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Abstract:

Purpose:

Primary osteosarcoma of the spine is a rare osseous tumour. En bloc resection, in contrast with intralesional
resection, is the only procedure able to provide Enneking appropriate (EA) margins, which has improved local
control and survival of patients with primary osteosarcoma of the spine. The objective of this study is to compare the
risk of local recurrence, metastases development and survival in patients with primary osteosarcoma of the spine

submitted to Enneking appropriate (EA) and Enneking inappropriate (EI) procedure.

Methods:

A systematic search was performed on EBSCO, PubMed and Web of Science, between 1966 and 2018, to identify
studies evaluating patients submitted to resection of primary osteosarcoma of the spine. Two reviewers
independently assessed all reports. The outcomes were local recurrence, metastases development and survival at 12,

24 and 60 months.

Results:

Five studies (108 patients) were included for systematic review. These studies support the conclusion that EA
procedure has a lower local recurrence rate (RR: 0.33, 95% CI: 0.17-0.66), a lower metastases development rate
(RR: 0.39, 95 % ClI: 0.17-0.89), a higher survival rate at 24 months (RR: 1.78, 95 % CI: 1.24-2.55) and 60 months

(RR: 1.97, 95 % CI: 1.14-3.42) of follow-up, however, at 12 months, there is a non-significant difference.

Conclusions:
EA procedure increases the ratio of remission and survival after 24 months of follow-up. Multidisciplinary oncologic
groups should weigh the morbidity of an en bloc resection, knowing that in the first year the probability of survival is

the same for EA and EI procedure.
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Introduction:

Primary tumours of the spine are rare osseous tumours occurring in less than 10% of all spine tumours. Its incidence
ranges between 2.5 and 8.5 cases per 100.000 persons per year accounting less than 5% of the malignant tumours of
the spine [1,2].

The treatment, based on small case series [3-6], involves a multimodality therapy with neoadjuvant and/or adjuvant
chemotherapy, radiation therapy, and surgical treatment [4,5,7-13]. They have reported a high local recurrence rate,
metastatic disease and a variable survival [3,4,10,14-18].

As Enneking reported for osteosarcoma of the limbs[19], several studies proved the impact of surgical margins on
the local recurrence and survival of patients with primary sarcomas of the spine[5,6,8,9,13,15,20-28]. They proposed
a classification as Enneking appropriate (EA) margins - marginal or wide — or Enneking inappropriate (EI) margins —
intralesional or contaminated [26,27]. For spine tumours there are few studies focusing on the margins of resection,
but for spine this issue is even more relevant than for limbs because of the presence of the vertebral canal content.

To enhance negative margins, patients with primary osteosarcoma of the spine are usually treated first with
neoadjuvant chemotherapy to reduce the tumour size, promoting local control, preventing systemic micrometastases
and increasing survival[10,12,13].

En bloc resection - removal of the entire tumour’s mass encased by a continuous shell of healthy tissue - is the only
technique which could achieve negative margins providing the best chance of survival[2,27].

In addition, adjuvant chemotherapy has a proven survival benefit even in patients submitted to intralesional
resection[12,13]. Radiation therapy does not have a proven survival benefit but promotes local control particularly in
patients with positive margins or with intralesional resection[9,12,13].

The objective of this meta-analysis is to compare the overall local recurrence rates, metastases development rate and

survival at 12, 24, and 60 months between EA and EI procedure in patients with primary osteosarcoma of the spine.



Methods:

This meta-analysis was designed following Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines[29]. A comprehensive literature search was performed on EBSCO (1900-July 2018), PubMed
(1966-July 2018), and Web of Science (1900-July 2018). The keywords searched were ‘“osteosarcoma” or
“osteogenic sarcoma”, “spine”, “primary”, and “en bloc resection” or “intralesional resection”. The research was
done with different combinations of keywords. No limitations were applied for language or publication date.

Reference lists of articles were scanned for selection of additional studies. The selection process is presented in

Figure 1.

Inclusion and exclusion criteria:

Inclusion criteria were the following: studies published from 1900 to 2018 (July); clinical trial, case reports, case
series, abstracts or oral communications. As exclusion criteria the following were defined: animal studies; studies not
involving osteosarcoma of the spine or describing non-osteosarcoma lesions; studies without discrimination of
tumour type; studies without en bloc resection or intralesional resection cases; studies without characterization of
Enneking margins or survival; studies with less than four cases. Enneking margins were defined as appropriate (EA)
- marginal or wide - or inappropriate (EI) — intralesional or contaminated. Surgeries followed the same denomination
as the achieved margins - EA procedure or El procedure. All studies were reviewed by two authors with respect to

inclusion and exclusion criteria.

