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Springer’s Spine Oncology contains the expert knowledge base of our field’s 
most experienced practitioners in the field of extradural bone and soft tissue 
malignancy. We are passionate about spine tumors because of the complexity 
of disease, multidisciplinary nature, collaborative approach, and potential for 
life-quality-extending interventions in very difficult situations.

Since spine tumors are rarer than other musculoskeletal conditions, one 
might hypothesize that research and advancements in the field move slowly. 
Quite to the contrary, the care of spine tumors involves a complex interplay 
between medical, radiotherapy, and surgical fields. Within each one of these 
disciplines, small advancements occur on a regular basis, thereby opening the 
door for parallel or symbiotic progress in other areas. This text is an effort by 
our team to present the reader with a technology-forward state of the art in 
each of the important sub-disciplines of extradural spine oncology.

We wanted the reader to gain insight into the treatment of a spine tumor 
patient. As such, we created the chapters on modern classification, advanced 
anatomy, imaging, and the concepts around multidisciplinary approach. 
Further, we recognize that treating primary tumors requires very different 
strategies than those used in metastatic tumors, and have devoted separate 
sections to each sub-discipline. For primary tumors, the text covers both 
benign and malignant entities and addresses unique anatomic zones such as 
the sacrum and skull base, which require special technical expertise. For met-
astatic disease, we address the ever-important concept of prognosis and dis-
cuss how to answer the eternal question: “How much should we do, and for 
whom?” We also explore the state of the art of treatment for the “big 5” his-
tologies (renal cell, lung, breast, prostate, thyroid), with a special chapter 
emphasis on separation surgery and the now-standard combinatorial care 
between radiation and surgery.

Although these topics are essential and shouldn’t be omitted from any 
spine tumor text, our volume has unique features. We present an entire sec-
tion on evolving surgical technology which covers the use of minimally inva-
sive techniques, navigation, robotics, 3D-printing, and other evolving 
technologies for spine tumor care. We also present infrequently considered 
topics such as how to evaluate a lesion, which may be a tumor-mimic, and 
how to think about economic value in spine tumor surgery.

Preface
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Our sincere hope is that this text will leave the reader more prepared to 
approach difficult clinical scenarios with a thoughtful, collaborative approach 
that leverages the best technology and thinking the field of spine oncology 
has to offer.

Chicago, IL, USA  Matthew Colman, MD
Chicago, IL, USA  Kern Singh, MD 
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Advanced Spinal Anatomy 
and Applications for the Spine 
Tumor Surgeon

Elie Massaad and John H. Shin

 Introduction

There is a wide spectrum of tumors that affect the 
spinal column, spinal cord, and central nervous 
system. These include intradural tumors, primary 
spinal column tumors, and metastatic tumors. 
Intradural tumors may consist of intramedullary 
or extramedullary tumors. Intramedullary tumors 
are tumors that arise from the substance of the 
spinal cord and include tumors such as astrocy-
toma and ependymoma. Extramedullary tumors 
are tumors that are found within the dura, but do 
not arise from the spinal cord itself. These tumors 
may originate from the dura itself, nerve, or nerve 
sheath. Examples of such tumors include menin-
gioma, schwannoma, and neurofibroma. The 
anatomy specific to intradural tumors and their 
associated surgical approaches are outside the 
scope of this text.

The most common forms of tumor that affect 
the spinal column are metastatic tumors. Tumors 
that metastasize to the spine most commonly 
come from the breast, lung, prostate, and kidney, 
though any cancer affecting a solid organ can 
metastasize to the spine. Because of the nature of 
metastatic spread, these tumors may involve one, 

several, or multiple vertebrae of the spine based 
on the physiology of the disease and can affect all 
regions of the spinal column. This makes surgery, 
when indicated, a challenge, as surgeons must 
consider the morbidity of intervention and the 
potential complications associated with the sur-
gery. The most direct access to the pathology in 
the spine may also be the most complicated, so 
careful consideration must be given to the 
approach-related morbidity in the decision- 
making process.

This is also true for cases of primary spinal 
column tumors which are not as common as 
metastases. With primary spinal column tumors 
such as sarcomas, the type of surgery and the 
extent of resection required differ significantly 
from the metastatic patient. In these cases, wide 
en bloc resections are often utilized to maximize 
local tumor control and survival. A full discus-
sion of the surgical techniques for these types of 
tumors is beyond the scope of this chapter, but 
the conceptual framework is introduced, as it 
helps establish the importance of understanding 
why and when to consider the various approaches.

Spine tumor surgeries as a whole are complex 
and require not only mastery with decompression, 
stabilization, and reconstruction techniques, but 
also an appreciation for the anatomy in each 
region. In general, the spine can be approached 
through either anterior, lateral, or posterior 
approaches. The anterior approach can be more 
challenging given the complex anatomy of the 
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vessels, nerves, and internal organs in the field of 
dissection. For these approaches, the spine sur-
geon is usually assisted by an access surgeon (head 
and neck, vascular, thoracic, or general surgeon) 
who can help secure access to the desired spine 
level. However, it is critical that the spine surgeon 
be knowledgeable of the anatomical consider-
ations of the anticipated approach in order to mini-
mize vascular injury, nerve injury, intraoperative 
and postoperative complications. Communication 
with the access surgeon is critical.

With advances in surgical technologies and 
minimal access surgery, the lateral approach to 
the thoracic and lumbar spine has made anterior 
column access and reconstruction less morbid 
while obviating the need for extensive soft tissue 
dissection and resection. On the other hand, the 
posterior approach to the entire spine is familiar 
to most surgeons, is the cornerstone of spine 
tumor surgery, and eliminates the need for an 
access surgeon. In the proper clinical setting, a 
number of different approaches can be utilized to 
achieve the goals of the operation which are usu-
ally neural decompression and stabilization. 
Given the myriad list of pathologies that affect 
the central nervous system and spinal column, a 
thorough understanding of the surgical tech-
niques, approaches, and their relevant anatomic 
relationships is essential.

This chapter discusses the anatomy of the 
most common approaches relevant to spine tumor 
surgery and provides practical tips for the spine 
surgeon.

 Cervical Approaches

Each region of the cervical spine has important 
anatomic considerations to consider. Whether 
addressing pathology at the craniovertebral junc-
tion, the subaxial cervical spine, or cervicotho-
racic junction, each area has potential structural 
“landmines” that can subvert any well- intentioned 
and well-planned operation.

 Anterior Cervical
The anterior approach to the cervical spine is 
common in spine surgery and is familiar to most 

surgeons, given the routine use of this approach 
for degenerative and traumatic conditions of the 
spine. Because of the direct access to the spine, 
this is a versatile approach to the subaxial spine, 
typically between C3 and C7. To perform safe 
dissection and exposure of the anterior subaxial 
cervical region, surgeons should be familiar with 
the anatomic properties and surgical consider-
ations of the important structures in this region, 
mainly the carotid sheath, trachea, and 
esophagus.

The anterior cervical approach gives access 
primarily to the subaxial cervical levels [1]. 
Transoral, transmandibular, and submandibular 
approaches to the craniovertebral junction and 
C2 are discussed elsewhere in this textbook. The 
laterality of the surgical approach is decided by 
the surgeon and may be influenced by the course 
of the recurrent laryngeal nerve (RLN). The left 
RLN has a more direct ascent in the tracheo-
esophageal groove compared to the right RLN 
which has a more oblique course outside the tra-
cheoesophageal groove [2].

The anatomy of the cervical fascial layers is 
crucial in the anterior cervical approach. The 
cervical fascia helps compartmentalize the 
structures of the neck. Most anteriorly, the 
superficial layer of the cervical fascia surrounds 
the platysma muscle [3]. The platysma muscle 
may be either split longitudinally or divided in 
the direction of the skin incision. Then, the 
medial border of the sternocleidomastoid 
(SCM) is identified. The SCM is retracted later-
ally to allow further dissection. The omohyoid 
muscle can be also divided if it crosses the 
plane of the dissection. This is most commonly 
performed between C5 and C7. Dividing the 
omohyoid in this region helps visualize the 
lower cervical levels without excessively 
retracting or pulling on the surrounding soft tis-
sue. When divided, it is not necessary to re-
approximate the portion of the omohyoid that is 
divided, as it results in little cosmetic or swal-
lowing issues. The most superficial layer of the 
deep cervical fascia is the investing fascia [2, 
3]. It covers the SCM anteriorly and the trape-
zius muscle posteriorly. The dissection is car-
ried along the anteromedial border of the 
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sternocleidomastoid muscle until the carotid 
sheath is reached. The carotid sheath should be 
carefully mobilized in order to minimize the 
risk of carotid artery injury and cerebrovascular 
events [4]. It is usually not necessary to enter 
the carotid sheath and avoiding such will limit 
the possibility of injury to the vagus nerve. 
Particularly in elderly patients who are more 
likely to have atherosclerotic plaque in the 
carotid vessels, careful attention should be paid 
to avoid excessive retraction or manipulation of 
the carotid sheath. It is helpful to palpate the 
sheath to confirm orientation in the field.

On the medial side of the dissection plane, the 
trachea, the esophagus, and the strap muscles are 
identified. These structures are covered by the 
medial visceral layer of the deep cervical fascia, 
also known as the pre-tracheal fascia [5]. The 
RLN is usually posterior to the pre-tracheal fas-
cia. These structures, along with RLN should be 
mobilized and retracted gently with caution in 
order to avoid nerve injury [6]. After retraction, 
the plane of dissection is bordered by the carotid 
sheath laterally, the esophagus and trachea medi-
ally. The spine can be palpated, and the anatomic 
level identified with intraoperative radiography. 
Access to the vertebral body is obtained after dis-
section and mobilization of the prevertebral mus-
cles which are located between the prevertebral 
fascia and the vertebral body. The sympathetic 
trunk courses over the anterior surface of the lon-
gus colli lateral to the uncinate processes and is 
often difficult to visualize [7]. Prolonged or 
forceful retraction of the longus colli may cause 
damage to the sympathetic trunk and produce 
transient or irreversible Horner’s syndrome [8, 
9]. The incidence of Horner syndrome is around 
0.1–0.3% in ACDF series, but is far more com-
mon in anterolateral approaches [10].

For most anterior approaches for spinal metas-
tases, for instance, extensive resection or retrac-
tion of the longus colli on either side is usually 
not necessary, as the goal of surgery is palliative. 
In these situations, the anterior approach is excel-
lent for direct access to the disc, vertebral body, 
and epidural space to achieve maximal decom-
pression, reconstruction, and stabilization. In the 
metastatic tumor setting, the anterior approach is 

typically used to address spinal cord compression 
or pain from pathologic fracture or collapse of 
the vertebrae.

In the case of primary tumors such as chor-
doma, however, extensive resection or mobiliza-
tion of the longus either at single or at multiple 
levels may be required. In cases of large tumors, 
this may be required bilaterally. In such cases, 
because of distortion of the anatomy by tumor, 
the sympathetic chain may not be readily identifi-
able. In these cases, the most concerning ana-
tomic structure is the vertebral artery. When 
planning and preparing for such cases, it is essen-
tial to identify and anticipate where the vertebral 
artery will be both proximal and distal to the lev-
els of interest. It is critical in any cervical spine 
operation to know the location and course of the 
vertebral arteries.

 Posterior Cervical
The posterior cervical approach is considered 
safer than the anterior approach because of the 
absence of major blood vessels and organs during 
the dissection and the relative ease of exposure. It 
allows excellent exposure of the spinous pro-
cesses, lamina, and facets. The spine is exposed 
after dividing and retracting the fascia of the tra-
pezius, latissimus dorsi, rhomboids, and the liga-
mentum nuchae. The paraspinal muscles are 
elevated subperiosteally from the underlying 
laminae, using a Cobb elevator and/or electro-
cautery. With this approach, decompression 
including laminectomy, facetectomy, and instru-
mentation can be performed all through the same 
approach (Fig. 1.1). Because a number of levels 
can be easily and rapidly exposed with the poste-
rior approach, multilevel decompression and 
instrumentation can be performed expeditiously. 
In the subaxial cervical spine, lateral mass screws 
are an excellent way to fixate the cervical spine. 
Similarly, if the facets are not suitable for fixation 
due to destruction by tumor, the cervical pedicles 
can be instrumented.

 Cervical Spine Vascular Considerations
Blood supply to the spinal cord is delivered by 
two arterial systems: the anterior spinal artery and 
paired posterior spinal arteries. In the cervical 
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region, the anterior spinal artery receives blood 
supply mainly from the vertebral artery and the 
costocervical trunk [7]. It also forms arterial anas-
tomoses with the occipital artery, deep cervical 
artery, and the ascending cervical artery [11].

The vertebral artery (VA) arises from the 
right and left subclavian arteries. It usually 
enters the foramina at the C6 level but may 
enter at C5 or C7, and it exits the foramina in 
the area of the transverse process of the atlas 
[7]. The anatomy of the VA is very important in 
cervical spine tumors, especially when consid-
ering embolization before surgical resection. 
The complex arterial connections and anasto-
mosis between the VA, the carotid arteries, and 

the tumor arterial feeders can result in iatro-
genic intracranial vessel occlusion [12, 13]. 
Pre-evaluation of the vertebral arteries, subcla-
vian arteries, the thyrocervical and the costo-
cervical trunk by diagnostic angiography is 
paramount before and during an embolization 
procedure. Still, there are no clear anatomic 
definitions or indications regarding the need for 
permanent embolization of the VA and reports 
of such are highly variable. Vetter et al. (1997) 
occluded one vertebral artery by coiling in 23 
out of 38 cervical spine tumors [14]. In con-
trast, Patsalides et al. performed very few per-
manent vertebral artery occlusions in a series of 
49 cervical spine tumors [13].

a c

b d

Fig. 1.1 (a) A 67-year-old patient with metastatic renal 
cell carcinoma presents with severe neck pain, left arm 
pain, and weakness affecting elbow extension. Axial T2 
MRI shows metastatic destruction of the left lamina, facet, 
and pedicle with epidural and foraminal extension. The 
MRI shows complete obliteration of the neural foramen 
on the left side at the level of C6-7, compressing the C7 
nerve root. (b) The preoperative axial CT shows the extent 
of lytic destruction. The lytic destruction extends to the 

vertebral foramen on the left side. (c) Postoperative MRI, 
axial T2 image shows restoration of the foramen on the 
left at C6-7 after separation surgery, tumor resection, and 
decompression of the central canal and left C7 nerve root. 
Cerebrospinal fluid is now seen in the central canal as well 
as bilateral foramen. (d) Postoperative AP standing radio-
graph demonstrating the construct from C3-T2, all per-
formed through a posterior midline approach
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The key is to understand that embolization of 
a spinal tumor is not without risk and one must 
consider the true potential benefit of such inter-
vention. When obtaining a spinal angiogram, it is 
helpful to elucidate the vascular anatomy before 
embolization to minimize the risk of occluding 
essential vessels such as the anterior and poste-
rior spinal arteries [15]. It is important to discuss 
what the intended surgical plan is with the angi-
ographer so that if embolization is planned, it is 
done in such a way that facilitates the execution 
of surgery. For example, if an anterior or lateral 
approach is planned for the thoracic or lumbar 
spine, embolization of the segmental and feeding 
vessels contralateral to the side of the approach 
can be very helpful, as this is the side that will be 
deep and blind to the surgeon.

 Upper Thoracic Approaches

 Supraclavicular Approach
The supraclavicular approach allows exposure to 
the lower cervical levels and the T1 and T2 verte-
bral levels [16]. A transverse incision is made 
above the clavicle from the midline to the poste-
rior border of the sternocleidomastoid (SCM). 
The platysma is incised perpendicularly to its 
fibers [16]. The external jugular vein courses 
superficial to and obliquely across the SCM [2, 
17]. The spinal accessory nerve runs on the pos-
terior aspect of the SCM toward its insertion in 
the trapezius. Identification of the spinal acces-
sory nerve is necessary to preserve the function 
of the trapezius muscle [18]. The SCM and infra-
hyoid muscles cover the internal jugular vein, as 
it passes under the clavicle within the carotid 
sheath. The SCM should be divided medially and 
laterally while taking care of the internal jugular 
vein underneath the muscle. The floor of the inci-
sion, at this point, consists of the middle cervical 
fascia, which contains the omohyoid and the ster-
nohyoid muscles. One can identify the anterior 
scalene muscle next. The superficial surfaces of 
the anterior scalene are composed of the outer 
layer of the prevertebral fascia [2, 11]. The 
phrenic nerve should be identified along its length 
on the ventral aspect of the anterior scalene mus-

cle. It is important to carefully mobilize the 
phrenic nerve to preserve the function of the dia-
phragm [19]. Sometimes, the phrenic nerve can-
not be easily identified because the prevertebral 
fascia is very thick. In this case, it is advised to 
perform a nerve stimulation of the phrenic nerve 
over the surface of the anterior scalene muscle 
[20]. The carotid sheath should be identified and 
mobilized medially with care.

The anterior scalene muscle originates from 
the anterior tubercles of the transverse process 
C3-C6 and inserts on the upper face of the first 
rib [2, 21]. This anatomical property can be used 
to locate the C3 vertebra. The fascia on the deep 
surface of the anterior scalene is called Sibson’s 
fascia. It forms the suprapleural membrane which 
is an extension of the endothoracic fascia that 
covers the cervical surface of the pleura [22]. The 
spine will be reached after dissection of the ante-
rior scalene muscle at its proximal origin, and 
also incising the Sibson’s fascia at the transverse 
processes. The brachial plexus and the subcla-
vian artery can be identified between the anterior 
and middle scalene muscles [2]. At the level of 
the spine, the proximal segment of the vertebral 
artery (VA) V1 can be identified at the C6 level. 
The VA enters into the transverse foramina of C6, 
between the medial longus colli and the lateral 
anterior scalene [23]. If the procedure is done on 
the left side, it is critical to not injure the thoracic 
duct. Over the dome of the pleura, the thoracic 
duct is anterior to the VA and vertebral. It enters 
the angle between the left internal jugular vein 
and the left subclavian vein.

 Sternotomy and the Anteromedial 
Approach
The anteromedial approach extends the surgical 
field to give anterior access to the cervicotho-
racic junction. A median sternotomy or sternal 
osteotomy allows better exposure to the T3 and 
T4 levels when anterior access is needed. These 
approaches are rarely used in cases of metastatic 
spine tumor surgery given the morbidity 
 associated with the approaches. These 
approaches are typically utilized for the resec-
tion of primary tumors such as chordoma and 
chondrosarcoma.
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The sternohyoid and sternothyroid muscles 
have their origin at the dorsal surface of the ster-
noclavicular joint and manubrium, respectively. 
These muscles are liberated from their origin to 
allow better access to the spine, and a part of the 
manubrium sterni and medial clavicle is resected. 
Sternoclavicular osteotomies should be per-
formed with care in order to avoid injury to the 
left or right subclavian artery. In fact, the right 
subclavian artery originates from the brachioce-
phalic artery at the base of the neck, posterior to 
the sternoclavicular junction. The left subclavian 
artery originates from the aortic arch and ascends 
to the base of the neck. The recurrent laryngeal 
nerve (RLN) also has different anatomical 
courses. The RLN turns around the right subcla-
vian artery on the right side, and around the aortic 
arch on the left side. Therefore, a left-sided 
approach is usually recommended in order to 
avoid injury to the recurrent laryngeal nerve. The 
cervicothoracic approach has limited access to 
the T3 and T4 vertebra due to the location of the 
aortic arch and the left brachiocephalic vein in 
the superior mediastinum. The T3 and T4 levels 
are usually reached between the esophagus and 
trachea medially and the left common carotid or 
the brachiocephalic artery (BCA) laterally.

 Standard Thoracotomy
The rib cage is formed by 12 ribs on each side 
which are connected posteriorly by the 12 tho-
racic vertebrae. On the anterior side, the first 7 
ribs are attached to the sternum and are called the 
true ribs. The last 5 ribs are called the false ribs. 
Ribs 8–10 articulate with the seventh costal carti-
lage. Ribs 11 and 12 are free-floating and do not 
have any anterior connection. The neurovascular 
bundle runs along the inferior aspect of each rib 
and includes from top to bottom, the intercostal 
artery, vein, and nerve. The intercostal muscles 
are arranged in three layers (external intercosta-
lis, internal intercostalis, and the innermost inter-
costalis), with their fibers perpendicular to the 
ribs.

The T4–T12 levels can be reached anteriorly 
by a standard thoracotomy. During this proce-
dure, the patient is usually in the left decubitus 
position, and the thoracotomy is done from the 

right site, in order to avoid any injury to the aorta 
on the left side. The thoracotomy is usually 
cephalad to the lesion, and usually, the resected 
rib is 1 or 2 levels above the level of the lesion 
which allows better exposure. A more direct 
approach is to choose the rib that is directly hori-
zontal to the vertebral body on the AP X-ray 
view. After removing the rib, the parietal pleura 
is incised along the line of the rib. The lung 
could be retracted medially and ventrally or 
could be collapsed by shifting ventilation from 
the right lung to the left lung by anesthesia 
assistance.

On the right side, the azygous vein runs supe-
riorly and rightward to the vertebral column. The 
hemiazygous vein crosses from left to right at the 
level of the T9 vertebra and terminates into the 
azygous vein. The sympathetic chain has 11 gan-
glia located at each level of the rib neck. The 
splanchnic nerves course along with the lateral 
aspects of the middle and lower thoracic verte-
bral bodies.

Mini-open Lateral Approach 
to the Thoracic Spine
Thoracic corpectomy can also be achieved 
through a minimally invasive technique. The 
patient is positioned in the adequate lateral 
position, and the vertebral orientation is con-
firmed by fluoroscopy. A small incision 2–3 cm 
is made over the rib that corresponds to the ver-
tebral body of interest. The rib is exposed and is 
resected while taking care of the neurovascular 
bundle on the inferior side of the rib. Resection 
of the rib should be as posterior as possible to 
allow maximal exposure to the posterior spine. 
The thoracic pleura is dissected along the wall 
of the rib and a space is created between the 
endothoracic fascia and the pleura. A blunt dis-
section is carried in this space, along the rib, to 
the corresponding vertebral body. The correct 
vertebral body can be confirmed by intraopera-
tive fluoroscopy. The rib head articulating with 
the corresponding vertebral body should be 
identified. The rib head is drilled using a high-
speed drill. This exposes the lateral aspect of 
the pedicle which is located underneath the 
resected rib head. The segmental vessels are 
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exposed and coagulated. Partial discectomies 
are performed to better delineate the vertebral 
bodies. It is critical to identify the neural fora-
men posteriorly to avoid any nerve injury. A 
high-speed drill is also used to decompress the 
neural foramen and expose the epidural space. 
The posterior and inferior endplates of the adja-
cent vertebra should be preserved after the 
corpectomy.

Anterolateral Approach 
to the Thoracolumbar Junction
The anterior approach to the thoracolumbar junc-
tion is done by performing a T10 or T11 thora-
cotomy. The 11th rib is a floating rib and therefore 
can be more difficult to reconstruct the thoracic 
cage after an 11th rib osteotomy than after a tenth 
rib osteotomy. The surgeon can access the T12 
vertebral level with a supra-diaphragmatic 
approach. However, mobilization of the dia-
phragm is needed to have access more caudally, 
to the L1–L2 levels [24]. The diaphragm is 
attached to the undersurface of the 11th and 12th 
ribs. It separates the thoracic and the retroperito-
neal cavities. The dissection of the diaphragm is 
done along with its insertion at the 11th and 12th 
ribs. The phrenic nerve is easily damaged with 
this approach [25]. After reflection of the dia-
phragm ventrally, the lateral and medial arcuate 
ligaments are identified. The medial arcuate liga-
ment passes over the psoas major muscle and has 
its insertion at the L1 vertebral body. In parallel, 
the lateral arcuate ligament passes over the qua-
dratus lumborum muscle and has its insertion on 
the transverse process of the L1 vertebra. Given 
their anatomic insertion on L1, both the lateral 
and medial arcuate ligaments need to be under-
mined in order to have access to the thoracolum-
bar junction.

Preoperative assessment and description of 
the origin and path of the artery of Adamkiewicz 
are an essential step that helps avoid any vascular 
injury and morbid consequences during surgery. 
Most often, the artery of Adamkiewicz arises 
from the left segmental intercostal and lumbar 
arteries (80% of cases), between the T9 and T12 
(75% of cases), but still can arise between L1 and 
L2 (10%).

 Posterior Thoracic Approaches

The posterior thoracic approaches to the spine 
are the “workhorse” approaches for the spine 
tumor surgeon. This approach affords access to 
the spinal cord as well as the dorsal spinal anat-
omy for multilevel fixation and reconstruction 
(Figs. 1.2, 1.3, and 1.4).

 Transpedicular Approach
The transpedicular approach is an extension of 
the laminectomy and allows ventral access to 
pathologies such as disc herniations and epidural 
tumor. After adequate localization, pedicle 
screws are usually placed two levels above and 
below the pathologic level. Depending on the 
quality of the bone, additional screws may need 
to be inserted above and below. Wide decompres-
sion and laminectomies expose the spinal cord 
and the exiting nerve roots. The pedicle is often 
identified at the junction of the transverse process 
and the superior articulating process. Sometimes, 
sacrificing a nerve root might be necessary to 
increase the working plane. When performing a 
vertebrectomy through a unilateral or bilateral 
transpedicular approach, the disks above and 
below the pathologic vertebrae are removed to 
prepare the adjacent endplates. The pedicle may 
be entered by a rongeur or a high-speed drill.

During this procedure, navigation can also be 
used to navigate the drill inside the pedicle and 
avoid injury to the anterior structures, such as 
the aorta, anterior vessels, diaphragm, and vis-
ceral organs. It is an application of navigation 
technology that can help guide the extent of 
resection and drilling. Also, the anterior longitu-
dinal ligament and the anterior cortex provide 
important anatomical landmarks for the protec-
tion of the anterior visceral structures. After 
removal of the vertebral body, placing a cage for 
reconstruction requires having enough access. 
This often entails drilling or resecting part of the 
proximal rib head on that side to allow for 
enough space to safely introduce the cage into 
the vertebrectomy defect. Chou et al. described a 
technique called “trap door osteotomy for 
expandable cage placement” that mobilizes the 
rib at the thoracovertebral junction by perform-
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ing a small osteotomy lateral to the costoverte-
bral junction [26]. This allows the rib head to 
move more anteriorly. The cage can be pushed in 
the corridor between the spinal cord and the rib 
head. The rib is then allowed to swing back pos-
teriorly into proper position [26]. This approach 
can also be performed in a minimally invasive 
fashion [27]. The screws are placed percutane-
ously through multiple skin incisions, or through 
the fascia via a single incision. The single skin 
incision approach may prevent wound dehis-
cence at multiple incision sites [28].

 Costotransversectomy and Lateral 
Extracavitary Approach
Costotransversectomy (CTE) allows simultane-
ous anterior and posterior exposure of the spine, 
in addition to circumferential decompression 
which is an advantage in spine tumor surgery. It 
is commonly used for T2-L1 levels. The lateral 
extracavitary approach (LECA) is a very similar 

a b

c

Fig. 1.2 (a) A 64-year-old EGFR+, non-small-cell lung 
cancer patient presents with severe back pain, leg weak-
ness 3/5, inability to ambulate, and severe spinal cord com-
pression. The patient previously underwent radiation to the 
thoracic spine as well as the chest for lung cancer. (a) 
Preoperative MRI and sagittal T1 post-contrast demon-
strate T2 pathologic fracture and high-grade spinal cord 

compression. There is both anterior and posterior involve-
ment of the spinal column with circumferential compres-
sion of the spinal cord. (b) Preoperative MRI, sagittal T2. 
The degree of spinal cord compression is evident. (c) 
Preoperative MRI, axial T1-post-contrast. High-grade epi-
dural spinal cord compression with complete obliteration 
of the cerebrospinal fluid and distortion of the spinal cord

Fig. 1.3 Intraoperative photograph illustrating the bilat-
eral transpedicular drilling at T2 and circumferential 
decompression of the spinal cord at that level. Spinal 
instrumentation has been performed above and below the 
level of compression, T2. The arrows point to the cavity 
created by the transpedicular drilling into the T2 vertebral 
body. This photograph is with the patient in the prone 
position. The top part of the photograph is the right side of 
the patient and the bottom is the left side. Cranial is left 
and caudal is right. The spinal cord is maximally decom-
pressed above and below the level of compression
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procedure to CTE, except for the extent of rib 
resection and access strategy to the spine. In 
CTE, the access is medial to the erector spinae 
muscles, more lateral or through the muscles in 
LECA. The access to the spine in both approaches 
requires resection of the rib head. In CTE, the 
length of rib resection is less than 6 cm; in LECA, 
it is between 6 and 12  cm. Given that, LECA 
involves a more lateral exposure than CTE with 
retraction or transection of the paraspinous tho-
racic muscles. LECA is very convenient for a 
total corpectomy. It allows placement of a graft 
or cage anteriorly and posterior instrumentation 
in the same sitting. At the T3 level, access to the 
spine in LECA can be restricted by the scapula, 
which can be rotated laterally by positioning of 
the arm preoperatively for adequate access.

The CTE approach is an excellent method to 
decompress and reconstruct the thoracic spinal 
column through a posterior approach. By resect-
ing the transverse processes, the proximal rib 
heads, and the pedicles, complete vertebrectomy 

can be achieved. This can be done with a unilat-
eral or bilateral approach. Sacrifice of the tho-
racic nerve root can help facilitate vertebrectomy 
and resection of the posterior longitudinal liga-
ment (Figs. 1.5 and 1.6). It is important to know 
where the disc spaces are with this approach so 
that the endplates above and below are not vio-
lated. This has significant consequences with 
regard to anterior column reconstruction and 
interbody cage placement. If the inferior endplate 
is violated, this can lead to graft subsidence and 
potential hardware failure. Because the thoracic 
disc spaces may be calcified or narrow, meticu-
lous dissection is required. A surgical pearl is to 
drill within the vertebral body toward the disc 
space. Once the drill goes from vertebral body to 
disc, the consistency of the disc material is an 
obvious change and indication that the disc space 
has been entered and that the next endplate is 
near. At this point, a down angled curette can be 
very helpful to start preparing the endplate for 
arthrodesis and graft placement.

a b

Fig. 1.4 (a) Postoperative MRI Sagittal T2 image show-
ing residual T2 vertebral body after surgery and clear 
resection of epidural tumor. The cerebrospinal fluid has 
been reconstituted after surgery, further achieving the goal 
of separating the tumor away from the dura and the spinal 
cord. (b) Screenshot from the radiation treatment plan 

from postoperative stereotactic radiosurgery. With maxi-
mal decompression and separation of tumor away from 
the spinal cord, a dose of 24 Gy was administered in 2 
fractions postoperatively. The spinal cord is contoured in 
dark blue
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 Lateral Retroperitoneal Approach

The lateral retroperitoneal approach gives the 
surgeon access to the lumbar vertebral levels. 
Planning the incision is very important in order 

to get direct access to the desired level. To 
expose L1–L2 levels, the incision should begin 
above the level of exposure and terminate at the 
lateral border of the rectus sheath above the 
midpoint of the costal margin and the umbili-

a b

c

Fig. 1.5 A 49-year-old patient with metastatic renal cell 
carcinoma s/p nephrectomy 10  years ago presents with 
severe back pain and leg weakness 3/5. The patient is 
unable to ambulate due to pain and weakness. (a) 
Preoperative MRI, T1-sagittal post-contrast demonstrates 
T10 pathologic fracture and spinal cord compression. (b) 

Axial T2 image and (c) Axial T1-post-contrast image 
demonstrate the extent of spinal cord compression. Note 
the T2 dark flow voids on the axial image through the ver-
tebral body and left paravertebral extension of tumor. The 
vascularity of such a lesion and its proximity to the aorta 
should not be underestimated
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cus. The incision for an L2–L5 exposure starts 
at the posterior axillary line between the costal 
margin and the superior iliac crest and extends 
toward the umbilicus for L2–L4 and between 
the umbilicus and the pubic symphysis for L4–
L5 [29]. The incision is usually directed by 
fluoroscopy. Next, dissection of the abdominal 
wall muscles (internal oblique, external oblique, 
and transversalis) should be done along their 
anatomical planes. After the opening of the 
transversalis fascia, the structures of the retro-
peritoneal cavity should be identified and 
retracted carefully. Blunt dissection of the ret-
roperitoneal plane between the renal fascia ven-
trally and the quadratus lumborum/psoas 
muscle group posteriorly leads to the vertebral 
column.

The psoas major muscle arises from the 
anterolateral portions of the T12-L5 vertebral 
bodies, the intervertebral discs, and the trans-
verse processes of the lumbar vertebrae [2]. The 
psoas minor is absent in 40% of patients, but, 
when present, lies anterior to the psoas major 
[30]. The lumbar plexus runs through the sub-
stance of the psoas major. The lateral femoral 
cutaneous nerve exits the psoas at the L3–L4 
level and travels on the lateral margin of the 
psoas. The genitofemoral nerve is commonly 
identified on the medial side of the psoas [31]. 
For this reason, the psoas muscle should be 
reflected dorsally and not ventrally, to avoid 
stretching and injury to the lumbar plexus. Also, 
the abdominal portion of the ureter is located at 
the level of the L2 transverse process [32]. It is 

a

b

c d

Fig. 1.6 (a) Preoperative angiogram demonstrating 
selective catheterization of a segmental vessel into the 
T10 vertebral body. Note the hyper-vascularity and the 
extent of tumor blush with contrast injection. (b) Post- 
embolization injection demonstrating the lack of contrast 
blush after embolization with coils. (c) Intraoperative 
photograph demonstrating the reconstruction and decom-

pression achieved through a bilateral costotransversec-
tomy approach. The T10 vertebral body has been resected 
and the anterior column has been reconstructed with an 
expandable titanium cage. (d) Standing postoperative lat-
eral radiograph demonstrating the instrumentation and 
reconstruction
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usually found in relation to the genitofemoral 
nerve and can be easily identified by the ureter 
peristalsis, known as the Kelly sign [33]. After 
identifying the psoas muscle, major retroperito-
neal structures need to be identified by blunt 
dissection of the retroperitoneal sac. The com-
mon iliac arteries run inferolateral on the 
medial surface of the psoas to their bifurcation 
into the internal and external iliac arteries at the 
lumbosacral level. The iliac vessels usually 
bifurcate at the caudal L4 level, but it is better 
to check on preoperative images if they bifur-
cate at a more cephalad or caudal level [34]. On 
the right side, the inferior vena cava is lateral to 
the right common iliac artery. The lumbar sym-
pathetic chain lies anterior to the vertebra bod-
ies and medial to the psoas major muscle [30, 
35]. The lumbar veins lie in the angle of the 
vertebral bodies and transverse processes, deep 
to the psoas muscle [36].

 Anterior Retroperitoneal Approach

The anterior retroperitoneal approach is usually 
adopted for lower anterior access to the lower 
lumbar vertebral levels when the iliac crest limits 
access through a lateral approach [37, 38]. A 
midline vertical abdominal incision is made. 
Dissection to the anterior rectus sheath and linea 
alba exposes the peritoneum cavity. The trans-
verse colon can be seen and should be packed and 
retracted superiorly with the small intestine in 
order to expose the posterior peritoneum [39]. 
The aortic bifurcation and the sacral promontory 
are identified through the dorsal peritoneum [40]. 
At this point, it is very important to identify the 
ureter and the hypogastric plexus in order to 
avoid the injury of these structures. In fact, both 
the right and left common iliac arteries are 
crossed by the ureter at their termination [32]. 
The superior hypogastric plexus is situated in 
front of the sacral promontory, anterior, and 
slightly inferior to the bifurcation of the abdomi-
nal aorta. The inferior part of the plexus can be 
found posterior to the sigmoid mesocolon and 
upper mesorectum. It continues into the right and 
left inferior hypogastric nerves [41]. In order to 

access the L5-S1 levels, one must mobilize the 
great vessels. The aorta and the inferior vena cava 
can be mobilized medially. The approach to L4–
L5 is more challenging because the aortic bifur-
cation and the iliac vessels are anterior to the 
vertebral body. There is a high risk of tearing a 
vessel or causing an iliac artery or vein thrombo-
sis. Therefore, the safest approach to the L4–L5 
vertebrae is typically to identify and ligate the 
iliolumbar vein [42].

 Minimally Invasive Lateral (MIS), 
Retroperitoneal Approach 
to Thoracolumbar and Lumbar Spine

In cancer patients with short life expectancy, 
anterior lumbar interbody fusion for spine stabili-
zation can still be achieved with minimal  
postoperative complications by a mini-open  
retroperitoneal approach, laparoscopic transperi-
toneal approach, or an endoscopic lateral retro-
peritoneal approach [43, 44] (Figs. 1.7, 1.8, 1.9, 
and 1.10). Many factors need to be taken into 
consideration before and during an MIS 
approach, to avoid injuries and complications. 
First, patient positioning to obtain direct lateral 
access to the adequate spine level should be con-
firmed by AP fluoroscopy imagine. On AP, the 
spinous processes should be perfectly centered 
between their respective pedicles, and the end-
plates should be parallel. This is very important 
specifically in patients who have spinal deformity 
such as scoliosis. Next, the iliohypogastric and 
ilioinguinal nerves need to be identified during 
blunt dissection of abdominal muscles and the 
retroperitoneum. Note that the iliohypogastric 
nerve emerges from the upper lateral border of 
the psoas muscle and then courses inferolateral 
over the quadratus lumborum to the crest of the 
ilium; there, it pierces the transverses abdominis 
muscle near the anterior superior iliac spine 
(ASIS). Below the ASIS, the iliohypogastric 
nerve is just lateral to the rectus abdominus [45]. 
The ilioinguinal nerve usually runs adjacent to 
the iliohypogastric. Injury to these nerves will 
cause postoperative abdominal asymmetry, pseu-
dohernia, or genital numbness [46].

E. Massaad and J. H. Shin



15

Neuromonitoring (EMG nerve root map-
ping) is essential in the procedure to help 
avoid nerve injury. Also, pre-assessment of the 
anatomy of the psoas muscle by looking at 
preoperative imaging is required for a safe 
procedure. Uribe et  al. defined safe surgical 
corridors and safe working zones away from 
the lumbar plexus in lumbar fusion [47]. They 
relied on radiographic and cadaveric studies to 

study the safety of the vertebral bodies zones 
I, II, III, and IV. According to this study, Zone 
3 is safe for dissection between L1 and L4. 
The AP midpoint of the body is safest for dis-
section at the L4–L5 level [47]. The shallow 
docking technique is a useful technique that 
allows for the identification of nerves and ves-
sels while carrying on the dissection through 
the psoas muscle [48].

a b

c

Fig. 1.7 A 56-year-old patient with metastatic breast cancer presents with severe back and left leg pain. (a) Preoperative 
T1-post-contrast and (b) T2 sagittal shows L4 pathologic fracture and (c) severe left L4 nerve root compression

Fig. 1.8 Patient is 
positioned lateral for a 
minimally invasive left 
side, retroperitoneal 
approach to L4
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Fig. 1.9 (a) Intraoperative view showing the decompressed thecal sac and nerve roots. (b) Intraoperative view of the 
reconstruction using an expandable cage and cement with anterior plate and screws

Fig. 1.10 Postoperative CT showing the extent of decompression and reconstruction. Cement was used to reinforce the 
anterior screw fixation
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Retraction of the psoas muscle should be done 
in a very delicate and timely fashion, as the time 
of retraction is associated with increased risk of 
postoperative nerve injury or palsy [49]. For 
example, a prolonged retraction time at the L4–
L5 level can be associated with a higher risk of 
femoral nerve injury at L4–L5 and subsequent 
neuropathic quadriceps muscle dysfunction [49]. 
In contrast to the transpsoas approach, an anterior 
psoas approach carries less risk of nerve injury. 
For the anterior psoas approach, a more anterior 
skin incision is required. In relation to the psoas, 
the genitofemoral nerve is at risk of injury here, 
because it runs on the anterior surface of the mus-
cle [31]. Also, anterior docking carries a risk to 
anterior vascular structures as well as the sympa-
thetic chain.

 Posterior Approach to the Lumbar 
Spine

The posterior approach in the lumbar spine 
affords the spine surgeon considerable access to 
the cauda equina, nerve roots, as well as numer-
ous bony landmarks for fixation options.

The main advantage of the posterior approach 
is the access to multiple lumbar levels for decom-
pression, stabilization, and instrumentation 
through a single approach. It allows complete 
intralesional decompression of metastatic tumors 
whether posterior or anterior structures are 
involved by tumor. Ventral decompression and 
access to the space is easily achieved by removal 
of the facets and pedicles. Transpedicular drilling 
allows access to the vertebral body and other 
anatomy ventral to the neural elements. In this 
way, the posterior approach provides anterior 
access to the spine and helps avoid the potential 
complications that follow an anterior approach. 
The surgeon is compelled to choose a posterior 
approach when anatomic considerations are pres-
ent which can complicate an anterior approach 
including visceral metastatic disease extent, pre-
vious surgical scar tissue, and use of chemo or 
radiotherapy adjuvants. For example, the lumbar 
spine might be accessed more easily from a pos-
terior approach in cases of abdominal ascites, 

distention, venous hypertension, and lymphade-
nopathy, excessive scar tissue, difficult 
 identification of major vessels, and other possible 
reasons. Posterior approaches are familiar to 
most spine surgeons and avoid the need for an 
access surgeon. For most situations involving 
metastatic tumors to the spine, an intralesional 
tumor debulking strategy is used to decompress 
the nerve roots, separate tumor from the dura, 
and simultaneously stabilize the spine. The 
advantage of the posterior approach is that this 
can all be done in the same setting without nerve 
sacrifice.

Unlike the curative en bloc resections com-
monly used for malignant primary spinal column 
tumors, in the metastatic setting, the intent is not 
usually curative. Thus, the scope and extent of 
surgery required in this region are usually lim-
ited. The posterior approach is effective in this 
regard, as it minimizes the surgical morbidity 
associated with either anterior or lateral 
approaches to the lumbar spine and sacrum. 
Given the goals of addressing cancer-related bio-
logic and mechanical pain in the least destructive 
manner in the palliative setting, the posterior 
approach helps minimize the potential complica-
tions associated with the other approaches.

 Conclusion

Patients with spine tumors may require neural 
decompression, stabilization, and reconstruction 
for pain and quality of life. Though many surgi-
cal treatment options exist, the majority are per-
formed through a posterior approach. The 
posterior approach is most familiar to spine sur-
geons and affords the surgeon the ability to 
decompress and instrument the spine as needed 
through a single approach. In spine tumor sur-
gery, the goals are primarily to decompress the 
nerve roots, separate tumor from the dura, and 
stabilize the spine. In the metastatic patient, this 
is often done through an intralesional technique 
with de-cancellation of the vertebral body and 
piecemeal resection of the vertebral body and 
tumor. Because the goal of surgery is not curative 
resection for these patients, an intralesional strat-
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egy is safe and effective. Thus, it is possible to 
avoid the anterior and lateral approaches which 
introduce a wider spectrum of potential compli-
cations involving other soft tissue organs and 
vascular structures.

In cases of primary tumor resections where an 
en bloc resection is planned, staging the resection 
and incorporating either anterior or lateral access 
may be advantageous. Staging these types of 
operations allows for careful planning of osteoto-
mies and intended cuts through bone and soft tis-
sue to maximize margins of resections and the 
surgical visibility. In these situations, the morbid-
ity of such approaches may be justified consider-
ing the challenges of local tumor control with 
transgression through the tumor. In these cases, 
an intralesional approach must be avoided and 
therefore meticulous planning is required.

For patients with cancer and metastatic dis-
ease, anterior approaches may not be ideal, as 
patients may already be suffering from other side 
effects of chemotherapy or treatment, thereby 
affecting their other organ systems. For example, 
patients with liver metastases may have recurring 
ascites, abdominal distension, and venous hyper-
tension requiring frequent peritoneal drainage 
among other issues, so avoiding the abdomen is 
paramount. Patients with diffuse adenopathy may 
also have venous congestion affecting venous 
return and circulation. For patients with previous 
bowel surgery or retroperitoneal surgery, the scar 
tissue associated with those approaches also 
make the anterior approach less inviting and 
potentially more dangerous, as dissection of the 
large vascular structures may present a contrain-
dication to anterior approach.

Similarly, the lateral approach is an excellent 
way to access the lumbar spine, but in the meta-
static patient, careful consideration of the regional 
anatomy is required. The lateral approach is an 
excellent way to reconstruct and instrument the 
lumbar spine for many spinal conditions. With the 
development of minimal access techniques, there 
is certainly a role for lateral approaches to the 
lumbar spine in tumor cases, but this is usually 
more difficult at the lumbosacral junction due to 
the anatomical relationship of this region to the 
iliac crest and the iliac vessels. Tumor that 

involves the lumbar vertebrae also involves the 
surrounding psoas muscles as well and that is a 
major consideration, especially for vascular 
tumors such as renal cell carcinoma. It is typically 
difficult to control bleeding in tumor that diffusely 
involves the psoas muscles. Practically, it is also 
technically difficult to work at L5 and S1 from 
this lateral position due to the position of the spine 
and the distance from the surgeon. It is also diffi-
cult to instrument the sacrum from this approach 
given the orientation and anatomy of the sacrum. 
The iliac crest is often in the way, limiting access 
to the sacrum from a lateral approach.

In conclusion, despite advances in radiation 
technology and cancer therapies, surgeons still 
need to be able to circumferentially work around 
the thecal sac and nerve roots. Careful selection 
of the least-morbid and least-invasive surgical 
approach to accomplish the surgical goals is the 
standard of care when managing tumors of the 
spinal axis.
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 Introduction

Accurate pathological diagnosis is a team effort 
that is facilitated by advanced communication 
with the pathologist to ensure appropriate biopsy 
modality and tissue preservation for a particular 
lesion given the clinical and radiographic fea-
tures and the relative need for pathological cer-
tainty [1]. For example, with classic cases of 
osteoid osteoma, sampling the lesion during a 
radio frequency ablation procedure may be of 
secondary importance to pragmatic treatment, 
while lesions with broad radiographic diagnostic 
considerations require representative, undistorted 
material. In difficult cases, repeat biopsy may be 
required. In general, nonmineralized solid lesions 
can be effectively sampled by image-guided core 
needle biopsy. Densely sclerotic bone lesions, 
however, usually require open biopsy or gentle, 
large bore drills to preserve the non-osseous 
component. In some cases, complete imaging 
workup may reveal an extra osseous component 
that is more amenable to biopsy than the osseous 
component.

 Technical and Procedural 
Considerations

A variety of tools are available for the proper 
diagnosis of pathology specimens in a modern 
laboratory. For example, most hospital laborato-
ries offer intraoperative pathologic consultation 
by evaluation of immediately prepared cytologic 
fluid or “frozen section” analysis. The former 
allows for staining and immediate interpretation 
of aspirated fluids and touch imprints of tissues 
under the microscope. Diff-Quik or Wright- 
Giemsa staining of dried cytology specimens can 
easily be done under 20 minutes and allows for 
the determination of specimen adequacy and, fre-
quently, diagnostic assessment. These can be par-
ticularly helpful for diagnosis of lymphoma. 
Some procedural rooms are equipped to allow for 
the slide staining and microscopic assessment of 
specimen adequacy. Intraoperative frozen section 
analysis allows a pathologist to freeze a portion 
of tissue in a medium that may be cut into thin 
sections of tissue. This tissue may then be fixed 
to a slide and stained for interpretation under the 
microscope. Immediate analysis can include 
assessment of diagnosis, involvement of margins, 
and adequacy of material for further specialized 
testing. Additional sections of frozen tumor made 
at that time and stored in methanol/acetic acid are 
ideal for subsequent FISH testing.

