AO

SPINE

Original Article

Global Spine Journal

2021, Vol. 11(4) 549-555

© The Author(s) 2020

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/2192568220919099
journals.sagepub.com/home/gsj

®SAGE

Massive Spondylectomy for Metastatic

Spinal Cord Compression From
Non-Small-Cell Lung Cancer With
Local Failure After Radiotherapy

Wei Xu, MD'®, Minglei Yang, MD', Chenglong Zhao, MD',
Peng Wang, MD', Kan Deng, MD?, Xinghai Yang, MD',
Haifeng Wei, MD', and Jianru Xiao, MD'

Abstract
Study Design.: A retrospective multivariate analysis.

Objective.: To analyze clinical outcomes of surgical treatment and prognostic factors of local failure after stereotactic body
radiation therapy (SBRT) in patients with spinal metastatic non—small-cell lung cancer (NSCLC).

Methods.: This study included patients with metastatic spinal cord compression (MSCC) from spinal NSCLC after radiotherapy
who received massive spondylectomy for circumferential decompression of spinal cord and reconstruction of spinal stability in
our center between May 2006 and February 2017. Neurological function was evaluated using the Frankel score. Overall survival
(OS) was estimated by the Kaplan-Meier method. Factors with Pvalues <.l were subjected to multivariate analysis for OS by
proportional hazard analysis. Values of P<.05 were considered statistically significant.

Results.: The mean age of the 55 included patients (36 male and 19 female) was 57.76 + 8.94 (median 58, range 36-77) years, witha
mean postoperative OS of 14.98 + 14.81 (median 10.0, range |1-84) months. Neurological function was improved in 46 (83.6%) of
the 55 patients after surgery. Prognostic analysis suggested that preoperative frankel score (FS) score, visceral metastasis, D-dimer
(D-D) level, and neutrophil/lymphocyte ratio (NLR) were independent prognostic factors for selected patients.

Conclusions.: Massive spondylectomy could provide circumferential decompression and improve the neurological function
of patients with MSCC from spinal NSCLC after radiotherapy. A preoperative FS score of C/D, no visceral metastasis, D-D
<1000 pg/L, and NLR <5 are predictors of better prognosis.
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Radiotherapy is the most commonly used treatment in
patients with spinal metastatic NSCLC for the sake of pallia-
tion and preservation of neurological function.”'® The inci-
dence of local failure after radiotherapy in patients with

Introduction

Non-small-cell lung cancer (NSCLC) is the leading cause of
cancer-related death worldwide.'* More than 30% of NSCLC
patients progressed to bone metastasis, with the spine predo-
minating.>* Unfortunately, the incidence of bone metastasis in

NSCLC patients tends to increase because of prolonged sur-
vival of the patients receiving target therapy.”” Spinal metas-
tasis is a significant problem in metastatic disease because it is
associated with nonfunctional consequences because of spinal
cord compression, resulting in decreased quality of life.®
Therefore, effective treatment of cancer spinal metastasis is a
critical clinical issue.
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spinal metastasis is about 5.7%.'" Patients with local failure
after radiotherapy are prone to spinal instability and neurolo-
gical disorders. As a result, surgical treatment was recom-
mended for patients with MSCC by spinal NSCLC after local
failure of radiotherapy. Conventionally, separation surgery
combined with postoperative radiotherapy was recommended
for the treatment of patients with MSCC by spinal NSCLC.'?
However, patients with MSCC by spinal NSCLC after radio-
therapy are usually unable to receive further radiotherapy
because of inability to tolerate high doses of radiation. As a
result, the surgical strategy for treatment of MSCC by spinal
NSCLC after radiotherapy becomes a clinical dilemma.

Here, we report a series of patients who received massive
spondylectomy for the treatment of MSCC after local failure of
radiotherapy. Massive spondylectomy is defined as removal of
all posterior elements and most of the vertebral body. The
stability of the posterior column is ensured by reconstruction
with pedicle screws and rods, and the anterior column, by using
a titanium mesh filled with allograft bone. Bone cement is used
to wrap the titanium mesh and enhance the stability of the
anterior column. This study aims to analyze the effect of sur-
gical treatment and prognostic factors of patients who suffered
from MSCC by spinal NSCLC after local failure of radiother-
apy, hoping that it could shed new light on the management of
this challenging disease.

