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Abstract
The diagnosis and treatment of malignant spinal tumors are complex and require an integrated ap-
proach known as Jaffe’s triangle. This review discusses recent topics in the diagnosis and treatment
of primary and metastatic malignant spinal tumors. Integrated diagnostic methods, including the de-
velopment of a dumbbell scoring system for benign-malignant differentiation and the use of positron
emission tomography and magnetic resonance imaging (PET-MRI), have improved diagnostic
accuracy. Curative resection techniques such as vertebrectomy, sagittal resection, and posterior re-
section are crucial for primary malignant tumors. Heavy particle radiation therapy, such as carbon-
ion radiotherapy, shows promise against radiation-resistant tumors, whereas novel drug therapies,
such as denosumab, are effective for giant cell tumors of the bone arising in the spine. For metastatic
spinal tumors, the collaborative efforts of the Bone Metastasis Cancer Board and minimally invasive
spine stabilization have expanded surgical indications and improved patient outcomes. The treatment
system has shifted towards preventive surgery and outpatient management, aiming to maintain quality
of life and continue chemotherapy. Interdisciplinary collaboration is essential for improving treatment
outcomes in both primary and metastatic malignant spinal tumors.

Primary malignant spinal cord tumors (PMST) and metastatic spinal tumors (MST) are among the
most difficult areas of orthopedic surgery. Their diagnosis and treatment require multidisciplinary di-
agnostic and therapeutic strategies that integrate knowledge and skills in orthopedics, pathology, and
diagnostic radiology (the so-called Jaffe triangle), as well as in clinical oncology and tumor biology,
which have made remarkable progress in recent years.

diagnosis and treatment of PMST and MST.

Here, we review recent topics related to the
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ate rapidly and often cause neurological damage as
they spread in the spinal canal.
Therefore, a prompt and accurate diagnosis is

1. Topics in diagnostic imaging

Spinal cord tumors are broadly classified into

intramedullary, intradural, extramedullary, epidural,
or spinal dumbbell tumors (SDT). SDT extend into
or out of the spinal canal and have an hourglass-like
appearance.

SDT, including schwannomas, are frequently
benign tumors. However, PMST, such as malignant
peripheral nerve sheath tumors (MPNST), can occur
as malignant SDT (MSDT). Although challenging,
MSDT can be cured with appropriate treatment at
the localized stage. However, most MSDT prolifer-
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necessary. In fact, in many cases, histological anal-
ysis is required for a correct diagnosis, as there are
many histologic types of MSDT. A biopsy is neces-
sary for a definitive diagnosis ; however, if the tu-
mor is located in close proximity to adjacent vital or-
gans such as blood vessels or the intestinal tract, it
may require highly invasive maneuvers.

In contrast, benign SDT (BSDT) such as
schwannomas have an indolent course, and resec-
tion can be avoided in such cases, which often dis-
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courages invasive biopsy. However, no method has
been established to differentiate between BSDT and
MSDT based on imaging. Therefore, we compared
the imaging features of MSDT with those of BSDT
and developed a simple scoring method to determine
the benign or malignant status before surgery.

We included 59 patients with histologically con-
firmed SDT. The histological diagnoses and num-
ber of cases are shown in Table 1. A dumbbell
scoring system (DSS) was developed and statistical-
ly analyzed by extracting the features of computed
tomography (CT) and MRI images. The factors in-
cluded in the DSS were : tumor diameter >5 cm
(two points), indistinct borders (2 points), lobular
morphology (1 point), and bone destruction (1 point),
which were significantly more common in malignant
tumors (Table 2). In each case, the scores were
summed and the DSS score was calculated ; the
median DSS score was 0 for benign tumors and 5.5
for malignant tumors. Using 3 points as the thresh-

Table 1. Histological diagnosis of spinal dumbbell tumor

Histology Number
Benign Neurinoma 37
Ganglioneuroma 1
Hemangioma 1
Malignant MPNST 11
Malignant lymphoma 3
Extraskeletal Ewing sarcoma 1
Hemangiopericytoma 1
Hemangioendothelioma 1
Malignant myoepithelioma 1
Neuroblastoma 1
Plasmacytoma 1