Prior to submission of material to the pathol-
ogy department, the pathologist should be made 

B. M. Mahon (*) 
Tempus Laboratories, Chicago, IL, USA
e-mail: Brett.Mahon@tempus.com 

I. J. Miller 
Rush University Medical Center, Chicago, IL, USA
e-mail: Ira_J_Miller@rush.edu

2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50722-0_2&domain=pdf
https://doi.org/10.1007/978-3-030-50722-0_2#DOI
mailto:Brett.Mahon@tempus.com
mailto:Ira_J_Miller@rush.edu


22

aware of all prior tumor diagnoses from the 
patient, and given an opportunity to review the 
prior diagnostic material if deemed relevant. 
Communication of the pre-biopsy differential 
can aid the pathologist and at times expedite the 
diagnosis by ordering particular IHC stains dur-
ing initial processing. Suspicion of residual 
tumor and the ability to distinguish between a 
tumor with a bland cytological appearance and a 
reparative process may require the use of immu-
nohistochemistry (IHC), the choice of which is 
often informed by the prior tumor pathology. 
Metastasis from tumors of low grade or uncertain 
malignancy may resemble normal tissue and not 
provoke specific pathological interrogation with-
out review of prior pathology. Appropriate micro-
biological culture also requires consideration 
prior to biopsy. In cases with relative certainty of 
diagnosis of metastatic tumor, fine-needle aspira-
tion (FNA) alone may be sufficient to simply 
confirm the diagnosis. If treatment options are to 
be guided by tumor-genetic features or immuno-
phenotype, then communication with the pathol-
ogist and oncologist upfront may be required to 
obtain useful material as testing requirements 
evolve. For example, decalcification of a bony 
sample may preclude accurate assessment of hor-
mone receptor status in breast cancer.

Tissue biopsies, excisions, and resec-
tions are routinely submitted from operating 
rooms to pathology laboratories for diagnostic 
workup. These tissues are handled by patholo-
gists, pathology assistants, and often residents 
to determine the areas of tissue to be sampled. 
Triage of the pathological specimen after receipt 
in the laboratory requires consideration to bal-
ance laboratory resources and the need to avoid 
waste against the need to maximize the use of 
the tissue. Many oncologic surgeons will actu-
ally carry the specimen to pathology personally 
to orient the specimen and review it with the 
pathologist. The mainstay of pathological diag-
nosis remains formalin- fixed paraffin-embedded 
(FFPE) routine hematoxylin and eosin (H&E) 
sections and should be the first priority. Because 
of the abundance of FFPE tissue blocks, immu-
nohistochemistry and genetic testing has been 
developed to use this material routinely despite 
its limitations. Touch preps of fresh material 
may be helpful in some situations where cyto-

logical appearance can limit the need for a broad 
immunohistochemistry panel. Flow cytometry 
and karyotyping are occasionally of use, but 
rarely an absolute requirement in diagnosis of 
bone lymphomas; therefore, if multiple samples 
are to be taken, the best pieces should be placed 
promptly in formalin. Additional pieces may be 
sent fresh for pathological examination. These 
pieces should be placed on a lined pad moist-
ened with saline in a tightly closed container to 
prevent them from drying. However, submerg-
ing the fragments in excess saline will cause tis-
sue swelling and distortion of the morphology 
that can lead to misdiagnosis. If intraoperative 
analysis is performed to ensure adequacy of 
sampling, a definitive final pathological diag-
nosis may not be possible without additional 
formalin-fixed tumor even if a diagnosis of 
malignancy is certain on frozen section analy-
sis. For flow cytometry and karyotyping, plac-
ing the material directly in sterile tissue culture 
medium is appropriate.

Once the biopsy or sections of a tissue resec-
tion are chosen, they are placed into tissue pro-
cessors that, depending on the technology used, 
can provide H&E-stained slides in 6.5–21 hours 
[2, 3]. After processing and embedding tissue in 
paraffin wax, the tissue block is faced off on the 
microtome and sections are taken when the cen-
tral third is reached [4]. In a good histology lab, a 
0.75 mm diameter core of tissue will allow for an 
H&E section and 10–15 serial unstained sections 
for additional testing, if they are sliced off the 
block at the time of the initial sectioning. If only 
an H&E is requested initially, then, since refacing 
the block is required prior to taking additional 
sections, the diameter of remaining tumor will be 
much narrower, and fewer sections can be cut 
before depleting the tissue entirely. This may 
cause a need for repeat biopsy, especially when 
additional specialized testing is necessary. For 
larger bore samples, there is a little more leeway. 
Foresight and good intra-laboratory communica-
tion is essential to maximize the use of the tissue 
obtained by minimizing the number or rounds of 
sectioning the block.

Immunohistochemistry is performed on sec-
tions of FFPE tissue. Different antibodies are 
used to assess the expression of antigens on 
tumor cells. IHC may be used to determine the 
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tissue of origin of metastases, lineage of differen-
tiation and specific subtypes of sarcomas, prog-
nosis, and as predictive therapeutic biomarkers 
[5]. The adequacy of IHC depends on the pres-
ence of sufficient tissue for testing, proper forma-
lin fixation and tissue processing, and selection 
of the appropriate immunostains. For example, a 
poorly differentiated tumor in the bone may not 
resemble any normal tissue type and a clinical 
history of a primary tumor is unknown. Even the 
distinction between carcinoma and sarcoma may 
not be possible with microscopy alone. Positivity 
for thyroid transcription factor 1 (TTF-1), cyto-
keratin 7 (CK7), and mucicarmine would be con-
sistent with a metastatic lung cancer in this 
situation, whereas positivity for CDX-2 and cyto-
keratin 20 (CK20) would be suggestive of a lower 
gastrointestinal, likely colonic, tumor. Similarly, 
positivity for programmed death ligand 1 (PD- 
L1) may be predictive of response to immuno-
therapy [5]. Further, a high proliferative index 

(ki-67) is typically associated with more aggres-
sive behavior in lymphoma [6]. The usefulness of 
IHC depends on the selection of appropriate 
stains, the preservation of sufficient tissue for 
testing, and the correlation of clinical, radiologic, 
and surgical history.

One example of the power of IHC is in chor-
doma. Chordoma is a locally aggressive tumor that 
occurs in the clivus and vertebral bodies, primarily 
in the sacrum. This tumor usually has myxoid 
stroma containing cords, nests, and lobules of 
characteristic large cells with abundant, frothy, 
eosinophilic cytoplasm and mildly pleomorphic 
nuclei, the so-called physaliferous cells. In some 
cases, the matrix may be chondroid and tumor 
may mimic a cartilaginous neoplasm, or the tumor 
cells may be spindled without matrix and raise a 
broad histological differential. Chordomas and 
benign notochordal tumors show nuclear staining 
for brachyury (see Fig. 2.1) [7] and can therefore 
easily be distinguished from other entities.

Fig. 2.1 (Left) H&E stain of a chordoma with spindle 
cell morphology and nuclear atypia. Physaliferous 
cells were not seen in the biopsy (425×). (Right) 

Immunohistochemical staining for the specific marker 
brachyury is positive, establishing the diagnosis of 
chordoma (425×)

2 Modern Pathology in Spinal Tumors
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 Cytogenetics and Molecular Testing

Cytogenetics and molecular testing may generi-
cally refer to multiple different methods of test-
ing, but important distinctions should be made. 
Karyotyping and fluorescence in situ hybridiza-
tion (FISH) are typically referred to as “cytoge-
netic” testing, while sequencing of tumor tissue 
is referred to as “molecular” testing. The karyo-
type of a tumor is visual interpretation of a cell’s 
chromosomes and any large alterations that may 
be present. Fresh tissue is required and the cells 
must be stimulated to grow before staining and 
interpretation can occur. FISH may be performed 
on fresh or fixed tissue and, using specific probes, 
can identify gene amplifications, deletions, and 
specific translocations (i.e., HER2 gene amplifi-
cation in metastatic breast carcinoma or EWSR1- 
FLI1 gene rearrangement in Ewing sarcoma). 
FISH-prepared slides are read under a micro-
scope with specialized light sources and filters. It 
is important to consider a differential diagnosis 
for FISH testing, as one must specify the probes 
to be tested.

Modern molecular testing broadly falls into 
two categories: single gene assays and next- 
generation sequencing (NGS) panels. A single 
gene assay requires less tissue and is simple to 
interpret, but only assesses for the presence or 
absence of a single alteration. Next-generation 
sequencing generally requires more tissue, but 
can be used to assess a large panel of genes and 
may be used to interrogate the entire genome, 

providing an overall tumor mutational burden 
(TMB) [8]. Interpretation of NGS results, how-
ever, may be complex, requiring the input of spe-
cialized computational scientists. Moreover, 
sequencing may uncover germline alterations 
associated with disease predisposition, requiring 
assistance from a genetic counselor. The use of 
NGS has allowed for the comprehensive assess-
ment of tumor genetics and has assisted in the 
discovery of targetable biomarkers and markers 
of therapeutic resistance [8, 9]. Many spinal 
tumors are now known to harbor specific genetic 
alterations (see Table 2.1) [7, 10–13]. The same 
sequencing platforms used for DNA sequencing 
may also be used for RNA sequencing, allowing 
one to interrogate the “functional” aspect of spi-
nal tumors including fusion analysis and gene 
expression profiling [14].

The utility of ancillary testing is helpful in 
small biopsies or cytologic specimens, especially 
in cases arising from unusual anatomic sites. For 
example, small biopsies of giant cell tumors with 
atypical features arising from the spine may be 
difficult to distinguish from other tumors includ-
ing osteosarcomas [15, 16]. The distinction, how-
ever, is of critical therapeutic/prognostic 
importance. H3F3A and H3F3B driver mutations 
have been found in the vast majority of giant cell 
tumors and chondroblastomas but not aneurys-
mal bone cysts or giant cell-rich osteosarcomas 
[15]. Moreover, the vast majority are detected 
using an immunohistochemical stain (see 
Fig. 2.2) [15, 17].

Table 2.1 Common spinal tumors with immunohistochemistry markers and genetic findings

Diagnosis Immunohistochemistry Genetics
Giant cell tumor of bone H3.3 G34W H3F3A mutations
Chondroblastoma H3.3 K36M H3F3 mutations
Chordoma Brachyury PIK3, LYST, brachyury (T) mutations
Primary aneurysmal bone cyst CDH11-USP6 translocation
Low-grade osteosarcoma MDM2 and CDK4 MDM2/CDK4 amplification
Fibrous dysplasia GNAS mutations
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 Conclusion

As techniques and discoveries continue to grow 
in the fields of laboratory diagnosis and tumor 
profiling, the need for a collaborative approach to 
the workup of every spinal tumor patient will 
become increasingly important.
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 Introduction

The objectives of cancer staging and classifica-
tion, as defined by the International Union 
Against Cancer, are to (1) aid in planning the 
course of treatment, (2) provide insight to the 
prognosis, (3) assist in evaluating the results of 
treatment, (4) facilitate effective interinstitutional 
communication, and (5) contribute to the con-
tinuing study of malignancies [1]. The goals of 
these systems in orthopaedic oncology, espe-
cially as they pertain to spine surgery, are similar. 
Given the complex anatomy of the spine, the 
critical role of spine physiology in everyday life, 
the variety of treatment options available, and 
involvement of multiple highly specialized 
teams, these staging and classification systems 
are especially important. Ideally, staging and 
classification in spine oncology should be practi-
cal, reproducible, and offer prognostic signifi-
cance. They should ultimately enable physicians 
from unique disciplines to effectively communi-
cate and formulate a treatment plan that can 
include chemotherapy, radiation, and/or surgery.

Several primary musculoskeletal tumor clas-
sification systems have been developed which 
apply to both the axial and appendicular skeleton. 
Historically, the most utilized and widely recog-

nized of these are the Enneking Staging Systems 
for both malignant and benign neoplasms. In the 
modern era, the American Joint Commission on 
Cancer staging systems have emerged for classi-
fying bone and soft tissue sarcoma. One classifi-
cation unique to primary spinal lesions is the 
Weinstein-Boriani-Biagini (WBB) classification, 
which seeks to delineate the detailed anatomic 
distribution of spine tumors. Classification sys-
tems, which describe the anatomy and biologic 
behavior of metastatic disease, as distinct from 
primary tumors, have also emerged. These 
include the Spinal Instability Neoplastic Score 
(SINS), Neurologic Oncologic Mechanical and 
Systemic (NOMS) decision framework, and 
Metastatic Epidural Spinal Cord Compression 
(MESCC) or Blisky Scale.

Despite the benefits of these staging and clas-
sification systems, there are a number of inherent 
challenges. Rarity of the underlying condition, 
heterogeneity of biologic behavior of tumors, vari-
ability of the multiple treatment modalities, and 
lack of long-term follow-up given the competing 
risk of mortality from disease all limit the reliabil-
ity of the data which help form these systems. 
Most systems were initially developed based upon 
expert opinion, clinical experience over an 
extended time period, and a limited number of 
patients. Fortunately, many subsequent studies 
have analyzed the reliability, reproducibility, and 
validity of these systems. An understanding of the 
available classification and staging systems, the 
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level of evidence to support their utilization, and 
their overall strengths and weaknesses is critical. 
The goal of this chapter is to provide a brief over-
view of the most widely recognized systems and 
their potential value to the reader.

 Primary Spine Pathology

 Enneking Stage of Primary Benign 
Tumors

Dr. William Enneking published his initial sys-
tem for the staging of musculoskeletal tumors in 
1977, based on data collected from 1968 to 1976 
at the University of Florida. There are separate 
staging systems for benign and malignant tumors. 
The staging system for benign tumors is made up 
of three categories that are based on the radio-
graphic characteristics of the tumor-host margin 
[2]. These are (1) latent, (2) active, and (3) 
aggressive (Table  3.1). Lesions with well- 
demarcated borders and quiescent biologic 
behavior comprise latent stage 1 lesions, whereas 
loss of a defined border, biologic activity, and 
some permeation into host bone are more consis-
tent with a stage 2 tumor. The highest-grade 
tumors (grade 3) are aggressive-behaving lesions, 
which typically involve an extraosseous soft tis-
sue component and relative rapidity of growth. 
As the stage increases, so too do the local aggres-
siveness and incidence of recurrence for these 
lesions [3]. In general, metastasis is uncommon 
for these benign lesions, but can occur for giant 
cell tumor and chondroblastoma in particular [4].

 Enneking Stage of Primary  
Malignant Tumors

The Enneking staging system for malignant 
tumors takes into consideration three key factors: 

(1) surgical grade, (2) local extent of the lesion 
(intra- vs. extraosseous), and (3) presence of 
metastases [2]. These factors combine to help 
characterize the lesion into one of three stages 
(Table 3.2). Stages I and II refer to lesions with-
out metastatic disease, and are determined based 
on the histologic grade of the tumor, which may 
either be “low” (I) or “high” (II). Both stages are 
subdivided into categories A and B based on the 
local extent of the tumor: intracompartmental (A) 
versus extracompartmental (B). Stage III lesions 
represent any tumor with distant metastatic 
lesions. The overall stage is the chief determinant 
of the extent of surgical resection, the surgical 
margin, and overall prognosis.

The first step in tumor staging according to the 
Enneking system is identifying a lesion as either 
low (G1) or high (G2) grade. A low-grade lesion 
is characterized by low rates of mitosis, low 
nuclear to cytoplasmic ratio, and limited degree 
of pleomorphism (Broder’s Grade 1 or 2) [2]. 
These lesions carry a low risk for distant spread, 
typically less than 25%. High-grade lesions, on 
the other hand, are characterized by high rates of 
mitosis, prominent nucleoli, and high degree of 
pleomorphism (Broder’s Grade 3 or 4). These 
lesions carry a significantly higher rate of metas-
tasis. Although histology is the primary determi-
nant of tumor grade, some tumors, such as 
dedifferentiated chondrosarcoma, are high grade 
by definition [5].

Tumor staging according to the Enneking sys-
tem also considers the local extent of the tumor 
based on axial radiographic features. Local extent 
is interpreted in regard to containment within the 
anatomic boundaries of a musculoskeletal com-
partment. These compartments feature natural 

Table 3.1 Enneking stage of primary benign tumors

Stage Definition
1 Latent lesion
2 Active lesion
3 Aggressive lesion

Table 3.2 Enneking stage of primary malignant tumors

Stage Grade Site Metastasis
IA G1 T1 M0
IB G1 T2 M0
IIA G2 T1 M0
IIB G2 T2 M0
III G1 or G2 T1 or T2 M1

G1 low grade, G2 high grade, T1 intracompartmental, T2 
extracompartmental, M0 no regional or distant metastasis, 
M1 regional or distal metastasis
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barriers to tumor spread, including fascial layers 
and bone structures. The degree of local extent, 
and whether a tumor is intracompartmental ver-
sus extracompartmental, is critical in determin-
ing surgical approach and the surgical margin 
goal. According to the Enneking classification, 
the overarching goal is that the tumor should not 
be entered during resection. A wide resection 
refers to when the tumor is removed with a mar-
gin of normal tissue around the tumor. A mar-
ginal resection refers to when the tumor is 
removed along with pseudocapsule of the tumor. 
When the tumor itself is entered during surgical 
resection, it is referred to as an intralesional 
resection.

Following the initial publication of their land-
mark staging system, Enneking et  al. validated 
their approach through an analysis of 258 patients 
treated at the University of Florida, and 139 
patients treated at 13 institutions overseen by the 
Musculoskeletal Tumor Society [2]. They found 
that the probability of survival for the combined 
group of 397 patients was lower for each subse-
quent Enneking stage, for every year that the 
patient was followed (P < 0.01). Of note, diffi-
culty was reported in 5.5% of the cases studied at 
outside institutions, with nearly all problems 
relating to assessing the intra- versus extra- 
compartmental local extent of the tumor. Based 
on these findings, they suggested that use of the 
system was successful in helping determine 
patient prognosis based on stage, appropriately 
guiding treatment, and enabling efficient and 
effective communication between providers at 
different institutions.

Although the Enneking system was developed 
primarily for extremity tumors, it has been 
applied to the axial skeleton. Fisher et al. com-
pleted a multicenter cohort analysis of 147 
patients with a primary bone tumor involving the 
spine who underwent surgical resection of the 
lesion between 1982 and 2008 [6]. Based on a 
retrospective review of operative documentation 
and the final pathology report, patients were 
labeled as either “Enneking Appropriate” (surgi-
cal margin as recommended by the Enneking 
classification) or “Enneking Inappropriate” (sur-
gical margin not recommended by the Enneking 

classification). They found that 57 of the 77 
patients in the inappropriate group and 14 of the 
70 patients in the appropriate group experienced 
local recurrence of their tumor. They also found 
that an Enneking Inappropriate surgical approach 
resulted in a significantly higher risk of mortality 
compared to the Appropriate approach (Hazard 
Ratio  =  3.10, P  =  0.0485), lending additional 
support to the use of this pivotal system.

In regard to the reliability and reproducibility 
of the system, Chan et al. surveyed 15 members 
of the Spine Oncology Study Group with radio-
graphic records of 18 patients in order to deter-
mine the intra- and interobserver reliability 
coefficients, and further guide use of the system 
[7]. They found that Enneking grade (K = 0.82), 
tumor extent (K  =  0.22), stage (K  =  0.57), and 
Enneking-recommended surgical margin 
(K = 0.47) had near-perfect, fair, moderate, and 
moderate interobserver reliability, respectively. 
These findings suggest that while tumor grade is 
reliable between observers, difficulty in deter-
mining Enneking stage is driven by disagreement 
on local extent of tumor, which in turn drives dis-
agreement on the plan for surgical resection as 
recommended by the Enneking system.

 American Joint Committee on Cancer 
(AJCC) Bone and Soft Tissue Sarcoma 
Staging System

The AJCC is a group comprised of leading scien-
tists and clinicians across a number of medical 
fields. One of the central goals of the committee 
is to publish cancer staging systems unique to 
specific areas of medicine to help guide diagno-
sis, prognosis, and treatment options. The system 
for bone and soft tissue sarcoma staging is based 
on three key factors: the extent of the tumor (T), 
the spread to nearby lymph nodes (N), and the 
spread to distant sites (M). Unlike the Enneking 
system, the AJCC staging system now includes 
criteria unique to osseous lesions of the spine 
(Table 3.3) [8]. These are reflected in the T cate-
gory. A tumor is graded as T1 if it is confined to 
one vertebral segment or two adjacent segments, 
T2 for three adjacent segments, T3 for four or 
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more adjacent segments, or for any tumors with 
nonadjacent vertebral segment involvement. 
Finally, a tumor is graded as T4 if it features 
extension into the spinal canal (T4a) or great ves-
sels (T4b). Given the recency of the AJCC spine- 
specific staging guidelines, there have not yet 
been any studies analyzing the efficacy or repro-
ducibility of the system.

Although the AJCC and Enneking staging 
systems share a common goal, they feature 
unique differences. One fundamental difference 
is that the general AJCC system grades the tumor 
based on size, whereas the Enneking system 
grades based on compartment status. The latter 
strategy to subclassify tumors using compart-
ment status was based on the surgical concept 
that a patient with a small tumor with extraosse-
ous extension may still require a larger procedure 
than a patient with a large tumor that is entirely 
intraosseous. In order to compare the two sys-

tems, Heck et al. performed a retrospective anal-
ysis of 250 patients with sarcomas of the bone 
treated over a 12 year-period at the University of 
Chicago [9]. The group found that both systems 
were highly effective at predicting prognosis, 
with increasing stage accompanied by decreased 
survival. In comparing the two systems directly, 
however, they found that there were no signifi-
cant advantages of one system over the other in 
regard to predicting prognosis. Future work is 
needed to determine the effectiveness of the 
AJCC spine-specific staging guidelines.

 Weinstein-Boriani-Biagini (WBB) 
Classification

Initially published in 1997, the Weinstein- 
Boriani- Biagini (WBB) system was devised to 
effectively stage primary spinal tumors while 
recognizing the anatomic complexity of the 
spine. The main usefulness of this system is to 
describe the feasibility and type of necessary sur-
gical resection for primary spine tumors. It 
implies and cues issues such as technique of 
approach, necessity of bony ring opening, and 
management of dural margins, all of which are 
critical to the planning of surgical management 
of primary spine tumors. The staging of a lesion 
is based primarily on axial location within the 
vertebral segment using a clock-face convention 
with radial depth modifiers [10]. Doctors Hart, 
Boriani, Biagini, and Weinstein based their clas-
sification system on their experience pertaining 
to 24 patients with primary giant cell tumors of 
the spine. Despite the common histology, they 
found different rates of local recurrence of the 
tumors based on their location within the spinal 
column. Specifically, recurrence rates were 
higher for tumors that involved both the vertebral 
body and posterior elements in comparison to 
those located only in the anterior elements (24% 
versus 0%). They also found that extraosseous 
extension into the canal or paraspinal muscula-
ture was associated with a higher rate or recur-
rence. Based on these findings, the study group 
concluded that the axial location of the lesion 
should serve as a chief determinant for the spe-

Table 3.3 American Joint Committee on Cancer (AJCC) 
Bone and Soft Tissue Sarcoma Staging System for the 
spine

T 
category

Criteria

  TX Primary tumor cannot be assessed
  T0 No evidence of primary tumor
  T1 Tumor confined to one vertebral segment 

or two adjacent segments
  T2 Tumor confined to three adjacent 

vertebral segments
  T3 Tumor confined to four or more adjacent 

vertebral segments, or any nonadjacent 
segments

  T4 Extension into the spinal canal or great 
vessels

   T4a Extension into the spinal canal
   T4b Evidence of gross vascular invasion or 

tumor thrombus in the great vessels
N 
category
  NX Regional lymph nodes cannot be assessed
  N0 No regional lymph node metastasis
  N1 Regional lymph node metastasis
M 
category
  M0 No distant metastasis
  M1 Distant metastasis
  M1a Lung
  M1b Bone or other distant sites
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cific surgical procedure and approach and extent. 
For lesions in the vertebral body, they recom-
mended vertebrectomy via dual anterior and pos-
terior approach as the optimal treatment. 
Similarly, lesions involving the lateral aspect of 
the vertebral unit, specifically from the postero-
lateral aspect of the vertebral body to the ipsilat-
eral facet joint are indicated for a sagittal resection 
via dual anterior and posterior approach. Lastly, 
lesions in the posterior elements alone are indi-
cated for a posterior arch resection via isolated 
posterior approach. The fundamental goal guid-
ing these principles is to spare the spinal cord 
without compromising the surgical tumor 
margins.

The use of this system has been shown to be 
both safe and feasible [11, 12]. Boriani et al. pub-
lished the preliminary results on 29 patients who 
underwent surgical resection of a spinal lesion in 
accordance with the WBB classification [12]. Of 
these patients, there were 13 with lesions in the 
vertebral body, 9 with lesions in the posterior 
arch, and 7 with lesions in both part of the body 
and part of the arch. Twenty patients had a suc-
cessful wide margin, whereas eight had a mar-
ginal margin, and one had an intralesional margin. 
Importantly, no patient had neurologic compro-
mise as a result of the resection (unless nerve root 
was resected for oncologic purposes), and no 
local recurrence was found at an average follow-
 up of 30  months. Similarly, Yamazaki and the 
Spine Oncology Study Group performed a sys-
tematic review of patients undergoing en bloc 
resection of primary spine tumors in accordance 
with both the WBB and Enneking classifications 
[13]. Their primary goal was to determine the 
rate of achievement of disease-free margins, mor-
bidity, mortality, and health resource utilization. 
Among 300 patients from 6 studies meeting 
inclusion criteria, they found that WBB staging 
accurately predicted the attainment of a wide or 
marginal resection in 88% of cases. Moreover, 
successful attainment of a wide margin was asso-
ciated with decreased likelihood of recurrence 
and reduced mortality. More recently, Amendola 
et  al. published their experience with 103 con-
secutive, prospectively enrolled patients with pri-
mary spinal tumors treated with resection in 

accordance with the WBB and Enneking classifi-
cation [14]. At a mean follow-up of 39 months 
after surgery, 22 patients had experienced local 
recurrence of their tumor. They found that mar-
ginal and intralesional resection were significant 
independent predictors of local recurrence (HR 
9.45 and 38.62, respectively). Furthermore, WBB 
surgical staging predicted surgical margins in 
75.7% of cases.

As previously highlighted, Chan et  al. sur-
veyed 15 members of the Spine Oncology Study 
Group in regard to the radiographic records of 18 
patients in order to determine the reliability of the 
Boriani-Biagini classifications [7]. They found 
that interobserver reliability for WBB zones 
(K  =  0.31), WBB layers (K  =  0.58), and WBB 
recommended surgical procedure (K = 0.54) was 
fair, moderate, and moderate, respectively. The 
group suggested that difficulty with the use of the 
system most commonly stems from limitations of 
the axial imaging, rotation or asymmetry of the 
vertebral unit, and inherent difficulty in deter-
mining the precise zones of involvement. Despite 
these shortcomings, the system offers moderate- 
to- substantial value in guiding surgical approach 
and procedure.

 Spinal Metastatic Disease

The prevalence of metastatic disease to osseous 
structures is staggering, affecting an estimated 
300,000 patients in the United States alone [15, 
16]. Approximately 60% of osseous metastases 
are spinal metastases, and spinal metastases 
occur in 20–40% of all patients diagnosed with 
cancer. Furthermore, nearly 20% of patients with 
spinal metastases experience symptomatic spinal 
cord compression [17]. This metastatic disease 
most commonly affects the thoracic spine (70%), 
followed by the lumbar spine (20%), and lastly 
the cervical spine (10%) [16, 18]. Given the 
 relative growth of the aging population at risk for 
cancer, targeted therapies extending survival for 
many patients with cancer, and the improved 
capabilities of diagnostic modalities, the preva-
lence of patients with metastatic spinal disease is 
only expected to grow [19].
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Treatment goals for patients with spine metas-
tases involve optimization of neurologic func-
tion, maintenance or restoration of spinal 
stability, effective local tumor control, and 
improvement in overall quality of life. Due to 
advances in technology, myriad treatment options 
now exist, including surgery, chemotherapy, con-
ventional radiation therapy, stereotactic radiosur-
gery, and other minimally invasive procedures 
[20]. In light of these advances and the involve-
ment of multiple care teams, a number of clinical 
tools and classification systems have been devel-
oped to help guide treatment decisions.

 Neurologic Oncologic Mechanical 
and Systemic (NOMS) Decision 
Framework

The Neurologic Oncologic Mechanical and 
Systemic (NOMS) decision framework was 
developed to provide guide treatment of patients 
with metastatic spine disease through an assess-
ment of four critical elements: neurologic, onco-
logic, mechanical stability, and systemic disease 
[21]. Initially published in 2013, the NOMS sys-
tem is based on a number of integral publications 
and over 15 years of clinical experience from the 
multidisciplinary spine team at the Memorial 
Sloan-Kettering Cancer Center. The goal of the 
system is to incorporate the four key domains to 
guide treatment, specifically the use of radiation, 
systemic therapy, and/or surgical intervention.

The neurologic assessment analyzes the 
degree of spinal cord compromise, including a 
clinical assessment of myelopathy and radicu-
lopathy. It also involves a radiographic assess-
ment of the degree of metastatic epidural spinal 
cord compression (MESCC). A six-point grading 
system was designed and subsequently validated 
by the Spine Oncology Study Group (SOSG) to 
quantify the degree of MESCC, and is presented 
later in this chapter [22, 23].

The oncologic assessment refers to the effec-
tiveness of radiation or chemotherapy for local 
and systemic tumor control. Tumors can be con-
sidered radiosensitive or radioresistant based on 
their response to conventional external beam 

radiation therapy (CEBRT). For example, lym-
phoma, myeloma, and germ cell tumors in par-
ticular have been shown to be extremely 
responsive to radiation therapy [24]. Thus, a 
course of radiotherapy along with the appropriate 
systemic medical therapy may be the appropriate 
initial treatment for these tumors, even with some 
element of neurologic compromise. Solid tumors, 
however, are not as uniformly radiosensitive. 
Breast, prostate, and ovarian cancers represent 
relatively radiosensitive pathologies. On the 
other hand, renal, thyroid, hepatocellular, colon, 
non-small-cell lung, sarcoma, and melanoma 
represent strongly radioresistant tumors [24]. 
Despite this, classically radioresistant patholo-
gies have exhibited responsiveness to the high 
concentration of radiation offered by SRS and 
other high accuracy modalities which spare dos-
ing to normal structures. Chemotherapeutic 
options are highly individualized to the individ-
ual histology, but multidisciplinary discussion of 
available treatments is critical in the ever- 
expanding landscape of targeted, immunologic, 
and other novel anti-cancer drugs.

The mechanical assessment in NOMS is 
unique, in that it represents a potential indepen-
dent indication for surgical intervention and/or 
cement augmentation, regardless of the neuro-
logic or oncologic assessment. The SOSG defines 
instability as the “loss of spinal integrity as a 
result of a neoplastic process that is associated 
with movement-related pain, symptomatic or 
progressive deformity, and/or neural compromise 
under physiologic loads.” This is therefore depen-
dent on both clinical and radiographic findings. 
To help guide clinicians in making this diagnosis, 
the SOSG devised the Spinal Instability 
Neoplastic Score (SINS), which is covered later 
in this chapter [25].

The systemic assessment provides an overall 
outlook through consideration of the patient’s 
diagnosis and prognosis. Before moving forward 
with a treatment, the patient’s ability to tolerate 
the intervention based on their global tumor bur-
den and other comorbidities must be considered. 
In other words, the long-term benefit of an inva-
sive, timely, or costly procedure may not be real-
ized in a patient with a short life expectancy. 
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Furthermore, an aggressive treatment approach 
may cause more harm than benefit for many 
patients. A number of prognostic scoring systems 
have been developed to estimate a patient’s 
expected prognosis and survival, thereby helping 
care providers determine if a specific intervention 
(typically surgical) would be worth undertaking 
[26–30]. These are covered in a separate chapter 
later in this text. Unfortunately, however, these 
estimations can be wrongly influenced by physi-
cians’ tendency to overestimate survival time, or 
by continued advancements in the effectiveness 
of pharmacotherapy. Spine surgeons therefore 
should most strongly consider whether patients 
would have an opportunity to adequately recover 
from the indicated surgery and return to pharma-
cotherapy to attempt systemic tumor control. Of 
course, this requires detailed conversations 
between the patient, family, and multiple care 
teams.

Although the NOMS decision framework has 
not undergone a formal prospective validation, it 
has been shown to be effective and appropriate in 
guiding treatment decisions for patients with spi-
nal metastases. These treatments include surgical 
resection [31, 32], traditional radiotherapy [33], 
and novel methods such as stereotactic radiosur-
gery [34]. The system continues to be a widely 
recognized and accepted treatment tool by spinal 
surgeons and oncologists alike. Pratt and the 
International Spine Oncology Consortium 
recently published a similar algorithm to the 
NOMS framework, that also reflects that need for 
multidisciplinary efforts and communication 
[35]. Known as the Mechanical stability, neuro-
logical risk, oncological parameters, and pre-
ferred treatment (MNOP) algorithm, this 
framework encompasses the key aspects of the 
NOMS decision framework, while also expand-
ing recommendations to better involve medical 
oncologists and cancer rehabilitation specialists.

 Spinal Instability Neoplastic  
Score (SINS)

Published in 2010 by the Spine Oncology Study 
Group, the Spinal Instability Neoplastic Score 

(SINS) was developed in order to aid in predict-
ing spine stability of neoplastic lesions [25]. 
Furthermore, the SINS score serves as the pri-
mary determinant of mechanical stability accord-
ing to the NOMS treatment decision framework. 
In summary, the SINS score is an 18-point scale 
based on location of the lesion, pain, type of 
bone lesion, radiographic spinal alignment, ver-
tebral body collapse, and posterolateral involve-
ment of spinal elements (Table  3.4) [25]. The 
summation of these scores results in a classifica-
tion of stable (score 0–6), unstable (score 13–18), 
or indeterminate (score 7–12). The management 
of patients with scores in the indeterminate range 
has remained controversial. In response, 
Pennington et  al. completed a retrospective 

Table 3.4 Spinal Instability Neoplastic Score (SINS)

Component Score
Location
  Junctional (O-C2; C7-T2; T11-L1; 

L5-S1)
3

  Mobile spine (C3-6; L2-4) 2
  Semirigid (T3-10) 1
  Rigid (S2-S5) 0
Mechanical pain
  Yes 3
  No 2
  Pain-free lesion 1
Bone lesion
  Lytic 2
  Mixed (lytic/blastic) 1
  Blastic 0
Radiographic spinal alignment
  Subluxation/translation present 4
  Deformity (kyphosis/scoliosis) 2
  Normal 0
Vertebral body collapse
  >50% collapse 3
  <50% collapse 2
  No collapse with >50% body involved 1
  None of the above 0
Posterolateral involvement
  Bilateral 3
  Unilateral 1
  None of the above 0
Total
  Stable 0–6
  Indeterminant 7–12
  Unstable 13–18
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review of 51 consecutive patients with metastatic 
spine disease evaluated at a single institution 
over a one-year time period to better delineate 
the indeterminate range [36]. They found that a 
SINS score of 10 or greater was associated with 
a greater than 50% likelihood of undergoing sur-
gical stabilization, whereas patients with a score 
of 9 or less underwent surgical stabilization in 
only 11% of cases. They concluded that, although 
the unique clinical and radiographic criteria 
must be weighed for each patient, a lesion with a 
SINS score of 9 or less may not require surgical 
stabilization

In regard to the effectiveness of SINS, Versteeg 
et al. performed a retrospective review of patients 
with spinal metastases treated with either surgery 
or radiotherapy over the time surrounding the 
introduction of the SINS classification (2009–
2013) [37]. They found that, following the intro-
duction of SINS in 2011, patients in both 
treatment groups experienced more remarkable 
improvement in SINS score. They found that, fol-
lowing the introduction of SINS in 2011, the 
mean score upon presentation was significantly 
lower for both groups when compared to patients 
presenting prior to 2011 (10.3 versus 11.2 for the 
surgical cohort and 7.2 versus 8.4 for the radio-
therapy cohort). These findings suggested that 
SINS may successfully increase awareness of 
instability and result in earlier referrals for proce-
dural intervention for patients properly indicated. 
Similarly, SINS has been shown to be reliable 
and reproducible amongst both orthopaedic sur-
geons and non-orthopaedic oncology specialists, 
with Campos et al. reporting an overall interob-
server reliability of 0.79, and an intraobserver 
reliability of 0.96 [38]. Fisher et  al. also com-
pleted a prospective analysis of 37 radiologists 
and 30 patients with spinal metastases, finding 
that radiologists were able to identify 98.7% of 
patients with an unstable spine according to 
SINS, thereby appropriately initiating surgical 
consultation [39].

Hussain et  al. published a 2018 validation 
study of SINS via a prospective cohort analysis 
of 131 patients who underwent surgical stabiliza-
tion for spinal metastases [40]. They found that 
there was a significant positive correlation 

between increasing SINS and degree of both pre-
operative pain and preoperative disability (via 
brief pain inventory walking score, and MD 
Anderson Symptom Inventory activity and walk-
ing scores). Surgical stabilization resulted in sig-
nificant improvement in nearly all patient-reported 
outcome measures for both patients with indeter-
minate and unstable SINS, and these correlations 
remained significant when neurologic status was 
controlled for.

 Metastatic Epidural Spinal Cord 
Compression (MESCC)

Compression of the spinal cord by metastatic dis-
ease is associated with considerable disability 
and mortality. As previously mentioned, the 
Spine Oncology Study Group (SOSG) developed 
and subsequently validated a six-point grading 
system to quantify the degree of MESCC [22, 
23]. Utilizing axial T2-weighted images at the 
level of most remarkable compression: Grade 0 is 
defined as tumor confined to the bone only; Grade 
1, tumor extension into the epidural space with-
out deformation of the spinal cord; Grade 2, spi-
nal cord compression by CSF is visible; and 
Grade 3, spinal cord compression without visible 
cerebrospinal fluid. These are further subdivided 
into Grade 1a, epidural impingement without 
deformation of the thecal sac; Grade 1b, defor-
mation of the thecal sac without spinal cord abut-
ment; and Grade 1c, deformation of the thecal 
sac with spinal cord abutment, but without com-
pression. Assuming no mechanical instability, 
conventional radiation therapy should be consid-
ered as the initial treatment for grades 0, 1a, and 
1b. Surgical decompression should be strong 
considered for grades 2 and 3 (defined as high- 
grade ESCC), prior to radiation therapy. The ini-
tial management of grade 1c tumors remains 
controversial, but may present an indication for 
stereotactic radiosurgery to limit the degree of 
spinal cord toxicity [41]. Through a prospective 
survey of 7 members of the Spine Oncology 
Study Group (SOSG) in regard to imaging for 25 
patients, Bilsky et al. determined that the current 
6-point ESCC grading scale is both reliable and 
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reproducible [23]. Furthermore, the T2-weighted 
images were superior indicators of ESCC com-
pared with T1-weighted images with and without 
Gadolinium.

Ryu et  al. subsequently developed a modi-
fied version of this scale to also reflect the 
patient’s neurological status in the context of 
their radiographic degree of spinal cord com-
pression [42]. The neurological grade consists 
of five grades (A through E), depending on the 
degree of symptoms. Grade A, no symptoms; 
grade B, a focal minor symptom (i.e., axial or 
radicular pain); grade C, functional paresis due 
to compression of a nerve root or spinal cord 
with muscle strength of 4 out of 5 or greater; 
grade D, nonfunctional paresis with muscle 
strength of 3 out of 5 or less; and grade E, com-
plete paralysis or urinary and rectal inconti-
nence. The team performed a prospective 
analysis of 62 patients with a total of 85 lesions 
causing metastatic epidural compression, with 
grade A, B, or C neurological status. They 
found that radiosurgery for these patients 
resulted in mean tumor volume reduction of 

65% and neurological function improvement 
for 81% of patients, thereby supporting the use 
of their modified system.

 Conclusion

The use of high-quality classification and staging 
systems can help guide treatment of patients with 
oncological pathology of the spine while respect-
ing the complex and critical anatomy of the spi-
nal cord and column (Fig. 3.1). For many years, 
this field had lacked standardization, but a recent 
push for clinical tools to improve decision- 
making and interdisciplinary communication has 
resulted in the formation of a number of classifi-
cation and staging systems. However, the 
evidence- based development of these tools has 
been inherently limited by the limited number of 
patients, wide range of clinical presentations, and 
oftentimes, limited degree of follow-up. An 
understanding of the value of and evidence for 
the available and widely utilized classification 
systems is therefore critical. The Enneking and 

System Research Tool Prognosis
Clinical

Communication
Treatment Guidance

Enneking Staging for Primary
Benign Tumors

Enneking Staging for Primary Malignant
Tumors

AJCC

Weinstein-Boriana-Biagini(WBB)
Classification

Neurologic Oncologic Mechanical and 
Systemic (NOMS) Decision Framework

Spinal Instability Neoplastic Score (SINS)

Metastatic Epidural Spinal Cord Compression
(MESCC)

Skeletal Oncology Research Group (SORG) 
Nomogram

Least Value Highest Value

Fig. 3.1 Relative value of classification and staging systems across four key clinical domains
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WBB staging systems have proven to be valuable 
tools in the staging and surgical planning of pri-
mary lesions of the spine. Similarly, the NOMS 
decision framework, utilizing the SINS and 
ESCC, has served as the cornerstone guiding the 
management of metastatic lesions to the spine. 
Ongoing multicenter efforts such as the 
Epidemiology Process and Outcomes in Spine 
Oncology (EPOSO) and the Primary Tumor 
Research and Outcomes Network (PTRON) are 
collecting comprehensive prospective data that 
may help to refine our current classification sys-
tems. As the understanding of spinal orthopaedic 
oncology and the value of classification systems 
within this complex field continue to grow, clini-
cians will be able to provide a higher quality of 
care for this expanding population of patients.
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Advanced Imaging Technologies 
in the Evaluation and Staging 
of Adult Spine Tumors

Anick Nater and Michael G. Fehlings

The clinical management of patients harboring a 
spinal tumor aims to cure when possible, to mini-
mize morbidity, and to maximize long-term sur-
vival. While most symptomatic primary spinal 
tumors require a systematic evaluation to deter-
mine their suitability for total resection, the diag-
nosis of any spinal primary or secondary 
neoplasm warrants thorough staging. In fact, 
clinical management depends on the accurate 
determination of the local involvement, the detec-
tion of nodal spread, and the quantification and 
qualification (i.e., location and extent) of metas-
tases. This evaluation provides essential baseline 
information that enables the assessment of focal 
disease progression, response to treatment, and 
recurrence of the primary, along with any sec-
ondary malignancies at follow-ups, guiding sub-
sequent re-staging, and therapeutic decisions. 
Evidence of metastatic tumors, especially in the 
spine, is of high significance as it profoundly 
influences the course of the disease, prognosis, 
treatment selection and planning, as well as 
patient’s quality of life.

This chapter articulates around three theme 
questions. Once an adult patient is diagnosed 
with a spinal tumor, the following questions need 
to be taken into consideration:

 A. What imaging modalities are currently avail-
able and how are they used in the initial char-
acterization of the lesion and assessment of 
the overall tumor burden?

What is the current evidence supporting 
their utilization in general and on a disease- 
specific basis?

 B. What are the special considerations after sur-
gical and/or radiation therapy?

 C. What is the evolution of imaging technolo-
gies in the evaluation and staging of adult 
spine tumors?

 Introduction

Spinal metastases are much more frequent than 
primary spinal tumors. A recent population-based 
analysis revealed that during 2009–2011, the 
incidence rate of primary benign and malignant 
spinal neoplasms in adults was 2.35 and 0.70 per 
100,000 individuals, respectively, while it was 
25.96 per 100,000 people for spinal metastases 
[1, 2]. However, while lesions in the extradural 
compartment are far more likely to be metasta-
ses, primary tumors are more common than 
metastases in the intradural and intramedullary 
compartments [3]. Despite the fact that research 
has mainly been focused on metastatic disease, 
the principles of evaluation and staging are essen-
tially the same for all primary tumors regardless 
of their site of origin.

A. Nater · M. G. Fehlings (*) 
Division of Neurosurgery, Toronto Western Hospital, 
University Health Network, Toronto, ON, Canada
e-mail: Michael.Fehlings@uhn.ca

4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50722-0_4&domain=pdf
https://doi.org/10.1007/978-3-030-50722-0_4#DOI
mailto:Michael.Fehlings@uhn.ca


40

The skeletal system is constantly remodeling, 
balancing between synthesis and degradation. 
Osteoblasts produce an osteoid matrix that is 
later mineralized with hydroxyapatite crystals. 
Primary and secondary tumors interfere with 
both bone formation and mineralization, as well 
as bone resorption. Although some primary neo-
plastic cells, such as osteosarcoma, may produce 
bone matrix themselves [4], most osteosclerotic 
activity in primary and skeletal metastases 
results from indirect osteoblast-stimulated bone 
synthesis or direct reparative osteoblast-reactive 
hypermetabolism. On the other hand, osteolysis 
results from osteoclast-mediated bone degrada-
tion. The optimal imaging technique for the 
diagnosis, evaluation, and staging of spinal 
tumors therefore depends on the underlying 
pathophysiology (osteosclerotic, osteolytic, or 
mixed) and the radiographic appearance of the 
neoplastic lesion [5].

Although computed tomography (CT) and 
magnetic resonance imaging (MRI) have become 
the workhorses of structural imaging, radio-
graphs and CT myelography still have specific 
clinical values. While ultrasound offers a real- 
time anatomic insight, nuclear medicine studies 
depict biochemical events.

 Evaluation and Staging of Spinal 
Tumors

There is no gold standard single method or pro-
tocol for evaluating and staging spinal neo-
plasms. Instead, there are numerous modalities 
with different advantages and disadvantages, 
and the choice usually depends on availability, 
cost, type of spinal tumor, sensitivity, specificity, 
radiation dose, acquisition time, clinicians’ 
experience and preferences, as well as patient’s 
general condition and her/his relative and abso-
lute contraindications.

 Conventional Radiography
Conventional spine radiography using X-rays is 
widely accessible, rapidly available, and cheap. 
They are ubiquitous to evaluate patients present-
ing with neck or back pain in primary and emer-
gency care settings, particularly in patients with a 

known history of cancer. In neoplastic processes, 
their ability is limited to demonstrating areas of 
osteolysis (hypodensity) or osteosclerosis (hyper-
density) [6]. Typical radiographic findings asso-
ciated with skeletal tumors include vertebral 
body collapse, pedicle erosion (“wink-owl” 
sign), paraspinal soft tissue shadow (i.e., paraspi-
nal mass), and osteosclerosis and osteolysis gen-
erally sparing the intervertebral disc margins [7]. 
The pattern of osteolysis may indicate the aggres-
siveness of the tumor. Generally speaking, benign 
tumors tend to grow slowly and thus have distinc-
tive margins; they are referred to as “geographic” 
lesions [8].

The limited ability of radiographs to reveal 
anatomical defects has been recognized for sev-
eral decades. Edelstyn et  al. [9] reported that 
between 50% and 75% of the cancellous bone 
thickness in the beam axis on the lateral view had 
to be absent to become radiographically appar-
ent, and the defect needed to be even more sig-
nificant to be visualized on the AP view. Between 
17% and 26% of vertebral metastasis fail to 
exhibit radiologic evidence of disease on spinal 
radiographs [10, 11]. Because of superimposition 
effects, the identification of neoplastic processes 
is more challenging in the skull, spine, and pelvis 
[12]. Radiologic diagnosis is facilitated when 
there is cortical involvement and a high level of 
vertebral mineralization [9]. However, cortical 
involvement is rather rare in both pathologic [9] 
and osteoporotic fractures [13]. In addition, ver-
tebral mineralization tends to decrease with age 
[9]. Moreover, vertebral collapse identified on 
radiographs were not associated with tumor 
deposit in 22% of cancer patients [11]. 
Consequently, radiographs are not a suitable 
stand-alone technique for adequate evaluation 
and staging of spinal tumors [6, 12].