Methods
Study Design and Patients

A retrospective study was performed to investigate the prog-
nostic factors in patients with radiotherapy failure and mobile
spinal metastasis from NSCLC who received surgical treatment
in our center between May 2006 and February 2017. The inclu-
sion criteria were as follows: (1) patients with metastatic
tumors involving the mobile spine, including the cervical, thor-
acic, and lumbar segments; (2) patients receiving radiotherapy
on the metastatic vertebrae before surgery; (3) patients with
local failure in the vertebrae after radiotherapy; (4) patients
with spinal cord compression and neurological function defi-
cits; and (5) patients whose diagnosis of NSCLC was patholo-
gically confirmed by biopsy or surgery. The exclusion criteria
were as follows: (1) patients with radiation myelopathy, (2)
patients with local failure beyond the vertebrae that received
radiotherapy, and (3) patients whose final pathological diagno-
sis was not NSCLC.

Follow-ups

The clinical and pathological data of all patients was collected
from the previously maintained database in our center. The
preoperative and postoperative neurological status of the
patients were classified according to the Frankel score, and
their general conditions were assessed using the Eastern Coop-
erative Oncology Group performance score (ECOG-PS). The
individualized surgical strategies were decided according to

WBB stage, Tokuhashi scores, and Changzheng scores for
spinal metastatic NSCLC.'*!'* Progression-free survival (PFS)
after stereotactic body radiation therapy (SBRT) was defined as
the interval between the date of radiotherapy and the date of
neurological function deterioration. Overall survival (OS) was
defined as the interval between the date of the initial surgery
and the date of death. Each patient was followed up on the
outpatient basis at 3-month intervals until death.

Statistical Analysis

All statistical calculations were performed using PASW Statis-
tics version 18.0. Qualitative data is described as percentages.
Quantitative data is described as means and medians (range).
The postoperative OS rate was estimated using the Kaplan-
Meier method, and differences were analyzed using the log-
rank test. Factors with P values less than .1 were subjected to
multivariate analysis for OS by proportional hazard analysis. ">
P values less than .5 were considered statistically significant.

Ethical Considerations

The research was approved by the ethics committee of Changz-
heng hospital, and written informed consent was obtained from
all patients.

Results

Characteristics of the Patients and Univariate Analysis
of Prognostic Factors

The clinical characteristics of the patients are shown in Table 1.
Altogether, 55 patients (36 male and 19 female) met the selec-
tion criteria. The mean age was 57.76 + 8.94 (median 58,
range 36-77) years. All the patients previously received 7 to
11 cycles of radiotherapy before local failure at a mean dose of
19 to 45 Gy. The mean PFS after radiotherapy was 20.11 +
20.36 (median 17.0, range 0-107) months. A total of 23 patients
suffered from vertebrae compression fracture (VCF); 19
patients suffered from tumor enlargement, and 13 patients suf-
fered from both VCF and tumor enlargement. All the patients
received massive spondylectomy and were followed up to
death. The OS time was 14.98 + 14.81 (median 10.0, range
1-84) months after surgery. No patient was found to have local
recurrence after surgery in the follow-up period.

Of the 55 included patients, 19 with a preoperative Frankel
score of A/B survived 7.63 + 7.20 months, and the other 36
with a preoperative Frankel score of C/D survived 18.86 +
16.33 months. The OS of patients with a Frankel score of A/B
was significantly shorter than that of patients with a Frankel
score of C/D (P = .00). Of the 55 patients, 21 had a preopera-
tive ECOG-PS score of 4, and the other 34 patients had a
preoperative ECOG-PS score of 0 to 3. The OS of patients with
an ECOG-PS score of 4 was 11.76 4+ 18.02 months as com-
pared with 16.97 + 12.30 months in patients with scores of 0 to
3, showing a significant difference between the 2 groups of
patients (P = .07). There were 17 patients with visceral
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Table 1. Patients’ Characteristics and Univariate Analysis of Prognosis Factors.

