Review Article

Lesions of the spinal cord caused by multiple myeloma:
A systematic review and meta-analysis regarding the
neurosurgical aspects of patient management

ABSTRACT

Background: Multiple Myeloma is a B-cell malignancy which can cause variety of lesions of the spine and spinal cord. The management
of patients with spinal cord compression (SCC), and the efficacy and security of minimally invasive therapeutic approaches, are the main topics

of discussion.

Methods: To systematically review the scientific literature on neurosurgical aspects of MM spinal cord lesion management, a search was
conducted among scientific papers in the databases ScienceDirect, Cochrane Library, and PubMed using keywords and Boolean operators.
These comprise MM and lesions of the spine and spinal cord. Each database was searched from the earliest available article to January 2017.
Results: According to the literature, low-dose radiotherapy, antimyeloma medications, and bisphosphonates comprise the mainstay management
for symptomatic spinal lesions. The decision to operation is based on presence of myelopathy and degree of spinal cord compression.
Conclusions: As a result of the analysis, the following conclusions may be drawn: (1) surgery is a valuable option for MM patients with
symptomatic spinal involvement who experience rapid neurological deterioration with SCC and/or mechanical instability and (2) it is important
to ensure that the benefits of surgical treatment outweigh the risks, as patients with MM are susceptible to infections.
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INTRODUCTION

Multiple myeloma (MM) is a B-cell malignancy characterized
by the clonal proliferation of neoplastic plasma cells in the
bone marrow and is clinically manifested by bone lesions,
hypercalcemia, renal dysfunction, and anemia.l'l MM
accounts for 1%-2% of all malignancies and is the second
most common hematological malignancy immediately after
non-Hodgkin’s lymphoma. MM is diagnosed at an average
age of 69 years? and currently has an incidence of 6.6 cases
per 100,000 population.®! There are very few population
studies on the incidence of MM in Russia and the Dominican
Republic. However, in general, both on a regional and
international basis, an increase in the incidence of MM is
observed as a result of an increase in the life expectancy of
the population.™
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With the advent of proteasome inhibitors, immunomodulatory
drugs, and monoclonal antibodies, the overall survival of
patients with MM has improved significantly. However,
despite significant advances in the treatment of patients
with MM, most patients eventually experience relapses and
complications.’! Many aspects of the treatment of MM are
within the competence of the oncologist and hematologist.
However, in some cases, neurosurgical care is required. Thus,
spinal injury occurs in about 70% of patients with MM.I®l At
the same time, the development of osteolytic foci can lead to
pathological fractures, which are present in more than 50% of
all patients with MM, which further leads to spinal instability
and neurological disorders. Spinal cord compression (SCC)
occurs in approximately 10% of all patients with MM.7#!

In connection with the foregoing, the purpose of this article
was to analyze the management of patients with lesions of
the spine and spinal cord in MM. The meta-analysis aimed
to determine the efficacy and safety of kyphoplasty and
vertebroplasty in the treatment of pathological vertebral
fractures in patients with MM.

MATERIALS AND METHODS

To systematically review the scientific literature on neurosurgical
aspects of the management of patients with lesions of the spine
and spinal cord in MM, a search was conducted among scientific
papers in the ScienceDirect, Cochrane Library, and PubMed
databases using keywords encompassing MM and lesions of
the spine and spinal cord. Each database was searched from the
earliest available article to January 2017.

The search process for scientific papers for meta-analysis
was conducted on the basis of two main resources: PubMed
and Cochrane Central Register of Controlled Trials [Figure 1].

The following keywords were used to build a search strategy:
spine, pathological fractures, neurological deficit, SCC,
surgery, complications, MM, and myeloma. In addition, the
authors expanded the analysis for the literature by manually
searching the literature lists of relevant articles. The included
studies had to meet the following criteria:

e Patients with lesions of the spine and spinal cord in MM
* Patients over the age of 18 years

*  Performed surgical treatment

e Complications have been reported

*  One or more outcomes were reported.

RESULTS

A review of the scientific literature revealed, according to a
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) protocol outlining the systematic review and meta-
analysis flowchart of this article

study in a prospective population of 361 patients who were
treated for spinal MM lesions between January 2014 and
2017, over a period of around 60 months, where it was shown
that the condition of the spine in the MM does not influence
survival. Therefore, we have to take into account the prognostic
factors present before surgery, which are the International
Staging System (ISS) score, immunoglobulin G, and the systemic
treatment of the disease. MM is a highly heterogeneous disease
with an overall survival of more than 10 years.

