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ABSTRACT

Introduction: Multiple myeloma (MM) is the most frequent primary malignancy of the spine. We aimed to

investigate the clinical presentation, surgical indications and outcomes, complications, survival, and its influencing
factors in surgically treated MM patients with symptomatic involvement of the spine (SIS).

Methods: Retrospective analysis of prospectively collected data. Out of 350 MM patients treated at our institution

over a period of 12 years (2006–2018), we identified 24 patients who were surgically treated for SIS. We collected data on
demographics, clinical presentation, comorbidities, surgical indications, and outcomes and investigated the factors
predisposing to postoperative complications and survival.

Results: The median follow-up duration was 85 months; median overall survival (OS) was 50 months. Clinical

presentation at admission included pain (88%), sensory and/or motor deficit (67%), and bowel/bladder dysfunction
(25%). Symptomatic pathological fractures were seen in 33%. Predominant surgical indications were rapid neurological
deterioration with or without spinal cord compression (SCC), followed by mechanical instability. The majority of our

patients benefited from surgery in terms of pain reduction in the short term as well as in the long term. There were 21%
patients with surgical-related complications (,3 months). Surgical site infections occurred in 17%, without any obvious
factors predisposing to infective complications. Neurological deterioration during hospital stay, especially in the

presence of motor deficit and/or bowel/bladder dysfunction, significantly reduced OS.
Conclusions: Sudden-onset neurological deterioration was the predominant factor leading to surgery. We

achieved good short- and long-term pain reduction. Surgery is a valuable option for MM patients with SIS who present
with rapid neurological deterioration with or without SCC and/or mechanical instability.

Tumor

Keywords: multiple myeloma, spine, pathological fractures, neurologic deficits, spinal cord compression, surgery, pain,
complications, infections, functional outcomes, overall survival

INTRODUCTION

Multiple myeloma (MM) is a systemic lympho-
proliferative neoplasm with the accumulation of
abnormal plasma cells in the bone marrow.1,2 MM
is diagnosed at a median age of 69 years3 and
currently has an incidence of 6.6 cases per 100,000
population, which is expected to increase in the
future.3 Spinal involvement is common and affects
approximately 70% of MM patients,4,5 thereby
rendering it the most frequent primary cancer of
the adult spine.6,7

The development of progressive and destructive
osteolytic bone lesions1,8–10 may lead to patholog-
ical fractures, which are present in .50% of all
myeloma patients,11 further leading to spinal

instability.8,12,13 Moreover, epidural involvement
due to tumor mass or spinal instability implies a
high risk of neurological compromise.14–18 Spinal
cord compression (SCC) affects approximately 10%
of all myeloma patients.19 These features consider-
ably reduce patients’ quality of life and their
independence.20–22

Therapeutic advancements have effectively in-
creased the progression free survival and have led to
a current 10-year survival rate of up to 30%–40%.23

MM is usually managed with a multidisciplinary
approach,16,18,21 where a combination of drugs,
including proteasome inhibitor, immunomodulato-
ry drugs, and steroids, are the mainstay of
treatment. In eligible patients, consolidation with
high-dose chemotherapy (ChT) followed by autol-
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ogous stem cell transplantation (ASCT) is com-
mon.23 Spinal lesions, if symptomatic, are treated
mostly by a combination of low-dose radiotherapy
(RT), antimyeloma drugs (AMD), and bisphospho-
nates.4,18,24 According to the NOMS framework,
the decision for surgery is based on the neurological
status (myelopathy, degree of epidural SCC), radio/
chemo-sensitivity of tumor, mechanical instability,
and the extent of systemic disease and medical
comorbidities.25 There is corroborative evidence in
the literature that surgical management of MM
leads to significant improvements in patients’
neurological status6,16,26,27 and quality of life.6,24,28