Univariate Analysis

Factor n Mean (95% Cl) P

Gender, male/female 36/19 14.17 + 15.61 vs 16.53 + 13.41 .50
Age (years), >60/<60 24/31 14.88 + 12.94 vs 15.06 + 16.32 .95
PFS after radiotherapy, <6 months/>6 months 14/41 12.00 4+ 10.46 vs 16.00 + 16.01 34
Local failure, VCF/tumor enlargement/combined 23/19/13 1496 + 2.69 vs 16.2]1 + 2.78 vs 13.69 + 5.93 .64
Preoperative Frankel score, A-B/C-D 19/36 7.63 + 720 vs 18.86 + 16.33 .00%
Preoperative ECOG-FS score, 4/0-3 21/34 11.76 + 18.02 vs 16.97 + 12.30 0.07%
Weight loss, yes/no 28/27 15.89 + 18.06 vs 14.04 + 10.71 .78
Visceral metastasis, yes/no 17/38 9.18 + 7.38 vs 17.58 + 16.55 .0l1?
Spinal metastasis sites, single/double/multiple 15/19/21 17.00 + 11.83 vs I4.11 + 18.95vs 1433 + 1291 71
Bone metastasis extra spine, yes/no 20/35 9.30 + 6.87 vs 1823 + 17.09 ol
Primary NSCLC resection, yes/no 27/28 1744 + 17.54 vs 12,61 + |1.4I 23
Involved segment, cervical/thoracic/lumbar 12/32/11 16.58 +12.75 vs 1444 + 16.72 vs 14.82 1+ 11.60 8l
Pathology, adenocarcinoma/squamous cell carcinoma 42/13 16.10 + 15.59 vs 11.38 + 11.72 .30
Sensitive EGFR mutant, yes/no 28/27 12.39 4+ 12.06 vs 17.67 + 17.02 23
Target therapy history, yes/no 15/40 15.80 + 13.93 vs 14.68 + 15.28 .69
D-dimer (ng/L), >1000/<1000 34/21 10.29 + 856 vs 22.57 + 19.32 .00*
Neutrophil to lymphocyte ratio, >5/<5 24/31 9.04 + 891 vs 19.58 + 16.84 .00*
LDL (mmol/l), >245/<245 20/35 10.15 +887 vs 17.74 + 16.81 .03®
ALB (g/l), >35/<35 40/15 16.63 + 15.78 vs 10.60 + I1.11 .14

Abbreviations: ECOG-PS, Eastern Cooperative Oncology Group performance score; EGFR, epidermal growth factor receptor; ALB, Albumin; LDH, lactate
dehydrogenase; NSCLC, non—small-cell lung cancer; PFS, progression-free survival; VCF, vertebrae compression fracture.

?Factors with P values <.10 were subjected to multivariate analysis.

metastasis, and 20 patients with extraspinal bone metastasis.
The OS of patients with visceral metastasis was 9.18 + 7.38
months, which was significantly shorter than 17.58 + 16.55
months in patients without visceral metastasis (P = .01).
Patients with extra-spinal bone metastasis had a mean OS of
9.30 + 6.87 months, which was significantly shorter than
18.23 + 17.09 months in patients without extraspinal metas-
tasis (P = .01).

Of the 55 patients, 34 patients had a D-dimer (D-D)
value >1000, 24 patients had a neutrophil/lymphocyte ratio
(NLR) >5, and 20 patients had a lactate dehydrogenase (LDH)
value >245 mmol/L. The OS of patients with D-D >1000 was
10.29 + 8.56 months, which was significantly shorter than
22.57 + 19.32 in patients with D-D <1000. The OS of patients
with NLR >5 was 9.04 + 8.91 months, which was significantly
shorter than 19.58 + 16.84 months in patients with NLR <5
(P =.00). The OS of patients with LDH >245 was 10.15 +8.87
months, which was significantly shorter than 17.74 + 16.81
months in patients with LDH <245.

Of the 55 patients, 28 reported weight loss, and the other 27
patients did not; OS was 15.89 + 18.06 and 14.04 + 10.71
months, respectively (P = .78). A total of 15 patients had
metastasis at a single spinal site, 19 patients had 2 spinal meta-
static sites, and 21 patients had multiple metastatic lesions; OS
was 17.00 + 11.83, 14.11 + 18.95, and 14.33 + 12.91
months, respectively (P = .71). In all, 27 patients received
primary NSCLC resection, and the other 28 patients did not;
OS was 17.44 + 17.54 and 12.61 + 11.41 months, respec-
tively (P = .23). Metastasis involved the cervical vertebra in 12
patients, thoracic vertebra in 32 patients, and lumbar vertebra

in 11 patients; OS was 16.58 +12.75, 14.44 + 16.72, and
14.82 + 11.60 months, respectively (P = .81). A total of 42
patients had adenocarcinoma, and 13 patients had squamous
cell carcinoma; OS was 16.10 + 15.59 and 11.38 + 11.72
months, respectively (P = .30).