According to another relevant study, an international Phase 3,
double-blind, double-dummy, randomized, active-controlled
study of patients from 259 centers and 29 countries was
conducted on patients aged 18 years or older with MM. One
thousand seven hundred and eighteen patients between 2012
and 2016 were assigned a total of 859 for each treatment
group. According to the study, the drug of choice was
denosumab, which was not inferior to zoledronic acid in the
elapsed time of the choice. One thousand seven hundred
and two patients in another group were administered the
lowest dose of the investigated drug and included in the
assured analysis. Eight hundred and fifty were administered
denosumab and 852 zoledronic acid. The most common
adverse effects with denosumab and zoledronic acid were
neutropenia, anemia, thrombocytopenia and pneumonia.

The spinal lesions, if symptomatic, are treated primarily with
a combination of low-dose radiotherapy, antimyeloma drugs,
and bisphosphonates.” The decision to operate is made on
the basis of the neurological status of myelopathy and degree
of SCC, tumor chemo-radiosensitivity, mechanical instability,
and the degree of systemic and concomitant diseases. In
general, due to the lack of scientific data, the indications for
surgical intervention in patients with MM with symptomatic
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Type 2

Figure 2: Sagittal magnetic resonance imaging T1 according to the types of fractures. The stars show the postoperative fractures. (a) Osteoporotic fracture Type
1 fracture, osteoporotic type. Note the high intensity of the T1 signal, preserved according to the fractured vertebral body. There is no focal intervertebral
lesion and there is no evidence at the pedicle level of epidural or paraspinal involvement. (b) Traumatic fracture Type 2 fracture, uncertain of underlying
injuries. There was no focal, epidural, or paraspinal lesion in the treated vertebral body. (c) Myelomatous fracture Type 3 fracture, clear evidence of a

myelomatous lesion within the vertebral body

spinal lesions remain controversial, while the standards of
surgical treatment have yet to be established.!""!

According to the studies, a rapid neurological deterioration
with or without SCC (61%) is the main indication for urgent
surgical decompression. The second most common indication
for surgery is mechanical instability (35%), in which patients
suffer from moderate to severe pain and have a Spinal
Instability Neoplastic Score of 9-13.5!

DISCUSSION

According to the authors, it should be noted that acute
SCC requires emergency medical care within 24 h after
diagnosis.!"""*l The goals of treatment are to prevent further
neurological damage, preserve motor function, and relieve
pain. All patients are given a loading dose of corticosteroids
as first-line therapy. Radiation therapy may be the primary
treatment if SCC is caused by a plasmacytoma, with surgery
only needed if the spine is unstable or the compression is
caused by bone fragments from a vertebral body fracture.
Chemotherapy and targeted therapy can be used in patients
with minimal neurological dysfunction. Surgery can be
thought of as an immediate alternative to pain relief as
radiotherapy may take several days to many weeks to have
a positive effect.'" The study shows that decompressive
surgery combined with radiotherapy is also preferred
over radiotherapy alone for the management of SCC
patients.!3 Patients with SCC and no loss of neurological
function may not require surgery and can be managed with
chemoradiotherapy and corticosteroids.” Another study
showed that partial resection of plasmacytoma followed
by chemotherapy appears to be an effective treatment for
SCC associated with MM due to fewer complications. The
percentage of postoperative neurological recovery varies
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Figure 3: OR lesions of the spinal cord caused by multiple myeloma studies

widely in the literature, with some reporting dramatic
improvement.l'®I Others report moderate recovery, and
the data vary due to different patient populations.!'”! Before
surgery, complications in spinal tumor surgery are relatively
high, from 5% to 76% (mean: 26.9%), where surgical site
infection is one of the most common." The incidence of
surgical site infection after spinal tumor removal surgery
ranges from 3.51% to 20% (median: 10.22%).1"*!

It should be noted that patients who undergo emergency
surgery develop more infectious complications than patients
who undergo elective surgery for tumor removal. The
recurrence in patients with MM surgery ranges from 6%
to 11%.P It should be noted that balloon kyphoplasty and
vertebroplasty are widely used and give positive results in
the treatment of painful vertebral compression fractures
associated with MM. However, the role of minimally invasive
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surgery (MIS) in the treatment of myeloma lesions of the
spine remains unclear and the need for it is controversial. The
dynamics of pain syndrome and complications post-MIS20-24
are presented in Table 1.
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Figure 4: Bias risk summary

Thus, vertebroplasty and kyphoplasty are safe and effective
procedures in the treatment of pathological fractures of the
vertebral bodies in patients with MM. The effectiveness of
pain reliefwas evaluated. In total, we identified 3 studies/?'->*2"!

that met our selection criteria [Figures 2-4 and Table 2].P%-34

In general, these studies were free of detection, attribution,

and reporting errors.