Nevertheless, they still offer some clinical 
advantages. Although there is no universally 
accepted definition for spinal instability, plain 
radiographs are commonly obtained to assess 
overall alignment and mechanical spinal stability 
in the subacute setting. Moreover, chest X-ray is 
an easy and cheap screening tool in the context of 
a metastatic workup. In a prospective study 
including 40 consecutive patients with skeletal 
metastases of unknown origin, findings on plain 
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radiographs of the chest led to the diagnosis of 
lung cancer in 43% of patients [14].

With regards to the field of spinal oncology, 
plain radiographs are useful in assessing and mon-
itoring (i) spinal stability and deformity (upright, 
flexion, extension and lateral bending), (ii) global 
spinal balance (3-foot standing, i.e., weight-bear-
ing full spine, sagittal, and coronal views), (iii) 
deformities, (iv) arthrodesis (i.e., fusion), (v) spi-
nal alignment, as well as positioning and integrity 
of the instrumentation and implant system postop-
eratively, and (vi) although a normal radiograph 
cannot rule out the presence of a metastasis, an 
abnormality on X-ray in the appendicular skeleton 
prompts further evaluation, and therefore, it is use-
ful as a “rule-in” method [12].

 Computerized Tomography (CT)
Given its relatively low cost, widespread avail-
ability, and exceptional speed, computed tomog-
raphy (CT) with intravenous (IV) and oral 
contrast is the favored initial modality for the 
Tumor, Nodal, and systemic Metastasis (TNM) 
staging system, which is a recognized standard 
for classifying the extent of spread of cancer. In 
fact, for most types of cancers, the TNM system 
is the preferred method for the initial and subse-
quent staging [12, 15].

With regards to the skeletal system, CT has 
the advantage of not involving superimposition 
of anatomical structures, higher spatial resolu-
tion, ability to use windowing to optimize bone 
and soft-tissue contrast, and ability to acquire 
whole-body (WB) imaging while minimizing 
radiation exposure using low-dose technique. 
Moreover, because data are acquired from a sin-
gle imaging procedure consisting of multiple 
contiguous or one helical scan, it is possible to 
obtain CT axial, sagittal, coronal reformatted 
images, and even 3D reconstructions, which can 
be useful for complex resection planning. Given 
that the volume acquisition has the same value 
regardless of the direction in which it is mea-
sured, these reformatted images have the same 
quality as the source images [16]. As a result, CT 
offers significant advantages in the evaluation of 
spinal tumors, as a result [6]. In fact, CT is con-
sidered the best modality for the evaluation of 
mineralized tissues [17].

In the evaluation of spinal tumors, CT is per-
formed in most cases with a large field of view 
and no contrast medium, given that the use of IV 
contrast does not provide relevant additional 
information. Because it depicts both trabecular 
and cortical bone with high resolution, CT per-
mits excellent visualization of the bony architec-
ture. It is useful for assessing osteoslerotic, 
osteolytic, and periosteal reactions, as well as the 
presence of bony fragment in the spinal canal. 
Specifically for surgical planning, CT angiogra-
phy (CTA) may provide enough information 
regarding the tumor blood supply and its relation-
ship to the surrounding vasculature to avoid per-
forming a conventional angiography [16]. 
Moreover, in patients who cannot get an MRI 
(e.g., patients with a pacemaker or who suffer 
from extreme claustrophobia) or who underwent 
spinal reconstruction involving metallic devices, 
the opacification of the cerebrospinal fluid (CSF) 
in CT myelogram enables identification of struc-
tural causes for abnormal CSF distribution, such 
as in cases of intradural spine lesions or compres-
sion of the thecal sac by an extradural mass lesion 
[18]. Of note, myelography has been associated 
with a risk of acute neurologic deterioration in 
patients with severe spinal cord compression 
causing a high-grade block and should be used 
with caution in this circumstance [19].

However, CT has limited sensitivity for bone 
marrow infiltration [12, 20]. This constitutes a 
significant shortcoming in the assessment of spi-
nal metastases, as they primarily arise in the ver-
tebral bone marrow [16]. In addition, it may be 
difficult to appreciate cortical alterations in 
patients with osteoporosis or degenerative 
changes [7]. Finally, ionizing radiation exposure 
is always a drawback to keep in mind [20].

CT is the preferred technique for further bony 
appraisal of suspect scintigraphy or MRI find-
ings, especially when a positive uptake is associ-
ated with a normal radiograph [7]. Further, CT is 
useful for characterizing spatial configuration of 
the lesion, which is particularly critical in the 
planning of surgical treatment involving resec-
tion and instrumentation. In addition, CT is use-
ful for investigating spinal stability (e.g., SINS 
classification), ossification processes, and frac-
ture risk [12, 18]. Lastly, it is the best method to 
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assess arthrodesis and spinal alignment along 
with positioning and integrity of the instrumenta-
tion and implant system postoperatively.

 Magnetic Resonance Imaging (MRI)
In spinal tumors, when possible, appropriate 
evaluation of the tumor component of the TNM 
system virtually always requires that CT is sup-
plemented by magnetic resonance imaging 
(MRI). To date, MRI is the gold standard for the 
initial identification and anatomical evaluation of 
spinal tumors [21].

MRI is currently the modality of choice in the 
detection and examination of spinal tumors. It 
enables detailed characterization of the tumor 
vascularity, bone marrow, and spinal canal 
involvement. It also delineates the relationship of 
the tumor with surrounding paraspinal and neu-
rovascular structures, including intrinsic spinal 
cord signal abnormalities [22]. MRI provides 
such high soft-tissue and bone marrow contrast, 
as well as three-dimensional spatial resolution 
that neoplastic processes in the bone marrow can 
be observed even when cortical and trabecular 
bone components are still intact [12]. T1-weighted 
images (WI), T2-WI, T2-WI fat saturated (typi-
cally short tau inversion recovery, i.e., STIR), and 
postcontrast T1-WI fat-saturated sequences are 
usually obtained [18]. Vertebral bone marrow 
changes are best demonstrated on T1-WI [18], 
whereas the extent and degree of canal compro-
mise and spinal cord compression is generally 
best appreciated on T2-WI. The epidural spinal 
cord compression (ESCC) scale [23] is based on 
axial T2-WI MRI; this grading system is particu-
larly useful in treatment planning. T1-WI with 
contrast enhancement aids to better delineate epi-
dural extension and the location of tumors rela-
tive to the different spinal compartments 
(extradural, intradural-extramedullary, and intra-
medullary), which helps in elaborating an appro-
priate differential diagnosis [22]. It also helps in 
differentiating enhanced viable tumor from areas 
of non-enhanced necrosis [16] or simple cystic 
areas that may be present in some benign tumors, 
which is particularly useful for biopsy planning, 
because it optimizes the likelihood of obtaining a 
diagnostic sample during fine needle aspiration, 
core needle biopsy, or surgical quick sections. 

Contrast enhancement is best demonstrated on 
fat-saturated T1-WI MRI. However, when imag-
ing the cervical or thoracic spine, phase-encoded 
motion artifacts due to respiration and/or swal-
lowing may lead to inhomogeneous suppression 
of the fat signal, which may hamper the overall 
image quality as a result [16]. Furthermore, the 
application of STIR for intramedullary tumors 
may be limited by poor signal to noise and greater 
sensitivity to motion than standard T2-weighted 
sequences [3].

Diffusion-weighted imaging (DWI) is a quan-
titative form of MRI based on measurement of 
the random motion, i.e., diffusion, of biological 
molecules, mainly water, within a voxel of tissue. 
Cell membranes (i.e., high cellularity), cellular 
swelling, blood vessels, and fibrotic tissues typi-
cally restrict diffusion, thus exhibiting lower dif-
fusion coefficients and appearing with a relatively 
high signal intensity in DWI. DWI remains sensi-
tive to T1 and T2 relaxation, and T2 shine- 
through is a known cause of artifactual high 
signal on DWI. Therefore, restricted diffusion is 
reflected by a high signal in DWI confirmed by 
low signal on apparent diffusion coefficient 
(ADC) maps, i.e., abnormal diffusion restriction. 
There is a growing interest for the DWI technique 
in spine oncology as neoplastic tissues generally 
consist of densely cellular and highly vascular-
ized structures, and therefore exhibiting restricted 
diffusion [24]. In particular, tumors infiltrating 
the bone marrow, such as plasmacytoma/multiple 
myeloma, can be difficult to detect using tradi-
tional MRI sequences; DWI can help differenti-
ate them from hyperplastic or other benign 
changes [18].

Technical shortcomings of DWI are related to 
the small size of the spinal cord, the heteroge-
neous magnetic environment, and inherent 
motion in and around the spine. Despite these, 
and despite a lack of definition of the clinical util-
ity of DWI in spine oncology, this technique has 
gained popularity. For example, DWI is sensitive 
to ischemic damage and changes in spinal mar-
row, which can aid in distinguishing benign from 
malignant insufficiency fractures. The usefulness 
of DWI in this setting had yet to be defined [25].

As mentioned above for CTA, in the context 
of surgical planning, MR angiography (MRA) 
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may provide valuable anatomical vascular infor-
mation that might justify or preclude the need for 
a conventional angiography [16]. In addition to 
better imaging of the bone marrow, the fact that 
MRI does not involve ionizing radiation is 
another advantage over CT for staging. 
Furthermore, in patients with poor renal function, 
the use of gadolinium can be avoided given that 
T1-WI and STIR sequences provide adequate 
imaging of the bone marrow [12].

Thanks to recent advancements including fast 
image acquisition, rolling platform extenders 
mounted on top of a conventional MRI table, and 
the implementation of dedicated software, whole- 
body MRI (WB-MRI) is now feasible in scan 
times under 1 hour [3].

 Nuclear Medicine and Molecular 
Imaging
Kircher et al. [26] define molecular imaging in 
oncology as “in vivo characterization and mea-
surement of the key biomolecules and molecu-
larly based events that are fundamental to the 
malignant state.” Molecular imaging technolo-
gies are used across numerous fields, including 
nuclear medicine, radiology, pharmacology, 
molecular and cell biology, engineering, phys-
ics, and mathematics [26]. There are various 
molecular imaging techniques used in nuclear 
medicine that provide physiological (i.e., func-
tional) imaging with two- (i.e., planar) or three-
dimensional depictions. In nuclear medicine, 
quantification refers to the ability to reliably 
quantify activity [27, 28].

 Bone Scintigraphy (BS) and Single- 
Photon Emission Computed 
Tomography (SPECT)
Bone imaging involves the use of a radionuclide, 
most often Technetium-99m (99mTc), bound to 
a bisphosphonate, typically methylene diphos-
phonate (MDP), forming the radiotracer 99mTc- 
MDP. The amount of 99mTc-MDP that becomes 
integrated to hydroxyapatite crystals during 
bone synthesis is proportional to local blood 
flow and osteoblastic activity. 99mTc-MDP rap-
idly localizes to areas of both bone perfusion and 
synthesis and clears quickly from the back-
ground [29].

Whole-body (WB), regional, and three-phase 
images are different types of planar bone imag-
ing. Planar whole-body images, i.e., bone scintig-
raphy or bone scan (BS), have been used for 
several decades. BS permits a rapid survey of the 
entire skeleton in a single examination, at rela-
tively low costs and with good sensitivity [29]. 
BS has been used for decades as the primary 
method for staging, and despite its limitations 
related to diagnostic specificity, it is still widely 
use in clinical practice [30]. Because of their 
greater resolution, regional bone images allow 
further detailed evaluation of specific body parts. 
In three-phase bone imaging, the radiotracer is 
injected as a bolus. The serial images obtained 
over time serve as an angiographic depiction of 
regional arterial and venous flow in bones and 
soft tissues. In addition, there are no contraindi-
cations to this imaging modality, and it is a proce-
dure that is well tolerated by patients [29].

Bone scans are highly sensitive but perform 
relatively poorly in terms of specificity. In fact, 
benign and malignant primary neoplasms, meta-
static tumors, fracture healing, Paget’s disease, 
infectious processes, and inflammatory processes 
such as active degenerative osteoarthritis are all 
associated with radionuclide uptake (i.e., a posi-
tive or “hot” bone scan). Furthermore, certain 
conditions are typically associated with “cold” or 
photopenic, i.e., false-negative, bone scan, such 
as in tumors that cause active osteolysis (e.g., 
very aggressive, osteolytic bone tumors where 
almost no reactive hypermetabolism bone syn-
thesis occurs), in indolent processes that induce 
little bone healing (e.g., chordoma), in isolated 
bone-marrow infiltration (e.g., metastasis from 
renal cell carcinoma, lymphoma, leukemia, or 
plasmacytoma/multiple myeloma), and in areas 
where the blood flow is disrupted (bone infarcts) 
[12, 31]. Observation of diffuse increased bone 
uptake throughout the skeleton, sometimes in the 
context of decreased renal activity suggested by 
the “absent kidney sign” (i.e., no physiologic 
pooling of radionuclide in the kidneys), may fail 
to highlight any “hot spots” and may be misinter-
preted as a negative scan. This phenomenon is 
called “superscan.” It is typically seen with pros-
tate carcinoma. Radiologic correlation is gener-
ally diagnostic [29].
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BS is often complemented by SPECT or 
SPECT/CT imaging. The SPECT technology 
uses newer gamma cameras and software that 
allow tomographic acquisitions and thus can pro-
vide three-dimensional representations of spe-
cific areas. This offers a more precise 
pathophysiologic assessment and localization of 
the regions of bone synthesis within the “hot” 
vertebra. SPECT is particularly useful for areas 
markedly surrounded by soft tissue, such as the 
thoracolumbar spine and pelvis. It also helps dif-
ferentiate malignant lesion from other entities 
such as degenerative facet joint arthropathy, 
active pars defect, or other benign processes [7].

 Positron-Emission Tomography (PET)
PET computes the three-dimensional distribution 
of radioactivity emitted by positron emitter 
labeled radiotracers. The glucose analogue 
18F-fluoro-2-deoxy-D-glucose (18F-FDG) is one 
of the most commonly used radiotracers in oncol-
ogy, especially for evaluating bone metastases.18F- 
FDG accumulates in cells proportionally to their 
glucose intake; 18F-FDG is thus a marker for ele-
vated glucose metabolism [6].

18F-FDG is not specific to neoplastic cells. 
However, alterations in glucose metabolism are 
one of the early events in carcinogenesis. In fact, 
most neoplasms are metabolically highly active 
and demonstrate increased expression and activ-
ity of glucose transporters in the cell membrane 
and glycolytic enzyme hexokinase. They also 
tend to favor the anaerobic glycolytic pathway, 
adding to their already augmented glucose 
demands. These combined mechanisms result in 
tumor cells incorporating and retaining higher 
levels of 18F-FDG, relative to surrounding non-
neoplastic cells [26].

Vertebrae, paraspinal muscles, CSF, epidural 
fat, leptomeninges, and nerve roots normally 
show relatively low 18F-FDG uptake and thus 
consist of the background tissues for evaluating 
18F-FDG avidity for spinal tumors. Although the 
spinal cord is also generally considered a back-
ground tissue, focal increase, mostly in the cervi-
cal and lumbar segment, has been described as a 
physiologic variant finding. Additionally, other 
sources of false-positive results are a shortcom-
ing of 18F-FDG PET. Cancer patients may exhibit 

marrow hyperplasia as a response to endogenous 
or exogenous hematopoietic stimulating factors 
[32]; some therapeutic protocols involve using 
granulocyte colony-stimulating factor (G-CSF) 
[6], which stimulates metabolic activity in the 
bone marrow. The resulting increased uptake of 
18F-FDG may be misinterpreted as diffuse neo-
plastic marrow infiltration. Moreover, in the 
spine, because of partial volume effects, this 
bone marrow hyperplasia may also lead to higher 
18F-FDG uptake by neighboring structures 
located within the spinal canal. Consequently, 
given the variability in physiologic 18F-FDG 
avidity within the spine, the diagnosis of a spinal 
tumor requires that evidence from anatomic 
imaging, such as those provided by CT or MRI, 
corroborate PET results [32].

Some tumor entities are associated with low- 
level 18F-FDG uptake. In fact, in PET examina-
tion, the ability to detect a lesion depends on 
several biological and technical factors, includ-
ing the size, cellularity and overall glycolytic 
activity of the lesion, background 18F-FDG 
uptake in surrounding tissues, proper patient 
preparation, and type of scanner used. For pri-
mary bone tumors, 18F-FDG uptake is variable. 
Although malignant tumors tend to be more 18F- 
FDG avid than benign tumors, this principle is 
more consistent for tumors of the same histologic 
type than for different ones [33]. For instance, the 
mean 18F-FDG uptake was similar for giant cell 
tumors than for malignant lymphomas of the 
bone [34]. Ewing’s sarcoma and low-grade osteo-
sarcomas [35], along with low-grade chondrosar-
comas and osteochondromas, have been reported 
to have low 18F-FDG uptake [34]. Similarly, low- 
grade lung adenocarcinoma, renal cell carci-
noma, and neuroendocrine (mucinous) neoplasms 
are often associated with low 18F-FDG uptake 
[36]. In addition, osteoblastic metastases usually 
show lower metabolic activity and are thus often 
undetected by 18F-FDG [37].

Ultimately, in contrast to CT, MRI, BS, and 
SPECT that enable the identification of tumors 
based on structural changes, 18F-FDG PET allows 
detection and quantitative characterization of 
neoplasms based on direct physiologic activity 
even before any morphologic alterations become 
evident on anatomic imaging studies [38]. 
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Moreover, unlike BS and SPECT, 18F-FDG PET 
also offers the advantage of detecting neoplastic 
processes not only in the skeleton but also in mul-
tiple organ systems. 18F-FDG-PET can thus be 
used for complete, whole-body staging and for 
identifying the site of primary tumor in patients 
who present with a metastasis but have no prior 
history of cancer.

There is strong evidence that 18F-FDG uptake 
correlates with both poor prognosis and poor 
response to treatment for certain neoplasms, 
including hepatocellular carcinoma, low-grade 
lymphoma, and prostate cancer. For example, 
patients with high 18F-FDG uptake tend to pres-
ent with higher disease stage and metastatic 
spread and are less likely to respond to radiother-
apy, transarterial chemoembolization, and liver 
transplantation [36].

Nonetheless, 18F-FDG PET is expensive, lacks 
spatial resolution for precise localization and 
characterization of the increased radiotracer 
uptake, and has limited specificity [38]. Of note, 
from this point on, PET will refer to 18F-FDG 
PET unless otherwise specified.

Although Fluorine 18-Sodium Fluoride (18F- 
NaF) was approved by the FDA in 1972 for the 
detection of osteogenic activity, it was rapidly 
replaced by 99mTc, given the better imaging 
abilities of the latter for gamma cameras in con-
trast to the high-energy photons of 18F- 
NaF.  Similarly to 99mTc-MDP, 18F-NaF 
becomes integrated to hydroxyapatite crystals 
during bone synthesis proportionally to local 
blood flow and osteoblastic activity. The 
increased use of combining PET and CT may 
encourage a renewed interest in 18F-NaF in the 
form of 18F-NaF PET/CT for clinical use in neo-
plastic bone imaging [39].

 Hybrid Techniques
Hybrid techniques include SPECT/CT, PET/CT, 
and PET/MRI. They couple the visualization of 
bone metabolism with anatomical imaging, 
thanks to the fusion of complementary images. 
Consequently, the combination of the two tech-
niques enhances the overall diagnostic yield in a 
synergistic manner since the resulting specificity 
is superior to either modality used on its own [6]. 
PET/CT and PET/MRI studies are traditionally 

generated using the retrospective fusion of data 
obtained on two separate apparatuses [12], but 
similarly to SPECT/CT, PET/CT and PET/MRI 
now exist as a single integrated device [40]. Of 
note, although simultaneous acquisition improves 
image quality by eliminating temporal and spa-
tial registration changes, the clinical throughput 
is more limited, and software solutions and the 
stability of the scanner are less robust compared 
to individual PET and MRI systems [41]. In addi-
tion, PET/CT and PET/MRI allow estimation of 
the metabolic tumor volume (MTV) and total 
lesion glycolysis (TLG) [27]. In PET, quantifica-
tion is a process that involves measuring the max-
imum standardized uptake value (SUVmax), which 
corresponds to the single pixel value of the most 
active voxel of osseous radioactivity concentra-
tion in a given lesion [27, 28]. MTV is the sum of 
the volume of voxels with SUV surpassing a 
threshold value in a tumor [42], whereas TLG is 
the product of MTV and the mean SUV of the 
MTV [43].

 Evidence Related to Current Imaging 
Modalities

To date, there is no standardized protocol related 
to the characterization and determination of over-
all tumor burden. Although the decision-making 
process regarding which combination of tech-
niques to employ in conjuncture with the elected 
course of action is greatly influenced by the type 
of primary tumor and ultimately tailored to each 
individual patient, various studies have attempted 
to compare current imaging modalities. The vast 
majority of these studies were performed for 
metastatic vertebral disease.

It must be emphasized that because systematic 
and universal biopsy is not feasible or ethical, 
comparative studies of imaging to detect tumors 
suffer from lack of a gold standard. For example, 
many comparative studies of imaging methods 
use different scanners, protocols, and surrogate 
parameters as their diagnostic reference standard. 
In addition, a diverse combination of histopatho-
logic analysis and radiographic confirmation is 
reported with different imaging techniques. 
Consequently, it is difficult to generalize the 
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overall body of evidence. We recognize that the 
inclusion of publications in this section is incom-
plete; the goal is to present the general trends and 
ongoing uncertainties so as to highlight the 
necessity of a multimodal approach.

All MRI studies were performed on a 1.5- 
Tesla (T) scanner unless specified otherwise. The 
diagnostic accuracy was typically quantified as 
(i) the proportion of true positive and true nega-
tive in all evaluated cases, i.e., standard accuracy; 
(ii) the diagnostic odds ratio (DOR), i.e., for 
instance, the ratio of the odds of a test revealing 
bone metastases in patients that have bone metas-
tases relative to the odds of the test revealing 
bone metastases in patients who do not have bone 
metastases, (iii) the area under receiver operating 
characteristic (AUROC) curve that is a combined 
measure of sensitivity and specificity, depicting 
the average value of sensitivity for all possible 
values of specificity [44–46].

 Primary Spinal Tumors
Yang et al. [47] reported that compared to CT and 
plain radiograph, although MRI demonstrated a 
higher sensitivity (92.75% vs. 86.96% vs. 
76.81%), specificity (89.86% vs. 88.41% vs. 
68.96%), and accuracy (91.30% vs. 86.96% vs. 
78.26%) in the diagnosis of primary spinal 
tumors, respectively, only sensitivity and accu-
racy were statistically different.

Franzius et  al. [48] evaluated 32 and 38 
patients with histologically proven osteosarco-
mas and Ewing’s sarcomas, respectively. Of note, 
the location (i.e., appendicular vs. axial skeleton) 
of the primary malignancies was not specified. 
There were a total of 54 bone metastases (49 
from Ewing’s sarcomas and 5 from osteosarco-
mas). BS detected all five metastases from osteo-
sarcoma but PET detected none. However, PET 
was superior in identifying metastases from 
Ewing’s sarcoma (sensitivity: 100% vs. 68%; 
specificity: 96% vs. 87%; and accuracy: 97% vs. 
82%). PET was shown to have higher sensitivity 
and specificity for spinal metastases than BS in 
lymphoma [49].

In their review, Lütje et al. [50] concluded that 
PET complemented with either low-dose WB-CT 

or WB-MRI was more sensitive than radiographs 
for the diagnosis and skeletal screening of multi-
ple myeloma. Response therapy was better 
assessed with PET than WB-MRI. 18F-FDG 
uptake decreases within hours after effective 
therapy and persistent positive PET results cor-
related with earlier relapse, whereas it takes 
approximately 9–12 months for lesions to resolve 
on MRI.

 Bone Metastasis
The sensitivity of PET has been reported to be 
higher for osteolytic lesions and lower for osteo-
sclerotic lesions than BS [37, 51]. Therefore, BS 
usually identifies metastases from breast, pros-
tate, and lung cancers, which often demonstrate 
mainly osteosclerotic activity. On the other hand, 
primarily osteolytic metastases, such as renal cell 
or thyroid carcinoma, as well as plasmacytoma or 
multiple myeloma, are better detected by PET 
[52]. PET/CT is more sensitive than BS in detect-
ing bone metastases in patients with cancer with 
the added advantage of identifying unknown pri-
mary tumors and visceral metastases [52]. 
Moreover, although PET/CT and BS had equal 
specificity (98%), PET/CT has greater sensitivity 
(97% vs. 83%) and accuracy (98% vs. 93%) for 
detecting skeletal metastases in patients with 
cancer [53].

The number of lesions demonstrated by 99m 
Tc-MDP bone scan and 18F–NaF PET/CT was 
equal in 4/37 (11%) of the cases. 18F–NaF PET/
CT showed a greater number of pathological foci 
in 89% of participants. 18F–NaF PET/CT was 
able to show both lytic and blastic lesions, and 
small lesions were better visualized due to the 
advantage of sectional imaging with much better 
resolution and higher target/background ratio. 
18F–NaF PET/CT demonstrated a greater number 
of metastases in 10/12 (83%) of the patients when 
compared to 18F–NaF PET/CT. In the other two 
patients, bone metastasis could be demonstrated 
only by 18F–NaF PET/CT.  The uptake of 18F- 
FDG was variable in blastic lesions, and cranial 
bone involvement was missed by 18F–NaF PET/
CT in some cases due to physiological bone 
metabolism.
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In detecting bone metastases in cancer 
patients, a meta-analysis revealed that on both a 
per-patient and per-lesion basis, while

 (i) PET/CT and PET had similar specificity, the 
sensitivity, and diagnostic accuracy was sig-
nificantly higher with PET/CT, and

 (ii) SPECT and BS had similar sensitivity, the 
specificity, and diagnostic accuracy was 
higher with SPECT. Overall, PET and MRI 
were similarly accurate but significantly bet-
ter than BS and CT (Table 4.1) [54].

Although both WB-PET/CT and WB-PET/
MRI had high diagnostic ability for skeletal 
metastases, PET/MRI was slightly superior on 
a per-patient and per-lesion basis for correctly 
identifying malignant lesions [55]. Another 
study revealed similar results. When compar-
ing WB-MRI and PET/CT, although WB-MRI 
detected skeletal metastases with statistically 
greater sensitivity (94% vs. 78%) and accuracy 
(91% vs. 78%) than PET/CT, both had rela-
tively equal specificity (76% vs. 80%) [56]. 
Eiber et  al. [57] reported equivalent overall 

Table 4.1 Summary evidence for detecting bone metastases

Author, 
year, type 
of study

Detecting bone metastases

Yang, 
2011, 
meta- 
analysis

Cancer patients
  Per-patient basis
   Pooled sensitivity estimates
    PET/CT (93.7%) > MRI (90.6%) = PET (89.7%) > BS (86.0%) = SPECT (82.6%) > CT 

(72.9%)
   Pooled specificity estimates
    PET/CT (97.4%) = PET (96.4%) = MRI (95.4%) = CT (94.8%) > SPECT (92.8%) > BS 

(79.9%)
   Pooled DOR estimate
    PET/CT > PET = MRI = CT > SPECT > BS)
  Per-lesion basis
   Pooled sensitivity estimates
    PET/CT (94.2%) > MRI (90.4%) > PET (80.1%) > CT (77.1%) = SPECT (76.8%) > BS 

(74.5%)
   Pooled specificity estimates
    PET/CT (97.2%) = PET (96.9%) > SPECT (96.3%) = MRI (96.0%) > BS (92.1%) > CT 

(83.2%)
   Pooled DOR estimate
    PET/CT > PET = MRI > SPECT > BS > CT

Liu, 2011, 
meta- 
analysis

Breast cancer
  Per-patient basis
   Pooled sensitivity estimates
    MRI (97.1%) > PET (83.3%) = BS (87.0%)
   Pooled specificity estimates
    MRI (97.0%) = PET (94.5%) > BS (88.1%)
   Pooled DOR estimates
    MRI > PET = BS
   Diagnostic accuracy (summary AUROC)
    MRI > PET > BS
  Per-lesion basis
   Pooled sensitivity estimates
    BS (87.8%) > PET (52.7%)
   Pooled specificity estimates
    PET (99.6%) > BS (96.1%),
   Pooled DOR estimates and diagnostic accuracy (summary AUROC)
    PET > BS

(continued)
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Table 4.1 (continued)

Shen, 
2014, 
meta- 
analysis

Prostate cancer
  Per-patient basis (*there was not enough data to analyze SPECT)
   Pooled sensitivity estimates
    MRI (0.95) > choline-PET/CT (0.87) > BS (0.79)
   Pooled specificity estimates
    choline-PET/CT (0.97) > MRI (0.96) > BS (0.82)
   Pooled DOR estimates
    MRI (343.16) > choline-PET/CT (150.70) > BS (20.32)
   Summary AUROC
    MRI (0.9870) > choline-PET/CT (0.9541) > BS (0.8876)
  Per-lesion basis (*there were not enough data to analyze MRI)
   Pooled sensitivity estimates
    SPECT (0.90) > choline-PET/CT (0.83) > BS (0.59
   Pooled specificity estimates
    choline-PET/CT (0.95) > SPECT (0.85) > BS (0.75)
   Pooled DOR estimates
    choline-PET/CT (99.78) > SPECT (78.16) > BS (6.21
   Summary AUROC
    choline-PET/CT (0.9494) > SPECT (0.9381) > BS (0.7736)

Takenaka, 
2009, 
prospective 
cohort 
study

Non-small-cell lung cancer (NSCLC)
  Per-patient basis
   Sensitivity estimate
    PET/CT (96.0%), BS (96.0%), WB-MRI with DWI (96.0%), and WB-DWI 

(96.0%) > WB-MRI without DWI (64.0%)
   Specificity estimate
    WB-MRI without DWI (90.0%) = WB-MRI with DWI (90.0%) = PET/CT (85.6%) > BS 

(83.3%) > WB-DWI (78.9%)
   Accuracy
    WB-MRI with DWI (91.3%) > PET/CT (87.8%) = BS (86.1%) > WB-MRI without DWI 

(84.3%) = WB-DWI (82.6%)
  Per-lesion basis
   Sensitivity estimate
    PET/CT (97.0%) > BS (95.5%) = WB-MRI with DWI (95.5%) = WB-DWI 

(95.5%) > WB-MRI without DWI (73.1%)
   Specificity estimate
    WB-MRI without DWI (96.4%) = WB-MRI with DWI (96.1%) > PET/CT (95.4%) = BS 

(95.0%) > WB-DWI (93.7%)
   Accuracy
    WB-MRI with DWI (96.1%) > PET/CT (95.5%) = BS (95.0%) = WB-MRI without DWI 

(94.8%) > WB-DWI (93.9%)
Liu, 2017, 
meta- 
analysis

Spinal metastasis
  Per-patient basis
   Sensitivity
    MRI (94.1%) = SPECT (90.3%) = PET (89.8%) > BS (80.0%) = CT (79.2%)
   Specificity
    MRI (94.2%) = CT (92.3%) = BS (92.8%) > SPECT (86.0%) > PET (63.3%)
   Diagnostic odds ratio
    MRI (151.7) > SPECT (57.2) > BS (36.4) > CT (19.3) = PET (12.5)
   Diagnostic ability (*summary ROC curve could not be calculated for CT because there were 

only two studies included)
    MRI (0.9693) > SPECT (0.9525) > BS (0.8968) > PET (0.8295)
  Per-lesion basis
   Sensitivity
    SPECT (92.3%) = MRI (90.1%) = PET (88.7%) > BS (80.2%) > CT (66.7%)
   Specificity
    MRI (96.9%) = CT (95.4%) > SPECT (72.0%) = BS (73.5%) = PET (70.9%)
   Diagnostic odds ratio
    MRI (286.1) > SPECT (43.4) > CT (24.2) = PET (18.8) > BS (8.6)
   Diagnostic ability
    MRI (0.9887) > BS (0.8297) > SPECT (0.8281) = PET (0.8281) > CT (0.7255)

> Statistically significantly superior
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performance for WB-PET/CT and WB-PET/
MRI.

In their meta-analysis, Wu et  al. [58] high-
lighted the ongoing uncertainty regarding the 
superiority of WB-MRI over BS. Indeed, despite 
showing significantly higher DOR, WB-MRI and 
BS had comparable sensitivity and specificity 
(0.84 vs. 0.83 and 0.96 vs. 0.94, respectively) 
[58]. Another meta-analysis revealed the compa-
rable sensitivity, specificity, and accuracy of 
WB-DWI and WB-MRI with DWI. The authors 
suggested that WB-DWI could be used as an 
independent technique to identify bone metasta-
ses [59].

Of note, in their review, Ellmann et  al. [6] 
reported that 18F-fluoride is a promising radionu-
clide tracer for the evaluation and staging of 
 spinal tumors. This is because it is associated 
with easier early detection of skeletal metastases, 
greater bony accumulation compared to 99mTc- 
MDP and has the advantages of not imposing 
dietary or physical activity limitations. Lastly, 
unlike FSG moieties, 18F-fluoride does not con-
tribute to overall increases in blood glucose 
concentration.

Disease-Specific Studies
SPECT is more sensitive than BS and is also 
superior in characterizing equivocal lesions in 
patients with breast cancer with bone metastases 
[60]. On a per-lesion basis, SPECT was also sta-
tistically significantly more sensitive (85% vs. 
17%) and accurate (96% vs. 85%) than PET, 
whereas both modalities had comparable speci-
ficity (99% vs. 100%) in the detection of bone 
metastases from breast cancer. Although PET 
showed much less sensitivity at identifying osteo-
sclerotic lesions than SPECT (6% and 92%, 
respectively), PET more readily revealed osteo-
lytic lesions (90% vs. 35%) [61]. Consequently, 
Uematsu et al. [61] highlighted that PET should 
not be used as a stand-alone modality.

Liu et al. [62] concluded that for diagnosis of 
bone metastases in patients with breast cancer, 
MRI was superior to PET and BS on a per-patient 
basis, while despite a much lower sensitivity, 
PET had a higher specificity and accuracy than 
BS on a per-lesion basis (Table 1). Another meta- 

analysis reported greater sensitivity, specificity, 
and accuracy (AUROC) for PET-CT (0.93; 0.99; 
0.98) than for BS (0.81; 0.96; 0.94) in detecting 
bone metastases in patients with breast cancer 
[63].

In their review, Azad et al. [5] highlighted the 
low glycolysis rate associated with skeletal 
metastases from prostate cancer and the scarce 
number of studies using the conventional 18F- 
FDG PET as a result. They also reported that 
although various radiotracer imaging methods, 
e.g., 11C-choline-PET/CT, 18F-choline-PET/CT, 
or 18F-fluoride-PET/CT are available to detect 
bone metastases in patients with metastatic pros-
tate cancer, none have been demonstrated to be 
superior [5]. Shen et al. [64] performed a meta- 
analysis comparing choline-PET/CT, MRI, 
SPECT, and BS in the diagnosis of bone metasta-
ses in patients with prostate cancer. While new 
PET tracers have shown promising results, 
because of their high accuracy in the detection of 
bone metastasis in prostate cancer, to date, 
11C-choline and 18F-choline are the most fre-
quently used. The authors also reported that MRI 
showed better diagnostic accuracy than choline- 
PET/CT and BS (p < 0.05), and choline-PET/CT 
was better than BS (p < 0.05). The authors con-
cluded that MRI and choline-PET/CT were more 
accurate than SPECT and BS for detecting bone 
metastases in patients with prostate cancer 
(Supplement Table 4.1).

The SKELETA clinical trial prospectively 
evaluated the ability of WB-MRI-DWI, 18F-NaF 
PET/CT, SPECT/CT, and BS to identify bone 
metastases in 26 breast and 27 prostate high-risk 
cancer patients. Overall, WB-MRI-DWI and 18F- 
NaF PET/CT showed similar sensitivity, specific-
ity, and accuracy on both a per-patient and 
per-lesion basis when the equivocal lesion find-
ings of the imaging were classified suggestive for 
metastases or for nonmetastatic origin and were 
superior to SPECT/CT and BS [65].

In their prospective study on 95 patients with 
small-cell lung cancer (SCLC), among which 30 
harbored bone metastases, Lee et  al. [66] con-
cluded that PET/CT could replace BS because on 
a per-patient basis, PET/CT showed 100% sensi-
tivity, specificity, and accuracy as oppose to 37%, 
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92%, and 75%, respectively, for BS, and on a per- 
lesion basis, the sensitivity, specificity and accu-
racy were 86.9%, 100%, and 88.4% for PET/CT 
and 28.6%, 0%, and 25.3% for BS, respectively. 
Similarly, a meta-analyses reported higher sensi-
tivity (92% vs. 77% vs. 86%) and specificity 
(98% vs. 92% vs. 88%) for PET/CT compared to 
MRI and BS, respectively, for patients with lung 
cancer [67]. However, Tekenaka et al. [68] pro-
spectively evaluated the sensitivity, specificity, 
and accuracy of BS, PET/CT, WB-DWI (i.e., 
precontrast-enhanced DWI in coronal and sagit-
tal planes), WB-MRI without DWI (i.e., pre- and 
postcontrast-enhanced inphase T1-gradient 
echo, precontrast-enhanced opposed-phase 
T1-gradient echo, and precontrast-enhanced 
STIR turbo spin- echo images in coronal and sag-
ittal planes), and WB-MRI with DWI (i.e., com-
bination of WB-DWI and WB-MRI) in 25 
patients with bone metastases from non-small-
cell lung cancer (NSCLC). The authors con-
cluded that WB-MRI with DWI is more specific 
and accurate than BS and PET/CT in detecting 
bone metastases in patients with NSCLC 
(Supplement Table 4.1) [68].

A recent systematic review highlighted that 
despite the heterogeneity of the studies, with the 
majority lacking independent reference standard, 
WB-MRI was associated with a higher ability to 
identify bone lesion in patients with multiple 
myeloma than PET/CT with a sensitivity ranging 
from 68% to 100% and from 47% to 100% for 
WB-MRI and PET/CT, respectively. However, 
WB-MRI had a lower specificity (37–83% vs. 
62–85.7%) [69].

 Spinal Metastases
In their recent meta-analysis, Liu et al. [7] com-
pared MRI, CT, PET, BS, and SPECT for the 
detection of vertebral metastases. The diagnostic 
odds ratio (DOR) is a measure of effectiveness 
for diagnostic tests. It is the ratio of the odds of 
the test revealing a vertebral metastasis in patients 
that have a vertebral metastasis relative to the 
odds of the test revealing a vertebral metastasis in 
patients who do not have a vertebral metastasis. 
The authors concluded that MRI was the best 

modality for diagnosing vertebral metastases 
both on a per-patient and per-lesion basis, while 
SPECT was the second best modality on a per- 
lesion basis (Supplement Table 4.1).

 Staging
Antoch et  al. [70] reported a superior perfor-
mance in overall TNM staging for PET/CT over 
WB-MRI with a greater standard accuracy for 
T-stage (80% vs. 52%) and N-stage (93% vs. 
77%), but with comparable ability to differentiate 
between M0 and M1 disease (94% vs. 93%).

However, Heusch et  al. [71] reported that 
PET/CT and PET/MRI had comparable accuracy 
for TNM staging in patients with solid tumors.

 Special Considerations Posttreatment
After 4–12  weeks from treatment initiation for 
bone metastasis, successful therapy may be asso-
ciated with increased osteosclerotic activity, giv-
ing rise to the “flare phenomenon” on BS, 
resulting in the appearance of previously occult 
lesions as “new” deposits. This phenomenon 
makes the distinction between disease progres-
sion and temporary healing osteoblastic response 
from successful therapy challenging up to 
6 months after treatment has been started [6, 12]. 
Nonetheless, it was reported that only 52% of 
treatment responders showed scintigraphic 
improvement and 62% of nonresponders showed 
scintigraphic deterioration [72], which could 
delay the decision to change the therapeutic regi-
men to a more effective one [5].

Metallic spinal instrumentation impacts image 
acquisition and reconstruction in CT and MRI 
scans, degrading the image quality and hindering 
a thorough assessment of the surrounding struc-
tures as a result [73]. By absorbing radiation, 
metal implants not only impede the planning but 
also the execution of postoperative percutaneous 
RT with photons and particularly with protons or 
heavier ions [74]. While metallic instrumentation 
causes beam hardening, splay artifacts, scatter 
effects, and nonlinear partial volume effects 
along its edges in CT, the resulting inhomoge-
neous magnetic fields in MRI induce false spatial 
readouts leading to geometric distortion, signal 
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loss, and pile-up effects, and failure of homoge-
neous fat suppression [75]. Just as a higher mag-
netic field strength creates more obtrusive 
artifacts, so too do CT images obtained using a 
scanner with more than four channels does accen-
tuate artifacts [73].

The specificities related to CT and MRI scan-
ners, acquisition protocols, and reconstruction 
algorithms are beyond the scope of this section 
since most surgeons have no control over these 
factors. In CT imaging, metal-related artifacts are 
typically more profound in the soft-tissue win-
dow. When instrumentation is present, soft tis-
sues are optimally appraised by interactively 
changing the window width and level settings. 
Also, wide window settings are best for review-
ing images. Materials with a lower X-ray beam 
attenuation coefficient, i.e., density, create less 
artifacts: plastic (with polyetheretherketone 
(PEEK) being the main plastic material, such as 
in carbon fiber-reinforced PEEK implants) < tita-
nium  <  vitallium  <  stainless steel  <  cobalt- 
chrome [73].

Large differences between the magnetic prop-
erties of human tissues and metal instrumentation 
produce more local magnetic field inhomogene-
ities, which alter the phase and the frequency of 
local spins, and therefore increase image arti-
facts. Among others, the composition, the size, 
and the orientation of instrumentation impact the 
severity of artifacts. Metal-related artifacts on 
MRI can be minimized by using non- 
ferromagnetic or paramagnetic instrumentation, 
such as carbon fiber-reinforced PEEK and tita-
nium, rather than ferromagnetic implants, such as 
those made of stainless steel, by opting for the 
smallest implants and construct (e.g., smaller 
screws and thinner plates), and by positioning the 
instrumentation parallel to the direction of the 
main magnetic field. While fast spin-echo pulse 
sequence is the most resistant to metal-related 
artifacts, gradient-recalled echo (GRE) sequence 
is the least. In addition, fat saturation techniques 
are particularly sensitive to susceptibility artifact 
from spinal instrumentation; thus, it is preferable 
to use STIR when evaluating the instrumented 
spine. Given that an MRI scan with lower mag-

netic field strength might not be available, select-
ing imaging parameters such as small field of 
view, high-resolution image matrix, thin sections, 
increased echo train length, and higher gradient 
strength for small voxel sizes may help decrease 
the extend of artifacts in MRI images obtained 
from high-field-strength magnet [73].

Furthermore, scattering effects of ionizing 
radiation or particles with metallic instrumenta-
tion are associated with the risk of over irradia-
tion of neighboring structures, limiting the use of 
postoperative radiotherapy, as a result. Jackson 
et  al. [76] measured radiation dose across four 
3-level constructs in two spinal locations (upper 
and lower thoracic) in a cadaveric metastatic 
tumor model. They compared four groups, all of 
which included the same posterior instrumenta-
tion, which consisted of an anterior polyether 
ether ketone (PEEK) cage, an anterior titanium 
cage, an anterior bone cement cage (polymethyl 
methacrylate), and a posterior instrumentation 
alone group. The distribution of radiation therapy 
was significantly more uniform with the PEEK 
construct [76]. Numerous studies support the 
safety and efficacy of Carbon-Fiber Reinforced 
PEEK (CFR-PEEK) fixation systems, i.e., rods 
and screws, with regards to intraoperative com-
plications, stability at weight bearing, and at 
functional recovery. In addition, their radiolu-
cency and minimal dose alteration allow for more 
accurate treatment planning and execution, as 
well as for early local recurrence detection on 
follow-up imaging [74, 77–79].

Radiation therapy induce well-known changes 
in the bone marrow depending on the patient age, 
absorbed dose, size of the radiation field, beam 
energy, and fractionation, as well as interval 
between treatment and MRI image acquisition. 
Although the bone marrow shows no apparent 
change in the first 2 weeks following a dose of 
30  Gy on T1- and T2-WI, STIR reveals an 
increased signal intensity generally associated 
with bone marrow edema [18, 80]. However, 
bone marrow shows an early and transient 
increase in contrast enhancement at 2 weeks after 
the initiation of radiation therapy, followed by a 
marked decrease at 4  weeks [81]. Fatty 
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replacement usually starts at 3 weeks after treat-
ment, reflected as an increasingly heteroge-
neous signal on T1-WI.  In the chronic phase 
(at 6 weeks), the bone marrow may display two 
imaging patterns: homogeneous fatty replace-
ment, i.e., homogeneous T1-WI hyperintensity, 
or a central high T1-WI area surrounded by a 
band-like intermediate T1 signal (sandwich 
vertebral body), believed to represent a central 
fatty core surrounded by red marrow regenera-
tion [18, 80].

Granulation, scar tissue, or epidural fibrosis, 
particularly within the surgical epidural and peri-
neural spaces, may show enhancement on MRI 
with contrast from up to 6  weeks to 6  months 
postoperatively [82], which may be difficult to 
distinguish from tumor recurrence or progres-
sion. Therefore, early imaging following tumor 
resection helps to establish a postoperative base-
line for the patient, but also may maximize the 
ability to differentiate residual enhancing tumor 
from postsurgical changes. Also, STIR may ease 
the assessment of enhancing tissue, especially in 
the presence of metallic implants and impaired 
fat suppression [3].

 Future Advances
A great deal of interest has focused on creating 
more efficient software programs to increase 
diagnostic image quality generated from less 
robust data sets, lower doses of ionizing radia-
tion, and shorter imaging periods. However, the 
next generation of advances in imaging for the 
detection and staging of spinal tumors include 
continuing to improve existing hardware modali-
ties and investigating new technologies.

High-Field MRI
The size and extent of the spinal cord still repre-
sents an important challenge for MR image 
acquisition in the spine. High magnetic field 
imaging of the spine is a potential solution. This 
technology not only improves resolution for 
sequences requiring rapid-acquisition, e.g., 
MRA, but 7T MRI offers over four times the 
baseline signal-to-noise (SNR) in contrast to the 
conventional 1.5T.  Thus, small structures, such 
as the spinal cord, can be better imaged. 

Downsides associated with high field imaging 
include increased specific absorption rate (SAR) 
and, as mentioned earlier, stronger sensitivity to 
susceptibility distortions, as observed with metal-
lic implants. Of note, SAR corresponds to the 
electromagnetic energy, expressed as watts per 
kilogram, delivered to tissue, which results in tis-
sue heating during an MRI examination.

Optimized and new MRI sequences aim to 
improve the identification and delineation of 
lesions, as well as differentiate tumor histologies 
and grades. For instance, improvement in T2-WI 
may enhance the visualization of lesions, espe-
cially within the spinal cord and CSF space by 
reducing artifacts from patient motion and CSF 
pulsation. Furthermore, optimized and new MRI 
sequences show great promise beyond the initial 
detection and staging of spinal neoplasms. For 
instance, they may in the future better help distin-
guish between residual/recurrent tumor and from 
posttreatment changes, evaluate responses to 
treatment, and determine with better accuracy the 
proximity of key spinal cord tracts, which can be 
useful for surgical planning and/or prognostica-
tion [3].