Multivariate Analysis of Prognostic Factors

Univariate analysis demonstrated that the potential prognostic
factors were preoperative Frankel score, preoperative ECOG-PS
score, visceral metastasis, extraspinal bone metastasis, D-D,
NLR, and LDH. They were submitted to the multivariate Cox
regression model to identify the independent prognosis factors
for patients with local failure after radiotherapy. The risk of
death in patients with preoperative Frankel score of A or B was
significantly increased in patients with C or D (P = .01), with a
hazard ratio (HR) of 3.19 (95% CI = 1.28-7.94) for OS. Patients
with visceral metastasis were significantly associated with
poorer OS than those without visceral metastasis (P = .03), with
a HR of 2.13 (95% CI = 1.09-4.19) for OS. The Kaplan-Meier
curves of OS for preoperative FS score and visceral metastasis
are shown in Figure 1. D-D >1000 significantly increased the OS
as compared with D-D <1000 (P = .03), witha HR 0f 2.12 (95%
CI = 1.08-4.17). The risk of death was significantly elevated in
patients with NLR >5 as compared with that in patients with
NLR <5 (P = .03), witha HR 0f 1.98 (95% CI = 1.08-3.62). The
HR for preoperative ECOG-PS score, extraspinal bone metasta-
sis, and LDH were 0.61 (95% CI = 0.23-1.60), 1.80 (95% CI =
0.89-3.62), and 1.00 (95% CI = 0.52-1.90), respectively, show-
ing no significant difference within each factor (P = .31;
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Figure |. A. Kaplan-Meier curves for overall survival between patients with preoperative FS score A-B and C-D. B. Kaplan-Meier curves for
overall survival between patients with visceral metastasis and without visceral metastasis.
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Figure 2. A. Kaplan-Meier curves for overall survival between patients with D-dimer <1000 pg/L and D-dimer >1000 pg/L. B. Kaplan-Meier
curves for overall survival between patients with neutrophil/lymphocyte ratio (NLR) <5 and NLR >5.

P =.10; and P = 1.00). The Kaplan-Meier curves of OS for D-D
and NLR are shown in Figure 2. Collectively, the survival anal-
ysis suggested that preoperative Frankel score, visceral metas-
tasis, D-D, and NLR were independent prognostic factors for
patients with local failure after radiotherapy in the mobile spine.
Details are shown in Table 2.

Surgical Procedures and Neurological Function
Conversion After Surgery

The posterior approach was applied in patients with thoracic
and lumbar spinal tumors. The combined posterior-anterior

approach was used in patients with cervical spinal tumors. All
the patients received massive spondylectomy. We implanted
pedicle screws at the superior and inferior 2 segments, respec-
tively. The total posterior elements were removed. The verteb-
ral body was resected mostly in order to release the spine cord
adequately. The stability of the anterior column was recon-
structed by a titanium mesh filled with allograft bone. Bone
cement was also used to wrap the titanium mesh and enhance
the stability of the anterior column.

Among the 55 patients, neurological function improved in
46 (83.6%) after surgery. No postoperative deterioration of
neurological function was observed in any of the patients in
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Table 2. Multivariate Analysis of Prognosis Factors.

Multivariate Analysis

Factor HR (95% Cl) P

Preoperative Frankel score, A-B/C-D 3.19 (1.28-7.94) 0l*
Preoperative ECOG-FS score, 4/0-3 0.61 (0.23-1.60) 31

Visceral metastasis, yes/no 2.13 (1.09-4.19) .03*
Bone metastasis extra spine, yes/no 1.80 (0.89-3.62) .10
D-dimer (ug/L), >1000/<1000 2.12 (1.08-4.17) .03°
NLR, >5/<5 1.98 (1.08-3.62) .03*
LDH, >245/<245 1.00 (0.52-1.90) 1.00

?Factors with P values <.05 are considered statistically significant for survival
analysis.

Abbreviations: ECOG-PS, Eastern Cooperative Oncology Group performance
score; HR, hazard ratio; LDH, lactate dehydrogenase; NLR, neutrophil to
lymphocyte ratio.

Table 3. Patients’ Neurological Function Turnover After Surgery.

