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Purpose: There were few available data regarding the prognosis after the surgical treatment for spinal metastases
from non-small cell lung cancer (NSCLC) despite its great frequency. The aim of this study was to investigate the
prognostic factors for patients who underwent the surgical treatment for spinal metastases from NSCLC.

Materials and Methods: Eighty-seven patients who underwent surgical treatment for spinal metastases from
NSCLC were followed up semi-prospectively. There were 43 patients with metastatic spinal cord compression
(MSCC) and 44 patients without MSCC. The prognosis analysis was performed according to 3-categorical variables:
patients, oncologic, and treatments’ factors. Major complications and mortality rate were recorded. The impact of
postoperative chemotherapy was evaluated separately.

Results: The overall survival time was median 6.8 months. Postoperative ECOG-PS (0-2 vs. 3, 4) was shown as
a significant prognostic factors in both MSCC and non-MSCC groups with HR (hazards ratio) of 2.46 and 2.54,
respectively. Major complications developed in 26 patients and 30-day mortality rate was 8.0%. The presence of major
complications was also prognostic factor in both groups with HR of 2.55 and 4.47. Earlier surgery within 72 hours
showed better prognosis in MSCC group with HR of 2.46. Patients who underwent postoperative chemotherapy
survived longer significantly than those who couldn’t with median survival time of 12.0 vs 2.8 months.

Conclusions: Postoperative ECOG-PS and complications were significant prognostic factors in both groups and
earlier surgery in MSCC group. The postoperative chemotherapy was another independent prognostic factor affecting
the survival time

Keywords: Spinal metastases, Metastatic spinal cord compression, Non-small cell lung cancer, Surgical treatment,
Chemotherapy
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spinal metastases from lung cancer.>” However, physicians

Introduction

frequently encounter the patients who necessitate the sur-

Non-small cell lung cancer (NSCLC) is one of the lead-
ing causes of cancer-related death in men as well as women
in the US and accounts for approximately 20% of spinal
metastases.”” The prognosis of advanced lung cancer is
known to be poor with an expected survival inferior to 6
months."** Therefore, non-surgical treatment such as radio-
therapy with or without corticosteroids has been preferred

as the first-line therapeutic options for the treatment of
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gical treatment due to metastatic spinal cord compression
(MSCC), impending pathologic fracture, or disabling axial

or radiating pain despite the conservative therapy. Selection
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of the optimal treatment for the each patient should be per-
sonalized based on the patient’s condition especially in case
of poor-prognosis tumors such as lung cancer. Recently, a
number of studies have reported the favorable results after
the surgical treatment for metastatic spinal tumors from
various solid cancers.”'” However, these results from mixed
populations might be hardly applicable for patients with a
specific tumor type such as NSCLC.

Even though several prognostic analyses were performed
focusing on spinal metastases from lung cancer, those re-
sults are somewhat limited because most of them included
non-surgically treated patients, or focused on only MSCC,
whose prognosis might differ from non- MSCC metasta-
ses.”' To date, little has been known about the surgical
treatment for those patients.

Physicians may feel burdensome to recommend the in-
vasive treatments to patients even if the surgical treatments
seemed to be necessarily required. This might be because of
few data regarding its outcome and prognosis. Accordingly,
this study was designed to investigate the prognostic factors
for patients who underwent the surgical treatment for spi-

nal metastases from NSCLC.

Methods

This is retrospective study using prospectively collected
data pool between January 2006 and June 2017. The surgical
treatments were performed for 418 patients with spinal me-
tastases from various primary cancers by 5 spine surgeons
in our spine unit. Among them, 87 patients of spinal me-
tastases from NSCLC were enrolled in this study. 6 patients
with small cell lung cancer (SCLC) were excluded for the
homogenous assessment because it is known that the onco-
logic characteristics of NSCLC and SCLC are different.”

The most appropriate treatment options were decided
after full discussion in spine tumor board among medical
oncologists, radiation oncologists and spine surgeons. De-
compression surgery was performed in most of the patients
followed by the fixation procedures. The type of surgical
procedure was determined by the location and extent of tu-
mor. Table 1 listed the operated level and the different types
of surgical procedure. When performing corpectomy, the

vertebral body was replaced by titanium cages. Preoperative

embolization was performed, if possible, especially when
corpectomy was planned. Because the majority of surgery
was performed in emergency setting, only 34 patients could
undergo preoperative embolization.

