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Impact of Symptomatic Metastatic Spinal Cord Compression on Survival of

Patients with Non-Small-Cell Lung Cancer
Gustavo Telles da Silva1, Anke Bergmann2, Luiz Claudio Santos Thuler1
-OBJECTIVES: Non-small-cell lung cancer (NSCLC) is one
of the most common primary tumor sites among patients
with metastatic spinal cord compression (MSCC). This
disorder is related to neurologic dysfunction and can
reduce the quality of life, but the association between
MSCC and death is unclear. The aim of this study was to
analyze the impact of the occurrence of symptomatic MSCC
on overall survival of patients with NSCLC.

-METHODS: A cohort study was carried out involving
1112 patients with NSCLC who were enrolled between 2006
and 2014 in a single cancer center. Clinical and socio-
demographic data were extracted from the physical and
electronic records. Survival analysis of patients with
NSCLC was conducted using the Kaplan-Meier method. A
log-rank test was used to assess differences between
survival curves. Cox proportional hazards regression ana-
lyses were carried out to quantify the relationship between
the independent variable (MSCC) and the outcome (overall
survival).

-RESULTS: During the study period, the incidence of
MSCC was 4.1%. Patients who presented with MSCC were
1.43 times more likely to die than were those with no
history of MSCC (hazard ratio, 1.43; 95% confidence interval
[CI], 1.03e2.00; P [ 0.031). The median survival time was
8.04 months (95% CI, 6.13e9.96) for those who presented
MSCC and 11.95 months (95% CI, 10.80e13.11) for those who
did not presented MSCC during the course of disease
(P [ 0.002).
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Abbreviations and Acronyms
CI: Confidence interval
EGFR-TKI: Epidermal growth factor receptoretyrosine kinase inhibitors
LC: Lung cancer
MSCC: Metastatic spinal cord compression
NSCLC: Non-small-cell lung cancer
PS: Performance status
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-CONCLUSIONS: MSCC is an important and independent
predictor of NSCLC worse survival. This effect was not
influenced by sociodemographic and clinical factors.
INTRODUCTION
ung cancer (LC) is the most common cancer worldwide in
males and the third most common in females, accounting
Lfor almost 13% of the total cases. It is the leading cause of

cancer-related death in developed countries and less economically
developed countries, with an estimated 1.5 million deaths in 2012.1

In recent years, with modern cancer therapies, the overall survival
of patients with LC has improved but complications are expected
to increase.2 Non-small-cell LC (NSCLC) comprises approximately
85% of all LC cases.3

Many studies have found LC to be the most frequent primary
tumor site among patients diagnosed with metastatic spinal cord
compression (MSCC).4-6 Morgen et al.5 reported that LC
represented 21.5% of all cases of MSCC and Phanphaisarn et al.6

found that LC represented 41.2% of all cases of MSCC. A
population-based study in patients with cancer7 found the
cumulative incidence of MSCC to be 2.5% in patients with
NSCLC. MSCC is considered an oncologic emergency and
without urgent treatment the spinal cord is irreversibly
damaged, with permanent consequences.8-10 Spinal involvement
can cause considerable morbidity, including sensorial and motor
dysfunction, severe pain, and bowel and bladder dysfunction.9,11,12

Such neurologic complications can affect functional independence
and are one of the main determinants of the quality of life in
RT: Radiotherapy
SD: Standard deviation
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patients with MSCC.10,13-15 A recent systematic review16 and a
meta-analysis17 showed that the main therapeutic modalities
used alone or in combination for MSCC treatment were
radiotherapy (RT), surgery, and corticosteroids and that surgery
had better therapeutic efficacy regarding life expectancy and
quality of life.
Numerous studies have indicated that MSCC secondary to

