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Abstract:

Objective Patients with hematological malignancies, particularly those with multiple myeloma, often suffer
from pathological vertebral compression fractures (VCFs). Consequent and significant spinal pain and paraly-
sis impair the activities of daily living and quality of life and delay subsequent chemotherapy. Balloon
kyphoplasty (BKP), which is less invasive than conventional therapies, is a type of percutaneous vertebro-
plasty in which cement is injected into the broken vertebrae to stabilize the spinal column. The present study
assessed the effect of BKP on hematological tumors.

Methods We retrospectively analyzed five myeloma patients and one lymphoma patient who underwent
BKP for pathological VCFs in our institution.

Results The median age was 74 years old. The spinal operation level ranged from T2 to L4. BKP was per-
formed at the diagnosis in two cases, after first-line chemotherapy in one case, and after subsequent chemo-
therapy in three cases. After approximately 1 month, the patients’ average Eastern Cooperative Oncology
Group performance status score rapidly improved from 3.2 to 1.3. The numeric rating scale score decreased
from 8.8 to 2.0, and the Karnofsky Performance Status score increased from 35 to 75. No severe complica-
tions were observed. All patients became able to walk unassisted and underwent early subsequent chemother-
apy.

Conclusion BKP can be a safe and effective treatment option for pathological VCFs in patients with hema-
tological malignancies and allows for rapid induction with subsequent chemotherapy.
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fected, vertebral compression fractures (VCFs) not only

Introduction

Multiple myeloma (MM) often causes osteolytic bone le-
sions, a myeloma-defining event, at the diagnosis or during
the disease course (1). Bone destruction is induced by the
activation of osteoclasts and the suppression of osteoblasts,
which is caused by the interaction of myeloma cells and the
bone marrow microenvironment through cytokines, such as
receptor activator of nuclear factor kappa-B (RANK)/RANK
ligand (RANKL) (2). Among the sites of bone lesions af-

evoke robust back pain but also cause paralysis of the cauda
equina or lower extremities. These severe complications im-
pair the activities of daily living (ADLs) and quality of life
(QOL), delay subsequent chemotherapy, and even increase
mortality (3). Other hematological tumors, such as lym-
phoma, occasionally result in the development of VCFs via
the invasion of tumor cells into the spinal column, which
usually occurs in the advanced stage (4, 5).

To treat VCFs, nonsurgical and surgical options have typi-
cally been selected according to each case. Conservative
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therapies, including resting, bracing, or analgesic drugs,
have sometimes been adopted, but they frequently cause de-
layed bone union, nonunion, or pseudoarthrosis (6). Conven-
tional surgical techniques, such as posterior vertebral fusion,
are invasive and require months of healing before the patient
can return to their normal activities, even if the procedure is
successful. Furthermore, in patients with hematological ma-
lignancies, conventional therapies often result in a delay or
discontinuation of subsequent chemotherapies, possibly lead-
ing to mortality. Therefore, less invasive methods to treat
pathological VCFs for patients with hematological malig-
nancy with rapid recovery are required.

Percutaneous vertebroplasty (PV) is an image-guided sur-
gery in which cement is injected into a fractured vertebral
body to relieve pain. This procedure is less invasive than the
conventional operation, although it requires substantial ce-
ment extravasation (7). Balloon kyphoplasty (BKP) is a type
of PV that has been developed in which a balloon is inflated
in the broken vertebra to correct kyphosis, followed by ce-
ment injection to stabilize the spinal column (8). As BKP
requires less cement injection and achieves more persistent
pain relief than PV, it has been widely used for osteoporotic
fractures that were not associated with malignancies (9-11).

Although its utility for osteoporotic VCFs has been re-
ported (12-15), there have been few studies on pathological
fractures. Indeed, only one prospective randomized trial,
called CAFE study, compared the safety and efficacy of
BKP to non-surgical management for patients with solid tu-
mors and MM (16). In that study, the BKP group had a su-
perior functional outcome, pain relief, improvement in the
quality of life, and reduced number of pain medications
compared with the control group, and few adverse events,
such as back pain or symptomatic vertebral fractures, were
observed.

In 2019, the International Myeloma Working Group
(IMWG) published recommendations for PV or BKP for the
treatment of VCFs in patients with MM (17). The IMWG
proposed the consensus statement in which MM patients
with significant pain due to vertebral fracture should be of-
fered cement augmentation within four to eight weeks.
However, BKP has not been widely performed for patho-
logical VCFs associated with malignancies in Japan, where
the technique was approved in 2011 and special training for
orthopedists is needed.

