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Abstract
Study design Retrospective cohort study.
Objectives To compare the surgical results between targeted therapy and post-operative chemotherapy for patients with
spinal metastasis of inoperable non-small-cell lung cancer (NSCLC).
Setting Single-center study at an academic orthopedic department in Taiwan.
Methods Sixty-five patients were treated surgically for spinal metastasis of inoperable NSCLC with long posterior
instrumentation with or without posterior decompression according to the patient’s neurologic status. Post-operative
radiotherapy of the spinal lesion and targeted therapy or chemotherapy were done following surgery after the surgical wound
healed. Post-operative clinical outcomes and survival were evaluated and compared between these two groups. The overall
survival represented survival from the date of diagnosis to death.
Results Thirty-five patients were grouped as the targeted therapy group and 30 patients as the chemotherapy group. The
overall median survival times were 12.0 and 10.0 months in the targeted therapy and chemotherapy groups, respectively.
Sixty-two patients were able to walk with or without an aid postoperatively. There was no significant difference observed
between these two groups in terms of pain relief, neurologic improvement, ambulatory improvement, and survival.
Conclusions Surgical stabilization with or without laminectomy improved functional outcomes in patients with inoperable
non-small-cell lung cancer, and post-operative functional outcomes were similar between chemotherapy and targeted therapy
groups. A longer survival was observed with targeted therapy for the patients whose NSCLC was diagnosed before spinal
metastasis, however, the longer survival was not statistically significant.

Introduction

Metastatic spinal lesions can cause significant back pain
and neurological morbidity and negatively impact quality
of life [1] and survival. The role of surgery in the man-
agement of metastatic spinal cord compression is
expanding [2]. Surgical treatment has been recommended
for spinal metastasis associated with pain in non-
compressive spinal lesions, multi-focal spinal disease,
spinal metastatic disease with poor systemic control, and
metastatic disease with impending mechanical instability
[3], and has been reported associated with improved
neurologic deficits and quality of life [4]. Moreover, the
survivorship of spinal metastasis may be influenced by a
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newly developed chemotherapy, which targets specific
gene mutations [5].

Non-small-cell lung cancer (NSCLC) cases comprise
~85% of lung cancer cases, and the spinal column has been
reported as the most common site of extrapulmonary
metastasis [6]. Patients with advanced and chemotherapy-
refractory NSCLC have been treated with gefitinib or
erlotinib, both epidermal growth factor receptor-tyrosine
kinase inhibitors (EGFR-TKI). Additionally, EGFR-TKI
has been used with proven clinical efficacy for medical
treatment of NSCLC since 2004 [7]. There were, however,
few reports on the results of surgery for the spinal metas-
tasis of inoperable NSCLS. Furthermore, comparisons
between the efficacy of the new targeted therapies and tra-
ditional platinum-based chemotherapy as the post-operative
adjuvant therapy for spinal metastasis were sparse. There-
fore, we conducted a retrospective study to evaluate and
compare the surgical results of inoperable NSCLC patients
with spinal metastasis between targeted therapy and tradi-
tional platinum-based chemotherapy in terms of pain relief,
improvement of neurologic deficits, improvement of
ambulatory ability and survival. Survival for the patients
with inoperable NSCLC who were diagnosed before
experiencing spinal metastasis between targeted therapy and
platinum-based chemotherapy was also evaluated.

Methods

From May 2001 to August 2011, 166 patients in our
institute with spinal metastasis of thoracic and lumbar spine
underwent posterior long instrumentation with or without
posterior decompression depending on neurologic status.
Among them, 65 patients with primary inoperable NSCLC
were included in this study. Their medical records were
reviewed, and the patients were followed up until their
death. The research protocol was approved by the institu-
tional review board at our hospital. Routine evaluation
including chest computerized tomography (CT), brain
magnetic resonance imaging (MRI), and whole- body bone
scan. Whole body positron emission tomography (PET)
scan was not covered by National Health Insurance. Chest
CT was used to evaluate visceral metastasis by scanning
from neck to upper kidney. If there were other suspicious
symptoms, CT or MRI over the region was performed. The
indications for surgery were an expected survival time of
>3 months, impending mechanical instability with more
than a 50% involvement of the vertebrae, pathologic frac-
ture of the involved vertebrae, neurological deficit, and for
establishment of a tissue diagnosis. Patients with evident
neurologic signs caused by brain metastasis, multiple visc-
eral metastasis, an expected survival time <3 months,
multilevel spinal cord compression due to tumor, poor

general condition, and poor compliance, who were not
suitable for surgical treatment, were excluded. Multilevel
spinal metastasis without spinal cord compression and brain
metastasis without a neurologic deficit and with an expected
survival time >3 months were not contraindications.