Data extraction:

One author extracted the data from included studies and a second author checked the extracted data. The GetData
Graph Digitizer (Microsoft, Washington) software was used to extract data from diagrams when necessary. We
developed a data extraction sheet where the data were registered. Any disagreement was resolved by discussion.
Extracted data were the following: author; publication year; location of the treated spine; sample size; sex; mean age;
Enneking stage distribution; number of patients submitted to chemotherapy, radiotherapy and resection; number of
patients with local recurrence; number of patients who survived; complications described; metastasis incidence; and
main conclusions.

The outcomes were the local recurrence risk, metastases development risk and the survival at 12, 24 and 60 months.



Individual bias risk assessment:
To ascertain the validity of the included studies, two reviewers working independently determined the adequate
definition of disease, clear baseline characteristics, inclusion of a representative cohort, valid method for diagnosis,

standardized data collection and objective outcome measurement[30]. The risk was defined as low, unclear or high.

Quality assessment:

The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach[31] was used for
assessing the quality of evidence of the included studies at outcome level and was scored as high, moderate, low, or
very low.

The judgement about quality was based on risk of bias, inconsistency, indirectness, imprecision, publication bias,
magnitude of effect, dose response and the effect of all plausible confounding factors.

An overall GRADE quality rating across outcomes was defined from the lowest quality of evidence of the five

outcomes.

Statistical analysis:

The Review Manager (Version 5.2. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008)
software was used for statistical analysis. We defined an error margin of .05.

The outcomes of each study were analysed according to risk ratio (RR) to assess the importance of margins
appropriateness. The heterogeneity of the studies was assessed with 1° statistic according PRISMA guidelines. When
12 was inferior to 40 %[32], the studies were considered homogeneous, and the fixed-effects model[33] was used to
determine the overall RR. If heterogeneity was verified, it was investigated by discarding studies from the analysis

and seeing if that removed the heterogeneity[32]. Otherwise, the random-effects model was used.

Sensitivity analysis and publication bias assessment:
A sensitivity analysis was also used to explore the heterogeneity and robustness of the pooled results. We repeated
the primary analysis with an altered dataset or statistical method to determine whether these changes have any effect

on the pooled estimate. The choice of studies to discard was based on GRADE quality (low) and study size (< 30



patients). For each study we plotted the effect by the inverse of its standard error. The publication bias was visually

assessed for the symmetry of funnel plot and with Egger’s test[34,35].

Results:

The research performed on Ebsco, Pubmed and Web of Science provided a total of 1319 studies; 448 studies were
reviewed after removal of duplicates. The number was reduced to 24 studies after applying the exclusion criteria.
After qualitative evaluation, 19 studies were excluded for irrelevant content to perform the meta-analysis. No grey
literature was included.

Five studies, published between 2002 and 2016, with relevant information with respect to local recurrence,
metastases development and survival, were included and analysed [8,23-26]. All studies were retrospective case
series and were developed in four countries (Germany, Italy, USA, and China) [8,23-25]. One study was a
multicentre study developed in twelve different centres[26]. They were all published in English.

The aggregation of the five studies resulted in 123 patients (108 resections), treated between 1951 and 2012. The
sample was composed of 56 male and 52 female patients with a weighted mean age of 34.4 = 15.9 years. Eighty
eight patients were staged in Enneking classification. Almost all the sample (88 %) was staged in high-grade
extracompartmental 11b stage. The weighted mean of follow-up was 3.5 £ 2.6 years.

There is no statistically significant difference between patients submitted to EA procedure and El procedure
regarding age, sex, location, radiation therapy or chemotherapy (p>0.05).

Table 1 shows the general characteristics of the included studies in the meta-analysis. The risk of bias is presented in

Graph 1.

Studies characterization:

The multicentre study reported by Dekutoski et al.[26] describes the experience of 58 patients (55 resections) with
primary osteosarcoma of the mobile spine and sacrum across twelve international centres. The surgical techniques
and treatment were centre and patient dependent.The study reported that 29 patients were submitted to EA procedure
and 26 patients to EI procedure. In addition to surgical treatment, 45 patients received chemotherapy and 21 patients
received radiation therapy. Local recurrence was significantly higher in El procedures (42%) compared with EA

procedures (1%) (p=0.001). In a similar way, EA procedure (69%) had a significant survival advantage over El



procedure (50%) (p=0.048). Metastases were not analysed. The authors concluded that EA surgical procedures
significantly reduce local recurrence and increase survival.

Feng et al.[24] in a retrospective review describe 16 patients which were treated for primary osteosarcoma of mobile
spine. Two different protocols of surgical treatment (total en bloc spondylectomy and total piecemeal
spondylectomy) were chosen. Ten patients were submitted to EI procedure and six patients to EA procedure. They
were all followed by adjuvant chemotherapy (cisplatin, doxorubicin and methotrexate). The majority of the sample,
14 patients, also received adjuvant radiation therapy (35-65 Gy). Overall, six out of ten patients submitted to El
procedure (60%) experienced local recurrence of the tumour and only five patients (50%) survived. In contrast, the
patients in the EA procedure group had no case of local recurrence and had survived during the follow-up period.
This study is the only which reports the complications analysis: one patient developed anaphylactic shock, three
patients were submitted to nerve root ligation and three patients had cerebrospinal fluid leak after the surgery.
Although no statistical analysis was performed, the authors concluded that osteosarcoma in the cervical or
thoracolumbar spine should be treated with a combination of en bloc resection, a wide or marginal margin, and
chemotherapy.

