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Abstract. - OBJECTIVE: Metastatic lung can-
cer often spreads to the musculoskeletal struc-
tures and spinal column. Patients suffering from
spinal metastasis due to lung cancer present
poorer prognostic outcomes in terms of over-
all survival compared to spinal metastases from
other origins. To date, no meta-analysis has at-
tempted to evaluate the prognostic impact of
various predictive factors that may influence the
overall survival of patients with spinal metasta-
sis due to metastatic lung cancer. The aim of the
study was to evaluate the prognostic impact of
different predictive factors that might influence
the overall survival of patients with spinal me-
tastasis due to metastatic lung cancer.

MATERIALS AND METHODS: Five electron-
ic databases (Web of Science, EMBASE, CEN-
TRAL, Scopus, and MEDLINE) were screened
for eligible studies according to PRISMA guide-
lines. We conducted a random-effects me-
ta-analysis to evaluate the prognostic impact of
aging, pre-ambulatory status, radiotherapy, ade-
nocarcinoma, performance status, visceral me-
tastasis, and number of affected vertebrae on
the overall survival of patients with spinal me-
tastasis due to lung cancer.

RESULTS: From 963 studies, we found 13 eli-
gible studies with data on 1144 patients. Our me-
ta-analysis revealed that pre-treatment ambula-
tory status (2.08), Eastern cooperative oncology
group score (1.78), and aging (1.68) had signifi-
cant impacts on overall survival.

CONCLUSIONS: We provide preliminary evi-
dence highlighting three factors potentially pre-
dictive of overall survival for patients suffering
from spinal metastasis due to metastatic lung
cancer. These findings may help clinicians strat-
ify and manage patients more effectively.
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Introduction

Metastatic lung cancer is a commonly occur-
ring terminal malignancy'? with extremely poor
prognostic outcomes®, complicated by the fact
that 30% to 40% of metastatic lung cancer cases
feature musculoskeletal tumor metastasis®’. In-
terestingly, patients with spinal metastases aris-
ing due to malignant lung disease exhibit worse
morbidity and mortality compared with spinal
metastases from other origins®’, exhibiting short-
er life spans'®!! as well as paralysis, loss of bowel/
bladder control, and severe pain'?,

Selecting a treatment approach for managing
spinal metastasis depends on prognostic outlook'.
Patients with poorer prognoses typically receive
non-operative care or undergo careful posterior
instrumentation with/without laminectomy, while
patients with good prognostic outlooks are rec-
ommended for radical procedures, including bloc
resection or even radical curettage'*'. Personal-
ized treatment interventions have therefore been
widely recommended for managing spinal metas-
tases due to metastatic lung cancer®'*!”, However,
developing these approaches is also problematic
due to a lack of robust scoring systems capable
of precisely estimating prognosis'>'®. Existing
prospective scoring systems by Van der Linden
et al’® (2005), Tomita et al?® (2001), Sioutos et al?!
(1995), and Tokuhashi et al’® (1990) show limited
consistency and reliability as they analyze differ-
ent predictive factors. Additionally, these scoring
systems were devised based on small, heteroge-
neous patient cohorts featuring different tumor
origins, weakening their specific applicability for
spinal metastases arising due to malignant lung
disease.
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Several individual cohort studies®**2° have
attempted to evaluate the prognostic impact of
factors, such as aging, the presence/absence of
visceral metastases, pre-treatment ambulatory
status, pre-treatment performance status, and the
number of affected vertebrae for overall surviv-
al in patients with metastatic lung cancer-related
spinal metastases. However, these studies did not
obtain consensus. As one example, some stud-
ies?*?* reported that higher Frankel Scale scores
influenced patient survival while others®?
found lower scores to be more predictive

To the best of our knowledge, no systematic
review or meta-analysis to date has attempted to
evaluate the comparative impact of factors, such
as aging, the presence/absence of visceral metas-
tases, number of affected vertebrae, presence of
radiotherapy, presence of adenocarcinoma, and
pre-treatment ambulatory status on overall surviv-
al in patients suffering from spinal metastasis due
to malignant lung cancer. We, therefore, attempt to
bridge this gap through the present study. The find-
ings from this study will help deduce best practice
guidelines for more effective reductions in morbid-
ity and mortality-related outcomes for patients with
spinal metastasis due to metastatic lung cancer.

