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Survival in patients with surgically treated spinal
metastases

ABSTRACT

Background: Despite the various treatment protocols available, survival evaluation is a fundamental criterion for the definition of surgical
management; there are still many inconsistencies in the literature on this topic, especially in terms of the value of surgery and its morbidity in
patients with very short survival.

Objective: The objective was to analyze the association of clinical, oncological, and surgical factors in the survival of patients undergoing
spinal surgery for spinal metastases (SM).

Materials and Methods: A retrospective cohort of forty patients who were surgically treated at our institution for SM between 2010 and
2018 were included in the study. We applied the prognostic scales of Tomita and Tokuhashi in each patient and evaluated the systemic status
using Karnofsky Performance Scale (KPS) and Eastern Cooperative Oncology Group Performance Scale. Survival rate in months was estimated
using the Kaplan-Meier curve, with death considered as primary outcome and, for the evaluation of the association between the variables,
the Chi-square test, Fisher’s exact test, or Fisher-Freeman-Halton test was applied for better survival. The level of statistical significance was
considered as 5% (P< 0.05).

Results: The mean survival was 8.4 months. Patients with KPS <70 had a mean survival of 6.36 months, while those with KPS >70 had a
mean survival of 14.48 months (P = 0.04). The mean survival of patients classified as ECOG 2 was 7.05 months (95% confidence interval [Cl]:
3.4-10.7), and that of patients classified as ECOG 3 and 4 was 1.24 months (95% Cl: 0.8-1.59). The mean survival rate among the patients
with unresectable metastases in other organs was 6.3 months (95% Cl: 3.9-8.9), while the survival rate of those who did not have metastases
was 13.8 months (95% Cl: 10.0-17.68; P = 0.022).

Conclusion: Survival was associated with the preoperative functional status defined by the KPS and ECOG scales and with the presence

of nonresectable visceral metastases.
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INTRODUCTION

Prognosis is one of the most important factors to be
considered in therapeutic decisions on spinal metastases (SM).
For this reason, several scoring systems have been proposed,
such as the Tomita score and Tokuhashi index.!"® However,
these algorithms have been criticized for not considering
the presence of spinal mechanical instability (MI) or the
significant effects of advances in radiotherapies, such as
radiosurgery. Furthermore, these algorithms neglect the
demonstrated prolonged patient survival in the context
of tumors with new treatment modalities, such as renal
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cell carcinoma and melanoma after the integration of new
biological therapies and immunotherapy.®®!

Despite the various treatment protocols available, survival
evaluation is a fundamental criterion for the definition of
surgical management; there are still many inconsistencies
in the literature on this topic, especially in terms of the
value of surgery and its morbidity in patients with very
short survival.”! Patients with a more favorable prognosis
and longer expected survival may warrant more aggressive
interventions than those with limited prognoses.">¢ Qur
objective in the current study was to analyze the association
of clinical, oncological, and surgical factors with the survival
of patients who had undergone surgery for SM.

MATERIALS AND METHODS

The current study consists of a retrospective cohort of
patients who were surgically treated at our institution for
SM with symptomatic spinal cord compression (SCC) and/or
MI. They were treated from January 2010 to September 2018
at our hospital, a tertiary hospital that is a reference center
in neurosurgery and oncology in its region in Brazil. In all
cases, the surgery was performed by the same surgeon (AFJ).

Patients who were hospitalized during the period described
above and met the following criteria were included in the study
population: patients treated at a tertiary hospital in Brazil with
the diagnosis of SCC or MI of the spine by SM and who had
undergone surgical treatment, survival >3 months estimated
by the personnel of the Clinical Oncology Department, patients
older than 15 years, and patients who had their postoperative
follow-up at the same hospital. The exclusion criteria were
as follows: patients who did not undergo surgical treatment
and patients whose data were not found or were insufficient
for analysis. Thirteen patients with insufficient data available
and five who had hematological tumors and underwent
surgery were excluded from the study. After the analysis of
the exclusion criteria, the sample obtained was forty patients.

The clinical data of the patients and those related to the
procedure were retrospectively reviewed from the patients’
medical records. We collected data on patient demographics,
clinical presentation, timing of spinal surgery relative to
initiation of symptoms and diagnosis, surgical information,
histological diagnosis, oncological treatment, and the date
of death of the patient or last follow-up visit in the case of
living patients.

