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Abstract

Introduction Spinal metastases are a significant concern for patients with advanced cancer, leading to pain, neurological
deficits, and reduced quality of life. They occur in up to 70% of cancer patients, with the vertebral column being the most
common osseous site for metastatic disease'>. An approximate 10% of patients with vertebral body metastases eventually
develop spinal cord compression, which can potentially cause severe and permanent disability*®. This article aims to sum-
marize the consensus statements developed by the World Federation of Neurosurgical Societies (WFNS) Spine Committee
on the clinical evaluation, diagnosis, and decision-making for metastatic spine tumors.

Methods A systematic literature search was conducted in PubMed and Google Scholar from 2014 to 2023 using the search
terms “clinical evaluation” + “spine metastases,” “spine metastases” + “diagnosis,” and “spine metastases” + “decision
making” + “treatment.” Based on the review of this literature, six members of the WFNS Spine Committee developed
five consensus statements using the Delphi method, which were voted on during two rounds of voting at two international
meetings.

Results We agree that a high index of suspicion is required for early detection and diagnosis of spinal metastasis in cancer
patients and adult patients more than 60 years presenting with new onset fractures / neurological deficits. Pain is the most
common symptom followed by motor deficit. Bowel and bladder dysfunction is noted in nearly half of patients with meta-
static spinal cord compression. An effective treatment for spinal metastases should be able to achieve pain relief, tumor
control, prevention of neurological compromise and treat instability. Separation surgery combined with SRS is an effective
treatment for spinal metastases.

Conclusion These consensus statements provide evidence-based guidelines for clinical evaluation, diagnosis, and decision-
making in patients with metastatic spine tumors.

Keywords Spinal metastasis - WFNS consensus - SRS - SBRT - Separation surgery - Bladder dysfunction - Bowel
dysfunction

Abbreviations Systemic
SRS Stereotactic Radiosurgery
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Introduction

Spinal metastases are a significant concern for patients with
advanced cancer, leading to pain, neurological deficits, and
reduced quality of life. They occur in up to 70% of cancer
patients, with the vertebral column being the most common
osseous site for metastatic disease [1-3]. Spine metastases
can lead to significant morbidity owing to pathological ver-
tebral body fractures, and radiculopathy and/or myelopathy
from spinal cord or nerve root compression. An approximate
10% of patients with vertebral body metastases eventually
develop spinal cord compression, which can potentially
cause severe and permanent disability [4-6].

It is estimated that, up to 50% of diagnosed spinal metas-
tases will require some form of management, and 5-10%
require surgical treatment [7, 8]. Traditionally, treatment has
involved a combination of surgery, radiation therapy, and
systemic therapy, each tailored to the individual patient’s
disease burden, general health, and life expectancy. Newer
concepts such as Stereotactic Body Radiotherapy (SBRT)
[9] and Stereotactic Radiosurgery (SRS) [10] have further
strengthened the treatment armamentarium for these entities.
However, despite advances in these therapies, there remains
considerable variation in how spinal metastases are man-
aged worldwide. The need for a standardized approach has
led to the development of consensus guidelines, informed

by the latest evidence and expert opinion, to guide clinicians
in the decision-making process.

This article aims to summarize the consensus statements
developed by the World Federation of Neurosurgical Soci-
eties (WFNS) Spine Committee on the clinical evaluation,
diagnosis, and decision-making for metastatic spine tumors.
These statements were formulated during two international
consensus meetings held in 2023, utilizing a Delphi method
to reach agreement among experts in the field.

Materials and methods

A systematic literature search was conducted in PubMed
and Google Scholar from 2014 to 2023 using the search
terms “clinical evaluation” + “spine metastases,” “spine
metastases” + “diagnosis,” and “spine metastases” + “deci-
sion making” + “treatment.” The screening criteria yielded
1653 papers. A total of 13, 35, and 32 studies, respectively,
were selected after exclusion of repeat articles, case reports,
unavailable full text articles, non-English language papers
and single center studies. These were subsequently analyzed
(Fig. 1). Studies included randomized controlled trials,
meta-analyses, and review articles, while case reports and
case series were excluded to maintain high-level evidence.
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Fig. 1 PRISMA flowchart for identification and analysis of studies pertaining to clinical evaluation, diagnosis and decision-making in spinal

metastasis
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Based on this review, presentations and discussions were
done in two consensus meetings.

