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Efficacy of percutaneous vertebroplasty for the
relief of osteoblastic spinal metastasis pain
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Abstract. The aim of the present manuscript was to retrospec-
tively evaluate the efficacy of fluoroscopy-guided percutaneous
vertebroplasty (PVP) for the relief of osteoblastic spinal metas-
tases pain. PVP was performed in 39 consecutive patients with
82 osteoblastic metastatic spinal vertebras. 19 vertebras had
pathologic compressive fracture and the other 63 vertebras had
no compressive fracture with obvious imaging abnormalities.
The ages of the patients ranged from 40 to 77 years with a
mean age of 58.5+9.0 years. Visual analog scale (VAS) and
QLQ-BM?22 score were used to evaluate pain and quality
of life at 2 days pre-operation and at 1 week and 3 months
post-operation. Among all 82 vertebras, 35 vertebras had
been injected bilaterally and the other 47 vertebras unilater-
ally. The amount of cement injected per lesion ranged from
0.5 to 4.5 ml with a mean volume of 1.6+0.8 ml. Cement
deposition in all lesions was uniform. The patients were
followed up from 3 to 15.5 months with a mean follow up time
of 5.6+3.4 months. Mean VAS score declined significantly
from preoperative 4.3+2.4 to postoperative 3.0+1.7 at 1 week
and 2.4+2.0 at 3 months after the procedure (P=0.001). Mean
QLQ-BM22 score declined significantly from preoperative
49.1£12.3 to postoperative 42.4+9.5 at 1 week and 39.6+£10.4
at 3 months after the procedure (P<0.001). Extraosseous
cement leakage occurred in 21 vertebras of 13 cases and in
1 case into the thoracic vertebra canal without causing any
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clinical complications. No further procedures were performed
after leakage. PVP is an effective treatment for painful osteo-
blastic spinal metastases. It can relieve pain, reduce disability
and improve function. The main complications are bone
cement leakage and incomplete pain relief.

Introduction

Bone metastasis is a serious and costly complication of cancer
and is usually incurable (1). Approximately 70% of patients
with advanced breast and prostate cancers and up to 30-40%
of patients with advanced lung, thyroid and kidney cancer
develop bone metastasis (2). Bone metastases may be charac-
terized as osteolytic or osteoblastic lesions (1). Breast cancer
usually forms osteolytic lesions, and 15-20% of patients with
bone metastases develop osteoblastic lesions (1). By contrast,
patients with prostate cancer more often develop osteoblastic
lesions. Patients with multiple myeloma develop only osteo-
lytic lesions.

Spinal metastases, which are observed in 60-70% of
patients with systemic cancer, can cause severe pain (usually
in 90-95% of patients with metastases), pathologic fractures,
life-threatening hypercalcemia, spinal cord compression and
poor quality of life (3). The goals of treating spinal metastasis
are pain relief and spinal stabilization. Treatment selection
is affected by numerous factors, including survival predic-
tion, patient health, the number and localization of involved
vertebrae and the degree of expansion of the spinal metastasis
to the surrounding tissue. It is recommended to start spinal
metastasis treatment within 14 days of symptoms being
reported in cases where pain is the only symptom (3). Surgery,
chemotherapy and radiotherapy may be undesirable treatment
options, as duration of the required postoperative hospital stay
may last much of the patient's remaining life expectancy (4).

Percutaneous vertebroplasty (PVP) and percutaneous
kyphoplasty (PKP) are both minimally invasive techniques
where polymethylmethacrylate (PMMA) is injected in the
vertebral body under X-ray or CT guidance. PVP had been
demonstrated to be an economical and effective procedure
in controlling pain (usually in 74-100% of patients) and
preventing further vertebral collapse in spinal metastases and
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also allows for percutaneous biopsy (3,5,6). Although PVP
has been widely used in treatment of osteolytic metastases,
there have been a few reports on the effect of PVP in painful
osteoblastic metastatic spinal lesions (7-10).

In the present study, the clinical data of patients treated
with PVP following painful osteoblastic spinal metastases
were retrospectively analyzed.

Materials and methods

Study design. The present study is a retrospective analysis of
data obtained from 39 consecutive patients with 82 osteoblastic
vertebras who developed painful spinal metastases. These
patients were referred to the Department of Orthopedics of the
Cancer Hospital of the Chinese Academy of Medical Science
between August 2017 and February 2019.