Radiologic evaluations before operation included plain
anteroposterior and lateral radiographs, magnetic resonance
imaging (MRI), whole-body bone scan, and computerized
tomography (CT)-guided biopsy for those patients without
neurologic deficit. For those patients with neurologic defi-
cits who could not wait for CT-guided biopsy, intra-
operative biopsy was done during surgery. To reduce intra-
operative blood loss, angiography with embolization of the
tumor vessels was routinely performed before surgery.

Long posterior instrumentation two levels above and two
levels below the lesion was carried out with or without pos-
terior decompression depending on whether the patient had
neurologic deficits. All patients were operated on by the same
spinal surgeons in our hospital with similar transpedicle screw
and hook systems. Hooks were used on the metastasized
vertebrae instead of transpedicle screws because good bony
purchase could not be achieved by transpedicle screws in
osteolytic vertebrae. Post operation, after removal of drainage,
patients were allowed to ambulate in a brace, which was used
for 3–6 months after the operation until there was bony
regeneration of the involved vertebrae without back pain.
Post-operative radiotherapy on the lesion level was arranged
2 weeks after surgery or after wound healing by a radiation
oncologist and followed by platinum-based chemotherapy or
targeted therapy with EGFR-TKI, decided by the physicians
of the Department of Chest Medicine at our hospital.

Every patient was followed with serial anteroposterior
and lateral radiographs, immediately after surgery and at
post-operative 6 weeks, 3, 6, and 12 months, and then
annually. Bony regeneration of the metastasized vertebra
was defined as regeneration of the destructed bone without
evidence of recurrent osteolysis on plain film.

According to the policy of Taiwan’s National Health
Insurance before 2011, all of the patients with metastatic
NSCLC should receive platinum-based chemotherapy as
first-line treatment [8, 9], and could be crossed over to
EGFR-TKI if they experienced disease progression. As there
was no solid evidence about which drug was better in effi-
cacy, clinical decisions regarding patients’ physical status,
resources, insurances, and values were made by the physi-
cians of the Department of Chest Medicine at our hospital. In
this study, 35 patients who received EGFR-TKI till death
were grouped in the targeted therapy group (Fig. 1), 20
patients received gefitinib, and 15 used erlotinib. Only six
patients received gene mutation detection of epidermal
growth factor receptor, which was not available until 2009 at
our hospital, before the use of targeted therapy. Another 30
patients were included in the chemotherapy group (Fig. 2).
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Fig. 2 Sixty-five-year-old female in the chemotherapy group. a Pre-
operative plain film. b Post-operative anteroposterior and lateral plain
film. c Preoperative CT scan. d Preoperative axial MRI. e Preoperative

sagittal T1- and T2-weighted MRI. f Whole-body bone scan. The
x-axis is the timeline and the y-axis is the survival probability

Fig. 1 Eighty-four-year-old female in the target therapy group.
a Preoperative plain film. b Preoperative sagittal T1-weighted MRI.
c Preoperative sagittal T2-weighted MRI. d Preoperative axial t2-

weighted MRI. e Preoperative CT scan. f Whole-body bone scan.
g Post-operative anteroposterior and lateral plain film
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Post-operative clinical outcomes were evaluated with
neurologic status, ambulatory ability, visual analog scale
(VAS) for pain, and survival time. Neurological deficits
were graded according to the Frankel classification system
before and after surgery. Ambulatory abilities were graded
as bedridden, wheel chair-bound, with an aid (walker, cane,
crutches, or needing assistance), and without an aid, and
were recorded for every patient before and after operation.
Post-operative survival time was calculated from the day of
surgery.