Diffusion Tensor Imaging
One example of such progress is diffusion tensor 
imaging (DTI). Although DTI is similar to DWI 
in that it evaluates the level of water diffusion 
restriction, it also involves a directional compo-
nent. It has been used to investigate white matter 
tracts in the CNS, where the diffusion of water 
molecules is restricted by myelin sheaths of 
axons. Therefore, diffusion is typically greater in 
the direction of the long axis of the white matter 
fibers, and rather limited in directions perpen-
dicular to the tracts. This property called anisot-
ropy can be both quantified and used to generate 
three-dimensional images illustrating white mat-
ter tracts, i.e., diffusion tensor tractography [18, 
83]. In their review, Liu et al. [83] reported that 
fractional anisotropy may help identify and eval-
uate spinal cord lesions according to three main 
relationships between the white matter tracts and 
spinal cord tumors: (i) displacement of fibers, (ii) 
fibers crossing the tumor, and (iii) complete 
encasement of fibers within the tumor. 
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Displacement of white matter fibers is thought to 
characterize benign spinal cord tumors and be an 
indication for total resection. Intramedullary 
ependymoma tends to be encapsulated, forming a 
plane of cleavage separating the tumor from the 
spinal cord and displacing the white matter fibers 
as a result. Similarly, 75–85% of intra-medullary 
astrocytomas are low-grade fibrillary or pilocytic 
and tend to displace the tracts. Conversely, high- 
grade astocytomas often infiltrate adjacent to 
neural tissue and thus tend to encase white matter 
fibers [83].

Dynamic Contrast-Enhanced MRI
Dynamic contrast-enhanced MRI (DCE-MRI) is 
a non-invasive perfusion imaging technique that 
involves modeling the kinetic properties of gado-
linium as it is absorbed through tissue. It can be 
used to examine and monitor alterations in bone 
marrow microcirculation that result from angio-
genesis and changes in blood vessel permeability 
in spinal neoplasms [50]. DCE-MRI uses various 
measures of tumor vascularity, such as capillary 
permeability (k trans) and plasma volume (Vp). 
However, its potential diagnostic utility is debated 
primarily because of limited field of view and 
substantial institutional variability in perfusion 
imaging protocols [21].

Liu et al. [84] examined DTI and DCE-MRI 
perfusion in 12 patients with intramedullary 
tumors and 13 with tumor-like in the cervicome-
dullary junction region and cervical spinal cord. 
Liu et al. [84] found that neoplasms were associ-
ated with significantly lower mean fractional 
anisotropy values while the mean trace apparent 
diffusion coefficient and peak height values were 
significantly larger in contrast to tumor-like 
lesions. The AUROC curve was the highest for 
peak height, with a sensitivity of 90.9% and spec-
ificity of 80% using a cutoff value of 4.523 for 
distinguishing tumors and tumor-like lesions. 
The authors concluded that DTI and DCE-MRI 
perfusion could help differentiate between intra-
medullary tumors and TLL in the cervicomedul-
lary junction region and cervical spinal cord [84].

Other potential advantages of DCR-MRI 
relate to determining patients who would benefit 
from antiangiogenic drugs, such as bevaci-

zumab, a monoclonal antibody inhibiting vascu-
lar endothelial growth factor (VEGF), assessing 
disease activity, and response to therapy [50]. In 
fact, DCR-MRI may facilitate the discrimination 
between viable and necrotic tumor deposits by 
assessing the degree of ablation of the microvas-
culature [6]. The development of diverse fast 
acquisition sequences, including parallel imag-
ing and trigger techniques, shows promise in 
improving image quality. This will ease the 
implementation of DTI and DCR-MRI in clini-
cal spinal oncology. For instance, the “field-of-
view” optimized and constrained undistorted 
singe shot (FOCUS) is a recent DWI sequence 
based on a two-dimensional spatially selective 
radiofrequency pulse, which employs a reduced 
field of view in the phase-encoding direction, 
decreasing distortion as a result [83]. 
Nonetheless, to date, many of the newer MRI 
methods, such as perfusion, diffusion, func-
tional, or spectroscopic imaging, still require 
further development to overcome shortcomings 
before their utility in spinal oncology can be 
accepted. In addition, long scan times for these 
technologies are also an ongoing practical limi-
tation [3, 83].

Newer PET Radiolabeled Molecules
There are several metabolic and tumor-directed 
PET tracers under investigation. For instance, 
3-fluoro-3-deoxy-Lthymidine (18F-FLT) is a 
marker of DNA synthesis and demonstrates 
higher uptake in cells with high proliferation 
rates. Therefore, 18F-FLT may help differentiate 
hematologic disorders by showing high cycling 
activity in the bone marrow [50]. In addition, 
tumor-directed agents are also being used and 
appraised, such as radiolabeled bombesin ana-
logs, DOTATATE, 18F-FES against the gastrin- 
releasing peptide receptor (GRPr), somatostatin 
receptor, and estrogen receptor. Targeted molecu-
lar imaging shows potential in detecting, staging, 
and monitoring response to treatment. Current 
limitations to the application of this approach 
include inter- and intra-tumoral heterogeneity, 
alteration of expression of molecular targets after 
any treatment, along with issues related to avail-
ability and cost effectiveness [21].
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 Conclusion

To date, there is no gold standard imaging modal-
ity or protocol for the evaluation and staging of 
spinal tumors. For each patient, the choice of the 
optimal diagnostic and staging imaging method 
or technique is ensured via a multidisciplinary 
approach involving the surgeon, radiologist, 
medical oncologist, and radiation oncologist. The 
selection of imaging studies is based on availabil-
ity, cost, type of spinal tumor, sensitivity, speci-
ficity, radiation dose, acquisition time, clinicians’ 
experience and preferences, and the patient’s 
general condition and her/his relative and abso-
lute contraindications.

Advances in imaging for the identification and 
staging of spinal metastasis are directed toward 
improving hardware design as well as sequence, 
data acquisition, sampling, processing, and refor-
matting software so as to enhance sensitivity, 
specificity, and accuracy. This will facilitate the 
assessment of various parameters and biomarkers 
on a morphological, functional, and molecular 
level. Additional improvements relate to 
 minimizing scan duration, cost, and exposure to 
ionizing radiation.
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 Trends in Cancer Mortality

The American Cancer Society estimates just over 
1.6 million new cancer diagnoses in 2019, com-
pared to over 1.7 million in 2018 [1, 2]. As inci-
dence declines, cancer-specific mortality 
improves. The annual decrease in cancer death 
rate in men and women is 1.8% and 1.4%, respec-
tively. Importantly, the cancer death rate has 
dropped by 27% from 1991 to 2016 translating to 
over 2.6 million fewer cancer deaths than would 
have occurred had cancer incidence remained at 
its peak [1].

The improvement in cancer incidence and 
mortality is multifactorial. Significant efforts 
have been made toward early detection. One such 
effort was the National Lung Screening Trial 
(NLST), a randomized study comparing annual 
low-dose chest computed tomography (CT) to 
chest radiograph as a screening modality in high- 
risk individuals, which showed a significant rela-
tive risk reduction in mortality in lung cancer 
with early detection [3]. Reduction in tobacco 
use is also related to decreased cancer incidence, 
with the Centers for Disease Control and 
Prevention (CDC) report a decline in current 
smokers from 20.9% in 2005 to 14% in 2017, 
with an associated increase in even smokers who 

have quit [4]. Finally, advances in systemic ther-
apy for local and metastatic disease have largely 
contributed to decreased cancer mortality. These 
include widespread use of targeted therapies such 
as tyrosine kinase inhibitors (TKIs) and mono-
clonal antibodies, and immunotherapy such as 
checkpoint inhibitors. It is, therefore, increas-
ingly important to recognize these trends to allow 
appropriate multidisciplinary decision-making 
when approaching patients with advanced dis-
ease, specifically those with spine involvement 
which can be associated with a significant burden 
of cancer morbidity for these patients.

Lung adenocarcinoma is a notable example 
where multidisciplinary care has led to dramatic 
improvements in survival. Overall prognosis for 
lung adenocarcinoma has traditionally been poor, 
particularly in the metastatic setting in which the 
5-year overall survival is less than 10% [5]. 
However, a subset of patients with advanced non- 
small- cell lung cancer (NSCLC) harbor activat-
ing mutations in epidermal growth factor receptor 
(EGFR), the receptor tyrosine kinase ROS1, or 
anaplastic lymphoma kinase (ALK) for which 
targeted therapies are now available. Recently, 
the third-generation EGFR-TKI osimertinib was 
found to be associated with a progression-free 
survival (PFS) of 18.9  months compared to 
10.5 months with first- or second-generation TKI 
[6]. This benefit was also noted in patients with 
brain metastases, in which the median PFS of 
central nervous system (CNS) disease was 
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15.2  months for osimertinib compared to 
9.6  months with first- or second-generation 
TKI. Several additional studies of various TKIs 
including alectinib, ceritinib, and crizotinib have 
shown improved PFS, many of which had dura-
ble responses [7–9]. Spinal metastases remain a 
major source of morbidity in patients with 
advanced lung cancer, with over 50% of advanced 
lung cancer patients with bone metastases found 
to have spinal involvement. Novel systemic 
agents may allow for a more aggressive approach 
to spinal metastases that historically were consid-
ered futile. In fact, the presence of activating 
mutations in patients with spinal metastases was 
associated with an improved overall survival (HR 
0.38, p = 0.03) [10]. Thus, nuances in diagnosis 
and treatment must be weighed when interven-
tion is being considered.

Over the past decade, our understanding of the 
immune system’s role in cancer has evolved, and 
the use of immunotherapy has contributed to 
improved survival in several solid tumors. In ran-
domized studies, checkpoint inhibition with anti-
 PD1/PDL1 antibodies alone or in combination 
with cytotoxic chemotherapy have consistently 
shown significant improvement in overall sur-
vival in the metastatic setting compared to che-
motherapy alone [11, 12]. One-year survival in 
metastatic melanoma has improved from approx-
imately 25% in the pre-immunotherapy era to a 
3-year OS rate of 63% with dual checkpoint 
blockade [13]. Checkpoint inhibitors alone or in 
combination with tyrosine kinase inhibitors have 
also significantly improved PFS and OS in meta-
static renal cell carcinoma [14, 15].

Each of the diseases discussed above have a 
propensity to develop spine metastases, leading 
to significant morbidity and mortality for patients. 
Historically, aggressive local therapies were 
avoided due to the overall poor prognosis of this 
patient population. However, it is imperative to 
consider the improved survival in the era of novel 
systemic therapies when determining whether 
aggressive intervention in the setting of spinal 
metastases should be undertaken. A multidisci-
plinary approach can offer opportunities for 
meaningful treatment options and prognosis 
improvements.

 Systemic Therapy for Primary Bone 
Tumors

Primary bone tumors involving the spine may be 
benign, such as giant cell tumor of bone (GCTB) 
or malignant, including osteosarcoma, Ewing 
sarcoma, chondrosarcoma, and chordoma. 
Management of osteosarcoma and Ewing sar-
coma with multi-agent chemotherapy, possibly in 
combination with surgery and/or radiation ther-
apy, remains the standard of care. Historical clin-
ical trials, primarily in the pediatric population, 
have clearly demonstrated the role for surgery 
and/or radiation interdigitated with chemother-
apy [16, 17]. Attempts to improve outcomes by 
intensification of chemotherapy based on percent 
viable tumor on resected specimen in osteosar-
coma were unsuccessful resulting in little change 
to the treatment paradigm of these tumors [18]. 
While there have been few advances, the standard 
approach to management of these tumors contin-
ues to require close multidisciplinary 
collaboration.

Chondrosarcoma, the second most common 
primary bone tumor after osteosarcoma, most 
commonly occurs in the pelvis [19, 20]. Surgery 
has remained the mainstay of treatment because 
of the tumor’s relative insensitivity to chemother-
apy and radiation. However, given the tumor’s 
propensity for axial locations, surgical resection 
can be challenging. Furthermore, the utility of 
surgical intervention is reduced in the metastatic 
setting prompting the need for development of 
more effective systemic treatment options. 
Mutations in IDH1/2 lead to hypermethylation of 
DNA and histones resulting in enhanced tumori-
genesis [21]. Importantly, more than 50% of con-
ventional chondrosarcomas harbor somatic 
mutations of IDH, making this an attractive ther-
apeutic target [22, 23]. Ongoing clinical trials are 
evaluating the role of IDH inhibitors in various 
solid tumors including chondrosarcoma 
(NCT02073994, NCT02273739, and 
NCT02481154). Additional pathways that may 
serve as therapeutic targets in chondrosarcoma 
include the hedgehog pathway, SRC pathway, 
and mTOR pathway. Results of these investiga-
tions are promising and if proven efficacious may 
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significantly alter the treatment paradigm and 
long-term prognosis for chondrosarcoma includ-
ing opportunities for combined modality 
approaches.

Chordoma, a malignancy of the notochord 
remnants, is a primary malignancy of the axial 
skeleton for which en bloc resection remains 
standard of care [24]. However, given the loca-
tion of these tumors, complete resection is often 
not feasible. Radiation therapy has been known 
to provide both a therapeutic and palliative 
advantage when complete surgical resection is 
not recommended [25–27]. Systemic therapy 
options for chordoma are limited, with cytotoxic 
chemotherapy having little efficacy [28]. A phase 
II study of the multi-kinase inhibitor imatinib in 
advanced chordoma showed a clinical benefit 
rate of 64% with duration of 6 months or longer 
[29]. Additional studies have evaluated the role 
of other TKIs in advanced chordoma including 
sunitinib and sorafenib, though these agents have 
never been compared head-to-head [30, 31]. A 
subset of chordomas exhibit EGFR mutations, 
and in these cases lapatinib, an oral EGFR inhibi-
tor, has shown activity [32]. Brachyury, a tran-
scription factor involved in notochord 
development, has been known to be overex-
pressed in chordoma [33]. There are ongoing 
clinical trials evaluating therapeutic strategies 
that exploit this overexpression, specifically drug 
therapy in combination with radiation 
(NCT03595228, NCT02383498).

Giant cell tumor of bone (GCTB) is a rare, 
benign but locally aggressive skeletal tumor that 
typically occurs after skeletal maturity in patients 
in their 20s and 30s [34]. In the United States, 
GCTB represents 15–20% of all benign bone 
tumors [34]. GCTB, though generally benign, 
does represent a spectrum of neoplasia and has 
unpredictable clinical behavior. Malignant trans-
formation is rare, but in a Swedish population- 
based registry, malignancy accounted for up to 
8% of all diagnoses of GCTB [35]. While com-
plete surgical resection may provide the most 
durable local control, alternative treatment strate-
gies may provide good disease control with func-
tional advantages, such as joint preservation. 
GCTB often occurs in the appendicular skeleton, 

but spinal GCTB are not infrequent and pose a 
treatment challenge. Spinal tumors are consid-
ered to have an overall worse prognosis com-
pared to appendicular tumors with a higher rate 
of local recurrence, likely due to difficulty in 
achieving a negative margin resection [36, 37].

Bone remodeling is modulated by production 
of receptor activator of nuclear factor κB ligand 
(RANKL) by osteoblasts. Osteoclasts are depen-
dent on RANKL, and in its absence undergo 
apoptosis. GCTB have high expression of 
RANKL on neoplastic stromal cells resulting in 
activation of RANK-positive osteoclast-like giant 
cells [38, 39]. Denosumab, a human monoclonal 
antibody against RANKL, blocks interaction 
between the tumor stromal and osteoclast-like 
giant cells resulting in loss of both cell types and 
reversal of osteolysis. Based on its mechanism of 
action, denosumab was evaluated in patients with 
locally advanced or recurrent GCTB and shown 
to halt bone destruction and induce tumor regres-
sion in 20/20 patients when administered subcu-
taneously at a dose of 120 mg every 4 weeks [40]. 
An international phase II study of denosumab in 
GCTB is ongoing with interim analysis showing 
tumor response in 163/169 patients after a median 
follow-up of 13 months [41]. Patients enrolled in 
this trial have received denosumab monthly for a 
minimum of 6  years with some of the patients 
receiving drug for more than 8 years. Therefore, 
neoadjuvant denosumab may be used to reconsti-
tute the bony shell and aid in complete surgical 
resection. Figure  5.1 shows representative MR 
images for a patient with a spinal/paraspinal 
GCTB pre-denosumab (A-C) and after 3 months 
of treatment (D-E). The patient subsequently 
underwent complete resection. For patients who 
are deemed inoperable, denosumab offers a rea-
sonable treatment option for control of disease 
and improvement in symptoms. However, as 
therapy is administered monthly, treatment- 
related toxicities including osteonecrosis of the 
jaw (ONJ) and atypical bone fracture are observed 
in higher frequency than in patients receiving 
therapy for osteoporosis. It was recently reported 
that 6% of patients on long-term denosumab for 
GCTB developed ONJ while 4% developed atyp-
ical bone fracture [42]. This is compared to 1% 

5 Modern Multidisciplinary Care in Spine Tumors



62

incidence in patients receiving therapy for osteo-
porosis. Thus, close monitoring for toxicity is 
important when receiving therapy long-term.

 Systemic Therapy for Metastatic 
Disease

Bone metastases are unfortunately increasingly 
common, particularly in patients with advanced 
lung, prostate, renal, thyroid, and breast cancer. 
As both systemic and local treatment modalities 
continue to improve, the approach to patients with 
metastatic disease to bone is no longer limited 
to single modality therapy. Several approaches 
with combined systemic and local therapy to 
augment response have provided encouraging 
results. For example, TKI and immunother-
apy have both been shown to enhance tumor 
response to radiotherapy. Renal cell carcinoma 
(RCC) is traditionally felt to be relatively radio-
resistant, with higher doses of radiation needed 
to achieve response [43]. Multiple TKIs have 
shown efficacy in metastatic RCC. Interestingly, 
a retrospective analysis in RCC patients receiv-
ing stereotactic radiosurgery for metastatic RCC 
to the spine noted significantly improved local 
control rate in patients receiving concurrent 
front-line TKI therapy [44]. Synergy with combi-

nation immunotherapy and radiation therapy has 
also been reported. Radiation can induce antigen 
expression, release pro-inflammatory cytokines 
that recruit immune cells, promote antigen cross-
presentation, and induce tumor expression of 
death receptors [45, 46]. Therefore, combining 
radiation with immunotherapy may have syner-
gistic effects and is being explored in multiple 
cancers including lung and others. While this 
may be an attractive approach to management 
of local disease, this treatment strategy may also 
apply to the metastatic setting, particularly in the 
situation of oligometastatic disease where resec-
tion may not be feasible. These are just a few 
examples that highlight how a multidisciplinary 
approach may greatly improve long-term out-
comes for patients with advanced disease.

While treatment of existing bone metastases 
often provides palliation to patients, it is impor-
tant to consider options for prevention of further 
bone metastases. Bisphosphonates such as 
zolendronic acid and RANKL inhibitors such as 
denosumab have been evaluated in this setting in 
multiple diseases at risk for bone involvement 
including multiple myeloma, breast cancer, and 
prostate cancer. Direct comparison of deno-
sumab vs. zolendronic acid in patients with mul-
tiple myeloma and bone disease showed that 
monthly denosumab was noninferior to monthly 

a b c
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Fig. 5.1 Spinal/paraspinal GCTB before (a–c) and after (d–f) 3 months of denosumab. Coronal T1 (a); axial T2 (b, c); 
T1 gadolinium with fat saturation; coronal (d); and axial (e, f)
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zolendronic acid for time to first skeletal-related 
event (HR 0.98, 95% CI 0.85–1.14) [47]. 
However, in men with castration-resistant pros-
tate cancer, denosumab was superior to zolen-
dronic acid in prevention of skeletal-related 
events (HR 0.82, 95% CI 0.71–0.95, p = 0.0002) 
[48]. Denosumab was also found to be superior 
to bisphosphonates in breast cancer patients with 
bone metastases for reducing skeletal-related 
events (RR 0.78, 95% CI 0.72–0.85, p < 0.00001) 
[49]. Interestingly, combination of zolendronic 
acid with hypofractionated radiation therapy for 
treatment of vertebral metastases in various solid 
tumors was well tolerated and suggested a reduc-
tion in the rate of vertebral collapse with 
improved pain and adequate tumor control [50]. 
Together these data inform on the use of preven-
tative agents, as well as potential for combina-
tion with radiation to improve disease control 
and patient symptoms.

 Perioperative Drug Safety

As previously highlighted, the efficacy of sys-
temic therapies continues to improve, resulting in 
improved overall survival even in advanced dis-
ease. Therefore, there is a trend toward a more 
aggressive approach in the management of meta-
static disease including utilization of radiation, 
surgery, vertebral augmentation, and ablative 
procedures. In patients receiving novel therapies 
including TKI, immunotherapy, etc., it is impor-
tant to consider the implications of treatment on 
bleeding risk and wound healing when surgical 
interventions are planned as these risks differ 
from traditional cytotoxic chemotherapy.

Agents that have antiangiogenic activity includ-
ing bevacizumab or TKI with VEGF inhibition can 
lead to impaired wound healing and increased 
bleeding. Several studies have evaluated perioper-
ative complications with the use of these agents to 
identify the optimal time between treatment and 
surgical intervention. Withholding systemic treat-
ment in the metastatic setting has implications on 
overall tumor burden, thus one must be thoughtful 
about the risks and benefits of the duration of any 
periprocedural drug holding period.

Bevacizumab has a half-life of 20 days, thus 
the general consensus is to hold for at least 
4 weeks prior to surgery. Oral TKIs with VEGF 
inhibition have a much shorter half-life and can 
be held for a shorter period of time in the periop-
erative setting. Studies in renal cell carcinoma 
suggest a 3 day washout for sorafenib, 1 week for 
sunitinib, and 5–7  weeks for bevacizumab [51, 
52]. Another case series of TKI and surgery in 
RCC suggested a washout of 2 weeks [53].

While there are no widely agreed upon guide-
lines, Table  5.1 outlines general recommenda-
tions for holding drugs perioperatively to ensure 
adequate wound healing and minimize risk of 
bleeding complications. Of importance, each 
TKI has its own labeling instructions for the rec-
ommended duration for which the drug should be 
held before and after invasive procedures. It is 
imperative to discuss timing of surgery with the 
medical oncologist to determine when the patient 
should be instructed to hold the drug with atten-
tion being given to each patient’s individual risk 
factors in the context of systemic therapy.

There is no clear consensus on the peri-
operative management of immunotherapy. A 
single- institution, retrospective analysis showed 
immune checkpoint inhibitors to be safe in the 
perioperative setting in multiple diseases and 

Table 5.1 Guidelines for perioperative management of 
systemic therapies

Drug category Preoperative hold
Postoperative 
hold

Antiangiogenic 
agents
(pazopanib, 
sunitinib, 
bevacizumab, 
axitinib)

Bevacizumaba: 
4–6 weeks
Other: 
1–2 weeks

Bevacizumaba: 
4 weeks
Other: 
1–2 weeks

TKI without 
angiogenesis 
effect
(imatinib)

No hold Resume when 
tolerating oral 
intake

Immunotherapy No hold No hold
Cytotoxic 
chemotherapy

3–4 weeks 
based on 
individual 
patient count 
recovery

2–4 weeks 
based on wound 
healing progress 
and surgeon 
clearance

aLonger perioperative hold recommended for bevaci-
zumab due to 20-day half-life
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various surgical procedures [54]. In that series, 
the median time from last dose to surgery was 
16 days (1–32 days), and the median time from 
surgery to first dose was 18  days (8–14  days). 
The wide range exhibited even within a single 
institution highlights the lack of consensus. As 
immunotherapy is being evaluated in the neo-
adjuvant setting, available data regarding safety 
of these agents in the perioperative setting allow 
for more informed recommendations. Of interest, 
immunotherapy has been proposed as a possible 
intervention to reduce postoperative immuno-
suppression and thus reduce perioperative tumor 
growth, supporting the safety of these agents in 
the perioperative period [55]. Therefore, gaps in 
therapy are not likely required.

It is important to understand and recognize 
that patients receiving immunotherapy are at risk 
of hypophysitis and adrenal insufficiency. The 
rate of these drug-related toxicities varies by 
agent and is reported at an incidence rate of <0.1 
to 6.4% [56]. Patients may be on long-term hor-
mone replacement including levothyroxine and 
hydrocortisone. If not appropriately recognized, 
these patients could suffer adrenal crisis in the 
postoperative setting.

 Conclusion

As systemic therapies improve, overall survival 
for patients with primary or metastatic spinal 
tumors also continues to improve. This must be 
considered in development of treatment plans in 
the metastatic setting as combined modality 
approaches should be considered. A multidisci-
plinary approach is essential to ensure opportuni-
ties for meaningful intervention are not missed. 
Furthermore, close communication between the 
surgeon and the medical oncologist is imperative 
to ensure appropriate management of systemic 
therapies in the perioperative setting.
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 Introduction

Although metastases, myeloma, and lymphoma 
predominate among neoplastic lesions found in 
the spine, benign tumors may represent a major-
ity of the remaining ~5% that are primary tumors 
of the bone. In contrast with the metastatic spine 
population, benign tumors typically occur in the 
young and active population. Presentation may 
vary from an incidental finding to severe pain and 
neurologic symptoms. Of these benign lesions, 

the most commonly encountered are aneurysmal 
bone cysts (ABCs), giant-cell tumors of the bone 
(GCTs), osteoid osteomas (OOs), osteoblasto-
mas (OBs), hemangiomas, osteochondromas, 
and Langerhans-cell histiocytosis [1, 2] 
(Table 6.1).

With appropriate investigation and carefully 
planned biopsy, the diagnosis can be made. Each 
histological subtype has its own characteristics. 
While most benign lesions share the same sys-
temic and local staging, the management of each 
lesion should be tailored to its histology, ana-
tomic constraints, clinical presentation, and 
patient characteristics. Similar to the primary 
malignant bone tumors, the management of all 
these benign tumors should follow the oncologic 
principles elaborated by Enneking [3]. Referral 
to a tertiary center with experience in treating 
these rare tumors should be sought early in the 
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Table 6.1 Primary benign bone tumors of the spine

Tumor type

Incidence (%) 
involving spine 
(versus appendicular 
skeleton)

Enneking 
staging

Aneurysmal bone 
cyst

15 S2, S3

Giant cell tumor 
of the bone

10 S3

Osteoid osteoma 20 S1, S2
Osteoblastoma 40 S3
Hemangioma Most S1
Osteochondroma <5 S1, S2
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process, and multidisciplinary management is a 
key component when treating these tumors. This 
chapter will provide an overview of the investiga-
tion of a solitary spinal lesion, lay the general 
oncologic principles of treatment, and review the 
presentation, diagnosis, and alternative treat-
ments of the most commonly encountered pri-
mary benign bone tumors of the spine.

 General Principles

 Evaluation

An isolated spinal lesion mandates a thorough 
workup, since the management of primary bone 
tumors differs significantly from the management 
of the more common metastatic spine disease. An 
appropriate diagnosis along with local and sys-
temic staging is necessary before treatment of any 
new lesion can be considered. While some benign 
bony lesions have a classic appearance and the 
diagnosis can be made by careful review of imag-
ing, atypical features or uncertainty about the 
diagnosis usually mandates a tissue diagnosis.

Biopsy planning should either be discussed 
with, or performed by, an oncologic spine sur-
geon who will perform the definitive surgery. 
Especially in the case of a malignant lesion, any 
tissue plane that is contaminated by the biopsy 
needs to be excised. It has been demonstrated that 
biopsy for malignant bone lesions in the spine 
performed outside of a referral center was associ-
ated with increased local recurrence [4, 5]. 
Careful planning ensures that no structures are 
excised unnecessarily. In the event of a benign 
tumor, the biopsy tract is not usually excised, but 
with an unknown lesion, it should be assumed 
that the lesion is malignant until proven other-
wise, and hence, the general biopsy principles 
should be applied.

 Clinical Studies

Upright radiographs are useful both to character-
ize the lesion and to determine if there is any sec-
ondary instability. Some benign latent lesions 

may present as “red herrings” and not as the 
source of the patient’s symptoms. Radiographs 
can help diagnose other common causes of pain. 
The AP and lateral radiographs should be done in 
an upright posture as this gives information about 
potential instability (vertebral body collapse, 
kyphosis, translation, etc.).

Most lesions, however, will require additional 
imaging such as a computed tomography (CT) or 
magnetic resonance imaging (MRI) for both 
diagnostic and surgical planning purposes. CT is 
the most accurate method for evaluating the bony 
anatomy and particular characteristics of the 
tumor (cortical destruction, calcification, etc.). It 
delineates the extent of osseous involvement and 
is the diagnostic study for some bone-based 
lesions such as osteoid osteoma. Furthermore, it 
can provide useful information regarding poten-
tial instability and allows proper planning for the 
biopsy. However, in general, CT is not as sensi-
tive as MRI in the early detection of metastatic 
disease and primary malignant bone tumors.

MRI is the best imaging modality for the eval-
uation of the epidural space and neural structures. 
T1-weighted images are helpful for delineating 
bone marrow architecture, fat content within 
masses, and subacute hemorrhage. The adminis-
tration of gadolinium-based contrast material 
results in enhancement proportional to soft tissue 
vascularity and is helpful for differentiating cys-
tic lesions from cyst-like solid masses. Most 
pathologic processes are often highlighted on 
T2-weighted images due to their increased fluid 
content.

Nuclear medicine studies (technetium 99  m, 
SPECT, PET) are sensitive to areas with increased 
radionuclide uptake. This is observed where there 
is an increased osteoid reaction to destructive 
processes in bones. However, these scans (with 
the exception of SPECT) are limited in their 
capacity to depict a detailed surgical anatomy 
when compared with CT or MRI. A bone scan 
can be used as a screening tool to determine 
whether a lesion is solitary or multifocal.

Some lesions have classical location. Osteoid 
osteoma, osteoblastoma, osteochondroma, and 
ABC are commonly encountered in the posterior 
elements, whereas GCT, Langerhans-cell histio-
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cytosis, and hemangioma more often affect the 
vertebral body.

Lastly, as with any new lesion, workup con-
sists of local and systemic staging. Systemic 
staging is completed with a chest CT scan. While 
most benign tumors do not require any systemic 
staging, the more aggressive lesions (giant cell- 
tumor, osteoblastoma) can present with pulmo-
nary metastasis that should be assessed for at the 
time of initial presentation.

 Staging

The Enneking classification is the most com-
monly employed staging system for primary 
bone tumors. Enneking classified primary bone 
tumors into five categories along a spectrum from 
a benign latent lesion to an aggressive metastatic 
sarcoma [3]. Along this spectrum, benign lesions 
are broken into three categories: latent, active, 
and aggressive (Table 6.2). The basis of the clas-
sification system was to describe the biology of 
the lesion in order to guide treatment.

Benign latent lesions (S1) are often asymp-
tomatic. They are fully encapsulated, intracom-
partmental lesions that adhere to fixed boundaries. 
They have slow growth initially that ultimately 
plateaus. From a histologic level, they have 
mature well-differentiated cells. There is a low 
cell-matrix ratio and there are no surrounding 
inflammatory changes. A quiescent hemangioma 
would be an example of a latent lesion.

Benign active lesions (S2) are slow-growing 
lesions that may cause pain. As the lesion grows, 
it can cause eccentric remodeling of the nearby 
cortex without perforating through it. Compared 
to benign lesions, there are more cells relative to 

the matrix, but the cells are still well differenti-
ated. There is a small zone of inflammatory cells 
between the capsule and normal bone. An osteoid 
osteoma is an example of an active lesion.

Benign aggressive benign lesions (S3) are 
often painful, with their growth not limited to 
cortical boundaries. They sometimes present 
with an associated soft tissue mass. There is a 
reactive zone surrounding the lesion and tumor 
cells may extend beyond the pseudocapsule that 
surrounds the tumor. The cells are well differenti-
ated with a benign appearance, but the occasional 
mitotic figure may be present. Giant cell tumor of 
bone is typically an aggressive lesion.

The Weinstein-Boriani-Biagini (WBB) clas-
sification describes a lesion according to its ana-
tomic location as it relates to the spine [6]. On 
axial presentation, the WBB divides the vertebra 
into 12 zones. Zone 1 represents the left half of 
the spinous process followed by the others in a 
counter-clock-wise manner. Last, a lesion is fur-
ther classified according to its layer: extraosseus, 
intraosseus superficial, intraosseus deep, extraos-
seus extradural, or intradural. The goal of this 
classification is to describe lesions and to help 
guide treatment according to the local anatomy.

Understanding the biological behavior of a 
lesion and its proximity to local critical structures 
is a prerequisite for formulating a treatment plan. 
These tumors are best treated in centers with 
experience in treating these complex and rare 
lesions. The treatment of an aggressive primary 
benign bone lesion, either surgical or with alter-
native treatment options, should be discussed in a 
multidisciplinary panel as its treatment needs to 
be individualized.

 Principles of Surgical Treatment

The general indications to operate for benign 
tumors of the spine are mechanical instability, 
uncontrolled pain, neurologic deficit, and to 
achieve local control/cure [7, 8]. Depending on 
the many variables, surgery may entail either an 
en bloc resection or an intralesional resection. An 
en bloc resection refers to the removal of the 
tumor as a single piece. To be complete, the 

Table 6.2 Characteristics of benign lesions classified by 
the Enneking classification

Latent 
(S1)

Active 
(S2)

Aggressive 
(3)

Growth − + ++

Cell to matrix ratio + ++ +++
Reactive zone − + ++

Adheres to anatomic 
boundaries

√ √ −
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description of an en bloc resection should be 
accompanied by its margins. A wide margin is 
defined when there is a healthy cuff of tissue sur-
rounding the tumor. A marginal margin is when 
the resection is in the reactive layer surrounding 
the tumors. A margin is intralesional when the 
tumor has been breached during the surgery or 
when tumor cells are observed at the periphery of 
the tumor specimen. In contradistinction, an 
intralesional curettage can be planned and refers 
to the resection of the tumor in a piecemeal fash-
ion. The tumor capsule is voluntarily opened, and 
the tumor is resected. The intralesional resection 
or curettage can be defined as a gross total if the 
resection was complete.

The Enneking staging system can provide a 
rough guide for the margins required when 
resecting benign tumors of the spine. S1 tumors 
generally do not require surgical intervention [9]. 
For S2 tumors, the recurrence rate may be accept-
able with intralesional excision [10, 9]. In con-
trast, intralesional resection of stage 3 tumors is 
frequently associated with an unacceptable rate 
of recurrence, and en bloc resection may be pre-
ferred [11, 9].

The Enneking principles are widely applied in 
the treatment of appendicular primary bone 
tumors, but due to the anatomical complexities of 
the spine, its application traditionally has been 
limited. However, with technological advances 
and a better understanding of the behavior of 
these tumors, the oncologic principles behind the 
Enneking staging have gained acceptance in the 
spinal community. An aggressive bony lesion that 
extends beyond the cortex (extracompartmental) 
has drastically different implications for resec-
tion if it extends into the spinal canal, anteriorly 
compromising the vena cava or aorta, or posteri-
orly into the paraspinal musculature. Wide en 
bloc resection may be a good option for the latter, 
but not feasible if it requires sacrificing the spinal 
cord or major vessels in order to achieve negative 
margins, especially of the benign nature. In some 
cases, the morbidity of an en bloc resection may 
be deemed worse than the recurrence risk of 
intralesional resection. Hence, a gross total resec-
tion might be preferred in some situations.

The location and morphology of the tumor 
will also dictate surgical planning, and the 
Weinstein-Boriani-Biagini (WBB) surgical stag-
ing system provides a framework with which to 
make these decisions. As a general principle, an 
en bloc resection is feasible if enough bone in the 
posterior ring (formed by the lamina and pedi-
cles) is free of disease to allow clearance of the 
thecal sac during resection.

 Management by Histology

Presentation and treatment are summarized in 
Table 6.3.

 Giant Cell Tumor (GCT)

 Introduction

Giant cell tumor of bone is a primary bone tumor 
that accounts for approximately 5% of all pri-
mary bony tumors [12, 13, 14]. It most com-
monly presents in the second through fourth 
decade of life. While it is a benign lesion, there is 
a 2–7.5% rate of pulmonary metastasis that needs 
consideration during the initial workup [15, 16, 
17, 18]. In the appendicular skeleton, it has a pre-
dilection for the metaepiphyseal area of long 
bones; however, approximately 10% of GCTs are 
found in the spine and sacrum. Spinal GCTs are 
highly vascular and have a predilection for the 
thoracic and lumbar spine [19].

There are three main cell types on microscopic 
examination: giant cells, monocytes, and mono-
nuclear stromal cells [20]. The stromal cells, 
thought to be of osteoblastic origin, are consid-
ered to be the neoplastic cell in GCTs. The 
H3F3A mutation is found in 92% GCT stromal 
cells and can be a tool for histopathological diag-
nosis [20, 21].

Giant cell tumors are primary bone tumors 
that typically appear as expansile osteolytic 
lesions [19]. Their appearance is created from 
thickening of existing trabeculae and cortex in 
response to the tumor. In keeping with Enneking 
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Table 6.3 Primary benign spinal lesions

Diagnosis Age Presentation Management/Treatment
Aggressive 
hemangioma

Any 
age-increased 
incidence 
with age

Mostly asymptomatic, pain 
and myelopathy are possible

For asymptomatic lesion, no treatment
For symptomatic lesion, vertebroplasty/
kypholasty/ embolization/surgery

Osteoid osteoma Second and 
third decades

Pain relieved by NSAID
Scoliosis
Male > female

If pain not controlled, thermal ablation or 
intralesional resection depending on location

Osteoblastoma Second and 
third decade

Dull, localized pain
Male > female

Surgical en bloc resection if feasible with 
acceptable morbidity or intralesional surgery

Osteochondroma Third decade Variable
Asymptomatic to nerve 
compression
Hereditary multiple exostosis: 
patients presenting with 
multiple osteochondromas

Surgical resection if symptomatic

Aneurysmal bone 
cyst

Second 
decade

Slow gradual onset of pain.
Female > male

Surgical resection with en bloc resection if 
feasible with acceptable morbidity or 
intralesional surgery. Alternative with serial 
embolization has been successful in case 
series

Giant cell tumor Second to 
fourth 
decades

Insidious pain
Female > male

Surgical resection with en bloc resection if 
feasible with acceptable morbidity. 
Intralesional surgery is an alternative but 
increased local recurrence. Denosumab is an 
option for inoperable tumor and as an 
neoadjuvant

S2 or S3 lesions, GCTs can form a thin neocor-
tex, or no cortex at all, with an accompanying 
soft tissue mass. While not pathognomonic, one 
feature of GCTs is that there can be an eccentric 
sclerotic margin opposite the side where the 
lesion is growing. When giant cell tumors are 
present in the vertebral body, there can be an 
associated pathological fracture causing vertebral 
body collapse and sometimes vertebra plana. The 
differential diagnosis of a GCT includes telangi-
ectatic osteosarcoma, chordoma, brown tumor, 
and aneurysmal bone cyst.

 Treatment

 Surgery
Recently, the role of medical treatment has 
emerged as a treatment option for unresectable 
GCTs. However, surgery remains the mainstay of 
treatment for GCTs when an appropriate surgical 

resection can be performed. Surgical options 
include intralesional or en bloc resection [22]. 
Mechanical (e.g., PMMA), chemical (e.g., phe-
nol), and thermal (e.g., liquid nitrogen) adjuvants 
are commonly employed to reduce recurrence 
rates following intralesional curettage. The appli-
cation of these adjuncts in the spine is limited due 
to the vicinity of the neural structures and the risk 
of iatrogenic injury. While intralesional resection 
is a commonly employed technique in the appen-
dicular skeleton, it should be used with caution in 
the spine due to the high recurrence rate. Local 
recurrence is particularly difficult to manage in 
the spine due to the complex anatomy.

In a series of 49 patients, Boriani et  al. [23] 
reported a 9% recurrence rate when S3 lesions 
were treated with en bloc resection, and a 62% 
recurrence rate when treated with intralesional 
excision. They also reported a 6.3% recurrence 
rate when S2 lesions were treated with intrale-
sional excision. Differentiating S2 and S3 lesions 
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can be challenging, but typically, S3 lesions are 
more aggressive, expansile, and have a soft tis-
sue component (see Table  6.2). In a different 
large international retrospective study with 82 
patients, intralesional resection was associated 
with an increased local recurrence rate when 
compared to en bloc resection [24]. Furthermore, 
mortality correlated with local recurrence. In 
2009, the spine oncology study group (SOSG) 
recommended that when feasible, an en bloc 
resection should be considered for the treatment 
of spinal GCT [25]. However, consideration 
must be given to the anticipated morbidity of an 
en bloc resection in the setting of a benign but 
aggressive disease.

After surgical resection, the National 
Comprehensive Cancer Network has recom-
mended the following for surveillance: local and 
chest surveillance every 6  months for the first 
2 years and then yearly thereafter.

 Medical Therapy
The hallmark of GCTs is the multinucleated 
giant cells that express high levels of the recep-
tor of the activator nuclear factor kappa-B ligand 
(RANKL). Activation of this pathway leads to 
osteolysis. Denosumab is a monoclonal anti-
body that specifically inhibits RANKL and it 
was hypothesized that this medication could 
halt progression in inoperable GCTs. The first 
clinical trial funded by AMGEN (the pharma-
ceutical company producing denosumab) found 
a clinical response rate of 85% at 6 months [26]. 
Furthermore, on histopathological reports, over 
90% of the multinucleated giant cells had disap-
peared with this treatment [27]. The second 
clinical trial with 282 patients reported 75% of 
clinical response rate, mostly a partial one [28]. 
These studies led to FDA approval in 2013 for 
inoperable GCTs (Fig.  6.1). However, when 
used as the definitive treatment, it may require 
lifelong therapy. In spine surgery, in addition to 
its role in unresectable GCTs, it has been used 
as a neoadjuvant to reduce and calcify the tumor 
prior to surgery. Further, neoadjuvant therapy 
has also been shown to reduce intraoperative 
blood loss [29]. In 2016, the AOSpine 
Knowledge Forum Tumor (AOSKFT) recom-

mended denosumab either as a stand-alone for 
treatment of inoperable GCT or as an adjuvant 
prior to surgical resection [30]. Recommended 
preoperative duration was 6  months or until 
maximal tumor reduction/calcification has been 
observed. While this is a promising medication, 
there is uncertainty about long-term treatment 
and its potential adverse events such as osteone-
crosis of the jaws and atypical femoral shaft 
fracture [31]. Furthermore, there is concern for 
tumor recurrence after denosumab discontinua-
tion. This is supported by the fact that the stro-
mal cells, the neoplastic cells in GCTs, are not 
eliminated with denosumab. In the axial skele-
ton, its use has been tempered by increased 
recurrence rates and the concern from some 
case reports of malignant transformation fol-
lowing its administration [32, 33, 34, 35]. As 
with any new treatment, caution is warranted. 
However, despite its risks and drawbacks, deno-
sumab does have a role in unresectable tumors 
or for use as a neoadjuvant.

 Selective Arterial Embolization
Due to the hypervascular nature of these lesions, 
preoperative embolization is commonly 
employed to limit blood loss during intralesional 
excision and facilitate dissection of segmental 
arteries during en bloc resection of mobile spine 
GCTs [30, 36, 37, 38]. While surgical manage-
ment is the first line treatment for giant cell 
tumors, selective arterial embolization has been 
employed with some success in some recurrent 
and unresectable lesions. Serial embolizations 
are carried out until there is no collateral blood 
flow to the lesion. Small case series have shown 
reossification with a low neurologic complication 
rate [39, 40, 41, 42, 43, 44].

 Radiation
Nearly all GCTs are radiosensitive; however, in 
the past, the use of radiotherapy has been tem-
pered by the risk of secondary malignant trans-
formation [45, 46, 47]. Different sources report 
the risk of secondary transformation between 11 
and 27%; however, the use of megavoltage 
machines compared to orthovoltage machines 
has dramatically decreased this risk. Regardless, 
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radiation does have a role in metastatic and non-
operable GCTs of the spine.

 Aneurismal Bone Cyst

 Introduction

An aneurysmal bone cyst (ABC) is a benign bone 
tumor that most commonly presents in the sec-

ond decade of life [48]. It appears as a lytic, 
expansile lesion with a predilection for the poste-
rior elements of the spine. It comprises 1.4% of 
all bone tumors and 15% of primary tumors of 
the spine. Aneurysmal bone cysts contain a 
blood-filled sac with an endothelial lining that 
can be a primary tumor, or secondary to another 
benign or malignant lesion.

Approximately 75% of aneurysmal bone cysts 
have a balanced translocation involving the 

a b

c d

Fig. 6.1 Giant cell tumor involving the sacrum. (a, b) Pre-denosumab on axial and sagittal CT scan. (c, d) After 1 year 
on denosumab on axial and sagittal CT scan
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proto-oncogene, USP6, found on chromosome 
17p13 [20, 49]. The discovery of this genetic 
alteration has become an important tool for 
pathologists to diagnose an ABC. The absence of 
the mutation mandates consideration of an alter-
nate diagnosis or that the ABC may be secondary 
to another lesion.

Aneurysmal bone cysts can present as active 
or aggressive lesions according to the Enneking 
classification. They usually appear as lytic, 
expansile masses. Further characterization of the 
lesion with MRI reveals fluid-fluid levels from 
hemosiderin settling when the patient lies supine 
for the scan. The differential diagnosis for an 
ABC includes secondary ABC and telangiectatic 
osteosarcoma. Care needs to be taken to exclude 
the latter for any monostotic lytic lesion.

 Treatment

Aneurysmal bone cysts are frequently locally 
aggressive and require treatment both for pain 
control, stability, and to protect adjacent neural 
structures.

 Surgery
Surgery is considered the mainstay of treatment 
of ABCs. Intralesional resection is associated 
with a 25% recurrence rate in the spine due to 
incomplete resection [50]. While this may be 
acceptable in the appendicular skeleton, given 
the risk of local recurrence and potential involve-
ment of neural elements, a more aggressive 
approach is sometimes warranted. En bloc resec-
tion and gross total resection have been employed 
successfully with no recurrences in several large 
case series [25]. En bloc resection, however, may 
be associated with significant morbidity depend-
ing on tumor location and dimension. In 2009, 
the SOSG recommended an aggressive gross 
total resection for an ABC. While recurrence is 
attributable to the completeness of the resection, 
the growth and anatomic location of the ABC 
should factor into the surgical approach. When an 
incomplete resection is performed, adjuvant ther-
apies similar to those employed with GCTs can 
be considered.

 Embolization
Preoperative embolization of hypervascular 
lesions is routinely employed to reduce intraop-
erative blood loss and to aid in the dissection of 
segmental arteries [30]. Prior to embolization, it 
is important to understand the local vascular 
anatomy, especially the location of the key feed-
ers of the anterior spinal artery to prevent iatro-
genic cord injury.

Recent literature supports the use of selective 
arterial embolization (SAE) as a stand-alone 
treatment for ABCs [51, 48, 52]. When SAE is 
chosen as the definitive treatment, multiple epi-
sodes of SAE are anticipated. Embolization has 
been shown to result in reossification of the lesion 
and resolution of pain in both the sacrum and 
mobile spine. Further, patients with nerve root 
weakness improved following SAE.  Several 
studies have shown SAE to be safe, but contain 
conflicting reports on its efficacy [53, 54].

In one retrospective study, Terzi et al. showed 
that SAE was safe but 26% of patients crossed 
over into another treatment group because of 
local recurrence/tumor progression [54]. 
Amendola et  al. reported successful outcomes 
with SAE. However, some patients required up to 
seven embolization procedures [53]. Especially 
important in the pediatric population is the cumu-
lative radiation exposure required for angio-
graphic imaging during the procedure, which 
may be a negative consideration for SAE. Other 
contraindications include situations where a 
feeding vessel also branches to the cord or anas-
tomoses with the vertebral artery.