Because BKP has not yet been widely applied for hema-
tological malignancies, the accumulation of clinical data fo-
cused on the efficacy and safety of BKP in patients with he-
matological malignancies is required to clarify its clinical
advantages and disadvantages. In our institution, we have
successfully performed BKP in patients with hematological
malignancies complicated with disease-associated VCFs in
cooperation with orthopedics in six patients.

The present report will help hematologists understand
BKP as a therapeutic option for pathological VCFs in pa-
tients with hematological malignancies.

Materials and Methods

Patients who were diagnosed with MM or lymphoma with
pathological VCFs and who underwent BKP at our hospital
from 2017 to 2019 were retrospectively analyzed. The clini-
cal findings, Eastern Cooperative Oncology Group perform-
ance status (ECOG PS), and Karnofsky Performance Status
(KPS) were assessed via a review of the medical records.
The numeric rating scale (NRS) score, which indicates sub-
jective pain on a scale from O (no pain) to 10 (the most se-
vere pain), was obtained from a questionnaire before and
approximately 1 month after BKP.

BKP was performed in our orthopedics department using
Kyphon BKP devices (Medtronic Japan, Tokyo, Japan) as
previously described (8). In brief, a surgeon first bilaterally
inserted bone access needles into the fractured vertebra.
Next, balloons were inserted and expanded, which raised the
compressed vertebral body and corrected the kyphotic de-
formity. Finally, after the balloons were deflated and re-
moved, the resulting cavity allowed the injection of bone ce-
ment under lower pressure than conventional PV.

Results

Patient characteristics are shown in Table 1. Five MM pa-
tients and one diffuse large B cell lymphoma (DLBCL) pa-
tient were included. The median age was 74 (range, 61 to
83) years old. The MM patients (cases 1-5) showed various
subtypes of monoclonal proteins, international staging sys-
tem (ISS) stages at the diagnosis, and previous chemothera-
pies. Supportive care, such as bracing, opioids, and bisphos-
phonates, was arbitrarily provided. The details of each pa-
tient are shown below.

Case 1

A 76-year-old woman with lumbar vertebral fractures was
diagnosed with MM and IgA-kappa monoclonal protein. Af-
ter two cycles of a bortezomib-containing regimen (borte-
zomib, cyclophosphamide, and dexamethasone; BCD) and
zoledronate, new thoracic vertebral fractures emerged. The
patient became unable to walk due to strong back pain and
needed opioid medication. BKP was quickly performed for
T2 and T4 on the same day, which promptly relieved the
acute pain within 1 day, and subsequent BCD chemotherapy
was resumed in the outpatient clinic just 13 days after the
operation. Although the opioid dose did not change, the pa-
tient continued chemotherapy on foot. The representative X-
ray and magnetic resonance images are shown in Fig. 1.

Case 2

A 61-year-old man with lower back pain was diagnosed
with MM, IgG-kappa type. The patient suffered from nerve
paralysis of the lower extremities caused by an L4 vertebral
fracture. Although one cycle of BCD treatment and zoledro-
nate was administered, the leg pain and paralysis did not
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Table 1. Patient Characteristics.

No am s Dol Ciisus e o

1 76 F MM, IgA-x IIIA (ISS) T2, T4 BCD

2 61 M MM, IgG-x IIIA (ISS) L4 BCD

3 72 F MM, BJP-x IIA (ISS) L4 LD, BD

4 79 F MM, IgG-A IIIA (ISS) T12 none

5 66 F MM, IgG-A IA (ISS) L2, 14 aPBSCT

BD, LD, PD

6 83 M DLBCL IV (Ann Arbor) L3 Chemotherapy

MM: multiple myeloma, VCFs: vertebral compression fractures, DLBCL: diffuse large B cell lymphoma,

ISS: international staging system, BCD: bortezomib, cyclophosphamide, and dexamethasone, LD: le-

nalidomide and dexamethasone, BD: bortezomib and dexamethasone, PD: pomalidomide and dexametha-

sone, aPBSCT: auto peripheral blood stem cell transplantation

]

Figure 1. Vertebral compression fracture treated with bal-
loon kyphoplasty (BKP) in case 1. Left: T2-weighted magnetic
resonance imaging showing compression fractures of T2 and
T4 (arrows). Right: X-ray after BKP indicating the cement-

augmented vertebral bodies (high density areas with arrows).

improve, resulting in the patient being unable to walk with-
out assistance. BKP was performed on day 21 of the diag-
nosis, which attenuated the paralysis in only a few days and
enabled walking. The patient was transferred to another hos-
pital to continue chemotherapy and finally received an au-
tologous stem cell transplant for disease remission. The im-
ages of his bone lesions are shown in Fig. 2.

