain relief and neurological function 
improvements. As detailed in Tables 4, 5 studies evaluated 

Fig. 1  Study flow chart
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Table 1  Characteristics of patients included in the review

R retrospective, P prospective, NSLC non-small cell lung cancer, SLC small cell lung cancer

No Author Year Design Country Period Histology Sex, (M/F) Age NOS

1 Chaichana KL 2009 R USA 1996–2006 NSLC: 85%; SLC: 15% 17/10 Mean ± SD: 62.0 ± 11.0 8
2 Lei M 2016 R China 2005–2015 NSLC: 100% 48/25 Median: 57 7
3 Chen YJ 2015 R China 2000–2010 NSLC: 100% 34/16 Median (range): 62 (20–87) 7
4 Park SJ 2016 P Korea 2010–2014 NSLC: 100% 27/23 Mean ± SD: 58.0 ± 11.3 8
5 Zairi F 2016 R France 2005–2011 NSLC: 84.9%; SLC: 15.1% 45/8 Median (range): 59 (36–78) 9
6 Tang Y 2015 R China 2002–2013 NSLC: 100% 75/41 Median (range): 55.0 (26–79) 7
7 Lin HH 2019 R China 2001–2011 NSLC: 100% 39/26 Mean ± SD: 60.7 ± 11.3 8
8 Jung JM 2021 R Korea 2004–2019 NSLC: 100% 39/19 Mean ± SD: 62.0 ± 9.6 7
9 Chen Q 2021 R China 2009–2021 NSLC: 94%; SLC: 6% 60/23 Median (range): 60 (42–81) 7
10 Zhang C 2020 R China 2009–2015 NA 9/6 Median (range): 50 (40–68) 7
11 Fukuhara A 2010 R Japan 1999–2007 NSLC: 76.9%; SLC: 23.1% 9/5 Median (range): 63 (54–78) 8
12 Hessler C 2011 R German 1999–2004 NSLC: 71.4%; SLC: 28.6% 49/27 Median (range): 62 (37–89) 8
13 Truong VT 2021 R France 2008–2018 NSLC: 92%; SLC: 8% 45/42 Mean ± SD: 61.3 ± 1.9 7
14 Tancioni F 2012 R Italy 2004–2007 NA NA NA 8

Table 2  Surgical technique and adjuvant therapy

Surgical techniques and adjuvant therapies in all included studies were summarized in this table
P prospective, A anterior, P posterior

Author Number Chemo-
therapy 
(%)

Radio-
therapy 
(%)

Targeted 
therapy 
(%)

Bispho-
sphonate 
(%)

Surgical

Chaichana KL 27 19 19 – – A (25.9%), P (33.3%), A-P (40.7%); fusion (81.5%); gross total resec-
tion (29.6%)

Lei M 73 39.7 – 35.6 – P decompression + fusion (100%)
Chen YJ 50 100 100 – – A corpectomy + reconstruction + P fusion (6%), A decompres-

sion + fusion (4%), P decompression + fusion (90%)
Park SJ 50 48 – – – P laminectomy + fusion (32%), P corpectomy + fusion (54%), A cor-

pectomy + fusion (14%)
Zairi F 53 – – – – Decompression (47.2%), decompression + stabilization (52.8%)
Tang Y 116 – 62.9 28.4 59.5 P En-bloc spondylectomy (14.7%), subtotal spondylectomy P (59.5%), 

A (25.9%)
Lin HH 65 46.2 – 53.8 – P (100%) fusion with or without decompression
Jung JM 58 55.2 25.9 – – P laminectomy (36.2%), A corpectomy (41.4%), A-P spondylectomy 

(22.4%)
Chen Q 83 59 50.6 43.4 – P En-bloc or intralesional excision (32.5%),

P decompressive laminectomy (67.5%)
Zhang C 15 53.3 93.3 46.7 66.7 P decompression + radiofrequency ablation (100%)
Fukuhara A 14 92.9 92.9 – – P decompression + fusion (85.7%)

A decompression + fusion (14.3%)
Hessler C 76 22.4 65.8 – – P decompression + fusion (54%),

P spondylodesis (13.2%), corpectomy + fusion
A (22.4%), P (10.5%)

Truong VT 87 37.9 67.8 – – P laminectomy + fusion (13.8%), P corpectomy + fusion (82.8%), A 
corpectomy + fusion (3.4%)

