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Abstract

Background This systematic review and meta-analysis aimed to consolidate the existing evidence regard-
ing the comparison between en-bloc resection surgery and debulking surgery for spinal tumors, including both pri-
mary and metastatic tumors.

Materials and methods The databases of PubMed, Embase, Cochrane database, Web of Science, Scopus, Chi-

nese National Knowledge Infrastructure (CNKI), Chongging VIP Database (VIP), and Wan Fang Database was carried
out and included all studies that directly compared en-bloc resection surgery with debulking surgery for spinal
tumors in patients through March 2024. The primary outcomes included recurrence rate, postoperative metastasis
rate, mortality rate, overall survival (OS), recurrence-free survival (RFS), complication, and so on. The statistical analysis
was conducted using Review Manager 5.3.

Results We systematically reviewed 868 articles and included 27 studies involving 1135 patients who underwent
either en-bloc resection surgery (37.89%) or debulking surgery (62.11%). Our meta-analysis demonstrated signifi-
cant advantages of en-bloc resection over debulking surgery. Specifically, the en-bloc resection group had a lower
recurrence rate (OR=0.19, 95%Cl: 0.13-0.28, P<0.00001), lower postoperative metastasis rate (P=0.002), and lower
mortality rate (P<0.00001). Additionally, en-bloc resection could improve OS and RFS (HR=0.45, 95%Cl: 0.32-0.62,
P<0.00001 and HR=0.37, 95%Cl: 0.17-0.80, P=0.01, respectively). However, en-bloc resection required longer opera-
tive times and was associated with a higher overall complication rate compared to debulking surgery (P=0.0005
and P<0.00001, respectively).

Conclusion The current evidence indicates that en-bloc surgical resection can effectively control tumor recurrence
and mortality, as well as improve RFS and OS for patients with spinal tumors. However, it is crucial not to overlook
the potential risks of perioperative complications. Ultimately, these findings should undergo additional validation
through multi-center, double-blind, and large-scale randomized controlled trials (RCTs).
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Introduction

Spinal tumors can be categorized into primary tumors
and metastatic tumors. The occurrence and prevalence
of metastases, which are documented in 30%-50% of can-
cer patients, are on the rise, with 10% of cancer patients
developing symptomatic spinal metastases [1, 2]. Primary
tumors represent less than 5% of spinal column tumors
[3, 4]. However, Spinal tumors often present with verte-
bral collapse, fractures, and bone pain. In severe cases,
paralysis can occur, significantly reducing the patient’s
survival time and causing immense suffering [5]. Cur-
rently, available treatment options for spinal tumor are
surgery, chemotherapy, radiotherapy, and conservative
treatment [6]. Common surgical approaches for spinal
tumors include curettage, piecemeal resection, and en-
bloc resection, which can improve neurological function
and overall survival. Tumor excision and spinal stabiliza-
tion can help alleviate tumor-related pain [7-9].

In recent decades, debulking surgery (including curet-
tage resection and piecemeal resection) have become the
primary surgical techniques for treating spinal tumors.
However, a notable drawback of debulking surgery is its
elevated risk of local recurrence due to tumor cell con-
tamination and residual tumor tissue [10, 11]. En-bloc
resection is commonly employed for primary malig-
nant spinal tumors, aggressive benign tumors, and rare
isolated metastatic tumors. The main objective is to
completely remove the diseased tissue, reconstruct the
integrity and stability of the spinal structure. En-bloc
resection is frequently utilized in the treatment of pri-
mary malignant spinal tumors, aggressive benign tumors,
and rare isolated metastatic tumors. The primary objec-
tive is to thoroughly excise the diseased tissue, thereby
lowering the local recurrence rate of spinal tumors and
enhancing patient survival rates [12]. However, given
its intricate anatomical structure and close proximity
to major blood vessels, internal organs, the spinal cord,
and nerves, the en-bloc resection technique for the
spine is complex and challenging, resulting in elevated
risks of complications and mortality [13, 14]. Therefore,
our objective is to conduct a comprehensive systematic
review and meta-analysis of existing literature to evalu-
ate the comparative advantages and risks associated with
en-bloc resection surgery in comparison to debulking
surgery.