 Intralesional Injection
Intralesional injection of doxycycline has been 
utilized in the armamentarium of treatment 
options for ABCs [55, 56]. It has been shown to 
inhibit MMPs, osteoclasts, and induce osteoclast 
apoptosis. Initial studies restricted its use to non-
operable or recurrent cases, but recent studies 
have expanded its use as a stand-alone treatment 
for patients with minor or no neurological defi-
cits and with a low spinal instability score (SINS 
<12) [55]. Following injection, lesions have been 
shown to reossify with a significant improvement 
in patients’ pain visual analogue scale (VAS) 
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scores. This still represents an emerging treat-
ment and should not be considered as a first-line 
therapy.

There have been several reports of injection of 
concentrated bone marrow aspirate in an attempt 
to induce healing of the lesion with mesenchymal 
stem cells. There have been several positive 
results, but this is not yet routine or standard of 
care [57].

 Radiation
Radiation therapy can be effective for treating 
ABCs, but with the advent of SAE, it is being 
used less often [58]. It has been used as adjuvant 
therapy in cases of subtotal resection, but con-
cerns over radiation-induced myelitis and sec-
ondary sarcomas have largely impeded its use in 
most centers. Newer and more accurate radiation 
techniques have decreased these risks, but a pau-
city of long-term data combined with good alter-
natives has limited radiation use to the adjuvant 
setting in only the most difficult cases [59].

 Medical Treatment
Given the surgical challenge of aneurysmal bone 
cysts, there has been a drive to develop medical 
management for treatment of these lesions. Given 
the similar radiographic appearance of ABCs and 
GCTs, along with the presence of multinucleated 
giant cells in ABCs, it has been hypothesized that 
ABCs might have a similar response to that seen 
for giant cell tumors treated with denosumab 
[60]. Further, it has been shown that ABCs 
express RANKL, the target of denosumab, simi-
lar to GCTs [61]. There have been various case 
reports of aneurysmal bone cysts treated with 
denosumab; however, at present, this use is still 
off-label for the treatment of ABCs and cannot be 
recommended for routine use [62].

 Osteoid Osteoma/Osteoblastoma

 Introduction

Both osteoid osteomas and osteoblastomas are 
benign osteoid-producing primary bone tumors. 
Twenty and forty percent of osteoid osteomas 

and osteoblastomas, respectively, are located in 
the spine [63, 14]. They occur more frequently in 
males, and they have a predilection for involving 
the posterior spinal elements [64]. Osteoid osteo-
mas are small self-limiting entities, while osteo-
blastomas are more locally aggressive. Given 
their larger size, osteoblastomas may involve 
both the vertebral bone and neural elements.

Osteoid osteomas are defined as having a cen-
tral nidus of less than 15–20 mm in size and typi-
cally occur in the second and third decades of life 
[14]. They often present with night pain that is 
alleviated by salicylates. The natural history of 
osteoid osteomas is usually self-limiting. When 
treated with nonsteroidal anti-inflammatories 
(NSAIDs), pain lasts for an average of 2.5 years 
before the lesion burns itself out [65, 66]. In the 
pediatric population, osteoid osteomas are a com-
mon cause of painful scoliosis whose etiology is 
thought to be secondary to muscle spasm from 
the lesion on the side of the curve’s concavity 
[67].

In contrast to osteoid osteomas, ostoblastomas 
are more aggressive and not self-limiting. They 
can be locally aggressive and cause destructive 
changes to the surrounding bone and soft tissue 
[63]. The central nidus is greater than 20  mm, 
and 10% of patients have a secondary aneurys-
mal bone cyst. Osteoblastomas are painful and do 
not respond to NSAIDs as readily as osteoid oste-
omas [68]. In addition to pain, they can present 
with neurologic symptoms from compression of 
nerve roots or adjacent spinal cord. These lesions 
are benign, but there have been case reports of 
malignant transformation [64].

Demonstration of a central nidus can be diag-
nostic if visible on radiographs or CT scan. 
Further, scintigraphy can show radioactive uptake 
at the lesion. MRI is helpful for osteoblastomas 
to help delineate compression and involvement 
of adjacent neural structures.

Osteoid osteomas contain a central nidus of 
woven bone with a surrounding fibrovascular 
stroma. Size is the main differentiating feature 
between osteoid osteomas and osteoblastomas, 
as they look similar on histologic examination. 
While osteoid osteomas and osteoblastomas have 
different clinical presentations, they share similar 
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structural genetic alterations in the AP-1 tran-
scription factor FOS or FOSB [20, 69]. 
Differential diagnosis includes infection, aneu-
rysmal bone cyst, fibrous dysplasia, chondrosar-
coma, Ewing sarcoma, and osteosarcoma.

 Treatment

Osteoid osteomas typically respond to NSAIDs 
and this treatment may be used to control pain 
symptoms. Failure of nonsurgical management 
due to intractable pain necessitates procedural or 
surgical treatment. In the pediatric population, 
the scoliosis associated with osteoid osteomas 
typically resolves after treatment of the tumor. 
Nonsurgical management of osteoblastomas is 
rarely indicated due to their locally aggressive 
nature.

 Surgery
Failure of nonsurgical treatment of osteoid osteo-
mas necessitates further intervention. Following 
surgery, many studies demonstrate resolution of 
pain and resolution of scoliosis curve progres-
sion. Surgical options include intralesional ver-
sus en bloc resection. The most important surgical 
factor is ensuring excision of the nidus [70]. 
Quraishi et al. showed in a large series that intra-
lesional piecemeal resection resulted in a 7% 
recurrence rate and that there were no recurrences 
in their hands with en bloc resection. Newer tech-
nologies such as intraoperative O-arm and navi-
gation can help ensure the nidus is resected, 
which can otherwise be a challenge intraopera-
tively [71, 72, 73] (Fig. 6.2).

Osteoblastomas almost always warrant surgi-
cal intervention. Consideration of intralesional 
excision can be made for S2 lesions; however, en 
bloc resection is the accepted treatment for most 
S3 tumors to prevent recurrence and on-going 
compromise of adjacent structures. In a case 
series of 51 osteoblastomas, all recurrences 
occurred in S3 lesions (either treated with intral-
esional or en bloc resection), and no recurrences 
occurred following intralesional resection of S2 
lesions [74]. As only 10 S2 lesions were included, 
it is difficult to draw definitive conclusions based 

on this study. However, where en bloc resection 
is not possible due to anatomic constraints, a 
gross total resection can be considered weighing 
the risk of recurrence rate.

 Thermal Ablation
With the morbidity of surgery, and the potential 
need for spinal instrumentation, both laser and 
radiofrequency thermal ablation have gained 
traction in the treatment of osteoid osteomas [75, 
30, 76]. Thermal ablation is considered the gold 
standard in the appendicular skeleton with the 
local recurrence rate <5%. Percutaneous thermal 
ablation has been shown to be as effective in 
reducing pain associated with these lesions [77]. 
With radiofrequency ablation, a temperature of 
90 °C is usually applied for approximately 6 min-
utes to achieve a satisfactory ablation of the nidus 
[78, 79]. Thermal necrosis to adjacent structures 
remains a risk, and it is generally contraindicated 
when the lesion is within 5 mm of a neural ele-
ment or if the cortex is absent. Thermal ablation 
is generally only indicated for small lesions 
(osteoid osteomas) and not appropriate for osteo-
blastomas due to their size and aggressive biol-
ogy. Similar to thermal ablation, cryoablation can 
be used to treat these lesions. It has the advantage 
that the edge of the ice ball can be seen on a CT 
scan, which may be safer to use around neural 
elements.

 Aggressive Hemangiomas

 Introduction

Vertebral hemangiomas are common benign vas-
cular tumors that are found in 11% of people at 
the time of autopsy [80, 81, 14]. The prevalence 
is likely higher, as one study using CT scans 
found that they are present in 26% of the popula-
tion [82]. Hemangiomas are more common in 
older individuals with a predisposition for 
females more than males [80]. While most are 
asymptomatic and do not need any treatment, in 
about 1% of cases they can be more aggressive, 
causing pain and occasionally neurologic symp-
toms from pathological fracture and extraverte-
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bral extension compressing nerve roots or the 
spinal cord.

The main histologic subtypes of vertebral 
hemangiomas are cavernous, capillary, and 
mixed. They invade the medullary canal of the 
vertebral body, giving rise to vertically oriented 
trabecuale. This gives the “jail cell” and “polka 
dot” appearance on sagittal/coronal and axial CT 
slices, respectively. On MRI, vertebral hemangi-
omas have a high signal intensity on both T1- and 
T2-weighted images [83]. However, more aggres-
sive lesions have a paucity of adipose tissue and, 
therefore, may have a less intense T1-weighted 

signal compared to their more benign counter-
parts. Fat-suppressed images and STIR sequences 
have shown some utility in helping to identify 
more aggressive asymptomatic lesions.

 Treatment

Aggressive hemangiomas causing intractable 
pain and/or cord compression warrant treatment. 
Various modalities have been reported with suc-
cess, and at present, there is no gold standard. 
Treatment modalities include surgery (intrale-

a b

c d

Fig. 6.2 (a, b) Osteoid osteoma of C3 with close vicinity 
to the vertebral artery on a sagittal and axial CT scan. (c, 
d) Location precluded thermal ablation. Intraoperative 

operative CT scan images showing axial imaging pre- and 
post-nidus resection
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sional versus en bloc resection), ethanol ablation, 
vertebroplasty, radiation, or a combination of the 
above.

 Surgery
Surgery has a role for symptomatic lesions, espe-
cially those presenting with neurologic deficits. 
Preoperative embolization has been shown to 
reduce intraoperative blood loss and is commonly 
employed across most centers [84]. There is a 
wide range of approaches to the surgical manage-
ment of aggressive vertebral hemangiomas. 
General principles to consider are compressive 
neurology requiring decompression, debulking, 
or excising the tumor to prevent progression to 
structures in close proximity, and treating any 
associated instability or fracture with instrumen-
tation. When the lesion warrants surgical atten-
tion, both intralesional and en bloc resection are 
options. While some centers advocate for en bloc 
resection, intralesional resection can have very 
low recurrence rates. In the largest case series of 
aggressive hemangiomas, there was only a 3% 
recurrence rate when intralesional resection was 
employed [85]. Depending on the location of the 
lesion, the low recurrence rate may justify a less 
morbid procedure. While there are a wide variety 
of options to treat aggressive vertebral hemangio-
mas, the approach needs to be individualized to 
the lesion and the local anatomy.

 Ethanol Injection
Ethanol is commonly used either as an intraop-
erative adjunct or as an injection by interven-
tional radiology [86, 87]. Ethanol is toxic to the 
endothelium, causing necrosis. It is a safe proce-
dure; however, since hemangiomas are post- 
capillary structures, there is a theoretical risk of 
retrograde flow into segmental arteries with local 
or systemic toxicity. Doppman et  al. recom-
mended slower injection of alcohol when the 
lesion is at the level of the artery of Adamkiewicz 
to prevent iatrogenic cord injury. There have been 
multiple studies that report good outcomes with 
improvement of pain and neurologic symptoms 
following ethanol ablation [88, 86]. However, 
patients can develop secondary pathological frac-
tures following this treatment if the bony archi-

tecture cannot support their weight following 
ablation of the tumor, and consideration is 
often given to include spinal instrumentation 
or a kyphoplasty to avoid this complication 
[87, 89].

 Radiation Therapy
Radiotherapy is another modality used in the 
treatment of symptomatic hemangiomas. It can 
produce long-term disease control and improve-
ment in pain scores [90, 91]. The use of radio-
therapy alone can be effective for slowly 
progressing neurologic symptoms, but in the set-
ting of myelopathy and cord compression, sur-
gery should be strongly encouraged. With the 
doses of radiation required for vertebral heman-
giomas, the risk of secondary malignancy to out- 
of- field organs is very low [92]. Radiotherapy 
can be an effective tool both on its own and as an 
adjunct to other therapies.

 Vertebroplasty/Kyphoplasty
Vertebroplasty/kyphoplasty is another treatment 
that has a role in vertebral hemangiomas [93]. The 
exothermic reaction from the cement can cause 
some thermal necrosis to surrounding tumor cells, 
but more importantly, it provides structural sup-
port to the vertebrae. While it can be used on its 
own with good pain relief, it is commonly used as 
an adjunct to radiation, ethanol ablation, or surgi-
cal decompression [94, 95, 96].

 Osteochondroma

 Introduction

Osteochondromas consist of an outgrowth of cor-
tical and medullary bone contiguous with the 
host bone, are capped by cartilage, and are the 
most common benign primary tumors of bone. 
Osteochondromas represent 36% of all benign 
bone tumors, but they are relatively underrepre-
sented in the spine [97]. Only 1–4% of all osteo-
chondromas occur in the spine [97, 98]. The 
majority of these lesions appear as solitary 
growths, but as many as 25% may be associated 
with multiple hereditary exostosis (MHE), an 
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autosomal dominant heritable disorder in which 
patients may develop many osteochondromas 
distributed throughout the skeleton (Fig. 6.3). It 
is estimated that approximately 9% of patients 
with MHE develop spinal lesions [97]. Patients 
with solitary osteochondromas of the spine pres-
ent at a mean age of 30–33, whereas those 
patients with MHE are diagnosed with spinal 
lesions at a mean age of 20–22 [97, 99, 100, 98]. 
Males are more frequently affected than females 
at a rate of 1.9–2.4:1 [99, 98].

Within the spine, osteochondromas typically 
develop at the tips of the spinous and transverse 
processes, but may also develop in the vertebral 
body, pedicle, or facet [99, 101]. This is because 
the lesions are formed by displacement of a frag-

ment of physeal cartilage, which, separated from 
the physis, continues to expand and undergo 
enchondral ossification [97, 102, 103].

A CT scan is usually required to make the 
diagnosis and is the imaging test of choice to 
identify the pathognomonic features of the con-
tiguous cortex covered by cartilage flaring out 
from the host bone along with continuity of the 
underlying medullary bone [97, 104, 101, 105]. 
MRI is useful for demonstrating neural compres-
sion, marrow content, and the cartilage cap [106]. 
The thickness of the cartilage cap in particular is 
important to assess on imaging, as the principal 
differential diagnosis for osteochondroma is 
secondary chondrosarcoma, and the two can be 
distinguished by the thickness of the cartilage. 

a b

c d

Fig. 6.3 Patient with MHE. (a, b) Osteochondroma orig-
inating from C4 lamina causing cervical myelopathy on 
axial and sagittal T2 imaging. (c, d) Osteochondroma in 

the foramen of T8 causing radicular pain on axial and sag-
ittal T2 imaging
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MRI has traditionally been the test of choice to 
assess the cartilage thickness [107, 108, 109, 
110]. Bernard et  al. have suggested that MRI-
based assessment of malignancy gives a 100% 
sensitivity and 98% specificity with a cartilage-
thickness cutoff of 2 cm [111].

 Treatment

Many osteochondromas of the spine can be man-
aged nonsurgically, and indeed, many go unrec-
ognized. There is a small risk of malignant 
degeneration, which is cited to be 1% for solitary 
lesions and 10% for lesions associated with 
MHE [97, 112, 99]. Given the low rate of malig-
nant degeneration, asymptomatic patients need 
not undergo surgery [97, 113, 106]. However, 
consideration should be given to following the 
patient clinically and radiographically to iden-
tify secondary malignancy, which should be sus-
pected in tumors with a thick cartilage cap or 
those that continue to grow after the patient 
reaches skeletal maturity [99, 100]. The second-
ary malignancy associated with osetochondro-
mas is typically low grade. As with other benign 
tumors of the spine, the primary indications for 
surgery are pain and impingement on neural 
structures or diagnostic uncertainty despite ade-
quate workup [106].

For osteochondromas, surgery is curative if 
the cartilage cap is removed but is only indicated 
for symptomatic lesions [114]. Major neurologic 
improvement is seen in 70% of patients and some 
improvement seen in another 18% [97]. If a por-
tion of the cartilage cap remains, recurrence is 
likely within 6–14 months [97, 115, 116], but the 
overall recurrence rate is only 4% [99]. After sur-
gery, no oncologic surveillance is mandatory and 
is based on patient symptoms.

 Others

Benign notochordal cell tumors (BNCTs) have 
been recognized by the WHO classification in 
2013, but these tumors are largely underreported 
[117]. Therefore, the true incidence of benign 

notochordal cell tumors is unknown. Most of 
these tumors are incidental findings and are 
asymptomatic. The alternate diagnosis for these 
tumors is chordoma. Chordomas and BNCTs 
show common notochordal histologic and imm-
nophenotypic features (the physaliphorous cell 
and brachyury gene). Controversies exist as to 
whether this entity is a precursor of chordoma 
although absence of malignant transformation 
has been reported [118–120]. On imaging, typi-
cal BNCTs are small (<35 mm), confined to the 
bone, do not have soft tissue extension, are not 
lytic, and lack enhancement post gadolinium 
injection on MRI [121]. Compared to chordoma, 
histologically, BNCTs lack cellular atypia, 
mitotic activity, extracellular myxoid matrix, and 
intratumoral vascularity [121]. Biopsy is sug-
gested when atypical imaging features are 
encountered, although differentiating between 
chordoma and BNCTs can be difficult on core 
biopsy. Importantly, BNCTs should be stable in 
size on serial scans and therefore, follow-up 
imaging is mandatory when suspecting this 
entity. If a presumptuous diagnosis of BNCTs 
shows enlargement, chordoma should be consid-
ered and managed accordingly.

 Fibrous Dysplasia

Fibrous dysplasia accounts for 7% of all benign 
bone tumors. It presents with either a monostotic 
lesion or a polyostotic presentation and 7–14% 
of polyostotic lesions are found in the spine 
[122]. It is characterized by an activating muta-
tion of GNAS1 (G protein-coupled receptor), 
resulting in impaired osteoblast differentiation 
from precursor cells [123]. The primitive bone 
fails to remodel into lamellar bone and does not 
realign with mechanical stress. Furthermore, 
insufficient mineralization is observed. The 
resultant is immature bone with poor mechanical 
strength leading to pain, fracture, and deformity. 
The monostotic presentation is more commonly 
encountered, and the lesion will typically not 
grow after skeletal maturity has been reached. 
The polyostotic lesions are often part of a syn-
drome such as the McCune Albright syndrome 
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(fibrous dysplasia, café-au-lait spots, endocri-
nopathy) and Mazabraud syndrome (fibrous 
dysplasia and intramuscular myxomas). Lesions 
in the polyostotic presentation will typically 
continue to enlarge after skeletal maturity, lead-
ing to fracture, deformity, and pain. Malignant 
transformation in fibrous dysplasia is rare, rang-
ing between 0.4 and 4% [124, 125, 126, 127]. 
X-rays and CT demonstrate a “ground glass” 
appearance from the fibrous matrix. On MRI, 
these lesions have low signal intensity on T1- 
and T2-weighted images [128]. Monostotic 
lesions are often asymptomatic, found inci-
dentally, and only require clinical observation. 
Biphosphonates can be used to treat symptom-
atic lesions with the objective to reduce pain 
intensity [129]. As with other benign lesions, 
surgical intervention may be indicated for severe 
pain, progressive deformity, and secondary neu-
rologic symptoms. The Enneking staging system 
recommends intralesional resection for symp-
tomatic/active fibrous dysplasia. As with any 
lesion, careful anatomical consideration should 
be sought when treating these lesions. Literature 
is scarce on spinal fibrous dysplasia. The use of 
vertebroplasty for symptomatic lesions has been 
reported [130, 131]. Bone grafting can be chal-
lenging in fibrous dysplasia with graft resorp-
tion and persistence of dysplastic bone [132]. 
This seems to be especially true in the younger 
population with polyostotic presentation. Some 
authors advocate for cortical allograft use in this 
population [133].

 Conclusion

The primary benign tumors of the spine are typ-
ically asymptomatic, slow-growing lesions, and 
occur in relatively young patients. However, 
they may cause clinical dilemmas when they 
present with pain, fracture, or neurologic deficit. 
Evaluation often begins with plain radiographs 
but usually requires a CT scan, MRI, or both, 
and biopsy may be required to make the defini-
tive diagnosis. Treatment is primarily observa-
tion for the latent lesions. Surgery remains the 
mainstay of treatment of most aggressive 

lesions. Depending on the location, tumoral 
extension, and biological behavior of the tumor, 
an intralesional resection or an en bloc resection 
may be the preferred treatment. Due to the com-
plexity and potential morbidity of these surger-
ies, alternative treatments have emerged. 
Denosumab is now the first line of treatment for 
unresectable GCT or when the surgery would be 
associated with unacceptable morbidity. 
Thermal ablation is increasingly used for OO 
with excellent local control rate. The various 
alternative treatments and the complexity of 
these tumors support treatment at dedicated ter-
tiary tumor centers with clinical expertise and 
multidisciplinary panels.
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 Chordoma

 Epidemiology

Chordomas are rare primary spinal neoplasms, 
which arise from notochord remnants. Chordomas 
are typically slow-growing tumors affecting all 
age groups, with a higher incidence in patients 
between 50 and 60 years old [1]. The incidence is 
estimated to range from 1 to 2 cases per 
1,000,000 in the United States. More recent data 
from the NIH SEER database suggest that the 
incidence may be as high as 8% of all primary 
bone tumors. The peak incidence of chordoma is 
between 40 and 60 years of age; however, chor-
doma affects people of all ages with varying 
degrees of frequency. Less than 5% of chordomas 
are found in pediatric patients and typically have 
a worse prognosis. Most tumors in those under 
20 years of age are in the mobile spine (with very 

few in the sacrum), near equal distribution in 
those between 21 and 59 years of age and 30% 
higher incidence of sacral tumors in those over 
60 years. There is an overall slightly male pre-
dominance of 1.5:1. However, in sacral tumors 
the male predominance is 2:1 and in skull base 
tumors, there is no gender difference. With 
regards to race, chordoma is about four times 
more likely to affect Caucasians than the African 
Americans [2].

 Pathology

After multiple myeloma, chordoma is the second 
most common primary malignancy of the spine. 
Chordoma is so named because of its resem-
blance to the histologic structure of embryonic 
notochord. The most widely accepted theory 
regarding the pathogenesis of chordoma is that it 
arises from collections of embryonic notochord 
structures, which remain trapped within the bony 
structure of the spinal column. This understand-
ing of chordoma was based on the common loca-
tion and microscopic morphology it shares with 
the notochord structures, and more recent evi-
dence to support this theory includes immunohis-
tochemical analysis and molecular phenotyping.

The exact pathways behind the pathogenesis 
of chordoma are yet to be fully understood but 
evidence now supports the involvement of genes 
encoding for transcription factors involved in 

G. Blumstein · B. Kelley · D. Y. Park (*)  
F. Hornicek 
Department of Orthopaedic Surgery, David Geffen 
School of Medicine at the University of California 
Los Angeles, Los Angeles, CA, USA
e-mail: dypark@mednet.ucla.edu 

S. Nelson 
Department of Orthopaedic Surgery, David Geffen 
School of Medicine at the University of California 
Los Angeles, Los Angeles, CA, USA 

Department of Pathology, David Geffen School of 
Medicine at the University of California Los Angeles, 
Los Angeles, CA, USA

7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50722-0_7&domain=pdf
https://doi.org/10.1007/978-3-030-50722-0_7#DOI
mailto:dypark@mednet.ucla.edu


90

embryogenesis (SOX9) and regulation of noto-
chord development (brachyury) [3]. Interestingly, 
during embryonic development of the vertebral 
column, the notochord regresses and becomes 
incorporated into the center of the intravertebral 
discs, becoming the nucleus pulposis. However, 
there have been no reported cases of chordoma 
arising from the intravertebral disc space, only 
from the bony elements of the spinal column. 
This may suggest a possible interaction between 
trapped notochord cells with the local osseous 
microenvironment, which may contribute to the 
pathogenesis [4, 5].

 Classification

Chordoma is classified into four widely accepted 
subtypes: conventional, chondroid, poorly differ-
entiated, and dedifferentiated chordoma 
(Table 7.1).

Conventional chordoma subtype is the most 
common, comprising about 80% of chordomas 

[6, 7]. This subtype is relatively slow growing 
and typically exhibits low-grade behavior. Gross 
appearance varies from gray to tan with focal 
areas of necrosis and a soft gelatinous texture 
(Fig.  7.1). When growing inside bone, conven-
tional chordoma permeates the marrow space and 
Haversian system, replacing native cells and sur-

Table 7.1 Clinical, histologic, and immunohistochemical features of the four commonly accepted chordoma 
subtypes 

Subtype General features Histologic features Immunohistochemistry
Conventional 
chordoma

About 97% of all incidence
Low-grade, indolent behavior
Most common in sacrococcygeal 
region
70% 5-year survival
40% 10-year survival

Lobulated nests and cords 
with mucinous or myxoid 
stroma, high pleomorphism, 
necrotic regions especially if 
large, low mitotic figures
Physaliphorous cells common
Infiltrative within bone but 
well encapsulated soft tissue 
components

+ Cytokeratin
+ T brachyury
+ S-100
+ EMA

Chondroid 
chordoma

About 2% of all incidence
Mostly in skull base, rarely in 
sacrococcygeal
Low-grade, indolent behavior

Biphasic – conventional areas 
with chondroid component, 
often well demarcated
Chondroid appearance of 
lacunae but no true hyaline 
cartilage

No difference in IHC 
within the two phases
+ Cytokeratin
+ T brachyury
+ S-100
+ EMA

Poorly 
differentiated 
chordoma

<1% incidence
High-grade, more aggressive
Younger presentation (mean age 12)
Worse prognosis

No physaliphorous cells
More mitotic figures
Widely observed necrosis

+ Cytokeratin
+ T brachyury
− S-100
− SMARCB1

Dedifferentiated 
chordoma

About 1% of all incidence
Most aggressive, (90% metastasis at 
presentation)
Least common
Mostly in sacrococcygeal region
Usually seen in recurrence or post 
radiation but can occur de novo

Biphasic – conventional 
chordoma areas with adjacent 
areas with appearance of 
pleomorphic, spindle cell or 
osteosarcoma

Dedifferentiated phase
− Cytokeratin
− T brachyury
Conventional phase 
unchanged IHC

Fig. 7.1 Cross section of sacrococcygeal chordoma spec-
imen showing lobules and sheets of glistening gelatinous 
grey tumor replacing and expanding the medullary mar-
row space. At the top portion the posterior cortex, perios-
teum, and overlying soft tissues are present
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rounding osseous trabeculae. When extending 
into the soft tissue, these tumors typically form a 
well-encapsulated soft tissue mass. The micro-
scopic architecture of conventional chordoma is 
comprised of lobulated nests and cords of cells 
around mucinous or myxoid stroma (Fig. 7.2a,b). 
Microscopic appearance shows typical phys-
aliphorous cells with multiple clear cytoplasmic 
vacuoles, appearing similar to adipocytes. 
However, due to significant heterogeneity, these 
cells are not always present and are not consid-

ered pathognomonic. Conventional chordoma 
stains positive for keratin, S-100, and brachyury 
(Fig. 7.3a,b).

Chondroid chordoma subtype does not differ 
significantly from conventional chordoma with 
regards to immunohistochemistry. This subtype 
is comprised of areas of conventional chordoma, 
which are often sharply demarcated from other 
areas where neoplastic cells are spread out within 
a solid matrix with a similar appearance to hya-
line cartilage (these cells mimic the appearance 

a b

Fig. 7.2 (a) Conventional chordoma demonstrating 
cords of tumor cells within a myxoid matrix. The tumor 
cells have eosinophilic bubbly or physaliphorous cyto-
plasm and hyperchromatic nuclei (H&E 100X). (b) 
Chordoma infiltrating hyaline cartilage (left portion) and 

the bone marrow. Cancellous lamellar bone fragments of 
the marrow are surrounded by chordoma, with a portion 
of residual fatty marrow being present in the upper right 
(H&E 40X)

a b

Fig. 7.3 (a) Upon immunohistochemical analysis, chor-
doma cells typically express keratin markers, as well as 
S-100 and brachyury. Here, chordoma cells demonstrate 

cytoplasmic positivity for the epithelial marker AE1;AE3 
(AE1;AE3, 400X). (b) Nuclear positivity for brachyury in 
chordoma cells is demonstrated (Brachyury 400X)
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of chondrocytes in lacunae) [8] (Fig.  7.4). The 
chondroid areas may be sparse or extensive, and 
when they are abundant, the tumor is difficult to 
distinguish morphologically from chondrosar-
coma. The neoplastic cells in chondroid chor-
doma are identical to those found in conventional 
chordoma; however, the matrix takes on a differ-
ent appearance. This subtype is found more com-
monly in the mobile spine than in the 
sacrococcygeal area. Initially, this subtype was 
thought to carry a more favorable prognosis; 
however, more recent studies dispute these find-
ings and reported prognosis and course are simi-
lar to conventional chordoma [9].

Recently published work now supports new 
subtype  – poorly differentiated chordoma, with 
distinct clinical and immunohistochemical fea-
tures from the three classical varieties. Unlike the 
other varieties, which exhibit a peak age distribu-
tion between 40 and 60 years, poorly differenti-
ated chordoma is found in much younger patients, 
with a peak distribution of 12  years of age. 
Another distinctive feature is a higher predilec-
tion for the skull base and cervical spine [10, 11]. 
Poorly differentiated chordoma behaves much 
more aggressively than conventional or chondroid 
chordoma, with earlier local recurrence and over-
all shorter survival. Histologically, poorly differ-

entiated chordoma is remarkable for the absence 
of physaliferous cells or myxoid stroma (Fig. 7.5). 
Mitotic figures are more common and necrosis is 
widely observed. Immunohistochemical analysis 
shows positive staining for T brachyury and cyto-
keratin and is notable for the absence of 
SMARCB1 and S100 in most cases.

Dedifferentiated chordoma is the most aggres-
sive subtype and the least common [12]. As in 
chondroid chordoma, the dedifferentiated subtype 
contains areas of conventional chordoma with dis-
tinct areas that resemble poorly differentiated 
spindle cell sarcoma, pleomorphic sarcoma, or 
osteosarcoma (Fig.  7.6). This subtype comprises 
about 5% of all chordomas, and is most frequently 
found in the sacrococcygeal region. The dediffer-
entiated subtype is most commonly seen in local 
recurrence or following irradiation of conventional 
chordoma but may arise from primary tumors. 
Unlike the other two subtypes, which grow slowly, 
often over years, dedifferentiated chordoma exhib-
its high-grade behavior, progresses rapidly, and 
metastasizes in over 90% of cases. The immuno-
histochemistry is distinctly different from chon-
droid and conventional chordoma, with the notable 
loss of keratin and brachyury.

Benign notochordal cell tumor (BNCT), also 
known as notochordal hamartoma, is a rare type 

Fig. 7.4 The right half 
of this photo 
demonstrates the hyaline 
cartilage matrix with 
tumor cells occupying 
lacunar spaces seen in 
chondroid chordoma. 
Directly adjacent on the 
left side is more typical, 
conventional-appearing 
chordoma (H&E 100X)
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of notochordal tumor, generally considered a 
benign relative of chordoma. Typically found 
incidentally in the same sites as chordomas, this 
entity is usually asymptomatic. Unlike chor-
doma, it is sclerotic rather than lytic on imaging 
and does not extend into the soft tissue. However, 
there have been cases where the two entities 
coexisted simultaneously either side by side or 
within the same lesion, giving credence to the 
theory that they are on a continuum of the same 

pathological process [13]. Heavy reliance on 
immunohistochemistry and high-magnification 
histology may be misleading as both share the 
same physaliphorous cells and stain positive for 
T brachyury, S100, and cytokeratins. The diagno-
sis is made based on the correlation of clinical 
symptoms, imaging, and certain pathohistologic 
differences (BNCT are absent of nuclear atypia, 
necrosis, or intracellular myxoid matrix) 
(Fig. 7.7a,b).

Fig. 7.5 Poorly 
differentiated chordoma 
is distinctive from the 
other subtypes with an 
absence of physaliferous 
cells or myxoid stroma. 
Mitotic figures and 
cellular necrosis are seen

Fig. 7.6 Dediffer-
entiated chordoma is a 
histologically high-grade 
sarcoma. In this 
example, the tumor is 
very cellular and is 
composed of oval to 
spindled cells arranged 
in fascicles. Tumor cells 
are very pleomorphic 
and mitotic activity, 
including atypical 
mitoses are abundant 
(H&E 200X)
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 Diagnosis

The most common presenting symptom of 
patients with chordoma is pain, as well as vari-
ous neurological symptoms depending on the 
location of the tumor. Pain is usually reported 
first, with extremity symptoms including weak-
ness, numbness, and altered sensation due to 
mass effect. Loss of bowel and/or bladder con-
trol is also frequently seen. Due to the slow 
growth rate of most sacral chordomas and rela-
tively large space of the pelvic cavity, these 
tumors may be quite large at presentation. In 
patients with upper cervical tumor location, 
occipital headaches may be present and in rare 
cases, dysphagia or dysphonia due to compres-
sion of the larynx or esophagus has been 
reported. Unfortunately, lower back pain is a 
very common and  nonspecific symptom and 
imaging is typically not obtained until patients 
have undergone some medical treatment or 
physical therapy first. For patients with sacral or 
coccygeal chordoma, this translates to an aver-
age time from onset of symptoms to diagnosis of 
over 2 years and a mean tumor size of 8 cm at 
time of resection. Any patients with persistent 
sacral or coccygeal pain should be evaluated 
with appropriate imaging without delay.

Due to the nonspecific symptoms of chor-
doma, the first images often obtained are radio-
graphs to evaluate back or neck pain, which 
typically show lucency or density within the 
osseous spine with faint calcifications. If chor-
doma is suspected, it is best evaluated with CT 
and MRI [14]. CT helps delineate the exact extent 
of bony involvement and should include fine cuts 
of 1 mm or less with bone and soft tissue recon-
struction. On CT, spine chordoma typically has a 
lytic component but may have a mixed lytic/scle-
rotic appearance through the bony regions, with 
low-density signal in the soft-tissue component 
due to high water content. MRI with gadolinium 
contrast is useful to evaluate the soft tissue com-
ponent of the tumor and relationship with neuro-
logical and vascular structures, which is of 
paramount importance for surgical planning. The 
typical appearance of chordoma on MRI is high 
intensity on T2, low-to-medium intensity on T1, 
and mild or moderate enhancement with gado-
linium. CT of the chest, abdomen, and pelvis; 
bone scan; and PET scans are used for staging 
purposes and to aid in treatment planning.

Open biopsy must be avoided if chordoma is 
suspected. A major cause of local recurrence is 
thought to be local contamination of the opera-
tive bed from open biopsies or poorly executed 

a b

Fig. 7.7 (a) This small benign notochordal cell tumor or 
notochordal hamartoma, is seen to be present within the 
marrow space of a vertebral body. The tumor nodule is 
relatively sharply demarcated from the surrounding mar-
row and is not infiltrative (H&E 40X). (b) Higher magni-

fication of the benign notochordal cell tumor demonstrates 
sheets of bland-appearing epithelioid cells with pink and 
clear cytoplasm, absent a myxoid background (H&E 
100X)
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percutaneous biopsy. Ideally, CT-guided biopsy 
should be performed after discussion with the 
treating surgeon to plan for a biopsy tract that can 
be completely excised during surgery without 
increasing morbidity. Trochar biopsy should be 
performed to preserve the tumor architecture, 
which is crucial for correct diagnosis, and to pro-
tect the biopsy tract from seeding.

Definitive diagnosis of chordoma requires 
meticulous care with an oncology team approach, 
as no histologic or radiographic findings alone 
are pathognomonic and a full picture must be 
painted by combining the clinical, radiographic, 
and histologic features. The differential diagnosis 
is wide and includes metastatic carcinoma or 
hematological malignancy (of various types), 
benign notochordal cell tumors, chondroma, 
chondroblastoma, osteoma, osteoblastoma, 
osteosarcoma, giant cell tumors, and aneurysmal 
bone cysts, to name but a few. Careful consider-
ation of all immunohistochemical, histologic, 
radiographic, demographic, and clinical features 
must be considered; over-reliance purely on his-
tology may be dangerous. BNCT, like chordoma 
is positive for T brachyury, contains physalipho-
rous cells, and arises at the same sites; however, 
it is usually asymptomatic and smaller than 2 cm. 
While the dangers of missing a chordoma diag-
nosis are obvious, there is significant risk associ-
ated with overdiagnosing otherwise benign 
lesions as chordoma, given the morbidity associ-
ated with surgical treatment of chordoma [15].

Staging of chordoma is performed using the 
MSTS (Enneking) Staging System as well as the 
American Joint Committee on Cancer TNM sys-
tem; however, due to the high local recurrence 
rate, low-stage tumors do not necessarily portent 
as favorable an outcome as is seen in other bone 
sarcomas. The use of whole spine MRI is 
endorsed by some groups to evaluate for regional 
metastasis; however, strong evidence is lacking 
due to the rarity of the disease. Likewise, the role 
of PET CT has remained controversial given the 
indolent nature of most subtypes of chordoma, 
though may be of more use in dedifferentiated 
chordoma [16].

 Treatment

Due to the low incidence and high heterogeneity 
of both disease and treatment, there is significant 
variability in estimated survival from chordoma. 
Based on the SEER database, the range of 5-year 
overall survival is 65–75% and 10-year survival 
is 32–63%. There has been a trend to improve 
overall survival over time, attributed to improved 
imaging and surgical techniques, allowing for 
more complete en bloc resection (Fig. 7.8a–h). In 
general, favorable prognostic indicators at pre-
sentation are tumor size <4 cm, age <50 years, 
solitary lesion, and tumor-free margin resection. 
Certain molecular markers are correlated with 
alteration in prognosis, including overexpression 
of PARP1, hTERT, and SOX9 correlated with 
shorter survival time. SMARBC1 loss was asso-
ciated with particularly aggressive disease and 
very short overall survival [17, 18].

To date, no cytotoxic agents have been proven 
to be effective in chordoma. While significant 
research is ongoing into molecular-targeted sys-
temic therapy, the mainstay of treatment is surgi-
cal resection. Radiation has also played an 
important role as adjuvant treatment and has been 
effective as a stand-alone treatment in some 
studies.

When possible, total en bloc surgical resection 
with free margins is the treatment of choice in 
chordoma and offers the best outcomes with 
regards to relief of symptoms, prevention of local 
recurrence, and disease-free survival. The rates 
of local recurrence are reported around 3–8% 
with free margin en bloc resection compared to 
100% with intralesional resection [19]. 
Unfortunately, due to proximity to vital struc-
tures, en bloc resection is often not possible and, 
in those cases, marginal or intralesional resection 
may offer significant benefit, relieve symptoms, 
or prolong symptom-free survival [20]. Extensive 
preoperative planning is required for successful 
chordoma surgery and thorough staging should 
be performed, as metastatic disease is often a 
contraindication to en bloc resection and would 
favor palliative surgery or radiation therapy.

7 Low-Grade Spinal Malignancies: Chordoma and Chondrosarcoma



96

If en bloc resection is deemed indicated and 
feasible, preoperative planning should include 
detailed plans for approach, resection, and recon-
struction, and should include all of the surgical 
teams involved. Three-dimensional printed mod-

els may be helpful in mapping out the surgical 
plan in detail. Intraoperative navigation may also 
be helpful in certain cases [21, 22]. Extensive 
blood loss is not uncommon and a good periop-
erative plan should include a well-prepared blood 

Fig. 7.8 The case is a 33-year-old male with neck pain 
and dysphagia that has worsened over the past 10 years. 
He was found to have a large cervical mass and biopsy 
demonstrated chordoma. (a) Sagittal CT image demon-
strating the bony changes at C4 with both sclerotic and 
lytic changes in the vertebral body and posterior elements. 
There is a large extensive soft tissue mass extending both 
anteriorly and posteriorly into the spinal canal. (b) Axial 
CT images demonstrating the bony changes with the large 
soft tissue mass. (c) Sagittal MRI images depicting the 
large soft tissue mass emanating from C4 but extending to 
C3 and C5 with severe spinal cord compression with spi-
nal cord edema and cord signal change. (d) Axial MRI 
images depicting the tumor encasing the vertebral arteries 
bilaterally with severe circumferential spinal cord com-
pression. (e) AP and lateral fluoroscopic images after 
bilateral vertebral artery angiogram and coiling proce-

dure. The angiogram demonstrated sufficient collateral 
flow to allow for bilateral vertebral artery coiling prior to 
the en bloc resection. Stage 1 of the procedure was the 
coiling procedure and tracheostomy. Stage 2 was poste-
rior resection of the chordoma with resection of the coiled 
vertebral arteries, C1 to T2 posterior spinal instrumenta-
tion and fusion. Stage 3 was anterior resection with recon-
struction using vascularized fibular graft and anterior 
cervical plating and fusion. (f) Intraoperative radiographs 
of the tumor including the vertebral bodies of C3, C4, and 
C5 after en bloc resection. (g) Postoperative CT 3D recon-
structions of the cervical spine after en bloc tumor resec-
tion from C3 to C5, anterior strut graft reconstruction with 
anterior cervical plating, C1 to T2 posterior spinal instru-
mentation and fusion. (h) Postoperative AP and lateral 
radiographs demonstrating the anterior and posterior 
reconstruction following en bloc resection

a b
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c

Fig. 7.8 (continued)
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f

Fig. 7.8 (continued)
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g

h

Fig. 7.8 (continued)

bank as well as anesthesia and critical care team 
to ensure all necessary resources are available to 
support the patient during and after surgery. In 
many cases, nerve roots must be sacrificed to per-
form en bloc resection and a sober and detailed 
discussion with the patient and family members 

should be held about the expected deficits and 
possible complications, including the loss of sen-
sation and motor function, loss of bowel or blad-
der control, and loss of sexual function. Some 
patients may not find these acceptable and may 
favor a more palliative approach [23].
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Free-margin en bloc resection of spinal chor-
domas is only possible in about 50% of cases 
with local recurrence approaching 100% with 
incomplete resection. Although chordoma is rela-
tively radioresistant, the ability to accurately 
deliver higher doses of radiation to the tumor 
while limiting exposure of adjacent structures 
has improved. Evidence shows that there is a 
dose-dependent rate of 5-year local tumor control 
with 25% control with a dose under 60 Gy and 
80% with a dose above 70 Gy [24, 25]. The rate 
of local control in cases of subtotal resection 
treated with high-dose radiation (above 70Gy) 
was equivalent to that achieved with free margin 
resection. In most studies, early radiation treat-
ment, either preoperative or as adjuvant therapy, 
has been found to be more effective in controlling 
local recurrence than salvage radiation for treat-
ing recurrence [26]. Additional reported benefits 
of preoperative radiation include smaller treat-
ment area (lower overall dose), reduced wound 
seeding, and eliminating possible interference 
and scatter due to implanted metal if postopera-
tive radiation is used [27].

Stereotactic radiosurgery and particle therapy 
are favored over traditional photon therapy as 
these modalities can more accurately deliver high 
doses of radiation to the tumor with a very sharp 
drop off of radiation dose to surrounding tissue. 
Carbon ion therapy has been shown to be more 
effective than photon or proton therapy in small 
case series, with the advantage of having even 
sharper drop off and therefore higher effective 
doses of radiation than proton therapy, with 
improved ability to cause double-stranded DNA 
cleavage. As more carbon ion radiation facilities 
come available, this therapy may become more 
widely used in chordoma treatment, but is signifi-
cantly limited due to availability and significant 
cost [28]. It is important to note that the limited 
number of cases and heterogeneity in anatomic 
location and modes of treatment make proving 
superiority of a particular method of radiotherapy 
difficult. Small-scale studies have found lower 
side effects and improved disease-free survival 
with heavy ion radiation compared to traditional 
methods.

While no cytotoxic chemotherapeutic agents 
have been effective against chordoma, there is 

extensive work with molecular-targeted therapy. 
Some of the targets investigated include EGRF, 
PDGFR-A/B, Her2/Neu, EGFR, c-KIT, VEGFR, 
and CDK4/6 [29, 30]. To date, no therapy has 
been shown to be effective under the response 
evaluation criteria in solid tumors (RECIST); 
however, there have been some notable effects to 
certain therapies, including changes in tumor 
metabolism and appearance on MRI and PET–
CT. Small numbers and inevitable limitations in 
study design lead to a paucity of statistically sig-
nificant clinical findings; however, extensive 
research using chordoma cell lines has exposed 
potential targets, with hope of future success.

 Post-Treatment Surveillance

While strong evidence is lacking on the optimal 
schedule and mode of post-treatment surveil-
lance of chordoma, the Chordoma Global 
Consensus Group and the European Society for 
Medical Oncology position recommendation is 
for local surveillance with an MRI of the region 
every 3 months for the first year, every 6 months 
for years 2–4, and yearly from year 5–15. For dis-
tant surveillance, the recommendation is for CT 
of the chest, abdomen, and pelvis with and with-
out contrast and MRI of the whole spine with 
gadolinium every 6 months for the first year, and 
then yearly after that point [31].

 Prognosis

Significant differences exist in prognosis based 
on patient age, disease location, and histologic 
subtype. Further prognostic factors include the 
adequacy of resection and total radiation dose if 
treated with radiotherapy. In most studies, the 
5-year local recurrence rate for patients with suc-
cessful total resection with or without radiation 
therapy is >50%. Recurrence often occurs late 
(5–10  years) and does not plateau even at 15 
years. There is significant variability between the 
survival rates quoted by different studies; how-
ever, the most common range for 5 and 10 year 
overall survival is 65–75% and 32–63%, respec-
tively. Outcomes are significantly worse follow-
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ing local recurrence or distant metastasis and 
treatment is seldom curative [32].

 Chondrosarcoma

 Epidemiology

Chondrosarcomas are a rare heterogeneous group 
of malignant neoplasms that produce cartilage 
matrix. After osteosarcoma (and excluding 
myeloma), chondrosarcoma is the second most 
common primary malignancy of bone, account-
ing for 25% of all primary bone tumors with an 
estimated annual incidence of 1 in 200,000 [33, 
34]. The prevalence of chondrosarcoma in the 
mobile spine is reported between 6.5% and 10%, 
with 5% occurring in the sacrum [35, 36]. Within 
the spine, chondrosarcoma can occur in any 
region, but has a slight predilection for the tho-
racic region (30%). Chondrosarcoma is twice as 
common in males than in females. The age distri-
bution of chondrosarcoma is broad, peaking in 
the fifth and sixth decades, although this varies 
based on histologic subtype [37]. Nearly 3000 
chondrosarcoma cases from the SEER database 

revealed a mean age of 51 years at the time of 
diagnosis with a near double male predominance 
and low rate in the African American population 
[38]. Pediatric chondrosarcomas represented 
10% of the cases, and patients may present at any 
age. Importantly, this analysis was based on a 
majority of patients with chondrosarcoma from 
limbs and may not reflect similar patterns in the 
spine. Overall, the demographics of chondrosar-
coma are similar to that of chordoma.