MPNST : Malignant peripheral nerve sheath tumor

Table 2. Dumbbell scoring system

Factors Points

Tumor size (cm)

<5 0

=5 2
Boundary

Distinguishable 0

Indistinguishable 2
Irregularly lobulated shape

No 0

Yes 1
Osteolytic bone destruction

No 0

Yes 1

old, differentiation between benign and malignant
tumors was achieved with a sensitivity of 90% and a
specificity of 84.6%. This indicated a high probabil-
ity of differentiation between BSDT and MSDT?.

If malignancy is suspected by scoring, a defini-
tive diagnosis can be made using CT-guided biopsy,
which enables appropriate treatment planning, in-
cluding consideration of additional preoperative che-
motherapy and selection of a reliable surgical meth-
od to secure the resection margin. If the score is
below the cutoff value, careful follow-up is also an
option. However, the present analysis was a retro-
spective study with a limited number of cases, and
future multicenter prospective validation is neces-
sary to generalize the scoring system.

A new modality recently introduced is PET-
MRI, which has begun clinical applications®. PET-
MRI has several advantages over PET-CT. In pe-
diatric imaging, multiple CT scans performed over a
long period of time are known to increase the risk of
developing secondary cancers®. PET-MRI, on the
other hand, requires less radiation exposure than
PET-CT, reportedly reducing the cumulative dose
by 50-70% during follow-up for pediatric lymphatic
tumors”.

In addition, MRI provides greater contrast, ow-
ing to differences in soft tissue organization, allow-
ing for an accurate assessment of the extent of tu-
mor extension. With this advantage, a report on
limb-onset osteosarcoma found that the maximum
standardized uptake values inside the tumor after
preoperative chemotherapy were significantly corre-
lated with the efficacy of chemotherapy®. A similar
analysis was performed using PET/CT, but the re-
sults were not comparable with those obtained using
PET-MRI®.

Furthermore, PET-MRI can identify tumor ex-
tension in the spinal canal and surrounding soft tis-
sues of the paraspinal region, especially in the vicin-
ity of neural tissue, and is useful in determining the
extent of resection, radiation, and other treatment
strategies. Thus, it may be effective for the diag-
nosis and treatment of PMST. However, studies on
the usefulness of PET-MRI in PMST are scarce, and
further validation is required.

2. Improvements in radical resection
for PMST

Surgical resection is the basic treatment for
PMST, especially for tumors such as chondrosarco-
ma, which do not respond well to chemotherapy and
radiotherapy. En bloc resection is performed using
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the Weinstein-Boriani-Biagnini surgical staging sys-
tem (Fig. 2)"®, depending on the localization defined
by MRI or CT images. It is typically classified into
three standardized methods :

1) Vertebrectomy

This procedure is used when the tumor is local-
ized in zones 4-8 or 5-9, i.e., when there is no tumor
invasion in at least one of the pedicles. It is similar
to a total en bloc spondylectomy (TES). Depending
on the degree of anterior extension of the tumor, ei-
ther a posterior-only or anterior-posterior approach
1s used. Vertebrectomy differs from TES in that
the vertebral arch is resected piecemeal, particularly
if the tumor has invaded the pedicle on one side.
Fig. 3 shows a case in which vertebrectomy was
performed according to TES.

2) Sagittal resection

This method is applied to eccentrically localized
tumors (zones 2-5 or 8-11). For safe resection, a
combined anterior and posterior approach is neces-
sary, including the possibility of a joint resection in-
volving multiple vertebrae and ribs. Specifically,
the anterior approach is used first (extrapleural-ret-
roperitoneal and retroperitoneal approaches are of-
ten used in the thoracic, thoracolumbar, and lumbar
spines) to ligate the branching vessels from the ma-
jor vessels, such as the intercostal and lumbar arter-
ies, to the vertebral body, expand the vertebral body
anteriorly and laterally, create a transverse groove in
the vertebral body, and resect the intervertebral disc
anteriorly. The ribs are amputated if necessary.
The vertebral body, vertebral arch root, and trans-
verse process are then broken off using a chisel
while avoiding the dural canal, and the tumor is re-
sected as a single mass. Fig. 4 shows a case of
chondrosarcoma of the thoracic spine treated with
sagittal resection.

