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Minimally Invasive versus Open Surgery for Spinal
Metastasis: A Systematic Review and Meta-Analysis
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Bones are the third most common location for solid tumor metastasis affecting up to 10% of patients with solid tumors. When the
spine is involved, thoracic and lumbar vertebrae are frequently affected. Access to spinal lesions can be through minimally invasive
surgery (MIS) or traditional open surgery (OS). This study aims to determine which method provides an advantage. Following the PRIS-
MA (Preferred Inventory for Systematic Reviews and Meta-Analysis) guidelines, a systematic review was conducted to identify stud-
ies that compare MIS with OS in patients with spinal metastatic disease. Data were analyzed using Review Manager ver. 5.3 (RevMan;
Cochrane, London, UK). Ten studies were included. Operative time was similar among groups at -35.23 minutes (95% confidence
interval [Cl], -73.36 to 2.91 minutes; p=0.07). Intraoperative bleeding was lower in MIS at -562.59 mL (95% Cl, -776.97 to -348.20 mL;
p<0.00001). OS procedures had higher odds of requiring blood transfusions at 0.26 (95% Cl, 0.15 to 0.45; p<0.00001). Both approaches
instrumented similar numbers of levels at -0.05 levels (95% Cl, -0.75 to 0.66 levels; p=0.89). We observed a decreased need for post-
operative bed rest at -1.60 days (95% Cl, -2.46 to -0.74 days; p=0.0003), a shorter length of stay at -3.08 days (95% Cl, -4.50 to -1.66
days; p=0.001), and decreased odds of complications at 0.60 (95% Cl, 0.37 to 0.96; p=0.03) in the MIS group. Both approaches re-
vealed similar reintervention rates at 0.65 (95% Cl, 0.15 to 2.84; p=0.57), effective rates of reducing metastasis-related pain at -0.74
(95% Cl, -2.41 to 0.94; p=0.39), and comparable scores of the Tokuhashi scale at -0.52 (95% Cl, -2.08 to 1.05; p=0.41), Frankel scale at
1.00 (95% Cl, 0.60 to 1.68; p=1.0), and American Spinal Injury Association Scale at 0.53 (95% Cl, 0.21 to 1.37; p=0.19). MIS appears
to provide advantages over OS. Larger and prospective studies should fully detail the role of MIS as a treatment for spine metastasis.
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Introduction the breast, prostate, and lungs, and their presence indi-

cates advanced-stage disease [3-6]. Thoracic and lumbar

Bones are the third most common location for solid tu- vertebrae are most commonly affected when the spine is
mor metastasis, affecting up to 10% of patients with solid involved [7]. Although many patients remain asymptom-
tumors [1,2]. These tumors most commonly arise from atic, those who develop symptoms tend to have a poor
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quality of life (QoL) mainly due to neurological pain or
dysfunction. The underlying reasons for neoplasias’ predi-
lection for bone, and more specifically the spine, have yet
to be elucidated.

Increased survival in cancer patients has contributed to
an increase in both the incidence and prevalence of spinal
metastatic disease. Therefore, its presence remains an im-
portant clinical challenge for physicians, chiefly due to the
considerable impact on patient morbidity and QoL. This
burden extends to resource consumption for healthcare
systems, as it is associated with a remarkable increase in
hospital resource expenditure and requires multiple out-
patient visits [8,9].

The optimal treatment of spinal metastatic disease is in-
dividualized for each patient, involving a multidisciplinary
collaboration among health care providers [10]. Over the
years, several treatment options have appeared, such as
surgery, pharmacotherapy, and radiation [10]. Surgery
remains the best treatment option for pain and neurologi-
cal symptoms caused by spinal instability [11]. Surgical
interventions usually rely on resection and stabilization,
both of which have immediate and lasting effects on pain
and neurological function [12,13]. Access to spinal lesions
through surgical procedures can be done through mini-
mally invasive surgery (MIS) or traditional open surgery
(OS). Recently, MIS has gained in popularity; evidence
has shown that it constitutes a safe and effective technique
as measured by variables such as blood loss, operative
time, postoperative drainage before discharge, and mean
hospital stay [14,15]. As with any surgery, MIS and OS
carry an unavoidable risk for complications in patients
already strained by their disease. Surgery should be an
option only in cases of final-stage cancer, when life ex-
pectancy is >8-12 weeks and when postoperative benefits
outweigh the inherent risks [16].

Therefore, in this systematic review and meta-analysis
of current published data comparing MIS and OS, we aim
to elucidate the ideal surgical management of spinal meta-
static disease with the latest available evidence.

Materials and Methods

1. Literature search strategy

In November 2020, following the PRISMA (Preferred In-
ventory for Systematic Reviews and Meta-Analysis) guide-
lines, we performed a systematic search in the PubMed,
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Web of Science, Scopus, and Google Scholar databases,
identifying studies comparing the surgical management
of spinal metastatic disease through either MIS or OS [17].
The search terms we used in the article titles and abstracts
were “spinal metastasis,” “spine metastasis,” “surgical,”

» « » «

“surgery, “treatment,” “minimally invasive,” “MIS,” and
“open surgery.” The MeSH terms we included were “hu-
mans,” “minimally invasive surgical procedures,” “spinal
neoplasms/secondary;” “spinal neoplasms/surgery;, “treat-
ment outcome,” “operative time,” “pain measurement,’
“postoperative complications,” “quality of life,” and “treat-
ment outcome.” Fig. 1 presents the workflow of the data
recollection. We also screened related articles for possible

inclusion to broaden the search.
2. Study inclusion

Included studies were either retrospective or prospective
and provided clear statistical comparisons of MIS versus
OS, reporting at least one of the following outcomes:
operative time or bleeding, cases requiring transfusions,
number of instrumented levels, postoperative change in
pain or length of bed rest, hospital length of stay (LOS),
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Fig. 1. PRISMA (Preferred Inventory for Systematic Reviews and Meta-Analy-
sis) flowchart of search strategy and included studies.
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complications rates, necessity for surgical reintervention,
and American Spinal Injury Association (ASIA), Frankel,
and Tokuhashi scores.