Surgical treatment was performed after the diagnosis of
symptomatic SCC and/or instability. Epidural decompression

was performed with simple laminectomy without
instrumentation or laminectomy associated with surgical
instrumentation (separation surgery).

Evaluation tools

Retrospectively, we performed the analysis of medical records
and reviewed all pre- and postoperative imaging studies. We
applied Tomita’s prognostic scale, the modified Tokuhashi
score,P! the Epidural Spinal Compression Score (ECSS),®!
and the Spinal Instability Neoplastic Score (SINS) score for
spine stability.” Patients’ systemic status was based on the
Karnofsky Performance Scale (KPS) and Eastern Cooperative
Oncology Group Performance Scale (ECOG-PS), which have
both been extensively validated in cancer patients.’**!

Statistical analysis

Possible prognostic factors, such as age, sex, preoperative
clinical state, presence of pain as the symptom that led
to treatment demand, time between the development
of symptoms and the surgical procedure, number of SM,
presence and number of extraspinal bone metastases,
and presence and number of visceral metastases and
postoperative complications, were submitted to gross
and multivariate statistical analysis. Survival was defined
as the time between the date of surgery and death or the
last follow-up visit. For statistical analysis, we stratified the
survival into <6 months, between 6 and 24 months, and
longer than 24 months.

After the data were collected, the analysis of the hospitalization
data and their relationships as prognostic factors in relation to
the primary outcome was performed. The data were analyzed
using SPSS version 21.0 (SPSS Inc., Chicago, IL, USA). To verify
the normality of the quantitative variables, the Kolmogorov—
Smirnov test and Shapiro—Wilk test were applied. In both tests,
variables with values of P > 0.05 were considered within the
normality values, and therefore, as having normal distribution.
Qualitative variables were presented in absolute and relative
values. For the evaluation of the association between the
variables, the Chi-square test, Fisher’s exact test, or Fisher—
Freeman-Halton test was applied. For the comparison of
nonparametric quantitative variable distributions between
the two study groups, the Mann—Whitney test was used, and
the Kruskal-Wallis test was used for three or more groups.

To estimate the postoperative survival rate in months, the
Kaplan-Meier curve was used, with death considered as
an outcome and the log-rank test used for identifying the
presence of prognostic factors for better survival. In all cases,
the level of statistical significance was set at 5% (P < 0.05).
The study was reviewed and approved by the research ethics
at our institution.
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RESULTS

Preoperative characteristics

After patient selection, we included forty patients who
underwent surgery for metastatic epidural spinal tumors at
our hospital in the analysis. The patients’ mean age at the time
of surgery in this study was 54.4 years (range: 23-76 years),
with a predominance of patients over 55 years (55%). In
relation to sex, 23 (57%) were male.

There were broad distributions of the histological type of the
primary tumor. Breast (30%), lung (10%), prostate (10%), and
colon (7.5%) were the most common types in our series (>50%
of the cases).

According to the Tomita prognostic score, nine (22.5%)
patients had a score of 2-3 points (where the treatment
strategy would be aggressive tumor resection), eight (20%) had
4-5 points (marginal or intralesional resection), nine (22.5%)
had 6-7 points (palliative surgery), and 14 (35%) had 8-10
points (nonsurgical treatment). Using the Tokuhashi index,
most patients (28; 70%) received scores of 0-8 (estimated
survival of <6 months); nine (22.5%) patients received 9-11
points (estimated survival of 6-12 months) and, finally,
two (5%) patients received 12-15 points (estimated survival
of >12 months).

The functional analysis of the patients was performed using
the KPS scale, and most of the patients (70%) who underwent
surgical treatment had KPS scores >70 (ambulatory status).
Analyzing the ECOG-PS, 24 patients were classified as ECOG
0 and 1 (ambulatory, minor restrictions), 8 (27.9%) as ECOG
2 (unable to work), and 8 (20%) as ECOG 3 or 4 (bedridden).

Analyzing the imaging studies and classifying the patients
according to the ECSS score, most of the patients were
classified as ECSS 3 (17 patients; 42.5%; SCC without
cerebrospinal fluid [CSF] lining), 12 (30%) as ECSS 2 (SCC
with CSF lining visible), 3 (7.5%) as ECSS 1, and 1 (2.5%)
as ECSS 1A (minimal epidural extension without SCC). In
seven patients, it was not possible to perform the ECSS
classification because there was no magnetic resonance
imaging T2-weighted image for the evaluation. The stability
of the spine was evaluated by the SINS score, with 7 (17.5%)
patients stratified at 0-6 points (mechanically stable),
21 (52.5%) with 7-12 points (potentially unstable) and,
finally, 12 (30%) patients at 13-18 points (mechanically
unstable).