Inclusion and exclusion criteria. Patients had to meet the
following inclusion criteria: i) Diagnosed with cancer; ii) aged
18-80 years; iii) clinical and imaging evidence (MRI or CT)
of vertebral metastases in the cervical, thoracic, lumbar or
sacral segments; iv) osteoblastic appearance of metastases and
excruciating pain corresponding with specific vertebral levels,
despite pharmacological treatment, or adverse effects related
to opioids (constipation, urinary retention and/or confusion),
or opioid tolerance developed in patients with controlled
pain; v) patients treated with spine radiotherapy or waiting
to receive radiotherapy sessions; vi) expected survival time
>3 months; and vii) vertebral fractures without posterior wall
disruption, or fractures with posterior wall disruption but no
epidural involvement.

Exclusion criteria included patients with: i) Clinical signs
of spinal cord compression or cauda equina syndrome; ii) frac-
tures with epidural involvement and contact with spinal cord
or nerve roots; iii) complete vertebral destruction; iv) posterior
arch involvement and v) local infection at the puncture site
or septicemia. Relative contraindications included transient
chemotherapy-induced hematologic anomalies, including
leucopenia (<2.5x10%/ul), thrombocytopenia (<100.0x10°/ul)
and c) elevated international normalized ratio >1.5. Only those
patients whose abnormalities had resolved underwent PVP.

Clinical information was obtained through electronic
medical records while imaging was obtained from the hospital
picture archiving and communication system. CT or MR
images were evaluated. Data including primary tumor site,
age of spinal metastases, date of the procedure, modality of
associated chemotherapy and radiotherapy, pain assessment of
spinal metastases, vertebral level treated, technical incidents
and details of complications, such as patients drop out from
follow-up were recorded.

The visual analogue scale (VAS) score was used to evaluate
pain intensity before PVP procedures and at 1 week and 3 months
after the procedure. The VAS assesses pain level on a scale of
0-10, with 0 being no pain and 10 indicating the worst pain (11).
To assess quality of life the EORTC QLQ-BM22 module was
used, which contains 22 items conceptualized into symptom
scales (five painful sites and three pain characteristics) and func-
tional scales (eight functional interference) and six psychosocial
aspects (12). QLQ-BM?22 scores were recorded by the attending
oncologist before PVP and at 1 week and 3 months after PVP.

The technique of PVP has been described in detail
elsewhere (13,14) and official guidelines have also been
published (15,16). PVP involves a biopsy through a trans-
pedicle approach and the injection of polymethylmethacrylate
(PMMA) into the vertebral body. All PVP procedures were
performed by senior orthopedists with >10 years of experi-
ence of performing the PVP procedure, always using a
digital subtraction angiography unit with a C-arm (Angiostar,
Siemens). The patient was under conscious sedation in combi-
nation with local anaesthesia with lidocaine 1% at pedicle
levels (transpedicular approach) administered by fluoroscopic
guidance. General anaesthesia with orotracheal intubation was
used when the patient was unable to be in the prone position,
as well as when the anesthesiologist considered it necessary.
The bone needle (11-13G; WEGO, Inc.) was used to slowly
puncture the anterior one third of the vertebral body through
a posterior transpedicular approach under fluoroscopic guid-
ance. The trocar was removed and a biopsy device placed to
obtain a bone core. Then the polymethyl methacrylate (PMMA)
cement (SimplexP; Howmedica Osteonics Corporation) was
injected into the cavity within the vertebral body avoiding
the osteoblastic lesion. The injection process was monitored
continuously under fluoroscopy in the lateral plane. Injection
was stopped when substantial resistance was met or when the
PMMA cement reached the posterior margin of the vertebral
body.

At the end of the procedure the presence of cement leakage
to the vertebral disk, anterolateral, lateral, foraminal and
epidural veins, paravertebral plexus, vena cava, intercostal
arteries, soft tissue or spinal canal was recorded. All compli-
cations were recorded in the database, including haematoma,
radicular pain and pulmonary embolism due to cement migra-
tion and settlement in the pulmonary vasculature (confirmed
by CT in all suspicious cases).