NSCLC is associated with poorer outcomes in patients with cancer
compared with the most common human cancers such as breast
and prostate.5,18,19 There is international interest in factors asso-
ciated with long-term survival after diagnosis of MSCC.19-21 On the
other hand, to our knowledge, no studies have investigated the
association between the occurrence of MSCC during the clinical
course of NSCLC and death. It is unclear whether the occurrence
of symptomatic MSCC may affect the overall survival of patients
with NSCLC. Therefore, the purpose of this study was to analyze
the impact of symptomatic MSCC on the overall survival of
patients with NSCLC.
METHODS

A cohort study was carried out of patients diagnosed with NSCLC
between 2006 and 2014, who were treated exclusively at the Bra-
zilian National Cancer Institute (INCA). The histologic subtypes
included in this study, according to the International Classification of
Diseases for Oncology, Third Edition, were squamous cell carcinoma
(codes 8050-8076), adenocarcinoma (8140-8211, 8230-8231,
8250-8260, 8323, 8480-8490, 8550-8560, 8570-8572), and large-cell
carcinoma (8012-8031, 8310).
Clinical and sociodemographic data were extracted from med-

ical records. The variables investigated were gender, age,
ethnicity, marital status, years of education (�8 or >8), history of
smoking (categorized as never smokers vs. smokers/former
smokers), alcohol consumption (>3 times per week, independent
of the amount consumed), histology, staging, body mass index,
Eastern Cooperative Oncology Group performance status (PS),
history of use of epidermal growth factor receptoretyrosine kinase
inhibitors (EGFR-TKI), and treatment for NSCLC. The cutoff point
of 60 years was used for the age variable, according to the defi-
nition of the World Health Organization, which considers the
elderly as 60 years or older in developing countries. Early-stage
NSCLC was considered stage I to stage IIIa and advanced stage,
stages IIIb and IV. Five treatment groups were analyzed: 1) sur-
gery; 2) chemotherapy; 3) RT; 4) surgery combined with chemo-
therapy; and 5) chemotherapy combined with RT.
The MSCC was the time-dependent exposure variable of main

interest, defined as indentation, displacement, or coating of the
dural sac that surrounds the spinal cord or the cauda equina by an
extradural tumor mass.22 The symptomatic MSCC diagnosis was
confirmed by magnetic resonance imaging or spinal computed
tomography.
A descriptive analysis of the variables was compiled using

median � standard deviation (SD) for continuous variables and
percentage (%) for categorical variables. A c2 test or Fisher exact
test was used to identify differences between groups.
All patients were followed from diagnosis of NSCLC until the

occurrence of symptomatic MSCC, death, date of last contact (in
WORLD NEUROSURGERY 108: 698-704, DECEMBER 2017
the case of patients lost to follow-up), or the end of the study
period (i.e., April 31, 2016). A Kaplan-Meier survival analysis was
conducted for the exploratory evaluation of the variables associ-
ated with the time until death. To identify whether the differences
between the curves were statistically significant, the log-rank test
was performed. A Cox multiple regression model using the for-
ward stepwise method was used, aiming to estimate the inde-
pendent factors associated with NSCLC death that could act as
confounding or effect-modifying factors in the relationship
between MSCC and death. Variables with a P value < 0.05 in the
univariate analysis and clinically significant variables were selected
for the multiple regression model. All statistical tests were 2
tailed. Analyses were performed with SPSS (São Paulo, Brazil)
version 21.0.
This research was approved by the research ethics committee of

the Brazilian National Cancer Institute (INCA) (protocol CAAE:
11556513.2.0000.5274, number 233 245/2013).
RESULTS