Consensus meetings

An international committee of spinal surgeons, specifically
members of the World Federation of Neurosurgical Soci-
eties (WFNS) Spine Committee, organized two consensus
meetings on spinal metastases. The first was conducted in
Karad, India, in January 2023, and the second in Belgrade,
Serbia, in October 2023. Each participant provided a set
of statements on spinal metastases, which were discussed
and revised at the initial meeting. After a preliminary vot-
ing session, some statements were excluded due to the low
evidence of existing literature. Five revised statements were
voted on at the second meeting.

Six committee members were given a set of questions
on which they anonymously voted. We utilized the Delphi
method to generate our consensus statements. The level
of agreement or disagreement on each item was voted on
independently in a blind fashion through a Likert-type scale
from 1 to 5 (1=strongly agree, 2=agree, 3 =somewhat
agree, 4=disagree, 5=strongly disagree). Results were
presented as a percentage of respondents who scored each
item as 1, 2, or 3 (agreement) or as 4 or 5 (disagreement).
Consensus was achieved when the sum for agreement on a
question was > 66%.

This systematic review tried to answer the questions
below:

1- What are the initial symptoms and clinical signs of spi-
nal metastasis?.

2- What are the most common symptoms of spinal
metastasis?.

3- How often are the bladder and bowl symptoms in spinal
metastasis patients?.

4- What are the goals of treatment in spinal metastasis
patients?.

5- Which surgical and adjunctive techniques are com-
monly used for spinal metastasis patients?.

Table 1 Clinical presentation in patients with spinal metastasis. Taken
from Sutcliffe et al. [15]

Symptom % of patients
1. Pain 80-95%
2. Neurological deficit 35-75%
3. Mass 10-20%
4. Constitutional symptoms 30-40%

Results and discussion
Early detection and diagnosis

The question to be addressed was “What are the initial
symptoms and clinical signs of spinal metastasis? “.

Early detection of spinal metastases is crucial for improv-
ing patient outcomes. Studies indicate that timely diagnosis
significantly impacts treatment options and survival rates
[11]. In patients with cancer, new-onset back pain, espe-
cially in those over 60 years, should prompt further investi-
gation due to the high risk of spinal metastasis [12].

Metastatic spinal disease may present with a wide variety
of symptoms including pain, motor sensory or autonomic
dysfunction [13](Table 1). Additionally sudden onset back
pain may suggest pathological fractures due to lytic lesions
in the spine [14].

Constitutional signs of systemic disease including weight
loss, anorexia, or organ dysfunction can predominate before
symptom onset due to spinal metastasis or due to the pri-
mary disease [12]. Physical examination may reveal local
spine tenderness and rectal masses in case of sacral metas-
tases [16].

Diagnostic imaging, particularly MRI, is essential for
detecting spinal metastases and assessing tumor extent.
Advanced imaging techniques such as PET-CT also play a
critical role in evaluating disease spread and guiding treat-
ment [2].

Symptomatology

The question to be addressed was “What are the most com-
mon symptoms of spinal metastasis?”

Pain is the most common symptom seen in patients with
metastatic spine disease with an occurrence of 80-95%!”.
However, pain as the presenting feature of spinal metastasis
is seen in only 10% of patients [12]. In these patients, it may
precede the development of other neurological symptoms
by weeks or months [16—18].

Pain in spinal metastasis can be due to one of three causes
or a combination: local pain, mechanical pain and radicular
pain [19](Fig. 2).

Local pain can be attributed to periosteal stretching due
to tumor growth and invasion. This can also occur because
of enlargement of the venous plexus due to outflow com-
pression [12, 19]. Local pain is more evident in the night
and patient feels better with activity as venous pressure
decreases [19]. Pain is described as “gnawing” or “aching”
pain, which may improve with activity, and may respond to
anti-inflammatory agents or corticosteroids [17].