Statistical analysis. Descriptive statistical analysis was
performed on all assessed variables. VAS was evaluated preop-
eratively and at 1 week and 3 months after the surgery. Quality
of life (QOL) was evaluated with QLQ-BM?22 score (12) in
the studied population before the surgery and at one week
and 3 months after the surgery. All statistical analyses were
performed using SPSS for Windows version 22.0 (SPSS,
Inc). Data are presented as the median + SD for the VAS and
QLQ-BM?22 score at different time points. The Wilcoxon
signed rank test was used to compare the median VAS and
QLQ-BM?22 scores at the different study time point after
surgery versus pre-operation. P<0.05 was considered statisti-
cally significant.

Results

PVP was performed for 39 consecutive patients with 82 osteo-
blastic metastatic spinal vertebras, of which 19 vertebras had
pathologic compressive fracture sand the other 63 vertebras
had no compressive fracture with obvious imaging abnormali-
ties. Among all 82 vertebras, 35 vertebras had been injected
bilaterally and the other 47 vertebras unilaterally. The patients
were 19 males and 20 females with a mean age of 58.5 years
(age range, 40-77 years; Figs 1-3). The postoperavie patho-
logical diagnoses of spinal metastases were all malignant: 14
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Figure 1. Case 1. (a and b) A 78-year-old male patient with an isolated osteoblastic spinal metastasis in the 3rd lumbar vertebrae after prostate cancer treatment.
(c and d) After treatment with percutaneous vertebroplasty, at 3 months the visual analogue score decreased from 5 to 2, and QLQ-BM22 score decreased

from 55 to 34.

B

Figure 2. Case 2. A 57-year-old female patient with (A) multiple osteoblastic spinal metastasis (B) in T12, (C) L1 and (D) L3 vertebras after 2-years' treat-
ment for lung cancer. After the treatment with percutaneous vertebroplasty the 3 month visual analogue score decreased from 6 to 1, and QLQ-BM22 score

decreased from 73 to 51.

with lung cancer, 10 with breast cancer, 4 with kidney cancer,
4 with colon cancer, 1 with esophageal cancer, 1 with gastric
cancer, 1 with ovarian cancer, 1 with prostate cancer, 1 with
salivary gland carcinoma and 2 with unknown malignan-
cies. The amount of cement injected per lesion ranged from
0.5 to 4.5 ml with a mean volume of 1.6+0.8 ml. Cement
deposition in all lesions was uniform.

The patients were followed up from 3 to 15.5 months with
a mean follow up time of 5.6+3.4 months. Mean VAS score
declined significantly from preoperative 4.3+2.4 to postop-
erative 3.0+1.7 at 1 week (P=0.009) and 2.4+2.0 at 3 months
after the procedures (P=0.002; Fig. 4). Mean QLQ-BM?22

score declined significantly from preoperative 49.1+12.3 to
postoperative 42.4+9.5 at 1 week (P=0.001) and 39.6+10.4
at 3 months after the procedure (P<0.001; Fig. 5). Extraosseous
cement leakage occurred in 21 vertebras of 13 patients and
in 1 case into the thoracic vertebra canal without causing any
clinical complications. No further procedures were performed
after leakage.

Discussion

Patients with bone metastases are at risk of suffering due to severe
symptoms such as bone pain and life-threatening hypercalcemia,
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Table I. Reports forcusing minimally invasive surgery in osteoblastic spinal metastasis.

Minimally ~ Cohort Size

invasive @~ o—— Lesion site Primary tumor Follow-up
Author Year surgery Case Control  (cement volume) (number) duration  Assessment
Murphy et al (7) 2007 PVP 1 0  TI10 (Not mentioned) Breast cancer (1) 3 years None
Chen et al (39) 2011 PVP 4 0  Thoracic and lumbar Lung (2), 14-24 weeks VAS

vertebra (2.2-3.5 ml) Prostate (1) and
Pancreatic (1) Cancer
Chen et al (41) 2013 PKP 6 0  Thoracic and lumbar Lung (2), breast (2), 16-96 weeks VAS, ODI
vertebra (3.3+1.0 ml) liver (1) and
prostate (1) cancer

Yang et al (8) 2013 PVPand '®I 50 50  Thoracic (2.8 ml) and Lung (20), 6 months-5 VAS ECOG
Iumbar (3.1 ml) breast (19), prostate years (QLQ-C30)
vertebra (10) and colon