A total of 1112 patients diagnosed with NSCLC between 2006 and
2014 were identified and included in the analysis. Tables 1 and 2
summarize the clinical and sociodemographic characteristics of
the overall study cohort and compare patients with and without
MSCC. The patients were predominantly men (61.2%), white
(66.5%), living with a partner (89.1%), and with a history of
smoking (88.4%). Most were PS 0e1 (74.0%), more than half of
the patients (63.2%) were in the advanced stage of NSCLC, 56%
were classified as eutrophic, and most of the tumors were
histologically classified as adenocarcinoma (52.7%). During the
study period, 45 patients (4.1%) presented with symptomatic
MSCC. The median age at the time of NSCLC diagnosis was
63.0 years (range, 27e89 years �9.57 SD) in patients who did
not present with MSCC and 58.0 years (range, 43e82 years
�8.83 SD) in patients who presented with MSCC. Compared
with patients without MSCC, patients with MSCC were more
likely to be younger (55.6% vs. 40.3%; P ¼ 0.031), to be
nonwhite (48.9% vs. 32.9%; P ¼ 0.021), to have an advanced
disease stage (93% vs. 61.9%; P < 0.001), to have
adenocarcinoma (66.7% vs. 52.1%; P ¼ 0.020), to have been
treated with chemotherapy or RT or chemotherapy combined
with RT (93% vs. 61.9%; P < 0.001), and to have been treated
with EGFR-TKI (11.1% vs. 3.6%; P < 0.026). The 2 groups
(patients with and without MSCC) were similar with regard to
gender, marital status, schooling, smoking, alcohol intake, body
mass index, and PS.
At the time of diagnosis of MSCC, 19 patients (42.3%) presented

with bowel and bladder dysfunction, 17 patients (37.8%) had no
motor deficit, 13 patients (28.9%) had motor deficits but were still
able to walk, 8 patients (17.8%) had severe motor deficit and could
not walk, and 7 patients (15.6%) presented with paraplegia. MSCC
was treated using RT in 40 patients (88.8%), surgery in 4 patients
(8.8%), and 2 patients did not undergo any kind of treatment
(4.4%). Thirty-four patients (75.5%) received physiotherapy during
hospitalization and 20 patients (44.4%) used an orthosis for pain
relief and spinal stability.
www.WORLDNEUROSURGERY.org 699
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Estimates of survival time after NSCLC are presented in Table 3.
The Kaplan-Meier analysis showed that better survival was associ-
ated with being female (P< 0.001),>8 years of study (P¼ 0.012), no
history of smoking (P¼ 0.007), histologic subtype adenocarcinoma
(P < 0.001), early stage (P < 0.001), PS 0e1 (P < 0.001), and
treatment for NSCLC with surgery or surgery combined with
chemotherapy (P < 0.001). The variables with P < 0.05 in the sur-
vival analysis were included in the multiple regression model.
The Cox regression analysis showed that there is an indepen-

dent association between the presence of MSCC and the survival
time after NSCLC. Patients who presented with MSCC were 1.43
times more likely to die than those with no history of MSCC
(hazard ratio, 1.43; 95% confidence interval [CI], 1.03e2.00;
P ¼ 0.031), indicating that the hazardous effect of MSCC was not
mediated through gender, years of education, smoking, histology,
staging, PS, and treatment (Table 4).
The median survival time was 8.04 months (95% CI, 6.13e9.96)

for those who presented with MSCC and 11.95 months (95% CI,
10.80e13.11) for those who did not present with MSCC during the
course of disease, and this difference was statistically significant
(P ¼ 0.002) (Figure 1).
Table 1. Sociodemographic Characteristics of the Population of the

Characteristics
Total Cohort

(n [ 1112) n (%)

With Metas
Cord Com
(n [ 45

Gender

Male 680 (61.2) 22 (4

Female 432 (38.8) 23 (5

Age at diagnosis (years)

�60 455 (40.9) 25 (5

�61 years 657 (59.1) 20 (4

Ethnicity

White 728 (66.5) 23 (5

Non-white 367 (33.5) 22 (4

Marital status

Living with partner 967 (89.1) 37 (8

Living without partner 118 (10.9) 8 (1

Years of education

�8 556 (51.4) 20 (4

>8 526 (48.6) 25 (5

Smoking

Yes 954 (88.3) 39 (8

No 127 (11.7) 6 (1

Alcohol consumption

Yes 593 (60.6) 20 (5

No 385 (39.4) 19 (4

The statistically significant values are highlighted in bold.
*Calculated with the missing values excluded.
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DISCUSSION