Survival analysis was performed according to two groups:
MSCC and non-MSCC group. MSCC group was defined
as the patients who had metastatic cord compression with
acute or subacute neurologic deficit and subsequent inabil-
ity to walk independently. For each group, the analysis was
done using 3-categorical parameters: patients’ factor, on-
cologic factor, and treatments’ factor. Patients’ factors were
age (260 vs. <60), gender, ambulatory status (ambulatory
vs. non-ambulatory), Eastern Cooperative Oncology Group
performance status (ECOG-PS: 0-2 vs. 3,4), and time from
neurologic deficit to surgery (<72 vs. >72 hours). Ambula-
tory status and ECOG-PS were evaluated preoperatively and
at the first outpatient visit after discharge, which was around
1-2 months after surgery. Time from neurologic deficit was
calculated as the duration from inability to walk indepen-
dently to the surgery and recorded only for MSCC group.
The oncologic factors included operated level (C- / T-/ L-
spine), pathology type (adenocarcinoma vs. squamous cell
carcinoma), number of spinal metastases (1, 2 vs.> 3), pres-
ence of extra-spinal bone metastases (yes vs. no), and pres-
ence of visceral metastases (yes vs. no). The treatment fac-
tors included surgery type (corpectomy vs. no corpectomy),
preoperative embolization (yes vs. no), major complications
(yes vs. no), preoperative chemotherapy (yes vs. no), and
preoperative radiotherapy (yes vs. no).

We thought that the overall prognosis was also affected
substantially by the postoperative chemotherapy, thus we
evaluated whether the postoperative chemotherapy was
done or not. However, we did not include it in the prognosis
analysis model because the decision of chemotherapy would
be made after considering multiple factors, and we could
not control most of the factors perioperatively.

Perioperative major complications and mortality rate
within postoperative 30-dyas were recorded. We excluded
presumptive minor complications which were paralytic ile-
us (5 cases), transient superficial wound problems (3 cases),
delirium (8cases), and transient radiating pain (2 cases).

Independent t-test and Chi-square test (or Fisher’s exact

test) were used to compare the preoperative baseline data
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Table 1. Operated level and types of surgical procedure

Operated level Approach Procedures No. of Patients
Cervical (n=16) Ventral Corpectomy + anterior fixation 11
Dorsal Posterior fixation + laminectomy 5
Thoracic (n=54) Ventral® Corpectomy + anterior fixation 3
Lateral Corpectomy + anterior fixation 6
Dorsal Posterior fixation + laminectomy 18
Corpectomy + posterior fixation 27
Lateral Corpectomy + posterior fixation 3
Lumbar (n=17) Dorsal Posterior fixation + laminectomy 10
Corpectomy + posterior fixation 4

*In 3 patients, main pathologic level was located in T1 vertebra which could be approached by the conventional anterior cervical approach.

between MSCC group and non-MSCC group. Postoperative
survival period up to June 2017 was calculated using the
Kaplan-Meier method. The univariate analysis using log-
rank test was performed to identify the difference of surviv-
al time for the presumed prognostic factors. Factors associ-
ated with survival time with a P value of less than 0.05 in
the univariate analysis were entered in multivariate analysis
using the Cox hazards proportional model. Statistical analy-
sis was performed using SPSS software (version 21.0.0; SPSS
Inc., Chicago, IL). P value less than 0.05 was considered as

significance.

Results

A total study population consisted of 55 males and 32 fe-
males with a mean age of 58.9 + 10.2 (range, 26-79). There
were 43 patients with MSCC group and 44 with non-MSCC
group (Table 2). Preoperative characteristics were not differ-
ent significantly between MSCC and non-MSCC groups ex-
cept the ambulatory status and ECOG-PS. In MSCC group,
all patients could not ambulate independently and their
ECOG-PS was 3- or 4-grades (Table 2).