Materials and Methods

PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines®
were followed for this meta-analysis.

Search Strategy
Five scientific databases (Web of Science,

MEDLINE, CENTRAL, EMBASE, and Sco-

pus) were systematically searched for relevant

studies published prior to April 2021. The search
was performed across a combination of MeSH
keywords, including “spinal metastasis”, “lung
cancer”, “pulmonary cancer”, “overall survival”,
and “prognostic factors”. Works cited by included
studies were manually examined to identify fur-
ther relevant studies.

Inclusion criteria were as follows:

a) Studies reporting data on patients diagnosed
with spinal metastases due to lung cancer;

b) Studies evaluating the prognostic impact of
various predictive factors on the overall sur-
vival;

¢) Studies on human participants;

d) Case-control studies, prospective cohort tri-
als, or retrospective cohort trials;

e) Studies published in peer-reviewed scientific
journals;

f) Studies published in English;

g) Study screening was performed by two re-
viewers, with disagreements resolved through
discussion with a third independent reviewer.

Study Quality Assessment

Bias risk within individual included stud-
ies was appraised using the Newcastle Ottawa
scale?®, which evaluates studies for selective re-
porting, confounding bias, outcome measure-
ments, and incomplete data availability. Method-
ological quality was appraised independently by
two reviewers. In case of disagreements, a third
reviewer intervened to arbitrate.

Data Analysis

A within-group meta-analysis was performed
using Comprehensive Meta-analysis (CMA) ver-
sion 2.0%. The meta-analysis was conducted using
a random effects model*. We calculated hazard
ratios to evaluate the prognostic impact of patient
age, visceral metastases, number of affected ver-
tebrae, Frankel score, Eastern cooperative oncol-
ogy group score, and pretreatment ambulatory
status on overall survival in patients with spinal
metastases due to lung cancer. I? statistics were
used to assess heterogeneity, with a value between
0-25% considered indicative of negligible hetero-
geneity, a value between 25%-75% indicative of
moderate heterogeneity, and a value >75% of sub-
stantial heterogeneity®’. For studies that provided
descriptive statistics as medians and ranges, we
used the method of Hozo et al*! (2005) to convert
these values into means and standard deviations.
Publication bias was evaluated using Duval and
Tweedy’s trim and fill procedure®?, which imputes
studies on either side of the plotted graph to iden-
tify any unbiased effects. The significance level
for this study was set at 5%.

Results

The literature search across five academic da-
tabases provided a total of 950 candidate studies,
while screening of works cited sections revealed
an additional 13 studies (Figure 1). After applying
inclusion criteria, 13 studies remained for inclu-
sion. Twelve of these were retrospective cohort
studies®*26339 " while the one remaining was a
prospective cohort study®’. Relevant study data
has been summarized in Table I.
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Figure 1. PRISMA flowchart for study identification and screening.

Participant Information

Pooled data from eleven of the included studies
contained data on a total of 1,902 (560M, 947F)
patients with spinal metastasis due to metastatic
lung cancer. One study failed to provide the gen-
der distribution of their cohort®. Average patient
age was 56.9 + 8.8 years, with three studies not
reporting patient data®#2,

Cohort Study Quality Assessment
Newcastle Ottawa scale analysis found low
overall risk of bias (Table II, Figure 2).

Publication Bias

Duval and Tweedy’s trim and fill method found
that two studies were missing on the left side of
the mean effect. The overall random effect mod-
els determined the point estimates and the 95%
confidence intervals for all the combined studies
as 1.32 (1.17 to 1.50). After using the trim and fill
method, the imputed points were estimated as
1.29 (1.14 to 1.46) (Figure 3).

Meta-Analysis Report

Age

Six studies'®?¥-3¢ investigated the relationship
between aging and overall survival. We observed
an increased hazard ratio, suggesting that aging
had a significant influence on overall survival in
patients with spinal metastasis (Figure 4) (Hazards
ratio: 1.68, 95% CI: 1.16 to 2.45, p<0.01, I*: 56.9%).