The Tokuhashi scoring system, which was designed
to yield an estimated patient survival time on the basis
of preoperative evaluation, considers six items: general
condition, number of extraspinal or spinal metastases,
primary cancer site, state of paralysis (as graded by Fran-
kel classification), and metastases to visceral organs [18].
The Frankel classification is a grading system that includes
five groups (A-E) based on the severity of the neurologi-
cal deficit, with A (a total absence of motor and sensory
function below the level of lesion) and E (a normal motor
and sensory function), possibly with abnormal reflexes
present [19]. The ASIA score, also based on the degree of
neurological impairment, similarly includes five groups
(A-E), with A (no motor or sensory function is preserved
in the sacral segments S4-S5) and E (total neurological
normality) [20]. Restrictions on studies included confer-
ence abstracts, case reports, series of <8 patients, animal
studies, cadaveric models, and studies not in English or
Spanish, with no restriction on publication year.

3. Data screening and extraction

Two reviewers independently screened the articles for in-
clusion, with articles matching inclusion criteria retrieved
for further data extraction. Primary extracted data includ-
ed those variables previously mentioned in the inclusion
criteria. Any discrepancies were solved by a third reviewer
and two senior neurosurgeons with >10 years of experi-
ence in the treatment of complex neurosurgical and spinal
pathology.

4. Quality assessment

Each reviewer independently graded the studies using the
Newcastle-Ottawa Scale [21].

5. Statistical analysis

Statistical analysis was performed using Review Manager
ver. 5.3 (RevMan; Cochrane, London, UK). Heterogeneity
was measured using I’ (%), to which studies obtaining val-
ues of >50% were considered heterogeneous and analyzed
through random-effects models. Studies with values of
<50% were considered homogeneous and were analyzed

through fixed-effects models. Continuous variables were
analyzed using standardized mean differences with a 95%
confidence interval (CI) and dichotomous variables were
analyzed using odds ratios with a 95% CI as well. Those
p-values <0.05 were considered significant. Hazard ratios
were estimated from Kaplan-Meier curves using Tierney’s
method [22].

If the included studies reported variables of interest
in median and range or median and interquartile range,
mean and standard deviation (SD) were estimated using a
methodology of Wan et al. [23]. For studies that included
means but not SDs and that had enough data (e.g., p-
value, group sizes), we used Cochrane’s Handbook for
Systematic Reviews of Interventions (ver. 6.1; Cochrane)
to estimate SDs with the t-value [24]. We calculated the
estimations on the impact of the intervention as defined
by changes to means and SDs as follows:

Mean change=mean endpoint-mean baseline

Mean SD change:\/ ((Baseline SD)’~(final SD)*-(2x0.4xbaseline SDxfinal SD)).

Results

1. Overall

A total of 10 studies met the inclusion criteria totaling 577
patients, of which 271 underwent MIS and 305 underwent
OS. Breast and lung primary malignancies were by far
the most common origin of metastasis (123 patients with
breast cancer, 114 with lung cancer), followed by genito-
urinary and prostate cancers (50 patients with genitouri-
nary cancer, 43 with prostate cancer). Table 1 summarizes
the analyzed variables. Common indications for the surgi-
cal treatment of spinal metastasis were generally pallia-
tion of compressive symptoms, acute neurological deficit,
intractable pain, and spinal instability. Table 2 specifies
the studies” characteristics such as study design, spinal
anatomical location of metastasis, population, indications,
type of procedure, mean age, and type of primary cancer
[15,25-33].

2. Operative outcomes

Analyzed operative outcomes included intraoperative
time and bleeding volume, as well as the necessity for
transfusions measured by the number of packed red blood
cells transfused and the number of levels that underwent
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Table 1. Summary of analysis results

Population
Variable No. of studies
MIS 0S

Operative time 10 271 305
Operative bleeding 10 271 305
Instrumented levels 5 125 120
Transfusions 5 19 122
Postoperative bed rest 2 48 44
Length of stay 6 170 220
Complications 9 244 287
Reinterventions 3 66 73
Change in pain 4 102 93
ECOG grading 2 57 48
Tokuhashi 5 128 118
Frankel 3 104 160
ASIA Scale 2 37 40
Survival 2 61 43
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Heterogeneity

MD or 0D or HR (95% CI)
-35.23(-73.36 t0 2.91) 0.07 96 <0.00001
-562.59 (-776.97 to -348.20) <0.00001 9% <0.0001
-0.05(-0.75 t0 0.66) 0.89 72 0.006
0.26” (0.15 to 0.45) <0.00001 50 0.09
-1.60 (-2.46 t0 -0.74) 0.0003 0 0.90
-3.08 (-4.50 to -1.66) 0.001 89 <0.00001
0.60° (0.37 to 0.96) 0.03 6 0.38
0.657(0.15 t0 2.84) 0.57 0 0.93
-0.74 (-2.41 t0 0.94) 0.39 88 <0.0001
-0.25(-0.68 10 0.18) 0.26 0 0.50
-0.52 (-2.08 to 1.05) 0.41 85 <0.0001
1.00(0.60 to 1.68) 1.0 0 0.40
0.53(0.21t0 1.37) 0.19 36 0.21
0.81"(0.56 to 1.16) 0.25 0 0.37

MIS, minimally invasive surgery; OS, open surgery; MD, mean difference; OD, odds ratio; HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology

Group; ASIA, American Spinal Injury Association.
?Indicates OR. "Indicates HR.

instrumentation. Included studies ranged from 5 to 10.