Lim et al.[25] describe the experience of 10 patients with osteosarcoma of the mobile spine and sacrum. The
treatment of choice was wide excision of the tumour. Seven patients underwent EA procedure and three patients El
procedure. Almost all sample received adjuvant chemotherapy or radiation therapy. The local recurrence was lower
in patients submitted to EA procedure (57%) than in patients submitted to EI procedure (67%). On the other hand,
the first group had lower survival (2.5 years) than the second group (3.5 years). The authors surmised that
metastases, intralesional surgery or no surgery at all are poor prognostic factors.

The Cooperative Osteosarcoma Study Group (COSS) reported by Ozaki et al.[8] describes the outcome of 22
patients with primary osteosarcoma of the spine (mobile spine and sacrum). The surgical margins were described in
only 12 patients. Five patients were submitted to EA procedure and seven patients to an El procedure. All patients
operated on received chemotherapy according to a COSS protocol modified in successive revisions and two patients
received adjuvant radiation therapy (50-65 Gy). Local recurrence developed in one (20%) out of five patients who
underwent EA procedure, and four (57%) out of seven patients who underwent El procedure. There was a

statistically significant benefit in overall survival for patients who underwent wide or marginal resection in



comparison to intralesional resection or no surgery (p=0.03). The authors concluded that patients should be treated
with combination therapy, marginal excision and adjuvant radiation therapy.

The last study, by Schwab et al.[23], describes the results of 17 patients treated for primary osteosarcoma of the
mobile spine. The surgical treatment involved en bloc spondylectomy or intralesional resection. Fifteen patients were
operated on: four patients were submitted to EA procedure and 11 patients to EI procedure. All patients received
neoadjuvant chemotherapy (adriamycin and methotrexate) and seven patients received adjuvant radiation therapy
(40-45 Gy). Local recurrence occurred in one patient (25%) in the EA procedure group and in five patients (45%) in
the EI procedure group. Median survival following en bloc resection was superior to that of subtotal resection
(p=0.09). The authors concluded that en bloc resection of osteosarcoma in the mobile spine is associated with

improved survival.

Meta-analysis of clinical outcomes

Local recurrence

The pooled results of five studies (108 patients) showed a statistically significant difference between EA and El
procedure groups (RR = 0.33, 95 % CI: 0.17-0.66; p = 0.002). The heterogeneity among these included studies was
small, and a fixed-effect model was adopted (y°=4.36; df=4, 1°=8%; p=0.360; Graph 2). Funnel plot and Egger’s test
(p=0.746) were used to identify the potential publication bias of local recurrence, and results showed that the effect
size was symmetrical and there was no publication bias. Sensitivity analysis was performed, and after removing each

of the studies, the final outcome was not changed.

Metastases

Metastases analysis was performed in four studies (53 patients) and the pooled results indicated that there is a
statistically significant difference between EA and EI procedure groups (RR = 0.39, 95 % CI: 0.17-0.89; p=0.03).
The heterogeneity among these included studies was small, and a fixed-effect model was adopted (x*=0.20; df=3,
1=0%; p=0.980; Graph 3). Funnel plot and Egger’s test (p=0.954) showed that the effect size was symmetrical and

there was no publication bias. Sensitivity analysis was performed and the final outcome was not changed.



Survival at 12 months

Survival at 12 months was reported in five studies (103 patients), and the pooled results indicated that there was no
significant difference between EA and EI procedure groups (RR = 1.18, 95 % CI: 0.99-1.41; p=0.07). The
heterogeneity among these included studies was small, and a fixed-effect model was adopted (x*=1.83; df=4, 1’=0%;
p=0.770; Graph 4). Funnel plot and Egger’s test (p=0.135) showed that the effect size was symmetrical and there

was no publication bias. Sensitivity analysis was performed and the final outcome was not changed.

Survival at 24 months

Survival at 24 months was reported in five studies. The heterogeneity among these studies was high (x°=8.92; df=4,
1=55%; p=0.06). After detailed investigation, the study of Feng et al[24] was the cause for the heterogeneity and
was removed from the analysis. The pooled results of four studies (78 patients) indicated that there was a statistically
significant difference between EA and EI procedure groups (RR = 1.78, 95 % CI: 1.24-2.55; p=0.002; Graph 5).
Funnel plot and Egger’s test (p=0.961) showed that the effect size was symmetrical and there was no publication

bias. Sensitivity analysis was performed and the final outcome was not changed.