The overall survival time after surgery was median 6.8
months (95% CI: 4.12-9.48). The estimated survival rates at
3, 6, 12 months were 71.1%, 52.6%, and 27.5%, respectively.
The survival time was significantly longer in non-MSCC
group than MSCC group with median survival time of 4.5
vs. 8.1 (p=0.005, log-rank test).
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MSCC group

The estimated survival rates at 3, 6, and 12 months were
62.8%, 44.1%, and 18.5%, respectively. Twenty-eight of 43
patients regained the ambulatory capability, producing a
rescue ratio of 65.1%. The time from neurologic deficit to
the surgical treatment was 78.8 + 48.3 hours (range, 18.0-
216.0). ECOG-PS improvement by at least one grade was
observed in 28 of 43 patients (67.4%). Postoperative ambu-
latory function, postoperative ECOG-PS, time from neuro-
logic deficit, and the presence of major complication were
presumed as prognostic factors on univariate analysis (Table
3). When these variables were submitted to multivariate
analysis, postoperative ECOG-PS, time from neurologic
deficit, and the presence of major complications were shown

to be significant prognostic factors (Table 3).

Non-MSCC group

The estimate survival rates at 3, 6, and 12 months were
79.4%, 61.6%, and 40.4%, respectively. ECOG-PS improve-
ment by at least one grade was observed in 27 of 44 patients
(61.4%). In non-MSCC group, we found 2 prognostic fac-
tors on both univariate and multivariate analysis: postop-
erative ECOG-PS, and the presence of major complications
(Table 4). The survival time according to the ambulatory
status, preoperatively or postoperatively, seemed to affect
the survival time, but those were not statistically significant
(p=0.092 and 0.086, respectively).
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Table 2. Preoperative Baseline data of each group

Characteristics MSCC group (N=43) Non-MSCC group (N=44) p-value
Age 57.7+10.6 61.0:9.4 0.090
Gender

M/F 25/18 30/14 0.379
Ambulatory status

Ambulatoray / nonambulatory 0/43 32/12 -
ECOG-PS

0-2/3.4 0/43 17/21 -*
Time from neurologic deficit (hours)

<72 vs.>72 20/23
Operated level

C-/T-/L- spine 4/31/8 12/24/8 0.087
Pathology type

ADC/SCC 28/15 26/18 0.660
No. of spinal metastases

1.2/2>3 15/28 20/24 0.384
Extraspinal bone metastases

Yes / No 18/25 17/27 0.829
Visceral metastases

Yes / No 21/22 19/25 0.669
Preoperative chemotherapy

Yes / No 26/17 25/19 0.829
Postoperative radiotherapy

Yes /No 24/17 18/26 0.087

MSCC: Metastatic spinal cord compression, ECOG-PS: Eastern Cooperative Oncology Group performance status, ADC : adenocarcinoma, SCC : Squamous

cell carcinoma

*p-value was not calculated because the MSCC group had empty cells in cross tabulation for chi-square analysis.

Postoperative chemotherapy

The postoperative chemotherapy was performed 14 of
43 patients in MSCC group and 24 of 44 patients in non-
MSCC group. The ratio of patients undergoing postop-
erative chemotherapy in both groups was not statistically
different among each group (p=0.052, Fisher’s exact test).
Patients who could undergo postoperative chemotherapy
survived longer than those who couldn’t, with median sur-
vival time of 12.0 vs 2.8 months (p<0.001, log-rank test, Fig.
1).

Complications

The overall 30-day mortality rate was 8.0% (7 of 87). In 26
of 87 patients, major complications developed within post-
operative 30 days. Among them, 4 patients experienced the
surgery-related complications which were deterioration of
neurologic deficit in 2 and surgical site infection in 2. Medical
complications occurred in 22 patients, among whom 15 pa-
tients went through the fatal course. Most common medical
complications were pulmonary problems such as pneumonia/
pleural effusion/respiratory failure (14 patients). Others were

sepsis (4), deep vein thrombosis (2), and rapid disease pro-
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Table 3. Factors associated with survival time in MSCC group

Variables Median survival* p-value* HR (95% ClI)" p-value'

Gender
Myvs. F 6.5vs.3.2 0.575

Ambulatory status (Post)
Ambulatoray vs. nonambulatory 6.8vs. 2.4 0.004 0.89(0.35-2.23) 0.800

ECOG-PS (Post)
0-2vs. 3,4 73vs22 <0.001 2.46 (1.07-5.61) 0.033

Operated level

C-vs. T- vs. L- spine 24vs.52vs. 45 0.472

No. of spinal metastases
1,2 vs. 23 43vs. 45 0.977

Visceral metastases

Yes vs. No 3.1vs.6.3 0.475

Preoperative embolization

Yes vs. No 4.3vs. 45 0.857

Chemotherapy (Pre)

Yes vs. No 3.2vs. 5.0 0514

HR: Hazards ratio, MSCC: Metastatic spinal cord compression, Pre: Preoperative, Post: Postoperative, ECOG-PS: Eastern Cooperative Oncology Group
performance status, ADC : adenocarcinoma, SCC : Squamous cell carcinoma

*Median survival and p-values are calculated by log-rank test. 'HR and P-values are calculated by Cox hazards proportional model. ‘P-values could not
calculated because the absence of comparison group.