Tancioni F 46 – 100 – – Minimal resection with or without instrumentation, subtotal tumorec-
tomy, spondylectomy and vertebrectomy
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the patients’ preoperative and postoperative pain status 
[27–31]. The preoperative VAS scores of the included 
patients were calculated as 7.2 ± 1.8, which fell to 2.8 ± 1.6 
after surgical intervention. Regarding the other surgical 
outcome, 11 studies evaluated the neurological function 
improvements achieved by surgeries [22–28, 30–32, 34] 
using the Frankel scale (8 studies) [23, 24, 26–28, 30–32], 
the ASIA score (1 study) [34], the Nurick grade (1 study) 
[25], and the criterion whether each patient could walk inde-
pendently or not. The specific numbers of preoperatively 

and postoperatively ambulatory patients were reported in 
10 studies, where 146 of 550 patients regained ambulation 
[22–28, 31, 32, 34]. Changes in patients’ preoperative and 
postoperative Frankel scale grades specified in 4 studies are 
summarized in Table 5 [26, 28, 31, 32].

Evaluation of survival outcome

The median survival was between 3.6 and 33.6 months in 
all identified studies. The 6, 12, and 24 months survival 

Table 3  Surgical complications

The major surgical complications mentioned in included studies were summarized in this table
CSF cerebrospinal fluid

Author Wound 
infection

Wound 
dehiscence

CSF leak Neurological 
deterioration

Epidural 
haematoma

Mortality (< 30 days)

Chaichana KL – 1 3 – – –
Lei M – – – 3 – 4 (5.5%)
Chen YJ 3 1 2 1 – 3 (6%)
Park SJ 1 1 – 1 – –
Zairi F – – – – 3 2 (3.8%)
Tang Y – – – – – 6 (5.2%)
Lin HH 5 1 – – – –
Jung JM – 1 – – – –
Chen Q – – – – – –
Zhang C 1 – – – – –
Fukuhara A 1 – – – – –
Hessler C – 6 – 7 – 15 (19.7%)
Truong VT 2 1 – – 1 4 (4.6%)
Tancioni F – – – – – –

Table 4  Evaluation of surgery 
outcome

The surgical outcomes included the median VAS scale, the number of patients who regained ambulation 
after surgery, the number of ambulatory postoperatively and the median survival
Pre preoperative, Pos postoperative, n number, m month

Author Pre-VAS Pos-VAS Regained ambula-
tion (n)

Pos-ambula-
tory (n)

Median 
Survival 
(m)

Chaichana KL – – 4 24 4.3
Lei M – – 17 50 6
Chen YJ – – 22 32 7.5
Park SJ – – 23 34 5.2
Zairi F – – 10 36 2.75
Tang Y 7.76 ± 1.06 1.97 ± 1.04 45 – 15
Lin HH 6.8 ± 0.5 3.8 ± 1.3 10 59 11
Jung JM 8.7 ± 1.1 4.3 ± 1.3 – – 33.6
Chen Q 5.6 ± 2.4 2.1 ± 1.3 – – 12
Zhang C 7.86 ± 0.86 3.51 ± 1.32 6 15 11
Fukuhara A – – 5 10 5
Hessler C – – – – 3.6
Truong VT – – 4 83 4.1
Tancioni F – – – – 9
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rates range from 18 to 58%, 18 to 22.4%, and 0 to 58.5%, 
respectively, as listed in Table 6. Jung JM [29] reported 
the longest median survival among all the included stud-
ies (33.6 months) in patients who received laminectomy, 
corpectomy, and spondylectomy. Prognostic factors for 
overall survival time identified by 9 studies are summarized 
in Table 7 [23–27, 29, 30, 34, 35]. Multivariate analysis 
revealed preoperative ambulatory status, chemotherapy, 
radiotherapy, targeted therapy, the number of involved ver-
tebrae, visceral metastases, time developing, neurologic 
deficits, preoperative performance status, postoperative 
performance status, postoperative ambulatory status, age, 
extraspinal bone metastasis foci, and tobacco use as vari-
ables associated with survival.