Treatment ambulatory status

Three studies**"* reported on the relationship
between pre-treatment ambulatory status and over-
all survival. We observed an increased odds ratio,
suggesting increased risk associated with a lack
of pre-treatment ambulation on overall survival in
patients with spinal metastasis (Figure 5) (Hazard
ratio: 2.08, 95% CI: 1.64 to 2.63, p<0.001, I*: 0%).

Eastern cooperative oncology group score

Five studies'”?%35373% investigated the rela-
tionship between Eastern cooperative oncology



Table I. Extracted data and summarized details for included studies.

(2015)

cohort study

Number Overall
Type Ambulatory | Frankel | Visceral of affected | survival
Study Country | of study Sample size | Age Period status score metastases | vertebrae | months) Predictive factors of overall survival
da Silva et | Brazil Retrospective | 64 (29F, 35M) 60.6+9.5 2008-2017 | - - Yes: 17 <2:39 2.5(1.6-3.5) Visceral metastases: 1.18 (0.5 to 2.80)
al® (2021) cohort study No: 47 >2:25 Age: 1.66 (0.97 to 2.84)
ECOG: 1.76 (1.03 to 2.99)
Amelot et France Prospective 210 (69F, 141M) | 33.1 (33 to 87) | 2014-2017 | - A: 13 - - 5.9+0.6 Frankel: 0.42 (0.20 to 0.86)
al* (2020) cohort study B: 22
C:23
D: 21
E: 131
Gao et al'® China Retrospective | 146 (60F, 86M) | - 2009-2019 | - AtoC:28 | Yes: 24 <3:38 5.5 (5-6) Age: 10.98 (2.60 to 46.21)
(2020a) cohort study D: 82 No: 122 >3: 108 Visceral metastases: 2.15 (0.39 to 11.62)
E: 36 No. of involved vertebrae: 0.85 (0.15 to 4.75)
Frankel: 4.42 (0.32 to 58.8)
M. Yang et | China Retrospective | 376 56.9 +10.96 2010-2016 | Yes: 200 A:37 Yes: 98 <3:227 - Frankel: 1.26 (1.10 to 1.43)
al® (2019) cohort study No: 176 B: 47 No: 278 >3: 149 No. of involved vertebrae: 1.42 (1.08 to 1.86)
C: 102 Visceral metastases: 1.51 (1.11 to 2.05)
D/E: 190
Rades et al*® | Germany | Retrospective | 120 (32F, 88M) | - 1996-2016 | Yes: 67 - Yes: 77 <3:49 - Visceral metastases: 2.46 (1.61 to 3.83)
(2019) cohort study No: 53 No: 43 >3:70 Ambulatory status: 1.99 (1.30 to 3.04)
ECOG: 2.02 (1.31 to 3.17)
Radiotherapy: 1.21 (0.94 to 1.56)
Cai et al® China Retrospective | 120 (49F, 71M) | 62 (27-88) 2010-2017 | - A-B:5 Ye: 23 <3:57 11.8 (0.3 to 66) | Age: 1.22(0.82 to 1.81)
(2019) cohort study C-D: 83 No: 97 >3: 63 Adenocarcinoma: 1.16 (0.72 to 1.87)
E: 32 Radiotherapy: 1.23 (0.84 to 1.80)
Kumar et Singapore | Retrospective | 180 (74F, 106M) | 62.6 = 11.6 2001-2012 | - - Yes: 86 - 4.7 (3.45t06.08) | Age: 1.01 (1 to 1.03)
al* (2018) cohort study No: 94 Adenocarcinoma: 0.57 (0.28 to 1.17)
Radiotherapy: 0.86 (0.64 to 1.16)
Uei and Japan Retrospective | 207 (71F, 136M) | - - - - - <3:121 52+33 Adenocarcinoma: 0.93 (0.66 to 1.30)
Tokuhashi* cohort study >3: 86 Frankel: 0.73 (0.55 to 0.97)
(2018)
Tan et al* Singapore | Retrospective | 180 (74F, 106M) | 63 (33-93) 2001-2012 | - - Yes: 86 <3:57 4.8 (0.1to 111.1) | Visceral metastases: 0.56 (0.33 to 0.97)
(2016) cohort study No: 94 >3: 88 Frankel: 0.17 (0.06 to 0.53)
Parketal® | S o u t h | Retrospective | 50 (23F, 27M) 58.0+11.3 2010-2014 | Yes: 35 - - - 52(2.31t05.8) ECOG: 2.73 (1.05 to 7.13)
(2016) Korea cohort study No: 15 Ambulatory: 2.08 (0.94 to 4.61)
Chen et al** | China Retrospective | 50 (16F, 34M) 61.6 (20-87) 2000-2010 | Yes; 34 - Yes: 10 <3:24 - Visceral metastases: 1.08 (0.52 to 2.23)
(2015) cohort study No: 16 No: 40 >3:26 No. of involved vertebrae: 0.7 (0.39 to 1.25)
Adenocarcinoma: 0.38 (0.2 to 0.71)
Age: 3.28 (1.37 to 7.82)
Lei et al®’ China Retrospective | 64 (22F, 42M) 57 2005-2015 | - - Yes: 31 <3:28 - ECOG: 2.78 (1.54 to 5.02)
(2015) cohort study No: 33 >3:36 Ambulatory: 2.24 (1.30 to 3.86)
Visceral metastases: 2.29 (1.33 to 3.94)
No. of involved vertebrae: 2.46 (1.39 to 4.35)
Tang et al** | China Retrospective | 135 (41F, 75M) | 55 (26-79) 2002-2013 | - - - - - Age: 1.30 (0.82 to 2.08)

