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Abstract

Purpose Painful vertebral lesions are pathognomonic in Multiple Myeloma (MM). While non-surgical management is gen-
erally preferred, some patients ultimately require surgical intervention. Here we describe the largest European cohort of
MM patients with vertebral lesions to examine the practice variations of spine surgery in means of indication, timing and
outcome.

Methods This study included patients with MM vertebral lesions enrolled in the European M2Spine Registry
(DRKS00033326) at seven European academic spine centers between 2005 and 2023. Retrospective analysis evaluated
epidemiological, clinical, and oncological treatment, focused on surgical management. Uni- and multivariate analyses iden-
tified factors associated with a decision towards spine surgery, including transitions from initially intended non-surgical
approaches.

Results 704 patients were enrolled and 493 (70%) surgically treated. Main indications for surgery were refractory vertebral
pain (41%) and neurological deficits (22%). Radiological and clinical parameters indicating spinal instability as assessed
retrospectively were present in 32% but associated with surgical management in only 43%. 338 patients (48%) underwent
surgery during early disease stage, while 110 (16%) received delayed surgery (median: 42 months, range: 12-306 months).
Statistical analysis revealed lower MM grading (ISS) at diagnosis (p<0.001), and a new onset of neurological deficits
(»<0.001) as the most significant indicators for a cross-over from intended non-surgical to surgical treatment. Of the 78% of
patients available for neurological follow up, 94% of surgically treated patients showed an improved or stable neurological
status after a median of 45 months.

Conclusion Surgical intervention proved to be a viable option for patients with refractory pain and neurological deficits.
Data from future prospective studies are necessary to evaluate the clinical trajectory of surgical and non-surgical treatment,
and to ultimately provide evidence-based surgical treatment guidelines for MM patients.

Highlights

e Background: Vertebral column lesions are a common manifestation of Multiple Myeloma (MM), often resulting in
chronic vertebral pain and neurological deficits. While non-surgical management is universally preferred, certain clini-
cal scenarios, such as refractory pain or progressive neurological deterioration, may necessitate surgical intervention.
However, there is a lack of robust data on the safety and outcomes of surgical interventions in this patient population.
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Study aim: Description of the largest European cohort of patients with MM vertebral column lesions to examine the
practice variations of spine surgery in means of indication, timing and outcome.

Key results: Of the 704 enrolled patients, 70% received surgical treatment. While 338 (48%) patients underwent sur-
gery during the early stages of disease, 110 (16%) received surgery either later during primary myeloma therapy or after
completion of distinct treatment phases. Main reasons for surgery in all patients were refractory pain and a new onset of
neurological deficits. Of all cases with radiological and clinical parameters indicating spinal instability, 43% received
surgical management. Surgical technique was diverse, with a postoperative complication rate of 10%. There was no dif-
ference in complication rate and outcome based on timing of surgery. Of the patients available for neurological follow
up, 94% showed an improved or stable neurological status (Mc Cormick scale) after a median of 45 months.

Meaning: Spine surgery in MM patients is feasible and associated with moderately low complication rates. Notably, the
timing of surgery - whether early, during chemotherapy, or post-chemotherapy - had no impact on surgical complica-
tion rates. Interestingly, radiological and clinical indicators of spinal instability prompted surgical management in only
a limited proportion of cases, emphasizing the role of symptom-driven rather than instability-driven decision-making in
this cohort.

Keywords Multiple myeloma - Vertebral column lesions - Chronic vertebral pain - Surgical decision-making - Surgical

complications

Abbreviations

ANOVA Analysis Of Variance

ASA American Society of Anesthesiology

CRAB Hypercalcemia, Renal failure, Anemia, or
Lytic Bone Lesions

CT Computed Tomography

ECOG Eastern Cooperative Oncology Group

HR-QOL Health-Related Quality Of Life

HWF Hardware Failure

ICD-10 International Statistical Classification of

Diseases and Related Health Problems
Ig Immunoglobulin

ISS International Staging System

KPS Karnofsky Performance Score

M2Spine Study Group ~ Multiple Myeloma Spine Study
Group

MM Multiple Myeloma

MRI Magnetic Resonance Imaging

MSD Metastatic Spine Disease

0S Overall Survival

PFS Progression-Free Survival

REDCap® Research Electronic Data Capture

rISS revised International Staging System

SINS Spinal Instability Neoplastic Score

SSI Surgical Site Infections

Introduction

Multiple Myeloma (MM) is a plasma cell malignancy asso-
ciated with significant clinical complications, including
bone fractures, anemia, renal insufficiency, and hypercal-
cemia. 80% of MM patients develop bone-related compli-
cations over the course of their disease, 50% of which are
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caused by vertebral column lesions, with the consequence
of vertebral fractures, chronic vertebral pain, and significant
risks of neurological deficits [1-7]. The compromised struc-
tural integrity of the bone, combined with an increased risk
of surgical site infections in these immunocompromised
patients, contributes to a widespread reluctance to consider
surgical intervention even in cases with severe symptoms
[1, 6, 8—14]. Additionally, MM is considered sensitive to
radio- and chemotherapy, allowing vertebral lesions with
or without epidural tumor infiltration to be effectively [1,
9, 14-21]. Consequently, vertebral column lesions in MM
patients are predominantly managed non-surgically.
However, there are MM patients where non-surgical
treatment does not suffice. In cases where substantial ver-
tebral pain remains, cement augmentation as a minimally
invasive approach has been proven to effectively reduce
back pain and restore the patients’ independence in daily
living [1, 11, 22-25]. Cement augmentation however lacks
the ability to restore spinal stability, prevent secondary
deformities, or improve neurological deficits [26-31]. In
such cases, surgical approaches like posterior instrumen-
tation and fusion combined with decompression of neural
structures represent the mainstay of surgical management
from a spine surgeon's perspective [26, 32—41]. In meta-
static spine diseases (MSD), standardized scores like the
Spinal Instability Neoplastic Score (SINS) and the Bilsky
score are established to reliably guide surgical decision-
making [35, 36, 39, 42—44]. Comparable data and estab-
lished surgical treatment guidelines for the management of
MM-related vertebral lesions are lacking. This retrospective
cohort study seeks to address key aspects of the surgical
management of MM patients suffering from symptomatic
vertebral column lesions, including indications, timing, and
outcome. Drawing from a registry of 704 patients compiled
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by the European M2Spine Study Group, these findings pro-
vide insights into the practice variations of current MM
vertebral column lesion treatment, and the lack of evidence-
based surgical treatment guidelines for MM patients.

Methods
Study cohort and clinical data

Electronic patient records were collected at seven ter-
tiary academic spine centers across Europe (Germany,
Austria, and Italy), participating in the multicentric Euro-
pean M2Spine Registry (German Clinical Trial Registry,
DRKS00033326). Records were retrospectively screened
for patients with diagnosis codes “Multiple Myeloma”
(ICD-10 C90) and “vertebral column lesion” (ICD-10 C79),
who were treated between 2005 and 2023 at the participat-
ing study centers. Database lock was in December 2023.
Patients were treated by an interdisciplinary expert team of
spine surgery, hematology and oncology and radio-oncol-
ogy. After anonymization, data was transferred to the pri-
mary study center for analysis. Clinical data collection was
conducted during standard treatment and in a retrospective
fashion.

Inclusion criteria

All MM patients with symptomatic vertebral column
lesions, patient age>18 years, and treatment (non-surgical
or surgical) at one of the participating study centers between
2005 and 2023.

Exclusion criteria

Patients aged<18 years, vertebral column lesions due to
other neoplastic entities, solitary plasmacytoma, or intra-
spinal, intradural MM or other neoplastic lesions without
vertebral body affection.