Results of quantitative meta‑analysis

According to Table 8, the prognostic effects of the factors 
are represented with HR and 95% CI in 7 studies. The pooled 
HR of preoperative ambulatory status (HR = 2.05, 95% CI 
1.28–3.28, p = 0.003; Fig. 2) and the number of involved 
vertebrae (HR = 2.27, 95% CI 1.62–3.18, p < 0.001; Fig. 3) 
demonstrated statistical significance, while no significant 
prognostic effect on overall survival was found for tar-
geted therapy (HR = 1.07, 95% CI 0.19–5.85, p = 0.939; 

Fig. 4), visceral metastases (HR = 1.68, 95% CI 0.71–3.97, 
p = 0.238; Fig.  5), chemotherapy (HR = 0.88, 95% CI 
0.20–3.86, p = 0.863; Fig. 6), radiotherapy (HR = 1.24, 95% 
CI 0.26–5.77, p = 0.788; Fig. 7) or postoperative ambulatory 
status (HR = 0.36, 95% CI 0.02–6.27, p = 0.487; Fig. 8).

Discussion

Unsatisfactory outcomes are expected in patients with spinal 
metastases secondary to lung cancer compared with other 
primary cancers like breast cancer and prostate cancer. In 
the landmark study of Patchell [36], surgery with adju-
vant radiotherapy achieved superior neurological function 
improvements compared with radiotherapy alone. Neverthe-
less, Rades [37] concluded the otherwise, i.e., no signifi-
cant clinical outcome difference between patients receiving 
radiotherapy alone and those receiving surgery and radio-
therapy. At present, no consensus has been reached on the 
most appropriate treatment for patients with spinal metasta-
sis from lung cancer. Morgen [2] found a statistically signifi-
cant improvement in the one-year survival rates of patients 
with spinal metastasis from lung cancer. Another study drew 
a conclusion that actual survival times were longer than that 
predicted by Tokuhashis score [33]. The above findings 
demonstrated that the current survival time predictions of 
metastatic spinal diseases might not be accurate enough for 
patients with lung cancer, which might influence surgical 
decisions. Thus, the current study was designed to provide 
a more precise summary of surgical outcomes from existing 
research and identify the independent prognosis for spinal 
metastasis from lung cancer. Among them, in Wu [38] and 
da Silva GT’s [39] study, there was no qualification in the 
choice of treatment. However, the current study was specific 
to the surgical intervention and our results were applicable to 
patients’ undergoing surgery. In Hsieh MK’s review, eleven 
studies were included and a significant correlation with sur-
vival was found in the numbers of extraspinal bone metas-
tases [40]. Compared with this study, we updated systematic 
review of qualitative evaluation and added meta-analysis of 

Table 5  Evaluation of Frankel 
grade

The postoperative Frankel grade and the preoperative Frankel grade of 4 studies [26, 28, 31, 32] were sum-
marized in this table

Preoperative Postoperative Total

A B C D E

A 1 1 2 1 0 5
B 0 7 3 6 0 16
C 0 1 8 26 5 40
D 1 0 1 13 23 38
E 0 2 0 0 46 48
Total 2 11 14 46 74 147

Table 6  Evaluation of survival analysis

The median survival and survival rate in 6, 12 and 24 months were 
summarized in this table

Author Median 
Survival 
(m)

6-month 
survival 
(%)

12-month 
survival (%)

24-month 
survival 
(%)

Chaichana KL 4.3 18 18 0
Lei M 6 49 22 –
Chen YJ 7.5 58 – –
Park SJ 5.2 49.4 22.4 –
Tang Y 15 – – 58.5
Zhang C 11 – – 53.3
Fukuhara A 5 35.7 – –



235European Spine Journal (2023) 32:228–243 

1 3

pooled HR and 95% CI to identify the independent prognosis 
more accurately.