However, the definite role of possible local treat-
ments, such as vertebroplasty/kyphoplasty, RT,9 or
open/minimally invasive surgery, in the manage-
ment of myeloma-related spinal lesions remains
unclear.9,27 Furthermore, in patients without neu-
rological compromise, the role of surgery is debate-
able.9 It is vital to ensure that the benefits of surgical
management prevail over its perils since these
patients are highly susceptible to infections and
exhibit poor bone quality.29–31

In our study, we aimed to investigate clinical
presentation, main indications leading to surgery,
functional outcomes, complications (�3 months
postoperatively), and factors influencing neurolog-
ical deterioration (during hospital stay), infective
complications, and overall survival (OS) of MM
patients with symptomatic involvement of the spine
(SIS) in our population.

METHODS

We retrospectively reviewed prospectively collect-
ed data of MM patients who underwent surgery for
SIS at a single tertiary care institution between 2006
and 2018. The National Healthcare Group Domain
Specific Review Board approval was obtained
before commencement of this study. All patients’
data were accessed through the hospital electronic
records (Computerized Patient Support System-2
[CPSS-2]). Where fractions are reported, the de-
nominators reflect the total number of patients with
non-missing observations.

Data Collection

We collected the following data: demographics,
epidemiology, MM Revised International Staging
System (R-ISS) stage, Spinal Instability Neoplastic
Score (SINS), survival prediction scores, treatment

modalities, surgical details, pain (visual analogue

scale [VAS]), functional outcomes and performance

status, complications and implant/construct failure,

OS, and possibly influencing factors. The number of

vertebral levels involved, the presence or absence of

pathological fractures, and implant/construct failure

were determined from the available serial radio-

graphs.

Study Criteria

All patients included in our study were diagnosed

with MM with SIS on histological confirmation of

samples from bone marrow and/or tumor biopsy.

The patient data were accessed at admission, at

discharge from the hospital, and then at yearly

intervals until the last available follow-up visit or

death, whichever occurred first. Implant/construct

failure was defined as screw loosening, construct

breakage, or loss of spinal correction.27 We studied

the overall complications within 3 months after

surgery and focused on implant failure, tumor

recurrence, and revision over a period of 12 months

following surgery. SCC was defined as grades 2 and

3, according to the Bilsky grading scale.32 We

defined mechanical instability in cases where SINS

�7 in combination with moderate to severe me-

chanical pain.33

Outcome Measures

Pain

VAS was classified as none, mild, moderate, and

severe pain. Any increase or decrease in VAS from

baseline was considered as pain reduction or failure

of pain control, respectively.

Functional Outcome

Patients whose ambulation and neurological status

were preserved or restored after surgery (Eastern

Cooperative Oncology Group [ECOG] 1–2 or

American Spinal Injury Association [ASIA] D–E,

respectively), were considered to have a positive

functional outcome.

Spinal Stability

Spinal stability was classified according to SINS.33

Morbidity

Preoperative comorbidities were graded according

to the Charlson Comorbidity Index (CCI).
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OS

Calculated from the date of surgery until death or

censored at the time of last follow-up.

Statistical Analyses

Continuous data are presented as mean 6 SD if

normally distributed (based on the Shapiro-Wilk

test); otherwise, the medians (interquartile range

[IQR]) are presented. Paired t tests were used to

compare pre- and postoperative outcomes for

normally distributed continuous outcomes. Wilcox-

on’s signed-rank test was used to compare pre- and

postoperative outcomes for ordinal scales (eg,

recoded VAS, ASIA score, ECOG score); pain

scores were analyzed as an ordinal scale. Ordinal

scales were analyzed as continuous variables in

regression analyses. Because of the small sample

size, only univariable regression was conducted.

Linear regression and quartile regression (only when

residuals were not normally distributed) were used

to analyze continuous outcomes. Logistic regression

was used to analyze dichotomous outcomes. Cox

regression was used for survival analyses, and the

proportional hazards assumption was verified by the

Grambsch-Therneau method. Median follow-up

time for OS was calculated using the reverse

Kaplan-Meier method. Due to the exploratory

nature of this analysis, a P value ,.10 was regarded

to be indicative of a trend, while a P value ,.05 was

taken to represent nominal statistical significance.