Material and methods

Search strategy

This study was conducted and reported in compli-
ance with the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guidelines.
The search encompassed various electronic databases
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up to March 2024, including PubMed (1946 to March
2024), Embase (1947 to March 2024), The Cochrane
Database (searched March 2024), Web of Science (1985
to March 2024), Scopus (1946 to March 2024), CNKI
(1915 to March 2024), and Wan Fang (1900) Database.
The retrieval method adopted the combination of sub-
ject words and free words, and English retrieval words
and Chinese versions include. The complete search strat-
egy is available in Supplementary Table 1. Furthermore,
the references of the included studies were meticulously
reviewed to complement the relevant research findings.

Inclusion and exclusion criteria

Inclusion criteria: All citations were independently evalu-
ated by two authors, while the remaining two authors
reviewed the articles based on the inclusion and exclu-
sion criteria. Studies were eligible for inclusion if they
met the following criteria: 1) P: all patients were diag-
nosed with spinal tumors, including primary spinal
tumors and spinal metastases. 2) I: the interventions
included en-bloc resection. 3) C: the control method
was debulking surgery, which involved procedures such
as curettage resection and piecemeal resection. 4) O: the
outcome measure was the availability of sufficient raw
data. 5) S: the study design encompassed RCTs and ret-
rospective studies.

Exclusion criteria: The number of studies and reasons
for exclusion were as follows: 1) unavailable or incom-
plete/ inaccurate data that rendered the study unanalyz-
able; 2) duplicate reports; 3) other surgical interventions
or drug use; 4) relevant outcome measures not reported;
5) animal studies, biomechanical studies, case reports,
letters, technology notes, reviews, withdrawn trials, and
meta-analyses.

Data extraction

According to the inclusion and exclusion criteria, two
researchers independently reviewed the full text of
potential studies. Discrepancies were resolved by con-
sensus and were reviewed by a third investigator. The
data extraction included the basic information of the
study sample (such as year of publication, number of
participants, age, interventions, control measures,
etc.), follow-up time, tumor types, and lesions segment
etc. Additionally, we extracted specific data from each
selected study, including operation time, intraoperative
blood loss, recurrence rate, mortality rate, postoperative
metastasis rate, total complication rate, RFS, and OS. In
cases where information was missing, we made efforts to
contact the primary author via email for clarification or
to consider excluding the study.



Zhang et al. World Journal of Surgical Oncology ~ (2024) 22:208

Risk of bias assessment

The Newcastle-Ottawa Scale (NOS) scores were used to
evaluate observational studies [15]. Studies with scores
of >6 were deemed as high-quality articles according to
the NOS criteria for observational studies. Bias assess-
ment was carried out independently by two researchers,
while quality assessment was conducted by the same two
reviewers. Any discrepancies between reviewers were
resolved through discussion or, if needed, by involving a
third reviewer for assessment.

Statistical analysis

Forest plots of comparative Odds Ratios (OR) and 95%
confidence of primary efficacy and safety outcomes were
calculated and pooled using the Mantel-Haenszel ran-
dom effects model in Revman 5.3 software, while con-
tinuous outcomes were reported as Mean Differences
(MD) with 95% CI. Time-to-event data from each study
were summarized using Hazard Ratios (HR) with 95%
CI. When HR was not reported by the trials, Tierney’s
method [16] was followed to extract HR from studies
that reported Kaplan—Meier curves. Kaplan—Meier curve
was interpreted with the Engauge Digitizer software
4.1. Chi-square test was used to test the heterogeneity
of the included research results. If P>0.1 and I <50%,
it showed that there was no heterogeneity among the
research results, and a fixed-effect model was used.
There was heterogeneity between studies if P<0.1 or
P>50%, and a random effect model was used. Subgroup
analyses were performed according to different tumor
types. Sensitivity analyses were conducted to determine
the robustness of the results by using the leave-one-out
method. Publication bias was evaluated through funnel
plot analysis.

Results

Search results

The initial search yielded 868 records, of which 348
duplicates were excluded. Following the review of titles,
abstracts, and full-text articles, 27 potentially relevant
studies were evaluated. Subsequently, after applying the
inclusion criteria, a total of 24 studies [12, 14, 17-38]
published in English and 3 studies [39-41] published in
Chinese were included. Figure 1 illustrates the selection
process, displaying the numbers of included and excluded
studies. All titles, abstracts, and full texts underwent dual
and independent review by the authors.