Outcome parameters

The primary outcome parameters were complication rate of
spine surgery, and neurological outcome. Secondary out-
come parameters included conservative treatment failure
and factors contributing to delayed surgical intervention.

Data collection
Detailed demographic, medical, hematological, surgical

and radiological data which were available through routine
documentation during the patient’s treatment were collected

retrospectively, recorded in a standardized, and stored in an
anonymized fashion. The following scores were recorded:
ECOG (Eastern Cooperative Oncology Group), Karnofsky
(KPS) and ASA (American Society of Anesthesiology),
as assessed at initial presentation and as available during
follow-up. Additional oncological data comprised of MM
type and subtype, CRAB criteria (hypercalcemia, renal
failure, anemia, or lytic bone lesions), and stage of disease
(ISS — International Staging System) at initial MM diagno-
sis. Additionally, records and available imaging data (CT,
MRI) were assessed, precisely characterizing each vertebral
column lesion. Spinal stability was retrospectively evalu-
ated as available on CT/MR imaging based on radiological
and clinical criteria in accordance with the Spinal Instabil-
ity Neoplastic Score (SINS) [39]. The SINS is a numerical
score (1-18 points) summarizing information on the verte-
bral lesions™ location (junctional, mobile, semi-rigid, rigid
spine), associated vertebral pain (pain with loading of the
spine, non-mechanical pain, painless lesion), the lesions’
structure (lytic, blastic, mixed), the grade of pathologic ver-
tebral body collapse (>50%, <50%, no collapse with >50%
of the vertebral body involved, none of the above), and pos-
terolateral involvement (bilateral, unilateral, none of the
above). Based on the overall sum score, lesions were cat-
egorized as stable (SINS 1-6), potentially unstable (SINS
7—-12) and unstable (SINS 13-18) [39, 42]. Information
on the timepoint of diagnosis of vertebral lesions, associ-
ated symptoms and the acuteness of clinical presentation
were recorded. The modified McCormick Scale (1-5) was
assessed to grade the patient's ambulatory status and need
for assistance. Each lesion's clinical course and manage-
ment was monitored during follow-up, as available. Surgi-
cal information included indications for surgery, time from
lesion detection to surgical intervention, and type of sur-
gery. Surgical strategies were chosen by the spine surgeons
in charge at the participating centers.

Data management and statistical analysis

Study data were collected and managed using a multicentric
REDCap® (Research Electronic Data Capture) database.
Statistical analysis and data visualization was performed
using GraphPad Prism 9 (GraphPad Software, La Jolla, CA,
USA), SAS Version 9.4, R with R studio Version 2023.06
(packages: ggplot2, dplyr, redxl), and biorender.com. For
the descriptive analysis of differences between two groups
in nominal variables, unpaired T-test was used for normally
distributed data, and Mann-Whitney test for non-normally
distributed data. For the descriptive analysis of more than
two groups, a one-way ANOVA test combined with Bonfer-
roni’s multiple comparison test was performed for normally
distributed data, and a Kruskal Wallis test with Dunn's test
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for multiple comparisons for non-normally distributed data.
Categorial variables were tested using Xi-Square testing.
For survival analysis, Kaplan-Meier survival curves were
obtained, with testing for significant differences using the
log-rank test. All statistical analyses were exploratory in
nature, with p-values interpreted descriptively.

Ethical statement

This study was conducted in accordance with the ethical
principles of medical research involving human subjects
according to the Declaration of Helsinki and its later amend-
ments. Clinical data were assessed and anonymized for
patients’ confidentiality. Ethical approval (EA4/063/20) was
granted by the institutional ethics board of the local ethics
committees of the primary study center and all participat-
ing study centers. Informed patient consent was not required
according to the Ethical approval. Clinical data collection
was conducted during standard treatment and in a retrospec-
tive fashion.

Results

Description of the entire study population

A total of 704 patients met the inclusion criteria and were
enrolled in the European M2Spine Registry. Included

Inclusion criteria:
Vertebral column lesion in
Multiple Myeloma patients,

age = 18 years,
2005 -2023

Center 2
n =210 patients

Center 3
n = 50 patients

Center 1
n = 252 patients

!

Center 4
n = 37 patients

|

patients were treated at seven participating European insti-
tutions. Mean patient age at inclusion was 66 years (range:
32-89), with male predominance (62% male, 38% female).
Patients presented in a wide range of overall clinical status
as measured by the KPS (mean 70, range 30-100). (Over-
view of study recruitment. Fig. 1. Detailed clinical data:
Table 1).

The thoracic spine was the most frequently affected
region (n=490, 30% of all lesions), followed by the lum-
bar (n=382, 23%) and cervical spine (n=227, 14%). A dis-
seminated pattern involving two or more spine regions was
frequent (n=430, 50%). Most lesions showed radiologi-
cal signs of potential instability (n=320, 48%) or obvious
instability (n=215, 32%) according to SINS, when applied
retrospectively.

At the time of initial MM diagnosis, 346 patients (50%)
were concurrently diagnosed with vertebral column lesions.
In the mean six months (range: 0-348) passed between ini-
tial MM diagnosis and the first detection of vertebral col-
umn lesions. Regarding clinical presentation, most patients
(n=527, 87%) suffered from vertebral pain at the lesion's
location. Neurological deficits of any kind were apparent
in 119 patients (18%), with motor deficits in 89 (12%).
Most patients were ambulatory with or without minor assis-
tance (mod. McCormick 1: n=340, 71%, 2: 103, 21%),
while severe impairment and need for assistance was the
case only in a minority (mod. McCormick 3-5: n=39, 8%).
Few patients presented with acute-onset clinical problems

=
>

Iy
A N

Center 5 Center 6 Center 7
n = 46 patients n =79 patients n = 30 patients
|

i

n = 704 patients
with sufficient data included in data analysis

n = 493 patients (70%)

Surgery of
vertebral column lesion

!

n =211 patients (30%)

No surgery of
vertebral column lesion

Fig. 1 Overview of study inclusion criteria and study recruitment. Figure created with Biorender.com
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Table 1 Characteristics of the
study population

ASA=American Score of
Anesthesiology, KPS=Kar-
nofsky Performance Scale,
ECOG=Eastern Cooperative
Oncology Group score, CRAB
criteria=Calcium, Renal
insufficiency, Anemia, and
Bone lesions, MM =Multiple
Myeloma, Ig=Immunoglobu-
lin, ISS=International Staging
System for Multiple Myeloma,
* spinal stability assessed in
accordance with Spinal Insta-
bilty Neoplastic Score (SINS)
criteria

Item Study cohort
Total number of patients included 704
Mean patient age (range) 66 (32-89)

Sex, n (%)

ASA score, n (%)
KPS, mean (range)
ECOG, n (%)

MM type and subtype, n (%)

ISS at initial MM diagnosis, n (%)

CRAB positive at initial MM diagnosis, n (%)
Bisphosphonate treatment, n (%)
First-tier oncologic therapy regiment applied, n (%)

Stem-cell transplantation, n (%)

Time from initial MM diagnosis to MM vertebral
lesion in months, mean (range)

Diagnosis due to MM vertebral lesion, n (%)

Localization of MM vertebral lesion (spine region
affected), n (%)

Stability of MM vertebral lesions*, n (%)

Vertebral pain due to MM vertebral lesion, n (%)
Neurological deficits due to MM vertebral lesion, n
(%)

Modified McCormick score, n (%)

Acuteness of complaints regarding MM vertebral
lesion, n (%)

Radiotherapy for MM vertebral lesion, n (%)
Progressive disease during available follow-up, n (%)
Available follow-up in months, median (range)
Overall survival in months, median (range)

Male 436 (62), female 270 (38)

1-23 (5), 2-194 (40), 3-242 (50), 4-21 (4)

71 (30-100)

0-109 (22)