Mechanical pain may occur due to involvement of the
weight bearing and mobile units of the spine and may signal

@ Springer



902 Page 4 of 7

Neurosurgical Review (2024) 47:902

Tumor

Nerve compression
causing radicular pain
Engorged veins
causing local pain

\;>

Periosteal stretch
causing local pain

Spinal instability causing
mechanical pain

Fig. 2 Diagrammatic representation of pathogenesis of pain in spinal metastasis

an impending instability. In these conditions, there is a strain
on the muscles and tendons and therefore mechanical pain
is usually aggravated upon weight bearing and axial loading
and reduces or abates upon lying supine. Stabilization of the
spine improves the pain when it is purely mechanical [12].

Radicular pain may occur due to the involvement or
compression of the nerve roots, and this can also occur due
to pathological fractures. The pain is sharp and shooting in
character with associated paresthesia and dysesthesia. Intra-
dural extramedullary metastases may cause irritation or
impingement of nerve roots within the dura mater and may
lead to dysesthesias or neuropathic pain [18, 20].

Bladder and bowel symptoms

The question to be addressed was “How often are the blad-
der and bowl symptoms in spinal metastasis patients?”

Bladder and bowel involvement in patients with spinal
metastasis typically results from significant compression of
the spinal cord or cauda equina and so this clinical presenta-
tion should be considered critical.

Bladder and bowel dysfunction occurs in nearly 50% of
patients with extradural spinal metastasis [21]. Helweg et al.
reported the need for a urinary catheter in 37% of patients
with metastatic spinal cord compression [22]. Bladder and
bowel involvement is also seen in patients with intrathecal
compressive lesions and leptomeningeal carcinomatosis
with drop metastasis. These reflect the severe cases where
the spinal cord or nerve roots are significantly compressed.

Patients may experience symptoms such as urinary
incontinence, difficulty urinating, or bowel incontinence.
Onset of sphincter disturbance is attributed to the involve-
ment of the autonomic nerves by the infiltrating tumor [23].

@ Springer

The development of bladder and bowel symptoms is a
serious clinical finding that often necessitates urgent inter-
vention. It may prompt immediate imaging and treatment to
relieve pressure and prevent permanent damage [24].

Managing these symptoms involves a multidisciplinary
approach, including neurosurgical intervention, radiother-
apy, and supportive care. Early intervention is crucial to pre-
vent further deterioration and improve quality of life [25].

Treatment goals

The question to be addressed was “What are the goals of
treatment in spinal metastasis patients?”

The management of spinal metastasis is most often pal-
liative with the primary aim being preservation or improve-
ment in quality of life. This aim addresses pain management,
relief of neurological deficits and regaining ambulatory sta-
tus [26].

Due to the variable presentation and treatment response, a
multidisciplinary approach involving chemotherapy, radio-
therapy, surgical management, and palliative care becomes
necessary [27]. This team is required to address pain relief,
tumor control, neurological preservation, and spinal sta-
bilization. The establishment of a multi-disciplinary team
assists the treating physician in optimal management of the
case [28].

Decision making in patients with spinal metastasis has
been made using classification- based and principle-based
prognostic models.

Tomita, Tokuhashi, Bauer and Katagiri scoring systems
are some examples of classification- based scoring sys-
tems and these help in estimating the survival of patients
diagnosed with spinal metastasis. The life expectancy of
the patient is predicted based on scores assigned to each
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prognostic factor. Based on these scores, the surgeons select
patients with sufficient life expectancy to undergo surgical
treatment if needed [29].

The principle-based decision-making systems like the
NOMS framework provide specific suggestions on man-
agement strategy based on individual oncologic, functional,
and systemic status. They also reflect advances in cancer
management including molecular target therapy, separation
surgery and systemic radiation therapy [30].