Postoperative FS Score
Preoperative

FS Score n AGrade B Grade C Grade D Grade E Grade
A grade 12 5 4 2 | 0
B grade 8 0 | 2 4 |
C grade 19 0 0 | 6 12
D grade 16 0 0 0 | 15
Total 55 5 5 5 12 28

our series. Details about neurological function conversion after
surgery are shown in Table 3. Among 12 patients with preo-
perative Frankel score A, neurological function was improved
in 7 (58.3%) patients, including conversion to B in 4 patients, to
C in 2 patients, and to D in 1 patient; among 8 patients with
preoperative Frankel score B, neurological function was
improved in 6 patients (75.0%), including conversion to C in
2 patients, to D in 3 patients, and to E in 1 patient; among 19
patients with preoperative Frankel score C, neurological func-
tion was improved in 6 patients, including conversion to D in 7
patients and to E in 12 patients; and among 16 patients with
preoperative Frankel score D, neurological function was con-
verted to E after surgery in 15 patients (93.8%).

Discussion

NSCLC is the most common type of cancer worldwide and the
leading cause of cancer-related deaths.! About 30% to 40% of
NSCLC patients eventually progressed to bone metastasis,
mainly involving the spine.'®!'” Spinal metastasis is often asso-
ciated to severe local pain, pathological fracture, spinal
instability, neurological function deficits and even paralysis.
Radiotherapy was reported to be a safe and effective treatment
for spinal metastatic NSCLC because it is sensitive to radia-
tion.'®2° However, local failure after radiotherapy remains a
threat to some of these patients, especially in those with mobile
spinal metastatic NSCLC."" To the best of our knowledge, few
studies have reported surgical treatment of local failure after

radiotherapy in patients with spinal metastatic NSCLC. In this
study, we reported the effect of massive spondylectomy and
prognostic factors in such patients.

Surgical treatment has been applied extensively in spinal
metastasis. It was reported”’ that direct decompressive surgery
combined with local radiotherapy could achieve better func-
tional preservation compared with radiotherapy alone. It has
been reported that separation surgery followed by postopera-
tive radiotherapy were recommended for the treatment of
patients with spinal metastasis.'”> However, the patients with
local failure after radiotherapy are usually unable to receive
further radiotherapy because of inability to tolerate high doses
of radiation. As a result, separation surgery may not be a suit-
able strategy for the treatment of patients with local failure
after radiotherapy.

We reported a series of patients who received massive spon-
dylectomy. In this procedure, the spinal cord could be com-
pletely released because an adequate safe distance was
provided by removal of total posterior elements and most of
the vertebral body. In addition, spinal instability as a predomi-
nant risk factor for local failure after radiotherapy®' could be
reconstructed by surgical treatment. This procedure could pro-
vide reliable stability because the posterior and anterior col-
umns were reconstructed simultaneously. In the current study,
neurological function was improved in 83.6% of these patients
after surgery, which is indication that massive spondylectomy
is a viable option for local failure after radiotherapy in patients
with spinal metastatic NSCLC.

The result of survival analysis suggested that a good Frankel
score is an independent predictor of better prognosis. The func-
tion conversion analysis showed that patients with Frankel score
C/D had better neurological function conversion than those with
Frankel score A/B. The results suggested that the OS was pro-
longed in patients with better functional improvement after sur-
gery, probably because good neurological function could
prevent or defer the occurrence of paraplegia-related complica-
tions, such as susceptibility to infections, decubitus ulcers, or
deep-vein thrombosis.*? Also, patients with good neurological
function could receive more effective systemic therapies.
ECOG-PS was significant in univariate analysis but became
insignificant in multivariate analysis, partly because the
ECOG-PS score is mainly based on the bed-ridden duration of
the patient. Therefore, there may be a bias when it is applied to
patients with spinal metastasis and associated neurological func-
tion deficits. Knowing that visceral metastasis is considered an
important factor affecting patient survival, it is included in the
Tokuhashi, Tomita, and Bauer scoring systems as well as in the
Changzheng Scale for spinal metastatic NSCLC. In this study,
multiple spinal metastases were found to have no significant
impact on patient survival, probably because all the included
patients who received radiotherapy were only affected by
single-site nerve compression and instability.