1-226 (46)

2-104 (21)

3/4-48 (11)

IgG 346 (53)

Light Chain 182 (28)

IgA 106 (16)

IgM, IgE or IgD 13 (2)

Subtype: Kappa 405 (64), Lambda 184 (29), not
specified 43 (7)

1-136 (32)

2-165 (40)

3-117 (28)

CRAB positive 562 (86), CRAB negative 92 (14)
407 (74)

High-dose therapy with maintenance 281 (48)
High-dose therapy without maintenance 163 (28)
Non-high-dose therapy 105 (18)

Therapy-naive 33 (6)

246 (42)

6 (0-348)

346 (50)

Cervical 227 (14), Thoracic 490 (30),
Lumbar 382 (23), Sacral 115 (7)

Stable 131 (20)

Potentially unstable 320 (48)

Unstable 215 (32)

527 (87)

119 (18)

Vegetative 30 (%), Sensory 97 (%), Motor 89 (%)
1-340 (71)

2-103 (21)

3-25(5)

4/5-14 (3)

Acute 69 (11), Subacute 111 (18)
Non-acute 404 (65), No complaints 35 (6)
328 (47)

183 (34)

60 (1-348)

36 (1-348)

like acute pain or acute neurological deficits (=69, 11%,
detailed data overview: Table 1).

Surgical cohort

Main indications for surgery in the whole cohort were
refractory pain (41%) and neurological deficits (22%).
Other less frequent reasons for surgical interventions were
the necessity of histology, or the treating physician's fear of

spinal instability. Surgical strategies varied widely, reach-
ing from minimally invasive procedures like cement aug-
mentation (35%), to anterior/posterior instrumentation and
fusion techniques (41%) with or without 360-degree verte-
bral body replacement (24%). Overall surgical complication
rate was 10%, while depending on the complexity of the
performed surgery (Cement augmentation=3%, instrumen-
tation=14%, 360° instrumentation with corpectomy=15%,
p<0.01, Fig. 2, A-C). The presence of radiological signs of
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A  Surgical strategies overview

CA Cement augmentation
Ant+C Anterior instrumentation + corpectomy
Post Posterior instrumentation (MIS = minimal invasive surgery)
Post+C Posterior instrumentation + corpectomy
360°+C 360° Anterior-posterior instrumentation + corpectomy
B Surgery groups C  Surgical complications / D Radiological signs of spinal
group instability / group
50 50
41% . 60 . .
N I No instability*
a0 % pd0 [w | e
» 5 [l Potential instability
i< k= ] 2 ili
8 30 24% § 30 & 40 I Instability
© o =
ag' 20 § 204 4% 15% § *in referrence to SINS
= 5 < 201
\° )
10 S 10 3y
0- 0- 0-
S 3 O Nl & O hel > o
[¢) QQo Q)Qox @) 80 @x QO \\Qo r&ox
S © 0> & oS

E Influence of radiological signs of spinal instability* on surgical

decision-making

Radiological signs of 78%
potential spinal instability*
= Surgery
J
No radiological signs of 63%
spinal instability 379% ‘
43%
Radiological signs of
spinal instability No surgery
57%

*in referrence to SINS

Fig.2 A Overview of surgical strategies. Abbreviations: CA=Cement
augmentation (vertebro-/kyphoplasty), Ant+C=Anterior instrumenta-
tion with corpectomy, Post=Posterior instrumentation (MIS =minimal
invasive surgery), Post+C=Posterior instrumentation with corpec-
tomy, 360°+C=360° Anterior-posterior instrumentation with corpec-
tomy. B Overview of the Percentage of patients treated within the
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surgical groups (CA, Ant/Post including Ant+C, Post and Post+C,
360°+C), and C of the associated surgical complication rates, with **
=p<0.01. D Surgical strategies stratified by degree of spinal stability.
E Influence of spinal stability on applied treatment. * Spinal stabil-
ity assessed in accordance with Spinal Instability Neoplastic Score
(SINS) criteria
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spinal instability as assessed retrospectively was not consis-
tently associated with surgical intervention (78% vs. 43%)
or certain surgical strategies, reflecting a significant practice
variation in the management of MM vertebral spine lesions
(Fig. 2D +E).

In respect to surgical timing, 338 patients (75%) were
treated with upfront surgeryat the time of initial diagnosis of
the vertebral column lesion. 110 patients (16% of the study
population, 25% of all surgical patients) were opted for non-
surgical management initially and received surgery at a later
timepoint, with a mean delay of 42 months (range: 12-306).
Detailed data on the clinical course in the surgical and non-
surgical groups are presented for each individual in Fig. 3.
Patients’ characteristics in the upfront surgery, delayed sur-
gery, and non-surgical treatment groups are given in Table 2.

Factors statistically associated with delayed surgical
treatment were the development of new-onset neurological
deficits during clinical follow-up (21%), a lower ISS staging
at diagnosis (ISS stage I 51% vs. 40% in the non-surgical
group and 22% in the upfront surgery group, p<0.001),
and a tendency towards younger patient age (mean age 63
vs. 66 years in the non-surgical group and 67 years in the
upfront surgery group, p=0.021). In the comparison of the
delayed surgical with the non-surgical group, no difference
in the occurrence of new vertebral lesions during follow-
up (22% vs. 18%, p=0.63), or a worsening of spinal stabil-
ity of previously known lesions (15% vs. 14%, p=0.969)
existed. The proportion of patients receiving radiotherapy
was evenly distributed across all groups (Fig. 3C).

Complication rates were similar between the two groups,
with 9% in the upfront surgery group and 10% in the
delayed surgery group. Reoperation rate however was 1.67
times higher in the upfront surgery group (10%) compared
to the delayed surgery group (6%). Main surgery-associated
complications were surgical site infections, hematoma,
and hardware failure. At latest follow up, 94% of patients
where neurological follow-up was available (385 patients,
78%, median follow-up =44.6 months) displayed a stable
or improved neurological status after surgery, as assessed
by the modified Mc Cormick scale. Patient's median overall
survival was longest in the delayed surgical group (median
60 months, range: 12-264), while comparable between
the upfront surgical and the non-surgical groups (median
30 months, range: 1-348, vs. 36 months, range: 1-120,
p=0.054, Table 2).

Discussion

The principal novel findings of this study are that spine sur-
gery in selected Multiple Myeloma patients can be performed
safely with a low complication rate (10%) and mostly stable

or improved neurological function at a median follow-up of
45 months (clinical follow-up rate 78%). Notably, the tim-
ing of surgery - whether early, during MM therapy, or after
the completion of distinct treatment phases - had no impact
on complication rates. Interestingly, radiological indicators
of spinal instability as assessed retrospectively prompted
surgical management in only a limited proportion of cases,
emphasizing the role of symptom-driven rather than insta-
bility-driven decision-making in this cohort.

Of all included patients, 493 (70%) underwent surgical
intervention. Despite the presence of refractory vertebral
pain, non-surgical management was initially favored for 211
(30%) patients. However, a significant subset of patients
(n=110, 16% of the study population, 25% of all surgical
cases) transitioned to surgery at a later point, after a median
of 42 months following the initial vertebral lesions’ detec-
tion. Surgical indications for these patients often included
a new onset of neurological deficits due to disease progres-
sion. In the whole study population, refractory pain and the
occurrence of neurological deficits were the driving factors
to perform surgery.