Surgical options, such as decompression and stabili-
zation, are critical for relieving spinal cord pressure and
preventing neurological deficits [30, 31]. Radiotherapy,
including SRS, provides effective tumor control while mini-
mizing surrounding tissue damage [32]. Systemic therapies
are tailored based on tumor type and metastasis extent [33].

Separation surgery combined with SRS

The question to be addressed was “Which surgical and
adjunctive techniques are commonly used for spinal metas-
tasis patients?”

The combination of separation surgery and SRS is an
effective treatment for spinal metastases, addressing both
local tumor control and spinal stability.

Separation surgery is a surgical technique used in the
management of spinal metastasis particularly used when the
cancer has led to significant instability or compression of
the spinal cord or nerve roots.

With the advent of ablative radiation (SRS and SBRT),
surgical management for spinal metastasis has evolved
from the aggressive cytoreduction surgery aimed at maxi-
mal excision of tumor mass for better local control to the
modern idea of separation surgery [4].

Separation surgery is an innovative technique which
aims at circumferential decompression of the spinal cord
and nerve roots to preserve nerve function while also restor-
ing lost function (Fig. 3). In addition, it creates an ablative

Fig. 3 Diagrammatic representa-
tion of separation surgery

target for radiation by providing a safe distance between
the nervous tissue and tumor [34-37]. The achievement of
a 360-degree decompression with either MIS or open tech-
nique allows delivery of high dose of radiation via SRS
or SBRT and this combined with systemic therapy where
applicable, results in better tumor control while reducing
morbidity [4, 35, 36, 38].

The procedure of separation surgery involves: (1) Deb-
ulking: The procedure begins with the removal of tumor
which is causing compression of the spinal cord or nerve
roots. (2) Decompression: This is followed by decompres-
sion of the spinal cord by removing or reducing the pressure
exerted by the tumor or surrounding structures. (3) Stabi-
lization: After decompression, the spine is stabilized using
instrumentation to prevent instability and ensure proper
alignment.

This procedure can be done by an anterior, posterior, or
combined approach. It can be done by open surgery or mini-
mally invasive technique [39].

The surgical procedure is followed by stereotactic radio-
therapy after 2—4 weeks duration. The combined procedure
achieves good local control, relieves pain, and improves
neurological function. The outcome depends on the radia-
tion dose and the distance between the cord and the residual
tumor. Due to high dose of radiation used in SRS and SBRT,
the histology and sensitivity of the tumor to radiation is no
longer considered [40].

Factors influencing outcome following separation sur-
gery + SRS are functional status of the patient, pre-operative
neuro-deficit, pre-operative embolization, complications
following surgery, progressive local or systemic disease
following SRS and interval between radiation courses [30,
41-43].

This combined approach has shown improved functional
outcomes and survival rates in recent studies. However,
treatment must be individualized based on tumor type, loca-
tion, and patient health.

Diagrammatic representation of separation surgery
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Recommendations

1 A high index of suspicion for early detection and diagno-
sis of spinal metastasis in cancer patients and adult patients
more than 60 years presenting with new onset fractures /
neurological deficits is recommended. (6/6 agreement
100%)

2 Pain is the most common symptom in patients with spi-
nal metastasis closely followed by motor radiculopathy. The
origin of pain can be multifactorial, owing to local tumor
related pain, nerve root irritation or pain due to spinal insta-
bility. (6/6 agreement 100%)

3 Bladder and bowel symptoms are present in more than
half of the patients with spinal cord compression at the time
of diagnosis. (6/6 agreement 100%)

4 An effective treatment for spinal metastases should be
able to achieve pain relief, tumor control, prevention of
neurological compromise and treat instability. (6/6 agree-
ment 100%)

5 Separation surgery combined with SRS is an effective
treatment for spinal metastases. (5/6 agreement 83.3%)

Conclusions

Spinal metastasis is a concern is patients with cancer and
in elderly patients presenting with back pain and new onset
neurological deficit. A high degree of suspicion is manda-
tory in these patients. The most common presentation is
pain followed by neurological deficit. Bladder and bowel
involvement is seen in nearly half of the patients with cord
compression. Treatment in patients with spinal metastasis
should be planned with a multi-disciplinary committee.
Advances in management like separation surgery, stereo-
tactic radiosurgery and systemic therapy should be put to
optimal use.