Study characteristic

This meta-analysis incorporated 27 studies focusing on the
treatment of spinal tumors using TES surgery. There were
1135 patients (430 in the en-bloc resection group and 705
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Fig. 1 The Flowchart of the Study

in the debulking group). Among those included studies, 22
studies [14, 17-19, 21, 22, 24-26, 28-38, 40, 41] reported
primary spinal tumors, while 5 studies [12, 20, 23, 27, 39]
focused on the spinal metastases. The main basic charac-
teristics of the included literature were shown in Table 1.

The bias risk assessment results of the included studies

In the retrospective analysis, the NOS scale was
employed to assess bias risk. Most of the included stud-
ies fulfilled the quality assessment criteria, with 20 stud-
ies collectively achieving scores > 6, suggesting a low bias
risk. Nonetheless, six articles scored below 6 overall,
indicating a high risk of bias. Detailed information can be
found in Table 2.

Meta-analysis results

Recurrence rate

A total of 25 studies, including references [12, 17-24,
26—41], provided data on recurrence rate. The analy-
sis revealed no significant heterogeneity (P=0.39,
>=0%), indicating a consistent pattern among the stud-
ies. Consequently, a fixed effect model was employed to
assess the data. The findings demonstrated that patients
who underwent en-bloc resection had a significantly
lower recurrence rate compared to those who under-
went debulking surgery (OR=0.19, 95%CI: 0.13-0.28,
P<0.00001, as shown in Fig. 2). Furthermore, subgroup
analysis indicated that en-bloc resection is particu-
larly effective in reducing recurrence rate for both pri-
mary spinal tumors and spinal metastases (respectively;
P<0.00001 and P<0.00001).

Mortality rate

A total of 11 studies, referenced as [12, 18, 21-23, 27,
29, 33, 35, 38, 39], provided data on mortality rate. The
analysis revealed no significant heterogeneity among
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the studies (P=0.82, ?=0%). Therefore, a fixed effect
model was applied to analyze the data. The results indi-
cated that patients who underwent en-bloc resection had
a significantly lower mortality rate compared to those
who underwent debulking surgery (OR=0.11, 95%CI:
0.06—-0.22, P<0.00001, as shown in Fig. 3). Furthermore,
our subgroup analysis highlighted that en-bloc resection
was associated with reduced mortality rate for both pri-
mary spinal tumors and spinal metastases (respectively;
P<0.00001 and P<0.00001).

Postoperative metastasis rate

A total of 7 studies, referenced as [18, 21, 23, 33, 35, 38, 40],
provided data on postoperative metastasis rate. The analy-
sis revealed no significant heterogeneity among the studies
(P=0.93, I>’=0%). Consequently, a fixed effect model was
utilized for the analysis. The meta-analysis results indi-
cated that patients who underwent en-bloc resection had
a lower postoperative metastasis rate compared to those
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who underwent debulking surgery (OR=0.30, 95%CI:
0.14-0.64, P=0.002, as shown in Fig. 4). Subgroup analy-
sis further revealed that en-bloc resection was associated
with a lower postoperative metastasis rate for primary spi-
nal tumors; however, when considering metastatic tumors
specifically, en-bloc resection did not demonstrate supe-
riority over debulking surgery in reducing postoperative
metastasis rate (respectively; P=0.007 and P=0.11).

Recurrence-free survival

A total of 9 studies, referenced as [18, 20, 25, 26, 28,
29, 35, 37, 38], provided data on RFS. The analysis
revealed no significant heterogeneity among the stud-
ies (P=0.36, [>?=9%). Consequently, a fixed effects
model was utilized for the analysis. The meta-analysis
results indicated that patients who underwent en-bloc
resection had a higher RFS compared to those who
underwent debulking surgery (HR=0.37, 95%CI: 0.17-
0.80, P=0.01, as shown in Fig. 5). Subgroup analysis
further revealed that en-bloc resection was associated
with a higher RFS for primary spinal tumors; how-
ever, when considering metastatic tumors specifically,
en-bloc resection did not demonstrate superiority
over debulking surgery in reducing RFS (respectively;
P=0.02 and P=0.24).