3) Posterior resection

Posterior resection is indicated when the tumor
is located posteriorly, that is, counterclockwise from
zones 3 to 10. If the tumor is located across the
midline, the dural canal is developed above and be-
low, the intervertebral joints are resected, and the
bilateral vertebral arch roots are osteotomized and
lifted for resection. If the tumor is slightly eccen-
tric, the recently reported contralateral osteotomy of
the pedicle and posterolateral elements for en bloc
resection (COPPER) can be beneficial”. The COP-
PER approach involves resection of the healthy ver-
tebral arch alone, and osteotomy is performed by in-

serting a chisel diagonally across the dural canal.

All the aforementioned resection methods are
highly difficult operations, and to perform them safe-
ly and reliably, a detailed preoperative plan based on
the biological characteristics of each tumor is
necessary. To implement this plan, intraoperative
navigation, ultrasonic bone scalpels, power devices
for hemostasis and soft tissue handling, and other
state-of-the-art surgical instruments are useful.
Most importantly, a multidisciplinary team must be
established in collaboration with various depart-
ments, including vascular, thoracic, abdominal, and
plastic surgery.

3. Advent of heavy particle therapy

As noted earlier, the most important aspect of
improving PMST outcomes is performing radical
surgery at the initial visit. However, in practice,
we often encounter cases where radical resection is
impossible at the time of initial diagnosis. In such
cases, radiotherapy is indicated.

However, PMST as well as bone and soft tissue
tumors in the extremities are often radioresistant,
and conventional radiation therapy is considered in-
sufficiently effective. Therefore, a new type of ra-
diation therapy, carbon-ion radiotherapy (CIRT), has
been developed and applied to bone and soft tissue
tumors'”.

Heavy particles have an atomic number of 2 or
higher, and carbon-ion beams are mainly used in
CIRT. An important characteristic of heavy-parti-
cle beams is that they exhibit Bragg peaks. As a
high-speed charged particle passes through matter,
it gradually loses energy while causing ionization ;
however, just before it stops, it releases its maxi-
mum energy and then loses it. This phenomenon
is called the Bragg peak, after its discoverer. The
Bragg peak allows CIRT to deliver large doses of ra-
diation to cancerous lesions, with little radiation be-
yond the target. Another feature of heavy-ion radi-
ation is its high relative biological effectiveness,
which is correlated with the amount of energy deliv-
ered per unit length, i.e., linear energy transfer
(LET). It is expected to be effective in treating
carcinomas resistant to radiotherapy”.

In an analysis of 47 PMST cases reported by
the National Institute of Radiological Sciences, more
than 90% of the patients received a total dose of 64
GyE or more in 16 fractions'”. The median surviv-
al time was 44 months, with a 5-year local control
rate of 79% and 5-year cumulative survival rate of
52%. One issue is the recurrence of marginal radi-



88 Y. Matsumoto

Fig. 1. Positron emission tomography and magnetic
resonance imaging (PET-MRI). (a) PET-MRI
fusion image, (b) PET-computed tomography (CT)
fusion image. Compared to PET-CT fusion im-
ages, PET-MRI fusion images demonstrate supe-
rior spatial resolution, clearly depicting tumors
and surrounding tissues.

Fig. 2. Weinstein-Boriani-Biagnini (WBB) surgical
staging system. The spine and spinal cord are di-
vided into 12 counterclockwise regions and five
layers (A to E, from prevertebral to dural involve-
ment) to uniformly indicate tumor localization.

ation fields near the spinal cord in patients with du-
ral canal compression due to intraspinal tumor ex-
tension™.