Author contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were
performed by [SV, VG, MSB]. The first draft of the manuscript was
written by [VG, MSB] and the revisions were done by all other authors
[SV, VG, MSB, OY, MZ, SS]. The illustrations (Figs. 2 and 3) were
created by [VG]. All authors read and approved the final manuscript.

Funding This research received no external funding.

Data availability No datasets were generated or analysed during the
current study.

@ Springer

Declarations

Ethics approval and consent to participate The study was conducted
in accordance with the Declaration of Helsinki. Due to the nature of
the study, no approval by the institutional review board was necessary.

Competing interests The authors declare no competing interests.

References

1. Desforges JF, Byrne TN (1992) Spinal cord Compression from
Epidural metastases. N Engl J Med 327(9):614—-619. https://doi.o
rg/10.1056/NEJM199208273270907

2.  Mossa-Basha M, Gerszten PC, Myrehaug S et al (2019) Spinal
metastasis: diagnosis, management and follow-up. Br J Radiol
92(1103):20190211. https://doi.org/10.1259/bjr.20190211

3. Aaron AD (1994) The management of Cancer metastatic to bone.
JAMA J Am Med Assoc 272(15):1206. https://doi.org/10.1001/ja
ma.1994.03520150074040

4. Spratt DE, Beeler WH, De Moraes FY et al (2017) An integrated
multidisciplinary algorithm for the management of spinal metas-
tases: an International Spine Oncology Consortium report. Lancet
Oncol 18(12):¢720—e730. https://doi.org/10.1016/S1470-2045(1
7)30612-5

5. Van Den Brande R, Mj Cornips E, Peeters M, Ost P, Billiet C,
Van De Kelft E (2022) Epidemiology of spinal metastases, meta-
static epidural spinal cord compression and pathologic vertebral
compression fractures in patients with solid tumors: a systematic
review. J Bone Oncol 35:100446. https://doi.org/10.1016/j.jb0.20
22.100446

6. HulJX, Gong YN, Jiang XD et al (2020) Local Tumor Control for
Metastatic Epidural Spinal Cord Compression Following Separa-
tion Surgery with adjuvant CyberKnife stereotactic radiotherapy
or image-guided intensity-modulated Radiotherapy. World Neu-
rosurg 141:¢76—85. https://doi.org/10.1016/j.wneu.2020.04.183

7. Bell GR (1997) Surgical treatment of spinal tumors. Clin Orthop.
(335):54-63

8. Bilsky MH, Lis E, Raizer J, Lee H, Boland P (1999) The diag-
nosis and treatment of metastatic spinal tumor. Oncologist
4(6):459—469

9. Tsang MWK (2016) Stereotactic body radiotherapy: current strat-
egies and future development. J Thorac Dis 8(S6):S517-S527.
https://doi.org/10.21037/jtd.2016.03.14

10. Bate BG, Khan NR, Kimball BY, Gabrick K, Weaver J (2015)
Stereotactic radiosurgery for spinal metastases with or without
separation surgery. J Neurosurg Spine 22(4):409-415. https://doi
.org/10.3171/2014.10.SPINE14252

11. Van Tol FR, Versteeg AL, Verkooijen HM, Oner FC, Verlaan JJ
(2023) Time to Surgical Treatment for metastatic spinal disease:
identification of Delay intervals. Glob Spine J 13(2):316-323.
https://doi.org/10.1177/2192568221994787

12. Sciubba DM, Petteys RJ, Dekutoski MB et al (2010) Diagnosis
and management of metastatic spine disease: a review. J Neuro-
surg Spine 13(1):94-108. https://doi.org/10.3171/2010.3.SPINEO
9202

13. Robson P (2014) Metastatic spinal cord compression: a rare
but important complication of cancer. Clin Med Lond Engl
14(5):542-545. https://doi.org/10.7861/clinmedicine.14-5-542