Survival at 60 months

Survival at 12 months was reported in five studies (73 patients), and the pooled results indicated that there is a
statistically significant difference between EA and EI procedure groups (RR = 1.97, 95 % ClI: 1.14-3.42; p=0.02).
The heterogeneity among these included studies was small, and a fixed-effect model was adopted (x*=3.23; df=4,
12=0%; p=0.520; Graph 6). Funnel plot and Egger’s test (p=0.657) showed that the effect size was symmetrical and

there was no publication bias. Sensitivity analysis was performed and the final outcome was not changed.

Discussion:

Our systematic review showed that, independently of age, sex, location, radiation therapy or chemotherapy, EA
procedure has a potential benefit in primary osteosarcoma of the spine regarding local recurrence, metastases
development and survival after 24 months post-operatively.

Five case series studies were included in our study and we considered one of them to be at low risk of bias[8]. The

others are at unclear risk of bias for inclusion of representative cohort[23-25], standardized data collection[23-25]
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and other bias[23,26]. The high number of patients operated on (108 patients) and the follow-up mean higher than 3
years provide sufficiently robust evidence to compare the Enneking margins appropriateness regarding the outcomes.
EA procedure was proven lower for local recurrence rate (0-57 %) than EI procedure (42-67 %)[8,23-26]. Our meta-
analysis produced pooled results of 18 % for EA procedure and 48 % for EI procedure, a statistically significant
three-fold lower recurrence rate.

Metastases development rate was lower for EA procedure (14-33 %) than for El procedure (33-70 %) [8,23-25]. This
meta-analysis identified a pooled metastases development rate of 23.7 % for EA procedure and 63.6 % for El
procedure, a statistically significant three-fold lower rate.

EA procedure was associated with higher survival rates at 12 months (88-100%; 67-100%), 24 months (57-100%;
47-90%) and 60 months (14-100%; 17-50%) than EI procedure [8,23-26].

At 12 months, the meta-analysis surmised a pooled survival rate of 92 % for EA procedure and 78 % for El
procedure, a non-statistically significant one-fold higher rate. The value almost reached a significant value.

At 24 months, the pooled survival rate decreased to 82 % for EA procedure and 45% for El procedure. At 60 months,
a great difference was detected with 52 % for EA procedure and 29 % for El procedure. These values account to a
statistically significant two-fold higher survival rate for EA procedure.

None of the studies identified a local recurrence rate and survival benefit between en bloc resection and intralesional
excision [3,16]. Even when resecting the entire tumour in a single, intact piece, the surgical margins could be
positive. Most likely, more than the technique used, the surgical margins are the key point to the overall benefit.
However, the surgeons are inaccurate in their intraoperative assessment of clear margins achieved[36], biasing the
conclusions of studies that investigate the benefit of en bloc resection.

Nevertheless, as other recent individual studies have reported [8-10,19,37-40], these pooled results suggest that the
rate of local recurrence, metastases development and survival depends on the quality of the resection, even when
neoadjuvant or adjuvant therapy is used.

In this study, the survival benefit is particularly inconsistent until 12 months of follow-up. We hypothesise that
adjuvant chemotherapy could improve the survival of patients submitted to El procedure in the first year. After that,

local recurrence and metastases development have a negative impact on survival [20,27].
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Multidisciplinary oncologic groups should carefully evaluate patients with primary osteosarcoma of the spine on a
case-by-case basis, weighing the morbidity of an en bloc resection to achieve EA margins, knowing that in the first
year the probability of survival is the same between EA and EI procedure.

The quality of the included studies demonstrated by GRADE classification of moderate or low is predictable for
nonrandomized surgical studies. The individual bias risk assessment was defined as low or unclear. There are high
heterogeneity between the different studies regarding surgical techniques, neoadjuvant and adjuvant chemotherapy
and radiation therapy. The treatment was center and patient dependent making unavailable any comparison regarding
these variables. The publication bias assessment demonstrated that all of the included studies fell within the funnel

plot.

Limitations:

Firstly, the number of included studies was small, retrospective, and most of the studies included few patients.
Secondly, there likely was a physician selection bias in choosing the type of operation regarding the clinical patients’
characteristics. Thirdly, the studies are heterogeneous respective to the treatment as there are different adjuvant
therapy protocols regarding neoadjuvant and/or adjuvant chemotherapy or radiation therapy. Fourthly, the two
groups were not compared relative to timing of chemotherapy or radiation therapy delivery. There is the hypothesis
that EA procedure group had been treated more frequently with neoadjuvant chemotherapy or adjuvant radiation
therapy decreasing the metastases development or local recurrence rate. Finally, randomized controlled trials could
not be conducted. This is explained by different issues: pathology rarity, lower surgical experience, ethical problems
and tumour location. For this reasons we recommend a larger multi-center, high-quality, prospective cohort study,

following the same protocol and controlling the bias, to verify the results of this meta-analysis.