The radiation dose tolerance of the spinal cord
should be considered when treating tumors near it.
Several reports have suggested that the tolerable
dose for the spinal cord is approximately 50 GyE.
If this dose is exceeded, it could lead to late radia-
tion myelitis*, which in turn causes irreversible
tetraplegia or paraplegia. Therefore, the irradiation
dose must be maintained below 50 GyE in the vicin-

ity of the spinal cord. On the other hand, 60-70
GyE is considered necessary for the local control of
sarcomas, and it is highly likely that an insufficient
dose on the spinal cord side leads to limbal
recurrence. For this reason, CIRT was often avoid-
ed in cases of tumors with spinal cord compression,
and many were shifted to palliative irradiation with
conventional radiation.

To overcome this problem, we developed a new
treatment system in which CIRT is performed after
separation surgery (SS), in which only the area
where the tumor contacts the spinal cord is removed
(CIRT-SS) (Fig. 6). The SS provides a margin of
several millimeters around the spinal cord and is ex-
pected to allow local control of the tumor while
avoiding radiomyelitis. In a mid-term analysis, the
2-year local control rate in the initial treatment
group was 87.5%, and no radiation myelitis was ob-
served'”, suggesting that CIRT-SS may be an effec-
tive treatment for PMST with spinal cord
compression. However, the possibility of acceler-
ated distant metastasis due to tumor curettage can-
not be ruled out and further studies are needed to
investigate this possibility.

A common adverse event associated with radio-
therapy for bone tumors is pathological fracture after
irradiation. Irradiation causes bone fragility and in-
creases the risk of fractures. In particular, the fre-
quency of post-irradiation vertebral fractures has
been reported to be approximately 13.9%, with irra-
diation methods that concentrate high doses on the
lesion, such as stereotactic radiotherapy. This is
higher than the fracture incidence after conventional
irradiation (3-5%)*.

Post-irradiation vertebral fractures were pre-
sumed to occur at a higher rate with CIRT than with
other treatment modalities because of the high dos-
es delivered to the vertebrae, similar to that with
stereotactic radiotherapy. However, no such find-
ings have been reported as yet. A review of 30
PMSTs treated with CIRT revealed that the frequen-
cy of post-irradiation vertebral fractures was as high
as 23%, with a median time of occurrence of approx-
imately 7 months'®.

In CIRT, treatment planning is based on a sim-
ple CT. As metal artifacts prevent accurate treat-
ment planning, implant fixation should be avoided
prior to irradiation. Therefore, in cases where
there is concern about vertebral fracture after irra-
diation, the patient should be carefully monitored in
collaboration with a radiotherapist, and additional
fixation should be considered at the appropriate
time.
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Fig. 3. Representative case of vertebrectomy. (a) A sagittal T2-weighted fat-suppressed MRI image of a 40-year-
old male with T8 chondrosarcoma (Grade I). (b) Axial T2-weighted MRI image. (c) Macroscopic view of re-
sected vertebra. (d) Postoperative X-ray of the thoracic spine (AP view).

Fig. 4. Representative case of sagittal resection. (a) A 24-year-old female with T9 chondrosarcoma (Grade II),
WBB2-4, showing tumors present in layers A, B, and C. Dashed line indicates the planned resection line. (b)
T2-weighted MRI image. Dashed lines indicate the planned resection lines and arrows indicate the tumor. (c)
Intraoperative gross findings, showing combined resection of the chest wall and vertebrae, with exposure of the
dura mater and lungs. (d) Macroscopic view of resected tumor. (e) Postoperative axial CT image.

4. Development of novel drug therapies

Similar to malignant bone and soft tissue tu-
mors of the extremities, chemotherapy-sensitive tu-
mors such as osteosarcoma, Ewing sarcoma, and
multiple myeloma are treated with drug therapy in
combination with surgery or radiation therapy. An-
other major advancement in recent years has been
the introduction of drug therapy for giant cell tumor
of bone (GCTB).