Frankel: 3.89 (2.14 to 7.06)

No. of involved vertebrae: 1.25 (0.79 to 1.98)
ECOG: 0.74 (0.42 to 1.31)

Radiotherapy: 2.7 (1.69 to 4.32)

ECOG: Eastern cooperative oncology group, M: Male, F: Female
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Figure 2. Bias risk for cohort studies as assessed via the Newcastle Ottawa scale.
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Figure 3. Publication bias as assessed by Duval & Tweedy’s trim and fill method.

group score and overall survival. We observed an
increased hazard ratio, suggesting increased risk
associated with Eastern cooperative oncology
group scores of 3-4 on overall survival in patients
with spinal metastasis (Figure 6) (Hazard ratio:
1.78, 95% CI: 1.12 to 2.82, p=0.01, I*: 4.75%)).

Frankel score

Seven studies'®?22426353 reported on the re-
lationship between Frankel’s score and overall
survival. We observed an increased hazard ratio,
suggesting increased impact of Frankel scores of
A-B on overall survival in patients with spinal
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Table IlI. Bias risk for individual studies as assessed via the Newcastle Ottawa scale.

Selection

Comparability

Outcome | Total

Selection of external cohort

Study

Ascertainment of exposure

Outcome of interest does not present at start

Assessment of outcome

Main factor
Additional factor

(9/9)

da Silva et al* (2021)
Amelot et al** (2020)
Gao et al'® (2020a)
M. Yang et al** (2019)
Rades et al* (2019)
Cai et al* (2019)
Kumar et al*® (2018)
Uei and Tokuhashi* (2018)
Tan et al* (2016)
Park et al*® (2016)
Chen et al** (2015)
Lei et al’” (2015)
Tang et al*® (2015)

S Representative of the exposed cohort

+ o+ o+

+
+ o+ 4+ o+ o+ o+ o+ o+ o+ o+ o+ o+

S O O O O o o o o o o o o

S O O O O o o o 4+ o 4+ o +

o s+ | sufficient follow up
ot f 4+ + + + + + + 1 Adequacy of follow up

© 4+ + © o + ©©° + + + o +
e et
o o©O o o o O oS O o o o o O
L O O Wh i O W L N e Y, BN |

metastasis (Figure 7) (Hazard ratio: 1.02, 95% CI:
0.64 to 1.61, p=0.92, I*: 43.2%).