MSCC is the second most common neurologic complication in
patients with cancer and can result in pain, paralysis, and bowel
and bladder disorders.23,24 This cohort study of patients with
NSCLC diagnosed in a single cancer center between 2006 and 2014
showed that the occurrence of symptomatic MSCC during the
clinical course of disease is related to worse survival, after
adjusting for PS, staging, modality of treatment for NSCLC, and
history of use of EGFR-TKI.
Our findings about modality of treatment and functional status

are consistent with those of other studies that investigated survival
in this cancer population.25-29 A prospective cohort study of 651
patients with LC found that increased survival was associated with
being selected for surgery, good PS, and early-stage disease.25 A
study by Souza et al.26 registered 1194 patients with NSCLC and
found that survival was highest in patients with good PS,
initially treated with curative intent and treated with surgery for
all stages. One English study using data from the National Lung
Cancer Audit from 2004 to 2010 including 120,745 patients27

showed improved survival for patients with early stage and good
Study (n ¼ 1112)

tatic Spinal
pression
) n (%)

Without Metastatic Spinal
Cord Compression
(n [ 1067) n (%) P Value*

0.060

8.9) 658 (61.7)

1.1) 409 (38.3)

0.031

5.6) 430 (40.3)

4.4) 637 (59.7)

0.021

1.1) 705 (67.1)

8.9) 345 (32.9)

0.106

2.2) 930 (89.4)

7.8) 110 (10.6)

0.212

4.4) 536 (51.7)

5.6) 501 (48.3)

0.438

6.7) 915 (88.3)

3.3) 121 (11.7)

0.146

1.3) 573 (61.0)

8.7) 366 (39.0)
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Table 2. Clinical Characteristics of the Population of the Study (n ¼ 1112)

Characteristics
Total Cohort

(n [ 1112) n (%)

With Metastatic Spinal
Cord Compression
(n [ 45) n (%)

Without Metastatic Spinal
Cord Compression
(n [ 1067) n (%) P Value*

Body mass index 0.897

Underweight 129 (13.7) 5 (11.9) 124 (13.8)

Eutrophic 529 (56.3) 25 (59.5) 504 (56.1)

Overweight/obese 282 (30.0) 12 (28.6) 270 (30.1)

Performance status 0.519

0e1 810 (74.0) 33 (73.0) 777 (74.0)

�2 285 (26.0) 12 (26.7) 273 (26.0)

Staging <0.001

<IIIb 385 (36.8) 3 (7.0) 382 (38.1)

IIIb and IV 661 (63.2) 40 (93.0) 621 (61.9)

Histology 0.020

Adenocarcinoma 586 (52.7) 30 (66.7) 556 (52.1)

Squamous cell carcinoma 496 (44.6) 12 (26.7) 484 (45.4)

Large cell carcinoma 30 (2.7) 3 (6.7) 27 (2.5)

Non-small-cell lung cancer treatment 0.007

Surgery or surgery combined with chemotherapy 237 (21.3) 3 (6.7) 234 (21.9)

Chemotherapy or radiotherapy or
chemotherapy combined with radiotherapy

875 (78.7) 42 (93.3) 833 (78.1)

Epidermal growth factor receptoretyrosine kinase inhibitor 0.026

Yes 43 (3.9) 5 (11.1) 38 (3.6)

No 1069 (96.1) 40 (88.9) 1029 (96.4)

The statistically significant values are highlighted in bold.
*Calculated with the missing values excluded.
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PS and linked this improvement with increasing surgical resection
rates. Another study28,29 included EGFR-TKI use and showed
long-term survival benefits among these patients. These results
are comparable to ours, which suggests the same survival benefits.
In contrast with the present study, some researchers found an
association between smoking history, gender, marital status,
ethnicity, and survival.30-34 Other studies showed the importance
of features that were not evaluated in this study, such as
quality-of-life deficit at the time of LC diagnosis and the presence
of comorbidities.2,35