Overall survival

A total of 10 studies, referenced as [12, 14, 20, 23, 25,
27, 33, 35, 38, 39], provided data on the OS of patients
undergoing en-bloc resection for spinal tumors. The
analysis revealed no significant heterogeneity among the
studies (P=0.94, I>’=0%), leading to the utilization of
a fixed-effect model for the analysis. The pooled analy-
sis indicated a clear superiority in OS for patients who
underwent en-bloc resection (HR=0.45, 95%CI: 0.32—
0.62, P<0.00001, as shown in Fig. 6), suggesting that en-
bloc resection was more effective than debulking surgery
in improving overall survival. Furthermore, a subgroup
analysis was conducted which demonstrated that en-bloc
resection resulted in higher OS for both primary spinal
tumors and spinal metastases (respectively; P=0.007 and
P<0.0001).

1-year RFS and 5-year RFS

A total of 10 studies [18, 20, 23, 25, 26, 28, 29, 35, 37, 38]
provided data on 1-year RFS. The analysis indicated that
en-bloc resection resulted in significantly higher 1-year
RFS compared to debulking surgery (OR=6.49, 95%CL:
2.85-14.77, P<0.00001, refer to supplementary file:
Figure S1). Subgroup analysis highlighted that en-bloc
resection was particularly effective in improving 1-year
RES for primary spinal tumors; however, it did not show
superiority over debulking surgery for spinal metastases.
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Similarly, a total of 9 studies [18, 23, 25, 26, 28, 29, 35,
37, 38] reported data on 5-year RFS. The analysis revealed
that en-bloc resection led to notably higher 5-year RFS
compared to debulking surgery (OR=8.33, 95%CI: 4.44—
15.64, P<0.00001, refer to supplementary file: Figure S2).
Subgroup analysis further emphasized that en-bloc resec-
tion was linked to improved 5-year RFS for primary spinal
tumors; nevertheless, it did not demonstrate superiority
over debulking surgery for spinal metastases.

Operative time and intraoperative blood loss

A total of 4 studies [20, 29, 35, 39] reported data on opera-
tive time. The analysis revealed that en-bloc resection
required a significantly longer operative time compared to
debulking surgery (MD=55.42 min, 95%CI: 22.46—86.39,
P=0.0005, refer to supplementary file: Figure S3). However,
there was no significant difference in intraoperative blood
loss between en-bloc resection and debulking surgery
based on the data from these 5 studies [20, 29, 35, 36, 39]
(MD=60.28 ml, 95%CI: -573.86—694.42, P=0.85, refer to
supplementary file: Figure S4).

Complication

A total of 11 studies [19, 20, 23, 29, 30, 32, 33, 35, 37-39]
provided data on total complication rate included in the
study. The analysis showed no significant heterogene-
ity among the studies (P=0.61, [*=0%), leading to the
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Fig. 7 A forest plot of complication rate

utilization of a fixed-effect model for the analysis. The
results revealed that en-bloc resection was associated
with a higher total complication rate compared to debulk-
ing surgery (OR=4.10, 95% CI: 2.46—6.86, P<0.00001, as
shown in Fig. 7). Subgroup analysis further confirmed that
en-bloc resection resulted in a higher rate of complications
for both primary spinal tumors and spinal metastases.

A total of 7 studies [12, 18, 24, 25, 33, 39, 40] reported
on postoperative neurological function remission. The
findings indicated that en-bloc resection resulted in
superior postoperative neurological function remission
compared to debulking surgery (OR=2.49, 95% CI: 1.28—
4.85, P=0.007, refer to supplementary file: Figure S5).
However, en-bloc resection was associated with a higher
rate of pleural tears rate compared to debulking surgery
based on data from 3 studies [23, 35, 39] (OR=18.56, 95%
CI: 3.30-104.29, P=0.0009, refer to supplementary file:
Figure S6). Additionally, results from a total of 6 stud-
ies [20, 33, 35, 37-39] indicated no significant difference
in wound infection rate between en-bloc resection and
debulking surgery (OR=0.89, 95% CI: 0.31-2.57, P=0.83,
refer to supplementary file: Figure S7).