Survival curves were calculated using the Kaplan–Meier
method with Stata Statistical Software, release 12 (Stata-
Corp LP, College Station, TX), and the significance of the
difference between groups was compared. The overall sur-
vival represented the time from the date of diagnosis to
death. Statistical analysis of the survival time and VAS for
pain was performed using the unpaired t-test and
Mann–Whitney Rank Sum test from the SigmaStat software
package, version 2.0 (Jandel Corp., San Rafael, CA). A
P-value <0.05 was considered significant. To determine
whether these tests were sufficiently powered, power ana-
lysis was also performed with α set at 0.05, using the Sig-
maStat software package, version 2.0.

Cox regression analysis was used to investigate whether
demographic variables regarding age, gender, NSCLC
diagnosis timing and number of spinal involvement might
be confounders for overall survivorship.

Results

All 65 patients, 39 males and 26 females, were completely
followed up until their death. The mean age at diagnosis of
NSCLC was 60.7 ± 11.3 years old (range, 36–84-years-old).
None of these patients received surgical removal of the
primary NSCLC. There was no significant difference

observed in patients’ age, gender, and the number of
metastasized vertebral bodies between the targeted therapy
group and the chemotherapy group (Table 1).

The median overall survival times for all of the patients
were 11.0 months (range, 1–55 months), 12.0 months
(range, 1–45 months) for the targeted therapy group, and
10.0 months (range, 1–55 months) for the chemotherapy
group. The median post-operative survival times for all of
the patients were 7.0 months (range, 1–35 months),
6.0 months (range, 1–24 months) for the targeted therapy
group, and 7.5 months (range, 1–35 months) for the che-
motherapy group (Table 2). There was no statistical sig-
nificance observed on survival time between these two
groups for overall (Fig. 3) and post-operative (Fig. 4) sur-
vival times. Moreover, the survival effects in these two
groups were not correlated with the demographic variables
regarding age, gender, NSCLC diagnosis timing, and
number of spinal involvement, based on our Cox regression
analysis.

Thirty-nine patients were diagnosed to have inoperable
NSCLC before spinal metastasis; 21 patients were in the
targeted therapy group and 18 were in the chemotherapy
group, with median 6.0-month (range, 1–24 months) and
6.5-month (ranged, 2–25 months) post-operative survival
time, respectively (Table 2 and Fig. 5). The median overall
survival times for these patients were 14.0 months (range,
4–45 months) and 11.5 months (range, 6–55 months),
respectively, for the targeted therapy and the chemotherapy
groups (Table 2 and Fig. 6). Although there was a trend of
longer overall median survival time in patients who
received EGFR-TKI before being symptomatic with spinal
metastasis, there was no statistical significant difference
observed comparing with patients receiving platinum-based
chemotherapy (Fig. 6).

The remaining 26 patients were diagnosed to have
inoperable NSCLC after spinal metastasis; 14 patients were

Table 1 NSCLC patients with
spinal metastasis

Overall Targeted therapy group Chemotherapy group

Age

Mean ± SD (range) 60.7 ± 11.3
(36–84)

55.1 ± 9.5 (42–84) 67.0 ± 9.5 (36–80)

Male:female 39:26 19:16 20:10

Diagnosis of NSCLC 65 35 30

Before spinal metastasis 39 21 18

After spinal metastasis 26 14 12

Surgical removal of the
primary NSCLC

0 0 0

Number of involved segments

Mean ± SD (range) 1.6 ± 1.0 (1-5) 1.8 ± 1.1 (1–5) 1.3 ± 0.7 (1–4)

Single level 44 20 24

Multiple level 21 15 6

NSCLC non-small-cell lung cancer, SD standard deviation
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in the targeted therapy group, with a median 5.5-month
survival time (range, 1–24 months), 12 patients were in the
chemotherapy group, with a median 7.0-month survival
time (ranged, 1–35 months). There was no statistically
significant difference observed in the survival time between

these two groups, no matter whether the diagnosis of
inoperable NSCLS was made before or after spinal metas-
tasis (Table 2).