1) Operative time

A total of 10 studies described operative time, with 271 pa-
tients in the MIS group and 305 in the OS group. A meta-
analysis of this data revealed a mean difference of -35.23
minutes (95% CI, -73.36 to 2.91 minutes; p=0.07), suggest-
ing that MIS is similar in operative time to OS (Fig. 2A)
[15,25-33].

2) Operative bleeding

A total of 10 studies described operative bleeding, with
271 patients in the MIS group and 305 in the OS group.
A meta-analysis of this data revealed a mean difference of
—-562.59 mL (95% CI, -776.97 to -348.20 mL; p<0.00001),
concluding that MIS procedures result in less intraopera-
tive bleeding than do OS procedures (Fig. 2B) [15,25-33].

3) Instrumented levels

A total of five studies described the number of instru-
mented levels, with 125 patients in the MIS group and 120
in the OS group. A meta-analysis of this data revealed a
mean difference of -0.05 levels (95% CI, -0.75 to 0.66 lev-
els; p=0.89), suggesting that both approaches are adequate

for instrumenting various levels (Fig. 2C) [25,29,31-33].

4) Transfusions

A total of five studies described transfusions, with 119 pa-
tients in the MIS group and 122 in the OS group. A meta-
analysis of this data revealed an odds ratio of -0.26 (95%
CI, 0.15 to 0.45; p<0.00001). As suggested by increased in-
traoperative bleeding volumes, OS procedures have higher
odds of requiring transfusions (Fig. 2D) [29-33].

3. Postoperative outcomes

Postoperative outcomes of interest included postoperative
bed rest time, hospital LOS, and complications and rein-
tervention rates, as well as postoperative changes in pain
scores. Included studies ranged from 2 to 9.

1) Postoperative bed rest

A total of two studies described postoperative bed rest,
with 48 patients in the MIS group and 44 in the OS group.
A meta-analysis of this data revealed a mean difference of
-1.60 days (95% CI, -2.46 to -0.74 days; p=0.0003), con-
cluding a decreased need for bed rest in MIS procedures
(Fig. 3A) [30,32].
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Table 2. Continued

MIS

[«
=
=
=l
[«
o
(=]
=
o

Indications

Cohort

Location

Mean age

Mean age

Primary lesion

(yr)

Primary lesion Cohort

(yr)

53.84

Cohort

Lung (19); breast (18); kidney

54.10

105

Lung (9); breast (12);

Progressive paralysis due Minimally invasive spine surgery; 49

Retrospective obser-  Thoracic; lum- 154

Zhu et al. [15]

(8); liver (12); thyroid (4);

myeloma (4); colorectal (4);

kidney (7); liver (2);

traditional 0S

to spinal cord compres-
sion or intolerable back
pain as a result of the
instability of pathologic

fracture

vational bar

(2021)

thyroid (3); myeloma (3);
colorectal (1); unknown

(3); prostate (2); naso-

unknown (9); prostate (4);

nasopharynx (5); uterus (2);

others (16)

pharynx (3); uterus (1);

others (3)

MIS, minimally invasive surgery; OS, open surgery; MASS, minimal access spinal surgery; Gl, gastrointestinal; MSCC, metastatic spinal cord compression.
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2) Length of stay

A total of six studies described postoperative LOS, with
170 patients in the MIS group and 220 in the OS group.
A meta-analysis of this data revealed a mean difference of
-3.08 days (95% CI, -4.50 to -1.66 days; p=0.001), suggest-
ing that MIS procedures are associated with a shorter LOS
(Fig. 3B) [15,26,29-31,33].

3) Complications

A total of nine studies described complications, with 244
patients in the MIS group and 287 in the OS group. A me-
ta-analysis of this data revealed an odds ratio of 0.60 (95%
CIL, 0.37 to 0.96; p=0.03), suggesting decreased odds of
complications in MIS as compared to OS (Fig. 3C) [15,25-
32].

4) Reinterventions

A total of three studies described reintervention, with 66
patients in the MIS group and 73 in the OS group. A me-
ta-analysis of this data revealed an odds ratio of 0.65 (95%
CI, 0.15 to 2.84; p=0.57), suggesting that both approaches
undergo similar reintervention rates (Fig. 3D) [29,32,33].

5) Change in pain

A total of four studies described the change in pain, with
102 patients in the MIS group and 93 in the OS group. A
meta-analysis of this data revealed a mean difference of
-0.74 in Visual Analog Scale score (95% CI, -2.41 to 0.94;
p=0.39), suggesting that both approaches are effective for
reducing pain (Fig. 4A) [26,31-33].

4. Clinical grading and scoring

Two to five studies described clinical grading scores, in-
cluding ASIA, Frankel, and Tokuhashi scores.