Publication bias

In the evaluation of recurrence rate studies, the funnel
plot displayed asymmetry (as shown in Fig. 8), indicat-
ing a potential publication bias. Furthermore, publication
bias was identified in the analysis of total complication
rate, mortality rate (refer to supplementary file: Figure
S8 and Figure S9), postoperative metastasis rate, and RFS
(refer to supplementary file: Figure S10 and Figure S11).
However, it is noteworthy that the funnel plots for these
factors exhibited symmetry, suggesting that there was no
evidence of publication bias in these particular analyses.

Discuss

Spinal tumors include primary spinal tumors and sec-
ondary malignant tumors that have metastasized to the
spine. Primary tumors originate from the spinal cord,
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cauda equina, nerve roots, and meninges of the spinal
cord. Compared to secondary malignant tumors in the
spine, primary spinal tumors are relatively rare, account-
ing for less than 10% of all spinal tumors [42]. The treat-
ment of the vast majority of spinal tumors is considered
palliative, aiming to alleviate pain, maintain or improve
neurological function, and restore mechanical stabil-
ity. However, for patients with primary malignant tumor
(stage I or II), aggressive benign tumor (stage III), and
isolated metastasis, the treatment intent is usually radical
resection to achieve control of recurrence and improve
survival rates [43, 14].

This meta-analysis has shown that en-bloc resection
is associated with a lower recurrence rate compared to
debulking surgery. The primary reason is that en-bloc
resection ensures complete removal of the tumor, thereby
decreasing local recurrence and postoperative tumor
metastasis [44]. As the survival rate of patients is influ-
enced by the presence of visceral metastases and effective
control of primary lesions, patients with visceral metasta-
ses continue to bear a substantial tumor burden, signifi-
cantly impacting their overall health. Some study indicates
that en-bloc resection surgery for spinal tumors greatly
improves the prognosis of patients by reducing tumor
recurrence and metastasis [45]. Yamazaki et al. [46], it is
strongly recommended that intralesional resection may
significantly increase the risk of tumor recurrence. Luca
Amendola et al [47]. study demonstrated that marginal
and intralesional resections are independent predictors of
local recurrence rate (HR=9.45, 95%CI, 1.06—84.47 and
HR=38.62, 95%CI, 4.67-319.21, respectively, compared
with wide en-bloc resection) and tumor-related mortality
rate (HR=17.10, 95%CI, 3.80-77.04 for intralesional resec-
tion compared with the wide en-bloc resection). Therefore,
tumor recurrence and metastases significantly contribute to
mortality. Several studies [46, 48] have reported mortality
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rates ranging from 0-7% in patients undergoing en-bloc
resection for primary spinal tumors. Our subgroup analy-
sis revealed a mortality rate of 4.9% for en-bloc resection
in primary spinal tumor cases, while the mortality rate for
metastatic spinal tumors was 55.42%. Despite the higher
mortality associated with metastatic spinal tumors, en-
bloc resection remains superior to debulking surgery. For
patients in good physical condition, whether dealing with
primary spinal tumors or spinal metastases, aggressive sur-
gical intervention may lead to long-term survival [13, 14].

For certain well-defined and localized spinal tumors,
en-bloc resection is commonly favored. This surgical
approach, as opposed to conventional debulking surgery,
aims to enhance survival rates by minimizing the pres-
ence of residual tumor cells and effectively managing
tumor recurrence and metastasis. However, while some
reports have shown no statistically significant difference
in survival rates between en-bloc resection and debulking
surgery [49, 50], this study consolidates existing evidence
to highlight that en-bloc resection yields superior results
in terms of RFS and OS compared to debulking surgery
(with respective P values of 0.01 and<0.00001). This
corroborates previous research indicating that en-bloc
resection can enhance RFS and OS, with instances where
even isolated metastases have been successfully treated
[13, 49, 51]. For example, Druschel et al. reported a case
of en-bloc resection for a recurrent thoracolumbar lesion
with no observed local recurrence or metastasis during
an 8-month follow-up period [52]. Similarly, Kawahara
et al. documented a two-level total excision of a recurrent
chondrosarcoma, resulting in the patient being disease-
free for 15 years [53]. En-bloc resection surgery is stra-
tegically designed to achieve complete tumor removal
externally, thereby controlling local recurrence rates and
potentially extending survival prospects [54, 55]. In con-
trast, debulking surgery, characterized by intracapsular
resection, poses a higher risk of tumor contamination
and often leads to incomplete tumor removal, conse-
quently increasing the likelihood of local recurrence
and diminishing OS [11]. However, a subgroup analysis
for different types of metastatic tumors was analyzed. In
terms of overall survival, we found that en-bloc resection
surgery was no better than debulking surgery for thyroid
metastases. Therefore, the author believes that the tumor
type of patients should be considered for patients with
different metastatic tumors. However, few studies have
been included so far, and the types of metastatic tumors
were not introduced in three studies.