The most common surgeries performed in this series
included decompressive procedures and fusion techniques
aimed at both relieving neurological symptoms and address-
ing mechanical instability. The overall complication rate
was low with 10%, which is a favorable outcome consider-
ing the frail condition of many MM patients and compares
well with published data for MSD [26, 40, 45-54]. The tim-
ing of surgery did not influence the occurrence of surgical
complications, as similar rates were observed in both the
upfront (10%) and delayed surgery groups (9%). As was to
be expected, surgical complication rates depended on the
complexity of the performed surgery. Cement augmenta-
tion was associated with a very low complication rate (3%),
while decompression and instrumentation prompted a com-
plication rate of 15%, and 360° instrumentation with cor-
pectomy was associated with a rate of 16% (p<0.01). In
comparison, a large national registry of patients with MM
or plasmacytoma vertebral lesions treated with surgery in
the U.S. (n=14,687) recently reported surgical complica-
tion rates of 22% (Overall), 27% (Decompression), 23%
(Stabilization), 22% (Cement Augmentation) [55].

At the time of initial MM diagnosis, 346 patients (50%)
in this study were concurrently affected from vertebral col-
umn lesions, while a subset of those patients suffered from
symptomatic vertebral lesions even before MM diagnosis
was proven. This fact serves as one explanation for the
rather high rate (24%) of patients treated with 360° instru-
mentation and corpectomy in this study. Internationally, it
is preferred to treat MM patients with less invasive surgical
strategies than primary bone tumors or MSD, which high-
lights cement augmentation and decompression techniques,
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Time from spinal MM diagnosis to follow-up

. B
Surgical Cases Conservative Cases

Legend
8
upfront surgery 2 §
z 3
delayed surgery ‘3 g
i 2 Events
unstable
no surgery X died
Pot. unstable H yes ———— radiation
no
stable [ delayed surgery A surgery

0 100 200 0 100 200
months

Proportion of patients receiving radiotherapy (evenly distributed) | —o—

Worsening spinal stability (15% vs 14%) |

New vertebral lesions during follow-up (22% vs 18%) —t——

Younger patient age (mean 63 vs 66 vs 67 years) -of

Lower ISS staging at diagnosis (ISS I: 51% vs 40% vs 22%) | ——e——

New-onset neurological deficits during follow-up (21%) | —

05 0.0
Log Odds Ratio (OR)

Fig.3 Swimmer Plot illustration the clinical course and timing of treat- patients treated with surgery, and in B for all conservatively treated
ment starting from the time of fist diagnosis of MM vertebral lesion patients. C Forest plot: Odds ratio of factors associated with delayed
to the latest available follow-up or death of the patient, in A for all surgery in MM patients

@ Springer



Journal of Neuro-Oncology (2025) 174:765-777

773

Table 2 Univariate subgroup analysis comparing upfront surgical (i), delayed surgical (ii), and non-surgical (iii) management of multiple myeloma

vertebral column lesions

Item Upfront surgery (i) Delayed surgery (ii) No surgery (iii) p-value
No. patients (% of whole) 338 (48) 110 (16) 211 (30) N/A
Median time to surgery in months (range) 6 (0-11) 42 (12-306) N/A N/A
Mean patient age (range) 67 (37-89) 63 (25-87) 66 (32-88) 0.021 (i
vs. ii, ii
vs. iil)
Sex, n (%) Male 206 (60) Male 73 (66) Male 129 (61) 0.592
Female 134 (40) Female 38 (34) Female 84 (39)
Mean KPS (range) 72 (30-100) 73 (40-100) 70 (30-80) 0.305
ISS, n (%) 1-45 (22) 1-34 (51) 1-52 (40) <0.0001
2-101(49) 2-21(31) 2-38 (29)
3-60 (29) 3-12 (18) 342 (32)
Vertebral pain, n (%) 284 (90) 79 (88) 135(82) 0.053
Neurological deficits, n (%) 76 (23) 21 (21) 14 (8) <0.0001
(1 vs. i,
il vs. iii)
Spinal stability categories of MM vertebral Stable 59 (18) Stable 22 (20) Stable 47 (25) <0.0001
lesions, (in reference to SINS), n (%) Pot. unstable 189 (57) Pot. unstable 43 (39) Pot. unstable 65 (35)
Unstable 85 (26) Unstable 46 (41) Unstable 173 (39)
Median SINS per patient (range) 9 (3-18) 11 (4-16) 10 (4-18) 0.078
Progressive spinal instability during follow-up, 36 (15) 13 (15) 20 (14) 0.969
n (%)
New vertebral lesion during follow-up, n (%) 51(21) 19 (22) 25 (18) 0.63
Radiotherapy of vertebral lesion, n (%) 160 (47) 55 (50) 93 (44) 0.561
Adjuvant 135 (40) Adjuvant 36 (33)
Surgical complications, n (%, details,> I com- 33 (10), 10 (9), N/A 0.856
plication per patient) SSI 15, Hematoma 6, HWF 7, SSI 6, Hematoma 3, HWF (i vs. ii)
Medical 5 3, Medical 2
Reoperations, n (%) 20 (6) 11 (10) N/A 0.192
(ivs. ii)
Mod. McCormick, median (range) 2.6 (1-5) 2.3 (1-5) 2.5(1-5) 0.935
Follow-up in months, median (range) 43 (0-348) 59 (0-240) 46 (0-276) 0.0009
(@i vs. ii,
il vs. iii)
Overall survival in months, median (range) 30 (1-348) 60 (12-264) 36 (1-120) 0.054

No. = Number of, KPS=Karnofsky Performance Scale, SINS=Spinal Instability Neoplastic Score, MM =Multiple Myeloma, SSI=Surgical
Site Infection, HWF=Hardware Failure, C=Cervical Spine, Th=Thoracic Spine, L=Lumbar Spine, S=Sacral Spine, Subgroups: i=upfront
surgery, ii=delayed surgery (non-surgical treatment failure), iii=no surgery, % of whole with 100%=704 patients. Statistical analysis: Means
per group were compared using one-way ANOVA with Bonferroni’s correction, or Kruskal-Wallis-Test with Dunn's test for multiple compari-
sons, as appropriate depending on Shapiro-Wilk-test for Gaussian distribution. Categorial variables were tested with Xi? and Fisher's exact test.
Statistical significance was tested in an exploratory fashion, with p<0.05 set as statistically significant

or minimally-invasive instrumentations as preferable in this
multimorbid patient collective with an increased risk of sur-
gical site infections due to a compromised immune system
[1, 6, 8-14].

Interestingly, reoperation rate was 1.67-fold higher in
the upfront surgery group (10%) compared to the delayed
surgery group (6%). This finding underscores the potential
advantage of carefully evaluating surgical timing in MM
patients. Factors associated with delayed surgical manage-
ment were younger aged patients, a lower ISS score, and
a new onset of neurological deficits, but notably not spi-
nal instability. According to these results, younger patients
or patients with a lower tumor scoring at diagnosis might
tolerate initial non-surgical management better but may

ultimately progress to a point where surgical intervention
becomes necessary. The onset of neurological deficits in this
study foremostly influenced the decision to transition from
non-surgical towards surgical management. This under-
scores the importance of close clinical monitoring and stan-
dardized imaging protocols for patients with non-surgically
treated MM vertebral lesions, particularly those at a higher
risk for disease progression [1, 4, 56—58]. However, delayed
surgical intervention might allow for better systemic dis-
ease control, bone consolidation, and optimization of the
patient’s overall condition, reducing the likelihood of addi-
tional surgical procedures.

Radiological signs of spinal instability as assessed ret-
rospectively were not consistently associated with the
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indication for surgical intervention in this study, and cases of
delayed surgery showed no progression of preexisting spinal
instability. This suggests that bone consolidation achieved
through systemic and/or radiotherapy in MM patients
seems to be robust, shifting the focus of surgical indications
towards more symptom-driven criteria as compared to MSD.
Standardizing treatment algorithms and defining clear crite-
ria for surgical intervention in MM patients will in the future
help to reduce treatment variability and enhance consistency
in patient care and outcomes [6, 9, 10, 17, 58-60].