Conclusion:

EA procedure for primary osteosarcoma of the spine - of the mobile and of the fixed spine - was associated with a
significantly reduced risk for local recurrence, metastases development and survival after 24 months. The protocol
treatment heterogeneity decreases the robustness of the conclusions. A larger multi-center, high-quality, prospective

cohort study, following the same protocol, is needed to confirm these conclusions.

12



References:

1. Chi JH, Bydon A, Hsieh P, Witham T, Wolinsky JP, Gokaslan ZL (2008) Epidemiology and demographics for
primary vertebral tumors. Neurosurgery clinics of North America 19 (1):1-4. doi:10.1016/j.nec.2007.10.005

2. Groves ML, Zadnik PL, Kaloostian P, Sui J, Goodwin CR, Wolinsky J-P, Witham TF, Bydon A, Gokaslan ZL,
Sciubba DM (2015) Epidemiologic, functional, and oncologic outcome analysis of spinal sarcomas treated surgically
at a single institution over 10 years. Spine Journal 15 (1):110-114. doi:10.1016/j.spinee.2014.07.005

3. Schoenfeld AJ, Hornicek FJ, Pedlow FX, Kobayashi W, Garcia RT, DelLaney TF, Springfield D, Mankin HJ,
Schwab JH (2010) Osteosarcoma of the spine: experience in 26 patients treated at the Massachusetts General
Hospital. Spine Journal 10 (8):708-714. doi:10.1016/j.spinee.2010.05.017

4. Lefebvre G, Renaud A, Rocourt N, Cortet B, Ceugnart L, Cotten A (2013) Primary vertebral osteosarcoma: five
cases. Joint, bone, spine : revue du rhumatisme 80 (5):534-537. doi:10.1016/j.jbspin.2013.04.003

5. Zils K, Bielack S, Wilhelm M, Werner M, Schwarz R, Windhager R, Hofmann-Wackersreuther G, Andus T,
Kager L, Kuehne T, Reichardt P, von Kalle T (2013) Osteosarcoma of the mobile spine. Annals of oncology :
official journal of the European Society for Medical Oncology 24 (8):2190-2195. doi:10.1093/annonc/mdt154

6. Bhatia R, Beckles V, Fox Z, Tirabosco R, Rezajooi K, Casey AT (2014) Osteosarcoma of the spine: dismal past,
any hope for the future? British journal of neurosurgery 28 (4):495-502. doi:10.3109/02688697.2013.869550

7. DeLaney TF, Park L, Goldberg SI, Hug EB, Liebsch NJ, Munzenrider JE, Suit HD (2005) Radiotherapy for local
control of osteosarcoma. International journal of radiation oncology, biology, physics 61 (2):492-498.
doi:10.1016/j.ijrobp.2004.05.051

8. Ozaki T, Flege S, Liljengvist U, Hillmann A, Delling G, Salzer-Kuntschik M, Jurgens H, Kotz R, Winkelmann W,
Bielack SS (2002) Osteosarcoma of the spine - Experience of the Cooperative Osteosarcoma Study Group. Cancer
94 (4):1069-1077. doi:10.1002/cncr.10258

9. Sciubba DM, Okuno SH, Dekutoski MB, Gokaslan ZL (2009) Ewing and osteogenic sarcoma: evidence for
multidisciplinary management. Spine 34 (22 Suppl):S58-68. d0i:10.1097/BRS.0b013e3181ba6436

10. Sundaresan N, Rosen G, Huvos AG, Krol G (1988) Combined treatment of osteosarcoma of the spine.

Neurosurgery 23 (6):714-719

13



11. Netzer C (2018) Treatment options for sarcomas of the spine. A heterogenic disease picture which requires an
individual and interdisciplinary treatment concept. Onkologe 24 (3):224-230. doi:10.1007/s00761-017-0329-0

12. Ozturk A, Gokaslan Z, Wolinsky J-P (2014) Surgical Treatment of Sarcomas of the Spine. Current treatment
options in oncology 15 (3):482-482-492. doi:10.1007/s11864-014-0290-8

13. Katonis P, Datsis G, Karantanas A, Kampouroglou A, Lianoudakis S, Licoudis S, Papoutsopoulou E, Alpantaki
K (2012) Spinal Osteosarcoma. Clinical Medicine Insights: Oncology (6):199-199-208. doi:10.4137/CM0.S10099
14. Shives TC, Dahlin DC, Sim FH, Pritchard DJ, Earle JD (1986) Osteosarcoma of the spine. The Journal of bone
and joint surgery American volume 68 (5):660-668

15. Talac R, Yaszemski MJ, Currier BL, Fuchs B, Dekutoski MB, Kim CW, Sim FH (2002) Relationship between
surgical margins and local recurrence in sarcomas of the spine. Clinical orthopaedics and related research (397):127-
132

16. Rao G, Suki D, Chakrabarti I, Feiz-Erfan I, Mody MG, McCutcheon IE, Gokaslan Z, Patel S, Rhines LD (2008)
Surgical management of primary and metastatic sarcoma of the mobile spine. Journal of neurosurgery Spine 9
(2):120-128. doi:10.3171/spi/2008/9/8/120