 Pathology

Assuming localized disease, histologic grade is 
the most important prognostic factor and ranked 
on a scale of 1 to 3 based on nuclear size, mitotic 
activity, hyperchromasia, and cellularity, which is 
characterized by atypical chondrocytes within a 
hyaline cartilage matrix [39–41]. In 2013, the 
World Health Organization (WHO) reclassified 
grade I chondrosarcoma as “atypical cartilaginous 
tumor” (ACT/CS1) [42, 43] (Fig.  7.9a,b). ACT/
CS1 is considered locally aggressive rather than a 
malignant sarcoma and rarely metastasize [40]. 
However, this primarily applies to the appendicu-

a b

Fig. 7.9 (a) The permeative pattern of invasion typical of 
atypical cartilaginous tumor/chondrosarcoma. Sheets and 
lobules of malignant cartilage have replaced the marrow, 
and are completely surrounding cancellous lamellar mar-
row bone fragments (H&E 20X). (b) High magnification 
of low-grade atypical cartilaginous tumor/chondrosar-

coma demonstrating rather monotonous tumor cells 
within a hyaline cartilage matrix. The individual tumor 
cells contain small, hyperchromatic nuclei, and abundant 
eosinophilic cytoplasm. Mitotic activity is typically 
absent. (H&E 400X)
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lar skeleton, and given that the National Cancer 
Database from 2002 to 2008 showed inferior sur-
vival of Stage IA/IB chondrosarcomas of the 
spine compared to the appendicular skeleton, spi-
nal variants of grade 1 chondrosarcoma should be 
treated with caution. Grade 2 chondrosarcomas 
demonstrate intermediate metastatic potential 
(10–15%) and survival (10 years, 64–86%) [44, 
45]. Grade 3 chondrosarcoma, in turn, faces 
higher rates of metastases (30–70%) and lower 
survival (10 years, 30–50%) (Fig. 7.10). However, 
this grading is subject to interobserver variability, 
especially between ACT/CS1 and grade 2 chon-
drosarcoma, highlighting the need for alternative 
diagnostic molecular markers to help guide treat-
ment decision making [46, 47]. Grade 3 conven-
tional chondrosarcomas are rare as ACT/CS1 and 
Grade 2 are much more common.

Chondrosarcomas are believed to develop 
from residual enchondral cartilage “rests,” 
which persist during development after failing 
to form bone [48]. Chondrosarcomas may arise 
de novo or occur from the malignant transfor-
mation of a benign cartilaginous lesion, osteo-
chondroma, or enchondroma. Osteochondromas 
are bony projections with a cartilage cap and 
most commonly located in long bones, but can 
be found in the spine as well. The autosomal 

dominant syndrome multiple hereditary exos-
toses (MHE) are characterized by two or more 
osteochondromas in the skeleton and caused by 
a germline mutation of tumor suppressor gene 
EXT1 or EXT2. Enchondromas are benign carti-
lage tumors in the medullary canal. While trans-
formation of a solitary enchondroma is rare, the 
overall rate of malignant transformation reaches 
50% (lifetime; all sites) in patients with mul-
tiple enchondromas (enchondromatosis) from 
Ollier’s disease or Maffucci syndrome, which 
are caused by somatic mutations in the IDH1 or 
IDH2 genes [49].

The molecular drivers in chondrosarcoma vary 
based on pathologic subtype and are best studied 
in central conventional chondrosarcoma [50]. 
Mutations in isocitrate dehydrogenase 1 and 2 
(IDH1 and IDH2) are found in nearly all of 
enchondromas and most of primary central chon-
drosarcomas. Notably, this mutation is not found 
in chordoma, making it a useful diagnostic molec-
ular marker. IDH1 or IDH2 mutations increase 
the oncometabolite D2-hydroxyglutarate (D2HG) 
which promotes tumorigenesis by inducing mul-
tiple epigenetic changes, affecting differentiation, 
and promoting chondrogenic differentiation of 
mesenchymal stem cells [51]. The physiologic 
process of enchondral ossification is tightly regu-

Fig. 7.10 By contrast, 
this example of 
high-grade (grade 3) 
chondrosarcoma 
displays very 
pleomorphic anaplastic 
chondrocytes with 
obvious mitotic activity 
(H&E 400X)
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lated by the Indian hedgehog (IHH) and parathy-
roid hormone-like hormone (PTHLH) signaling 
pathways. IHH pathway expression is high in 
enchondromas and central chondrosarcomas, 
maintaining tumor cells in a low differentiated 
proliferative state. In addition, IHH gene muta-
tions have been identified in 18% of chondrosar-
comas with exome sequencing [52]. Clinical trials 
targeting the IHH pathway have been unsuccess-
ful thus far, however. Collagen type-II alpha1 
(COL2A1) mutations have also been identified in 
40% of central chondrosarcomas; however, the 
mutation’s role as a driver or malignant transfor-
mation is unknown [53].

As in other cancer types, mutations in the p53 
and pRb pathway are common. In both peripheral 
and central chondrosarcoma, these appear to be 
particularly important in the transition from low- 
to- high grade as the combined incidence of muta-
tion in these pathways is 96% [54]. In patients 
with MHE, the absence of EXT gene products 
drives the formation of aberrant osteochondro-
mas but has not been identified as sufficient for 
transformation to chondrosarcoma. Rather, a sec-
ond alteration, most commonly in the p53 or pRb 
pathway is responsible for transformation from 
osteochondroma to peripheral chondrosarcoma 
[55]. Regarding the rare subtypes, mesenchymal 
chondrosarcoma has been characterized as hav-
ing a specific gene fusion between HEY1 and 
NCOA2 though the mechanism of tumorigenesis 
is unknown [56].

 Classification

As with other spinal tumors, chondrosarcoma can 
be classified based on location utilizing the 
Weinstein, Boariani, Biagini (WBB) classifica-
tion system. Within vertebra, chondrosarcomas 
can be found in the body, posterior elements, or 
both [35]. Conventional chondrosarcoma most 
commonly is located in the vertebral body, 
whereas peripheral chondrosarcomas more com-
monly arise from the posterior elements. Sacral 
chondrosarcomas tend to be eccentrically located, 
often involving the sacroiliac joints [57].

Chondrosarcomas can also be divided into dif-
ferent subtypes reflecting different cell signaling 
pathways involved in tumorigenesis [43] 
(Table 7.2).

Conventional chondrosarcoma accounts for 
85% of all subtypes (in all locations) and is cat-
egorized based on the lesion’s location within the 
bone as central, peripheral, or periosteal. Central 
chondrosarcomas are the most common (75%) 
form, and arise de novo from the medullary 
canal or transformation of an enchondroma [46]. 
Peripheral chondrosarcomas, by definition, arise 
from secondary transformation of an osteochon-
droma cartilage cap. In both central and peripheral 
subtypes, progression toward chondrosarcoma is 
associated with molecular defects in apoptosis 
and prosurvival pathways. Deregulation of p53 
and pRb pathways is observed in most high-grade 
conventional chondrosarcomas [48, 52].

Rare subtypes account for the remaining 15% 
of all chondrosarcomas (all sites) and include 
dedifferentiated chondrosarcoma, mesenchymal 
chondrosarcoma, clear cell chondrosarcoma, 
myxoid chondrosarcoma, and periosteal chon-
drosarcoma. Dedifferentiated chondrosarcoma is 
characterized by a juxtaposed cartilage tumor 
with a high-grade noncartilage sarcoma [54] 
(Fig.  7.11). Dedifferentiated tumors present in 
older patients, are associated with soft tissue 
masses, and have a poor prognosis, even in the 
absence of metastases [35, 46, 55, 56].

Mesenchymal chondrosarcomas are highly 
malignant and are histologically identified by 
areas of cartilage combined with areas of undif-
ferentiated small round cells [46] (Fig. 7.12a,b). 
Mesenchymal tumors occur in younger patients, 
affect extraskeletal soft tissue, have a poor prog-
nosis, and may recur locally or remotely at long- 
term follow-up [41, 49]. Clear cell chondrosarcoma 
is a low-grade subtype characterized by chondro-
cytes with abundant clear cytoplasm. These 
tumors are associated with elevated alkaline phos-
phatase and are low-grade but require long-term 
surveillance. Periosteal chondrosarcoma (previ-
ously termed juxtacortical) arises on the surface 
of bones, affects young patients, and has a good 
prognosis despite high histologic grade. Myxoid 
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chondrosarcoma are now typically considered 
variants of intermediate or high-grade conven-
tional sarcoma and should be not be confused 
with extraskeletal myxoid chondrosarcoma 
(EMC) which is a separate soft tissue sarcoma 
entity [41, 49].

 Diagnosis, Screening, and Staging

The clinical presentation of patients with spinal 
chondrosarcoma that resembles other spinal 
tumors is nonspecific and based on tumor loca-
tion. As the vast majority of tumors are low grade, 

a b

Fig. 7.11 (a) Dedifferentiated chondrosarcoma is dem-
onstrated here. Two nodules of low-grade chondrosar-
coma are present in the left lower and upper right portion. 
The dedifferentiated component is directly adjacent to 
these nodules, and has the appearance of conventional, 

high-grade osteosarcoma in this example. (H&E 40X). (b) 
Higher magnification of the dedifferentiated component 
shows sheets of epithelioid cells which are elaborating 
mineralized immature woven bone (osteoid) in the man-
ner of osteosarcoma (H&E 200X)

a b

Fig. 7.12 (a) As seen here, mesenchymal chondrosar-
coma is characterized by nodules of hyaline cartilage jux-
taposed with a very cellular small blue round cell 
component (H&E 100X). (b) Gaping, staghorn-shaped 

vascular structured, also known as a pericytomatous vas-
cular pattern, are typically present in the small blue round 
cell component of mesenchymal chondrosarcoma (H&E 
100X)
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these masses grow insidiously and time to pre-
sentation varies widely as result from 1 week to 
20 years. The most common presenting symptom 
is local pain (80%), as is nocturnal back pain 
unresponsive to rest [36, 53]. Patients with spinal 
chondrosarcoma have a high rate of neurological 
deficit at the time of presentation (24–50%) [46, 
49, 56]. Symptoms may include radiculopathy, 
neurogenic claudication, weakness, abnormal 
tone, sensory deficits, bowel or bladder inconti-
nence, and gait abnormalities. A palpable mass 
may also be present (34–40%) [46, 56].

Plain radiographs obtained to first evaluate 
nonspecific symptoms may demonstrate a lucent 
or dense lesion, which should prompt advanced 
cross-sectional imaging. Computed tomography 
(CT) and magnetic resonance (MR) are the pre-
ferred imaging modalities to distinguish chon-
drosarcoma from other spinal masses as well as 
to ascertain the tumor’s relationship to adjacent 
structures. Although the wide range of patho-
logic subtypes leads to variability in the imaging 
appearance of chondrosarcoma, conventional 
primary tumor types accounting for 85% of 
cases are well described. Classically, chondro-
sarcoma demonstrates lytic bone destruction 
with “ring and arc” calcifications identifiable on 
plain radiographs and CT [46, 56]. As most 
chondrosarcomas have high water content, 
lesions are often attenuated on CT.  Associated 
lobulated soft tissue components of nonmineral-
ized hyaline cartilage have a high water content, 
identifiable as low density on CT, low-intermedi-
ate signal on T1-weighted MR, and high signal 
on T2-weighted MR.  Peripheral or septal 
enhancement, or fluid levels may be present on 
gadolinium-enhanced images [57]. On MR, the 
high water content of chondrosarcoma lesions is 
demonstrated as T2-weighted high signal inten-
sity and useful to lesion margins. The imaging 
features of the various histologic subtypes are 
variable and not typically used for subtype diag-
nosis. Mimicking lesions include giant cell 
tumors, plasmacytomas, and metastases. 
Imaging of the entire axial spine as well as con-
sideration of whole-body positron emission 
tomographic (PET) scanning to evaluate for met-
astatic disease has been advocated, but there is 

no established guideline for the use of PET in the 
diagnostic and staging evaluation.

Biopsy is essential to establish definitive diag-
nosis. This is especially true in chondrosarcoma, 
which may represent a heterogeneous variety of 
subtypes. CT-guided fine-needle or core needle 
biopsy of the most aggressive-appearing areas 
has been demonstrated to have improved survival 
and local control compared to open biopsy. 
Mutation analysis of IDH1 and IDH2 may be 
useful in distinguishing chondrosarcoma from 
chondroblastic osteosarcoma [58]. Interobserver 
variability remains problematic in establishing 
histologic grade and subtype. In addition, the 
concordance between biopsy diagnosis and diag-
nosis after definitive surgery has been reported as 
low as 66% likely reflecting the effect of sam-
pling error [56]. This underscores the importance 
of embracing a multidisciplinary approach cor-
relating imaging findings with biopsy results.

As with other sarcomas, chondrosarcoma 
most commonly metastasizes to the lungs, fol-
lowed by other osseous site, liver, and regional 
lymph nodes. For patients with intermediate- and 
high-grade chondrosarcoma, the rates of meta-
static disease are much higher than ACT/CS1 
(<10%) and require chest CT screening [46, 49]. 
Given the low rate of metastases in patients with 
ACT/CS1, imaging of the lungs is not routinely 
recommended. As with other bone sarcomas, the 
staging systems utilized for chondrosarcoma are 
the Enneking Staging System and the tumor, 
node, metastasis (TNM) staging system devel-
oped by the American Joint Committee on Cancer 
(AJCC).

 Treatment

In the absence of reliably effective adjuvant ther-
apies, surgical excision of conventional chondro-
sarcoma remains the mainstay of treatment as the 
only reliable chance for long-term disease-free 
survival. The lack of effective nonsurgical thera-
pies has been the most limiting factor in improv-
ing disease-specific survival rates.

The specific surgical strategy may include 
intralesional curettage with or without adjuvant 
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or wide resection [59]. For intermediate and 
high-grade chondrosarcoma or aggressive sub-
types, wide en bloc excision is recommended to 
achieve tumor-free margins [46] (Fig. 7.13a–e). 
For low-grade lesions, wide local excision is 
also the preferred treatment as higher rates of 
metastasis and local recurrence have been noted 

with marginal excision. Multiple studies have 
documented 100% recurrence rates of patients 
treated with intralesional excision [59, 60]. In 
the spine, however, the intimate relationship of 
neurovascular structures and need for stabiliza-
tion may make intralesional curettage the only 
option available. Specifically, Boriani et  al. 

Fig. 7.13 The case is a 30-year-old male with right-sided 
back pain and a right-sided T12 tumor extending into the 
right T12 rib. (a) AP radiograph of the thoracic spine dem-
onstrating a lytic and destructive lesion on the right side 
contributing to a T12 vertebral body deformity with “ring 
and arc” calcifications seen affecting the right T12 rib. (b) 
Axial CT image demonstrating lytic bony destruction of 
the T12 vertebral body and the calcified mass on the right 
side affecting the T12 rib and costovertebral articulation. 
(c) Axial MRI image demonstrating the tumor involving 
the vertebral body and extending into the right rib invad-

ing the paraspinal musculature and retroperitoneal space. 
There is significant spinal cord compression seen ven-
trally with displacement of the spinal cord to the left. (d) 
Clinical picture of the resected tumor including the T12 
vertebral body and surrounding ribs after surgical resec-
tion using Tomita saws. The surgery consisted of two 
stages with the first stage using the posterior approach and 
the second stage utilizing the lateral approach. (e) 
Postoperative AP and lateral radiographs demonstrating 
the anterior and posterior reconstruction following en bloc 
resection

a b

c
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d

e

Fig. 7.13 (continued)

proposed the criteria directing treatment toward 
curettage to include circumferential spinal canal 
involvement, the need for cord ligation to com-
plete en bloc resection, and the potential for 

cord ischemia from spinal segmental artery liga-
tion [36].

While en bloc resection has improved clinical 
results in chondrosarcoma, these patients are at 
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high risk for major complications and require 
adequate preoperative counseling, optimization, 
and multidisciplinary care. Recent surgical tech-
niques to improve outcomes include the use of 
staged procedures, aortic balloon pumps, intraop-
erative navigation, and the use of vascularized 
muscle flaps to repair soft tissue defects [34, 46, 
61]. Surgical adjuvants include phenol, cryother-
apy, heat ablation, and intraoperative radiation to 
target microscopically invaded dura [62].

Radiation therapy for spinal chondrosarcoma 
has been given in preoperative, adjuvant, and 
definitive settings, in cases deemed unresectable 
or for palliation [63]. In the absence of surgical 
excision, radiation offers inferior local control; 
however, tumor-free margins may be difficult to 
achieve in the spine without significant morbid-
ity. Modalities available include external beam 
radiotherapy with photons or charged particles 
including protons and cobalt, and intraoperative 
plaque brachytherapy [64].

Improvements in three-dimensional treatment 
planning with intensity-modulated radiation ther-
apy (IMRT) has enabled safe delivery of higher 
radiation doses to the tumor while excluding 
adjacent structures including the spinal cord. 
Importantly, the Spine Oncology Study group 
(SOSG) expert opinion now recommends 
60–65Gy equivalent adjuvant radiation therapy 
for chondrosarcoma following incomplete resec-
tion or lacking tumor-free margins to improve 
local control [65]. In addition to conventional 
photon irradiation, alternative radiation modali-
ties have been utilized including stereotactic 
radiosurgery (SRS) and radiation with protons 
and carbon ions [64]. The long-term results for 
these modalities have not been established for 
spinal chondrosarcoma, however.

Data on these treatments for spinal chondrosar-
coma are very limited with no randomized con-
trolled trials; however, results have been promising 
in skull base chondrosarcoma where en bloc surgi-
cal resection is less common. Compared to radia-
tion for chordoma, lower doses in the range of 70 
cobalt gray equivalents (CGE) are recommended 
for chondrosarcoma gross disease [64, 66].

While external beam radiotherapy is gener-
ally well tolerated, there are site-specific toxici-

ties reported including hypothyroidism, 
pharyngitis, fistulas, insufficiency fractures, and 
wound dehiscence [60, 64]. One study reported 
sacral insufficiency fractures in 47% of patients 
treated with pre- and postoperative radiotherapy 
doses of 50  Gy and 20  Gy, respectively [67]. 
SRS also has reported complications including 
acute spinal cord myelopathy and late vocal cord 
paralysis [68].

Metastatic disease remains a significant con-
cern as over 30% of patients with intermediate- 
to high-grade chondrosarcoma die of metastases. 
Histologically, these pulmonary metastases are 
almost always identical to the primary tumor. 
Chemotherapy is ineffective for chondrosarcoma, 
with the exception of mesenchymal and dediffer-
entiated subtypes, for which adjuvant chemother-
apy has been shown to have a survival benefit 
[46]. In particular, the limited evidence available 
suggests that mesenchymal chondrosarcomas 
demonstrate sensitivity to doxorubicin-based 
combination chemotherapy [69]. Resistance to 
chemotherapy in conventional chondrosarcoma 
is multifactorial. Conventional chemotherapeutic 
agents targeting actively dividing cells may not 
be effective against the slow-growing chondro-
sarcoma tumor cells [46, 70]. Chondrosarcoma 
cells also express the multidrug-resistance 1 gene 
P-glycoprotein and express a high level of Bcl-2 
genes in the anti-apoptotic and prosurvival path-
ways [71]. The tumor architecture of high extra-
cellular matrix and poor vascularity may also 
limit chemotherapy penetration physically.

Drugs in phase-II trial include the c-SRC tyro-
sine kinase inhibitor, dasatinib; the serine/threo-
nine kinase Akt inhibitor, perifosine; and the 
proapoptotic agonist of Apo2L/ tumor necrosis 
factor receptor apoptosis-inducing ligand 
(TRAIL) [72–7]. The high molecular weight 
melanoma-associated antigen CSPG4 has been 
identified as a biomarker of poor prognosis and is 
a potential future target for immunotherapy [8]. 
Other potential targets include alterations in the 
pathways related to the IDH enzyme which is 
effected in Maffuci’s syndrome, the p16 and p53 
malignant transformation of enchondroma, the 
altered expression of EXT in MHE, and pathways 
involving IHH and PTHLH [46].

7 Low-Grade Spinal Malignancies: Chordoma and Chondrosarcoma



110

 Post-Treatment Surveillance

There is no prospective data to support a specific 
post-treatment surveillance protocol for chondro-
sarcoma. The National Comprehensive Cancer 
Network (NCCN) consensus guidelines recom-
mend physical examination, serology including 
complete blood count, and local imaging every 3 
months for 2 years, 4 months for year 3, 6 months 
for years 4 and 5, and then annually.
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 Introduction

Primary spine tumors are rare entities represent-
ing only 10% of spinal tumors with a prevalence 
of 2.5–8.5 cases/100,000 persons/year. The spi-
nal location of these high-grade tumors in par-
ticular makes treatment challenging with high 
rates of local recurrence compared to appendicu-
lar skeleton location. This is despite the tremen-
dous advancements that have occurred by 
applying modern oncologic principles to the 
spine [1–3]. Due to their rapid progression rate, 
pain as a presenting symptom is frequently 
accompanied by early neurologic compromise or 
pathological fracture.

This chapter provides an overview of primary 
high-grade malignant tumors of the spine and 
also outlines treatment strategies.

 Overview of Primary Bone  
and Soft Tissue Tumors

Many primary bone and soft tissue tumors can 
involve the spine (Table 8.1). Although some pri-
mary malignancies such as Ewing sarcoma and 
osteosarcoma are traditionally considered high 

grade, most diseases fall along a spectrum of 
variable grading depending on the individual 
tumor histologic analysis. For example, tumors 
such as chondrosarcoma or chordoma are tradi-
tionally considered low grade, but may present in 
undifferentiated or dedifferentiated high-grade 
forms.

 Clinical Presentation

The rapid progression rate of these diseases 
explains pain as the most common and almost 
constant presenting symptom. Pain typically 
results from periosteal stretching, epidural 
involvement (the so-called biological pain), and/
or by a pathological fracture (“mechanical pain”). 
The first is a dull ache, constantly present and 
worsened at night that does not relieve with 
recumbency, which is the specific finding of bio-
logic pain. Mechanical pain presents more com-
monly with ambulation and activity.

Neurological deficit can be an early finding 
caused by extracompartmental epidural exten-
sion of the tumor with compression of the neuro-
logic structures (spinal cord, cauda equina, and/
or spinal nerves) or by a pathological fracture. 
These scenarios can occur alone but most fre-
quently present with a combination of the two.
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Table 8.1 Primary bone and soft tissue tumor overview

Bone tumors Soft tissue tumors
Osteogenic tumors
  Low-grade central osteosarcoma
  Conventional osteosarcoma
   Chondroblastic
   Fibroblastic
   Osteoblastic
  Teleangectatic osteosarcoma
  Small cell osteosarcoma
  Secondary osteosarcoma
  Parosteal osteosarcoma
  Periosteal osteosarcoma
  High-grade surface osteosarcoma

Adipocytic tumors
  Liposarcoma
   Myxoid
   Pleomorphic
   Dedifferentiated

Cartilage tumors
  Chondrosarcoma
   Grade II, grade III
  Dedifferentiated chondrosarcoma
  Mesenchymal chondrosarcoma
  Clear cell chondrosarcoma

(Myo-)/fibroblastic tumors
  Fibrosarcoma
   Adult
   Myxofibrosarcoma
   Low-grade fibromyxoid fibrosarcoma
   Sclerosing epithelioid fibrosarcoma

Fibrogenic tumors
  Fibrosarcoma of the bone

Fibrohistiocytic soft tissue tumors
  Pleomorphic malignant fibrous histiocytoma/undifferentiated high 

grade pleomorphic sarcoma
  Giant cell malignant fibrous histiocytoma/undifferentiated 

pleomorphic sarcoma with giant cells
  Inflammatory malignant fibrous histiocytoma/undifferentiated 

pleomorphic sarcoma with prominent inflammation
Fibrohistiocytic bone tumors Smooth muscle tumors

  Leiomyosarcoma
Osteoclastic giant cell rich tumors
  Malignant transformation of giant cell 

tumor of bone
Ewing sarcoma/primitive neuroectodermal 
tumors

Pericytic (perivascular) tumors

Notochordal tumors
  Chordoma
   Conventional
   Chondroid
   Dedifferentiated
   Undifferentiated

Skeletal muscle tumors
  Rhabdomyosarcoma
   Embryonal (including botryoid, anaplastic)
   Alveolar (including solid, anaplastic)
   Pleomorphic
   Spindle cells/sclerosing

Vascular tumors
  Epithelioid hemangioendothelioma
  Angiosarcoma

Vascular tumors
  Epithelioid hemangioendothelioma
  Angiosarcoma of soft tissue
Chondro-osseous tumors
  Extraskeletal mesenchymal chondrosarcoma
  Extraskeletal osteosarcoma

Myogenic
  Leiomyosarcoma of the bone

Nerve sheath tumors
  Malignant peripheral nerve sheath tumor (MPNST)
  Epithelioid malignant peripheral nerve sheath tumor
  Malignant triton tumor
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Table 8.1 (continued)

Bone tumors Soft tissue tumors
Lipogenic tumors
  Liposarcoma of the bone

Tumors of uncertain differentiation
  Synovial sarcoma
  Epithelioid sarcoma
  Alveolar soft-part sarcoma
  Clear cell sarcoma of soft tissue
  Extraskeletal myxoid chondrosarcoma
  Extraskeletal Ewing sarcoma
  Desmoplastic small round cell tumor
  Extra-renal rhabdoid tumor
  Intimal sarcoma

Undifferentiated sarcomas
  U. High-grade pleomorphic sarcoma of 

the bone

Undifferentiated/unclassified sarcomas
  U. Spindle cell sarcoma
  U. Pleomorphic sarcoma
  U. Round cell sarcoma
  U. Epithelioid sarcoma

 Differential Diagnosis

Despite their rarity, primary bone tumors must 
always be kept in mind as a potential diagnosis, 
especially when evaluating isolated lesions 
(especially in young patients, or in adults without 
history of oncologic disease). Diagnostic workup 
must include full imaging and laboratory studies, 
and usually a biopsy.

Differential diagnosis includes the following:

• Metastasis
• Plasmocytoma
• Lymphoma
• Bone infection
• Primary benign aggressive tumors (Enneking 

stage III)
• Primary low-grade malignancies (Enneking 

stage IA-B)

 Imaging Studies

Plain radiographs are often the first exam in 
emergency care setting, especially in case of 
acute onset of symptoms. These may allow detec-
tion of a fracture and might raise the suspect of a 
tumor in case of the “winking owl sign” (absence 
of a pedicle on anteroposterior view) indicating 
the presence of a lytic lesion.

Computed tomography (CT) scan of the spine 
is a more sensitive and specific modality in 
detecting and characterizing bone destruction, 
reaction of the host bone, and calcification of 
tumor matrix (if any). In fact, high-grade tumors 
usually grow breaching the cortex and extending 
outside the compartment of origin producing 
bulky masses in the soft tissues (moth-eaten pat-
tern). In certain diseases (i.e., Ewing sarcoma), 
progression rate is so rapid that the tumor can 
produce multiple small permeative lytic lesions 
in the bone, passing through the cortex (thus, 
extending outside the compartment) while main-
taining its primary shape (permeative pattern, 
Fig. 8.1).

Tumor matrix can exhibit peculiar calcifica-
tion patterns such as the osteoid pattern (typical 
of osteogenic tumors, Fig.  8.2), or the popcorn 
and ring and arcs patterns (typical of chondro-
genic tumors).

Magnetic resonance imaging (MRI) is the 
imaging technique of choice to determine the 
extracompartmental extension of these lesions 
and their relationships with neurologic structures 
(spinal cord, cauda equina, and nerve roots).

Metabolic exams, such as positron emission 
tomography (PET) scan with 18fluoro-deoxy- 
glucose (18FDG) or bone scintigraphy, are funda-
mental to determine the activity of the index 
lesion and rule out presence of other hypermeta-
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a b

Fig. 8.1 Permeative pattern

a b

c d

Fig. 8.2 Osteoid pattern of calcification of the tumor matrix, before (A) and after (B) preoperative chemotherapy
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bolic processes such as synchronous primary 
tumor or distant metastases. When considering a 
primary high-grade bone tumor, it is important to 
mention the possibility of skip metastases, which 
are foci of disease which in comparison to the 
main lesion can occur upstream or downstream in 
the same bone or across a joint in a neighboring 
bone. In many cases, these are a dedifferentiated 
form of the same tumor.

Musculoskeletal sarcomas often metastasize 
to the lungs and liver, thus high-resolution CT 
scan of the chest and abdomen are mandatory to 
complete staging (Fig. 8.3).

 Laboratory Workup

First-line evaluation should include the following:

• Complete blood count
• Complete blood chemistry including calcium 

level
• Immunoelectrophoresis of serum proteins
• C-reactive protein (CRP), erythrocyte sedi-

mentation rate (ESR)
• Lactate dehydrogenase (LDH), alkaline phos-

phatase (ALP)
• Parathyroid hormone (PTH)
• Tumor markers (carcinoembryonic antigen – 

CEA, CA19-9, CA15-3, CA125, prostate spe-
cific antigen – PSA)

Additional exams include evaluation of liver 
and kidney function (creatinine clearance) and 

cardiac echo, which are required prior to start 
chemotherapy.

 Biopsy

The gold standard for diagnosis is obtaining a 
sample of the tumor tissue through the pedicle 
under CT guidance in order to minimize tissue 
contamination and allowing for the biopsy tract 
to be included in the final resected specimen.

In addition, in selected cases, spanning per-
cutaneous stabilization with pedicle screws can 
be added to restore weight-bearing capacity and 
in an attempt to prevent pathological fracture 
(and resulting tumor cell seeding with hema-
toma), and/or allow administration of neoadju-
vant therapies without violating oncology 
principles. This strategy also may prevent or 
reverse minor neurologic compromise by means 
of ligamentotaxis.

Biopsy of cervical spine tumors requires sep-
arate discussion, since posteriorly located 
lesions can be reached by percutaneous image-
guided techniques while tumors in the vertebral 
bodies typically cannot. This is because in the 
cervical spine, posterior transpedicular tech-
niques are limited by the high obliquity of cervi-
cal spine pedicles (up to 45°), which forces an 
extremely lateral access making the biopsy tract 
difficult to include in the resection. Additionally, 
the small dimensions of the pedicles may not 
always allow an 11–13 gauge trocar to pass. 
Likewise, biopsy tracts from anterior percutane-
ous technique (passing through the visceral and 
the neurovascular bundles of the neck) are unre-
sectable by definition since the approach uses a 
mobile tissue plane. Furthermore, surgeons 
should consider that the opportunity to perform 
en bloc resections with Enneking Appropriate 
(wide/marginal tumor-free) margins in the cer-
vical spine (see § Surgical planning) is limited 
(when compared with the same local extent in 
the thoracolumbar spine) and burdened by 
higher rates of complications, thus feasibility 
should be carefully evaluated before performing 
the biopsy.

Due to such considerations, a rationale 
approach to lesions located in the vertebral 
body of the cervical spine could be incisional 

Fig. 8.3 Lung metastasis from osteosarcoma
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biopsy through a standard Smith-Robinson 
anterior approach and frozen-section histologi-
cal diagnosis. According to this approach, if 
pathological findings of metastatic or otherwise 
incurable lesions are found, one can consider 
proceeding with intralesional extracapsular 
debulking. However, if high-grade features are 
found or the tumor requires a wide margin, 
obtaining meticulous hemostasis and layer-by-
layer closure for further treatment planning is 
advisable.

 Staging

Primary musculoskeletal (bone and soft tissue) 
tumors are staged according to the surgical 
staging system introduced by Enneking in 1980 
[4]. This classification divides tumors into 
benign and malignant tumors according to their 
histopathology and further subdivides them in 
three stages for each group (Table  8.2). 
Specifically, malignant tumors are graded A or 
B according to whether the tumor is intra- or 
extracompartmental in stages I and II, and 
whether it is low or high grade in stage III, 
respectively. According to Enneking, a com-
partment is defined as an anatomical space 
bounded by natural barriers to tumor extension 
(i.e., cortical bone, fascia and fascial septa, 
articular cartilage, joint capsules, tendons, and 
tendons sheath).

This chapter focuses on management and care 
of Enneking stage II(A/B) and IIIB primary mus-
culoskeletal tumors.

 Multidisciplinary Management

Multidisciplinary approach is the standard 
modality by which such aggressive diseases are 
managed in most centers. These teams include 
oncologists, radiotherapists, orthopedic sur-
geons, pathologists, plastic surgeons, and others. 
The authors suggest multidisciplinary inclusion 
of the access surgeons (general, vascular, or tho-
racic) when approaching the relevant spinal loca-
tions of these tumors.

For most high-grade tumors, the first step of 
treatment is generally neoadjuvant  chemotherapy. 
When effective, this modality limits systemic 
micrometastases and may produce shrinkage of 
the tumor mass (Fig. 8.4) and/or calcification of 
the peripheral shell of the tumor easing subse-
quent resection (Fig. 8.5).

Local control of the disease can be achieved 
through radiation therapy (RT), surgery, or a 
combination of the two. Radiation therapy is 
complicated by several factors including the rela-
tive radioresistance of mesenchymal tumors to 
conventional radiation therapy techniques and 
the proximity of delicate neurological and vis-
ceral structures that limit the amount of radiation 
that can be delivered. These challenges have been 
partly overcome by improved techniques of radi-
ation delivery such as intensity-modulated radia-
tion therapies (IMRT) and stereotactic techniques. 
Moreover, new sources of radiation, such as pro-
ton and carbon-ion radiation therapy, have been 
used to allow delivery of curative radiation proto-
col to the tumor with little delivery to the sur-
rounding healthy tissues. However, no 
radiotherapy modality can be effective in case of 
mechanical instability, such as with pathological 
fractures. Lastly, it must be considered that RT 
has the potential for causing tumor dedifferentia-
tion. This latter particularly occurs when RT fails 
in achieving local control in low-grade tumors 
(i.e., chordoma, chondrosarcoma grade 2), which 
then progress locally with dedifferentiated high- 
grade areas.

On the other hand, surgery is not always 
benign. Enneking-appropriate oncologic resec-
tion may demand inclusion of viscera and/or neu-
rovascular structures, causing morbidity and 

Table 8.2 Surgical staging system (Enneking)

Benign
Stage 1 Latent or inactive
Stage 2 Active
Stage 3 Aggressive
Malignant
Stage I (low-grade) A – Intracompartmental

B – Extracompartmental
Stage II (high-grade) A – Intracompartmental

B – Extracompartmental
Stage III (with regional 
or distant metastases)

A – Low-grade
B – High-grade
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perioperative complications. At its worst, aggres-
sive surgery may come with complications but 
not necessarily the improved local control rates 
to justify the effort. Therefore, thorough discus-
sion of the case as part of a multidisciplinary 
team to identifying a shared plan to combine sur-
gery, radiation, and chemotherapy likely provides 
the best results in terms of systemic/local control 
and function.

 Surgical Planning

The surgical margin is defined as the quantity and 
quality of the tissues surrounding the tumor after 
its surgical removal. It can be intralesional (if 

excision is performed violating the pseudocap-
sule and entering the tumor), marginal (if resec-
tion is performed along the perilesional reactive 
tissues), wide (if resection is performed in healthy 
tissues), or radical (if the whole compartment of 
origin bounded by its natural barriers). Given the 
anatomical constraints of the bony ring which 
constitutes part of each human vertebra, it is 
impossible to achieve truly radical margins of 
resection in the spine. Therefore, the use of this 
term is discouraged in spinal oncology.

The Enneking surgical staging system dictates 
which margin of resection needs to be chosen 
according to the stage of the tumor (oncologic 
appropriateness). For example, wide margins are 
required in cases of stage II A-B tumors, and 

a b

c d

Fig. 8.4 Preoperative chemotherapy produces shrinkage of the tumor mass
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from an oncological point of view, the successful 
execution of such surgical procedures is termed 
“Enneking Appropriate” (EA) (or “Enneking 
inappropriate” – EI, if not). “Wide en bloc resec-
tion” specifically means tumor removal in a sin-
gle piece with a wide layer of healthy tissue 
covering it (Fig. 8.6).

In order to achieve this goal, it might be neces-
sary to consider the possible sacrifice of func-
tionally relevant structures (such as spinal 
nerves).

In case of extensive epidural involvement, 
there is no healthy tissue margin between the 
dura and the tumor, thus the margin cannot be 
better than marginal. In such cases, inclusion of 
part of the dura in the resected specimen is an 
option to achieve a wide margin. The drawback 
of this decision, apart from the need for dural 
reconstruction and the potential for complica-
tions (such as a cerebrospinal fluid fistula, infec-
tion, wound dehiscence, meningitis) is that the 
subdural space might get contaminated, and an 
eventual recurrence can occur intradurally.

Planning of the resections can be guided by 
the Weinstein-Boriani-Biagini (WBB) surgical 
staging system based on local tumor extension 
[5]. According to the WBB staging system, 11 
different subtypes are proposed requiring a single 
or a combination of approaches (Fig. 8.7).

Aggressiveness of the surgery must take into 
consideration the likelihood of complications, 
since occurrence of postoperative complications 
will postpone postoperative treatments (radiation 
and chemotherapy). Figures  8.8, 8.9, and 8.10 
demonstrate a case of a WBB type 3a resection 
involving combined anterior and posterior 
approaches with anterior hemi-sagittal bone cuts, 
posterior partial laminectomy, and tumor removal 
through combined approach.

Since surgery is often combined with radia-
tion therapy, radiolucent reconstructive implants 
(i.e., structural bone allografts, or carbon fiber 
modular systems) should be prioritized over 
metallic implants to decrease artifacts on postop-
erative imaging and preserve radiation plans. 
Recently, the introduction of carbon-fiber rein-

a b c

Fig. 8.5 Resected specimen and reconstruction
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forced PEEK (CFR/PEEK) instrumentations has 
been used with promising results in order to 
allow optimal combination of surgical resection 
and high-voltage radiation therapy [6].

 Histopathological Examination 
on Surgical Specimen

Surgical specimens must be submitted to pathol-
ogy for diagnosis confirmation, margin, and 
tumor tissue necrosis evaluation. This latter 
parameter is of extreme importance since it pro-

vides information regarding efficacy of preopera-
tive chemotherapy treatments on that specific 
patient, thus is used to guide selection of the most 
effective drugs for subsequent treatments. 
Moreover, it has been proven to be predictive of 
overall survival.

 Follow-Up Protocol

These patients must be accurately monitored after 
discharge. Follow-up protocol must be adapted to 
any single case and needs to take into account sev-

a b c

d e f

Fig. 8.6 Enneking-appropriate (EA) en bloc resection with wide/marginal margin
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Fig. 8.7 WBB-based subtypes of en bloc resections
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eral factors including the index disease, the mar-
gin achieved with the surgical treatment, 
comorbidities, and the efficacy of the radiation 
therapy. As a rule of a thumb, the authors suggest 
clinical and imaging evaluation every 3  months 
for the first year, every 4  months for following 
2 years, every 6 months for subsequent 2 years, 
and lastly yearly for 5 more years. MRI can be 
considered the imaging technique of choice to 
evaluate for local recurrence. Full- standing radio-
graphs are used to evaluate mechanical stability of 
the reconstruction. Any worrisome or equivocal 
finding can be ruled out with CT scan. This latter 
exam may be helpful at 9–12 months postopera-
tively to evaluate bone fusion.

Surgeons must be aware that oncologic follow-
 up includes yearly repetition of CT scans of the 
chest to rule out pulmonary metastases. This can 
be taken into consideration opportunistically when 
planning postoperative imaging studies to evaluate 
the resection site in case of thoracic tumors.

 Controversies

 1. Acute onset of a progressive neurological defi-
cit from an undiagnosed solitary spinal tumor: 
what to do?

There is no absolute rule, and every case must 
be carefully evaluated using all the available data 
elements. Supportive care should be provided 
(i.e., corticosteroids, bed rest). In case of 
 progression despite these measures, decompres-
sion and stabilization with radiolucent instru-
mentation can be a viable option. Depending on 
the local extension of the tumor, decompression 
could be carried out in a healthy part of the verte-
brae, thus avoiding violation of the pseudocap-
sule. Emergency en bloc resection is discouraged. 
These complex clinical scenarios represent a dif-
ficult situation even for experienced spine tumor 
surgeons.

a b

c

Fig. 8.8 A 45–year-old man with C7 epithelioid sclerosing fibrosarcoma
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Fig. 8.9 Intraoperative pictures: double approach (A + P) sagittal resection
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 2. Pathological fracture under chemotherapy: 
timing of surgery?

In case of a tumor fracture that occurs while 
the patient is under chemotherapy, one can 
assume that (1) it is poorly responding to the 
drug, or (2) excessive bone destruction had 
already occurred before treatment, or (3) patient 
compliance in limiting activities is poor. In all of 
these cases, the occurrence of fracture may cause 
early discontinuation of the preoperative chemo-
therapy in favor of undergoing surgery.

In order to decrease the likelihood of this 
event, the Spine Instability Neoplastic Score 
(SINS) can be used to estimate the risk of patho-
logical fracture and identify patients with 
mechanical instability [7]. In the event that the 
SINS risk is significant (and no other contraindi-
cations exist), minimally invasive stabilization 
techniques can be used to bridge the affected 
level, neutralizing forces acting on the tumor and 
providing indirect decompression by means of 
ligamentotaxis.

 3. Can margin contamination be accepted in 
order to allow a resection to be performed 
through a posterior-only procedure, thus 
avoiding a more complex procedure with mul-
tiple approaches?

The gold standard for the treatment of high- 
grade primary disease is a multimodal approach 
that includes chemotherapy plus a combination 
of surgery and radiation therapy. Within the 
 various surgical approaches, en bloc resection 
with wide/marginal tumor-free margins has been 
proven to provide the best local control rates and 
overall survival. However, such gold standard is 
not always feasible given the local extension of 
the tumor. In these selected cases where EA 
resection is not feasible and margin violation is 
unavoidable (Fig. 8.11), decrease of the surgical 
aggressiveness and extent might be considered. 
In particular, avoidance of extensive anterior 
approaches often required for oncology surgery 
has been shown to decrease the overall morbidity 
of the surgery and thus the risk of complications. 
This is particularly important since additional 
unplanned treatments are likely to postpone the 
initiation of adjuvant radiation and 
chemotherapy.

There is no strong evidence to support con-
taminated en bloc resection over piecemeal 
excision, although the authors discourage a 
piecemeal approach in general. In our experi-
ence, the likelihood of gross residual disease 
with these two techniques is different, and mar-
ginal contamination is far preferable to piece-
meal excision.

a b c

Fig. 8.10 Postoperative CT scan proving the result of the performed resection
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Fig. 8.11 A 13-year-old boy with T11 osteoblastic osteosarcoma
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 Conclusion

Primary high-grade malignancies of the spine 
constitute a challenging clinical scenario. Key 
features of successful treatment include proper 
diagnosis and staging, multidisciplinary treatment 
planning, liberal use of adjuvants which typically 
include both chemotherapy and radiotherapy, and 
Enneking-appropriate surgical resection for local 
and systemic control. Additional points to opti-
mize success include the following:

• Primary malignancy should be included on 
any differential diagnosis of an aggressive 
solitary spinal lesion, despite its rarity.

• The ultimate patient outcome can be deter-
mined very early in treatment, so early referral 
to a tertiary high-volume oncology center is 
advisable from the pre-biopsy outset.

• Multidisciplinary approach is keystone of 
treatment.

• EA en bloc resection with wide/marginal 
tumor-free margin is the gold standard for pri-
mary high-grade malignancies.

• Improvements in radiation therapy techniques 
do not justify mediocre, incomplete, or subop-
timal resection technique.

• Radiolucent reconstructive implants optimize 
adjuvant radiation therapy and postoperative 
imaging.
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Extradural Spine Tumor Mimics

Ilyas M. Eli, Lubdha M. Shah, and Andrew T. Dailey

 Introduction

Tumors invading the spine are uncommon and 
constitute a small percentage of all central ner-
vous system tumors. Diagnosis is based on a 
detailed history of patients who present with 
axial back pain, radiculopathy, or myelopathy 
supplemented by correlation with imaging find-
ings that demonstrate a lesion along the spinal 
axis. As part of the differential diagnosis, sur-
geons should also consider nonneoplastic spine 
tumor mimics that can present as a spinal mass. 
Imaging features of neoplastic lesions can be 
hard to differentiate from those of nonneoplastic 
lesions, which is why a patient history and physi-
cal examination in addition to multimodality 
imaging can help with the diagnosis. Proper diag-
nosis allows for optimal treatment and patient 
satisfaction and sometimes avoids the wrong sur-
gical approach. Lesions resembling spine tumors 
can be subdivided into infectious, degenerative, 
metabolic, inflammatory, hemorrhagic, and other 
extradural mimics of spine tumors (Table 9.1).

The goal of this chapter is to discuss presenta-
tion, imaging characteristics (Table  9.2), and 
treatment options for lesions that commonly 
mimic extradural spine tumors.

 Infectious Mimickers

 Osteomyelitis/Discitis

Vertebral osteomyelitis and discitis are presenta-
tions of an infectious process involving the verte-
bral body, intervertebral disc, and/or paraspinal 
muscles [51]. This process usually results from 
hematogenous spread or from direct inoculation 
due to surgery or trauma. Osteomyelitis and dis-
citis can occur individually or in combination. 
Vertebral osteomyelitis mostly affects the lumbar 
spine (58%), followed by the thoracic spine 
(30%) and, less commonly, the cervical spine 
(11%) [22]. Osteomyelitis/discitis starts along 
the cartilaginous subchondral endplates, which 
are colonized by septic emboli. Uncontrolled 
osteomyelitis and discitis can lead to expansion 
of the infection to the paraspinal muscles and epi-
dural space. The incidence of vertebral osteomy-
elitis has increased to 5.4 cases per 100,000 
people in 2013 from 2.9 per 100,000  in 1998 
[31]. The increased incidence is thought to be 
related to the increasing population of elderly 
individuals with chronic diseases, a larger popu-
lation of immunocompromised patients, more 
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illicit intravenous drug use, more cases of spine 
surgery, and improvement in detection on imag-
ing [7]. The most common pathogenic cause is 
Staphylococcus aureus, which accounts for 
32–67% of isolated organisms [50]. Less com-
mon organisms include Escherichia coli in 
patients with recurrent urinary tract infections, 
Pseudomonas aeruginosa in patients with noso-
comial infections and intravenous drug use, 
Streptococcus pneumoniae in diabetics, and 
Salmonella sp. in patients with sickle cell disease 
or absent spleens [43].

Patients harboring infection present with 
symptoms of malaise, diaphoresis, weight loss, 
fever, and back pain. These symptoms are often 

Table 9.1 Mimics of spine tumor

Tumor type Examples
Infectious Vertebral osteomyelitis/discitis

Spinal epidural abscess
Spinal tuberculosis

Degenerative Disc extrusion
Synovial cyst

Metabolic 
bone disease

Brown tumor
Paget disease

Inflammatory Inflammatory pseudotumor
Rheumatoid arthritis
Vertebral sarcoid

Hemorrhagic Spinal epidural hematoma
Hemorrhagic synovial cyst

Others Vertebral hemangioma
Bone island
Epidural lipomatosis

Table 9.2 Imaging summary of spine tumor mimics 

Pathology
Degree of enhancement Other 

characteristicsT1 T2 STIR T1 + C
Osteomyelitis/
discitis

Hypointense Hyperintense Hyperintense Subchondral 
endplate 
enhancement

Vertebral height 
loss, discal 
edema, paraspinal 
swelling

Epidural abscess Hypointense Hyperintense Hyperintense Peripheral 
enhancement

Epidural 
phlegmon

Tuberculosis Hypointense Hypo-/
hyperintense

Hypo-/
hyperintense

Marrow 
enhancement

Kyphotic spinal 
deformity, 
calcified 
paraspinal mass

Hemangioma Hyperintense Hyperintense Hypo-/
hyperintense 
(depending on 
the degree of 
vascularity)

Avid Vertically aligned 
trabeculae

Bone island Hypointense Hypointense Hypointense None Sclerotic islands, 
calcified islands

Epidural 
lipomatosis

Hyperintense Iso-/hyperintense Hypointense None Fat in the dorsal 
epidural space

Epidural 
hematoma

Variable Variable Variable Heterogeneous

Synovial cyst Hypointense Hyperintense Hyperintense Peripheral Rounded lesion 
extending from a 
degenerative facet 
joint

Disc herniation Hypointense Iso-/hyperintense Iso-/hyperintense Peripheral Peripheral 
enhancement

Brown tumor Hypointense Variable Variable Heterogeneous Expansile and 
lytic lesion

Paget disease Heterogeneously 
hyperintense

Heterogeneously 
hypointense

Heterogeneously 
hypointense

Heterogeneous Sclerotic cortex, 
disorganized 
trabeculae, 
vertebral body 
expansion

Inflammatory 
pseudotumor

Hypointense Variable Variable None to 
minimal

Retro- odontoid 
lesion
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attributed to degenerative causes, which can 
cause a delay in diagnosis. Less common neuro-
logical presentations may include radiculopathy, 
myelopathy or paresis, and sensory changes, 
which are found in up to 34% of patients [44]. 
Symptoms can be correlated to laboratory values 
of elevated white blood cell (WBC) count, eryth-
rocyte sedimentation rate (ESR), and C-reactive 
protein (CRP) level. Leukocytosis and positive 
blood cultures can aid in the diagnosis of sys-
temic infection, which can offer evidence of a 
pyogenic spondylodiscitis.