All analyses were conducted in STATA (version

13.0) (StataCorp, College Station, Texas).

RESULTS

Out of 350 patients who were treated for MM at

our tertiary care institution from 2006 to 2018, 24

underwent surgical treatment for SIS. The mean age

of patients at the time of surgery was 59.3 (SD 6

10.4); the male:female ratio was 3:1. The median

follow-up was 85 months (95% confidence interval

[CI]: 13–118), with no loss of follow-up; median OS

was 50 months (95% CI: 18–124). The 1-year, 2-

year, 5-year, and 10-year survival rates in the overall

cohort were 82.3% (95% CI: 59.3%–93.0%), 69.1%

(95% CI: 42.5%–85.2%), 38.4% (95% CI: 14.8%–

61.9%), and 30.7% (95% CI: 9.9%–54.7%), respec-

tively (Figure 1). The demographics, clinical and

laboratory findings, and tumor characteristics are

described in Table 1.

Spinal symptoms were the first clinical presenta-
tion of MM in 62% (15/24) of our patients (Table
2). The time duration from the onset of the first
symptom indicating spinal involvement to the first
consultation was 16 days (IQR: 4–60). Clinical
presentation at admission included 1 or more of the
following symptoms: pain in 88% (21/24) and 67%
(16/24) having sensory and/or motor deficit, includ-
ing 25% (6/24) bowel/bladder dysfunction. On spine
imaging, SCC was present in 71% (17/24) of
patients, where 63% (15/24) had neurological deficit
and 25% (6/24) presented with bowel/bladder
dysfunction. Pathological fractures within the oper-
ated vertebral levels were present in 33% (8/24),
where 2 of these fractures had led to neurological
deficit as a result of SCC. Of 22 patients with
available SINS data, 77% (17/22) showed indeter-
minate instability (SINS 7–12) and 23% (5/22) were
unstable (SINS 13–18).

In patients who suffered from motor deficit
and/or bowel/bladder dysfunction, the time dura-
tion from the onset of these symptoms to surgery
was 8 days (IQR: 3–16). One-third (8/24) of our
patients received postoperative RT within 8 weeks
after surgery as an adjuvant therapy. All our
patients received single-agent or multiagent AMD
therapy.

Surgical Indications and Intraoperative Details

The predominant indication that had led to
surgery was rapid neurological deterioration with
or without SCC (61% [14/23]) (Table 2). Mechan-
ical instability was the main indication in 35% (8/
23), with SINS ranging between 9 and 13. Of these 8
patients, 3 suffered from moderate pain and 5 from

Figure 1. Kaplan-Meier curve for overall survival in all patients.
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severe pain. Seventeen percent (4/23) of our patients

were previously treated with RT only in an attempt

for nonsurgical management but were nonrespon-

sive. The types of surgery performed are depicted in

Figure 2. Mean operation time was 246 6 114

minutes. Median (IQR) blood loss was 800 (450–

1300) mL and was not associated with preoperative

platelet count; 54% (13/24) of patients received
perioperative blood transfusion.

Functional Outcomes

Pain

The majority of our patients benefited from surgery
in terms of pain reduction in the short term

Table 1. Patient demographics and baseline characteristics.

Parameter Value

Demographics
Age, mean 6 SD, y 59.3 6 10.4
Gender, male:female 18:6
Ethnicity, no./total
Chinese 19/24
Malay 2/24
Others 3/24

Weight, mean 6 SD, kg 63.7 6 12.8
Body mass index, mean 6 SD, kg/m2 23.8 6 4.4

Functional status and comorbidities at admission
Eastern Cooperative Oncology Group score, no./total
1 8/24
2 8/24
3 8/24

Karnofsky Performance Scale, median (interquartile range [IQR]) 60 (50–80)
American Spinal Injury Association grading, no./total
B 1/24
C 4/24
D 11/24
E 8/24