Thirty-six patients had three or fewer metastases (90%),
while four had more than three noncontinuous lesions (10%).
There were exclusively epidural metastases in 24 (60%)

cases, epidural lesions associated with lytic bone lesions
in 13 (32.5%) patients, epidural associated with blastic
bone lesion in 2 (5%) patients and, finally, mixed lesions in
one (2.5%) patient.

During the oncological evaluation, 23 (57.5%) patients
had solid organ metastases considered unresectable
by the Clinical Oncology Department multidisciplinary
evaluation (multiple organs dissemination, pelaural and
peritoneal carcinomatosis, multiple lymph nodes affected,
and multiple lung and hepatic lesions). Among the
histological results obtained, 22 (55%) patients presented
tumors considered radiosensitive. Table 1 provides the
detailed preoperative characteristics.

Treatment characteristics

All the patients underwent spinal cord decompression
by laminectomy, and instrumentation of the spine was
performed in 22 (55%) patients. Adjunctive radiotherapy at
the surgery site was performed in 40 (100%) patients, and
chemotherapy was performed as adjuvant therapy in 36 (90%)
patients.

Overall survival

Among the 40 patients evaluated, 31 (77.5%) had died at the
time of data analysis: 16 (40.0%) patients died <6 months
after surgery, 14 (35.0%) between 6 and 24 months after
surgery, and 1 (2.5%) after 24 months. In our series, the
median overall survival (OS) was 8.4 months [95% confidence
interval (Cl): 3.38-13.472; Figure 1].

Clinical data and their association with survival
Table 2 shows the relationship between the patients’
preoperative characteristics and survival in months.

Survival Function

Survival Function
- Censored

0,84

0.6

Cum Survival

0.04

A T U L) T T T
.00 5.00 10,00 15,00 20,00 25,00 30,00
Survival (months)

Figure 1: Kaplan—Meier curve of the general survival function
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Table 1: Preoperative characteristics

n (%)

Noncontiguous spinal metastases

<3 36 (90.0)

>3 4(10.0)
Pain

Yes 22 (55.0)

No 18 (45.0)
ECSS

1 1(2.5)

1A 3(7.5)

2 12 (30)

3 17 (42.5)
Tomita

2-3 9(22.5)

4-5 8(20.0)

6-7 9(22.5)

8-10 14 (35.0)
Tokuhashi

0-8 28 (71.8)

9-11 9(22.5)

12-15 2(5.0)
Extra-spinal metastasis

0 14 (35.0)

1 7(17.5)

2 11(27.5)

>3 7(17.5)
KPS

<70 12 (30.0)

>70 28 (70.0)
Bone injury

Epidural 24 (60.0)

Epidural + lytic 13(32.5)

Epidural + blastic 2 (5.0)

Epidural + mixed 1(2.5)
Radiosensitivity

Yes 22 (55.0)

No 18 (45.0)
ECOG

0-1 24 (60.0)

2 8(20.0)

3-4 8 (20.0)

n - Number of cases, SINS - Spinal Instability Neoplastic Score, ECSS - Epidural spinal
cord compression, KPS - Karnofsky Performance Scale, ECOG - Eastern Cooperative
Oncology Group

Functional performance associated with survival
Comparing survival with the dichotomization of patients with
KPS scores greater or less than 70 (ambulatory capacity), we
found that, among the 12 patients with KPS <70, 8 (66.7%)
died within 6 months, 3 (25%) died between 6 months and
2 years, and one patient was alive at the time of the analysis
made after 4 months of the surgery.

Patients with KPS <70 had a mean survival of 6.36 months (95%
Cl: 1.9-10.76), whereas patients with KPS >70 had a median

Survival Functions
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Figure 2: Kaplan—Meier curve of survival function related to the Karnofsky
Performance Scale

survival of 14.48 (95% Cl: 10.78-18.17; P = 0.04). AKPS score <70
represented an odds ratio (OR) = 2.33 (95% Cl: 1.1-4.7) of
death within 6 months (P = 0.037). Kaplan-Meyer curve of
survival related to the KPS is shown in Figure 2.