JOURNAL OF ADVANCED SPINE SURGERY

Table 4. Factors associated with survival time in non-MSCC group

Variables Median survival p-value* HR (95% Cl) p-value'

Gender
Mvs. F 8.1vs. 7.0 0.588

Ambulatory status (Post)
Ambulatoray vs. nonambulatory 99vs. 1.7 0.086

ECOG-PS (Post)
0-2vs.3,4 10.9vs. 2.0 0.035 2.54(1.07-6.06) 0.035

Pathology type
ADC vs. SCC 14.5vs. 8.1 0.215

Extraspinal bone metastases
Yes vs. No 8.1vs. 9.9 0.794

Surgery type
Corpectomy vs. no corpectomy 14.5vs. 8.1 0.441

Major complications
Yes vs. No 1.7vs.10.9 <0.001 4.47(1.80-11.12) 0.001

Radiotherapy (Pre)
Yes vs. No 6.9vs. 9.9 0.195

HR: Hazards ratio, MSCC: Metastatic spinal cord compression, Pre: Preoperative, Post : Postoperative, ECOG-PS: Eastern Cooperative Oncology Group
performance status, ADC : adenocarcinoma, SCC : Squamous cell carcinoma
* Median survival and p-values are calculated by log-rank test. T HR and P-values are calculated by Cox hazards proportional model.
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Fig. 1. Kaplan-Meier survivorship curve according to the postoperative
chemotherapy.

gression (2 patients).

Discussion

Spinal metastases can present with severe pain or bony
compromise that may eventually progress to the neurologi-
cal deficit. Preventing and treating these subsequent events
are of utmost importance in terms of maintaining the qual-
ity of life. Palliative measures such as vertebroplasty or
radiotherapy and/or corticosteroid have been the primary
lines of treatment.>® However, the clinicians, both oncolo-
gists and spine surgeons, frequently encounter the patients
who necessitate the surgical treatment due to metastatic
spinal cord compression (MSCC), impending pathologic
fracture, or disabling pain despite the conservative therapy.
Given that the prognosis of metastatic lung cancer is known
to be poor compared with that from other solid tumors
such as breast cancer, prostate cancer,”™'” the physicians
tends to hesitate about the decision whether a burdensome
treatment should be performed or not.

Recently, a number of studies have demonstrated that the
surgical treatment for spinal metastases could provide good
functional outcomes and maintain the quality of life along
with improvement of modern surgical techniques.”"*"**”

However, these results are limited because most of these
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studies included the various primary tumors, which might
be difficult to be applied to a specific cancer type. Only a
few studies have been focusing on patients with spinal me-
tastases from NSCLC."'*'” Satoshi et al. reported that good
performance status, low level of serum calcium, and high
level of serum albumin were associated with better survival
time.'” Rades et al. showed that preoperative performance
status, ambulatory status, visceral metastases, and time de-

13,14
) However,

veloping motor deficit were prognostic factors.
because the most of patients in those studies underwent the
nonsurgical treatment, mostly radiotherapy, these results
are also hardly applicable for the patients who require the
surgical treatment. Thus, the current study was designed to
provide the available information, focusing on the surgical
treatment of spinal metastases from NSCLC.

As with other cancers, the primary treatment goal of
surgical treatment of spinal metastases from NSCLC is to
achieve the functional gain with modest complication rates
and without compromising the remained survival time.*”
The personalized treatment can be offered by a balance be-
tween the morbidity and the estimated survival time. The
overall median survival after surgery was 6.8 months with
6-month and 1-year survival rate of 52.6% and 27.5%, which
was slightly superior to those of other reports studying the
advanced lung cancer prognosis."*"*'**” The better progno-
sis in our study can be explained by inclusion criteria. Our
study included non-MSCC patients which were considered
to be less compromised and to have better prognosis than
MSCC patients. In our study, we observed that the survival
time was significantly longer in non-MSCC group than
MSCC group with median survival time of 4.5 vs. 8.1 (HR:
2.04, 95% CI: 1.23-3.40, p=0.005). The other reason would
be the period of patients” enrollment. Because our study pe-
riod spanned more recent time (up to 2016), more patients
probably could take the recent medical treatments such as
molecular target therapy.