1) Tokuhashi score

Five studies reported Tokuhashi scores, with 128 patients
in the MIS group and 118 in the OS group. When ana-
lyzed, the scores revealed a mean difference of -0.52 (95%
CIL, -2.08 to 1.05; p=0.41), suggesting similar scores for
both approaches (Fig. 4B) [26,27,30-32].

2) Frankel grade

Three studies compared Frankel’s grades, displaying be-
fore and after intervention values and defining changes in
grouping, with 104 patients in the MIS group and 160 in
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@A

MIS 0S Weight Mean difference Mean difference
Study or subgroup
Mean+SD  Total Mean+SD  Total (%) IV, random (95% Cl) |V, random (95% Cl)
Huang et al. [25] (20086) 182+32.07 29 198.75:54.28 17 11.7 -16.75 (-45.07 to 11.57) e
Fang et al. [28] (2012) 175+38 24 40355 17 116 -228.00(-258.24 t0-197.76) 4
Lau et al. [29] (2015) 452.4+578.2 21 413645782 28 1.2 38.80(-288.34 10 365.94) < - >
Miscusi et al. [30] (2015) ~ 133.5¢23.33 23 201325 19 44 -67.50(-213.95t0 78.95) < =
Hansenetal. [31](2017)  190.9+784 30 22044579 30 11.3 -29.50 (-64.38 to0 5.38) —
Hikata et al. [32] (2017) 204.6+55.4 25  188.9+43.6 25 1.7 15.70 (-11.94 to0 43.34) T
Kumar et al. [26] (2017) ~ 252.75+18.78 27 266.75+26.07 18 12.3 -14.00 (-27.97 t0 -0.03) —
Saadeh et al. [33] (2019) 29616 20 266+26 20 12.3 30.00 (16.62 to 43.38) -
Zhu et al. [15](2021) 213.45+28.2 49 211.03x28.2 105 12.4 -7.58(-17.14 t0 1.98) —
Morgen et al. [27] (2020)  136.75+33.96 23 175497.47 26 11.0  -35.25(-75.20t0 4.70) —_—
Total (95% Cl) 271 305 1000 -35.23(-76.36 to 2.91) g
Heterogeneity: tau’=3,026.95; chi’=241.39; df=9 (p<0.00001); /=96% -1 50 -5|0 0 5|0 150
Test for overall effect: 7=1.81 (p=0.07) Favors MIS Favors 0S
MIS 0S Weight Mean difference Mean difference
Study or subgroup
MeansSD  Total MeansSD  Total (%) |V, random (95% Cl) IV, random (95% CI)
Huang et al. [25] (2006) 1675£1,0117 29 1406+751.58 17 7.1 269.00(-244.05 to 782.05) -
Fang et al. [28] (2012) 1,057+263 24 1,721+293 17 110  -664.00(-838.56 to -489.44) —_—
Lau et al. [29] (2015) 916.7+78391 21 1,697.3x78391 28 79  -78060(-12241310-337.07) ¢————
Miscusi et al. [30] (2015) 265¢57.03 23 9125+£31153 19 112 -647.50(-789.50 to -505.50) —_
Hansen et al. [31](2017) 1,196+572.3 30 2062.1t1,148 30 77  -906.10(-1,365.12 t0 -447.08) ¢=——
Hikata et al. [32] (2017) 34013025 25 714354589 25 103 -374.20(-618.85t0-129.55) _—
Kumar et al. [26] (2017) 184+32.55 27 961+226.7 18 115 -777.00(882.45 to -671.55) -
Saadeh et al. [33](2019) 805+138 20 1,732+359 200 M0 -927.00(-1,09556t0758.44) ¢+—
Zhu et al. [15] (2021) 74857+198.43 49  950.48+198.43 105 117 -201.91(-269.20 t0 -134.62) —_
Morgen et al. [27] (2020) 295199 23 775+479.61 26 107 -480.00(-681.49 o -278.51) -
Total (95% CI) 2 305 1000 -562.59 (-776.97 to 348.20) .
Heterogeneity: tau’=101,103.01; chi’=146.44; df=9 (p<0.00001); //<94% -1 ,[IJDO -SIOO 0 5(|][] 1,0|00
Test for overall effect: Z=5.14 (p=0.00001) Favors MIS Favors 0S
©
MIS 0S Weight Mean difference Mean difference
Study or subgroup
MeansSD  Total  MeantSD  Total (%) IV, random (95% CI) IV, random (5% CI)
Huang et al. [25] (2006) 1.06+0.25 29 1.17:0.38 17 298 0.11(-0.31 10 0.09) — =1
Lau etal. [29](2015) 5154 21 6:154 28 208 amAgoy T
Hikata et al. [32](2017) 5113 25 59423 25 184 -0.80(-1.84t0-0.24) o N
Hansen et al. [31](2017) 55+3.1 30 3817 30 154 1.70(0.43t02.97) - >
Saadeh et al. [33](2019) 6.2+2.2 20 1.8+20 20 15.6 0.50(-0.75t0 1.75)
Total (95% CI) 125 120 1000 -0.05(-075t0 066) T —
Heterogeneity: tau’=.042; chi’=14.49; df=9 (p<0.006); /<72% 05 025 0 025 05
Test for overall effect: 7=0.14 (p=0.89) Favors MIS Favors 0S