Limitations

This retrospective multicenter cohort study has several limita-
tions. First, a selection bias for surgically treated patients may
exist, as the recruitment was predominantly completed by
the surgical disciplines and referral of patients for surgery by
non-surgical disciplines might be centered on “worst cases”.
Second, despite the interdisciplinary care provided, involving
hemato-oncologists, radio-oncologists, and spine surgeons, a
certain proportion of patients received hematological therapies
and/or radiotherapy at institutions outside the study centers.
Consequently, clinical details regarding these treatments, such
as radiotherapy plans, doses, and techniques, may be incom-
plete or unavailable, limiting the comprehensiveness of the
collected data. Third, the study’s design, encompassing seven
academic centers in Germany, Austria, and Italy, and the fact
that surgical indications and strategies were determined inde-
pendently by treating spine surgeons at each center, introduces
some treatment heterogeneity [1, 9, 14-21, 54].

Conclusion and outlook

While this study provides valuable insights into surgical
indications, timing, and outcomes, critical questions remain
about the impact of treatment modality and timing on health-
related quality of life (HRQoL), pain relief, prevention of
neurological deterioration, and the overall clinical course.

While the overall therapeutic strategies for patients with
severe MM bone disease are widely discussed in multi-
disciplinary tumorboards including all relevant specialties,
future research should focus on prospective observational
trials that comprehensively assess HR-QOL, pain scores,
activity levels, pain medication usage, complication rates,
and imaging findings. These studies should also aim to iden-
tify key factors that reliably predict which patients may ben-
efit most from early versus delayed surgical intervention,
with the ultimate goal to establish standardized, evidence-
based treatment algorithms tailored to MM-related vertebral
lesions, improving patient care and clinical outcomes while
reducing variability in practice.

@ Springer

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s11060-0
25-05085-y.

Acknowledgements We thank MD candidates Caroline von Bassen-
heim and Sebastian Schulz for their contributions and support with
data collection. We thank Dr. Piet Habbel, MD for his expert input as a
specialist for Hematology and Oncology, and Alexander Hetey for his
technical support in designing and maintaining the multicentric RED-
Cap database. REDCap was used for multicentric anonymized data
collection, in line with the institutional Ethical Approval. Data analysis
was performed using R with R Studio and GraphPad Prism. Statistical
guidance was given by the department of Biometry and Clinical Epi-
demiology of the Charité — Universitdtsmedizin Berlin.

Author contributions JSO and VH design the study concept. All au-
thors contributed to the study conception and design. DL, MP, DK,
PH, JK, IWB, and JK contributed with choosing items for standardized
data collection and designing the database. VH wrote the REDCap®
database. Material preparation and data collection was performed by
VH, LV, MS, HSM, RL, AK, CO, JK, BK, and ST. JSO, PV, BM, MD,
CT, FR, and JG supervised and monitored data collection. EVB and
CB maintained the multicentric database. Data analysis was performed
by VH, AMF and JSO, with the help and supervision of statistician
TK. AMF contributed to figure design. The manuscript was written by
VH and JSO. AMF, HM and CIJE revised the manuscript. All authors
are active parts of the European M2Spine Study Group. All authors
commented on previous versions of the manuscript, and all authors
read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. This study was funded by the Starting Grant of the Berlin Cancer
Society (“Berliner Krebsgesellschaft e.V.”, grant number: HUFF202114
MM). VH is, and GA was previously funded by the BIH — Berlin In-
stitute of Health Charité Clinician Scientist Program. AMF is funded
by the BIH — Berlin Institute of Health Charité Junior Digital Clinician
Scientist Program. JSO is a Clinical Fellow of the Stiftung Charité.

Data availability Data is provided within the manuscript or supple-
mentary information files.

Declarations
Ethical approval Ethical approval was obtained (EA4/063/20).

Previous presentations Parts of this work were presented at the An-
nual Congress of the German Spine Society (DWG) 2024, Nov 27-29,
in Hamburg, Germany.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.


https://doi.org/10.1007/s11060-025-05085-y
https://doi.org/10.1007/s11060-025-05085-y
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Journal of Neuro-Oncology (2025) 174:765-777

775

References

10.

11.

12.

13.

14.

15.

Callander NS, Baljevic M, Adekola K et al (2022) NCCN Guide-
lines® insights: multiple myeloma, version 3.2022. J Natl Compr
Canc Netw 20(1):8-19. https://doi.org/10.6004/JINCCN.2022.00
02

Edwards CM, Zhuang J, Mundy GR (2008) The pathogenesis of
the bone disease of multiple myeloma. Bone 42(6):1007-1013. h
ttps://doi.org/10.1016/j.bone.2008.01.027

Castella M, de Larrea CF, Martin-Antonio B, Immunotherapy
(2018) A novel era of promising treatments for multiple myeloma.
Int J Mol Sci 19(11). https://doi.org/10.3390/ijms19113613
Amelot A, Moles A, Cristini J et al (2016) Predictors of survival
in patients with surgical spine multiple myeloma metastases. Surg
Oncol 25(3):178-183. https://doi.org/10.1016/j.suronc.2016.05.0
12

Gokaraju K, Butler JS, Benton A, Suarez-Huerta ML, Selvadurai
S, Molloy S (2016) Multiple myeloma presenting with acute bony
spinal cord compression and mechanical instability successfully
managed nonoperatively. Spine J 16(8):e567—e570. https://doi.or
2/10.1016/j.spinee.2016.03.011

Burks JD, Elarjani T, Jamshidi AM, Govindarajan V, Levi AD
(2021) Vertebral multiple myeloma with pathological fracture:
the most common etiology for emergency spine surgery in
patients with no cancer diagnosis on admission. Neurosurg Focus
50(5):E2. https://doi.org/10.3171/2021.2. FOCUS201038
Panaroni C, Yee AJ, Raje NS (2017) Myeloma and bone disease.
Curr Osteoporos Rep 15(5):483—498. https://doi.org/10.1007/S11
914-017-0397-5

Milavec H, Ravikumar N, Syn NL, Yentia Soekojo C, Chng W1J,
Kumar N (2020) Surgical management of multiple myeloma
with symptomatic involvement of the spine. Int J Spine Surg
14(5):785-794. https://doi.org/10.14444/7112

Bilsky MH, Barzilai O (2021) Multiple myeloma presenting as
an unknown primary disease: to operate or not to operate. That Is
Question 50(May):2-3. https://doi.org/10.3171/2021.2.FOCUS2
01038

Shen J, Du X, Zhao L, Luo H, Xu Z (2018) Comparative analy-
sis of the surgical treatment results for multiple myeloma bone
disease of the spine and the long bone/soft tissue. Oncol Lett
15(6):10017-10025. https://doi.org/10.3892/01.2018.8559
Eseonu KC, Panchmatia JR, Streetly MJ, Grauer JN, Fakouri B
(2023) The role of vertebral augmentation procedures in the man-
agement of vertebral compression fractures secondary to multiple
myeloma. Hematol Oncol 41(3):323-334. https://doi.org/10.100
2/HON.3102

Kyriakou C, Molloy S, Vrionis F et al (2019) The role of cement
augmentation with percutaneous vertebroplasty and balloon
kyphoplasty for the treatment of vertebral compression fractures
in multiple myeloma: a consensus statement from the interna-
tional myeloma working group (IMWG). Blood Cancer J 9(3). ht
tps://doi.org/10.1038/s41408-019-0187-7

Amelot A, Terrier LM, Le Nail LR et al (2023) Multiple myeloma
spinal lesion care: management of a primary bone malignancy
rather than a spinal metastasis. World Neurosurg 176:e680—e685.
https://doi.org/10.1016/J. WNEU.2023.05.118