American Society of Anesthesiologists grading, no./total
2 9/23
3 14/23

Charlson Comorbidity Index, median (IQR) 5 (4–6)
Diabetes, no./total 4/24
Tomita score, median (range) 3 (3–7)
Tokuhashi score, median (range) 7 (2–10)
Spinal Instability Neoplastic Score, median (IQR) 11 (10–12)

Biochemical markers/full blood count/renal and liver panel preoperatively
Lactate dehydrogenase, mean 6 SD 424.9 6 190.4 (raised versus not raised)
Calcium, mean 6 SD 2.42 6 0.21
Creatinine
Mean 6 SD 150.0 6 200.0
Median (IQR) 96 (66–121)

Hemoglobin, mean 6 SD 10.9 6 2.2
White blood count, mean 6 SD 7.6 6 3.5
Platelets
Mean 6 SD 255.9 6 124.0
Median (IQR) 219 (182–338)

Albumin
Mean 6 SD 32.1 6 5.0
Median (IQR) 30 (28–38)

Tumor characteristics
Vertebral metastases, no./total
2–3 1/24
More than 3 23/24

Extravertebral skeletal metastases, no./total
None 4/24
1 3/24
2 or 3 2/24
More than 3 15/24

Visceral metastases, no./total
None 18/24
1 2/24
2 or 3 1/24
More than 3 3/24
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(Wilcoxon signed-rank P ¼ .0010) as well as in the

long term (Wilcoxon signed-rank P ¼ .0003).

Ambulatory Status (ECOG)

The difference in preoperative ECOG and ECOG at

discharge was not statistically significant (P¼ .2805).

Neurological Status (ASIA)

There was no statistically significant difference in

ASIA scored between the following time points:

preoperative and immediate postoperative (P ¼
.7809), preoperative and discharge (P ¼ .0790),
and preoperative and last follow-up (P ¼ .2059).
Overall, the neurological status worsened in 29% (7/
24) of patients and remained unchanged in 63% (15/
24). Of the 16 patients who presented with a
neurological deficit, 13% (2/16) improved.

Predisposing Factors for Neurological
Deterioration (ASIA)

Potential predisposing factors of neurological
deterioration from preoperative time point to
discharge include SCC (OR: 0.243; 95% CI: 1.01–
5.86; P ¼ .0482), Bilsky score (OR: 23.00; 95% CI:
3.11–170.30; P ¼ .0021), preoperative Karnofsky
Performance Scale (KPS) � 50 (OR: 8.13; 95% CI:
1.11–59.21; P ¼ .0387), and the presence of motor
deficit or bowel/bladder dysfunction (OR: 37.50;
95% CI: 2.88–508.47; P ¼ .0064).

Factors Influencing OS

A higher Tomita score strongly influenced OS
(Hazard ratio [HR]¼ 1.56; 95% CI: 1.07–2.27; P¼
.0213).34 For every additional 1-point increase in
CCI, the risk of death increased by 36% (HR¼1.36;
95% CI: 1.00–1.85; P¼ .0494). Patients with the R-
ISS stage 3 lived 17 months compared to 70 months
among patients with R-ISS stage 1 or 2 (HR¼ 4.07;
95% CI: 1.07–15.50; P ¼ .0393). Patients with
preoperative motor deficit or bowel/bladder dys-
function lived for 5 months as compared to 70

Table 2. Clinical presentation, indications leading to surgery, and surgical details.