(1) cancer

Chihetal (9) 2016 PVP 1 0 L2(Gml Pancreatic 1 year VAS ECOG
Cancer (1)

Tian et al (10) 2016 PVP 39 0  Thoracic and lumbar Lung (15), 3-30 months KPS

vertebra (2-5 ml) prostate (11) breast (9),
liver (3), and colon (1)
cancer

PVP, percutaneous vertebroplasty; VAS, visual analogue score; ECOG, Eastern Cooporative Oncology Group; KPS, Karnofsky Performance
Score, ODI, Oswestry Disability Index.

A

Figure 3. Case 3. A 54-year-old male patient with (A) multiple osteoblastic spinal metastasis (B) in T11, (C) L1 and (D) L3 vertebras after 1-years' treatment for
lung cancer. 3 months after the treatment with percutaneous vertebroplasty t, visual analogue score decreased from 6 to 2, and QLQ-BM22 score decreased
from 57 to 36.

pathological fracture, neurological deficit and epidural spinal  relief by minimally invasive surgery to improve patient quality of
cord compression (17,18). Therefore, providing appropriate pain life is of importance and also a major challenge for these patients.
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Figure 4. Mean VAS scores. The mean VAS scores declined significantly from preoperative 4.3+2.4 to postoperative 3.0+1.7 at 1 week and 2.4+2.0 at 3 months
after the procedure (P=.001). Pain relief increased gradually with time. VAS, visual analogue score.
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Figure 5. Mean QLQ-BM22 scores. The mean QLQ-BM22 scores declined significantly from preoperative 49.1+12.3 to postoperative 42.4+9.5 at 1 week and
39.6+10.4 at 3 months after the procedure (P<0.001). Quality of life increased gradually with time.

Bone metastases can be characterized as osteolytic or
osteoblastic lesions (1). These classifications represent two
extremes of a continuum in which dysregulation of the normal
bone remodeling process occurs (19). In addition, secondary
formation of bone occurs in response to bone destruction. The
mechanisms of osteoblastic metastasis and the factors involved
are unknown. Previous research (11,20,21) has suggested that
blocking osteoblast-stimulating activity by tumor cells may
decrease tumor growth and osteoblast activity, which suggests
that a cycle may be involved in osteoblastic metastasis in which
tumors induce osteoblast activity and thus the subsequent
release of growth factors from these osteoblasts that increase
tumor growth.

The histology of the tumor-bone interface in both
humans and mouse models of tumor bone colonization
reveals much about the cellular content and context of the
bone marrow in the presence of metastatic tumor cells (22).
Endothelin-1 (20), platelet-derived growth factor (23), uroki-
nase (24) and prostate-specific antigen (PSA) (25) have been
identified to be involved in osteoblastic metastasis process.
Bone metastases caused by prostate cancer are commonly
osteoblastic, with levels of bone-resorption markers higher
in patients with these metastases than in patients without
bone metastasis. The extent of bone metastasis in these
patients is more accurately measured in these patients by
bone-resorption markers than the PSA level (26). It is still
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unclear whether bone resorption precedes bone formation
in the development of osteoblastic metastases. The antios-
teolytic action of drugs, including bisphosphonates (27), has
led to the evaluation of their use in prostate cancer, which
demonstrated their efficacy in patients with hormone-refrac-
tory metastatic prostate cancer (28). Bone-protection agents,
including bisphosphonates and denosumab (29,30), lead to a
reduction in osteoclastic activity and induction of apoptosis,
inhibiting bone resorption as well as inhibiting tumor cell
adhesion to bone (18). This could ultimately control pain
relief, even in osteoblastic metastasis (18,31). Emerging
agents targeting osteoblasts, such as romosozumab, can
activate bone formation (32). These drugs may improve
bone formation and indirectly be involved in osteoblastic
metastatic processes.