Fig. 2. Forest plot of meta-analysis of the following variables: (A) operative time, (B) operative bleeding, (C) instrumented levels, and (D) transfusions. MIS, minimally
invasive surgery; 0S, open surgery; SD, standard deviation; IV, independent variable; Cl, confidence interval; df, degrees of freedom; OR, odds ratio. (Continued on next

page).
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MIS 0S Weight OR OR
Study or subgroup o - )
Events Total Events  Total (%) M-H, fixed (95% CI) M-H, fixed (95% CI)

Lauetal.[29](2015) 12 2 18 28 133 0.74(0.23 10 2.36) =

Miscusi et al. [30] (2015) 0 23 12 19 26.9 0.01(0.00t00.24) —

Hansen et al. [31](2017) 12 30 23 30 278 0.20(0.07 t0 0.62) ——

Hikata et al. [32] (2017) 3 25 10 25 178 0.20(0.05t0 0.87) —_—

Saadeh et al. [33](2019) 6 20 10 20 14.1 043(012t01.57) —=

Total (95% Cl) 119 122 100.0 0.26 (0.15to 0.45) ‘

Total events 33 73

] [

Heterogeneity: chi’=8.08; df=4 (p<0.09); //<50% 0.05 02 1 5 20

Test for overall effect: 7=4.76 (p=0.00001) Favors MIS Favors 0S

Fig. 2. (Continued; caption shown on previous page).

the OS group. Analysis of this data reporting postopera-
tive improvement reveals an odds ratio of 1.00 (95% CI,
0.60 to 1.68; p=1.0), suggesting similar Frankel grades for
each procedure (Fig. 4C) [15,31,32].

3) ASIA score

Two studies compared ASIA scores, displaying before and
after intervention values and defining changes in ASIA
grading, with 37 patients in the MIS group and 40 in the
OS group. Analysis of this data reporting postoperative
improvement revealed an odds ratio of 0.53 (95% CI, 0.21
to 1.37; p=0.19), suggesting similar neurological outcomes
for both approaches (Fig. 4D) [29,30].

4) ECOG performance status

Two studies compared Eastern Cooperative Oncology
Group (ECOG) Performance Status, displaying before and
after intervention values and defining changes in ECOG
grading, with 57 patients in the MIS group and 48 in the
OS group. Analysis of this data reporting postoperative
improvement revealed a mean difference of -0.25 (95%
CIL -0.68 to 0.18; p=0.26), suggesting similar performance
status outcomes for both approaches (Fig. 5A) [26,31].

5) Survival

Four studies provided the number of patients in each
cohort surviving at least 3 months after surgical interven-
tion, with 104 patients in the MIS group and 79 in the OS
group. Analysis of this data revealed a survival odds ratio
of 1.14 (95% CI, 0.56 to 2.30; p=0.72), suggesting similar
survival odds for both approaches (Fig. 5B) [25,26,30,32].
Two studies provided survival curves, and data extraction

and analysis revealed a survival hazard ratio of 0.81 (95%
CIL 0.56 to 1.16; p=0.25), suggesting similar survival haz-
ard ratios for both approaches (Fig. 5C) [27,28].