Among the 24 patients classified as ECOG 0 and 1, 4 (16.7%)
died within 6 months after surgery, 11 (45.8%) died between 6
months and 2 years, 1 (4.2%) died more than 24 months after
surgery and, finally, 8 (33.3%) patients were still alive at the
end of the analysis. In total, eight patients were classified as
ECOG 2, and four (50%) died in <6 months. All eight patients
classified as ECOG 3 and 4 died within the first 6 months. The
mean survival of patients classified as ECOG 0 and 1 was 14.3
months (95% CI: 11.2—-17.45). The mean survival of patients
classified as ECOG 2 was 7.05 months (95% CI: 3.4-10.7),
while that of patients classified as ECOG 3 and 4 was 1.24
months (95% Cl: 0.8—1.59). The Kaplan—-Meyer survival curve
for ECOG is shown in Figure 3 (P = 0.001).

Status of systemic disease: Unresectable visceral
metastases and survival

The presence of metastases in solid organs considered
unresectable by multidisciplinary evaluation was found in
19 (47.5%) patients, of which, 11 (57.8%) died in <6 months
and 7 (36.8%) died between 6 months and 2 years after surgery.
One patient remained alive until the end of the analysis.
The median survival among the patients with unresectable
metastases was 6.3 months (95% Cl: 3.9-8.9), compared with
13.8 months (95% Cl: 10.0-17.68; P = 0.022) in those who
did not have such metastases. The presence of unresectable
visceral metastases presents an OR = 2.34 (95% Cl: 1.33-4.13)
for death in 12 months (P = 0.01) as shown in Figure 4.
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Table 2: Comparison between the epidemiological characteristics of the surgical patients and survival time

<6 months (n=16) 6-24 months (n=14) >24 months (n=1) Living (n=9) P
Age (years)
<55 9 (56.2) 8 (57.1) 0(0.0) 1(11.1) 0.028*
>55 7(43.8) 6 (42.0) 1(100.0) 8 (88.9)
Tomita
23 2(12.5) 3(21.4) 1(100.0) 3(33.3) 0.527**
4-5 5(31.2) 3(21.4) 0(0.0) 0(0.0)
6-7 3(18.8) 3(21.4) 0(0.0) 3(33.3)
8-10 6 (37.5) 5(35.7) 0(0.0) 3(33.3)
Tokuhashi
0-8 11(68.8) 11 (84.6) 0(0.0) 6 (66.7) 0.496**
9-11 4 (25.0) 2(15.4) 1(100.0) 2(22.2)
12-15 1(6.2) 0(0.0) 0(0.0) 1(11.1)
SINS
0-6 3(18.8) 4 (28.6) 0(0.0) 0(0.0) 0.543**
7-12 9(56.2) 5(35.7) 1(100.0) 6 (66.7)
13-18 4 (25.0) 5(35.7) 0(0.0) 3(33.3)
ECSS
1 0(0.0) 1(9.1) 0(0.0) 0(0.0) 0.119**
1A 1(7.7) 0(0.0) 0(0.0) 2(25.0)
2 4(30.8) 3(27.3) 0(0.0) 5 (62.5)
3 8(61.5) 7(63.6) 1(100.0) 1(12.5)
KPS
<70 8 (50.0) 3(21.4) 0(0.0) 1(11.1) 0.04*
>70 8 (50.0) 11(78.6) 1(100.0) 8 (88.9)
ECOG
0-1 4 (25.0) 11(78.6) 1(100.0) 8 (88.9) 0.001**
2 4 (25.0) 3(21.4) 0(0.0) 1(11.1)
34 8 (50.0) 0(0.0) 0(0.0) 0(0.0)
Unresectable visceral metastasis
Yes 11(68.8) 7(50.0) 0(0.0) 1(11.1) 0.022**
No 5(31.2) 7(50.0) 1(100.0) 8 (88.9)
Radiosensitivity
Yes 8 (50.0) 7(50.0) 0(0.0) 7(77.8) 0.346**
No 8 (50.0) 7 (50.0) 1 (100.0) 2 (22.2)

*Fisher's exact test, **Fisher—Freeman—Halton test. Percentage in relation to column. n - Number of cases, SINS - Spinal Instability Neoplastic Score, ECSS - Epidural spinal cord
compression, KPS - Karnofsky Performance Scale, ECOG - Eastern Cooperative Oncology Group