Number of affected vertebrae

Five studies'®*263437 investigated the impact
of the number of affected vertebrae on overall
survival. We observed an increased hazard ratio,
suggesting increased impact on overall survival
when higher numbers of vertebrae were affected
(Figure 8) (Hazard ratio: 1.30, 95% CI: 1.93 to
1.34, p=0.17, 1: 15.07%).
Visceral metastases

Seven studies!®232334333739 reported the rela-
tionship between visceral metastases and overall
survival. We observed an increased hazard ratio,
suggesting that the presence of visceral metasta-
ses negatively impacted overall survival in pa-

tients with spinal metastasis (Figure 9) (Hazard
ratio: 1.41, 95% CI: 0.93 to 2.13, p=0.09, I*: 0%).

Adenocarcinoma

Four studies*¥3+3 investigated the relation-
ship between adenocarcinoma and overall surviv-
al. We observed an increased hazard ratio, sug-
gesting increased risk to overall survival linked
with the presence of adenocarcinoma (Figure 10)
(Hazard ratio: 0.71, 95% CI: 0.45 to 1.31, p=0.15,
12: 13.7%).

Radiotherapy

Four studies®-%*3* reported on the relationship
between radiotherapy on overall survival. We ob-
served an increased hazard ratio, suggesting in-
creased impact when radiotherapy was present on
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Study name
Hazard
ratio

da Silva et al. (2021) 1.660
Gao et al. (2020) 10.980
Tang et al. (2015) 1.300
Cai et al. (2019) 1.220
Kumar et al. (2018) 1.010
Chen et al. (2015) 3.280

1.686

Statistics for each study

Lower Upper
limit limt Z-Value
1.103 2498 2430
3.674 32.815 4.289
0912 1.852 1.452
0.903 1.649 1.294
0.995 1.025 1.294
1.691 6.363 3.513
1.161 2450 2.743

p-Value

0.015
0.000
0.146
0.196
0.196
0.000
0.006

Hazard ratio and 95% CI

0102 05 1 2 5

10

Figure 4. Forest plot for studies evaluating the prognostic impact of age on overall survival. Hazard ratios are presented as
black boxes while 95% confidence intervals are presented as whiskers. Higher hazard ratios represent higher impacts of older
ages on overall survival while lower hazards ratios represent higher impacts of younger ages on overall survival.

Study name

ratio
Rades et al. (2019) 1.990
Park et al. (2016) 2.080
Lei et al. (2015) 2.240
2.081

Hazard Lower

Statistics for each study

Upper
limit limit
1.440 2749 4173
1.136 3.809 2.373
1.481 3.389 3.818
1.646 2632 6.117

Z-Value p-Value

0.000
0.018
0.000
0.000

Hazard ratio and 95% CI

0102 05 1 2 5

10

Figure 5. Forest plot for studies evaluating the prognostic impact on pre-treatment ambulation status (yes or no) on overall
survival. Hazard ratios are presented as black boxes while 95% confidence intervals are presented as whiskers. Higher hazard
ratios represent higher impacts of non-ambulatory status on overall survival while lower hazards ratios represent higher im-
pacts of ambulatory status on overall survival.

Study name Statistics for each study
Hazard Lower Upper

ratio limit limit Z-Value

da Silva et al. (2021) 1.760 1173 2640 2733
Rades et al. (2019) 2020 1443 2827 4.099
Park et al. (2016) 2730 1317 5658 2701
Lei et al. (2015) 2780 1.773 4358  4.458
Tang et al. (2015) 0.740 0480 1.141 -1.364
1.783 1125 2825 2461

p-Value

0.006
0.000
0.007
0.000
0.173
0.014

Hazard ratio and 95% CI

0102 05 1 2 5

10

Figure 6. Forest plot for studies evaluating the prognostic impact of Eastern cooperative oncology group score (3-4 vs. 1-2) on
overall survival. Hazard ratios are presented as black boxes while 95% confidence intervals are presented as whiskers. Higher
hazard ratios represent higher impacts of scores of 3-4 on overall survival while lower hazards ratios represent higher impacts

of scores of 1-2 on overall survival.
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Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper

ratio limit limit Z-Value p-Value
da Silva et al. (2021) 0420 0.241 0732 -3.064 0.002 —.—
Amelot et al. (2020) 0.870 0416 1.818 -0.370 0.711 -
Gao et al. (2020) 4420 0.608 32126 1.468 0.142 T
Tang et al. (2015) 3890 2470 6.126 5.863  0.000
Yang et al. (2019) 1.260 1.140 1.392 4538  0.000
Tan et al. (2016) 0.560 0.372 0.844 -2770  0.006 = B
Uei et al. (2018) 0.730 0.588 0.906 -2.858  0.004 .