Osterhoff G, Kreinest M, Kuhnt T et al (2023) Management of
pathological thoracolumbar vertebral fractures in patients with
multiple myeloma: multidisciplinary recommendations. Global
Spine J 13(1suppl):85S-93S. https://doi.org/10.1177/219256822
21143732

Miller JA, Balagamwala EH, Chao ST et al (2017) Spine stereo-
tactic radiosurgery for the treatment of multiple myeloma. J Neu-
rosurg Spine 26(3):282-290. https://doi.org/10.3171/2016.8.SPI
NE16412

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Terpos E, Dimopoulos MA, Moulopoulos LA (2016) The role of
imaging in the treatment of patients with multiple myeloma in
2016. Am Soc Clin Oncol Educational Book 36:¢407—e417. https
://doi.org/10.14694/edbk 159074

Lang K, Konig L, Bruckner T et al (2017) Stability of spinal bone
lesions in patients with multiple myeloma after Radiotherapy—
A retrospective analysis of 130 cases. Clin Lymphoma Myeloma
Leuk 17(12):99-e107. https://doi.org/10.1016/j.clml1.2017.09.0
05

. Zijlstra H, Striano BM, Crawford AM et al (2023) Neurologic

outcomes after radiation therapy for severe spinal cord compres-
sion in multiple myeloma: A study of 162 patients. J Bone Joint
Surg Am 105(16):1261-1269. https://doi.org/10.2106/JBJS.22.0
1335

Puvanesarajah V, Lo SFL, Aygun N et al (2015) Prognostic fac-
tors associated with pain palliation after spine stereotactic body
radiation therapy. J Neurosurg Spine 23(5):620-629. https://doi.o
rg/10.3171/2015.2.SPINE14618

Bingham N, Reale A, Spencer A (2017) An Evidence-Based
approach to myeloma bone disease. Curr Hematol Malig Rep
12(2):109-118. https://doi.org/10.1007/s11899-017-0370-5
Zijlstra H, te Velde JP, Striano BM et al (2024) Remineraliza-
tion rate of lytic lesions of the spine in multiple myeloma patients
undergoing radiation therapy. Global Spine J Published Online. h
ttps://doi.org/10.1177/21925682241260651

Khan OA, Brinjikji W, Kallmes DF (2014) Vertebral augmenta-
tion in patients with multiple myeloma: A pooled analysis of pub-
lished case series. Am J Neuroradiol 35(1):207-210. https://doi.o
1rg/10.3174/ajnr.A3622

Tancioni F, Lorenzetti M, Navarria P et al (2010) Vertebroplasty
for pain relief and spinal stabilization in multiple myeloma. Neu-
rol Sci 31(2):151-157. https://doi.org/10.1007/s10072-009-0197
-5

Kyriakou C, Molloy S, Vrionis F et al (2019) The role of cement
augmentation with percutaneous vertebroplasty and balloon
kyphoplasty for the treatment of vertebral compression fractures
in multiple myeloma: a consensus statement from the Interna-
tional Myeloma Working Group IMWG). Blood Cancer Journal
2019 9(3):1-10. https://doi.org/10.1038/s41408-019-0187-7
Onggo JR, Maingard JT, Nambiar M, Buckland A, Chandra RV,
Hirsch JA (2021) Role of vertebroplasty and balloon kyphoplasty
in pathological fracture in myeloma: a narrative review. Eur
Spine J 30(10):2825-2838. https://doi.org/10.1007/S00586-021-
06955-5

Wagner A, Haag E, Joerger AK et al (2021) Comprehensive sur-
gical treatment strategy for spinal metastases. Scientific Reports
11(1):1-11. https://doi.org/10.1038/s41598-021-87121-1

Choi D, Fox Z, Albert T et al (2015) Prediction of quality of life
and survival after surgery for symptomatic spinal metastases.
Neurosurgery 77(5):698—708. https://doi.org/10.1227/NEU.0000
000000000907

Versteeg AL, Van Der Velden JM, Verkooijen HM et al (2016)
The effect of introducing the spinal instability neoplastic score
in routine clinical practice for patients with spinal metastases.
Oncologist 21:95-101. https://doi.org/10.1634/theoncologist.20
15-0266

Laufer I, Torgulescu JB, Chapman T et al (2013) Local disease
control for spinal metastases following separation surgery and
adjuvant hypofractionated or high-dose single-fraction stereotac-
tic radiosurgery: outcome analysis in 186 patients. J Neurosurg
Spine 18(3):207-214. https://doi.org/10.3171/2012.11.SPINE12
111

Cole JS, Patchell RA (2008) Metastatic epidural spinal cord com-
pression. Lancet Neurol 7(5):459-466. https://doi.org/10.1016/S
1474-4422(08)70089-9

@ Springer


https://doi.org/10.14694/edbk_159074
https://doi.org/10.14694/edbk_159074
https://doi.org/10.1016/j.clml.2017.09.005
https://doi.org/10.1016/j.clml.2017.09.005
https://doi.org/10.2106/JBJS.22.01335
https://doi.org/10.2106/JBJS.22.01335
https://doi.org/10.3171/2015.2.SPINE14618
https://doi.org/10.3171/2015.2.SPINE14618
https://doi.org/10.1007/s11899-017-0370-5
https://doi.org/10.1177/21925682241260651
https://doi.org/10.1177/21925682241260651
https://doi.org/10.3174/ajnr.A3622
https://doi.org/10.3174/ajnr.A3622
https://doi.org/10.1007/s10072-009-0197-5
https://doi.org/10.1007/s10072-009-0197-5
https://doi.org/10.1038/s41408-019-0187-7
https://doi.org/10.1007/S00586-021-06955-5
https://doi.org/10.1007/S00586-021-06955-5
https://doi.org/10.1038/s41598-021-87121-1
https://doi.org/10.1227/NEU.0000000000000907
https://doi.org/10.1227/NEU.0000000000000907
https://doi.org/10.1634/theoncologist.2015-0266
https://doi.org/10.1634/theoncologist.2015-0266
https://doi.org/10.3171/2012.11.SPINE12111
https://doi.org/10.3171/2012.11.SPINE12111
https://doi.org/10.1016/S1474-4422(08)70089-9
https://doi.org/10.1016/S1474-4422(08)70089-9
https://doi.org/10.6004/JNCCN.2022.0002
https://doi.org/10.6004/JNCCN.2022.0002
https://doi.org/10.1016/j.bone.2008.01.027
https://doi.org/10.1016/j.bone.2008.01.027
https://doi.org/10.3390/ijms19113613
https://doi.org/10.1016/j.suronc.2016.05.012
https://doi.org/10.1016/j.suronc.2016.05.012
https://doi.org/10.1016/j.spinee.2016.03.011
https://doi.org/10.1016/j.spinee.2016.03.011
https://doi.org/10.3171/2021.2.FOCUS201038
https://doi.org/10.1007/S11914-017-0397-5
https://doi.org/10.1007/S11914-017-0397-5
https://doi.org/10.14444/7112
https://doi.org/10.3171/2021.2.FOCUS201038
https://doi.org/10.3171/2021.2.FOCUS201038
https://doi.org/10.3892/ol.2018.8559
https://doi.org/10.1002/HON.3102
https://doi.org/10.1002/HON.3102
https://doi.org/10.1038/s41408-019-0187-7
https://doi.org/10.1038/s41408-019-0187-7
https://doi.org/10.1016/J.WNEU.2023.05.118
https://doi.org/10.1016/J.WNEU.2023.05.118
https://doi.org/10.1177/21925682221143732
https://doi.org/10.1177/21925682221143732
https://doi.org/10.3171/2016.8.SPINE16412
https://doi.org/10.3171/2016.8.SPINE16412