Survival at 1 year

Table 3 shows the relationship between the mortality outcome
at 1 year and the variables analyzed. Comparing the 1-year
mortality of patients with unresectable visceral metastases,
17 (68%) patients who died in <1 year had nonresectable
metastases compared with 8 (32%) patients who did not have
these lesions. Among patients with survival > 1 year, 13 (86.7%)
had no visceral metastases considered unresectable. After the
statistical analysis, an OR = 2.34 (95% CI: 1.3—4.1) was found.
Regarding functional classifications, KPS showed no correlation
with death at 12 months. Comparing ECOG with the outcome,
14 (93.3%) patients with ECOG 0-1 survived >12 months,
whereas only 1 (6.7%) patient classified as ECOG 2 and
no patient classified as ECOG 3—4 survived this long. The
Tomita and Tokuhashi prognostic scores did not demonstrate
statistical significance with death at 12 months as the outcome.

DISCUSSION

This study analyzed the survival and prognostic factors
of patients who underwent surgery for SM. In our series,
validated prognostic scores, such as Tomita and Tokuhashi
scores, were not associated with survival prediction, as
described by Ulmar et al.®! The patient’s functional status,
as determined using the KPS and ECOG scores, proved to
be a predictor of survival, as did the presence of metastases
considered nonresectable by oncology.

The median OS of our patients was 8.4 months, similar
to previous reports of medians of 6-14 months./*'*® For
instance, the study by Van der Linden et al. by the Dutch
Bone Metastasis Study Group!'”! reported a 7-month OS.
Age, KPS, ECOG, and the presence of extraspinal metastases
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Survival Functions
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Figure 3: Kaplan—Meier curve of Eastern Cooperative Oncology
Group-related survival function

Table 3: Comparison between the characteristics of the
patients with the death outcome at 1 year

Dead (n=25) Living (n=15) P
Tomita
2-3 4(16.0%) 5(33.3) 0.485%**
4-5 6 (24.0) 2(13.3)
6-7 5(20.0) 3(26.7)
8-10 10 (40.0) 3(26.7)
Tokuhashi
0-8 18(72.0) 10(71.4) 0.847%*
9-11 6 (24.0) 3(21.4)
12-15 1(4.0) 1(7.1)
KPS
>70 15 (60.0) 13 (86.7) 0.078*
<70 10 (40.0) 2(13.3)
ECOG
0-1 10 (40.0) 14 (93.3) 0.003**
2 7(28.0) 1(6.7)
3-4 8(32.0) 0(0.0)
Nonresectable visceral
metastases
Yes 17 (68.0) 2(13.3) 0.001*
No 8 (32.0) 13 (86.3)

*Fisher's exact test, **Fisher—Freeman-Halton test. Percentage in relation to column.
n - Number of cases, KPS - Karnofsky Performance Scale, ECOG - Eastern Cooperative
Oncology Group

considered unresectable were characteristics associated with
survival in our cohort. The functional scales of KPS and ECOG
corroborated what Helweg-Larsen and Sorensen!'® observed
in 153 patients with MESCC, namely, that survival was
significantly greater in patients who could ambulate before
and after surgery. In our series, patients with KPS >70 and
ECOG 0-1, who had self-care and ambulatory capacity,
presented a statistically higher survival curve than patients

Survival Functions
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+- Yes - censored
= No - censored
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Figure 4: Kaplan—Meier curve of the survival function related to the presence
of metastases considered unresectable

with worse initial evaluations did. Patients with KPS >70 had
a median survival of 14.48 months (95% Cl: 10.78-18.17),
whereas patients with KPS <70 had a mean survival of 6.36
months (95% Cl: 1.9-10.76; P = 0.037). The mean survival
of patients with ECOG 0 and 1 was 14.3 months (95% Cl:
11.2-17.45), whereas it was 7.05 months (95% CI: 3.4—-10.7)
in patients with ECOG 2 and 1.24 months (95% CI: 0.8-1.59) in
patients classified as ECOG 3 and 4 (P = 0.001). Patients with
ambulatory capacity are less susceptible to infection, embolic
phenomena, and other complications that result in the death of
bedridden patients.” The presence of unresectable metastases
denotes advanced systemic disease in which even adjuvant
palliative oncological control is more difficult. Our work
identified an important correlation between the presence of
unresectable metastases and the prognosis. The mean survival
of patients with unresectable metastases was 6.3 months (95%
Cl: 3.7-8.9), which was significantly lower compared with
those without metastases that were considered unresectable,
which was 13.8 months (95% Cl: 10.0-17.8; P = 0.002).
The results were similar to those of Goodwin et al.,'” who
retrospectively analyzed 26 patients with MECV for metastatic
lung carcinoma, where the outcome was survival at 3 months,
and patients with visceral metastases considered nonsurgically
treatable had a survival >3 months in 7% of cases compared
with 50% of cases in which the patients did not present these
lesions (P = 0.0261).