14. Cho JH, Ha JK, Hwang CJ, Lee DH, Lee CS (2015) Patterns of
treatment for metastatic pathological fractures of the spine: the
efficacy of each treatment modality. Clin Orthop Surg 7(4):476—
482. https://doi.org/10.4055/ci0s.2015.7.4.476


https://doi.org/10.1056/NEJM199208273270907
https://doi.org/10.1056/NEJM199208273270907
https://doi.org/10.1259/bjr.20190211
https://doi.org/10.1001/jama.1994.03520150074040
https://doi.org/10.1001/jama.1994.03520150074040
https://doi.org/10.1016/S1470-2045(17)30612-5
https://doi.org/10.1016/S1470-2045(17)30612-5
https://doi.org/10.1016/j.jbo.2022.100446
https://doi.org/10.1016/j.jbo.2022.100446
https://doi.org/10.1016/j.wneu.2020.04.183
https://doi.org/10.21037/jtd.2016.03.14
https://doi.org/10.3171/2014.10.SPINE14252
https://doi.org/10.3171/2014.10.SPINE14252
https://doi.org/10.1177/2192568221994787
https://doi.org/10.3171/2010.3.SPINE09202
https://doi.org/10.3171/2010.3.SPINE09202
https://doi.org/10.7861/clinmedicine.14-5-542
https://doi.org/10.4055/cios.2015.7.4.476

Neurosurgical Review

(2024) 47:902

Page 7of 7 902

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Sutcliffe P, Connock M, Shyangdan D et al (2013) A systematic
review of evidence on malignant spinal metastases: Natural His-
tory and technologies for identifying patients at high risk of verte-
bral fracture and spinal cord Compression. Health Technol Assess
17(42):1-274. https://doi.org/10.3310/htal7420

Yang Z, Yang Y, Zhang Y et al (2015) Minimal access versus open
spinal surgery in treating painful spine metastasis: a systematic
review. World J Surg Oncol 13:68. https://doi.org/10.1186/s1295
7-015-0468-y

Gokaslan ZL (1996) Spine surgery for cancer. Curr Opin Oncol
8(3):178-181. https://doi.org/10.1097/00001622-199605000-000
02

Payer S, Mende KC, Pract M, Westphal M, Eicker SO (2015)
Intramedullary spinal cord metastases: an increasingly common
diagnosis. Neurosurg Focus 39(2):E15. https://doi.org/10.3171/2
015.5.FOCUS15149

Harel R, Angelov L (2010) Spine metastases: current treatments
and future directions. Eur J Cancer 46(15):2696-2707. https://do
i.org/10.1016/j.ejca.2010.04.025

Coleman RE (2001) Metastatic bone disease: clinical features,
pathophysiology and treatment strategies. Cancer Treat Rev
27(3):165-176. https://doi.org/10.1053/ctrv.2000.0210
Kocialkowski A, Webb JK (1992) Metastatic spinal tumours: sur-
vival after surgery. Eur Spine J 1(1):43—48. https://doi.org/10.100
7/BF00302142

Helweg-Larsen S (1996) Clinical outcome in metastatic spinal
cord compression. A prospective study of 153 patients. Acta Neu-
rol Scand 94(4):269-275. https://doi.org/10.1111/j.1600-0404.19
96.tb07064.x

Walid MS, Ajjan M, Johnston KW, Robinson JS (2008) Cauda
Equina syndrome-think of cancer. Perm J 12(2):48-51. https://do
i.org/10.7812/TPP/07-054

Palmisciano P, Zaidi SE, Shlobin NA et al (2022) Intradural Cauda
Equina Metastases: a systematic review of Clinico-radiological
features, management, and treatment outcomes. Anticancer Res
42(4):1661-1669. https://doi.org/10.21873/anticanres.15643
Patchell RA, Tibbs PA, Regine WF et al (2005) Direct decom-
pressive surgical resection in the treatment of spinal cord com-
pression caused by metastatic cancer: a randomised trial. Lancet
Lond Engl 366(9486):643—648. https://doi.org/10.1016/S0140-6
736(05)66954-1