In this sample of patients with NSCLC, we showed the association
between symptomatic MSCC and death. Even after controlling for
clinical covariates, MSCC still contributed significantly to the pre-
diction of patient survival. The Cox regression analysis showed that
the risk of death was 1.43 times higher among patients who pre-
sented MSCC than among those with no history of MSCC. This
serious disorder already involves disability and negatively influences
quality of life. To the best of our knowledge, this is the first study to
show the impact of MSCC on the survival of patients with NSCLC.
This disorder contributes to a longer length of hospital stay, which
can result in medical complications, including pressure ulcers,
WORLD NEUROSURGERY 108: 698-704, DECEMBER 2017
venous thromboembolism, and infections. The progression of the
disease, added to the myriad complications, can generate a poten-
tiating effect for early death in patients with NSCLC and neurologic
impairment caused by MSCC.
At the time of diagnosis of MSCC, more than one third of patients

had no walking capacity, in the present study. The treatment for
MSCC was RT in approximately 90% of cases and only 4.4% of
patients underwent surgery. Nonsurgical treatment, such as RT and
best supportive care, including corticosteroids and analgesics, seems
to be the best treatment for patients with poor functional outcome
and limited prognosis. In patients with MSCC from LC, the expected
survival time is less than 3 months.36 On the other hand, surgical
decompression can benefit patients with low tumor burden and
better life expectancy and functional outcome, providing local
control of disease. However, the criteria for choosing the most
appropriate treatment are not yet clear in these patients. In recent
years, several studies37-43 have addressed the association between
the modality of treatment and the prognosis after spine metastases
and MSCC from LC.
Onemulticenter study42 reported the prognostic factors in a series of

patients with NSCLC irradiated for MSCC between 1992 and 2010 and
www.WORLDNEUROSURGERY.org 701
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Table 4. Cox Regression Analysis for Risk of Death Associated
with Metastatic Spinal Cord Compression in Patients with
Non-Small-Cell Lung Cancer

Metastatic Spinal
Cord Compression Hazard Ratio

95% Confidence
Interval P Value

Univariate analysis

Yes 1.62 1.18e2.23 0.003

No 1.00

Adjusted analysis*

Yes 1.43 1.03e2.00 0.031

No 1.00

*Adjusted for staging, treatment, performance status, gender, years of education,
histology, and smoking.

Table 3. Estimates of Survival Time After Non-Small-Cell Lung
Cancer

Variable

Number
of

Events

Time of Survival

Log
Rank*Median

(95%
Confidence
Interval)

Gender

Male 564 10.64 (9.65e11.63) <0.001

Female 299 15.90 (13.48e18.31)

Age to diagnostic

�60 349 13.37 (11.62e15.11) 0.098

61 years old or more 514 11.26 (10.00e12.53)

Ethnicity

White 558 11.89 (10.49e13.29) 0.086

Non-white 292 11.63 (9.96e13.29)

Marital status

Living with partner 754 11.56 (10.48e12.64) 0.934

Living without partner 94 13.37 (10.47e16.27)

Years of education

�8 459 11.59 (10.09e13.09) 0.012

>8 382 12.22 (10.76e13.68)

Smoking

Yes 748 11.56 (10.45e12.67) 0.007

No 87 18.10 (13.39e22.81)

Alcohol consumption

Yes 478 11.59 (10.22e12.96) 0.074

No 281 12.78 (10.42e15.13)

Histology

Adenocarcinoma 431 14.02 (11.44e16.61) <0.001

Nonadenocarcinoma 432 10.87 (9.81e11.93)