Analyzing prognostic factors related to the survival of these
patients in 12 months, the variables with significance were
functional classification by ECOG, in which 93.3% of the patients
classified as ECOG 0-1 had a survival >1 year. In the presence
of nonresectable metastases, only 10.5% of the patients had
survival longer than 1 year, compared with 61.9% of patients
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without these metastases. Another finding is that the presence
of visceral metastasis represents an OR = 2.31 (95% Cl: 1.33—
4.13) at 1 year (P = 0.01), denoting that disseminated disease
has a major effect on the survival of these patients. ECOG is a
prognostic factor that has been well described in the oncological
literature, as in the work of Zhang and Gong,”?” who analyzed
168 patients with metastatic lung tumor between 2014 and
2015 and reported that the 47 patients with ECOG 0-1 had a
mean survival of 17.57 months (95% Cl: 15.4-19.71 months),
while those with ECOG 2—4 lived on 13.38 months (95% CI:
12-14.7 months) on an average.

Our study is limited by its retrospective nature, resulting
in greater difficulty in applying the scores, as well as by
excluding patients who submitted to nonsurgical treatment.
In addition, all the cases were operated on or indicated by the
same surgeon, which may constitute an inclusion bias. These
limitations should be considered in the analysis of the results.

CONCLUSION

The survival of the SM patients was associated with the
preoperative functional state of the patient; this was defined
by the classification on the KPS and ECOG-PS scales and the
presence of nonresectable visceral metastases. There was
no correlation of survival with any other variable studied in
our series.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Delank KS, Wendtner C, Eich HT, Eysel P. The treatment of spinal
metastases. Dtsch Arztebl Int 2018;108:71-9. Available from: https://
doi.org/10.3238/arztebl.2011.0071. [Last accessed on 2018 Dec 10].

2. Walsh GL, Gokaslan ZL, McCutcheon IE, Mineo MT, Yasko AW,
Swisher SG, et al. Anterior approaches to the thoracic spine in patients
with cancer: Indications and results. Ann Thorac Surg 1997;64:1611-8.
Available from: https://doi.org/10.1016/S0003-4975(97)01034-5. [Last
accessed on 2018 Oct 13].

3. TomitaK, Kawahara N, Kobayashi T, Yoshida A, Murakami H, Akamaru T,
et al. Surgical strategy for spinal metastases. Spine (Phila PA 1976)
2001;26:298-306. Available from: https://doi.org/10.1097/00007632-
200102010-00016. [Last accessed on 2018 Oct 10].

4. Tokuhashi Y, Matsuzaki H, Oda H, Oshima M, Ryu J. A revised scoring
system for preoperative evaluation of metastatic spine tumor prognosis.
Spine (Phila PA 1976) 2005;30:2186-91. Available from: https://doi.
0rg/10.1097/01.brs.0000180401.06919.a5. [Last accessed on 2018 Oct 10].

5. Joaquim Andrei F, Powers A, Laufer I, Bilsky MH. An update in the
management of spinal metastases. Arq Neuro Psiquiatr 2015;73:795-802.
Available from: http://dx.doi.org/10.1590/0004-282X20150099. [Last
accessed on 2018 Oct 10].

6.

20.

Laufer I, Rubin DG, Lis E, Cox BW, Stubblefield MD, Yamada Y, et al.
The NOMS framework: Approach to the treatment of spinal metastatic
tumors. Oncologist 2013;18:744-51. Available from: https://doi.
org/10.1634/theoncologist.2012-0293. [Last accessed on 2018 Oct 10].
Perrin RG, Livingston KE, Aarabi B. Intradural extra-medullary spinal
metastasis. Areport of 10 cases. ] Neurosurg 1982;56:835-7. Available from:
https://doi.org/10.3171/jns.1982.56.6.0835. [Last accessed on 2018 Oct 10].
Heng DY, Signorovitch J, Swallow E, Li N, Zhong Y, Qin P, et al.
Comparative effectiveness of second-line targeted therapies for
metastatic renal cell carcinoma: A systematic review and meta-analysis
of real-world observational studies. PLoS One 2014;9:1142-64.
Available from: https://doi.org/10.1371/journal.pone.0114264. [Last
accessed on 2018 Oct 10].