Nathan SS, Healey JH, Mellano D et al (2005) Survival in patients
operated on for pathologic fracture: implications for end-of-life
Orthopedic Care. J Clin Oncol 23(25):6072—-6082. https://doi.org
/10.1200/JC0O.2005.08.104

Curtin M, Piggott RP, Murphy EP et al (2017) Spinal metastatic
disease: a review of the role of the Multidisciplinary Team.
Orthop Surg 9(2):145—151. https://doi.org/10.1111/0s.12334
Ahmed AK, Goodwin CR, Heravi A et al (2018) Predicting sur-
vival for metastatic spine disease: a comparison of nine scoring
systems. Spine J off J North Am Spine Soc 18(10):1804—1814.
https://doi.org/10.1016/j.spinee.2018.03.011

Hong SH, Chang BS, Kim H, Kang DH, Chang SY (2022) An
updated review on the Treatment Strategy for Spinal Metastasis
from the spine surgeon’s perspective. Asian Spine J 16(5):799—
811. https://doi.org/10.31616/asj.2022.0367

Laufer I, Rubin DG, Lis E et al (2013) The NOMS framework:
approach to the treatment of spinal metastatic tumors. Oncologist
18(6):744-751. https://doi.org/10.1634/theoncologist.2012-0293
Versteeg AL, van der Velden JM, Hes J et al (2018) Stereotactic
Radiotherapy followed by Surgical Stabilization within 24 h for
unstable spinal metastases; a stage I/lla study according to the

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

IDEAL Framework. Front Oncol 8:626. https://doi.org/10.3389/f
onc.2018.00626

Garg AK, Shiu AS, Yang J et al (2012) Phase 1/2 trial of single-
session stereotactic body radiotherapy for previously unirradiated
spinal metastases. Cancer 118(20):5069-5077. https://doi.org/10.
1002/cner.27530

Fomchenko EI, Bayley JC, Alvarez-Breckenridge C, Rhines LD,
Tatsui CE (2022) Spinal metastases and the Evolving role of
molecular targeted therapy, chemotherapy, and Immunotherapy.
Neurospine 19(4):978-993. https://doi.org/10.14245/ns.2244290
.145

Tseng CL, Eppinga W, Charest-Morin R et al (2017) Spine ste-
reotactic body radiotherapy: indications, outcomes, and points of
caution. Glob Spine J 7(2):179-197. https://doi.org/10.1177/2192
568217694016

Laufer I, Bilsky MH (2019) Advances in the treatment of meta-
static spine tumors: the future is not what it used to be: INSPG
75th anniversary invited Review article. J Neurosurg Spine
30(3):299-307. https://doi.org/10.3171/2018.11.SPINE18709
Rothrock R, Pennington Z, Ehresman J et al (2020) Hybrid ther-
apy for spinal metastases. Neurosurg Clin N Am 31(2):191-200.
https://doi.org/10.1016/j.nec.2019.11.001

Szendréi M, Antal I, Szendr6i A, Lazary A, Varga PP (2017)
Diagnostic algorithm, prognostic factors and surgical treat-
ment of metastatic cancer diseases of the long bones and spine.
EFORT Open Rev 2(9):372-381. https://doi.org/10.1302/20
58-5241.2.170006

Barzilai O, Laufer I, Robin A, Xu R, Yamada Y, Bilsky MH (2019)
Hybrid therapy for metastatic epidural spinal cord Compression:
technique for separation surgery and spine radiosurgery. Oper
Neurosurg 16(3):310-318. https://doi.org/10.1093/ons/opy137
Echt M, Stock A, De La Garza Ramos R et al (2021) Separation
surgery for metastatic epidural spinal cord compression: com-
parison of a minimally invasive versus open approach. Neurosurg
Focus 50(5):E10. https://doi.org/10.3171/2021.2.FOCUS201124
Yamada Y, Katsoulakis E, Laufer I et al (2017) The impact of
histology and delivered dose on local control of spinal metastases
treated with stereotactic radiosurgery. Neurosurg Focus 42(1):E6.
https://doi.org/10.3171/2016.9.FOCUS16369