The significant effects of surgical intervention in pain 
relief and neurological function improvement were proven 
beyond doubt. In 5 identified articles, the VAS scores 
decreased from 7.2 ± 1.8 to 2.8 ± 1.6 after surgical inter-
vention. In 10 included studies, 145 patients regained 
ambulation, accounting for 63.3% of the total preoperative 
non-ambulatory patients. Tang et al. reported the most sig-
nificant pain relief and the highest ambulation recovery ratio 
(91.8%), where 17 patients received total en bloc spondylec-
tomy while the remaining patients underwent multiple pal-
liative surgeries. Further, the reported patients were treated 
postoperatively with chemotherapy, target therapy, radiation 
therapy, and bisphosphonate treatment. After all, diversi-
fied therapy strategies would bring more opportunities to 
more patients [41]. In this regard, we found that radiotherapy 
was the most common adjuvant therapy for surgery, which 
was reported in 10 studies involving 367 patients. Rades D 
[42] found that neurological function improvement occurred 
more often in patients receiving direct decompressive sur-
gery plus stabilization of involved vertebrae with radiother-
apy than those receiving radiotherapy alone. Historically, 
the majority of surgically treated spinal metastases were 
managed via decompressive posterior laminectomy-a find-
ing corroborated by this study. We found that decompressive 
laminectomy is the most common surgery (55.8%) in 12 
included studies and instrumented fusion was used in most 
cases. Decompressive laminectomy without instrumenta-
tion has many disadvantages including a failure to resolve 
anterior compression and the introduction or exacerbation 
of spinal instability. In a review of literature, Moline [43] 
identified seven studies of patients with metastatic spinal 
cord compression undergoing laminectomy with or without 
posterior stabilization. These seven studies comprising 853 
patients reported a 48% improvement in the rate of neu-
rologic improvement based on Frankel or ASIA scale. A 
stand-alone laminectomy is generally considered only with 
metastatic involvement of the epidural space and lamina 
but is limited because it does not allow for decompression 
of ventral metastatic epidural spinal cord compression. In 
an epidemiologic study using national administrative data 
from the MarketScan database, corpectomy was identified 
as the second most common surgery type after laminectomy, 
which similar to our findings. [44] The transpedicular cor-
pectomy could ventrally decompress the spinal cord and 
increase the space between the lesion and the spinal cord 
for safer delivery of stereotactic radiosurgery, which is a sig-
nificant advantage because the majority of spinal metastases 
occur ventrally in the vertebral body [45]. Today, surgical 
approaches are mostly chosen by their practicality in relation 
to the region of the affected spine and the goals of surgery. 
For example, metastatic spine lesions occurring ventrally in Ta