Parameter No./Total

Clinical presentation
Symptoms present at admission, no./total
Pain 21/24
Neurological deficit (sensory/motor deficit, bowel/bladder dysfunction) 16/24
Bowel/bladder dysfunction (6/24)

No. of days from onset of first symptom until admission, median (interquartile range [IQR]) 16 (4–60)
No. of days from onset of motor deficit or bowel/bladder dysfunction to surgery, median (IQR) 8 (3–16)
Multiple myeloma (MM) diagnosis known 9/24
MM newly diagnosed 15/24

Main indication leading to surgery
Rapid neurological deterioration with or without spinal cord compression (SCC), no./total 14/23
Mechanical instability, no./total 8/23
Stand-alone pain, no./total 1/23
Stable neurodeficit, no./total 0/23
Impending SCC, no./total 0/23

Nature of surgery, no./total
Priority
Elective 14/24
Emergency 10/24

Approach
Open 20/24
Minimally invasive 4/24

Figure 2. Type of surgery performed in all patients.
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months among patients without these symptoms

(HR¼30.50; 95% CI: 3.46–270; P¼ .0021). Patients

who had ASIA grade C, D, or E had a median OS

duration of 50 months as compared to 6 months

among patients with ASIA grade A or B (HR ¼
0.21; 95% CI: 0.05–0.95; P ¼ .0432). Improvement

in ASIA score postoperatively did not predict
improved survival. However, deterioration of ASIA
score at discharge significantly worsened survival
(HR¼ 12.65; 95% CI: 2.37–67.61; P¼ .0030). None
of the following factors had an association with OS:
age, operation duration, blood loss, SINS, KPS,
ECOG, Bilsky score, presence of SCC, pathological
fracture as indication, American Society of Anes-
thesiologists status, elective versus emergency sur-
gery, open versus MIS, number of vertebrae
instrumented, preoperative steroids, RT (Figure 3),
VAS, preoperative white blood cell (WBC) count,
and albumin.

Complications and Predisposing Factors, Implant
Failure, and Tumor Recurrence

Early complications (,3 months after surgery)
occurred in 83% (20/24) of our patients (Figure 4).
There was 1 (4% [1/24]) case of asymptomatic
cement extrusion. There was 1 local tumor recur-
rence observed and revised during the index hospital
stay. Early revisions were recorded in 3 cases (due to

Figure 3. Kaplan-Meier curve for overall survival in patients who received or

did not receive radiotherapy.

Figure 4. Complications ,3 months from surgery.
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tumor recurrence or SSI). No implant failure was
observed within 3 months. We found no association
of early infective complications with preoperative
level of WBC, diabetes, preoperative steroids, Bilsky
score, SCC, ChT/RT, or number of instrumented
levels. The most common complication was systemic
infections (63% [15/24]).

Late implant failure (.3 months after surgery)
was noted in 17% (4/24) of patients, where 3 were
asymptomatic35 and none of them required revision.
There was an additional tumor recurrence and 2
additional revisions (due to implant infection) after
3 months.

DISCUSSION

The advent of newer AMD has resulted in
prolonged survival,23,36 thereby stressing the impor-
tance of supportive care and surgical interventions.
Because of the dearth of the literature, indications
for surgery in MM patients with SIS remain
debatable, and clear standards for surgical treat-
ments are yet to be established.9,23,27

Conventionally, patients with SIS are treated
with RT in conjunction with AMD.4,18 Surgical
management is rarely indicated in these patients, as
the MM lesions are highly sensitive to RT and
AMD.4 Particularly, patients who experience ongo-
ing mechanical pain due to (impending) fractures
can be successfully treated with either percutaneous
vertebral augmentation techniques or open surgical
stabilization with decompression.4,16,37–40 Accord-
ing to the NOMS decision framework, high-grade
epidural SCC and mechanical instability are partic-
ularly promising indications for surgery.25 We
scrutinized the indications leading to surgery. Our
results show that out of 23 patients with traceable
surgical indications, rapid neurological deteriora-
tion with or without SCC (61%) was the main
indication that had led to urgent surgical decom-
pression. The second most common indication for
surgery was mechanical instability (35%), where all
of these patients suffered from moderate to severe
pain and showed a SINS between 9 and 13.

The effectiveness of surgical intervention in
alleviating pain and improving the quality of life
of spine tumor patients has been substantiated in
the literature.6,24,28,41,42 Since the beneficial effects
of RT on pain control may require several days to a
few weeks, surgery can be considered as an
immediate alternative for pain management.43,44

We observed that the majority of patients benefited

from surgery in terms of pain reduction, which
lasted in the long term, when patients were assessed
at their final follow-up.