Staging

<IIIb 222 30.94 (23.01e38.88) <0.001

IIIb and IV 584 8.67 (7.81e9.53)

Body mass index

Normal weight 410 11.79 (10.56e13.02) 0.054

Others 302 14.88 (12.28e17.48)

Continues

Table 3. Continued

Variable

Number
of

Events

Time of Survival

Log
Rank*Median

(95%
Confidence
Interval)

Performance status

0e1 584 16.49 (14.53e18.44) <0.001

�2 266 6.47 (5.59e7.35)

Epidermal growth
factor receptoretyrosine
kinase inhibitor

Yes 35 22.47 (19.54e25.40) 0.050

No 828 11.40 (10.37e12.42)

Non-small cell lung
cancer treatment

Chemotherapy or
radiotherapy or
chemotherapy
combined with
radiotherapy

767 9.42 (8.54e9.99) <0.001

Surgery or surgery
combined
with chemotherapy

96 105.72 *Not available

The statistically significant values are highlighted in bold.
*Calculated with the missing values excluded.
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identified that decreased survival was associated with male gender,
poor PS, non-ambulatory status before RT, involvement of more
vertebrae, presenceof visceralmetastases, other bonemetastases at the
time of RT, a shorter interval from first diagnosis of NSCLC to RT of
MSCC, and more rapid development of motor deficits before RT.
In the current study, patients with MSCC had reduced survival

compared with those without MSCC. The median survival time was
702 www.SCIENCEDIRECT.com WORLD NE
8.04 months for those who presented with MSCC and 11.95 months
for those who did not present with MSCC during the course of
disease (P ¼ 0.002). Recently, several scoring systems have been
designed to predict survival and help to select individual therapeutic
strategies for this population.44-47 Some investigators have looked at
UROSURGERY, https://doi.org/10.1016/j.wneu.2017.09.079
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Figure 1. Time between the non-small-cell lung cancer and death.
MSCC, metastatic spinal cord compression.
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skeletal-related events as being prognostic factors in clinical practice
and found influences on overall survival in patients with NSCLC to be
similar to our results.48-52 Skeletal-related events are considered as
the presence of MSCC, pathologic fractures, malignant hypercalce-
mia, and requirement for RT or surgery to bone.49,51 Bae et al.51

reported that survival times were 8 months for patients with
skeletal-related events and 15 months in patients without
skeletal-related events (P ¼ 0.008). Ulas et al.50 showed that overall
WORLD NEUROSURGERY 108: 698-704, DECEMBER 2017
survival times were lower for patients who experienced
skeletal-related events (7 months) than for patients with no history
of skeletal-related events (12 months; P < 0.001). Tsuya et al.49

presented similar results and showed that, in patients with
skeletal-related events, survival was significantly shorter than that
in patients without skeletal-related events (6.2 vs. 12.2 months).
This study has some limitations inherent to retrospective cohort

studies that use medical records. Information about important fac-
tors could be incomplete and may have affected the data analysis. In
addition, an underestimation of the number of patients with MSCC is
probably a result of the difficulty of identifying subclinical cases with
this condition. In addition, we used overall survival as an outcome
rather than cancer-specific survival, because the cause of death
derived from the registry in the hospital records may be misclassified.
On the other hand, the strengths of our study include the large
population size and the long period of follow-up. Regardless, future
LC trials should attempt to confirm the findings of the current study
and focus on whether its findings have clinical and research impli-
cations. There is evidence that the number of vertebrae involved in
metastasis is associated with a higher probability of developing
MSCC.36,52 Clinicians may consider this information when recom-
mending intensive treatment and/or surveillance for those individuals
at risk and to rule out the influence of MSCC on the clinical course of
NSCLC.
CONCLUSIONS

This retrospective study of a large cohort of patients found that
MSCC is an important and independent predictor of abbreviated
NSCLC survival. This effect was not influenced by sociodemo-
graphic and clinical factors such as staging, modality of treatment,
or PS.
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