bl
e 

7 
 P

ro
gn

os
tic

 fa
ct

or
s o

f s
ur

vi
va

l i
n 

th
e 

un
iv

ar
ia

te
 a

nd
 m

ul
tiv

ar
ia

te
 a

na
ly

si
s

EC
O

G
 E

as
te

rn
 C

oo
pe

ra
tiv

e 
O

nc
ol

og
y 

G
ro

up
, P

S 
pe

rfo
rm

an
ce

 st
at

us
, A

SI
A 

A
m

er
ic

an
 S

pi
na

l I
nj

ur
y 

A
ss

oc
ia

tio
n

A
ut

ho
r

U
ni

va
ria

te
 a

na
ly

si
s

M
ul

tiv
ar

ia
te

 a
na

ly
si

s

Le
i M

Pr
eo

pe
ra

tiv
e 

am
bu

la
to

ry
 st

at
us

, t
ar

ge
te

d 
th

er
ap

y,
 p

re
op

er
at

iv
e 

EC
O

G
 P

S,
 n

um
be

r o
f 

in
vo

lv
ed

 v
er

te
br

ae
, v

is
ce

ra
l m

et
as

ta
se

s, 
tim

e 
de

ve
lo

pi
ng

 n
eu

ro
lo

gi
c 

de
fic

its
Pr

eo
pe

ra
tiv

e 
am

bu
la

to
ry

 st
at

us
, t

ar
ge

te
d 

th
er

ap
y,

 n
um

be
r o

f i
nv

ol
ve

d 
ve

rte
br

ae
, v

is
ce

ra
l 

m
et

as
ta

si
s, 

tim
e 

de
ve

lo
pi

ng
 n

eu
ro

lo
gi

cr
 d

efi
ci

ts
C

he
n 

Y
J

H
ist

ol
og

y 
of

 p
rim

ar
y 

tu
m

or
, p

re
op

er
at

iv
e 

K
ar

no
fs

ky
 P

S,
 p

os
to

pe
ra

tiv
e 

Fr
an

ke
l g

ra
de

Pr
eo

pe
ra

tiv
e 

K
ar

no
fs

ky
 P

S
Pa

rk
 S

J
Ti

m
e 

de
ve

lo
pi

ng
 n

eu
ro

lo
gi

c 
de

fic
its

, r
es

po
ns

iv
en

es
s t

o 
pr

eo
pe

ra
tiv

e 
ch

em
ot

he
ra

py
, 

po
sto

pe
ra

tiv
e 

ch
em

ot
he

ra
py

, p
os

to
pe

ra
tiv

e 
EC

O
G

 P
S,

 p
os

to
pe

ra
tiv

e 
am

bu
la

to
ry

 st
at

us
Ti

m
e 

de
ve

lo
pi

ng
 n

eu
ro

lo
gi

c 
de

fic
its

, p
os

to
pe

ra
tiv

e 
ch

em
ot

he
ra

py
, p

os
to

pe
ra

tiv
e 

EC
O

G
 

PS
Za

iri
 F

Pr
eo

pe
ra

tiv
e 

K
ar

no
fs

ky
 P

S,
 p

re
op

er
at

iv
e 

Fr
an

ke
l g

ra
de

, t
he

 d
el

ay
 b

et
w

ee
n 

th
e 

ca
nc

er
 

di
ag

no
si

s a
nd

 th
e 

oc
cu

rr
en

ce
 o

f s
pi

ne
 m

et
as

ta
se

s
–

Ta
ng

 Y
B

is
ph

os
ph

on
at

e 
tre

at
m

en
t, 

ra
di

ot
he

ra
py

, t
ar

gt
ed

 th
er

ap
y,

 p
os

to
pe

ra
tiv

e 
Fr

an
ke

l g
ra

de
R

ad
io

th
er

ap
y,

 ta
rg

te
d 

th
er

ap
y,

 p
os

to
pe

ra
tiv

e 
Fr

an
ke

l g
ra

de
C

he
n 

Q
A

ge
, e

xt
ra

sp
in

al
 b

on
e 

m
et

as
ta

si
s f

oc
i, 

vi
sc

er
al

 m
et

as
ta

si
s, 

pr
eo

pe
ra

tiv
e 

Fr
an

ke
l g

ra
de

, 
ta

rg
et

ed
 th

er
ap

y,
 ra

di
ot

he
ra

py
A

ge
, e

xt
ra

sp
in

al
 b

on
e 

m
et

as
ta

si
s f

oc
i, 

vi
sc

er
al

 m
et

as
ta

si
s, 

pr
eo

pe
ra

tiv
e 

Fr
an

ke
l g

ra
de

, 
ch

em
ot

he
ra

py
, t

ar
ge

te
d 

th
er

ap
y

Tr
uo

ng
 V

T
To

ba
cc

o 
us

e,
 p

re
op

er
at

iv
e 

an
d 

po
sto

pe
ra

tiv
e 

A
SI

A
 sc

or
e,

 p
os

to
pe

ra
tiv

e 
am

bu
la

to
ry

 
st

at
us

, p
os

to
pe

ra
tiv

e 
ra

di
ot

he
ra

py
, a

nd
 p

os
to

pe
ra

tiv
e 

ch
em

ot
he

ra
py

To
ba

cc
o 

us
e,

 p
os

to
pe

ra
tiv

e 
am

bu
la

to
ry

 st
at

us
, p

os
to

pe
ra

tiv
e 

ra
di

ot
he

ra
py

, a
nd

 p
os

to
pe

ra
-

tiv
e 

ch
em

ot
he

ra
py

Ta
nc

io
ni

 F
C

on
tro

l o
f t

he
 p

rim
ar

y 
tu

m
or

, t
he

 d
el

ay
 b

et
w

ee
n 

th
e 

ca
nc

er
 d

ia
gn

os
is

 a
nd

 th
e 

oc
cu

r-
re

nc
e 

of
 sp

in
e 

m
et

as
ta

se
s, 

vi
sc

er
al

 m
et

as
ta

se
s, 

nu
m

be
r o

f i
nv

ol
ve

d 
ve

rte
br

ae
, e

xt
ra

sp
i-

na
l b

on
e 

m
et

as
ta

si
s f

oc
i

–

Ju
ng

 JM
C

ha
rls

on
 c

om
or

bi
di

ty
 in

de
x,

 n
um

be
r o

f i
nv

ol
ve

d 
ve

rte
br

ae
–



236 European Spine Journal (2023) 32:228–243

1 3

the subaxial cervical spine are best approached anteriorly. 
Regrettably, we failed to analyze the outcomes of specific 
surgery type and make further comparisons because the 
relevant data wasn’t described separately in most included 
articles.

