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Spinal tumor market

138K w/
Painful
Spinal
Mets 2

§ The spine is the most frequent location for bone
metastasis
§ 10-50% of cancer pts will develop spinal mets ~ 40,000
cases/ yr
§ 90% of cases develop severe axial pain
§ 10% will develop spinal cord or nerve root compression,
interfering with mobility and patients’ overall function
Aaron AD JAMA 1994
Sundaresan et al Neurosurgery 1991
Gilbert et al Ann Neurol 1978
Perrin et al Neurosurg Clin NA 2004

Patients w/Tumors & VCF’s Provide Pathway to Tx of
Patients w/ Painful Tumors

1,452K
New
Cancer
Patients 1

US VCF Patients
2.17
levels/pt 3

US Spinal Mets
Patients

~750K1

~138K
Virtually all of the 138K patients
are treated, with an average of 2.2
levels per: 300K levels treated

Approximately 140K procedures
come from these patients with an
average of 1.33 levels per: 186K
levels treated1

300,000 Levels 2011 (US)
Patients w/Tumor & VCF, ~17K1
1. Annual Report to the Nation on the Status of Cancer, 1975-2007, Kohler, et al., JNCI, 2011.
2. Hortobagy, et al., NEJM, Vol. 335:1785-1791. Khaw, M., et al., Journal of Bone Joint Surgery, 81:830-834, 1999.
3. American Journal of Neuroradiology, 28:570-574, March 2007.
Confidential – for DFINE use only.

Metastatic Spinal Disease: Treatment
§ Options are limited and mainly palliative
§ Chemotherapy
§ Radiation Therapy – pain relief but limited stabilization
– Overall response rate of only 60%, 1/3 with complete response
– Limited by dose to normal tissues
– Pain from anatomic changes not responsive

§ Intervention
– Open surgery: reserved for pts with mechanical instability or compression of cord/
nerves
– Minimally invasive spinal surgery (endoscopy, vertebroplasty/kyphoplasty +/- tumor
debulking)
– Augmentation and brachytherapy
– Chemoembolization
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1. Millennium Research Group, January 2010.
2. IBID (previous page)

Brachytherapy and VP/KP
§ Goal is for vertebral stabilization and control of tumor cell
population
– Early intervention aimed at arresting progression of mets may lead to
durable palliation of pain and prevent neurologic complications

§ Radiation transport modeling and dosimetric analyses of
PMMA and radioisotopes
§ Basic animal model research
§ Early Phase I Studies
– Percutaneous curettage of spinal mets
– Injection of PMMA mixed with radioactive material for tumor eradication
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Intracavitary Samarium153

§ Investigated six radioisotopes (physical and biological
properties and interactions with PMMA)
§ Relatively uniform dose distribution observed
§ Concluded that beta emitters and I125 offered more
specific control of the dose deposition due to the limited
range in bone, and that all of the investigated isotopes
had specific dosimetric advantages and disadvantages.
Cardoso ER et al JNS Spine 2009

Potential Complications
§ Excessive radiation to cortical bone and other normal
tissues nearby
§ Leaching of isotope from PMMA leading to systemic
exposure
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Systemic IV Samarium 153
§ Quadramet (samarium153 ethylene diamine
tetramethylene phosphonate {153Sm-EDTMP}, Cytogen,
Princeton NJ) is a targeted radiopharmaceutical that
combines 153Sm (1/2 life, 46.3 hrs) with a chelator
(EDTMP)
§ EDTMP preferentially accumulates in areas of bone
turnover, sparing normal bone and soft tissues exposure
to radioactivity; 5 to 1 accumulation
§ FDA approved for IV use in palliative treatment of multiple
bone mets from various cancers evident on bone scans

Systemic IV Samarium 153
§ Standard systemic dose is > 70 mCi
§ Pain improvement seen in 60% of pts given systemic IV
153Sm; takes 3 to 4 wks to occur
§ 153Sm undergoes β decay to europium-153
– β particles travel avg 3.1 mm in tissue, 1.7 mm in bone
– Mechanism of action in pain relief is thought to be due to disruption of
growth and proliferation of malignant cells; more susceptible to
cytotoxic T-cells

§ Main side effect is transient bone marrow suppression which
can be a limiting factor in pts with already compromised
platelet and WBC counts

Phase I Vertebral Intracavitary Cement
and Samarium (VICS)
§ Purpose of this study was to assess the feasibility and
safety of treating painful vertebral metastases by a
combination of percutaneous cement injection and local
intravertebral 153Sm injection in the cavity generated by
kyphoplasty