En-bloc resection is a surgical procedure aimed at fully
excising spinal tumors by removing the entire vertebra
containing the tumor, along with en bloc laminectomy,
en bloc corpectomy, and bilateral pediculotomy [56].
This procedure involves intricate anatomical maneuvers

Page 10 of 12

around critical structures such as the spinal cord, nerve
roots, and major blood vessels, adding complexity and
requiring meticulous care to ensure thorough tumor
removal while safeguarding surrounding tissues. Moreo-
ver, the spine region harbors a dense network of blood
vessels, necessitating meticulous vessel handling dur-
ing en-bloc surgery to prevent significant bleeding or
injury to vital structures, potentially leading to height-
ened intraoperative blood loss [12, 57]. Consequently,
en-bloc resection surgeries typically entail longer operat-
ing times and increased intraoperative blood loss. How-
ever, debulking surgery aims to remove as much of the
tumor mass as feasible, albeit without complete excision.
This simpler procedure may result in shorter operation
times and potentially lesser intraoperative blood loss
[11]. Our study further revealed that en-bloc resection
surgery exhibited a significantly longer operation dura-
tion (P=0.0005) compared to Debulking surgery. How-
ever, when considering intraoperative blood loss,en-bloc
resection did not demonstrate superiority over Debulk-
ing surgery. It is important to note that the findings from
our analysis were based on a limited number of studies
[20, 29, 35, 36, 39], underscoring the necessity for addi-
tional research to enhance the reliability and validity of
these results.

The successful surgical management of spinal tumors
hinges on the prevention and prompt treatment of sur-
gical complications. Given the longer operation time
and increased intraoperative blood loss associated with
en-bloc resection, this approach often presents a higher
incidence of surgical complications. While prior studies
have highlighted that proper surgical techniques and an
understanding of anatomical changes can help mitigate
intraoperative complications (such as neurological issues,
cerebrospinal fluid leaks, vascular injuries, and visceral
organ damage) in spinal tumor surgeries [43], our analy-
sis revealed that en-bloc resection was associated with a
higher complication rate (47.37%) compared to Debulk-
ing surgery (18.52%, P<0.00001). Consistent with these
findings, other studies have reported complication rates
around 43% for en-bloc resection [48, 24, 58]. A sys-
tematic review by Li Zhehuang et al [59]. delved into
the complications of en-bloc surgery for spinal tumors,
unveiling an overall complication rate of 58.3% (560 out
of 961 cases). The study identified common complica-
tions including neurological damage (12.7%), dural tears
(10.6%), wound-related issues (7.6%), as well as vascular
injuries and bleeding (7.3%). While en-bloc resection is
an effective strategy for treating spinal tumors, it is cru-
cial not to overlook the potential risks of perioperative
complications inherent to this approach.

However, there are also a few disadvantages and
limitations for our study: 1) Some pooled results from
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included studies were strongly subjective. 2) The
included studies were retrospective studies, which
have a great impact on the experimental results. 3)
Inclusion and exclusion criteria of some studies are
different, especially in tumor type. 4) Heterogeneity
among the included studies was unavoidable because
of racial differences, age difference, mode of anesthe-
sia, and type of devices. 5) Etiology of the primary
tumor, as well as the subtype, should be taken into
account at the time of the indication and the final sur-
vival result. However, most publications are not usu-
ally included this information. Therefore, physicians
around the world should be careful to interpret our
results in clinical practice.

Conclusion

The current evidence indicates that en-bloc surgical
resection can effectively control tumor recurrence and
mortality, as well as improve RFS and OS for patients
with spinal tumors. However, en-bloc surgical resec-
tion of spinal tumors presents certain surgical chal-
lenges, with longer operation times and higher rates
of complication. Ultimately, these findings should
undergo additional validation through multi-center,
double-blind, and large-scale randomized controlled
trials (RCTs).
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