The results of all laboratory tests, including D-D, NLR, LDH,
and Albumin (ALB), were analyzed in the present study. D-D
and NLR were found to be independent prognostic factors for
patients with local failure after SBRT in mobile spinal metastasis
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from NSCLC. D-D is a marker of hypercoagulation. A high D-D
level is thought to be predictive of occurrence of venous throm-
boembolism, a frequent complication in cancer patients, and is
associated with poor prognosis in patients with NSCLC.** For
this reason, anticoagulants should be used in patients with local
failure after SBRT who have high levels of D-D. The NLR is an
important marker of systemic inflammation. Neutrophils, T-,
and B-lymphocytes play a central role in antitumor immune
responses.>* The NLR has proven to be a prognostic factor for
various types of cancer, including breast cancer, pancreatic can-
cer, esophageal cancer, and lung cancer.>*® Some recent stud-
ies also suggested that NLR could predict the survival of patients
with NSCLC who received PD-1 inhibitor therapy.”***

There are some limitations to this study. First, it was a retro-
spective study, although to the best of our knowledge, it is the
first serial study to discuss local after radiotherapy in spinal
metastatic NSCLC. In addition, the sample size is relatively
small, and therefore, more studies are required to confirm the
conclusion and suggestions of the present study.

Our study demonstrated that massive spondylectomy could
improve the neurological function and provide stability in
patients with local failure after radiotherapy in mobile spinal
metastatic NSCLC. A preoperative FS score of C and D, no
visceral metastasis, D-D <1000 pg/L, and NLR <5 are predic-
tors for better prognosis.

Authors’ Note

The following authors contributed equally to this study: Wei Xu and
Minglei Yang. This work was supported by grants from National Key
Research and Development Program of China (2016 YFC0902100),
the National Natural Science Foundation of China (81702 888),
Shanghai Excellent Medical Talents Funding (2018YQ56), and
Shanghai Youth Doctor Assistance Program (Wei Xu).

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Wei Xu, MD (® https://orcid.org/0000-0001-9465-1880

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin. 2018;68:394-424.

2. Chen W, Zheng R, Zeng H, Zhang S, He J. Annual report on status
of cancer in China, 2011. Chin J Cancer Res. 2015;27:2-12.

3. Tang Y, QulJ, WuJ, Li S, Zhou Y, Xiao J. Metastatic spinal cord
compression from non-small-cell lung cancer treated with surgery
and adjuvant therapies: a retrospective analysis of outcomes and

10.

12.

13.

14.

16.

17.

18.

prognostic factors in 116 patients. J Bone Joint Surg Am.2015;97:
1418-1425.

. Hirsch FR, Suda K, Wiens J, Bunn PA Jr. New and emerging

targeted treatments in advanced non-small-cell lung cancer. Lan-
cet. 2016;388:1012-1024.

. Lynch TJ, Bell DW, Sordella R, et al. Activating mutations in the

epidermal growth factor receptor underlying responsiveness of
non-small-cell lung cancer to gefitinib. N Engl J Med. 2004;
350:2129-2139.

. Maemondo M, Inoue A, Kobayashi K, et al. Gefitinib or che-

motherapy for non-small-cell lung cancer with mutated EGFR.
N Engl J Med. 2010;362:2380-2388.

. Rosell R, Carcereny E, Gervais R, et al. Erlotinib versus standard

chemotherapy as first-line treatment for European patients with
advanced EGFR mutation-positive non-small-cell lung cancer
(EURTAC): a multicentre, open-label, randomised phase 3 trial.
Lancet Oncol. 2012;13:239-246.

. Sutcliffe P, Connock M, Shyangdan D, Court R, Kandala NB,

Clarke A. A systematic review of evidence on malignant spinal
metastases: natural history and technologies for identifying
patients at high risk of vertebral fracture and spinal cord compres-
sion. Health Technol Assess. 2013;17:1-274.

. Chow E, Harris K, Fan G, Tsao M, Sze WM. Palliative radio-

therapy trials for bone metastases: a systematic review. J Clin
Oncol. 2007;25:1423-1436.

Chow E, Zeng L, Salvo N, Dennis K, Tsao M, Lutz S. Update on
the systematic review of palliative radiotherapy trials for bone
metastases. Clin Oncol (R Coll Radiol). 2012;24:112-124.

. Jawad MS, Fahim DK, Gerszten PC, et al. Vertebral compression

fractures after stereotactic body radiation therapy: a large, multi-
institutional, multinational evaluation. J Neurosurg Spine. 2016;
24:928-936.

Laufer I, Rubin DG, Lis E, et al. The NOMS framework: approach
to the treatment of spinal metastatic tumors. Oncologist. 2013;18:
744-751.