The average VAS for pain was 6.8 ± 0.5 (range, 3–8)
preoperatively, and was significantly improved to an

Fig. 3 Kaplan–Meier analysis revealed no significance difference in
overall survival for the patients with chemotherapy or targeted therapy

Fig. 4 Kaplan–Meier analysis revealed no significance difference in
post-operative survival for the patients with chemotherapy or targeted
therapy

Fig. 5 Kaplan–Meier analysis revealed no significance difference in
post-operative survival for the patients receiving chemotherapy or
targeted therapy before the diagnosis of spinal metastasis

Fig. 6 Kaplan–Meier analysis revealed no significance difference in
overall survival for the patients receiving chemotherapy or targeted
therapy before the diagnosis of spinal metastasis

Table 2 Clinical outcomes for
the inoperable NSCLC patients
with spinal metastasis after
operation

Overall Targeted therapy group Chemotherapy group P

VAS [mean ± SD (range)]

Preoperative VAS 6.8 ±
0.5 (3–8)

6.5 ± 1.0 (3–8) 7.0 ± 1.0 (3–8) 0.15

Post-operative VAS 3.8 ±
1.3 (1–6)

3.7 ± 1.2 (1–6) 3.8 ± 1.3 (2–6) 0.12

Survival time [Median months (range)]

Overall 11.0 (1–55) 12.0 (1–45) 10.0 (1–55) 0.46

NSCLC before spinal metastasis 13.0 (1–55) 14.0 (4–45) 11.5 (6–55) 0.57

Post-operative survival 7.0 (1–35) 6.0 (1–24) 7.5 (1–35) 0.61

NSCLC before spinal metastasis 7.0 (1–25) 6.0 (1–24) 6.5 (2–25) 0.40

NSCLC after spinal metastasis 6.0 (1–35) 5.5 (1–24) 7.0 (1–35) 0.56

NSCLC non-small-cell lung cancer, VAS visual analog scale for pain, SD standard deviation
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average of 3.8 ± 1.3 (range, 1–6) at patient’s discharge or
2 weeks after surgery (Table 2). According to the Frankel
grading system, 33 patients had various degrees of neuro-
logic deficits preoperatively, with an incidence of 50.8%;
one patient was Frankel A, two patients were Frankel B, 13
patients were Frankel C, and 17 patients were Frankel D
(Table 3a, b, c). After operation, however, ten patients
remained unchanged as Frankel C and D preoperatively,
and 1 (3.0%) patient deteriorated from Frankel D to Frankel
C due to brain metastasis, which was found after operation.

Preoperatively, 62 patients had various degrees of
ambulatory deficit, with an incidence of 95.4%; three
patients were bedridden, 19 patients were wheel chair-
bound, and 40 patients were ambulatory with aid by various

methods (Table 4a). After operation, 62 patients had an
average 1.2 grade improvement, average 1.1 grade for the
chemotherapy group (Table 4b) and 1.3 grade for the tar-
geted therapy group (Table 4c). None of the patients was
bedridden after surgery. The post-operative clinical out-
comes and overall survival were similar between these two
groups, but the statistical power was not enough to draw the
conclusion.

Bony regeneration was found in all of the patients
without any sign of local recurrence until their death. There
was no intra-operative mortality. Six patients had surgery-
related complications, including one with wound dehis-
cence after radiotherapy and five with superficial wound
infection. All were successfully managed by conservative
treatment. One patient had pyogenic vertebral osteomyelitis
by methicillin-resistant Staphylococcus aureus proved
by CT-guided biopsy and was successfully managed con-
servatively with intravenous antibiotics for 6 weeks fol-
lowed by a 6-week course of oral antibiotics.

Discussion

With recent advances in targeted therapies, the life expec-
tancy of NSCLC patients can be prolonged even if there is
poor performance status [2]. It is believed that EGFR-TKI
inhibits tumor cell proliferation and induces normal bone
formation [10]. Although bony metastases clearly reflect the
existence of widespread disease, it is necessary to specifi-
cally evaluate the efficacy of new therapies for spinal
metastasis of inoperable NSCLC. However, reports con-
cerning the surgical results of spinal metastases of lung
cancer patients are few in number.

Prognostic factors of survival after surgical treatment of
spinal metastasis of NSCLC are thought to be related with
gender, preoperative performance status, calcium, albumin
[11], pathologic fracture [12], and post-operative ambula-
tory status [13]. The most emphasized significant factors are
visceral metastases [14] and post-operative ambulatory
status [15], despite it being believed that control of systemic
disease does not predict duration of post-operative survival
[16]. In our study, evident neurologic deficits caused by
brain metastases were excluded due to patients’ poor gen-
eral condition and poor compliance. However, multilevel
spinal metastasis without spinal cord compression and brain
metastasis without a neurologic deficit and with an expected
survival time of >3 months were not contraindications. In
our study, the overall median post-operative survival time
for spinal metastasis of inoperable NSCLC was 7 months,
6 months with targeted therapy and 7.5 months with
platinum-based chemotherapy, and there was no statistical
significance observed between these two regimens of
treatment (Table 2 and Fig. 4).