Patients with spinal metastases are highly likely to
achieve significant improvements in pain control and
reduced pain-related disability through minimally-invasive
surgery (33-35). Previous reports published on minimally
invasive surgery in spinal metastasis were largely focused
on osteolytic metastasis. Improvements in preoperative
definable vertebral collapse (36) and postoperative pain
relief and QOL were demonstrated (33). Both PVP and
PKP are effective, and no difference could be found in their
relative effectiveness (37,38). PVP could achieve pain relief
and improvement of life quality of patients with multiple
myeloma spinal metastasis (33). Concerning the subsequent
cost dure to the care requirements and serious clinical
consequences of spinal metastasis, the use of PVP could
be a cost-effective strategy at commonly accepted willing-
ness-to-pay thresholds (35). The mechanism of pain relief
by PVP in vertebral compressive fracture is that PMMA
mechanically stabilizes the vertebral body and its fragments
causing an exothermic reaction during the polymerization
of the cement and a neurotoxic effect to the surrounding
micronerves (4). Considering the rarity of local recurrence
of metastatic tumors after PVP, it has been hypothesized
that PVP may have an antitumoral effect by the space occu-
pying effect and the vascular structure destruction related to
PMMA (4).

Although PVP has been widely used in treatment of
osteolytic metastases, few published reports are focused on
osteoblastic metastasis (7-10,39-41) (Table I), the findings of
which are summarized here. In 39 consecutive patients with
51 osteoblastic metastases, vertebroplasty could relieve pain,
reduce disability, and improve function (10). Immediate pain
relief was achieved in 4 patients with painful osteoblastic
spinal metastases (39). A total of 86% of patients with
osteoblastic metastases experienced pain relief up to 92%
at 6 months after PVP procedure (40). A contralateral unipe-
dicular approach was suggested to access the vertebral body
and strengthen the nonblastic side of the metastasic vertebra
body, which might lead to bone pain relief (7). In 6 patients
with painful osteoblastic metastases, pain relief and func-
tion improvement was been achieved after PKP procedure
without any complications (41). A combination of PVP and
15T implantation was conducted for 50 patients with spinal
osteoblastic metastases, which showed clinical efficacy with
immediate pain relief, QOL improvement and reduction of
paraplegia occurrence (8). However, the PVP attempt failed

in a patient with a painful lytic vertebral fracture related
to a lung cancer spinal metastasis under medical treatment
with denosumab, which induced a fast and marked sclerotic
response on vertebral bodies that may not be accompanied
by a satisfactory improvement in pain control (42). These
findings raised the question of the optimal treatment order
and the best timeframe for combination of PVP and bone
protection agents in patients with painful spinal metastases.

Pain relief. The treatment choices available for painful
metastases are varied (5). The Dutch National Guideline
noted that surgical techniques range from minimally invasive
options to en bloc resection of the segments affected by spinal
metastases (3). The injection of bone cement may stabilize
the vertebrae and prevent further collapse of the osteoblastic
vertebral body. In osteobalstic metastasis, it also hypothesized
that the asymmetry of vertebral oeteoblastic compressibility
might result in shear stress fractures causing pain, which could
be equalized by vertebroplasty into the nonblastic side (7). A
meta-analysis with 26 studies involving 1,351 patients with
PVP treatment for spinal tumors demonstrated that PVP
was significantly associated with pain relief and life quality
and could improve outcomes in these metrics in metastatic
spinal tumor patients (34). It is hypothesized that pain relief
in osteoblastic metastasis following bone cement application
is related not only the reinforcement of the vertebra, but also
to chemical and thermal effects of the cement compound,
which may damage sensory nerve endings and kill the tumor
cells (4,39.41).

Pain scores are classified as follows: VAS 1-4, mild pain;
5-8, moderate pain; and 9-10 as severe pain (43). Previous
studies of osteoblastic spinal metastases showed postopera-
tive pain relief. It has been reported that a VAS score decline
could be found after PVP from preoperative 7.4+1.1 to post-
operative 2.5+0.9 at 3 days and 2.1+1.1 at 1 month, 2.0+1.1
at 3 months (10), which suggested pain score was reduced
from moderate to mild at 3 months after the operation. In a
patient with painful osteoblastic pancreatic spinal metastases,
a VAS scores decline could be found after PVP from preopera-
tive 9-10 to postoperative 3-4 at follow-up after <1-year (9),
which suggested pain was reduced from severe to mild. In
4 patient with painful osteoblastic spinal metastases, a VAS
score decline could also be found after PVP from preoperative
8.5+0.6 to postoperative 1.5+0.6 at on month, which suggested
a pain score reduction from severe and moderate to mild. In
the present study, the VAS score declined significantly from
preoperative 5.0+2.8 to postoperative 3.0+1.7 at 1 week and
2.4+2.0 at 3 months (P<0.001), which suggested a pain reduc-
tion from moderate to mild. Minimally invasive procedurse
for the stabilization of both osteoblastic and osteoclastic spinal
metastases, could achieve statistically significant pain relief,
function improvement, preventing further local kyphotic
deformity, and vertebra body height (40,44).