Case 3

A 72-year-old woman with lumbar pain was diagnosed
with MM, BJP-kappa monoclonal protein. Osteolytic lesions
in T6 and L4 were confirmed on computed tomography. Le-
nalidomide and dexamethasone (LD) treatment was intro-
duced, and radiation therapy for L4 was performed. How-
ever, LD treatment was discontinued after three cycles be-
cause of neutropenia and anemia, and bortezomib and dex-
amethasone (BD) treatment started. The patient was still af-
flicted with constant lumbar pain despite opioid medication,
bracing, and zoledronate. BKP for L4 was therefore per-
formed between bortezomib injections, which relieved the
pain and reduced the opioid dose. Carfilzomib and dex-
amethasone (Kd) treatment was subsequently initiated.

Figure 2. Vertebral compression fracture treated with bal-
loon kyphoplasty (BKP) in case 2. Left: T2-weighted magnetic
resonance imaging showing compression fractures of L4 (ar-
row). Right: X-ray after BKP indicating a cement-augmented
vertebral body (high density area with an arrow).

Case 4

A 79-year-old woman with anemia and lumbar pain was
diagnosed with MM, IgG-lambda type. Pathological frac-
tures of Th12 were found, causing significant pain. Because
the serum IgG level was very high (more than 9 g/dL), dex-
amethasone monotherapy was initially performed to reduce
the tumor burden. Immediately after the dexamethasone ad-
ministration, BKP for T12 fracture was performed on day
14 of the diagnosis, followed by BCD treatment and reha-
bilitation.

Case 5

A 66-year-old woman had been diagnosed with asympto-
matic MM, IgG-lambda type, 12 years ago. As the amount
of serum IgG gradually increased and lumbar VCF occurred,
the patient had received chemotherapy with auto peripheral
blood stem cell transplantation (aPBSCT), BD, LD, and po-
malidomide and dexamethasone (PD). Despite such chemo-
therapy, multiple fractures of lumbar vertebrae caused strong
pain and impaired the ADL. BKP was performed for L2 and
L4, which reduced the pain and enabled the continuation of
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Table 2. Clinical Outcomes of BKP.

ECOG PS KPS NRS

No. Postoperative Time to next Opioid flose
pre  post pre  post pre  post treatment treatment (days) reduction

1 3 1 30 80 9 2 BCD 13 No

2 3 1 30 80 10 3 BCD 49 No use

3 3 2 40 70 8 2 Kd 32 Yes

4 3 2 40 70 7 2 BCD 8 No use

5 4 1 30 70 10 3 Kd No use

6 3 1 40 80 9 0 GCD 24 Yes
mean 3.2 1.3 35 75 8.8 2.0 22.1

BKP: balloon kyphoplasty, ECOG PS: Eastern Cooperative Oncology Group performance status, KPS: Karnofsky Per-

formance Status, NRS: numeric rating scale, BCD: bortezomib, cyclophosphamide, and dexamethasone, Kd: carfilzomib

and dexamethasone, GCD: gemcitabine, carboplatin, and dexamethasone

new chemotherapy with carfilzomib and dexamethasone
(Kd).

Case 6

An 83-year-old man with cervical lymphadenopathy had
been diagnosed with DLBCL 2 years ago and received che-
motherapy. When the second relapse occurred, tumor inva-
sion for the L3 vertebra was detected on positron emission
tomography. Strong lumbar pain was present, requiring
opioids and bed rest. BKP was performed for L3 to relieve
pain, followed by multi-agent chemotherapy in the outpa-
tient clinic.

The outcomes of BKP are summarized in Table 2. After
the operation, the mean ECOG PS score decreased from 3.2
to 1.3, the KPS score increased from 35 to 75, and the NRS
score improved from 8.8 to 2.0. All of the patients who had
spent most of their time in the bed and required bracing or
opioids before BKP were able to walk independently within
a few days after the operation. Most received subsequent
chemotherapy within 1 month, and the mean time from
BKP to subsequent chemotherapy was 22.1 (7 to 49) days.
Two of the three patients who needed opioids were able to
reduce their opioid dose. No severe complications were ob-
served as of writing this paper.

Discussion

Patients with MM frequently suffer from osteolytic le-
sions and pathological bone fractures. Among the affected
sites, VCFs are often associated with many complications,
such as robust back pain, spinal cord compression, and
pneumonia due to a deformed thoracic cavity, all of which
delay sufficient administration of subsequent chemotherapy.

For patients with MM and osteolytic lesions, chemother-
apy is the most important treatment, and proteasome inhibi-
tors may be preferred in the treatment of bone disease. The
bone remodeling effect of bortezomib was reported in the
phase 3 VISTA trial and is now broadly acknowledged (18).
Second-generation proteasome inhibitors, such as carfil-
zomib or ixazomib, have also shown beneficial effects on
bone metabolism in preclinical and clinical studies (19-22).