Methods
§
§
§
§
§
§

IRB approved
33 VICS procedures done in 26 pts (18 m, 8 w)
7 pts had VICS at two vertebral levels
Location: 20 lumbar, 12 thoracic, 1 sacral
Mean pt age was 64 yrs (range, 33-86)
All pts had severe pain associated with VCFs due to bony
metastatic disease
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Methods
§ VAS recorded before treatment and at one month follow up
visit. Mean VAS pre-treatment: 8.6 + 1.9
§ Performance status assessed with Eastern Cooperative
Oncology Group scale
§ MRI and bone scan pre-treatment
§ 153Sm scans at 2, 24, 48, and 72 hours
§ CBC at one month
§ Estimated dose to spinal cord obtained using post-procedural
CT scans
§ MRI and CT at 3, 6 and 12 months

Methods
§ Local anesthesia and mild sedation
§ Lateral decubitus position, biphane fluoroscopy
§ Tumor curettage followed by inflation of bone tamp
balloon (not to exceed 200 psi)

Methods
§ Cytotoxic assessment done by
measuring technicium-99-m
MDP uptake in target
vertebrae on preop and
periodic follow up bone scans

Methods-153Sm Preparation
§ Samarium dose verified by radiation safety officer
§ Solution 1-4 mCi 153Sm in 0.3 mL prepared with serial
dilution
§ Three-way stopcock used to mix two syringes: one with
153Sm and one with 0.5 mL PMMA
§ Dose escalation study starting with 1 mCi in the first three
pts up to 4 mCi
§ “Sandwich” technique of
injection

Radiation Precautions
§ Radiation exposures at the skin (injected site) and 1
meter measured with pt still in the OR
§ OR rescanned after pt left room
§ All devices used for handling radioactive material
collected in “red bag” and stored by radiation safety
officer in “hot” laboratory for full radioactive decay, lasting
> 20 half lives (~ 2 months)

Results
§ Patient Tolerance
– No procedure-related mortality or morbidity occurred
– No significant change in WBC, hemoglobin or platelet counts at
one month
– Estimation of radiation of spinal cord was 40 + 6 cGy
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Results
§ Pain control
§ Mean pain score improved from 8.6 + 1.9 preprocedure to
2.8 + 1 day postprocedure (p < 0.0001)
§ ECOG performance status scores improved marginally
from 2.4 + 1 to 2 + 1 (p = 0.035)

Results
§ Cytotoxic effect
– Indirect evidence observed in follow up bone scans
– Reduced uptake of bone tracer Tc99m found in 8 pts, 43%
decrease

Results
§ Accuracy and feasibility
– Scans confirmed local absorption of injected 153Sm-EDTMP at
target vertebrae in 32 /33 injections
– Radioactive decay confirmed at 2 and 3 days and consistent with
know half-life of 153Sm

Discussion
§ External beam therapy is the standard of treatment of
painful vertebral mets but the overall response rate in only
60%
§ Associated VCFs will not respond to radiotherapy
§ Some centers including ours, advocate augmentation with
EBT or stereotactic radiosurgery, responses 48% - 92%
§ 153Sm-EDTMP (EDTMP has high affinity for
hydroxyapatite in bone matrix) systemic treatment has
pain improvement rates of 40-95%

Discussion

Future next steps?

§ VICS is well tolerated in this study with no adverse events
and no hematologic morbidity
§ Indirect evidence of antineoplastic effect seen on follow
up bone scan with reduction in tracer uptake at treated
vertebrae
§ Administration of relatively low doses of 153Sm will allow
other antitumoral regimens to be used

§ Longer follow up and Phase II trials on larger groups of
patients
§ RCT Phase III Multicenter trials with stratification according
to tumor types and effective isotopes
§ Development of new delivery substrates or constructs
§ Dialogue and collaboration with rad onc, radiosurgeons,
etc…
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Temperature Controlled Kill Zone

Ablation c/w Current Standard of Care

• Navigational Tip allows site specific access
Treatment related issues:

Radiation

Ablation

Multiple visits

Single visit

Potential VCFs

N/A

Resistance, alopecia,
xerostomia, nausea

N/A

Procedure design
Radiation-related bone
fragility:
Potential radiation effects:

• Monitoring temperature provides consistent thermal profile
Proximal Thermocouple: 15mm proximal to tip
Automatic power shut down at 50°C

+

+

Oncologists are seeking additional options for their patients

Distal Thermocouple: 10mm proximal to tip
Automatic power shutdown at 50°C
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Ablation System, complementary to Radiation Therapy
TM