In this study, the median survival varied between 3.6 and 
33.6 months. Considering the differences in the involved sur-
gical procedures and adjuvant therapies, the wide variation 
in survival time was not surprising. Additionally, 2 included 
articles reported patients with spinal metastases originating 
from multiple primary tumor sites, in which the patients 
with primary lung cancer had lower survival rates than those 
with other primary tumors [22, 35]. Considering the small 

sample sizes and different factors included in each study, the 
two identified prognostic factors were inconsistent. To sum-
marize the evidence for the prognostic value of these factors, 
we re-analyzed the prognostic effects by quantitative meta-
analysis and identified two statistically significant factors: 
preoperative ambulatory status and the number of involved 
vertebrae. In several classical prognostic scoring systems 
like the modified Tokuhashi score and the Tomita score, the 
number of involved vertebrae was considered an important 
prognostic factor [17, 46]. Multiple involved vertebrae usu-
ally reflect a more advanced stage of the disease and sig-
nificantly reduced patient survival times. In addition, more 
involved vertebrae implied increased vertebra segments for 

Table 8  The prognostic effects of identified factors (HR, 95% CI)

The hazard ratio (HR) and 95% confidence interval (95% CI) were reported by 7 primary studies
HR hazard ratio, 95% CI confidence interval

Variable Lei M Chen Q Park SJ Tang Y Truong VT Chen YJ Jung JM

Preoperative 
ambulatory 
status

1.93, 1.12–3.34 2.437, 1.081–
6.839

– – – – 2.36, 1.32–4.22

Targeted therapy 2.13, 1.19–3.82 0.264, 0.256–
0.291

– 2.31, 1.20–4.44 – –

Number of 
involved verte-
brae

– – – – – – 2.22, 1.85–4.23

Visceral metas-
tases

2.33, 1.31–4.14 0.932, 0.271–
2.541

– – – – –

Chemotherapy – 0.48, 0.265–0.734 6.58, 2.44–17.75 – 0.26, 0.15–0.47 – –
Radiotherapy – – – 2.70, 1.69–4.32 0.56, 0.33–0.95 – –
Postoperative 

ambulatory 
status

– – – 3.89, 2.14–7.06 0.10, 0.02–0.43 0.10, 0.02–0.51 –

Fig. 2  The forest plot for 
preoperative ambulatory status 
(ambulatory vs. non-ambula-
tory)



237European Spine Journal (2023) 32:228–243 

1 3

operation, which may bring greater intraoperative and post-
operative complications risks.

In this study, preoperative ambulatory status was identi-
fied as a prognostic factor, which has been controversial. 

Classical prognostic scoring systems such as Bauer, Van 
der Linden, and Tomita did not include the neurological 
function as a prognostic factor [47, 48]. Chen [24] found no 
significant association between survival and preoperative or 

Fig. 3  The forest plot for num-
ber of involved vertebrae (1–2 
vs. ≥ 3)

Fig. 4  The forest plot for targeted therapy (with vs. without)
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Fig. 5  The forest plot for visceral metastases (without vs. with)

Fig. 6  The forest plot for chemotherapy (with vs. without)
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postoperative ambulatory status. They argued that neuro-
logic deficit could not reflect the disease severity that might 
affect the anatomical location or size of spinal metastasis. 
Neurologic deficits were attributed to the spinal cord com-
pression instead of the number of involved vertebrae. Thus, 
patients with neurologic deficits could achieve long survival 
through appropriate treatment like decompression surgery. 
However, some held contrary opinions that neurologic func-
tion was still a factor related to survival. Lei [23] presented 
a novel scoring system for predicting the survival of patients 
after decompression surgery, which included the preopera-
tive ambulatory status. In 2015, NESMS was developed 
based on the modified Bauer score, preoperative ambula-
tory status, and albumin level[12]. The team performed 
multiple follow-up studies including prospective studies 
and validated the superior prognostic utility of NESMS for 
either short-term or long-term patients survival [5, 18, 49]. 
This might be explained by the fact that poorer neurologic 
function affected patients’ daily activities and quality of life 
and may lead to long-term bedridden complications, thereby 
negatively influenced survival [50]. Based on the meta-anal-
ysis, no statistical significance was found in postoperative 
ambulatory status, which was reported as a prognostic fac-
tor in previous studies. Indeed, the result of this study was 
also supported by other studies. Admittedly, postoperative 

neurologic functions are tightly associated with preoperative 
neurologic functions and affect post-surgery patient status 
more directly. However, preoperative neurologic functions 
reflect the development and progression of cancers to a 
greater extent than postoperative neurologic functions. In 
addition to its prognostic values, preoperative ambulatory 
status could also serve as a basis for deciding whether to 
operate.