17. Bilsky MH, Boland PJ, Panageas KS, Woodruff JM, Brennan MF, Healey JH (2001) Intralesional resection of
primary and metastatic sarcoma involving the spine: outcome analysis of 59 patients. Neurosurgery 49 (6):1277-
1286; discussion 1286-1277

18. Barwick KW, Huvos AG, Smith J (1980) Primary osteogenic sarcoma of the vertebral column: a
clinicopathologic correlation of ten patients. Cancer 46 (3):595-604

19. Enneking WF, Spanier SS, Goodman MA (1980) A system for the surgical staging of musculoskeletal sarcoma.
Clinical orthopaedics and related research (153):106-120

20. Fisher CG, Keynan O, Boyd MC, Dvorak MF (2005) The surgical management of primary tumors of the spine -
Initial results ~of an  ongoing  prospective  cohort  study. Spine 30  (16):1899-1908.
doi:10.1097/01.brs.0000174114.90657.74

21. Halm H, Richter A, Lerner T, Liljenqvist U (2008) En-bloc spondylectomy and reconstruction for primary

tumors and solitary metastasis of the spine. Der Orthopade 37 (4):356-+. doi:10.1007/s00132-008-1231-7

14



22. Yamazaki T, McLoughlin GS, Patel S, Rhines LD, Fourney DR (2009) Feasibility and Safety of En Bloc
Resection for Primary Spine Tumors A Systematic Review by the Spine Oncology Study Group. Spine 34:S31-S38.
d0i:10.1097/BRS.0b013e3181b8b796

23. Schwab J, Gasbarrini A, Bandiera S, Boriani L, Amendola L, Picci P, Ferrari S, Boriani S (2012) Osteosarcoma
of the mabile spine. Spine 37 (6):E381-386. doi:10.1097/BRS.0b013e31822fh1a7

24. Feng D, Yang X, Liu T, Xiao J, Wu Z, Huang Q, Ma J, Huang W, Zheng W, Cui Z, Xu H, Teng Y (2013)
Osteosarcoma of the spine: surgical treatment and outcomes. World J Surg Oncol 11 (1):89. doi:10.1186/1477-7819-
11-89

25. Lim JBT, Sharma H, MacDuff E, Reece AT (2013) Primary osteosarcoma of the spine a review of 10 cases. Acta
orthopaedica Belgica 79 (4):457-457-462

26. Dekutoski MB, Clarke MJ, Rose P, Luzzati A, Rhines LD, Varga PP, Fisher CG, Chou D, Fehlings MG,
Reynolds JJ, Williams R, Quraishi NA, Germscheid NM, Sciubba DM, Gokaslan ZL, Boriani S (2016)
Osteosarcoma of the spine: prognostic variables for local recurrence and overall survival, a multicenter ambispective
study. Journal of neurosurgery Spine 25 (1):59-68. doi:10.3171/2015.11.Spine15870

27. Boriani S, Gasbarrini A, Bandiera S, Ghermandi R, Lador R (2017) En Bloc Resections in the Spine: The
Experience of 220 Patients During 25 Years. World Neurosurgery 98:217-217-229. doi:10.1016/j.wneu.2016.10.086

28. Shankar GM, Clarke MJ, Ailon T, Rhines LD, Patel SR, Sahgal A, Laufer I, Chou D, Bilsky MH, Sciubba DM,
Fehlings MG, Fisher CG, Gokaslan ZL, Shin JH (2017) The role of revision surgery and adjuvant therapy following
subtotal resection of osteosarcoma of the spine: a systematic review with meta-analysis. Journal of neurosurgery
Spine 27 (1):97-104. doi:10.3171/2016.12.Spine16995

29. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JPA, Clarke M, Devereaux PJ, Kleijnen J,
Moher D (2009) The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate
healthcare interventions: explanation and elaboration. BMJ 339. doi:10.1136/bmj.b2700

30. Meijerink MR, Puijk RS, van Tilborg AAJM, Henningsen KH, Fernandez LG, Neyt M, Heymans J, Frankema
JS, de Jong KP, Richel DJ, Prevoo W, Vlayen J (2018) Radiofrequency and Microwave Ablation Compared to
Systemic Chemotherapy and to Partial Hepatectomy in the Treatment of Colorectal Liver Metastases: A Systematic

Review and Meta-Analysis. Cardiovasc Intervent Radiol 41 (8):1189-1204. doi:10.1007/s00270-018-1959-3

15



31. Hultcrantz M, Rind D, Akl EA, Treweek S, Mustafa RA, lorio A, Alper BS, Meerpohl JJ, Murad MH, Ansari
MT, Katikireddi SV, Ostlund P, Tranaus S, Christensen R, Gartlehner G, Brozek J, Izcovich A, Schiinemann H,
Guyatt G (2017) The GRADE Working Group clarifies the construct of certainty of evidence. Journal of Clinical
Epidemiology 87:4-13. doi:https://doi.org/10.1016/j.jclinepi.2017.05.006