Proximal thermocouple position relative to spinal canal and ablation zone

• Potential to provide more rapid pain relief & improve quality of life for late-stage cancer patients
• Allow for concomitant initiation and/or continuation of chemotherapy (followed by radiation)
• May reduce radiation dosage requirements, potentially avoiding issues of cumulative toxicity
• Pain reduction prior to radio-surgery (e.g.Cyberknife) may enable improved targeting and
accuracy
for patients unable to lie still during procedure due to severe pain.
• Potential alternative therapy in cases of radiation resistant tumors
• Potential for unipedicular tumor ablation plus cement augmentation allowing stabilization of
vertebra prior to radiation therapy (known to predispose to fracture)

Spinal canal
Pedicle

Spinal canalAblation
Zone
Distal tip of Active Electrode

Proximal TC (tc2)

Electrode / Shaft Junction
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Treatment indications; present & future
Cavity & cement delivery

US VCF Patients

Ablation

VCF +
Mets

Bone tumor ablation is a large &
underserved market

US Spinal Mets
Patients

~750K

~138K

Potential game
changer
Cleared indication
Indication requires IDE

Ablation & cement delivery

Ablation & cement delivery

1. Ferlay J, Bray F, Pisani P, Parkin DM. GLOBOCAN 2000: Cancer incidence, mortality and prevalence worldwide, version 1.0. IARC CancerBase No. 5. Lyon, IARCPress, 2001.
Available at: http://www-dep.iarc.fr/globocan/cdrom.htm. Accessed February 26, 2004.
2. Coleman RE. Metastatic bone disease: clinical features, pathophysiology and treatment strategies. Cancer Treat Rev 2001;27:165–176.
3. Coleman RE. Skeletal complications of malignancy. Cancer 1997;80(suppl):1588–1594.
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Endovascular Treatment
of Spinal Tumors
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Overview

Spinal Vascular Anatomy
§ Segmental arteries arise from
posterior aorta
§ Divide into ventral and dorsal
branches at transverse process

§ Spinal vascular anatomy
§ Preoperative embolization
– Tumor types
– Technique and embolic material
– Outcomes and efficacy

– Ventral branch supplies the
transverse process and rib
– Dorsal branch divides at NF into
radicular artery and muscular
branch to paraspinous muscle

§ Palliative/Intra-arterial chemoembolization (TACE)
– Early results

§ Somatic (vertebral body)
branches arise from main
segmental artery, and radicular
artery

Metastatic Spinal Disease: Treatment

Spinal Vascular Anatomy

§ Options are limited and mainly palliative
§ Chemotherapy (usually ineffective)
§ Radiation Therapy – pain relief but limited stabilization
– Overall response rate of only 60%, 1/3 with complete response
– Limited by dose to normal tissues
– Pain from anatomic changes not responsive

§ Intervention

Neuroangiography.org

– Open surgery: reserved for pts with radioresistant tumors(sarcoma
or RCC), mechanical instability, or compression of cord/nerves.
– Minimally invasive spinal surgery (endoscopy, vertebroplasty/
kyphoplasty +/- tumor debulking)
– Augmentation and brachytherapy
– Chemoembolization
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Tumor types
§ Majority are metastases, primary spinal tumor much less
common
§ Renal cell carcinoma (RCC) most common

Preoperative Embolization
§ Indication
– Reduced intraoperative blood loss, better surgical field for
surgeons, reduced operative time, decreased complications = safer
and easier surgery

§ Contraindication
– Presence of a spinal cord supply (radiculomedullary artery) close to
the tumor-supplying arteries
– Relative contraindication: ASA seen via intersegmental
anastomoses, significant tumoral AV shunting, coagulopathy, renal
failure
Awad et al JNIS 2015

Spinal Angiography
§ 5F system, microcatheter large enough to allow injection of
chosen embolizate
§ C-spine and upper T-spine
– VER type catheter
– Vertebral arteries, ECAs, Thyrocervical and costocervical trunks, supreme
intercostals,

§ Mid-Low T-spine, L-spine
– Mikaelsson or Simmons type catheter
– Bilateral segmental arteries at affect level(s) and 2 levels above and below

§ Lower L-spine and Sacrum
– Internal iliacs, iliolumbar and medical sacral arteries

Spinal Angiography
§ Normal blood supply to spinal cord should be ascertained
prior to embolization
§ Right segmental arteries tend to feed the anterior vertebral
body and left segmental arties the posterior body
§ AP DSA mainly, careful documentation of levels
interrogated
§ Suspend respiration and glucagon may improve DSA
quality
§ Use microcatheterization and angiography before
embolization to identify tumor vascularity and dangerous
anastomoses to nl cord

T7 Hemangioma
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Left T9 Segmental artery- ASA supply

Right T7 embolization with PVA

RCC metastasis to T2

TCT preembolization

Microcatherization pre and post embo

RCC metastases to T4-T6
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Supreme Intercostal