1.024 0647 1.619 0100 0.920
0102 05 1 2 5 10

Figure 7. Forest plot for studies evaluating the prognostic impact of Frankel score (A-B vs. C-E) on overall survival. Hazard
ratios are presented as black boxes while 95% confidence intervals are presented as whiskers. Higher hazard ratios represent
higher impacts of scores of A-B on overall survival while lower hazards ratios represent higher impacts of scores of C-E on
overall survival.

Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper
ratio limit limt Z-Value p-Value
Gao et al. (2020) 0.850 0.228 3.165 -0.242  0.809 —
Yang et al. (2019) 1510 1.196 1.907 3461  0.001
Chen et al. (2015) 0.700 0449 1.090 -1.578 0.115 .
Lei et al. (2015) 2460 1594 3797 4.065 0.000
Tang et al. (2015) 1.250 0.881 1.773 1.251 0.211
1309 0.885 1.937 1349 0.177
0102 05 1 2 5 10

Figure 8. Forest plot for studies evaluating the prognostic impact of number of affected vertebrae (=3 vs. <3) on overall
survival. Hazard ratios are presented as black boxes while 95% confidence intervals are presented as whiskers. Higher hazard
ratios represent higher impacts for >3 vertebrae affected on overall survival while lower hazards ratios represent higher im-
pacts for <3 vertebrae affected on overall survival.

overall survival in patients with spinal metastasis
(Figure 11) (Hazard ratio: 1.33, 95% CI: 0.90 to
1.97, p=0.14, 1*: 28.6%)).

pre-treatment non-ambulatory status, higher
Eastern cooperative oncology group scores, and
older ages on overall survival.

Managing spinal metastasis due to metastat-
ic lung cancer is difficult due to poor prognostic
outlook and heterogeneous manifestations*>*. In
response, the literature recommends the devel-

Discussion

This systematic review and meta-analysis pro-
vide a preliminary evidence regarding the prog-
nostic impact of different predictive factors on the
overall survival of patients suffering from spinal
metastasis due to metastatic lung cancer. We re-
port a substantially elevated negative impact for

opment of personalized treatment plans that take
into account patient prognostic outlook!'®!. As
such, several scoring systems exist to estimate
prognostic outcome in terms of life expectan-
cy®!520.2142 However, these systems bear limita-
tions that complicate their adoption. Leithner et
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Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper

ratio limit limt Z-Value p-Value
da Silva et al. (2021) 1.180 0.613 2273 0495 0.621
Gao et al. (2020) 2150 0591 7.821 1.162  0.245
Yang et al. (2019) 1510 1.196 1.907 3.461 0.001 .
Rades et al. (2019) 2460 1.769 3.421 5.351 0.000
Tan et al. (2016) 0560 0.372 0.844 -2770 0.006 -.—
Chen et al. (2015) 1.080 0621 1.879 0272 0.785 —
Lei et al. (2015) 2290 1515 3462 3930  0.000

1415 0937 2138 1.649  0.099
0102 05 1 2 5 10

Figure 9. Forest plot for studies evaluating the impact of visceral metastases (present vs. absent) on overall survival. Hazard
ratios are presented as black boxes while 95% confidence intervals are presented as whiskers. Higher hazard ratios represent
higher impacts for the presence of visceral metastases on overall survival while lower hazards ratios represent higher impacts

for the absence of visceral metastases on overall survival.

al”® (2008) suggested that different scoring sys-
tems can allocate different values to the same pa-
tient, as a result of differences in factor weight,
cohort heterogeneity, and small sample sizes with
varied tumor origins®. It is therefore imperative
to better evaluate how different predictive factors
influence the overall survival of patients with spi-
nal metastasis due to lung cancer.