For patients with advanced cancer who have developed
bone metastases, increased life expectancy has made metas-
tases more observable, which has resulted in a change in
treatment strategy from curative to palliative (33). Minimally
invasive procedures performed after spinal metastases,
including vertebroplasty and kyphoplasty, could signifi-
cantly improve the patient's QOL (33). Questionnaires for
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this group of patients should be brief while still including
the most important QOL issues so as not to burden the
patient (45). In 2009, Chow er al (12) developed a compre-
hensive HRQOL measurement tool for patients with bone
metastases. The EORTC QLQ-BM22 module contains 22
items conceptualized into both symptom scales, with five
painful sites and three pain characteristics, and also func-
tional scales, with eight functional interference and six
psychosocial aspects (12). Compared with BOMET-QOL,
QLQ-BM22 gives a more in-depth analysis of symptoms
and well-being and includes issues such as mobility, side
effects, complications and dependency for patients with bone
metastases (46). The BOMET-QOL is shorter and gives an
overall assessment of pain and mobility. Both questionnaires
have been determined to be valid and reliable. In the present
study QLQ-BM22 was used to measure the QOL of patients
with bone metastases.

A relatively high rate of cement leakage occurred in 21/82
(25.7%) vertebras and 13/39 (33.3%) patients, of which 2/39
(5%) patients experienced leakage into the vertebral canal.
The two patients presented with the immediate complication
of radicular pain, of which one resolved within 3 days, and
the other one within two weeks following treatment with oral
medication. No mortality episodes, such as cement related
pulmonary embolism, were recorded during the present study.
These data suggested that no severe systemic complications
occur following PVP in patients with osteoblastic spinal
metastases.

The present study reported technical incidents related to
cement leakages, but otherwise patients were asymptomatic
in the immediate and follow-up post-PVP, similar to those
reported by other authors. In a study with 39 consecutive
patients with 51 osteoblastic metastatic spinal lesions, extraos-
seous cement leakage occurred in 15 cases without causing
any clinical complications (10). In osteoporotic vertebral
compression fractures, the most frequently reported complica-
tion of PVP was cement leakage, occurring in up to 75% of
patients (47) and is usually asymptomatic (3). Low viscosity,
a larger quantity of injected PMMA and greater cortical
destruction of the vertebra seem to increase the risk of cement
leakage (3).

The high number of cement leakages recorded in the
present study could be explained by the following: a) Careful
monitoring of cement distribution during the PVP procedure;
b) use of CT imaging for post PVP observation; c) treatment
of two or more vertebras per patient, with up to 6 vertebras;
d) the treatment of osteoblastic lesions that are more prone to
leakage (40); and e) a relatively high volume of cement injected
per vertebra, up to 4.5 ml.

To improve clinical outcomes, it is advised to follow
these approaches: i) If possible, try to use the high viscosity
cement to avoid leakage, which will shorten the injection
duration; ii) place the puncture needle at the place without
osteoblastic side to equally strengthen the nonblastic side
(Fig. 1); iii) apply unilateral injection rather than bilateral
injections which is usually difficult to finish due to the
osteoblastic strength (Fig. 2); and iv) use a thin trephine and
a surgical hammer (Fig. 3; 10,39) to aid penetration of the
transpedicular due to the hardness of the osteoblastic bone
at the start of the procedure.

The present study had certain limitations. First, a control
group undergoing conservative treatment was not available.
Second, the number of participants was relatively small. Third,
the general status, previous treatment, life expectancy, and
tumor type of the cancer patient may all influence the treat-
ment outcome. Additional high-quality data are necessary to
draw more reliable conclusions.

PVP is an effective treatment for painful osteoblastic
spinal metastases. It can relieve pain, reduce disability, and
improve function. The main complications are bone cement
leakage and unfavorable pain relief.
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