32. Crowther M, Lim W, Crowther MA (2010) Systematic review and meta-analysis methodology. Blood 116
(17):3140-3146. doi:10.1182/blood-2010-05-280883

33. Phan K, Tian DH, Cao C, Black D, Yan TD (2015) Systematic review and meta-analysis: techniques and a guide
for the academic surgeon. Annals of cardiothoracic surgery 4 (2):112-122. doi:10.3978/j.issn.2225-319X.2015.02.04
34. Begg CB, Mazumdar M (1994) Operating characteristics of a rank correlation test for publication bias.
Biometrics 50 (4):1088-1101

35. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis detected by a simple, graphical
test. BMJ (Clinical research ed) 315 (7109):629-634

36. Lador R, Gasharrini A, Gambarotti M, Bandiera S, Ghermandi R, Boriani S (2018) Surgeon's perception of
margins in spinal en bloc resection surgeries: how reliable is it? European Spine Journal 27 (4):868-873.
doi:10.1007/s00586-017-4967-0

37. Abe E, Sato K, Tazawa H, Murai H, Okada K, Shimada Y, Morita H (2000) Total spondylectomy for primary
tumor of the thoracolumbar spine. Spinal cord 38 (3):146-152

38. Liljenqvist U, Lerner T, Halm H, Buerger H, Gosheger G, Winkelmann W (2008) En bloc spondylectomy in
malignant tumors of the spine. European spine journal : official publication of the European Spine Society, the
European Spinal Deformity Society, and the European Section of the Cervical Spine Research Society 17 (4):600-
609. doi:10.1007/s00586-008-0599-8

39. Tomita K, Kawahara N, Baba H, Tsuchiya H, Fujita T, Toribatake Y (1997) Total en bloc spondylectomy. A new
surgical technique for primary malignant vertebral tumors. Spine 22 (3):324-333

40. Sundaresan N, DiGiacinto GV, Krol G, Hughes JE (1989) Spondylectomy for malignant tumors of the spine.
Journal of clinical oncology : official journal of the American Society of Clinical Oncology 7 (10):1485-1491.

doi:10.1200/jco.1989.7.10.1485

16


https://doi.org/10.1016/j.jclinepi.2017.05.006

Figure 1: Studies selection process
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Table 1: Characterization of studies selected for meta-analysis

Study” Dekutoski et al Feng et al Limetal Ozakietal  Schwab et al Total
y 2016 2013 2013 2002 2012 P
Design Case series Case series  Case series  Case series Case series - -
N 55 16 10 12 15 108 -
Age, yrs?
EA 36.6+15.5 43.7£13.1 41.7+16.6 24.4+10.2 37.9+18.4 37.0£16.0°  0.051°
El 35.2417.0 33.2412.9 32.04£19.9 16.6+6.8 33.549.3 32.1#15.5
Sex, n*
EA 14/15 412 413 312 2/2 27124 0.084"
El 12/14 6/4 3/0 2/5 6/5 29/28
Location, n”
EA 18/11 6/0 6/1 2/3 4/0 36/15 0.330°
El 20/6 10/0 2/1 4/3 11/0 47/10
ES, n (%) 55 16 NA NA 15 86 -
IA - - - -
IB 2(4) - - 2(2)
1A 1(2) 2 (13) 1(7) 4 (5)
11B 52 (94) 13 (81) 11 (73) 76 (88)
A - 1 (6) - 1(1)
1B - - 3(20) 3(4)
Margins, n (%)
EA 29 (53) 6 (38) 7 (70) 5(42) 4 (27) 51 (47) -
El 26 (47) 10 (62) 3(30) 7 (58) 11 (73) 57 (53)
RT, n (%%)
EA 10 (34) 6 (100) 6 (86) 1(20) 1(25) 24 (47) 0.590f
El 11 (42) 8 (80) 3 (100) 1(14) 6 (55) 29 (51)
QT, n (%%
EA 26 (90) 6 (100) 6 (86) 5 (100) 4 (100) 47 (92) 0.250¢
El 19 (73) 10 (100) 3(100) 7 (100) 11 (100) 50 (88)
Follow-up, yrs? 35+35 3514 28+1.9 33+24 4.4+37 35+2.6°
Evidence Quality Moderate Low Low Low Low Low -

(GRADE)

EA: Enneking appropriate margins; El: Enneking inappropriate margins; ES: Enneking Staging; RT: Radiation
therapy; QT: Chemotherapy

NA: Not analysed

*Author, year

#Male/Female

“ Mobile Spine / Sacrum
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& n/EA or n/El
2 Mean (STD)
® Weighted mean (STD)

° Mean difference: (IV, Fixed, 95% Cl): 5.47 [-0.04, 10.97].