T6

T6

T5

T5

Preoperative embolization: Outcomes
§ At least >80% of tumor vascularity needs to be embolized in
order to achieve significantly less intraoperative blood loss.
§ In reported literature, ~75% of cases achieved this goal.
§ (Grissenauer et al, World Neurosurg 2016, Awad et al JNIS
2015)

§ Complications are rare (<3%)
– Ischemia, usually acute
– Hemorrhage into tumor post embolization
– Post embolization swelling
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Cloft et al AJNR 1998

Ashour et al NS Clinics NA 2014

Embolic Agents
§ Particles (PVA, embospheres)
– Most commonly used
– Try using particle greater than 100-150 microns in size to avoid nerve
injury

§ Liquid embolics (NBCA, Onyx)
– More popular recently due to theory that greater tissue penetration will
result in improved operative blood loss

Palliative Embolization
§ Offered to relieve pain and possibly to improve neurologic
symptoms in patients with unresectable spinal tumors after
failure of medical and radiation treatments
§ Embolization may reduce mass effect and relieve spinal
cord compression by tumor necrosis and shrinkage

§ Coils: used as an adjunct to particulate embolization for proximal
occlusion
§ However, recent analyses showed no significant difference in the
degree of tumor embolization and EBL between PVA and liquid
embolics Grissenauer et al, World Neurosurg 2016

Henriksen et al, J Pain Sym Man 2009

§ 25 pts with lytic mets to spine
§ Carboplatin and pirarubicin
§ 83% pts had sustained (mean 12 months) significant pain
relief
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Thoughts on IA Chemotherapy
§ Who is the appropriate candidate?
§ Can IA chemotherapy be used as a preoperative or
perioperative adjunct?
§ Which chemo agent is best for diverse group of mets?
§ What is the cost, who should pay, and is the cost worth the
small amount of survival that this therapy may provide?

Conclusion
§ Endovascular treatment of spinal tumors is done for
presurgical embolization or for palliation in the setting of
medically and surgically refractory tumors
§ Spinal tumor embolization is a safe procedure with few
complications and may improve surgical outcomes by
limiting operative blood loss and reducing operative time
§ IA chemotherapy is an exciting development but its role
remains to be determined by future research and study

Can osteoplasty be performed
to treat non-healing
fractures of extra-axial
bones?

Patient Demographics

Extra-vertebral osteoplasty
using cement for the
treatment of non-healing fractures
Jeremy J. Heit, PhD, Stavros A. Georganos, MD,
Robert L. Dodd, MD, PhD, Mahesh V. Jayaraman, MD and
Huy M. Do, MD
Stanford University Medical Center
Departments of Neuroradiology and Neurosurgery
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Osteoplasty technique
1.
2.

Rotational fluoroscopic image acquisition with CT reformation delineates fractures.
A projected needle tract was then determined, and the AP and lateral fluoroscopic views

3.

were positioned based on this projection path.
Needle advancement visualized in both planes to allow for the precise advancement of the

Osteoporotic lesion of pubic rami
a.

b.

c.

d.

needle along the projection path calculated based on the prior C-arm CT.
4.

Once the needle was positioned either near or within the targeted fracture, contrast injected
to identify potential areas of PMMA leakage into the surrounding soft tissues or vasculature.

5.

The PMMA cement was then prepared and injected through the needle slowly under biplanar

6.

fluoroscopic visualization.
PMMA injection was halted when the fracture had filled completely or the margin of the bone

7.

cortex was reached.
Following PMMA filling, single fluoroscopic image and a C-arm CT were acquired, and image
reformation was used to delineate fracture opacification.

Metastatic Breast Cancer to Clavicle
a.

b.

c.

d.

Hemangioma

Significant pain relief in all patients

Treatment Locations
§
§
§
§
§

Ischial tuberosities Kelekis et al, JVIR 2005
Ilium Hierholzer et al, JVIR 2003
Acetabulum Hokotate et al, Cardiovasc Interv Radiol 2001
Femur Yamada et al J Anesth 2007
Humerus Kawai et al JVIR 2007
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Conclusions
1. Osteoplasty is a successful and rapid means of pain control in otherwise
recalcitrant lesions
2. State of the art equipment facilitates successful technique
3. Osteoplasty should be adapted to other extra-axial sites
4. Extra-axial osteoplasty is an area for further growth and investigation
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Results
§ 18 patients treated 2014-2015
§ 100% technical success
§ No complications (hematoma, spinal anesthesia, facial
numbness)
§ 100% immediate and sustained relief in classic TN
§ 40% success with atypical TN