Imaging modalities that can be used in the 
diagnosis of spinal infection include computed 
tomography (CT) scans and magnetic resonance 
imaging (MRI). CT imaging shows findings of 
paraspinal swelling, endplate bone erosion, and 
epidural soft tissue and can be followed sequen-
tially to assess osseous erosion, which may cor-
relate with instability. With MRI, the disc spaces 
and the vertebral body may show height loss, are 
hypointense on T1-weighted images, and have 
variable but hyperintense signal on T2-weighted 
images. There may be increased intradiscal 
height when there is increased fluid (Fig.  9.1). 
Typically, there is peripheral discal enhancement. 
Short-TI inversion recovery (STIR) sequences 
are sensitive to bone marrow edema and are help-

ful in detecting subtle/early infection. Fat- 
saturated T1-weighted images are helpful to 
increase the conspicuity of endplate, epidural, 
and paraspinal enhancement. Paraspinal involve-
ment, including the psoas and spinal erectae mus-
cles, can be seen as regional fullness that is T1 
isointense and T2 hyperintense. Diffusion- 
weighted imaging (DWI) is helpful for increasing 
the conspicuity of epidural extension of tumor 
(Fig. 9.2).

Spine tumors can mimic spine infections 
radiographically, but the overall clinical, labora-
tory, and imaging picture will generally support 
the accurate diagnosis of spine infections. The 
key imaging feature of discitis–osteomyelitis is 
that the infection is centered on the subchondral 
endplate and involves the adjacent endplates, 
crossing the disc space. Treatment involves isola-
tion of the bacteria involved via blood cultures, 
and if needed, imaging-guided biopsy of the disc 
space or any other abnormal tissue. Then, treat-
ment with appropriate antibiotics can be initiated 
for 6–12 weeks, initially with intravenous antibi-
otics followed by a period of oral antibiotic treat-
ment. The presence of hardware often requires 
longer treatment, sometimes resulting in lifelong 
suppression with oral agents. Surgery may be 
indicated if there is neurological injury, spinal 

a b c

Fig. 9.1 Osteomyelitis/discitis of the lumbar spine. (a) 
Sagittal T1-weighted MRI shows homogenous hypoin-
tense signal in the L5 and S1 vertebral bodies. (b) 
Sagittal T1-weighted MRI with contrast and fat satura-
tion shows homogenous enhancement of the L5 and S1 

vertebral bodies and their endplates. There is also 
enhancing epidural phlegmon (arrow). (c) Sagittal STIR 
shows homogenous hyperintense signal in the L5 and 
S1 vertebral bodies and fluid signal in the intervertebral 
disc space

9 Extradural Spine Tumor Mimics



134

cord compression, spinal instability, progressive 
kyphosis, severe pain, or failed medical 
management.

 Spinal Epidural Abscess

Spinal epidural abscesses (SEAs) are commonly 
associated with osteomyelitis/discitis but can 
also occur in isolation. The most common patho-
gen is S. aureus. A SEA is formed as a result of 
the persistent collection of purulent infection in 
the epidural space between the dura and ligamen-
tous structures via hematogenous spread or local 
seeding. A spontaneous SEA most commonly 
occurs as a sequela of spondylodiscitis spreading 
via epidural veins [63]. Iatrogenic causes are 
related to spine surgery, epidural anesthesia, or 
spine injections. SEAs are most prevalent in the 
lumbar spine (48%) and are less commonly found 

in the thoracic (31%) and cervical spine (24%) 
[27]. SEAs can be multisegmental because of 
spread within the epidural space and less often 
can be present in noncontiguous levels [63]. Up 
to 50% of patients with a SEA have a delay in 
diagnosis from their initial presentation to defini-
tive diagnosis. The differential diagnosis includes 
extradural metastasis and epidural hematoma. 
Common symptoms include back pain, fever, and 
neurological deficits, a triad that should prompt 
spinal imaging. Neurological symptoms such as 
weakness, sensory changes, radiculopathy, and 
bowel/bladder dysfunction are present in up to 
50% of cases.

MRI is the first-line imaging modality for the 
diagnosis of SEA, which will appear as T1 
hypointense and T2 hyperintense (Fig.  9.3). 
Contrast-enhanced T1-weighted imaging can 
delineate the extent of the SEA. Fat saturation on 
these contrast-enhanced T1-weighted sequences 

a b

Fig. 9.2 Osteomyelitis/discitis of the lumbar spine. 
Sagittal diffusion tensor imaging (DTI) trace (a) and cor-
relative apparent diffusion coefficient (ADC) map (b) 

show bright signal in the epidural abscess (arrow) and 
marrow edema in the involved vertebral bodies
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is particularly helpful in increasing the conspicu-
ity of SEA by suppressing the epidural fat. 
Epidural phlegmon will show heterogeneous ill- 
defined enhancement, whereas an epidural 
abscess will demonstrate peripheral enhance-
ment and central T1 hypointensity. Abscesses 
contain necrotic tissue, pathogens, and neutro-
phils that cause restriction of the water mole-
cules, resulting in the hyperintense signal on 
DWI [48]. Although DWI can help delineate a 
SEA, an epidural hematoma can also show 
reduced diffusion depending on the age of the 
blood products (Fig.  9.4). The clinical history 
and correlation with conventional MRI sequences 
are critical in differentiating SEA from other 
diagnoses such as extradural lymphoma, which 
will show T2 hypointensity, avid homogeneous 
enhancement, and diffusion restriction.

Although there is a trend toward medical treat-
ment with antibiotics alone in neurologically 
intact patients with SEA, operative management 
should always be considered, particularly in cer-
vical and thoracic SEA because of the risk of 
neurological injury. Risk factors for failure of 
medical management alone include methicillin- 
resistant S. aureus infection, neurological deficit, 
elevated WBC over 12,500/mm [3], and/or CRP 
>115 mg/L. [4]

 Spinal Tuberculosis

Tuberculosis affects close to one third of the 
world’s population but with symptoms occurring 
in only 5–15% of individuals [66]. Skeletal tuber-
culosis is even rarer, affecting only 10% of those 

a b

Fig. 9.3 Epidural abscess in the cervical spine. (a) 
Sagittal STIR shows a hyperintense epidural collection in 
the posterior spinal canal, anteriorly displacing the spinal 
cord. Interspinous edema is noted at the C4–C5 level 

(arrow). (b) Sagittal T1 with contrast enhancement and fat 
saturation shows peripherally enhancing epidural collec-
tion in the posterior cervical spine
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patients with active disease, although the spine is 
the most common skeletal segment involved. 
Spinal involvement of tuberculosis is a chronic 
phenomenon, with only a minority of patients 
having systemic symptoms [19]. Spinal tubercu-
losis can be very difficult to diagnose and can 
often be mistaken for spinal metastasis given its 
vertebral involvement with associated disc and 
epidural changes. The differential diagnosis 
includes pyogenic vertebral osteomyelitis, sar-
coidosis, lymphoma, and metastatic disease; 
however, history, clinical, laboratory, and radio-
graphic findings can clue physicians in to the 
diagnosis without the need for a biopsy, even 
though that may be necessary in some cases. 
Spinal tuberculosis should be part of the differen-
tial diagnosis in patients who are found to have 
spinal lesions in the setting of chronic illness, 
immunosuppression, travel to or residence in 
areas with endemic tuberculosis, autoimmune 
disease, drug use, incarceration, low income or 
poverty, or patients with unstable housing.

Presenting symptoms for spinal tuberculosis 
may include active pulmonary tuberculosis and 

systemic symptoms such as weight loss, body 
aches, malaise, fevers, and night sweats. These 
symptoms are present in 20–38% of patients with 
spinal tuberculosis [6, 19]. The most common pre-
senting symptom of spinal tuberculosis is axial 
back pain, which may be, in part, due to spinal 
deformity. Spinal tuberculosis causes neurological 
symptoms less commonly. In addition to clinical 
examination, further workup includes laboratory 
tests such as the ESR, CRP, WBC, tuberculosis 
skin test, and interferon-γ release assay (blood test 
that detects interferon-γ release from T lympho-
cytes when exposed to tuberculosis antigens).

The spinal features of tuberculosis include 
neurological deficit, chronic kyphotic spinal 
deformity, and cold abscesses. Cold abscesses are 
the presence of slow-growing purulence emerging 
from an involved vertebral segment without any 
inflammation. A paravertebral cold abscess is a 
diagnostic feature of spinal tuberculosis observed 
in 50% of cases. These abscesses are often insidi-
ous and can be associated with caseous granu-
loma formation. Approximately 10–20% of 
affected patients have neurological symptoms 

a

b

c d

Fig. 9.4 Epidural abscess in the cervical spine. Axial 
T2-weighted MRI (a) shows a heterogeneously hypoin-
tense epidural collection in the posterior spinal canal 
(arrow), which demonstrates peripheral enhancement on 

the postcontrast T1-weighted image (b). Sagittal DTI 
trace image (c) and correlative ADC map (d) illustrate 
heterogeneous restricted diffusion in this collection
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depending on the part of the spine involved, with 
symptoms including radiculopathy, myelopathy, 
and sensory changes [39]. As the disease pro-
gresses, symptoms of myelopathy and paraplegia/
tetraplegia can result from significant spinal cord 
compression caused by cold abscesses, tubercu-
lous caseous lesions, dural fibrosis, granuloma 
formation, or spinal instability. In the late stages, 
collapse of the anterior vertebral body frequently 
occurs, resulting in a kyphotic deformity. The 
deformity can manifest as a knuckle deformity 
because of the collapse of a single vertebral body, 
a gibbus deformity if two or three vertebral bodies 
collapse, or a global rounded kyphotic deformity 
resulting from the involvement of multiple verte-
bral bodies [32]. The deformity features differ 
between children and adults. In children, the 
deformity can worsen if it occurs during the 
growth phases, whereas in adults, it depends on 
the number of vertebral bodies involved [55, 56].

Imaging plays an important role in the diag-
nosis and should include chest X-ray and multi-
modality spinal imaging. Spinal radiographs 
show the kyphotic deformity with the associated 
vertebral height loss and spinal angulation. CT 
can provide more detailed evaluation of the osse-
ous involvement and any calcified paraspinal 
mass (Fig. 9.5). On MRI, the vertebral marrow 
of the involved spinal segment will show T1 
hypointensity, T2 hyperintensity, and STIR 
hyperintensity (Fig. 9.6). A characteristic imag-
ing feature of spinal tuberculosis is involvement 
of multiple vertebral segments with sparing of 
the disc spaces, much like involvement from 
metastatic disease. DWI sequences can show dif-
fusion restriction in active disease and absence 
of diffusion restriction in chronic disease form 
[45]. After contrast administration, the involved 
vertebral segment will demonstrate diffuse 
enhancement of the vertebral body and subliga-
mentous tissues. There may be epidural phleg-
mon and abscess, which can result in spinal cord 
compression or displacement. Fludeoxyglucose 
F18 (FDG-18) positron emission tomography 
imaging, which can show decreased uptake with 
treatment, can be useful in monitoring disease 
response to treatment over time [59].

Treatment includes first-line drug treatment 
with isoniazid, rifampin, ethambutol, and pyra-
zinamide. Surgical treatment is reserved for 
debridement of large cold abscesses, spinal cord 

Fig. 9.5 Spinal tuberculosis. Sagittal CT of the thoraco-
lumbar spine demonstrates osseous destructive changes 
with resulting kyphotic deformity secondary to tuberculo-
sis infection in the spine

9 Extradural Spine Tumor Mimics



138

compression, stabilizing of spinal instability, and 
correction of spinal deformity.

 Hemorrhagic Mimickers

 Epidural Hematoma

Spontaneous spinal epidural hematoma is an 
uncommon finding along the spinal axis and 
often can be mistaken for a neoplasm occupying 
the epidural space. Its incidence is just 0.1 per 
100,000 per year. Spinal epidural hematoma 
manifests as an abrupt onset of symptoms rang-
ing from axial pain to neurological symptom of 
paralysis, and it can occur secondary to trauma, 
surgery, coagulopathy, underlying arteriovenous 
malformation, or epidural injection or idiopathi-
cally. Anticoagulation use is linked to 17–30% of 
all cases of spinal epidural hematoma [12], but a 
majority of spinal epidural hematomas are idio-
pathic in nature with no identifiable cause (40–
60% of cases) [16]. The etiology of the epidural 
hemorrhage has been postulated to be a rupture 
of epidural veins, which are valveless and prone 
to rupture when under increased pressure from 

sudden Valsalva maneuvers. The dorsal epidural 
space is a more common location than the ventral 
epidural space because the ventral epidural 
plexus is smaller than the dorsal epidural space 
and is theorized to have more structural support 
from the posterior longitudinal ligament [71].

The differential diagnosis for lesions in the 
epidural space includes lymphoma, abscess, 
metastasis, and lipomatosis. CT will show the 
hyperattenuation of epidural blood in the acute 
setting. MRI can not only help determine the age 
of the epidural blood products but also delineate 
the extent of the hematoma and effect on adjacent 
structures, such as spinal cord compression 
(Table 9.3). In the acute setting, an epidural hema-
toma will present as a T1-isointense, 
T2-hyperintense lesion. In the early subacute 
phase, blood product signal intensities will evolve 

a

b

Fig. 9.6 Spinal tuberculosis. (a) Sagittal T2-weighted 
MRI of the thoracolumbar spine demonstrates a kyphotic 
deformity secondary to tuberculosis infection in the spine. 

(b) Axial T2-weighted image demonstrates the intramed-
ullary hyperintensity (arrow), which may be due to edema 
and/or gliosis

Table 9.3 Epidural blood characteristic on MRI

T1 T2
Hyperacute Isointense Hyperintense
Acute Isointense Hypointense
Subacute (early/
late)

Hyperintense Hypo-/
hyperintense

Chronic Hypointense Hypointense
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and appear T1 hyperintense and T2 hypointense, 
while in the late subacute phase, the epidural 
hematoma will be hyperintense on both T1- and 
T2-weighted MRI sequences (Fig.  9.7). After 
contrast administration, the epidural hematoma 
may show irregular heterogeneous enhancement. 
Fat suppression sequences can be used to distin-
guish hematoma from epidural lipomatosis. DWI 
can show heterogeneous reduced diffusivity in 
epidural hematoma, typically subacute in age. 
Epidural metastases are usually extensions of ver-
tebral osseous metastatic deposits and will dem-
onstrate the imaging characteristics of the native 
lesion. Fat-suppressed T1-weighted postcontrast 
imaging will be helpful to show the effect on the 
adjacent neural structures. As mentioned above, 
isolated epidural lymphoma will show diffuse 
contrast enhancement and T2 hypointensity 
because of the increased cellularity. Lymphoma 
involving the epidural space can also be seen in 
the setting of more systemic disease with verte-
bral and paraspinal involvement.

Treatment of spinal epidural hematoma 
depends on the magnitude of the symptoms. 
Neurological deficits warrant surgical interven-
tion in the form of decompression and evacu-
ation of hematoma of the spinal segments 
involved. Hemilaminectomy, laminectomy, or 
skip laminectomies with epidural irrigation can 
be used to evacuate the hematoma. Underlying 

coagulopathy should be corrected, and anticoag-
ulation should be reversed before surgery to pre-
vent further bleeding complication. Steroids can 
help with spinal cord edema. In patients who are 
managed conservatively, serial MRI scans can be 
used to monitor resolution of the hematoma over 
time [16].

 Degenerative Mimickers

 Disc Extrusions

Disc herniation is a common radiographic finding 
in patients with back pain and radicular symptoms. 
With a disc herniation, the nucleus pulposus 
breaches the annulus fibrosus and migrates past 
the intervertebral disc space. Disc herniations usu-
ally occur in the posterolateral aspect where the 
annulus fibrosus is the thinnest without structural 
support from the surrounding ligaments. Disc her-
niations can be classified as protrusion, extrusions, 
and sequestrations [13]. In the extradural spinal 
canal, a disc herniation can compress nerve roots 
and/or the spinal cord. Disc herniations have a pro-
clivity for the lumbar spine, followed by the cervi-
cal spine, with the least common occurrence in the 
thoracic spine. The majority of disc extrusions are 
degenerative in nature, although herniation can 
also occur secondary to trauma. The incidence of 

a b c

Fig. 9.7 Spontaneous epidural hematoma. Sagittal T2 (a) 
and T1 (b) images of the thoracolumbar spine show an 
epidural collection in the posterior spinal canal with het-
erogeneous signal intensity due to acute and subacute 

blood products. (c) Axial T2-weighted image demon-
strates anterior displacement of the spinal cord (arrow) 
due to this collection
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disc herniation is 5–20 cases per 1000 adults annu-
ally, with a female-to-male ratio of 1:2 [17].

When a soft-tissue lesion is encountered in the 
epidural space, the differential diagnosis is led by 
disc herniation because it is statistically the most 
common cause. The differential diagnosis also 
includes osteophyte, epidural abscess, nerve 
sheath tumor, and epidural metastasis. Large disc 
extrusions can sometimes mimic the appearance 
of epidural tumors. MRI is the best modality to 
characterize disc herniations, which will appear 
isointense on T1-weighted imaging. Depending 
on the degree of water and/or hemorrhage con-
tent, the herniated disc material may appear 
hyper- to hypointense on T2-weighted imaging 
(Fig. 9.8). A very helpful imaging feature of disc 
herniations is the pattern of enhancement; a disc 
will demonstrate peripheral enhancement on con-
trasted scan. This imaging appearance can be 
particularly helpful when there is a sequestration, 
that is, when a disc fragment breaks away from 
the parent disc and migrates distally in the epi-
dural space. This may be confused for a nerve 
sheath tumor or other neoplastic process; how-
ever, the peripheral enhancement should strongly 

suggest that the lesion is disc material. Epidural 
metastases are usually extensions of osseous 
metastasis that are well delineated on MRI. An 
adjacent compressed nerve may show T2 hyper-
intensity and enlargement because of edema and 
enhancement due to inflammation. CT myelogra-
phy will show an extradural filling defect and will 
be helpful to show an osteophytic component.

Treatment of symptomatic disc herniation 
always starts with conservative management 
because >85% of disc herniations resolve within 
8–12 weeks [65]. Conservative management con-
sists of physical therapy and over-the-counter 
nonsteroidal anti-inflammatory drugs followed 
by spinal injections and selective nerve root 
blocks. Patients who fail conservative manage-
ment can undergo surgery for symptom relief.

 Synovial Cysts

Synovial cysts are cystic lesions of the synovial 
sheath that protrude from a defect in the facet 
joint capsule. The herniation of synovial material 
into the epidural space is thought to be due to 

a b

Fig. 9.8 Spontaneous epidural hematoma. (a) Axial 
T2-weighted MRI of the lumbar spine shows a large right 
central disc extrusion (arrow) that impinges on the central 

canal and right subarticular zone. (b) Sagittal T2-weighted 
image of the lumbar spine demonstrates cranial extension 
of this large disc extrusion (arrow) at L5-S1
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osteoarthritis, degeneration, spondylolisthesis, 
and segmental motion. The most common loca-
tion for synovial cysts is the lumbar spine, but 
these cysts are also, less commonly, found in the 
cervical and thoracic spine [8, 11]. The L4–5 
level is the most common location, given the 
location of most spinal instability or joint hyper-
mobility [67]. The cysts are located in the dorso-
lateral epidural space, and they are typically 
contiguous with the degenerated facet joint. The 
most common symptoms for synovial cysts are 
axial back pain, radiculopathy when there is adja-
cent nerve irritation/impingement, and neuro-
genic claudication when there is contribution to 
spinal stenosis. Rarely, depending on the size of 
the synovial cyst, patients can present with symp-
toms of cauda equina [3]. Asymptomatic syno-
vial cysts can also be found incidentally on 
imaging of the spine, often projecting posteriorly 
into the paraspinal soft tissue. Hemorrhage 
within the synovial cyst can also occur (possibly 
because of trauma) and can exacerbate neurolog-
ical symptoms [68].

The differential diagnosis of epidural lesions 
that are rounded in the dorsolateral aspect of the 
spinal canal includes nerve sheath tumor, epi-
dural abscess, and rarely, epidural metastasis and 

disc herniation. Synovial cysts should be a lead-
ing consideration if the posterolateral epidural 
lesion is contiguous with a degenerated facet 
joint. CT will show the facet degeneration with 
sclerosis, joint space narrowing (with or without 
vacuum phenomenon), and subchondral cystic 
change. MRI will show a rounded T1-hypointense 
lesion extending from a degenerated facet joint. 
The facet joint often shows an effusion, and the 
synovial cyst will demonstrate variable T2 signal 
intensity depending on the degree of internal pro-
teinaceous debris. Synovial cysts typically show 
a T2-hypointense rim, and this rim enhances with 
contrast administration (Fig. 9.9).

The treatment of synovial cysts ranges from 
nonsurgical management (such as percutaneous 
image-guided cyst aspiration or rupture with ste-
roid injection) to surgical resection. Conservative 
management in the form of observation in mildly 
symptomatic lesions has been reported in the lit-
erature with complete resolution of cyst [30]. 
Steroid injection with cyst rupture and aspiration 
can have good patient outcomes [47]. Surgery in 
symptomatic patients (neurogenic claudication 
and cauda equina) involves laminectomy, hemi-
laminectomy, or decompression and instru-
mented fusion of the segments involved.

a b

Fig. 9.9 Synovial cyst. (a) Axial T2-weighted MRI of the 
lumbar spine shows a cystic lesion (arrow) extending 
anteromedially from the left degenerated facet joint. 
This synovial cyst impinges on the left subarticular zone. 

(b) Sagittal T2-weighted MRI demonstrates the thick 
T2-hypointense rim of this synovial cyst (arrow), which 
may be due to mineralization
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 Metabolic Bone Disease

 Brown Tumor

Brown tumor (also called an osteoclastoma) is 
another uncommon nonneoplastic lesion that 
occurs in the spine secondary to a reactive process 
due to bone resorption. Brown tumors can occur in 
primary or secondary hyperparathyroidism [38]. 
Because primary hyperparathyroidism is rare, 
brown tumors are more commonly seen in second-
ary hyperparathyroidism in the setting of long-term 
hemodialysis due to renal osteodystrophy. Renal 
osteodystrophy results in changes in bone metabo-
lism from prolonged chronic renal dysfunction. It 
is a general term to describe disorders of calcium 
and phosphate metabolism and their systemic 
sequelae. Renal impairment results in retention of 
phosphate and decreased calcitriol synthesis, which 
results in decreased serum calcium and secondary 
hyperparathyroidism. Secondary hyperparathy-
roidism, in turn, results in extensive bone marrow 
fibrosis and increased bone resorption [34]. 
Furthermore, renal impairment and chronic dialy-
sis result in osteomalacia, which is typical in the 
setting of renal dialysis secondary to aluminum 
toxicity [46]. The reactive process in the spine 
results in selective areas undergoing more resorp-
tion than others, which results in accumulation of 
connective tissue cells, giant cells, and osteoid 
deposition. Additionally, hemosiderin deposition 

from hemorrhage can displace the bone marrow 
and result in formation of the brown tumor [29].

Brown tumors are typically nonencapsulated 
and vascular lesions, which demonstrate multinu-
cleated giant cells on histology. Patients can mani-
fest with symptoms of low back pain and can 
sometimes present with neurological symptoms of 
radiculopathy, myelopathy, and cauda equina. 
Brown tumor lesions can also be detected in 
asymptomatic patients. When a spinal lytic lesion 
is encountered on imaging, clinical history and 
laboratory tests are essential for the diagnosis. 
Laboratory findings include elevated calcium, 
alkaline phosphatase, and low serum levels of 
phosphate [25]. A parathyroid assay will demon-
strate elevated serum parathyroid hormone levels. 
In cases where the diagnosis is unclear, a biopsy of 
the spinal lesion can provide insight into the diag-
nosis. Additionally, brown tumor and giant cell 
tumors can be difficult to discern; however, the 
overall clinical and radiographic findings are use-
ful in the differentiating between both entities.

The differential diagnosis for an expansile and 
lytic spinal lesion centered in the vertebral body, 
like brown tumor, includes plasmacytoma, metas-
tasis, lymphoma, and giant cell tumors. CT will 
show a well-defined lytic lesion, typically soli-
tary. On MRI, the lesion demonstrates T1 hypoin-
tensity and T2 hyperintensity or hypointensity, 
depending on the presence of hemorrhage 
(Figs. 9.10 and 9.11).

a b

Fig. 9.10 Brown tumor. Axial (a) and sagittal (b) CT of 
the craniocervical junction demonstrates a lytic, expansile 
bone lesion (arrow) centered in the right lateral mass. This 

is a brown tumor in a patient with hyperparathyroidism 
related to renal osteodystrophy
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The main treatment for brown tumors is to 
address the underlying disorder of hyperparathy-
roidism via a surgical parathyroidectomy. In 
patients with neurological symptoms, resection 
and decompression can provide the best clinical 
outcome. Surgery can be a decompression via 
laminectomy but usually requires a more exten-
sive decompression with circumferential stabili-
zation and fusion, but poor bone quality can often 
lead to failure of instrumentation in patients on 
chronic dialysis [35].

 Paget Disease

Paget disease (PD), also known as osteitis defor-
mans, is a metabolic disease of bone that results 
from changes in bone resorption and remodeling. 
After osteoporosis, it is the second most common 
primary metabolic bone disease [26]. The patho-
physiology is not completely understood, but PD 
is thought to be due to abnormal pathological 
remodeling and bone formation that lead to frac-
tures and deformity. The disease has three phases. 
The first phase involves excessive osteoclastic 
bone resorption, which is followed by a second-
ary phase of compensatory osteoblastic activity 
resulting in disorganized and abnormal bone 

depositions. The third phase is an inactive scle-
rotic phase that results in normal or decreased 
bone activity [10]. PD is linked to genetic factors, 
although viral and zoonotic causes have been 
postulated. Patients present with symptoms after 
the sixth decade of life, and there is a slight pre-
dilection toward males [49]. Serum alkaline 
phosphatase levels are typically elevated. The 
most common location for PD is the pelvis, fol-
lowed by the spine (commonly the lumbar seg-
ment), but other bones such as the femur, skull, 
and sternum can also be affected [26]. The most 
common presenting symptom is bone pain, which 
occurs at rest and at night. PD in the spine can 
cause symptoms of low back pain and symptoms 
related to spinal stenosis. Spinal stenosis is 
caused by expansion of the vertebral body poste-
riorly and overgrowth of the facet joints. PD can 
also result in extraosseous extension involving 
the anterior and posterior longitudinal ligaments 
and ligamentum flavum. During the lytic phase, 
PD can also result in compression fractures in the 
lumbar spine. Facet arthropathy can also occur in 
PD, which can result in spondylolisthesis.

The differential diagnosis includes osteoblas-
tic neoplasm, hemangioma, hyperthyroidism, 
hyperparathyroidism, and vitamin D deficiency. 
On imaging, PD affects the vertebral body and 

a b

Fig. 9.11 Brown tumor. Axial (a) and sagittal (b) T2-weighted MRIs of the craniocervical junction demonstrating a 
homogeneously hypointense brown tumor (arrow) in the C1 lateral mass
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neural arch, which are typically enlarged with 
trabecular coarsening and cortical thickening. 
CT scans show sclerotic cortex with disorga-
nized trabeculae and vertebral body expansion 
(Fig.  9.12). On MRI, the involved vertebral 
body and/or posterior elements demonstrate 
T1- and T2-hypointense cortex. The expanded 
vertebral body and posterior elements may 
show spinal stenosis and neuroforaminal steno-
sis. During the active phase, contrast-enhanced 
T1-weighted images may show heterogeneous 
enhancement. The extent of PD involvement 
in the skeletal system can be evaluated using a 
radionuclide bone scan of the skeletal system, 
which will demonstrate uptake of the tracer at 
the sites of increased bone remodeling in the 
active phase.

Treatment of PD is with antiresorptive medi-
cation to decrease the metabolic activity in 
 symptomatic patients. The antiresorptive medica-
tions of choice are bisphosphonates, which 
decrease bone turnover. Calcitonin also inhibits 
bone turnover and can be used in patients who 
have contraindications to bisphosphonates. For 
patients who do not respond to medical treat-
ment, surgical spine decompression can be 
attempted for severe spinal stenosis and neurofo-

raminal stenosis. Vertebroplasty can be consid-
ered in severely symptomatic patients with 
vertebral collapse [62].

 Inflammatory Mimickers

 Inflammatory Pseudotumor

Nonneoplastic lesions can occur behind the 
odontoid and are termed retro-odontoid pseudo-
tumor (ROP). Such lesions are thought to be the 
result of craniocervical motion resulting in reac-
tive inflammation followed by the formation of 
granulation tissue. The most common etiology 
for ROP is rheumatoid arthritis and atlantoaxial 
instability. The prevalence of rheumatoid arthritis 
with atlantoaxial instability can range from 10% 
to 86% [60]. In atlantoaxial instability, the ROP 
formation is triggered by chronic mechanical 
stress, which results in an inflammatory response. 
The consequent transverse ligament tears and 
attempted repairs result in hypervascularization 
with granulation tissue formation with the overall 
result of formation of an inflammatory mass orig-
inating from the transverse ligament [5, 9]. In 
rheumatoid arthritis, formation of ROP is due to 

a b c

Fig. 9.12 Paget disease. (a) Sagittal T2-weighted image 
shows a mildly expanded L1 vertebral body with hetero-
geneous hypointensity (arrow). (b) Sagittal T1-weighted, 
contrast-enhanced, fat-saturated image reveals heteroge-

neous enhancement (arrow) of the L1 level affected by 
Paget’s disease. (c) Sagittal CT demonstrates diffuse scle-
rosis (arrow) in that L1 vertebral body as well as mild 
expansion
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pannus formation from inflammation of the syno-
vial membrane, which results in chronic inflam-
mation, ligament laxity, and bony erosion around 
the C1–2 joint [70]. Other rare causes of ROP can 
include psoriatic arthritis, gout, calcium pyro-
phosphate deposition disease, hemodialysis- 
associated amyloidosis, pigmented villonodular 
synovitis, retro-odontoid synovial cyst, odontoid 
fractures, and ossification of the posterior longi-
tudinal ligament.

Patient presentation can range from being 
asymptomatic with incidental discovery of ROP 
on imaging to myelopathic symptoms related to 
ROP causing wide-ranging cord compression 
with or without cord signal change. Other symp-
toms include neck pain and radiculopathy. 
Patients who are asymptomatic initially can pres-
ent with neurological symptoms after having an 
episode of trauma (e.g., ground-level fall, motor 
vehicle accident), which can result in an isolated 
injury to the cord from the ROP facilitated 
through the trauma [28].

Differential diagnosis of a retro-odontoid 
mass should include noninflammatory patholo-
gies, such as meningioma, metastatic tumor, 
chordoma, and osteochondroma. Imaging fea-
tures that can assist in the diagnosis include retro- 
odontoid soft tissue with or without mineralization 
and bone erosion on CT. MRI is complementary, 
demonstrating the compressive effects of the 
ROP on the spinal cord/cervicomedullary junc-
tion. The ROP is T1 hypointense to isointense 
and heterogeneously T2 hypointense (Fig. 9.13). 
Flexion–extension X-rays or flexion–extension 
CT of the cervical spine can provide functional 
information to reveal instability, which can be 
occipitocervical or atlantoaxial; this information 
can be critical in determining the optimal surgical 
intervention.

Treatment options for ROP include observa-
tion with serial imaging in patients who are 
asymptomatic. In symptomatic patients, surgical 
treatment is recommended. The indications for 
surgical treatment include worsening neck pain, 

a b

Fig. 9.13 Retro-odontoid pseudotumor. Sagittal MRI of 
the cervical spine demonstrates (a) isointense mass in the 
retro-odontoid space on T1-weighted sequences and (b) 
mild heterogeneous enhancement on the T1-weighted, 

contrast-enhanced, fat-saturated image. There is mild 
mass effect on and posterior displacement of the cervico-
medullary junction (arrow)
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worsening instability, and symptoms of myelopa-
thy. Surgical resection of the ROP via a transoral 
approach is an option that can have the benefit of 
enabling histopathological analysis, but the risks 
of an anterior approach include palatal dehis-
cence, oral edema, and need for external orthosis 
or posterior cervical fusion [64]. Endoscopic 
transnasal, transclival odontoidectomy has also 
been described in the literature for patients with 
irreducible basilar invagination. Alternatively, 
there is evidence in the literature that supports 
regression or even resolution of the ROP with 
posterior cervical surgical stabilization [24]. 
Posterior fixation via C1–2 posterior fusion is 
recommended for patients with atlantoaxial 
instability. In patients who have evidence of cra-
niocervical instability, occiput-to-C2 fusion can 
be performed [69]. Furthermore, depending on 
the amount of ROP causing spinal cord compres-
sion, a C1 decompressive laminectomy can be 
also performed during the posterior fusion.

 Other Spine Tumor Mimickers

 Extradural Hemangioma

Extradural hemangiomas are typically located in 
the vertebral body and are benign incidental find-
ings that are frequently seen on spine imaging. 
They have a reported incidence of 11% based on 
autopsy results [57]. The most common location 
for vertebral hemangiomas is the thoracic spine, 
followed by the lumbar spine, but they can be 
seen throughout the spinal axis. Histologically, 
vertebral hemangiomas are considered malfor-
mations of the microcirculation rather than vas-
cular neoplasms. The classification is based on 
the predominant type of vascular channel: capil-
lary, cavernous, arteriovenous, and venous mal-
formations [52]. In these lesions, thin-walled, 
endothelial-lined blood vessels form between 
nonvascular structures, such as fat, muscle, or 
bone [53]. The small vessels penetrate the bone 
marrow and form around bony trabeculae, result-
ing in secondary remodeling of bone trabeculae 
and adipose tissue involution [20]. The imaging 

appearance is affected by the degree of vascular 
versus other elements.

In most cases, vertebral hemangiomas are qui-
escent lesions and passive in nature, but in rare 
cases, they can be classified as aggressive. The 
aggressive form of vertebral hemangioma refers 
to a lesion that expands further past the vertebral 
body, often with a soft-tissue component, and 
encroaches into the epidural, paravertebral, and 
posterior elements. Aggressive vertebral heman-
giomas can result in symptoms related to spinal 
cord compression due to bony expansion, epi-
dural extension, or vertebral body fracture with 
retropulsion.

The imaging features of vertebral hemangio-
mas are characteristic, which enables easy diag-
nosis. The lesion is localized to the vertebral 
body and will infrequently extend into the poste-
rior elements. On sagittal and axial CT images, 
vertebral hemangiomas demonstrate a “honey-
comb” or “white polka-dot” appearance due to 
the prominent vertically aligned trabeculae. This 
pattern can also be seen on MRI. Vertebral hem-
angiomas are T1 and T2 hyperintense but hypoin-
tense on STIR images (Fig. 9.14) [2]. Because of 
their vascularity, they show robust enhancement 
and retain a high signal on fat-suppressed 
sequences. “Atypical” hemangiomas have greater 
vascular elements and can appear heteroge-
neously T1 hypointense and STIR hyperintense, 
which can be misinterpreted as vertebral metasta-
sis. It is important to look for the internal promi-
nent trabeculae, which may be better seen on a 
correlative CT. Differentiating aggressive verte-
bral hemangiomas may require a biopsy. The dif-
ferential diagnosis of vertebral hemangiomas 
includes focal fatty marrow changes, Paget dis-
ease, and post-spinal radiation changes. Focal 
fatty marrow changes will lack the prominent 
internal trabeculae. Paget disease will show an 
enlarged vertebral body, which is expanded and 
has an irregular, disorganized trabecular pattern. 
The fatty marrow changes of radiation treatment 
will fit a discrete radiation field and will lack the 
vertical trabeculae pattern.

The primary treatment for vertebral hemangi-
omas is observation because most are incidental 
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findings and patients are asymptomatic. Lesions 
may rarely fracture and become symptomatic, 
presenting with back pain, and can be treated 
conservatively with a brace for pain manage-
ment. Vertebroplasty can be performed for verte-
bral body collapse. Aggressive hemangiomas can 
be treated appropriately for their level of spinal 
canal compromise and nerve root impingement. 
Radiation is used for patients with mild and 
slowly progressing symptoms. Surgery is indi-
cated for patients with myelopathy and weakness 
due to epidural invasion causing significant spi-
nal cord compression. Surgery can entail decom-
pression or vertebral corpectomy and fusion [37]. 
There is no overall consensus for best manage-
ment of aggressive vertebral hemangiomas, 
which will require individual management on a 
case-by-case basis [20].

 Bone Islands

Bone islands are also known as enostoses, scle-
rotic islands, or calcified islands. They are 
thought to be a localized excess of cortical bone 

formation within cancellous bone adjacent to 
bony trabeculae. The formation of bone islands is 
thought to be congenital or developmental in 
nature and due to failed resorption during the 
endochondral ossification phase [23]. These 
lesions are incidental and do not cause symptoms 
but can be misdiagnosed as sclerotic metastasis 
or osteoid osteoma. Because they occur during 
development, they can be discovered in patients 
in any age group. They are typically stable and do 
not demonstrate growth.

Their differential diagnosis includes vertebral 
metastasis and osteoid osteoma. Radiographically, 
bone islands have a round, ovoid, or oblong 
shape. They are frequently detected as homoge-
nous hyperdense, variable-sized lesions on CT 
scans and X-ray (Fig.  9.15) [58]. Bone islands 
can be a single focal finding or can occur in mul-
tiple areas and can have the appearance of “thorny 
radiation” blending within the trabeculae. MRI 
shows T1 and T2 hypointensity with no enhance-
ment on T1 sequences with contrast. A nuclear 
bone scan can demonstrate some uptake and can 
be used to differentiate bone islands from iso-
lated tumor metastasis. An osteoid osteoma is 

a b c d

Fig. 9.14 Vertebral hemangioma. (a) Sagittal 
T1-weighted MRI of the thoracic spine demonstrates het-
erogeneously hyperintense lesions involving two thoracic 
vertebral bodies. There are prominent internal trabecula-
tions. (b) These vertebral hemangiomas show variable 
enhancement on sagittal T1-weighted, contrast-enhanced, 
fat-saturated MRI. Sagittal T2 (c) and STIR (d) images 

show heterogeneous hyperintensity in these osseous hem-
angiomas. The most inferior vertebral lesions are predom-
inantly hypointense on T1 (arrowhead), show 
heterogeneous enhancement and T2 hyperintensity, and 
demonstrate STIR hypointensity due to varying degrees 
of fat and vascular elements
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typically a solitary lesion in the posterior ele-
ments with central sclerosis and radiolucent halo 
and causes symptoms of axial pain.

Bone islands require no treatment or observa-
tion because they are essentially an incidental 
normal variant.

 Lipomatosis

Spinal epidural lipomatosis (SEL) is a rare benign 
lesion that occurs because of proliferation of adi-
pose tissue within the epidural space. The asso-
ciations linked to SEL include prolonged use of 
exogenous steroids, endogenous steroid produc-
tion, Cushing syndrome, and obesity; there are 
also idiopathic cases (17% of cases) [18]. Chronic 
exogenous steroid use is common in many medi-
cal conditions such as organ transplantation, 
rheumatoid arthritis, sarcoidosis, Crohn’s dis-
ease, lupus erythematosus, and polyarteritis 
nodosa [41]. In exogenous steroid use and endog-
enous steroid production, the cause of SEL is 
thought to be due to hypertrophy of adipose tis-
sue. Obesity is thought to be a predisposing fac-
tor rather than a cause, where obese patients are 
thought to be in a pseudo-Cushing state. Overall, 
the pathophysiology of SEL is currently 
unknown. SEL is often an incidental finding on 

imaging in asymptomatic patients. Rarely, SEL 
can become symptomatic in patients when it 
causes spinal cord compression or nerve root 
impingement. Symptoms can manifest as radicu-
lopathy, myelopathy, neurogenic claudication, 
plegia, or cauda equina syndrome. Symptoms 
can also occur in the setting of compression frac-
tures due to osteoporosis from chronic steroid 
use [1].

The most common locations for symptomatic 
SEL are the thoracic spine in 58–61% of cases 
and lumbar spine for 39–42% of cases [15]. 
Cervical spine involvement is rare but has been 
reported in the literature. Both CT and MRI dem-
onstrate the presence of contiguous fat in the dor-
sal epidural space with ventral displacement of 
the thecal sac. On CT, this prominent fat is 
hypoattenuating and can anteriorly displace the 
thecal sac. There are no associated osseous 
abnormalities. Similarly, MRI will show promi-
nent fat in the dorsal epidural space that is T1 and 
T2 hyperintense (Fig.  9.16). Fat suppression 
sequences (such as STIR) will confirm fat tissue 
and exclude blood products, which would be 
seen in an epidural hematoma. Epidural hema-
toma may have T1 hyperintensity due to subacute 
blood products despite fat suppression. The dif-
ferential diagnosis for SEL also includes spinal 
angiolipoma, which will show heterogeneous 
enhancement on T1-weighted imaging with con-
trast sequences. An epidural metastasis will 
extend from vertebral lesions and typically will 
have a low T1 signal intensity and enhancement. 
An epidural abscess typically will have associ-
ated vertebral osteomyelitis/discitis, is T1 
hypointense and T2 hyperintense, and has rim 
enhancement. Diagnostic criteria that can be used 
to diagnose SEL include MRI findings of seg-
mental spinal cord compression, epidural fat that 
is >7  mm in thickness, and patient body mass 
index >27.5 [42].

Management of SEL can be either conserva-
tive or surgical. Nonsurgical management 
involves eliminating the use of steroids or reduc-
ing the dosage. If obesity is the only identifiable 
cause, then weight reduction can aid in treating 
SEL [40]. Endogenous steroid production can be 
elucidated by a thorough endocrinological 

Fig. 9.15 Bone island. Axial CT of the sacrum demon-
strates a spiculated lesion in the left sacral ala, which is 
characteristic of a bone island
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workup, and treatment of the underlying cause 
can aid with reduction or resolution of SEL.  In 
symptomatic patients who fail conservative man-
agement, surgical decompression can be offered 
to resolve neurologic symptoms [14].

 Other Tumor Mimics

Additional other rare conditions that should be 
considered in the differential for spinal tumors 
mimics include rheumatologic diseases and osse-
ous manifestation of sarcoid.

Rheumatic arthritis (RA) results in chronic 
inflammation that affects joints, ligaments, multi-
organs, and bones. RA can affect the spine, 
resulting in osseous changes that can be mistaken 
for a neoplastic process [21]. In the cervical 
spine, RA can manifest as tumor-like by forming 
a pannus from inflamed and thickened synovium. 
In the subaxial spine, RA causes arthritic changes 
resulting in subluxation and bony erosion. 
Imaging and laboratory tests are useful in diag-
nosis. MR imaging will demonstrate pannus for-

mation in the cervical spine, and CT imaging will 
demonstrate bony erosion. Laboratory tests that 
are helpful for diagnosis include rheumatoid fac-
tor, cyclic citrullinated peptide antibody, erythro-
cyte sedimentation rate, C-reactive protein, and 
autoantibodies [36].

Sarcoidosis is a systemic disease character-
ized by the formation of noncaseating granulo-
mas in different organs, but most commonly in 
lymph nodes, skin, and lungs [61]. Estimated 
osseous involvement of patients with sarcoidosis 
ranges from 1% to 13%; however, sarcoid 
involving the spine is very rare and only noted in 
case reports [33, 72]. Vertebral sarcoid can 
involve the spinal axis most commonly in the 
thoracic and upper lumbar spine and less com-
monly in the cervical spine. CT scan demon-
strates tumor-like lytic, mixed lytic, and sclerotic 
lesions. MRI demonstrates granulomatous infil-
tration of the marrow. Additionally, paraverte-
bral ossification can also occur [54]. Vertebral 
sarcoid is a very rare finding, but should be 
included in the differential diagnosis for neo-
plastic mimics.

a b

Fig. 9.16 Spinal epidural lipomatosis. Sagittal (a) and axial (b) T1-weighted MRI of the lumbar spine demonstrates 
prominent epidural fat circumferentially narrowing the thecal sac (arrow)
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Special Anatomical Zone: Sacral 
and Spinopelvic Tumors

Jean-Paul Wolinsky and Luis G. Fernandez III

Sacral Tumors
To begin our discussion, we include a figure sum-
marizing the frequency and distribution through 
the spine of spinal tumors from a single surgeon’s 
experience (Fig.  10.1). These data may deviate 
from population frequencies due to the referral 
patterns inherent to tertiary care centers in which 
these cases occurred.

 Chordoma

Chordomas serve as a model tumor to begin dis-
cussion of surgical management of primary sacral 
malignancies. Chordomas are relatively rare 
lesions with a frequency of 0.2–0.5 per 100,000 
persons per year; however, they constitute 3–4% 
of primary bone tumors and 20–34% of primary 
sacral malignancies [1–3]. Within the craniospi-
nal axis, chordomas are reported to have a predi-
lection for the sacrococcygeal region (45–50%) 
followed by the spheno-occipital (35–39%) and 
vertebral areas (15%); however, more recent epi-
demiologic analyses by SEER suggest a roughly 
equal distribution of cranial, spinal, and sacral 
chordomas [4]. Demographically, patients are 
most commonly white (87.7%) and male (60.1%), 

with ~74% diagnosed from the fourth decade and 
beyond. Median survival is ~4.7 years from time 
of diagnosis; however, 43.8% and 19.8% of 
patients are alive at 10 and 20 years from diagno-
sis, respectively [4]. Mortality due to sacral chor-
domas is often due to local compression of 
neurologic structures with subsequent complica-
tions of paresis including complicated UTIs and 
decubitus ulcers which may become infected 
leading to sepsis.

Optimal first-line treatment for chordomas is 
en bloc resection with wide negative margins; this 
has been consistently shown to improve disease- 
free survival and overall survival and decrease 
rates of local recurrence with acceptable func-
tional outcomes [5–9] (Fig.  10.2). Furthermore, 
great care should be taken to ensure the tumor 
capsule remains intact as violation of the capsule 
has been shown to drastically increase local recur-
rence to as high as 64% [10, 11]. Locally recur-
rent chordomas are much more challenging to 
treat surgically due to indeterminate tumor mar-
gins, scarring, and tendency toward more aggres-
sive behavior. Tumor characteristics associated 
with unfavorable outcomes include recurrent 
tumor, massive tumor size, and tumor extension 
into organs and critical vascular/neurologic struc-
tures preventing en bloc resection [12].

Chemotherapy is ineffective and these tumors 
are radio-resistant; in a series by Boriani et  al., 
chordoma patients treated with radiation mono-
therapy or intralesional resection had a 100% 
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local recurrence rate in 17–20  months versus 
20% recurrence at 56–94 months when en bloc 
resection with margins was obtained [6]. 
However, adjuvant radiation may be used follow-
ing en bloc resection to eliminate residual tumor 
cells near the resection cavity; furthermore, in 
patients with subtotal resections adjuvant radia-
tion improved disease-free survival from 
8 months to 2.12 years [13]. If marginal or intra-
lesional resection is the only feasible surgical 

outcome, high-dose adjuvant radiation may be 
employed to improve the probability of durable 
treatment response.