However, these novel agents may take time to achieve bone
remodeling and not be suitable for acute pain.

PV is a method of cement augmentation with minimal
surgical invasion to relieve the pain caused by VCFs. Devel-
oped from PV, BKP raises the crushed vertebrae with a bal-
loon, corrects the kyphosis, and is less invasive than previ-
ous methods. In Japan, BKP was approved for VCFs in
2011. Both PV and BKP have been widely used for osteo-
porotic fractures by orthopedic surgeons, and a meta-
analysis revealed that their beneficial effects were stable and
similar, although cement leakage occurs less frequently in
BKP (11). However, their effects on pathological fractures
caused by malignant tumors have not been fully investi-
gated. Only some retrospective (23-26) and prospec-
tive (27, 28) studies have reported its efficacy, and only one
randomized trial, which compared BKP to nonsurgical op-
tions and enrolled patients with solid tumors and MM,
showed the superiority of BKP (16). Although the IMWG
recently presented recommendations for PV or BKP for the
treatment of VCFs in patients with MM based on these re-
ports (17), BKP has not been widely performed for patho-
logical VCFs associated with malignancies in Japan, possi-
bly due to the lack of orthopedic surgeons who have learned
the technique and a lack of sharing information between or-
thopedic surgeons and oncologists, including hematologists.
Therefore, it is important to increase the spread of BKP in
patients with hematological malignancies by accumulating
clinical cases and their real-world data.

In the present study, we focused on the effects of BKP,
not including PV, in patients with hematological tumors.
Thus far, five myeloma patients and one lymphoma patient
have undergone BKP for pathological VCFs in our hospital.
There was no trend regarding the ISS stage or monoclonal
protein type. All cases presented significant acute pain and
even paralysis in one case due to pathological VCFs, which
met the absolute indication of cement augmentation from
the IMWG. It was difficult to receive chemotherapy or ra-
diotherapy unless the pain was improved, so BKP was con-
sidered to be a good technique for managing patients requir-
ing quick pain relief. With respect to the timing of the op-
erations, BKP was performed during any line of chemother-
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apy, as shown in Table 1. Although it was difficult to pre-
cisely define the date of the onset of the fracture, the time
from orthopedic consultation to operation was as short as 8
days in our institution (data not shown).

After the operation, the PS, KPS, and NRS scores of the
patients dramatically improved. In practice, all patients who
had been confined to a bed were able to walk independently
within a few days and to continue subsequent chemotherapy.
While we did not assess the vertebral body height or angle
of kyphosis from an orthopedic perspective, consequent pain
relief and improvement in the ADLs and QOL were clearly
indicated. Our assessment was performed approximately one
month after BKP. However, longer observation is required to
assess the long-term prognosis of patients who undergo
BKP.

In our cases, no minor or major adverse events were ob-
served regarding the operation during the observation pe-
riod. The incidence of cement leakage was reported to be
less frequent in BKP than in PV in a recent meta-analysis
that targeted osteoporotic fractures (29), but cement leakage
remains a major complication of BKP. Cement leakage in
cancer patients has been reported, and Mansour et al. noted
that cement pulmonary embolism occurred in 12.7% of pa-
tients, although most of these emboli caused no clinical
symptoms (30-32). For MM patients with frail bone density,
close attention should be paid, and routine computed to-
mography after BKP may be recommended to detect cement
leakage.

Adjacent vertebral fracture is another major problem of
BKP, with a reported incidence ranging from 10% to 38%
in osteoporosis (33). It is thought to be caused by the en-
forced pressure that results from the correction of kyphosis.
As a result, the correction of kyphosis often returns to nor-
mal after long-term observation, while pain relief remains
effective. Unfortunately, there is no standard for preventing
or treating secondary fractures, but Tseng et al. reported the
prophylactic effect of teriparatide (recombinant human para-
thyroid hormone) for adjacent VCFs (34).

Our study is limited by its retrospective nature and the
fact that we analyzed only six cases in a single institution
with short-term observation. Furthermore, the administration
of bisphosphonates or opioids varied among cases, which
may have influenced the assessment of the effects of BKP. It
is necessary to collect more cases and analyze them in the
long term in a prospective manner.

Despite those limitations, the improvement of PS, KPS,
and NRS by BKP operation was remarkable and quick with-
out major complications. We consider BKP to be a safe and
effective treatment option for pathological VCFs. Further in-
vestigations concerning the efficacy and safety in patients
with hematological malignancies will be necessary to in-
crease the use of BKP, and the collaboration of hematolo-
gists with orthopedists is an important issue.
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