Ulmar B, Naumann U, Catalkaya S, Muche R, Cakir B, Schmidt R, et al.
Prognosis scores of Tokuhashi and Tomita for patients with spinal metastases
of renal cancer. Ann Surg Oncol 2007;14:998-1004. Available from: https:/
doi.org/10.1245/s10434-006-9000-5. [Last accessed on 2018 Oct 10].
Katagiri H, Takahashi M, Inagaki J, Kobayashi H, Sugiura H,
Yamamura S, ef al. Clinical results of nonsurgical treatment for spinal
metastases. Int J Radiat Oncol Biol Phys 1998;42:1127-32. Available
from: https://doi.org/10.1016/S0360-3016(98)00288-0. [Last accessed
on 2018 Oct 10].

Joaquim AF, Ghizoni E, Tedeschi H, Pereira EB, Giacomini LA.
Radiocirurgia estereotaxica para metastases de coluna vertebral. Rev
Literatura Einstein (Sao Paulo) 2013;11:247-55. Available from: http:/
www.scielo.br/pdf/eins/v11n2/pt_20.pdf. [Last accessed on 2018 Oct 05].
Rades D, Fehlauer F, Stalpers LJ, Wildfang I, Zschenker O,
Schild SE, et al. A prospective evaluation of two radiotherapy
schedules with 10 versus 20 fractions for the treatment of metastatic
spinal cord compression: Final results of a multicenter study. Cancer
2004;101:2687-92. Available from: https://doi.org/10.1002/cncr.20633.
[Last accessed on 2019 Jan 10].

Cavalcante RA, Fernandes YB, Marques RA, Santos VG, Martins E,
Zaccariotti VA, et al. Is there a correlation between the spinal instability
neoplastic score and mechanical pain in patients with metastatic spinal
cord compression? A prospective cohort study. J Craniovertebr Junction
Spine 2017;8:187-92. Available from: https://doi.org/10.4103/jcvjs.
JCVIJS_64 17. [Last accessed on 2019 Jan 10].

Ribas EC, Mathias LR, Guirado VM, Brock RS, Taricco MA,
Daniel MM, et al. Survival score scales of patients operated with
spinal metastases: Retrospective application in a Brazilian population.
Arq Neuro Psiquiatr 2016;74:44-9. Available from: http://dx.doi.
org/10.1590/0004-282X20150189. [Last accessed on 2019 Jan 20].
Fehlings MG, Nater A, Tetreault L, Kopjar B, Arnold P, Dekutoski M,
et al. Survival and clinical outcomes in surgically treated patients with
metastatic epidural spinal cord compression. Results of the prospective
multicenter AO spine study. J Clin Oncol 2016;34:68-76.

Demura S, Kawahara N, Murakami H, Nambu K, Kato S, Yoshioka K,
et al. Surgical site infection in spinal metastasis: Risk factors and
countermeasures. Spine (Phila PA 1976) 2009;34:635-9.

Van Der Linden YM, Dijkstra SP, Vonk EJ, Marijnen CA, Leer JW;
Dutch Bone Metastasis Study Group. Prediction of survival in patients
with metastases in the spinal column: Results based on a randomized
trial of radiotherapy. Cancer 2005;103:320-8.

Helweg-Larsen S, Sorensen PS. Symptoms and signs in metastatic
spinal cord compression: A study of progression from first symptom
until diagnosis in 153 patients. Euro J Cancer 2010;30:396-8.
Goodwin CR, Khattab MH, Sankey EW, Elder BD, Kosztowski TA,
Sarabia-Estrada R, et al. Factors associated with life expectancy in
patients with metastatic spine disease from adenocarcinoma of the
lung. Global Spine J 2015;5:417-24. Available from: https://doi.
org/10.1055/s-0035-1554778. [Last accessed on 2019 Jan 10].

Zhang L, Gong Z. Clinical characteristics and prognostic factors in bone
metastases from lung cancer. Med Sci Monit 2017;23:4087-94. Available
from: https://doi.org/10.12659/msm.902971. [Last accessed on 2019 Jan 10].

216 Journal of Craniovertebral Junction and Spine / Volume 11 / Issue 3 / July-September 2020