Table 3a Neurological status before and after operation by Frankel’s
classification

Preoperative Post-operative Total

A B C D E

A 0 0 1 0 0 1

B 0 0 2 0 0 2

C 0 0 2 10 1 13

D 0 0 1 8 8 17

E 0 0 0 0 32 32

Total 0 0 6 18 41 65

Table 3b Neurological status before and after operation by Frankel’s
classification in the chemotherapy group

Preoperative Post-operative Total

A B C D E

A 0 0 1 0 0 1

B 0 0 1 0 0 1

C 0 0 1 6 1 8

D 0 0 1 2 2 5

E 0 0 0 0 15 15

Total 0 0 4 8 18 30

Table 3c Neurological status before and after operation by Frankel’s
classification in the targeted therapy group

Preoperative Post-operative Total

A B C D E

A 0 0 0 0 0 0

B 0 0 1 0 0 1

C 0 0 1 4 0 5

D 0 0 0 6 6 12

E 0 0 0 0 17 17

Total 0 0 2 10 23 35
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Patients with NSCLC spinal metastases have an esti-
mated median post-operative survival time of 8.8 months
regardless of the type of chemotherapy [17], and overall
survival was improved to 10.5 months with targeted therapy
[18], which is similar to the results of the current study,
which were 12.0 months for the targeted therapy group and
10.0 months for the chemotherapy group (Table 2 and
Fig. 3). For the patients who were diagnosed as having
inoperable NSCLC before spinal metastasis, the overall
median survival times were 14 months with targeted therapy
and 11.5 months for chemotherapy, with no statistical sig-
nificance observed between those two groups (Table 2 and
Fig. 6). For patients who were diagnosed with inoperable
NSCLC after spinal metastasis, the median survival times
for the targeted therapy group were 5.5 months and
7.0 months for the chemotherapy group; no statistical sig-
nificance was observed between the two groups (Table 2).

EGFR mutations are not related to skeleton-related
event patterns in patients with lung adenocarcinoma [19].
More aggressive treatment may be chosen when there are
two prognostic characteristics: adenocarcinoma and an
EGFR mutation [20]. Potent and continuous relief of
spinal bone pain due to metastasis of NSCLC by treatment
with EGFR-TKI alone has been reported [21]. However,
in cases in which the primary tumors show EGFR muta-
tion, the corresponding metastatic tumors may not show
EGFR mutation; a 27% discordance rate was found in 67
paired tissue samples (primary and metastatic tumors)
using the Scorpion Amplified Refractory Mutation System
assay [6]. Therefore, EGFR-TKI treatment may not have
the same effects on primary and metastatic tumors. This
may explain the reason why the survival time of our study
was not statistically different between targeted therapy
and chemotherapy after surgical treatment of spinal

Table 4a Ambulatory ability
before and after operation

Post-operative Total

Bedridden Wheel chair-bound With an aid Without an aid

Preoperative

Bedridden 0 2 1 0 3

Wheel chair-bound 0 1 4 14 19

With an aid 0 0 2 38 40

Without an aid 0 0 0 3 3

Total 0 3 7 55 65

Table 4b Ambulatory ability
before and after operation in the
chemotherapy group

Post-operative Total

Bedridden Wheel chair-bound With an aid Without an aid

Preoperative

Bedridden 0 1 1 0 2

Wheel chair-bound 0 1 4 5 10

With an aid 0 0 1 16 17

Without an aid 0 0 0 1 1

Total 0 2 6 22 30

Table 4c Ambulatory ability
before and after operation in the
targeted therapy group

Post-operative Total

Bedridden Wheel chair-bound With an aid Without an aid

Preoperative

Bedridden 0 1 0 0 1

Wheel chair-bound 0 0 0 9 9

With an aid 0 0 1 22 23

Without an aid 0 0 0 2 2

Total 0 1 1 33 35
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metastasis. Overall survival was noted to be improved
with EGFR-TKI treatment for patients with EGFR muta-
tions [22]. However, gene detection was not available in
the initial period of the study, which might have made the
results similar between those two groups. Additionally, a
high crossover rate of 53.8% from chemotherapy to
EGFR-TKI therapy was noted in our study, especially
when there was disease progression following traditional
platinum-based chemotherapy, which is the first-line
chemotherapy according to national health insurance
policy in our country. This is inevitable, since the optimal
treatment of NSCLC is unclear and there is no defined
standard therapy [23]. Further subgroups should be ana-
lyzed separately in future trials.