¢ Risk Ratio: (M-H, Fixed, 95% CI): 1.04 [0.72, 1.49]
®Risk Ratio: (M-H, Fixed, 95% CI): 0.90 [0.72, 1.11]
"Risk Ratio: (M-H, Fixed, 95% CI): 0.91 [0.63, 1.29]
9Risk Ratio: (M-H, Fixed, 95% CI): 1.09 [0.94, 1.27]
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Graph 2: Meta-analysis about the association between surgical margins and local recurrence

EA El Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Dekutoski 2016 3 28 11 26 456% 0.24 [0.08, 0.78] —
Feng 2013 a B 4 10 19.9% 0A2100.01,1.83] 4
Lim 2013 4 7 2 3 1M1.0% 0.86[0.31, 2.39] I E—
Ozaki 2002 1 5 4 7To131% 0.35[0.05, 2.26] — 1
Schwab 2012 1 4 5 11 1058% 0.55[0.08, 3.38] — 1
Total {95% CI) 51 57 100.0% 0.33 [0.17, 0.66] e
Total events 9 23
Heterogeneity: Chi®= 4.36, df= 4 (P = 0.36); F= 8% ID m 051 150
Testfor overall effect: 2= 315 (P =0.002) ’ ’ EA EI

EA: Enneking appropriate margins; El: Enneking inappropriate margins



Graph 3: Meta-analysis about the association between surgical margins and metastases

EA El Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Feng 2013 2 B 7 10 355% 0.458[0.14,1.58] — &
Lir 2013 1 7 1 3 9.59% 0.43[0.04, 4.83]
Ozaki 2002 1 5 4 TO225% 0.35[0.05, 2.26] e
Schwab 2012 1 4 ] 11 32.5% 0.31 [0.05, 1.71] —
Total (95% CI) 22 31 100.0% 0.39 [0.17, 0.89] -l
Total events a 1
Heterogeneity: Chi*= 0,20, df= 3 (P = 0.98); F= 0% I t f |
Testfor overall effect: 2= 224 (P=0.03) 0.01 0.1 EA EI 1a 100

EA: Enneking appropriate margins; El: Enneking inappropriate margins
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Graph 4: Meta-analysis about the association between surgical margins and survival after 12 months

EA El Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Dekutoski 2016 23 26 16 24 HE8% 1.33[0.97,1.83]

Feng 2013 G B ] 10 18.5% 1.08 [0.73, 1.47]

Lim 2013 B 7 3 3 M T% 0.93[0.56, 1.53]

Ozaki 2002 A 5 4 7oo14.0% 1.13[0.75,1.70]

Schwab 2012 4 4 ] 11 14.0% 1.14[0.75,1.73]

Total {95% CI) 48 55 100.0% 1.18 [0.99, 1.41]

Total events 44 43

Heterogeneity: Chi®=1.83, df=4 (P=077) F=0%
Testfor overall effect: Z=1.82 (F=0.07)

EA: Enneking appropriate margins; El: Enneking inappropriate margins

0.1 1 10
El EA

100
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Graph 5: Meta-analysis about the association between surgical margins and survival after 24 months

EA El Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Dekutoski 2016 18 22 ] 189 541% 1.73[1.03, 2.89] ——
Feng 2013 G B ] 10 0.0% 1.08 [0.73, 1.47]
Lim 2013 4 7 2 3 18T% 0.86[0.31, 2.39] I E—
Ozaki 2002 A 5 2 7oo12.0% 2.9301.02,8.43] —'—
Schwab 2012 4 4 5 11 181% 1.96 [0.98, 3.88] |
Total {95% CI) 38 40 100.0% 1.78 [1.24, 2.55] &
Total events N 14
Heterogeneity: Chi®= 2.80, df= 3 (P = 0.41); F= 0% I t f {
Testfor overall effect: 2= 312 (P =0.002) o.o 01 El EA 1o 100

EA: Enneking appropriate margins; El: Enneking inappropriate margins



Graph 6: Meta-analysis about the association between surgical margins and survival after 60 months

EA El Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Dekutoski 2016 q 15 5 18 46.5% 216 [0.92, 5.06] T
Feng 2013 1 1 1 ] T0%  3.00([061,14.86] ]
Lim 2013 1 7 1 2 15849% 0.28[0.03, 2.80]
Ozaki 2002 2 4 1 4 8.2%  3.00([0.39 23.07] T
Schwab 2012 3 4 4 11 21.8% 2.06[0.78, 5.41] T
Total {95% CI) 3 42 100.0% 1.97 [1.14, 3.42] s
Total events 16 12
Heterogeneity: Chi®= 3.23, df= 4 (P = 0.52); F= 0% I t f {
Testfor overall effect: 2= 243 (P =002 o.o 01 El EA 1o 100

EA: Enneking appropriate margins; El: Enneking inappropriate margins



Graph 1: Risk of bias
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