However, performance bias and selection bias were observed

Figure 5.
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Figure 5: The total risk of bias

Table 1: Dynamics of pain syndrome postminimally invasive surgery

Authors Number of patients Complications P
Garland et al. 26 - <0.003
Chen et al. 24 Of 24 patients, 4 had a cement leak <0.05
Berenson et al. 70 Back pain (4 out of 70) and symptomatic vertebral fractures (2 out of 70). One patient <0.0001
in the kyphoplasty group had non-Q-wave intraoperative myocardial infarction
Tancioni et al. 1 In 3 cases out of 11, there was a cement leak <0.05
McDonald et al. 67 <0.0001
Table 2: Comparative studies of patients with spinal cord multiple myeloma
Authors/years Types of study Cl 95% total P
Ly et al., 2023 Prospective HR: 0.748, 95% Cl: 0.318-1.759/HR: 2.753, 95% Cl: 1.230-6.130 0.4
Raje et al., 2018 RCT phase 3 study HR: 0.98, 95% CI: 0.85-1.14 0.14
Morgan et al., 2011 RCT OR: 1.1, HR: 0.74, 95% CI: 0.62-0.87 0.04
Lonial et al., 2020 RCT phase 3 study HR: 0.28, 95% Cl: 0.12-0.62 0.02
Koreth et al., 2007 RCT OR: 3.01, 95% Cl: 1.64-5.50/HDT: 0.92 (95% CI: 0.74-1.13) 0.01
Mhaskar et al., 2017 RCT HR: 0.90, 95% Cl: 0.76-1.07/RR: 1.23, 95% Cl: 0.95-1.59 0.04
Mikhael et al., 2023 RCT A ratio of <0.26 indicates a lambda clone and a ratio of >1.65 0.03
suggests a kappa clone 48
Li et al., 2018 RCT HR: 0.59, 95% Cl: 0.54-0.64, 0S: HR: 0.93, 95% CI: 0.87-1.00 0.001

RCT - Randomized controlled trial; HR - Hazard ratio; Cl - Confidence interval; OR - Odds ratio; RR - Risk ratio; HDT - High dose therapy; OS - Overall survival

Table 3: Meta analysis results:Vertebroplasty/kyphoplasty/conservative treatment

Vertebroplasty Kyphoplasty Conservative treatment
Study or Events Total Events Weight 0dds ratio 95%, CI
subgroup M-H

Berenson J et al. 26 68 14 60 29.3% 2.03[0.94, 4.41]
Malhotra K et al. 47 84 48 94 50.2% 1.22[0.67, 2.20]
Yang Z et al. 25 38 18 38 20.5% 2.14[0.85, 5.39]
Total (95% CI)

Total events: 190 192 100.0% 1.59[1.05, 2.41]

Heterogeneity: tau2=0.0; Chi?=1.57, df=2 (P=0.46); I =0%. Test for overall effect Z=2.17 (P=0.03). Test for subgroup differences: Not applicable
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Figure 6: Kaplan—Meier survival curve showing magnetic resonance imaging patterns of the spine. Patients show various prognoses, (a) Progression-free

survival and, (b) Overall survival

Figure 6 shows overall survival and prognosis of patients
treated for multiple myeloma.

Total subgroup differences are not applicable.*?

As we can observe, in general, there is a bias in favor of
vertebroplasty and kyphoplasty relative to conservative
treatment (P = 0.03) Table 3. However, only two of these
studies were randomized controlled. Concurrently, in general,
there is a lack of high-quality studies evaluating the role of
MIS in the treatment of myeloma lesions of the spine.

CONCLUSIONS

As a result of the analysis, the following conclusions may

be drawn:

1. Surgery is a valuable option for MM patients
with symptomatic spinal involvement who
experience rapid neurological deterioration with SCC
and/or mechanical instability

2. It is important to ensure that the benefits of surgical
treatment outweigh the risks, as patients with MM are
susceptible to infections

3. Vertebroplasty and kyphoplasty are safe and effective
procedures in the treatment of pathological fractures
of the vertebral bodies in patients with MM

4. Low-dose radiation therapy with antimyeloma drugs and
bisphosphonates is recommended

5. The drug of choice denosumab is recommended over
zoledronic acid

6. Decompressive craniotomy plus radiotherapy is
recommended in the presence of plasmacytoma rather
than radiotherapy alone.
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