The mainstay of treatment for SCC and severe
pain due to spinal lesions in MM patients is
RT.9,45,46 However, we observed that 50% of our
patients were treated by surgery without adjuvant
RT. This is because three-quarters of these patients
showed a good response when treated with single-/
multiagent AMD with or without ASCT. In the
remaining 25% (3 patients), the reason for not
having undergone adjuvant RT was not traceable.

The overall 10-year survival rates in our series
was 30.7%, which is consistent with the current
literature.23 Amelot et al47 found that spine surgical
prognosis scores are not accurate in MM patients.
Of the several survival prediction scores, only the
Tomita score showed a significant correlation in our
study. Ambulatory status (ECOG, KPS) was not
found to be associated with OS, although the
literature states that postoperative ambulation is a
positive prognostic factor.48–51 However, we ob-
served that any neurological deterioration was
strongly associated with worse survival, especially
in the presence of motor deficit or bowel/bladder
dysfunction. The percentage of postoperative neu-
rological recovery varies widely in the literature,
where some report drastic improvement6,16,26,27,52

and others observed modest recovery.47,53,54 In our
study, neurological function (ASIA) remained
unchanged in 15 of our patients who presented with
or without neurological deficit, improved in 2, and
worsened in 7.

Perioperative complications in spinal tumor
surgery are relatively high with an average of
26.9% (range: 5.3%–76.2%),55,56 where SSI repre-
sents one of the most common ones.56–58 The exact
incidence of SSI following spinal tumor surgery
averages 10.22% (range: 3.51%–20%).56,58 Park et
al59 and Menendez et al60 have mentioned that
patients with MM are at an increased risk for early
postoperative complications following surgical
treatment. In our study, we recorded complications
over a relatively longer period of 3 months and
observed that 83% of patients encountered early
postoperative complications. Twenty-one percent of
our patients experienced surgical-related (SSI [17%]
and cement extrusion [4%]) complications. In the
literature, several risk factors have been proposed
for SSI.56–58 We observed no obvious factors
predisposing to infective complications (ie, RT/
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AMD therapy, higher number of instrumented
levels, diabetes, or use of steroids). However, we
observed that patients undergoing emergency sur-
gery developed more infective complications than
those undergoing elective surgery (P¼ .0523).

Tumor recurrence in MM patients ranges be-
tween 6% and 11% in the literature.54,61 We
observed local tumor recurrences in 8% (2/24)
within 1 year postoperatively. Both of them had
received RT between 6 and 8 weeks after surgery,
which is much later compared to an average of 3.3
weeks among those patients without recurrence. The
National Comprehensive Cancer Network guide-
lines suggest that the time gap should not exceed 6
weeks between surgery and the commencement of
adjuvant RT.62

Limitations

The major limitation of our study is the small
sample size, which made multivariate analysis not
appropriate. The small sample size may be attribut-
ed to the small number of MM patients who qualify
for surgery. Other limitations include the retrospec-
tive study design and the lack of a nonsurgical study
control group. We have derived most of our
understanding of epidemiology and outcomes of
MM based on small case series and existing
literature. We have compensated for this limitation
by following up with our patients for a median of 7
years, which is relatively longer than most studies in
the literature.24,27,63–66

CONCLUSIONS

In our study, we observed that a sudden onset of
neurological deterioration had led predominantly to
surgery. Our patients benefited from surgical
treatment in terms of good short- and long-term
pain reduction. There were no obvious factors
predisposing to infective complications. Neurologi-
cal deterioration, especially in the presence of motor
deficit or bowel/bladder dysfunction, significantly
reduced OS. We thus conclude that surgery is a
valuable option for MM patients with SIS who
present with rapid neurological deterioration with
or without SCC and/or mechanical instability.
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