Although, histological type is an important prognostic 
factor for lung cancer, its prognostic role for spinal metas-
tasis is s still unclear. According to Armstrong’s [51] sys-
tematic review of interventions and outcomes in lung can-
cer metastases to the spine comprising 1925 patients, there 
was no statistically significant survival difference between 
different types of primary lung cancer. Additionally, in 7 
studies included in our review involving prognostic factor, 
histological type of primary lung cancer wasn’t identified 
as a significant prognostic factor in any of them. How-
ever, other authors have reached different conclusions [52, 
53]. Although 6 included studies focused on patients with 
NSCLC, we failed to make further comparisons between 
them with other studies involving different histological type 
of lung cancer due to the heterogeneity of outcomes assess-
ment tools. This question remains to be addressed in future 
studies by more high-quality clinical studies.

Fig. 7  The forest plot for radiotherapy (with vs. without)
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Nowadays, the management of spinal metastases should 
remain a multidisciplinary collaboration. The most conten-
tious issue discussed by scholars was the selection of the 
most appropriate treatment. As mentioned earlier, Rades 
D [37] believe that radiotherapy could achieve a satisfac-
tory curative effect, not inferior to surgery. Rades [54] also 
reported that long-course radiotherapy achieved a better 
one-year local control of spinal metastasis than short-course 
radiotherapy, which further proved the therapeutic value of 
radiotherapy. Nevertheless, a systematic review involving 
33 studies revealed that paraplegic patients had a fourfold 
greater functional ambulation recovery rate through surgical 
intervention than radiotherapy alone, concluding that sur-
gery could provide a valuable advantage over radiotherapy 
in ambulatory function restoration and pain reduction [55]. 
Although laminectomy was not included, this review still 
demonstrated the superior efficacy of improved surgical 
techniques in ambulatory function recovery and pain reduc-
tion. In summary, it did not provide a solid basis to judge 
which treatment was more effective. In recent years, modern 
surgical techniques for spine lesions have consistently dem-
onstrated improved results. We believe that patients with 
sufficient expected survival time could benefit from surgery, 
and combining multiple adjuvant therapies is necessary, 
especially with radiotherapy.

As with other studies of this sort, our study is not with-
out limitations. Most of the included studies were retro-
spective, and only one was prospective. Therefore, more 
high-quality, large-sample size prospective studies should 
be conducted to provide the best evidence-based infor-
mation. Most of the included studies focused largely on 
survival and the related prognostic factors, while surgical 
details were not described in several studies. We could 
not perform further pooled analysis based on inadequate 
and dispersal data. Furthermore, due to the limitations 
of primary lesion and treatment, the number of patients 
included was not large enough, and the surgical intentions 
of the included cases were mixed inevitabley, as were the 
adjuvant therapies. As a result, we could not identify the 
detailed clinical outcomes of specific adjuvant therapy or 
surgical procedure. Similarly, the number of included arti-
cles was limited. Only 2 statistically significant prognostic 
factors were identified, and some needed variables were 
missing in the included articles. Although receiving sev-
eral adjuvant therapies had less impact on the prognosis 
than the preoperative ambulatory status or the number of 
involved vertebrae, its treatment value was non-negligible.

Fig. 8  Postoperative ambulatory status (ambulatory vs. non-ambulatory)
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Conclusion

In this study, we provided a comprehensive and targeted 
systematic review of the prognostic factors and outcomes 
of surgical intervention for patients with spinal metastases 
secondary to lung cancer. In 5 identified articles, the VAS 
scores decreased from 7.2 ± 1.8 to 2.8 ± 1.6 after surgical 
intervention. In 10 studies, 145 patients regained ambula-
tion, reaching an ambulation recovery ratio of 63.3%. For 
patients receiving surgery for spinal metastasis from lung 
cancer, preoperative ambulatory status and the number of 
involved vertebrae were significant prognostic factors asso-
ciated with survival during surgical treatments. We believe 
that patients with sufficient expected survival time could 
benefit from surgery, especially with adjuvant therapies.
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