Discussion

As our ability to treat cancer increases, further dilemmas
arise when facing patients’ complex burdens. Patients’
willingness to undergo aggressive treatment is multifacto-
rial and complex [34-37]. Our therapeutic arsenal must
reflect respect for patients’ decision autonomy, presenting
the best available therapeutics to match their decisions
and preferences. Although cancer is a widely variable
spectrum of diseases with an even larger spectrum of pre-
sentations, advanced stages of the disease and its related
complications present a heavier toll on patient QoL [38].
The presence of spinal metastasis is not only a terminal
harbinger but also a heavy burden on patients’ remaining
time [10,39], shifting the focus from curative treatment
to prolongation and palliation [40]. Although individual
overall survival is heavily influenced by both host and
tumor biology, 2-year survival is poor in patients with
spinal metastasis, with estimated values ranging from 9%
for disease arising from lung cancer to 44% for that aris-
ing from breast or prostate cancer [39]. Overall, up to 20%
of patients with spinal metastatic disease are alive after
2 years [10]. Huang et al. [25] reported similar survival
rates for patients in either the MIS or OS group; however,
more studies are needed to draw clearer conclusions about
which approach has a greater impact on survival. This re-
search represents a challenge because patients usually also
undergo other forms of therapy such as radiation or che-
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MIS 0S Weight Mean difference Mean difference
Study or subgroup o
MeansSD Total MeansSD Total (%) IV, random (95% CI) IV, random (95% CI)
Miscusi et al. [30] (2015) 2451 23 5+2.16 19 02 -3.00(-23.87 t0o 17.87) < >
Hikata et al. [32] (2017) 2415 25 3.6+16 25 998 -1.60(-2.46 t0-0.74) ——
Total (95% Cl) 48 44 100.0  -1.60 (-2.46 to -0.74) .
T T T T
Heterogeneity: chi’=0.02; df=1 (p<0.90); //=0% -2 -1 0 12
Test for overall effect: Z=3.36 (p=0.0003) Favors MIS Favors 0S
MIS 0S Weight Mean difference Mean difference
Study or subgroup o
Mean:SD  Total  MeansSD  Total (%) IV, random (95% CI) IV, random (95% CI)
Miscusi et al. [30] (2015) 6.85+1.29 23 9.37+2.42 19 18.1 -252(-3.7310-1.31) -
Lauetal. [29](2015) 7442 41 21 11.442.41 28 175 -4.00(-5.36 to -2.64) -
Hansen etal. [31](2017) 1145 30 21.1£10.8 30 73 -10.10(14.36 t0 5.84) _—
Kumar et al. [26] (2017) 9+1.5 27 12.75+2.47 18 17.9 -3.75(-5.02t0 2.48) -
Saadeh et al. [33](2019) 8.3t1.7 20 8.3t1.4 20 19.0 0.00(-0.97 10 0.97) -
Zhuetal. [15](2021) 7.35+1.53 49 994+153 105 203 -259(-31110-2.17) -
Total (95% Cl) 170 220 1000 -3.08(-4.50to 1.66) <&
T T T [
Heterogeneity: tau’=2.52; chi’=46.41; df=5 (p<0.00001); /=89% 0 -5 0 5 10
Test for overall effect: 7=4.25 (p=0.0001) Favors MIS Favors 0S
MIS 0S Weight OR OR
Study or subgroup o - ]
Events  Total Events Total (%) M-H, fixed (95% CI) M-H, fixed (95% CI)
Huang et al. [25] (2006) 8 29 5 17 104 0.91(0.24 t0 3.43) —_————
Fang et al. [28] (2012) 7 24 2 17 3.8 3.09(0.5510 17.21) —_—
Lau et al. [29] (2015) 2 21 6 28 10.6 0.39(0.07 to 2.14) _
Miscusi et al. [30] (2015) 1 23 0 19 1.2 2.60(0.10 to 67.56) T 4
Hansen et al. [31] (2017) 7 30 12 30 21.0 0.46 (0.15 to 1.40) —_—
Hikata et al. [32] (2017) 3 25 I 25 22.1 0.17(0.04 t0 0.73) —_———
Kumar et al. [26] (2017) 6 20 9 20 14.4 0.52(0.14 t0 1.92) -
Zhu et al. [15](2021) 2 49 9 105 12.5 0.45(0.09t0 2.18) —_—
Morgen et al. [27] (2020) 2 23 2 26 39 1.14(0.1510 8.84)
Total (95% Cl) 244 287 100.0 0.60 (0.37 to 0.96) .
Total events 38 56
T T T T
Heterogeneity: chi’=8.53; df=8 (p<0.38); /=6% 005 02 1 5 20
Test for overall effect: 7=2.12 (p=0.03) Favors MIS Favors 0S
MIS 0S Weight OR OR
Study or subgroup o - -
Events  Total Events Total (%) M-H, fixed (95% CI) M-H, fixed (95% CI)
Lau et al. [29] (2015) 1 21 2 28 36.3 0.65(0.05to 7.69) —_—
Hikata et al. [32] (2017 1 25 2 25 426 0.48(0.04 to 5.65) e
Saadeh et al. [33] (2019) 1 20 1 20 21.1 1.00(0.06 t0 17.18)
Total (95% Cl) 66 73 100.0 0.65(0.15t0 2.84) -
Total events 3 5
T T T T
Heterogeneity: chi’=0.15; df=2 (p<0.93); //<0% 0.01 01 1 10 100
Test for overall effect: 7=0.57 (p=0.57) Favors MIS Favors 0S

Fig. 3. Forest plot of meta-analysis of the following variables: (A) postoperative bed rest, (B) length of stay, (C) complications, and (D) reinterventions. MIS, minimally
invasive surgery; 0S, open surgery; SD, standard deviation; IV, independent variable; Cl, confidence interval; df, degrees of freedom; OR, odds ratio.



I $28 David Eugenio Hinojosa-Gonzalez et al.

@A

Asian Spine J 2022;16(4):583-597

MIS 0S Weight Mean difference Mean difference
Study or subgroup o
MeansSD  Total  MeansSD  Total (%) IV, random (95% CI) IV, random (95% CI)
Hansen etal. [31](2017) 242.71 30 -3.242.91 30 243 1.20(0.22 t0-2.62)
Hikata et al. [32] (2017) -4.6+3 25 5+3 25 228 0.40(-1.26 to0 -2.06)
Kumar et al. [26] (2017) 5243 27 -3+2.71 18 24.0 -2.20(-3.67 t0-0.73) =
Saadeh et al. [33] (2019) -1.71205 20 0.33£0.7 20 290 -2.04(-2.42 t0 -1.66) L]
Total (95% Cl) 102 93  100.0 -0.74 (-2.41 t0 -0.94)
T T T T T
Heterogeneity: tau’=2.49; chi’=25.57; df=3 (p<0.0001); //=88% 10 5 0 5 10
Test for overall effect: 7=0.86 (p=0.39) Favors MIS Favors 0S
MIS 0S Weight Mean difference Mean difference
Study or subgroup o
MeantSD  Total  MeansSD  Total (%) IV random (95% Cl) IV, random (95% CI)
Miscusi et al. [30] (2015) 2+0.51 23 5+2.16 19 217 -3.00(-3.99t0-2.01) ——
Hansen et al. [31] (2017) 9.8+3.2 30 94+3.1 30 19.1 0.40(-1.19t0 1.99) —_——
Hikata et al. [32] (2017) 8.3+2.4 25 8.1+2.9 25 19.6 0.20(-1.28t0 1.68) JR P
Kumar et al. [26] (2017) 7.1+2.1 27 7.5+3.1 18 189 -040(-2.04101.24) —_—e—
Morgen et al. [27] (2020) 8+2.07 23 7.55+2.33 26 20.7 0.45(-0.78 0 1.68) ——
Total (95% CI) 108 118 100.0 -0.52 (-2.08 to 1.05) ’—-
T ] T ] T
Heterogeneity: tau’=2.68; chi’=26.83; df=4 (p<0.0001); =85% -2 -1 0 1 2
Test for overall effect: 7=0.65 (p=0.52) Favors MIS Favors 0S
MIS 0S Weight OR OR
Study or subgroup o - -
Events  Total Events Total (%) M-H, fixed (95% CI) M-H, fixed (95% CI)
Hikata et al. [32] (2017) 14 25 14 25 215 1.00(0.33 to 3.06) —_—
Hansen et al. [31] (2017) 6 30 10 30 279 0.50(0.1510 1.62) —_— e
Zhu et al. [15](2021) 23 49 43 105 50.6 1.28(0.64 t0 2.52) S
Total (95% Cl) 104 160 100.0 1.00 (0.60 to 1.68) -
Total events 43 67
[ [ [ [
Heterogeneity: chi’=1.83; df=2 (p<0.40); //<0% 0.01 01 1 10 100
Test for overall effect: 7=0.00 (p=1.00) Favors MIS Favors 0S
MIS 0S Weight OR OR
Study or subgroup o - -
Events  Total  FEvents Total (%) M-H, fixed (95% CI) M-H, fixed (95% CI)
Lau et al. [29] (2015) 6 14 9 21 344 1.00(0.25 t0 3.92) —_—
Miscusi et al. [30] (2015) 12 23 15 19 65.6 0.29(0.07 to 1.18) —a—r
Total (95% Cl) 37 40 100.0 0.53(0.211t0 1.37) N
Total events 18 24
T T T T
Heterogeneity: chi’=1.56; df=1 (p<0.21); 7=36% 0.01 0.1 1 10 100
Favors MIS Favors OS