The performance status and ambulatory capacity is a
key component for maintaining quality of life.”****" In the
current study, the improvement of ECOG-PS by at least 1
grade was observed in 67.4% in MSCC group and 61.4% in
non-MSCC group. Twenty-eight patients (65.1%) who were
not ambulatory preoperatively regained the ambulatory

capacity after surgery in MSCC group. Our ambulation re-
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sumption rate was comparable to that of the previous other
studies, ranging 53-64%, although these studies included
) We also found that the earlier

: 9,10,12,19
other primary tumors.

surgical timing is better for good prognosis in MSCC group.
This finding about surgical timing has also been supported
by the other studies.*'"*” Thus, for the patients who had
MSCC, even in case of NSCLC, earlier surgical treatment
should be delivered if the patient’s condition is tolerable to
the surgery.

Our study revealed the postoperative ECOG-PS was sig-
nificant prognostic factors that affecting survival in both
MSCC and non-MSCC group. It might not be surprising
that the postoperative performance status was a significant
prognostic factor. However, in the standpoint of the adju-
vant medical treatment, keeping good performance status
is one of the minimum requisites. The current study also
showed that the patients who could undergo postoperative
chemotherapy survived significantly longer than those who
could not (median survival: 12.0 vs 2.8 months, p<0.001).
Although the decision whether postoperative chemotherapy
will be conducted or not would be made by medical oncolo-
gist after considering various factors, tolerable performance
status is generally considered as a minimum requirement
for undergoing the chemotherapy. The patients with good
performance status will have a higher chance to take che-
motherapy postoperatively. Thus, if we can improve the per-
formance status by the surgical treatment, we could make
more patients go through postoperative medical treatment
and expect subsequent survival benefit. This study provides
an important implication that the surgical treatment could
improve the functional outcomes as well as play an adjuvant
role to maintain the condition to go through postoperative
medical treatment.

When considering the surgical treatment, estimating the
complication rate is also of importance. In this study, major
complications developed in 26 (29.0%) of 87 patients and
30-day mortality rate was 8.0% (7 of 87). The most common
medical problems were pulmonary complications. Thus, the
patients with deteriorated pulmonary function would not
be the surgical candidates. The complication and mortality
rates are comparable to the previous reports which studied
various primary origins.”'" In a recent systematic review,

Kim et al. reported that the overall complication rate was

29% (range, 5-65%), and the rate of mortality was 5% (range,
0-22%) within 30 days of surgery after the surgical treat-
ment of metastatic spinal diseases[9]. From our results, ma-
jor complications shortened the survival time significantly
in both MSCC and non-MSCC group with HR of 2.55 and
4.47, respectively. Accordingly, once the surgical treatment
is decided, it is imperative not only for surgeons but also for
the medical team to pay great attention to prevent the peri-
operative complications.

Even if the patients were considered not eligible for sur-
gery because of short life expectancy, if the general condi-
tions were permitted especially with tolerable pulmonary
function and with a further chemotherapy options remained,
the active surgical treatment could be beneficial in terms of
improvement of the functional status, increase of the chance
for postoperative adjuvant therapy, and hopefully prolonga-
tion of survival time.

We acknowledge some drawbacks of this study. First, the
sample size is relatively small. However, 87 patients may not
be insufficient to draw the statistical significance, consid-
ering a majority of physicians tend to treat these patients
non-operatively. Second, we did not address the detailed
chemotherapy options including the molecular target
therapy. Nowadays new target agents have been introduced
and many of them are under the clinical trials. It has been
reported that life expectancy could be prolonged even in
the metastatic lung cancer along with advancements of
medical oncology.””*"” Thus, this study is limited because
not all the patients could receive the current up-do-date
medical treatments. Third, the decisions regarding the op-
timal treatments were not determined by uniform criteria.
The decision making process would be different among the
countries, cities, and hospitals according to their capacity to
offer all available treatment modalities. We think this prob-
able discrepancy about the treatment principles could be
minimized through our face-to-face multidisciplinary team
approach system.

In conclusion, postoperative ECOG-PS and complica-
tions were significant prognostic factors in both groups and
earlier surgery in MSCC group. The postoperative chemo-
therapy was another independent prognostic factor affect-

ing the survival time.
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