GCTBs are characterized by marked bone de-
struction and account for approximately 5% of all
primary bone tumors. Histologically, GCTB is clas-
sified as intermediate-grade and is composed of

spindle-shaped quads and osteoclast-like giant cells,
which are the main components of GCTB'. The
epiphysis of the long tubular bone is the predomi-
nant site of occurrence ; however, a few cases have
also been reported in the trunk, including the spine
and pelvis. Because of the local invasiveness of the
lesion, some form of adjuvant therapy, such as phe-
nol/ethanol treatment, is often combined with thor-
ough curettage to prevent recurrence in cases of
long bones. However, in spinal GCTB, it is difficult
to add adjuvant therapy, and multiple relapses after
curettage often occur, making treatment difficult.
Recently, receptor activation of nuclear factor
kB ligand (RANKL) has been shown to be essential
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Fig. 5. Representative case of posterior resection.

(a) A 57-year-old male with dedifferentiated liposarcoma aris-

ing from the paraspinal region of the lumbar spine, with tumors present in WBB1-3, layers A, B, and C, (b) Axial
T2-weighted fat-suppressed MRI image. Dashed lines indicate the planned resection line. (c) Macroscopic
view of resected tumor. (d) Postoperative axial CT image.

Fig. 6. Carbon-ion radiotherapy surgical support (CIRT-SS) for primary malignant spinal cord tumors. a) A
49-year-old male with T11/12 malignant peripheral nerve sheath tumor causing dural compression (dashed
lines). b) Decompression of the dura mater by separation surgery (excision of dashed lines). c¢) CIRT-SS en-
abling sufficient irradiation dose to the entire tumor (red line indicates 90% dose). d) Post-operative PET-CT

axial image. FDG uptake of the tumor is not shown.

for osteoclast differentiation’®. Since GCTB also
contains many osteoclast-like giant cells, the effect
of denosumab, a monoclonal antibody against
RANKL, was investigated and confirmed for
GCTB™. Denosumab efficacy has also been recog-
nized in Japan?” and covered by insurance since
2014. As shown in Fig. 7, it represents a major

breakthrough in the treatment of spinal GCTB,
which has been difficult to treat until now.

However, the widespread use of denosumab for
GCTB treatment has made several concerns appar-
ent, the most significant being the optimal treatment
duration. Denosumab-treated tissue specimens
show more than 90% osteoclast-like giant cell loss
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Fig. 7. Example of denosumab administration for giant cell tumor of bone arising as a spine tumor. (a) A 40-year-old

female with cervical vertebral giant cell tumor of bone.

(b) Histological image of biopsy specimen showing numer-

ous giant cells (arrows) ; hematoxylin and eosin (HE) stain, X 100. (c) Axial T2-weighted fat-suppressed MRI
image. (d) PET-CT axial image. (e, f) Axial CT image approximately 6 months after denosumab administra-
tion. (e) PET-CT showing tumor shrinkage and bone formation within the tumor. (f) Confirming reduced tumor

activity.

Fig. 8. Histological images of giant cell tumor of bone before and after denosumab administration. (a, b) Images
before administration : (a) HE stain. (b) Immunostaining using anti-H3.3G34W antibody. (c, d) Images after
administration : (c) HE stain showing significant bone formation and detachment of giant cells. (d) Immunos-
taining using anti-H3.3G34W antibody revealing numerous anti-H3.3G34W antibody-positive cells surrounding

and within the formed bone. (a-d) X 200.

and irregular osteosclerosis®”. However, spindle-

shaped cells remain in the stroma and osteosclerotic
nests, making it difficult to determine whether these
cells are GCTB tumor cells or normal osteoblasts.
It is difficult to determine whether these cells were
GCTB tumor cells or normal osteoblasts.