Boriani S, Weinstein JN, Biagini R. Primary bone tumors of the
spine: terminology and surgical staging. Spine (Phila Pa 1976).
1997;22:1036-1044.

Yang M, Xu W, Liu T, et al. Development and validation of a
novel survival prediction model in patients with spinal metastasis
from non-small cell lung cancer. Spine (Phila Pa 1976). 2019;44:
246-257.

. Xu W, Li X, Huang W, et al. Factors affecting prognosis of

patients with giant cell tumors of the mobile spine: retrospective
analysis of 102 patients in a single center. Ann Surg Oncol. 2013;
20:804-810.

Sciubba DM, Nguyen T, Gokaslan ZL. Solitary vertebral metas-
tasis. Orthop Clin North Am. 2009;40:145-154.

Feiz-Erfan I, Rhines LD, Weinberg JS. The role of surgery in the
management of metastatic spinal tumors. Semin Oncol. 2008;35:
108-117.

Al-Omair A, Smith R, Kiehl TR, et al. Radiation-induced verteb-
ral compression fracture following spine stereotactic radiosur-
gery: clinicopathological correlation. J Neurosurg Spine. 2013;
18:430-435.


https://orcid.org/0000-0001-9465-1880
https://orcid.org/0000-0001-9465-1880
https://orcid.org/0000-0001-9465-1880

Xu et al

555

19.

20.

21.

22.

23.

24.

25.

Gerszten PC, Burton SA, Ozhasoglu C, Welch WC. Radiosurgery
for spinal metastases: clinical experience in 500 cases from a
single institution. Spine (Phila Pa 1976). 2007;32:193-199.
Yamada Y, Bilsky MH, Lovelock DM, et al. High-dose, single-
fraction image-guided intensity-modulated radiotherapy for meta-
static spinal lesions. IntJ Radiat Oncol Biol Phys. 2008;71:484-490.
Lee J, Rhee WJ, Chang JS, Chang SK, Koom WS. Evaluation of
predictive factors of vertebral compression fracture after conven-
tional palliative radiotherapy for spinal metastasis from colorectal
cancer. J Neurosurg Spine. 2018;28:333-340.

Young RF, Post EM, King GA. Treatment of spinal epidural
metastases: randomized prospective comparison of laminectomy
and radiotherapy. J Neurosurg. 1980;53:741-748.

Kaseda K, Asakura K, Kazama A, Ozawa Y. Prognostic sig-
nificance of preoperative plasma D-dimer level in patients
with surgically resected clinical stage I non-small cell lung
cancer: a retrospective cohort study. J Cardiothorac Surg.
2017;12:102.

Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: inte-
grating immunity’s roles in cancer suppression and promotion.
Science. 2011;331:1565-1570.

Azab B, Bhatt VR, Phookan J, et al. Usefulness of the
neutrophil-to-lymphocyte ratio in predicting short- and long-

26.

27.

28.

29.

30.

term mortality in breast cancer patients. Ann Surg Oncol.
2012;19:217-224.

Stotz M, Gerger A, Eisner F, et al. Increased neutrophil-
lymphocyte ratio is a poor prognostic factor in patients with
primary operable and inoperable pancreatic cancer. Br J Cancer.
2013;109:416-421.

Sharaiha RZ, Halazun KJ, Mirza F, et al. Elevated preoperative
neutrophil: lymphocyte ratio as a predictor of postoperative dis-
ease recurrence in esophageal cancer. Ann Surg Oncol. 2011;18:
3362-3369.

Minkov P, Gulubova M, Chilingirov P, Ananiev J. The position of
neutrophils-to-lymphocytes and lymphocytes-to-platelets ratio as
predictive markers of progression and prognosis in patients with
non-small cell lung cancer. Open Access Maced J Med Sci. 2018;
6:1382-1386.

Inomata M, Hirai T, Seto Z, et al. Clinical parameters for predicting
the survival in patients with squamous and non-squamous-cell
NSCLC receiving PD-1 inhibitor therapy [published online Septem-
ber 19, 2018]. Pathol Oncol Res. doi:10.1007/s12253-018-0473-x
Takeda T, Takeuchi M, Saitoh M, Takeda S. Neutrophil-to-
lymphocyte ratio after four weeks of nivolumab administration
as a predictive marker in patients with pretreated non-small-cell
lung cancer. Thorac Cancer. 2018;9:1291-1299.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