776

Journal of Neuro-Oncology (2025) 174:765-777

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Patchell RA, Patchell RA, Tibbs PA et al (2005) Direct decom-
pressive surgical resection in the treatment of spinal cord com-
pression caused by metastatic cancer: a randomised trial. Lancet
366(20):643—648. https://doi.org/10.1016/S0140-6736(05)
Sciubba DM, Goodwin CR, Yurter A et al (2016) A systematic
review of clinical outcomes and prognostic factors for patients
undergoing surgery for spinal metastases secondary to breast
Cancer. Global Spine J 6:482-496. https://doi.org/10.1055/s-00
35-1564807

Versteeg AL, Sahgal A, Rhines LD et al (2018) Psychometric
evaluation and adaptation of the spine oncology study group out-
comes questionnaire to evaluate Health-Related quality of life in
patients with spinal metastases. Cancer 124:1828-1838. https://d
oi.org/10.1002/cncr.31240

Nater A, Tetreault LA, Kopjar B et al (2018) Predictive factors of
survival in a surgical series of metastatic epidural spinal cord com-
pression and complete external validation of 8 multivariate mod-
els of survival in a prospective North American multicenter study.
Cancer 124(17):3536-3550. https://doi.org/10.1002/cncr.31585
Dosani M, Lucas S, Frcpc M et al (2018) Impact of the spinal
instability neoplastic score on surgical referral patterns and out-
comes. Curr Oncol 25(1). https://doi.org/10.3747/c0.25.3835
Fisher CG, Versteeg AL, Schouten R et al (2014) Reliability
of the spinal instability neoplastic scale among radiologists: an
assessment of instability secondary to spinal metastases. AJR
203:869-874. https://doi.org/10.2214/AJR.13.12269

Sciubba DM, Petteys RJ, Dekutoski MB et al (2010) Diagnosis
and management of metastatic spine disease. J Neurosurg Spine
13(1):94-108. https://doi.org/10.3171/2010.3.SPINE09202
Barzilai O, Versteeg AL, Sahgal A et al (2018) Survival, local
control, and health-related quality of life in patients with oligo-
metastatic and polymetastatic spinal tumors: A multicenter, inter-
national study. Cancer Published Online November 29. https://do
i.org/10.1002/cncr.31870

Fisher CG, DiPaola CP, Ryken TC et al (2010) A novel classifi-
cation system for spinal instability in neoplastic disease. Spine
(Phila Pa 1976) 35(22):E1221-E1229. https://doi.org/10.1097/B
RS.0b013e3181e16ae2

Hubertus V, Gempt J, Marino M et al (2021) Surgical manage-
ment of spinal metastases involving the cervicothoracic junction:
results of a multicenter, European observational study. Neurosurg
Focus 50(May):1-9. https://doi.org/10.3171/2021.2.FOCUS2010
67

Cawley DT, Butler JS, Benton A et al (2019) Managing the
cervical spine in multiple myeloma patients. Hematol Oncol
37(2):129-135. https://doi.org/10.1002/HON.2564

Versteeg AL, Verlaan JJ, Sahgal A et al (2016) The spinal instabil-
ity neoplastic score: impact on oncologic decision-making. Spine
(Phila Pa 1976) 41(20):S231-S237. https://doi.org/10.1097/BRS.
0000000000001822

Bilsky MH, Laufer I, Fourney DR et al (2010) Reliability analysis
of the epidural spinal cord compression scale. J Neurosurg Spine
13(3):324-328. https://doi.org/10.3171/2010.3.SPINE09459
Barzilai O, Fisher CG, Bilsky MH (2018) State of the Art treat-
ment of spinal metastatic disease. Neurosurgery 82(6):757-769.
https://doi.org/10.1093/neuros/nyx567

Joerger AK, Seitz S, Lange N et al (2022) CFR-PEEK pedicle
screw instrumentation for spinal neoplasms: A single center expe-
rience on safety and efficacy. Cancers (Basel) 14(21). https://doi.
org/10.3390/cancers14215275

Zhu X, Lu J, Xu H et al (2021) A comparative study between
minimally invasive spine surgery and traditional open surgery for
patients with spinal metastasis. Spine (Phila Pa 1976) 46(1):62—
68. https://doi.org/10.1097/BRS.0000000000003690

Sugita S, Hozumi T, Yamakawa K, Goto T, Kondo T (2016) Risk
factors for surgical site infection after posterior fixation surgery

@ Springer

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

and intraoperative radiotherapy for spinal metastases. Eur Spine J
25(4):1034-1038. https://doi.org/10.1007/S00586-015-4116-6
Atkinson RA, Davies B, Jones A, van Popta D, Ousey K, Ste-
phenson J (2016) Survival of patients undergoing surgery for
metastatic spinal tumours and the impact of surgical site infec-
tion. J Hosp Infect 94(1):80-85. https://doi.org/10.1016/J.JHIN.2
016.06.009

Kumar S, van Popta D, Rodrigues-Pinto R et al (2015) Risk fac-
tors for wound infection in surgery for spinal metastasis. Eur
Spine J 24(3):528-532. https://doi.org/10.1007/S00586-013-312
7-4

Zimlichman E, Henderson D, Tamir O et al (2013) Health
care-associated infections: a meta-analysis of costs and finan-
cial impact on the US health care system. JAMA Intern Med
173(22):2039-2046. https://doi.org/10.1001/JAMAINTERNME
D.2013.9763

Pennington Z, Ahmed AK, Molina CA, Ehresman J, Laufer I, Sci-
ubba DM (2018) Minimally invasive versus conventional spine
surgery for vertebral metastases: a systematic review of the evi-
dence. Ann Transl Med 6(6). https://doi.org/10.21037/atm.2018.0
1.28

Paulino Pereira NR, Ogink PT, Groot OQ et al (2019) Complica-
tions and reoperations after surgery for 647 patients with spine
metastatic disease. Spine J 19(1):144—156. https://doi.org/10.101
6/j.spinee.2018.05.037

Zijlstra H, Pierik RJ, Crawford AM et al (2023) Analysis of
complications and revisions after spine surgery in 270 mul-
tiple myeloma patients with spinal involvement. Eur Spine J
32(12):4335-4354. https://doi.org/10.1007/S00586-023-07903-1
Zijlstra H, Crawford AM, Striano BM et al Neurological out-
comes and the need for retreatments among multiple myeloma
patients with High-Grade spinal cord compression: radiotherapy
vs surgery. Global Spine J. Published online 2023. https://doi.org
/10.1177/21925682231188816

Zehri AH, Calafiore RL, Peterson KA et al (2024) Surgical man-
agement of spinal multiple myeloma: insights from the National
inpatient sample database. J Spine Surg 10(3):428-437. https://d
o0i.org/10.21037/JSS-24-54/COIF

Piraud M, Wennmann M, Kintzelé L et al (2019) Towards quanti-
tative imaging biomarkers of tumor dissemination: A multi-scale
parametric modeling of multiple myeloma. Med Image Anal
57:214-225. https://doi.org/10.1016/j.media.2019.07.001
Gamberi B, Berthou C, Hernandez M et al (2020) A noninter-
ventional, observational, European Post-Authorization safety
study of patients with relapsed/refractory multiple myeloma
treated with Lenalidomide. Clin Lymphoma Myeloma Leuk
20(10):e629—e644. https://doi.org/10.1016/j.cIml1.2020.05.006
Jordan K, Proskorovsky I, Lewis P et al (2014) Effect of general
symptom level, specific adverse events, treatment patterns, and
patient characteristics on health-related quality of life in patients
with multiple myeloma: results of a European, multicenter cohort
study. Support Care Cancer 22(2):417-426. https://doi.org/10.10
07/S00520-013-1991-4