This question was answered by elucidating a
tumor cell-specific genetic mutation in GCTB. The

H3F3A mutation (H3.3G34W), encoding a histone
3.3 (H3.3) mutant protein, is a driver gene mutation
specific to giant cell tumors. H3.3G34W mutant
protein is found in approximately 90% of giant cell
tumors®” and can be easily identified by immunos-
taining, serving as a marker for GCTB tumor cells.
In our study, numerous H3.3G34W stain-positive
spindle-shaped cells remained in the stroma and os-



92 Y. Matsumoto

Fig. 9. Posterior fixation surgery using percutaneous pedicle screws (PPS) for metastatic spinal tumor (MST). An
82-year-old male with multiple spinal metastases from leiomyosarcoma. (a) Sagittal T2-weighted fat-sup-
pressed MRI image. (b, ¢) Multilevel posterior fixation surgery using PPS : (b) Postoperative AP X-ray. (c)

Postoperative lateral X-ray.

Fig. 10. Balloon kyphoplasty (BKP) for MST. (a) Lateral X-ray image of a 57-year-old female with L4 metastasis

from breast cancer. (b) Sagittal T2-weighted MRI image.
age showing intact posterior wall of the spinal canal.

teosclerotic nests of the tissue specimens after de-
nosumab administration® (Fig. 9).

Based on these results, GCTB tumor cells were
expected to persist even after denosumab adminis-
tration, and upon discontinuation of the medication,
tumor regrowth was considered inevitable. There-
fore, surgical resection is necessary in order to dis-
continue treatment. However, excessive bone
sclerosis has been reported following long-term
treatment with denosumah, making surgery difficult
for vertebral GCTB*. Further case series are
needed to clarify the appropriate administration of
denosumab for difficult-to-treat GCTB and its com-
bination with surgery.

(c) Axial T2-weighted MRI image. (d) Axial CT im-

(e) Post-BKP lateral X-ray image.

5. Advances in MST treatment

(1) Widespread use of Bone Metastasis Cancer Board
(BMCB)

The prognosis of malignant tumors has steadily
improved owing to advances in treatment methods,
such as the widespread use of molecular-targeted
drugs and the emergence of tumor immunotherapy.
Therefore, although the prognosis of bone/spine me-
tastases was previously considered to be within a
few months, patients often survive for up to a year
depending on the histological type.

Bone metastases, especially MST when symp-
tomatic, cause intractable pain and paraplegia, reduc-
ing the quality of life (QOL) and overall performance
status (PS). As a result, continuing treatment for
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the primary tumor may become difficult and progno-
sis may worsen. However, unsatisfactory treat-
ment for MST is not uncommon, mostly owing to a
lack of awareness in primary departments and the
often non-aggressive approach of general orthopedic
surgeons.

To improve this situation, organization of so-
called BMCBs, where multiple disciplines collabo-
rate at multiple facilities to diagnose and treat meta-
static bone tumors as a single hospital, has been
increasingly adopted in recent years. In a BMCB,
each primary department, including orthopedic sur-
geons (spine surgeons), radiation therapists, rehabil-
itation physicians, medical oncologists, palliative
care members, physiotherapists, nurses, and social
workers discuss treatment policies for patients with
bone metastasis from various perspectives and for-
mulate multidisciplinary treatment plans. BMCBs
are expected to increase patient referrals to hospi-
tals and the number of MST surgeries, and are rec-
ommended by guidelines for bone metastasis treat-
ment®”,

(2) Introduction to minimally invasive spine stabiliza-
tion (MISt) for MST

Indications for surgical intervention for MST
include : 1) progressive paralysis, 2) impending pa-
ralysis due to spinal instability, and 3) pain that is
poorly controlled by drugs and radiotherapy. On
the other hand, surgery is generally considered to
be indicated only for patients with a prognosis of at
least 6 months. This is because surgery aimed at
improving QOL may in fact worsen the patient’s
general condition and prognosis, as it is an invasive
procedure for patients with MST whose biological
reserve is originally compromised.