In this present meta-analysis, we report signifi-
cantly elevated risk associated with greater age
(HR: 1.68), higher Eastern cooperative oncology
group scores (1.67), and the absence of pre-treat-
ment ambulation (HR: 2.08) on overall survival.
These trends were generally uniform across in-
cluded studies, with almost all included studies re-

ported aging and non-ambulatory status pre-treat-
ment as significant risks to overall survival. Gao et
al® (2020) also reported that in addition to aging,
poorer survival outcomes were associated with the
presence of visceral metastases, possibly because
increased tumor burden decreased patient tolera-
bility for invasive treatments®.

We also attempted to identify a consensus re-
garding the prognostic influence of pretreatment
performance status (i.e., Frankel score), and the
number of affected vertebrae on overall survival.
Although these observations were not statistically
significant, higher numbers of affected verte-
brae involved (1.30), presence of radiotherapy
(1.33), lower Frankel scale scores (1.15), and the

Study name Statistics for each study Hazard ratio and 95% CI
Hazard Lower Upper
ratio limit limt Z-Value p-Value
Cai et al. (2019) 1.160 0.807 1.668  0.801 0.423
Kumar et al. (2018) 0570 0.331 0982 -2025 0.043
Uei et al. (2018) 0930 0.7199 1.204 -0.552  0.581
Chen et al. (2015) 0.380 0.235 0615 -3.934  0.000
0719 0458 1.131 -1426 0.154
0102 05 1 2 5 10

Figure 10. Forest plot for studies evaluating the impact of adenocarcinoma (present vs. absent) on overall survival. Hazard
ratios are presented as black boxes while 95% confidence intervals are presented as whiskers. Higher hazard ratios represent
higher impacts for the presence of adenocarcinoma on overall survival while lower hazards ratios represent higher impacts for

the absence of adenocarcinoma on overall survival.
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Study name

Rades et al. (2019)
Cai et al. (2019)
Kumar et al. (2018)
Tang et al. (2015)

Statistics for each study

Hazard Lower Upper
ratio limit limit Z-Value p-Value
1210 0998 1467 1939 0.053
1230 0920 1.644 1399 0.162
0.860 0.686 1.078 -1.307 0.191
2700 1.889 3859 5452  0.000
1.337 0903 1979 1452 0.147

Hazard ratio and 95% CI

0102 05 1 2 5 10

Figure 11. Forest plot for studies evaluating the impact of radiotherapy (present vs. absent) on overall survival. Hazard ratios
are presented as black boxes while 95% confidence intervals are presented as whiskers. Higher hazard ratios represent higher
impacts for the presence of radiotherapy on overall survival while lower hazards ratios represent higher impacts for the ab-

sence of radiotherapy on overall survival.

presence of visceral metastases (1.41) negative-
ly impacted overall survival. We presume that
vertebral metastasis affecting greater numbers
of vertebrae would result in increased disease
severity, possibly contributing to other compli-
cations, such as deep vein thrombosis®¥’ and
worsening overall survival. In concert with
other reports?*??, we recommend that these pa-
rameters be further evaluated.

Despite being a novel study, there were a
few limitations in our study. This study was not
pre-registered in a systematic review repository,
such as PROSPERO York or the Joanna Briggs
Institute. We made several attempts, but a regis-
tration backlog caused by the current COVID-19
pandemic crisis made timely registration impossi-
ble. Additionally, only three studies looking at 234
patients investigated the effect of pre-ambulatory
status on overall survival. As such, although we
only observed moderate heterogeneity, we cannot
rule out the possibility of bias.

Conclusions

We herein provide preliminary evidence that
the absence of pre-treatment ambulatory sta-
tus, higher Eastern cooperative oncology group
scores, and greater ages are risk factors for the
overall survival of patients suffering from spinal
metastases due to metastatic lung cancer. We also
found statistically insignificant trends suggest-
ing increased risk associated with lower Frankel
scores, the presence of radiotherapy, the presence

1692

of visceral metastases, and greater numbers of af-
fected vertebrae. These findings potentially allow
researchers and clinicians to better develop more
effective scoring systems for predicting survival
outcomes in patients suffering from spinal metas-
tasis due to metastatic lung cancer.
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