Test for overall effect: 7=1.30 (p=0.19)

Fig. 4. Forest plot of meta-analysis of the following variables: (A) change in pain, (B) Tokuhashi score, (C) Frankel grade, and (D) American Spinal Injury Association
(ASIA) score. MIS, minimally invasive surgery; OS, open surgery; SD, standard deviation; IV, independent variable; Cl, confidence interval; df, degrees of freedom; OR,

odds ratio.
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Mean difference Mean difference

Study or subgroup
MeantSD  Total

Mean+SD  Total (%)

IV, random (95% Cl) IV, random (95% Cl)

Hansen et al. [31](2017) 06+1.29 30 1£1.13 30 494 -040(-1.011t00.21) RN
Kumar et al. [26] (2017) 05+1.07 27 0.6+0.98 18 50.6 -0.10(-0.71t0 0.51) —_—
Total (95% CI) 57 48 100.0 -0.25(-0.68t0 0.18) —_—
T T T T
Heterogeneity: chi’=0.46; df=4 (p<0.50); /<0% -1 -0.5 0 05 1
Test for overall effect: Z=1.13 (p=0.26) Favors MIS Favors 0S
MIS 0S Weight OR OR
Study or subgroup o - -
Events  Total  FEvents Total (%) M-H, fixed (95% CI) M-H, fixed (95% CI)
Huang et al. [25] (2008) 19 29 10 17 29.8 1.33(0.39 to 4.56) —
Miscusi et al. [30] (2015) 23 23 18 19 29 3.81(0.15t0 99.08) -
Hikata et al. [32] (2017) 7 25 8 25 395 0.83(0.25t02.78) — .
Kumar et al. [26] (2017) 20 27 13 18 27.8 1.10(0.29 to 4.21) R S
Total (95% Cl) 104 79 100.0 1.14.(0.56 to 2.30) e o
Total events 69 49
[} [} [} [}
Heterogeneity: chi’=0.86; df=3 (p<0.83); /=0% 0.01 01 1 10 100
Test for overall effect: 7=0.36 (p=0.72) Favors MIS Favors 0S
Stud b log (HR) SE Weight (%) A A
udy or subgrou 0 ei
/ group ¢ g IV, fixed (95% Cl) IV, fixed (95% Cl)
Fang et al.[28](2012) -059 0.46 15.9 0.55(0.23101.37)
Morgen et al. [27] (2020) 014 0.2 84.1 0.87(0.591t01.29) —n—
Total (95% Cl) 100.0 0.81(0.56 to 1.16) ’
[ [ I T ]
Heterogeneity: chi’=0.80; df=1 (p<0.37); //<0% -1 05 0 05 1
Test for overall effect: 7=1.15 (p=0.25) Favors MIS Favors 0S

Fig. 5. Forest plot of meta-analysis of the following variables: (A) Eastern Cooperative Oncology Group (ECOG) Performance Status, (B) survival odds ratio (OR), and (C)
survival hazard ratio (HR). MIS, minimally invasive surgery; OS, open surgery; SD, standard deviation; IV, independent variable; Cl, confidence interval; df, degrees of

freedom; SE, standard error.

motherapy, making controlling for confounding difficult.
Our analysis of both surviving patients at the end of the
reporting period and survival curve analysis found no dif-
ferences in overall survival between procedures. Because
neither procedure is curative, efforts to measure impact
have been focused on QoL outcomes.

Spinal metastatic lesions can present in various man-
ners, mainly as pain, fractures, neurological deficits aris-
ing from cord compression, and hypercalcemia [41]. Cord
compression can be present in up to 14% of patients with
spinal metastatic disease and usually results in intractable
pain, negatively affecting mobility and continence [42].
Although not therapeutic per se, palliation of pain and
related complications can be achieved through surgery,

increasing patient QoL [43,44]. Surgery, radiation, or both
are still utilized as effective treatment measures [45,46].
Overall, both MIS and OS procedures provide similar
pain reduction, with Kumar et al. [26] reporting a shorter
time to radiotherapy when patients underwent MIS pro-
cedures. Further studies should compare time with ad-
ditional therapeutic measures and the success of these in
each group.