However, with the recent development of MISt,
the indications for MST surgery have changed.
Percutaneous pedicle screws (PPS) and percutane-
ous kyphoplasty (BKP) are the most useful MISt
techniques for MST and are outlined as follows :

(a) Application of PPS to MST

In PPS, a guidewire is inserted under fluoro-
scopic guidance through a small skin incision, and a
hollow vertebral root screw is inserted along the
wire. The advantages of PPS include : (1) minimal
invasiveness with minimal blood loss ; (2) rapid
wound healing, allowing postoperative radiotherapy
and chemotherapy to begin early; (3) reduced
seeding of tumor cells by the surgical procedure ;
and (4) short procedure times. Its disadvantages
include : (1) difficulty in bone grafting and a possi-

bility of implant failure when long-term prognosis is
achieved ; (2) technical difficulty in obtaining ade-
quate fluoroscopic images proximal to the upper tho-
racic spine ; (3) insufficient decompression through
small incisions.

However, the advantages often greatly out-
weigh the disadvantages, especially in cases with
multiple spinal lesions. The technique can be ap-
plied in cases where surgery using conventional
methods must be avoided (Fig. 9).

(b) Experience with BKP in MST

Destruction of the vertebral body associated
with tumor invasion causes instability and significant
pain. In such cases, pain relief by radiotherapy is
limited, immobilization is difficult in the absence of
paralysis, and pain control is poor even with the use
of high-dose narcotic analgesics in many cases.
However, tumor-related vertebral fractures often
show more severe vertebral destruction than osteo-
porotic vertebral fractures, and the risk of leakage
into or out of the spinal canal during cement injec-
tion is high.

BKP, a cemented vertebral body augmentation
technique, has been indicated for vertebral body
fractures associated with multiple myeloma or MST
in up to three vertebral bodies in Japan since De-
cember 2011. BKP was considered safer than ver-
tebroplasty because a balloon is first expanded with-
in the vertebral body to provide space for cement
filling before injection®”.

The Cancer Patient Fracture Evaluation (CAFE)
study reported the highest level of evidence for BKP
in tumor-related vertebral fractures. In this study,
117 patients with MST were randomly assigned to
the BKP (65 patients) and control (conservative
treatment ; 52 patients) groups. The results
showed that significant pain improvement was
achieved only in the BKP group, and this effect per-
sisted for 12 months after the start of treatment.
Furthermore, no serious adverse events associated
with cement leakage were observed, indicating that
BKP is an effective and safe treatment option for
MST#.

However, reports on the use of BKP for MST in
Japan have been few. We have been actively per-
forming BKP for tumor-related vertebral fractures
without paralysis (Fig. 10). In our experience with
17 consecutive patients, pain on the Numerical Rat-
ing Scale improved from 7+2.3 (SD) preoperatively
to 2.2+2.1 at 1 month postoperatively, and 1.8+1.9
at the final observation. This indicates successful
replication of the CAFE study results. However,
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one case presented with a crushed vertebra follow-
ing BKP, forcing the addition of posterior fixation
with PPS. Further study is needed to determine
the best indication for this procedure.

(3) Paradigm shifts in the treatment system for MST

Surgical intervention has been reported to im-
prove PS and QOL in patients with MST and to pro-
long life expectancy, as chemotherapy is often ad-
ministered after surgery®”. Therefore, the
appropriate utilization of BMCB and MISt may ex-
pand the indications for surgery in patients with
frailty and improve outcomes. While surgery has
been a “wait-and-see” procedure, whereby patients
are considered for surgery only after a request is re-
ceived from the respective primary department, in
the future, prophylactic surgery using MISt will be
considered for cases of progressive spinal instability
or tumor growth.

The treatment system for MST is currently be-
ing updated. The focus is shifting towards prevent-
ing the deterioration of QOL and PS due to MST,
continuing outpatient chemotherapy, and enabling
patients to remain at home, which may become
mainstream in the future.

Conclusion

The knowledge and skills required for the diag-
nosis and treatment of malignant spinal tumors are
extremely diverse, and multidisciplinary treatment
must be practiced in collaboration with other
departments. As described in this paper, there
have been remarkable advances in the field of both
primary and metastatic malignant spinal tumors, and
further improvements in treatment outcomes are
expected in the future.
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