Malhotra K, Butler JS, Yu HM et al (2016) Spinal disease in
myeloma: cohort analysis at a specialist spinal surgery centre
indicates benefit of early surgical augmentation or bracing. BMC
Cancer 16(1). https://doi.org/10.1186/s12885-016-2495-7

Quidet M, Zairi F, Boyle E et al (2018) Evaluation of the rel-
evance of surgery in patients with multiple myeloma harboring
symptomatic spinal involvement: A retrospective case series.
World Neurosurg 114:e356—e365. https://doi.org/10.1016/j.wneu
.2018.02.184

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


https://doi.org/10.1007/S00586-015-4116-6
https://doi.org/10.1016/J.JHIN.2016.06.009
https://doi.org/10.1016/J.JHIN.2016.06.009
https://doi.org/10.1007/S00586-013-3127-4
https://doi.org/10.1007/S00586-013-3127-4
https://doi.org/10.1001/JAMAINTERNMED.2013.9763
https://doi.org/10.1001/JAMAINTERNMED.2013.9763
https://doi.org/10.21037/atm.2018.01.28
https://doi.org/10.21037/atm.2018.01.28
https://doi.org/10.1016/j.spinee.2018.05.037
https://doi.org/10.1016/j.spinee.2018.05.037
https://doi.org/10.1007/S00586-023-07903-1
https://doi.org/10.1177/21925682231188816
https://doi.org/10.1177/21925682231188816
https://doi.org/10.21037/JSS-24-54/COIF
https://doi.org/10.21037/JSS-24-54/COIF
https://doi.org/10.1016/j.media.2019.07.001
https://doi.org/10.1016/j.clml.2020.05.006
https://doi.org/10.1007/S00520-013-1991-4
https://doi.org/10.1007/S00520-013-1991-4
https://doi.org/10.1186/s12885-016-2495-7
https://doi.org/10.1016/j.wneu.2018.02.184
https://doi.org/10.1016/j.wneu.2018.02.184
https://doi.org/10.1016/S0140-6736(05)
https://doi.org/10.1055/s-0035-1564807
https://doi.org/10.1055/s-0035-1564807
https://doi.org/10.1002/cncr.31240
https://doi.org/10.1002/cncr.31240
https://doi.org/10.1002/cncr.31585
https://doi.org/10.3747/co.25.3835
https://doi.org/10.2214/AJR.13.12269
https://doi.org/10.3171/2010.3.SPINE09202
https://doi.org/10.1002/cncr.31870
https://doi.org/10.1002/cncr.31870
https://doi.org/10.1097/BRS.0b013e3181e16ae2
https://doi.org/10.1097/BRS.0b013e3181e16ae2
https://doi.org/10.3171/2021.2.FOCUS201067
https://doi.org/10.3171/2021.2.FOCUS201067
https://doi.org/10.1002/HON.2564
https://doi.org/10.1097/BRS.0000000000001822
https://doi.org/10.1097/BRS.0000000000001822
https://doi.org/10.3171/2010.3.SPINE09459
https://doi.org/10.1093/neuros/nyx567
https://doi.org/10.1093/neuros/nyx567
https://doi.org/10.3390/cancers14215275
https://doi.org/10.3390/cancers14215275
https://doi.org/10.1097/BRS.0000000000003690

Journal of Neuro-Oncology (2025) 174:765-777

777

Authors and Affiliations

Vanessa Hubertus'? - Lennart Viezens? - Martin Stangenberg? - Anton M. Friih'2 - Hanno S. Meyer*® .

Raimunde Liang® - Andreas Kramer® - Christoph Orban’ - Johannes Kerschbaumer’ - Beate Kunze® - Stefano Telera® -
Hannah Miller' - Christian J. Entenmann' - Emily J. von Bronewski' - Charlotte Buhre' - Leon-Gordian Leonhardt? -
Wolfgang Willenbacher'® - Irma Kvitsaridze'' - Dominik Laue'? - Matthias Pumberger'? - Theresa Keller' -

Giiliz Acker'?"> . Jan Kronke'® - Igor-Wolfgang Blau'® - Ulrich Keller'® . Florian Ringel® - Claudius Thomé’ -

Bernhard Meyer’ - Peter Vajkoczy' - Marc Dreimann>2 . Julia Sophie Onken

P4 Julia Sophie Onken
julia.onken@charite.de

Department of Neurosurgery, Charité — Universititsmedizin
Berlin, Corporate Member of Freie Universitét Berlin,
Humboldt-Universitit zu Berlin, Berlin Institute of Health,
Charitéplatz 1, 10117 Berlin, Germany

BIH — Berlin Institute of Health Charité Clinician Scientist
Program, Berlin Institute of Health, Berlin, Germany

Division of Spine Surgery, Department of Trauma and
Orthopedic Surgery, University Medical Center Hamburg-
Eppendorf, Hamburg, Germany

Department of Neurosurgery, University Medical Center
Hamburg-Eppendorf, Hamburg, Germany

Department of Neurosurgery, Klinikum Rechts der Isar,
Technical University of Munich, Munich, Germany

Department of Neurosurgery, University Hospital Mainz,
Johannes-Guttenberg-University Mainz, Mainz, Germany

Department of Neurosurgery, Medical University of
Innsbruck, Innsbruck, Austria

Spine Center Markgroningen, Markgroningen, Germany
IRCCS Regina Elena National Cancer Institute, Rome, Italy

Department of Internal Medicine, Hematology and Oncology,
Comprehensive Cancer Center Innsbruck (CCCI), Austrian
Comprehensive Cancer Network (ACCN), Tyrolean Cancer
Research Center (TKFI), Medical University of Innsbruck, &
Syndena GmbH, Connect to Cure, Innsbruck, Austria

117

Department of Radiation Oncology, Medical University of
Innsbruck, Innsbruck, Austria

Department of Orthopedic and Trauma Surgery, Campus
Benjamin Franklin, Charité - Universitdtsmedizin Berlin,
Corporate Member of Freie Universitét Berlin, Humboldt-
Universitit zu Berlin, Berlin Institute of Health, Berlin,
Germany

Department of Orthopedic and Trauma Surgery, Center for
Musculosceletal Surgery, Campus Berlin Mitte and Campus
Virchow, Charité — Universititsmedizin Berlin, Corporate
Member of Freie Universitit Berlin, Humboldt- Universitit
zu Berlin, and Berlin Institute of Health, Berlin, Germany

Institute of Biometry and Clinical Epidemiology, Charité
— Universitdtsmedizin Berlin, Corporate Member of Freie
Universitdt Berlin, Humboldt-Universitit zu Berlin, and
Berlin Institute of Health, Berlin, Germany

Department of Radiation Oncology and Radiotherapy,
Charité — Universitidtsmedizin Berlin, Corporate Member of
Freie Universitit Berlin, Humboldt-Universitit zu Berlin,
Berlin Institute of Health, Berlin, Germany

Department of Hematology, Oncology, and Cancer
Immunology, Charité — Universitdtsmedizin Berlin,
Corporate Member of Freie Universitéit Berlin, Humboldt-
Universitét zu Berlin, Berlin Institute of Health, Berlin,
Germany

German Consortium for Translational Cancer Research,
DKTK, Part of the German Cancer Research Centre, Berlin,
Germany

@ Springer



	﻿Practice variations in indication, timing and outcome of Multiple Myeloma patients undergoing surgery for vertebral lesions – results from the European M2Spine study group
	﻿Abstract
	﻿Highlights
	﻿Introduction
	﻿Methods
	﻿Study cohort and clinical data
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿Outcome parameters
	﻿Data collection
	﻿Data management and statistical analysis
	﻿Ethical statement

	﻿Results
	﻿Description of the entire study population
	﻿Surgical cohort

	﻿Discussion
	﻿Limitations

	﻿Conclusion and outlook
	﻿References