Our analysis found no differences in Tokuhashi scores
between either application, suggesting that both can be
used regardless of patient prognosis. Additionally, both
techniques presented with similar findings when com-
paring patients with improvements in Frankel and ASIA

scores.
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It is important to state that, among the variables analyzed
within the included studies, authors described only the three
previously mentioned scoring methods to evaluate patients.
We encourage future studies to include other popular scor-
ing methods such as the Spinal Instability Neoplastic Score
and the Neurologic, Oncologic, Mechanical, and Systemic
decision framework, to broaden the clinical picture and
facilitate decision making. Regarding QoL, the ECOG Per-
formance Status appeared in only two studies. Data analysis
revealed no difference among both approaches with respect
to preoperative and postoperative changes.

Several studies from various countries, including the
United States, Italy, and the United Kingdom, have dem-
onstrated that the reduced operative costs derived from
lower LOS and complication rates offset the initial steep
cost for implementating MIS [18-20]. These savings can
be destined to fund more surgeries on similar patients or
toward the overall hospital budget, allowing greater pa-
tient access to healthcare. Our study determined similar
operative times between the procedures, allowing for both
techniques to be viable in settings where a fast operating
room turnover is needed. However, the MIS approaches
had a reduced intraoperative bleeding volume, which
positively affects both the patient and the healthcare set-
ting, as this finding translates into fewer transfusions and
postoperative LOS. Additional economical aspects should
be analyzed when comparing costs derived from LOS,
transfusions, reinterventions, rehabilitation, and pain
management, as patients who undergo MIS procedures
require significantly shorter postoperative LOS and am-
bulate earlier. Future studies should integrate cost analysis
into these outcomes, as well as describe the outcomes of
cases that required conversion from MIS to OS and this
conversion’s possible implications for costs and patient
morbidity.

Cancer patients are already in a vulnerable state due to
their proinflammatory condition blunting the body’s heal-
ing capacity, which is compounded by the deleterious ef-
fects that radiotherapy and chemotherapy have on wound
healing [47,48]. MIS poses a lighter impact on the body’s
physiology and thus can provide a quicker recovery route
for cancer patients [49,50]. These effects can be complicat-
ed further by radiotherapy applications, which also blunt
reparatory capacity [51]. These overall vulnerabilities may
seem to be reflected in similar rates of reinterventions be-
tween the techniques. However, overall complications are
present less frequently in MIS interventions, and quicker

Asian Spine J 2022;16(4):583-597

ambulation suggests a quicker recovery as well. These
findings also advocate for MIS application refinement, al-
lowing MIS to match and surpass OS procedures.

Surgical procedures in patients with cancer also present
a risk of furthering cancer cell dissemination because of
tumor cell shedding during surgery as well as the upregu-
lation of adhesion molecules and inflammatory changes
that allow cancer cells to enhance their migration and
invasion [52,53]. The potential severity of this issue in pa-
tients who already have a metastatic disease with a limited
life expectancy is yet to be fully determined. Whether this
phenomenon has clinical implications on spinal meta-
static surgery techniques and approaches requires further
study. Morgen et al. [27] provided a survival analysis and
comparison of patients receiving MIS and OS procedures,
finding no significant differences between them.

Future studies could improve on the drawn conclusions
by including cost analysis, as well as long-term patient
survival and time to additional treatment. Our study has
limitations derived from the broad generalization of vari-
ous interventions designated as MIS or OS, and future
studies should directly compare equal interventions.
Further study limitations arise from the small pool of
available studies as well as the small cohort size. Difficulty
determining prior applications of chemotherapy and
radiotherapy in each study presents a challenge, as the
ideal timing and management remain somewhat unclear.
This field could benefit from larger randomized prospec-
tive studies with additional subgroup analysis of primary
neoplasia as well as staging and relevant tumor character-
istics. However, time availability in these patients poses a
logistical challenge for research, as patient priorities and
willingness to participate may change. Methodological
limitations exist and are associated with the bulk of in-
cluded studies being retrospective, as well as limited data-
base inclusion and estimation of values where real values
are absent and, importantly, by differences in the overall
therapeutic schemes that patients may have received
concurrently with surgical interventions such as radia-
tion or chemotherapy. Future studies should also perform
subgroup analyses of minor grouping features that could
impact outcomes such as primary cancer, staging, and
surgical intervention indication.

Conclusions

MIS approaches for the management of spinal metastatic
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disease are associated with various advantages over OS
approaches. MIS procedures match traditional OS pro-
cedures in operative time and number of instrumented
levels and outperform in associated bleeding and transfu-
sions. In addition, patients can benefit by a shorter time to
ambulation and postoperative LOS, with similar compli-
cation rates. These improved outcomes are achieved while
performing similarly to OS procedures in pain reduction
and changes in Frankel and ASIA grading. Regarding sur-
vival, both techniques proved to be similar. Information
generated by this study can be useful in the decision-mak-
ing process of multidisciplinary teams when approaching
patients with such a complex medical oncology; however,
the creation of management guidelines based on current
available evidence and future higher quality studies are
needed to establish the best treatment scenario.
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