The benefits of palliative surgery for bony metastasis of
the spine include reduction of pain, improvement of
neurologic deficit, avoiding the morbidity of prolonged
bedridden status, and improved nursing care [24]. How-
ever, it is difficult to identify those patients who will
benefit from palliative surgery [25]. Moreover, evaluating
cancer patients as candidates for major spine surgery must
be done in the context of prognosis [26]. Although bony
metastases and their subsequent surgical treatment in lung
cancer patients are associated with high morbidity and
mortality [27], surgical treatment is necessary under cer-
tain circumstances, including impending mechanical
instability with >50% destruction of the vertebra and one
pedicle, pathologic fracture of the involved vertebra,
neurological deficit due to spinal cord compression [28],
and for establishment of a tissue diagnosis for those
patients with an expected survival time longer than
3 months [29]. In our study, the VAS for pain was
improved from 6.8 to 3.8, and the improvement of neu-
rologic deficit was at least one Frankel grade for the 22
out of the 33 (67%) patients with neurologic deficit.
However, ten patients (30.3%) remained no change, and
one (3.0%) patient deteriorated from Frankel D to Frankel
C due to brain metastasis, which was found after opera-
tion. Ambulatory ability was improved for 62 (95.4%)
patients with various ambulatory deficits, and none was
bedridden. No statistical difference was observed between
these two therapy groups in terms of VAS for pain, neu-
rologic and ambulatory improvement.

Adjuvant therapy with radiotherapy or chemotherapy
after surgical treatment is effective for the local control of
spinal lesion [30]. In our study, post-operative radiotherapy
was routinely performed, and no local recurrence was found
for all of the patients until their death.

This study had several weaknesses or drawbacks. First of
all, there were not enough patients enrolled to make a
conclusion with sufficient statistical power. That this study
failed to find differences may merely be due to an insuffi-
cient sample size. Also, we had to consider pooling data

with other institutions to address the surgical outcomes and
post-operative effects of targeted therapy on the overall
survivorship in the future. Second, we did not check the
concordance of EGFR mutations between primary NSCLC
and metastatic tumors, which may play a very important
role in explaining the similar survival after surgical stabi-
lization between these two groups. Third, we used Frankel
classification instead of International Standards for Neuro-
logical Classification of Spinal Cord Injury (ISNCSI) to
evaluate the neurological deficits because Frankel classifi-
cation is more simple and easy to use and has been used in
many studies. Fourth, the retrospective and single-center
nature of this study was also a major drawback. Therefore, a
larger-scale, multi-center prospective study is needed with
same level and the extent of spinal metastases, detailed
chemotherapy regimens, and tumor cell gene mutation test
in the future to determine whether EGFR-TKI is effective
for inoperable NSCLC patients with spinal metastasis after
surgical intervention.

In conclusion, surgical stabilization for patients with
spinal metastasis of inoperable NSCLC improved clinical
outcome in terms of VAS for pain, ambulatory ability, and
neurologic improvement, although there was no difference
between targeted therapy and chemotherapy. For patients
receiving targeted therapy with EGFR-TKI, the post-
operative survivorship was not significantly longer than
that for those patients treated with platinum-based che-
motherapy, irrespective of diagnosis of spinal metastasis
before or after diagnosis of NSCLC. Although a longer
overall survivorship in patients receiving EGFR-TKI was
observed for patients whose NSCLC was diagnosed before
spinal metastasis, the longer survivorship was not statisti-
cally significant. Discordance of gene expression between
primary and metastatic tissue may play a role to explain the
phenomenon with our initial exploratory data, however,
further study in the future is needed.

Data archiving

The data sets generated and analyzed during the current
study are available from the corresponding author on rea-
sonable request.
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