Thibault I, Campbell M, Tseng CL et al (2015) Salvage stereo-
tactic body Radiotherapy (SBRT) following In-Field failure of
initial SBRT for spinal metastases. Int J Radiat Oncol Biol Phys
93(2):353-360. https://doi.org/10.1016/.ijrobp.2015.03.029
Moulding HD, Elder JB, Lis E et al (2010) Local disease con-
trol after decompressive surgery and adjuvant high-dose single-
fraction radiosurgery for spine metastases. J Neurosurg Spine
13(1):87-93. https://doi.org/10.3171/2010.3.SPINE09639

Sellin JN, Suki D, Harsh V et al (2015) Factors affecting survival
in 43 consecutive patients after surgery for spinal metastases from
thyroid carcinoma. J Neurosurg Spine 23(4):419-428. https://doi
.org/10.3171/2015.1.SPINE 14431

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.3389/fonc.2018.00626
https://doi.org/10.3389/fonc.2018.00626
https://doi.org/10.1002/cncr.27530
https://doi.org/10.1002/cncr.27530
https://doi.org/10.14245/ns.2244290.145
https://doi.org/10.14245/ns.2244290.145
https://doi.org/10.1177/2192568217694016
https://doi.org/10.1177/2192568217694016
https://doi.org/10.3171/2018.11.SPINE18709
https://doi.org/10.1016/j.nec.2019.11.001
https://doi.org/10.1302/2058-5241.2.170006
https://doi.org/10.1302/2058-5241.2.170006
https://doi.org/10.1093/ons/opy137
https://doi.org/10.3171/2021.2.FOCUS201124
https://doi.org/10.3171/2016.9.FOCUS16369
https://doi.org/10.1016/j.ijrobp.2015.03.029
https://doi.org/10.3171/2010.3.SPINE09639
https://doi.org/10.3171/2015.1.SPINE14431
https://doi.org/10.3171/2015.1.SPINE14431
https://doi.org/10.3310/hta17420
https://doi.org/10.1186/s12957-015-0468-y
https://doi.org/10.1186/s12957-015-0468-y
https://doi.org/10.1097/00001622-199605000-00002
https://doi.org/10.1097/00001622-199605000-00002
https://doi.org/10.3171/2015.5.FOCUS15149
https://doi.org/10.3171/2015.5.FOCUS15149
https://doi.org/10.1016/j.ejca.2010.04.025
https://doi.org/10.1016/j.ejca.2010.04.025
https://doi.org/10.1053/ctrv.2000.0210
https://doi.org/10.1007/BF00302142
https://doi.org/10.1007/BF00302142
https://doi.org/10.1111/j.1600-0404.1996.tb07064.x
https://doi.org/10.1111/j.1600-0404.1996.tb07064.x
https://doi.org/10.7812/TPP/07-054
https://doi.org/10.7812/TPP/07-054
https://doi.org/10.21873/anticanres.15643
https://doi.org/10.1016/S0140-6736(05)66954-1
https://doi.org/10.1016/S0140-6736(05)66954-1
https://doi.org/10.1200/JCO.2005.08.104
https://doi.org/10.1200/JCO.2005.08.104
https://doi.org/10.1111/os.12334
https://doi.org/10.1016/j.spinee.2018.03.011
https://doi.org/10.31616/asj.2022.0367
https://doi.org/10.1634/theoncologist.2012-0293

	﻿Clinical evaluation, diagnosis, and decision-making for metastatic spine tumors: WFNS spine committee recommendations
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Consensus meetings

	﻿Results and discussion
	﻿Early detection and diagnosis
	﻿Symptomatology
	﻿Bladder and bowel symptoms
	﻿Treatment goals
	﻿Separation surgery combined with SRS
	﻿Recommendations

	﻿Conclusions
	﻿References