 Chondrosarcoma

Following chordoma, chondrosarcoma is the 
second- most common primary malignant tumor 
of the spine accounting for approximately 7–12% 

a

b

Fig. 10.1 A single surgeon’s experience with spinal tumors (a). Distribution by spinal level (b). Frequency of tumor type
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of these lesions; however, only 10% of chondro-
sarcomas are found in the spine [3]. Furthermore, 
less than 1% of chondrosarcomas are sacral, with 
the majority found in the thoracic (41%) and 
lumbar spine (43%) [13–15]. These tumors typi-
cally arise from the posterior elements and cause 
symptoms due to local mass effect on surround-
ing neurologic structures; they are rarely meta-
static [13, 15]. Regarding natural history and 
behavior, chondrosarcomas closely approximate 
chordomas found at the same spinal level; mor-
bidity and mortality are related to local invasion 
and compression of organs, neurologic, and vas-
cular structures.

Optimal treatment of chondrosarcomas is sim-
ilar to that of chordomas, requiring en bloc resec-
tion with wide negative margins; adjuvant 
radiation therapy has also been shown to increase 
disease-free survival [13]. The frequency of spinal 
chondrosarcomas is exceedingly low and conse-
quently much of the clinical literature comprises 
case series and reports; based on several of these 
studies, long-term overall survival at 10 months 
following en bloc surgical resection has been 
reported to be between 35–60% for primary chon-
drosarcomas versus <10% for metastatic chon-
drosarcomas, with median survivals reported 

between 40.2–70.8  months in non- metastatic 
chondrosarcomas [16, 17]. Chondrosarcoma and 
osteosarcoma of the pelvis commonly invade the 
sacrum through the sacroiliac joint. Consequently 
surgical removal of these lesions often requires a 
more extensive surgical resection via hemipelvec-
tomy with concurrent hemisacrectomy via iliac 
and sagittal sacral osteotomies respectively; tradi-
tionally radical external hemipelvectomy with 
removal of the ipsilateral lower extremity was 
performed for these lesions [18, 19]. Currently, 
limb sparing internal hemipelvectomy is indi-
cated for patients in whom 1 of 3 anatomic areas 
is spared of tumor: namely the iliac wing, periace-
tabular region or the pubic and ischial rami [20]. 
In patients undergoing internal hemipelvectomy 
in which the acetabulum is outside of the surgical 
margin, better functional outcomes have been 
reported as compared to those in whom the ace-
tabulum was resected [21]. Surgical decision 
making with regard to extent of resection of the 
sacrum, ilium, SI joint, acetabulum and surround-
ing tissues is complex and must be determined on 
a case by case basis taking into account tumor his-
tology, presence of metastatic disease, functional-
ity of the affected limb(s), patient factors and 
extent of tumor invasion.

a b

Fig. 10.2 Sacral chordoma (a). Pre-resection (b). Resection cavity post-total sacrectomy
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 Osteosarcoma

Osteosarcoma is a rare but important spinal tumor, 
comprising 3.6–14.5% of all primary spinal 
malignancies [22]. Spinal osteosarcomas have a 
predilection for the lumbosacral spine with 
60–70% of these lesions found in this distribution, 
most commonly arising in the vertebral body [23]. 
They have a bimodal distribution with one peak 
during adolescence and early adulthood and the 
second in the geriatric population [24]. The large 
majority of patients with osteosarcoma have no 
known risk factors; however, 1% of patients with 
Paget’s disease are known to develop osteosarco-
mas [25, 26]. These neoplasms often present 
insidiously with progressively worsening pain 
that may awaken patients from sleep; further-
more, approximately two- thirds of patients pres-
ent with neurologic deficit [27]. On plain film 
X-rays, they appear as blastic lesions.

Osteosarcoma is often treated with a multi-
modal approach of neoadjuvant/adjuvant chemo-
therapy and en bloc surgical excision with or 
without adjuvant radiation therapy. Local recur-
rence rates are estimated at ~20% following en 
bloc resection with rates as high as 60% if treated 
with an intralesional excision [28, 29]. The utility 
of radiotherapy is limited by the radioresistant 
nature of osteosarcomas and the relatively low 
radiation tolerance of the presacral organs. 
Despite the constraints radiotherapy plays a role 
in sterilizing the reactive zone surrounding the 
tumor, particularly in areas where marginal dis-
section planes are required. One series demon-
strated that 5-year survival was significantly 
improved from 27% in patients treated with sur-
gery alone to 43% in patients treated with com-
bined surgery and radiation therapy [30]. In a 
meta-analysis of patients with primary spinal 
osteosarcoma with positive or inadequate tumor 
margins following initial resection, adjuvant che-
motherapy and re-operation showed a clinically 
significant improvement in overall survival, 
while radiosurgery trended toward significance 
(p = 0.06) with regard to improvement in overall 
survival [31]. Chemotherapeutic agents which 
have shown high response rates in meta-analyses 
include adriamycin (43%), ifosfamide (33%), 
methotrexate (32%), and cisplatin (26%); 5-year 

PFS was 58% and OS was 70% in patients treated 
with combination of methotrexate, adriamycin, 
and cisplatin or ifosfamide [32].

Much like other malignant primary tumors of 
the sacrum, en bloc surgical resection remains 
the first-line therapeutic option for treatment of 
osteosarcoma; unfortunately, this tumor is highly 
aggressive with suboptimal outcomes even in 
patients in which en bloc resection is achieved. 
Surgeons should be well versed in multimodal 
approaches to maximize favorable outcomes in 
patients with this malignancy.

 Osteoblastoma/Osteoid Osteoma

Both osteoid osteomas and osteoblastomas are 
benign spinal tumors which comprise a rela-
tively small fraction of primary sacral tumors. 
Approximately 2% of spinal osteoid osteomas 
are found within the sacrum versus 17% of spi-
nal osteoblastomas [33]. Interestingly, although 
these tumors typically involve the posterior ele-
ments of the non- sacral spine, they are classically 
described as arising within the vertebral bodies 
when found in the sacrum. Radiographically, 
they are characterized by a radiolucent defect 
surrounded by a thick margin of sclerotic bone 
with possible intralesional calcification on plain 
films and CT.  Osteoblastomas may be distin-
guished from osteoid osteomas on imaging by 
its ill-defined margins and occasional asso-
ciation with an epidural soft tissue mass. Both 
tumors most often present with localized back 
pain that is worse at night. Osteoblastomas 
may present with a dull backache that is typi-
cally less well localized than in osteoid osteo-
mas. Characteristically, pain associated with 
these tumors is relieved with salicylates [34]. 
Management of these lesions is surgical with 
lower rates of recurrence seen with en bloc 
resection versus subtotal resection; percutaneous 
ablation is also commonly used for treatment of 
osteoid osteomas 34 [34]. Recurrence rates fol-
lowing surgical resection were 17% at 8.4 years; 
PFS was 87% and 74% at 5 and 10 years, respec-
tively whereas recurrence rates of up to 16% 
with percutaneous ablation have been reported 
with osteoid osteoma [35–37].
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 Giant Cell Tumor

Readers are referred to Chap. 6 for a general dis-
cussion of the treatement of axial giant cell 
tumors. Giant cell tumors arise infrequently in 
the spine, with only 3–7% of giant cell tumors 
found there; however, when they do arise in the 
spine, they have a predilection for the sacrum 
[23]. Demographically they are seen most often 
in patients aged 15–40 years and are seen more 
frequently in women with a 2:1 female-to-male 
ratio [23, 38]. Despite a histologically benign 
appearance, these lesions are locally invasive, 
with high rates of recurrence and can cause sig-
nificant pain, neurologic symptoms due to mass 
effect, and destruction of bony elements of the 
spine due to high concentration of osteoclastic 
giant cells in these tumors. Pain is typically the 
presenting symptom with other patients experi-
encing bowel and bladder dysfunction or other 
neurologic symptoms due to compression of the 
sacral nerve roots. These lesions may rarely 
metastasize in up to 2% of patients, most com-
monly to the lungs; less than 2% of these lesions 
may undergo spontaneous malignant transforma-
tion [39, 40].

Giant cell tumors differ from chordomas in that 
they are typically eccentrically located in the ante-
rior spinal elements whereas chordomas tend to be 
more centrally located. Furthermore, giant cell 
tumors are radiographically characterized as het-
erogeneous on CT and MRI due to the presence of 
hypodense areas of necrosis on CT, hemorrhage 
corresponding to variable age-dependent signal 
intensity on T1- and T2-weighted sequences, 
fluid–fluid levels, and cystic components [23]. 
T2-weighted sequences of these tumors are char-
acterized by large areas of intralesional hypointen-
sity due to areas of hemorrhage and fibrosis; they 
are highly vascular on angiographic studies [23].

Management of giant cell tumors involves a 
combination of neoadjuvant chemotherapy fol-
lowed by en bloc surgical resection providing the 
most effective local control and prevention of 
recurrence. Denosumab is a RANKL monoclonal 
antibody which inhibits the RANK-RANKL path-
way thereby inhibiting osteoclast-like giant cells 
differentiation and activation has also been used 
with success in treating some giant cell tumors 

[41]. Treatment with denosumab ultimately leads 
to tumor sclerosis, calcification and bony septa-
tion; this can present technical challenges if resec-
tion follows denosumab treatment as focal areas of 
sclerosis between the tumor and surrounding neu-
rovascular structures may develop complicating 
dissection and blurring tumor boundaries [42]. 
Sambri et al recently published a study comparing 
patients with sacral and pelvic giant cell tumors, 
divided into a medical group treated with continu-
ous denosumab and a surgical group treated with 
neoadjuvant denosumab followed by either total 
resection or local curettage [43]. The surgical 
group was further subdivided into those who con-
tinued adjuvant denosumab post-op and those in 
which denosumab therapy was terminated [43]. 
Results of this study showed no recurrence in the 
group in which en bloc resection was achieved or 
those in whom denosumab was continued, whereas 
62% of those treated with lesional curettage devel-
oped recurrence at a mean of 10 months after ces-
sation of adjuvant denosumab and 33% of the 
medical group recurred with cessation of deno-
sumab at <8 months [43]. Interestingly, in a small 
series of 9 patients, serial embolization alone was 
used to achieve local control in 7 of 9 without pro-
gression at a mean follow-up of 8.86 years (median 
7.8  years) with good functional outcomes [44]. 
Embolization may be a useful first-line option in 
patients in which surgical resection would result in 
unacceptably high morbidity and or mortality; fur-
thermore, due to the highly vascular nature of 
these lesions, pre- operative embolization may help 
prevent blood loss and facilitate excision. 
Intralesional curettage has proven to be an ineffec-
tive method for control of these lesions with local 
recurrence rates between 43 and 49%; radiother-
apy with doses between 40 and 70 Gy has likewise 
proven to be a suboptimal treatment modality with 
recurrence rates between 15 and 49% reported in 
the literature [45, 46]. However, more recently 
Ruka et al reported improved rates of local control 
with megavoltage irradiation in a single center 
series of patients with giant cell tumors, ~20% of 
which were located in the sacrum or pelvis, who 
were not surgical candidates due to medical 
comorbidities, unfavorable anatomic constraints, 
recurrent tumor and/or an unacceptably high risk 
of severe disfiguration. 47 Rates of local PFS after 
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megavoltage irradiation of ~ 50Gy in patients with 
sacral or pelvic lesions was 70.5% at 5 years as 
compared to 88% in patients with peripheral bone 
lesions [47]. Furthermore, a well-documented risk 
of radiation-induced malignant sarcomatous 
degeneration has been reported to be as high as 
3–11% [45, 46, 48].

 Teratoma

Teratomas can arise in the spinal canal or more 
commonly in the sacrococcygeal region; sacro-
coccygeal teratomas are the most common child-
hood germ cell tumor with an incidence of 
approximately 1 per 40,000 live births [49]. 
These tumors are more frequently seen in females 
(75–80%) and the majority (70%) are detected by 
time of birth, either antenatally or in the immedi-
ate post-natal period [50, 51]. In adults, these 
lesions most often present with a mass noted 
since childhood and/or symptoms secondary to 
local mass effect. When these tumors arise in the 
sacrococcygeal region they are often divided into 
two distributions—pre- and post-sacral; however, 
combined pre- and post-sacral teratomas are 
occasionally observed.

Most sacrococcygeal teratomas are benign; 
however, between 20 and 30% are malignant, and 
roughly 5–15% are metastatic at the time of diag-
nosis [52, 53]. Malignant and benign teratomas 
are diagnosed by histologic exam; however, there 
are several clinical, biochemical, and radio-
graphic features that are characteristic of each. 
First and foremost, benign teratomas are more 
commonly found distal to the coccyx versus 
malignant teratomas which more commonly arise 
in the presacral space [54]. Radiographically, 
benign teratomas are often cystic, without lytic 
bone changes; this contrasts with malignant tera-
tomas, which are locally invasive. Consequently, 
benign sacrococcygeal teratomas are often 
asymptomatic whereas malignant variants often 
present with urinary/fecal incontinence as well as 
symptoms secondary to invasion of local pelvic 
vascular and lymphatic structures. Biochemical 
markers, such as α-FP and, less commonly, 
β-HCG, are reliably elevated in malignant terato-
mas; however, since α-FP is elevated in healthy 

children at birth with a steady decline over the 
first year of life, it has very low specificity for 
distinguishing between benign and malignant 
teratomas during this interval [55, 56].

Prognosis for benign/mature and malignant 
teratomas with or without metastatic disease is 
excellent. Benign, mature teratomas treated 
solely by en bloc radical resection with coccygeal 
amputation are largely curable; recurrence 
occurred in only 11% of patients in a multicenter 
review [57]. Benign teratomas treated with en 
bloc resection are not typically treated with adju-
vant chemotherapy nor radiation due to the effi-
cacy of surgical resection alone and diminishing 
benefit of these adjunctive therapies in these 
lesions. Malignant teratomas, on the other hand, 
respond robustly to chemotherapy with platinum- 
based, nitrogen mustard, topoisomerase inhibi-
tors, and other agents. Several chemotherapy 
regimens have been established including PEB 
therapy combining cisplatin, etoposide, and bleo-
mycin used by the Children’s Cancer Group/
Pediatric Oncology Group; JEB therapy combin-
ing carboplatin, etoposide, and bleomycin devel-
oped by the United Kingdom Children’s Cancer 
Study Group (UKCCSG); and the PEI regimen 
developed by the German Association of Pediatric 
Oncology which combines cisplatin, etoposide, 
and bleomycin [58, 59]. Although survival rates 
are less favorable for malignant teratomas than 
benign teratomas, long-term overall survival 
rates of 80–90% have been achieved in multiple 
patient subgroups with these more aggressive 
lesions [46, 48]. The mean recurrence rate for 
benign teratomas ranges between 0 and 26% with 
a mean value of 12.9% whereas recurrence rates 
for immature/malignant teratomas range between 
4 and 55% with a mean recurrence rate almost 
double that of benign teratomas at 20.2% [49, 50, 
60–68]. Combined data of mortality following 
recurrence for all sacrococcygeal teratomas are 
35%; however, the mortality rate is higher in 
patients with recurrence of malignant teratomas 
at ~55% [69].

The greatest risks for recurrence include 
incomplete resection at time of initial surgery and 
rupture of the solid tumor capsule with seeding of 
tumor cells in the resection bed. Therefore, total 
en bloc resection should be attempted when fea-

J.-P. Wolinsky and L. G. Fernandez III



159

sible to prevent recurrence and decrease the prob-
ability of mortality due to the more aggressive 
behavior of recurrent lesions.

 Metastatic Lesions to the Sacrum

Metastatic disease to the sacrum encompasses a 
wide variety of various primary malignancies; 
most commonly breast, lung, prostate, thyroid, 
and renal tumors metastasize to the sacrum while 
melanoma, myeloma, and lymphoma comprise a 
significant minority of sacral metastases [23,  
70–73]. Spinal metastases are present in ~70% of 
patient with cancer and symptomatic spinal 
metastases are present in up to 10% of all cancer 
patients at some point during their illness and 
sacral metastases comprise only a small fraction 
of these [74–78]. They are spread most often by 
hematogenous dissemination and frequently 
appear many years after treatment of the primary 
tumor; however, they may also arise due to direct 
extension from pelvic primary malignancies such 
as rectal adenocarcinoma. Clinical presentation 
varies depending on which local neural, vascular, 
soft tissue, and osseous structures are compressed 
due to tumor expansion; unfortunately, sacral 
metastases are typically diagnosed at advanced 
stages after they have already extensively invaded 
the majority of surrounding structures. Widespread 
spinal metastases and extraspinal involvement are 
seen in 43–53% and 61–68% of patients with 
sacral metastases, respectively [79, 80].

Primary treatment modalities for sacral metas-
tases include radiotherapy and surgery with the 
goal of palliation and pain control; radiotherapy 
is the first-line treatment for radiosensitive sacral 
metastases in the absence of acute neurologic 
compromise and/or biomechanical pelvic insta-

bility [81, 82]. Select patients with severe pain or 
with loss of ambulatory capacity may be consid-
ered for surgical intervention; however, in the 
presence of active systemic disease, surgery is 
very rarely indicated. Occasionally, patients with 
locally advanced rectal adenocarcinoma may 
benefit from sacrectomy in cases in which the 
tumor is adherent to or invading the sacrum, has 
not metastasized to distant sites, and in which 
resection may increase the probability of cure.

Overall metastatic lesions to the sacrum are 
often best managed with a combination of radia-
tion and occasionally chemotherapy. Surgery 
occasionally has a role in instances of biome-
chanical instability, intractable pain, and locally 
advanced disease in select subsets of patients in 
the absence of widely metastatic disease.

 Sacrectomy Classification by 
Functional Outcomes 
and Biomechanical Stability

Sacrectomy can be classified based on level of 
neural preservation, functional outcome, level of 
osteotomies, and biomechanical stability 
(Table 10.1). Major functional considerations fol-
lowing sacrectomy include bowel/bladder func-
tion, sexual function, ambulatory capacity, and 
pelvic stability. Preservation of S3 and above with 
osteotomy through S2–3 constitutes a low sacral 
amputation; preservation of S2 and above with 
osteotomy through S1–2, a mid-sacral amputa-
tion; preservation of S1 and above with osteotomy 
through S1, a high sacral amputation and osteot-
omy through L5–S1 with sacrifice of S1 nerve 
roots and below qualifies as a total sacrectomy. 
Although beyond the scope of this chapter, a 
hemicorporectomy is distinguished by sacrifice of 

Table 10.1 Neurologic function and pelvic stability after sacrectomy by level of neural preservation

Sacrectomy 
classification

Sacral 
amputation 
sub 
classification

Neural 
level 
preserved

Number 
of roots 
preserved

Independent 
ambulation

Bowel 
continence

Bladder 
continence

Sexual 
function

Pelvic 
instability

Subtotal 
sacrectomy

Low S3 Both Yes Yes Yes Yes No
Mid S2 Both Yes Partial Partial Partial No
High S1 Both Yes No No No No

Total 
sacrectomy

Total L5 Both Yes No No No Yes
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at least L5 and below. Low, mid, and high sacral 
amputations are considered subtotal sacrecto-
mies, which do not result in pelvic instability and 
thus do not require pelvic reconstruction; con-
versely, total sacrectomy and beyond may, but 
does not always, necessitate lumbo- pelvic recon-
struction. Preservation of the S2 nerve roots bilat-
erally and S3 unilaterally is required for 
approximately normal bowel, bladder, and sexual 
function in roughly two-thirds of patients; sacri-
fice of L5 roots will prevent ambulation [83, 84].

Biomechanics of Lumbopelvic 
Reconstruction

The sacroiliac (SI) joints are the bridge between 
the spine, pelvis and lower extremities and conse-
quently are mechanically constrained to maintain 
spinopelvic integrity. The wedge shaped sacrum 
prevents caudal migration of the spinal elements 
cranial to the SI joints, both transmitting and 
absorbing compressive forces from the spine and 
pelvis through the SI joints much like a keystone 
in arch construction [85]. The SI joints must also 
resist rotational forces, limiting translation to 0.7 
mm and 2° of motion which is facilitated by the 
large surface area of the joint [86, 87]. Much of 
the resistance to shear loads at the joint is medi-
ated through muscles and ligaments which cross 
and attach near the joint. For example, the trans-
versus abdominis and muscles of the pelvic floor 
increase the compression load across the SI joint 
which augments resistance to shear forces [88]. 
In addition to the joint itself, the sacrospinous, 
sacrotuberous, sacroiliac, and iliolumbar liga-
ments distribute forces across the SI joint and 
contribute to overall spinopelvic stability. The 
posterior sacroiliac ligaments provide greatest 
resistance to sacral extension, while the sacrotu-
berous, sacrospinous, interosseous and anterior 
sacroiliac ligaments resist sacral flexion. 
Resistance to axial rotation is primarily mediated 
through the anterior and interosseous sacroiliac 
ligaments while lateral side bending is resisted by 
the iliolumbar ligaments [89]. Kiapour et al pub-
lished a review of the biomechanics of the sacro-
iliac joint with excellent data from several 

cadaveric studies demonstrating the effects of 
transecting the aforementioned ligaments, partic-
ularly as it related to spinopelvic stability and the 
SI joint [89]. The sacrospinous and sacrotuberous 
ligaments are typically transected in lower sacral 
amputations; however the posterior ligamentous 
complex is preserved which greatly contributes to 
overall spinopelvic stability. Gunterberg et al and 
Stener et al found that sacroiliac stability is not 
significantly impacted in high sacrectomies pro-
vided at least half of the SI joint (at least the upper 
50% of the S1 segment) is preserved [90, 91]. In 
a series by Bergh et al, 33% of patients with high 
sacrectomies at or above the S1–2 osseous level 
developed fatigue fractures, however of these 
only one patient (5.6%) had intractable pain and 
permanent disability [11]. Furthermore in a retro-
spective series by Fourney et al, 29 patients 
underwent en bloc resection of primary sacral 
tumors, 7 of whom were treated with high sacrec-
tomy without internal fixation and none of which 
developed delayed instability or fatigue fracture 
[92]. Total sacrectomy leads to complete dissoci-
ation of the spine and pelvis, however there is 
controversy regarding spinopelvic reconstruction 
following total sacrectomy. Some authors forego 
spinopelvic reconstruction in these patients due 
to concerns regarding increased risk of infection 
and hardware failure [93, 94, 111]. Furthermore 
Wuisman et al reported successful mobilization 
of 5 patients after total sacrectomy without recon-
struction at greater than 8 weeks [111]. These 
patients were noted to have caudal migration of 
the lumbar spine between the ilia with spinal sta-
bility attributed to formation of muscle and scar 
tissue between the pelvis and spine serving as a 
suspensory mechanism or “biologic sling” [111]. 
Gunterberg et al stated that the pelvic ring is con-
sidered stable so long as 50% of S1 is left intact, 
despite a 50% reduction in strength of the pelvic 
ring as the residual strength is sufficient for load 
bearing with standing [90]. However if signifi-
cant portions of the iliac wings are taken during 
total sacrectomy vertical and rotational spinopel-
vic instability may result with poor functional 
outcome. Wuisman et al proposed a scoring sys-
tem to quantify iliac resection dividing the 
 resections borders into 4 zones with more lateral 
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removal at zones 3 or 4 warranting reconstruction 
[111]. Other groups favor spinopelvic reconstruc-
tion following total sacrectomy for early mobili-
zation [92]. No randomized control trial 
comparing total sacrectomies with spinopelvic 
reconstruction versus without has been published 
at the time of this writing. Consequently no head 
to head comparisons can be drawn regarding 
post-operative complications and functional out-
comes in total sacretomies with spinopelvic 
reconstruction versus without. However a review 
of the literature by Kiatisevi et al in 2016 tabu-
lated functional outcomes and post-operative 
complications from reports from multiple studies 
and institutions in patients who underwent total 
sacrectomy both with and without spinopelvic 
reconstruction [93–108, 111]. In one of the larger 
series of 43 patients by Bederman et al, 89.7% of 
patient were able to ambulate following total 
sacrectomy with reconstruction, 30.8% of whom 
were able to ambulate independently, 59% with 
help and 10.3% were unable to ambulate [103]. 
Another series of 16 patients by Kiatisevi et al 
who did not undergo reconstruction following 
total sacrectomy showed 80.8% of patients were 
able to ambulate post-operatively (31% without 
assistance, 31% with a cane and 18.8% with a 
walker) while 19.2% were non ambulatory (6.3% 
wheelchair bound and 12.5% bed bound) [102]. 
Post-operative wound complications in the 
groups undergoing reconstruction following total 
sacrectomy ranged between 22 and 50% with 
most series averaging between 30–40% for post-
operative wound complications [84, 95–100, 
102–107, 111]. Wound dehiscence in a series of 
total sacrectomies without reconstruction by 
Kiatisevi et al was 81.3% [102]. Post-operative 
deep wound infections have been reported as 
25–42% of patients who underwent total sacrec-
tomy without reconstruction as compared to 
0–50% in patients who had reconstruction [84, 
96, 101, 103, 107, 108, 111]. Subtotal sacrectomy 
does not typically require reconstruction pro-
vided at least 50% of S1 is left intact as men-
tioned previously [90]. There are two cadaveric 
studies which re-examined the biomechanical 
implications of high partial sacrectomy on spino-
pelvic stability, which suggested that reconstruc-

tion should be considered when a partial 
transverse sacrectomy above the S1 nerve root is 
performed [109, 110]. Less torsional stiffness 
was noted with a series of partial S1 transverse 
sacrectomies and unilateral SI joint resection 
compared to those carried out below S1 [110]. 
Furthermore, in the cadaveric series by Hugate et 
al, partial transverse sacrectomy with an average 
resection of 25% of the SI joints was associated 
with lower vertical load failure rate secondary to 
rotation in the sagittal plane at the lumbosacral 
junction with subsequent paramedian sacral frac-
tures [109]. The authors attributed these differ-
ences as compared to Gunterberg’s study to 
differences in their respective models; in the 
Gunterberg model they suggest that potting the 
base of pelvis in epoxy resin redistributed loading 
forces to the rami rather than at the hip (natural 
loading position) with decreased moment across 
the iliac wings altering load distribution across 
the SI joint [90, 109]. The authors proposed that 
the epoxy resin base prevented significant splay-
ing or angulation of the iliac wings subsuming the 
role of the sacrum during physiologic load 
bearing [109].

Anatomic considerations

Prior to surgical resection of sacral tumors, care-
ful consideration of the surrounding anatomy is 
critical. Sacral tumors may abut, encase or 
frankly invade surrounding viscera, joints and 
neurovascular structures that can complicate 
their removal and augment the risk of intraopera-
tive and post-operative complications. Lumbar 
nerve roots and the lumbosacral trunk passing 
ventral to the sacrum may be secondarily 
involved by the tumor along with sacral nerve 
roots as they enter and exit the sacral foramina. 
The sacral sympathetic trunk which is continu-
ous with the lumbar sympathetic trunk travels 
caudally against the ventral surface of the sacrum 
and converge at the coccyx, giving off branches 
to the superior hypogastric plexus which outputs 
to the inferior hypogastric plexus; furthermore 
the parasympathetic outputs arise from the 
S2–S4 nerve roots forming the pelvic splanchnic 
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nerves. Damage to the parasympathetics can 
lead to erectile dysfunction and incontinence; 
sympathetic damage may alter male fertility due 
to its role in the transport of spermatozoa to the 
seminal vesicles and coordination of reflexes 
involved in ejaculation [112].

 Pre-op

Treatment of sacral tumors is fundamentally 
based on the pathology of the tumor in question; 
therefore, a tissue diagnosis and thorough imag-
ing of the neuraxis and body with MRI brain, cer-
vical, thoracic and lumbar spine, CT chest/
abdomen/pelvis, PET, and bone scan is essential 
to an initial evaluation. Biopsy is directed at the 
most accessible lesion and should be performed 
through a posterior trans-sacral route (Fig. 10.3); 
ventral approaches for biopsy including transrec-
tal and transvaginal biopsy carry the risk of seed-
ing the tumor cells into new body compartments 
along the biopsy tract, lowering the probability of 
total resection of neoplastic tissue and potentially 
necessitating additional ventral dissection to 
remove disseminated tumor [11, 113, 114]. It is 
important to mark the percutaneous trans-sacral 

biopsy tract at the skin, as it will be excised dur-
ing surgical resection of the primary mass.

 Operative Technique

The following describes an overview of the surgi-
cal technique for resection of primary sacral 
tumors. The descriptions that follow are a guide 
and should be tailored as befits the needs of each 
individual case. Total sacrectomy as defined 
above often can be accomplished with a single- 
stage posterior approach; however, there are 
instances in which a two-stage approach may be 
indicated [115, 116]. Patients who have under-
gone prior lumbosacral or pelvic surgery as well 
as those who have had prior radiation treatments 
may have significant scarring of the soft tissue 
elements to surrounding vessels and/or the rec-
tum. In situations such as these, beginning with 
an anterior approach establishes control of major 
vessels including the internal iliacs as well as the 
middle sacral arteries and veins. Additionally, an 
anterior approach may be indicated in patients, in 
which a myocutaneous rectus flap is desired to 
cover large posterior soft tissue defects following 
tumor resection. The rectus flap can be mobilized 
with inferior epigastric vascular pedicles and 

a b

Fig. 10.3 Sacral biopsy trajectory to obtain tissue diagno-
sis prior to surgery. Comparison of poorly planned biopsy 
versus optimal trajectory (a). Poor biopsy trajectory. Note 
that this biopsy tract could not reasonably be incorporated 
into an en bloc resection, as it is too far lateral. Tumor will 

be seeded through the tract increasing the likelihood of 
recurrence depending on the tumor type (b). Optimal 
biopsy tract. It can be easily incorporated into future 
resection
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placed in the pelvis, so it may subsequently be 
used for closure during the second stage of the 
operation.

 Prep

Prior to surgery, the rectum should be irrigated 
with saline and Betadine until the effluent is 
clear. This is done in the event of rectal perfora-
tion during tumor resection to minimize contami-
nation with bowel flora and feculent material.

 Anterior Approach

The patient is positioned supine on a standard 
operating table for a midline laparotomy.

A standard midline vertical incision is made 
through the avascular plane of the linea alba, tak-

ing care to preserve the inferior epigastric arter-
ies. The incision should be planned such that 
healthy rectus myocutaneous flap(s) may be har-
vested for closure of posterior tissue defects fol-
lowing tumor resection during stage II.

The internal iliac arteries and veins are identi-
fied, ligated, and sharply divided.

The middle sacral artery and vein are identi-
fied, ligated, and sharply divided.

A complete L5–S1 diskectomy is 
performed.

The myocutaneous flap is then harvested with 
vascular supply from the preserved inferior epi-
gastric arteries. The flap is placed deep in the pel-
vis to facilitate retrieval through the posterior 
sacral defect for closure during stage II following 
tumor resection (Fig. 10.4).

a b

c d

Fig. 10.4 (a) Delivery of myocutaneous rectus flap 
through posterior tissue defect. (b) Second view of rotated 
myocutaneous flap. (c) Closure of rostral and lateral mar-

gins of tissue defect with myocutaneous flap positioned 
centrally for closure of sacral defect. (d) Final closure 
with incorporation of rectus flap
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 Posterior Approach

 Positioning

The patient is positioned prone on the Andrews 
table (Fig. 10.5).

The head is pinned in 3-point fixation using a 
Mayfield with sitting adapter and suspended 
over the table (Fig. 10.5). This eliminates facial 
pressure. It is critically important to avoid 
Trendelenburg or lateral rotation of the bed dur-
ing the operation as this could lead to a cervical 
injury as the patient’s head is fixed relative to 
the body and the table. The table may be raised 
or lowered provided the relationship between 
the head and body is maintained.

 Incision

A midline incision is made with an elliptical skin 
incision made around the biopsy tract; the skin, 
subcutaneous tissue, and muscle of the underly-
ing tract must be excised with the specimen as 
tumor cells have invariably been seeded here 
(Figs. 10.6 and 10.8).

The margins of the posterior incision depend 
on whether total sacrectomy or subtotal sacrec-
tomy is planned. For total sacrectomy, the inci-
sion should be carried far enough rostrally to 

expose L3–L5; if subtotal sacrectomy is planned, 
exposure to L5 is sufficient. The caudal aspect of 
the incision must be extended such that the ano-
coccygeal ligament can be divided to permit 
delivery of the sacrum and coccyx through the 
posterior tissue defect. The incision is carried 
through the subcutaneous tissue and lumbosacral 
fascia.

 Principle Dissection

After the fascia is incised, it is dissected off the 
paraspinous muscles laterally. The fascia is then 
elevated off the iliac crest, following the avascu-
lar plane that extends from each iliac crest bilat-
erally. A transverse incision is then made in the 
fascia just superior to the rostral extent of the 
planned tumor resection to mark the rostral mar-
gin of the en bloc resection. A self-retaining 
retractor is then introduced to retract the fascia 
laterally.

The paraspinous muscles are then elevated 
off the spinous processes, lamina, facets, and 
transverse processes of the spin using a subperi-
osteal technique; as above L3–L5 must be 
exposed if total sacrectomy is planned versus L5 
alone if subtotal sacrectomy is intended. The 
paraspinous muscles are then cut transversely at 
the same level at which the fascia was incised. 
The  paraspinous muscles are then mobilized lat-

a b

Fig. 10.5 (a) The patient is positioned prone in the 
Andrews table with head placed in three-point fixation 
with a Mayfield clamp. (b) The patient is marked and 

prepped prior to incision. Care is taken to ensure patient is 
midline and there is no lateral rotation on the surgical 
table
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a b

c

Fig. 10.6 Mid-sacrectomy for chordoma (a). Chordoma in situ (b). Dorsal aspect of specimen with elliptical skin inci-
sion incorporating biopsy into specimen (c). Ventral aspect of specimen

erally off the ilium using a subperiosteal tech-
nique; the muscles can then be retracted 
rostrally.

Next, the gluteal muscles inserting on the lat-
eral aspect of the ilium are dissected, and the sci-
atic notch is identified. To maintain exposure, a 
self-retaining retractor is introduced.

A laminectomy is performed at the level of the 
most caudal nerve root to be preserved; subse-
quently, this nerve root is identified and traced 
laterally. The laminectomy is then extended later-
ally to the dorsal foramen of the sacrum and the 
dorsal nerve root there is released. This is impor-
tant as failure to release the dorsal nerve root can 
result in traction injury during mobilization of 
the sacrum.

Following release of the dorsal nerve root 
from the foramen, lateral osteotomies are per-
formed with a high-speed diamond burr follow-
ing a line between the dorsal foramen proximally 

and the sciatic notch distally. The bone should be 
drilled until the ventral periosteum is identified; 
the ventral periosteum can then be removed with 
a Kerrison punch at which point the ventral nerve 
root should be visualized.

Following the lateral osteotomies, attention is 
turned toward the nerve roots to be sacrificed 
which are identified, ligated with size 0 silk 
suture, and sharply divided. A midline osteotomy 
is then performed with the high-speed diamond 
burr connecting the lateral osteotomies through 
the vertebral body.

Now, the caudal ligaments and muscles 
anchoring the distal sacrum and coccyx within 
the pelvis must be divided. Attention is turned to 
the most distal nerve root to be spared, identify-
ing and tracing it to where it joins the sciatic 
nerve within the sciatic notch. The sacrotuberous 
and sacrospinous ligaments as well as the pirifor-
mis and gluteal muscles can now be divided with 
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a monopolar electrocautery knife. The sacrum 
should now be fully mobilized.

At this point, a penetrating towel clamp is 
used to secure the rostral aspect of the sacral 
specimen, which is then delivered posteriorly out 
of the pelvis (Fig.  10.6). It is critically impor-
tant to avoid violation of the tumor capsule if at 
all feasible; furthermore, care must be taken to 
avoid injury to the rectum as it is dissected off 
the tumor capsule. At this point, the anococcy-
geal ligament is identified and divided permitting 
delivery of the specimen (Fig. 10.6).

 Lumbo-Pelvic Reconstruction

As mentioned above, subtotal sacrectomy typi-
cally does not result in biomechanical instability; 
however, total sacrectomy may cause significant 
instability and often requires lumbo-pelvic recon-
struction. Reconstruction begins with placement 
of pedicle screws at L3, L4, and L5 bilaterally, 

followed by bilateral iliac screws (Fig.  10.7). 
The iliac screws are connected to the pedicle 
screws on either side with a contoured rod. A 
trans-iliac rod may then be placed to further 
distribute weight evenly across the construct. A 
femoral shaft allograft is cut such that it spans the 
ilia transversely; the graft is then secured to the 
trans-iliac rod with titanium cables (Fig.  10.8). 
Subsequently, the areas to be fused are decorti-
cated and the graft is packed from ilium to L3 
along the facet joints and transverse processes to 
achieve arthrodesis.

 Closure

If a myocutaneous rectus flap was harvested in 
the anterior portion of a two-staged procedure, it 
should now be visible through the sacral defect at 
which point it may be delivered posteriorly. Next, 
attention is turned to the rectum and pelvic con-
tents; a piece of alloderm is sewn into the bony 

a b

Fig. 10.7 (a) AP plain film X-ray of lumbo-pelvic reconstruction following total sacrectomy for chordoma. Patient 
ambulatory following surgery. (b) Lateral view of lumbo-pelvic reconstruction
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a

b c

Fig. 10.8 (a) Lumbo-pelvic reconstruction following 
total sacrectomy with trans-iliac rod and femoral bone 
graft secured with titanium cables. (b) Specimen ventral 

aspect. (c) Specimen dorsal aspect with elliptical skin 
incision from biopsy tract incorporated
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pelvis along the osteotomies to create a barrier to 
keep these elements ventral to the sacral defect. 
This decreases the risk of rectal herniation 
through the sacral defect and will keep the rec-
tum sufficiently anterior if postoperative radia-
tion is indicated.

 Postoperative Care

Postoperative wound care is important to prevent 
wound breakdown/infection and improve out-
comes following surgery. Patients should be on 
strict bed rest for 3–4 days in the immediate post-
 op period prior to mobilization; furthermore, it is 
key to minimize pressure on the wound, espe-
cially if a flap is used for closure. A pressure 
offloading bed such as a Clinitron may help mini-
mize pressure over the wound.

Patients with bowel and bladder dysfunction 
following these surgeries must be appropriately 
managed with straight catheterization to mini-
mize urinary tract infection and to keep the 
wound clean and dry. Likewise, bowel inconti-
nence must be addressed with meticulous clean-
ing as well as a constipating diet and strict bowel 
regimen.
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Special Anatomical Zone: 
Craniocervical Junction Tumors
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Abbreviations

ABC Aneurysmal bone cyst
CSF Cerebrospinal fluid
CT Computed tomography
CVJ Craniovertebral junction
DSA Digital subtraction angiography
EBRT External beam radiation therapy
EG Eosinophilic granuloma
MEP Motor evoked potential
MM Multiple myeloma
MRA Magnetic resonance angiogram
MRI Magnetic resonance imaging
SINS Spinal Instability Neoplastic Score
SRS Stereotactic radiosurgery
SSEP Somatosensory evoked potentials

 Introduction

The craniovertebral junction (CVJ) encompasses 
the lower clivus, foramen magnum, the atlas 
(C1), the axis (C2), and the region between the 
occipital condyles and the atlantoaxial spine [1]. 
The CVJ contains several critical neurologic 
structures, major vasculature of the head and 
neck and an intricate network of ligamentous and 

osseous articulations. Treatment goals are depen-
dent on the patient’s clinical status, radiographic 
findings and ultimately histologic diagnosis. 
Tumors of the CVJ include pathology originating 
from bone (e.g., multiple myeloma), nervous sys-
tem (e.g., schwannoma), nervous system associ-
ated tissue (e.g., meningioma), and soft tissues 
(e.g., hemangiomas).

Given the complexity of the region, surgery of 
the CVJ is challenging. A thorough understand-
ing of regional anatomy, goals of surgery, and 
different surgical techniques are necessary to 
provide the best outcomes. In this chapter, we 
discuss the epidemiology, clinical evaluation, 
workup, and surgical options for primary and 
metastatic tumors of the CVJ.

 Incidence

Craniovertebral junction (CVJ) tumors make up 
approximately 0.5% of all spinal malignancies, 
and it is the least affected region of the axial skel-
eton [2, 3]. The most common metastatic tumors 
of the CVJ originate from either the breast, lung 
or prostate during the sixth decade of life [1, 4]. 
The most common primary spinal cord tumor of 
the CVJ includes meningioma, myeloma, and 
chordoma. Of these, meningiomas are the most 
common and account for nearly 75% of intradu-
ral extramedullary tumors in this region.
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In adults, the most common benign osseous 
tumors of the CVJ are aneurysmal bone cysts, 
giant cell tumors, osteoblastomas, eosinophilic 
granulomas, and solitary plasmacytomas. The 
most common malignant neoplasms, in decreas-
ing frequency, are chordomas, myelomas, lym-
phomas, chondrosarcomas, osteosarcomas, and 
Ewing sarcomas. In children, the most common 
primary benign tumor of the CVJ are osteoid 
osteomas, osteoblastomas, and aneurysmal bone 
cysts. The most common malignant tumors in 
children are chordomas and Ewing sarcoma.

 Diagnosis

An evaluation of the patient’s clinical presenta-
tion, physical examination, laboratory workup, 
radiographic findings, and tissue histology will 
be needed in order to successfully create a treat-
ment plan for patients with CVJ neoplasms.

 Presentation

In patients with tumor involvement of the CVJ, 
presenting symptoms are variable and often ill- 
defined, mimicking symptoms commonly seen in 
patients with cervical degenerative disease. The 
most common symptom is upper cervical neck 
pain [5, 6]. Specifically, patient’s present with 
significant rotational neck pain, rather than pain 
on flexion extension, given the large biomechani-
cal rotational component of the atlantoaxial joint 
[7]. Various forms of neuralgia may occur includ-
ing occipital or cervicobrachial neuralgia, retro 
auricular pain, cervical radiculopathy, localized 
pain, or headache. Local osseous destruction pro-
gresses to deformity and instability which is a 
major cause of mechanical pain. In rare cases of 
insidious growth, CVJ tumors can cause lower 
cranial nerve palsies, especially CN XI. Patients 
may develop progressive symptoms of dyspha-
gia, dysarthria, and torticollis secondary to brain-
stem compression. These symptoms can be 
exacerbated with head movement or local pres-
sure. In the late-stage disease, long tract signs, 
bladder or rectal dysfunction, spasticity, cerebel-

lar ataxia, Brown–Sequard syndrome, and other 
cross-sectional neurologic syndromes may occur.

 Laboratory Workup

Laboratory evaluation can help provide diagnos-
tic information of the underlying malignancy. 
Hematologic abnormalities such as an elevated 
white blood cell count or low hemoglobin may 
indicate tumor involvement of the bone marrow. 
Serum or urine electrophoresis should be pursued 
if there is a concern for plasmacytoma or multi-
ple myeloma.

 Imaging

Various imaging modalities including static, 
dynamic, and vascular imaging are crucial for 
evaluation of tumor involvement of the 
CVJ.  Static radiographs can help identify lytic 
destruction, pathologic fractures, and evaluate 
overall occipitocervical alignment. Dynamic 
flexion and extension radiographs should be pur-
sued to determine upper cervical instability and 
the extent of subluxation with movement.

Magnetic resonance imaging (MRI) is consid-
ered the gold standard for the evaluation of spinal 
cord tumors. Especially in the region of the CVJ, 
an MRI is used to evaluate tumor compartment 
(extradural vs intradural), visualize the osseous 
and soft tissue boundaries of the tumor, and detail 
the neural and vascular anatomy in the vicinity of 
the tumor. Both noncontrast and contrast- 
enhanced sequences can determine potential sur-
gical planes between pathologic and normal 
tissue. When treating a tumor of the CVJ, the ver-
tebral arteries, venous vasculature, and lower cra-
nial nerves should be identified. The specific 
anatomical details found on MRI strongly influ-
ence the surgical approach employed. A mag-
netic resonance angiogram (MRA) may be used 
for identification of the dominant vertebral artery 
and vascularity of the tumor.

Computed tomography (CT) or even CT 
myelogram is used to determine the extent of 
osseous tumor involvement and preoperative sur-
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gical planning. The width of the midline keel of 
the occipital bone can be measured on a preop-
erative CT to determine adequacy for occipital 
fixation. Additionally, a large transverse foram-
ina of the axis may raise suspicion for a dominant 
or anomalous vertebral artery which may require 
an alternative C2 fixation option (e.g., C2 laminar 
screw). A CT scan is also used to evaluate the 
extent of lytic osseous involvement of the CVJ 
and subaxial cervical spine, which may influence 
the position of additional surgical fixation. 
Osseous changes on CT scan, such as hyperosto-
sis at the dural site of origin or bone scalloping of 
the vertebral bodies or neural foramina, can help 
differentiate neoplasms such as a meningioma or 
schwannoma. CT myelogram is helpful to evalu-
ate patients with prior instrumentation and the 
extent of brainstem or spinal cord compression 
secondary to tumor involvement when an MRI 
cannot be obtained. CT Angiogram might also 
be considered prior to instrumentation in patients 
with CVJ neoplasms as there is variability in the 
anatomy of the vertebral artery. Yamazaki et al. 
evaluated 100 consecutive patients that under-
went CVJ instrumentation and found that 10% 
of patients had extraosseous anomalies of the 
vertebral artery (e.g., fenestrated vertebral artery 
or persistent first intersegmental artery) and 30% 
of patients had intraosseous vertebral artery 
anomalies [8].

Formal digital subtraction angiography (DSA) 
can detail tumor vascularity and provide the 
opportunity for preoperative embolization in 
tumors that are highly vascular (e.g., aneurysmal 
bone cyst or certain hypervascular metastatic 
tumors). If surgical ligation of the vertebral artery 
is anticipated, a balloon occlusion test can be 
performed.

 Tissue Diagnosis

Primary osseous tumors of the cervical spine can 
often be confused with inflammatory, infectious 
or degenerative cervical spine disease, making 
histologic diagnosis vital for appropriate treat-
ment [9]. Several metastatic and hematologic 
malignancies are highly sensitive to chemother-

apy and radiation making tissue diagnosis imper-
ative prior to a large surgical resection. 
Fluoroscopy or CT-guided needle biopsy is often 
used to obtain pathology. However, needle biopsy 
yields a 25% false-negative rate. Additionally, 
given the anatomic complexity of the CVJ, a nee-
dle biopsy may not be attainable. In these cases, 
an open biopsy should be considered. Significant 
osseous during should, if possible, be avoided as 
this may further destabilize the segment. 
Transoral biopsy may be necessary for purely 
ventral tumors [10].

 Surgical and Anatomic 
Considerations

Surgical goals for metastatic and primary onco-
logic disease of the CVJ differ. Surgical interven-
tion is largely reserved for patients with 
neurologic compromise, mechanical instability, 
intractable neck pain, and those with a primary 
tumor diagnosis. Surgery requires separation of 
the tumor from the vasculature and normal spinal 
cord followed by removal of the tumor. This may 
require multiple surgical approaches. Removal of 
osseous and structural components requires com-
plex reconstruction techniques to stabilize the 
region. Surgical flexibility and adaptability 
between different approaches are crucial for 
success.

The anatomical complexity of the CVJ cannot 
be understated. Multiple critical structures reside 
in the vicinity of the CVJ, including major vascu-
lature of the head and neck such as the carotid 
and vertebral arteries, cranial nerves, the brain-
stem, and spinal cord. Given the generous sub-
arachnoid space at the CVJ, tumors can grow 
undetected for extended periods of time before 
neurological deficits occur, compounding the 
surgical difficulty of resection [6].

The foramen magnum is an oval ring formed 
by the occipital bone. The lowest portion of the 
clivus forms the anterior ring of the foramen 
magnum. The occipital condyles lie in the antero-
lateral portion of the foramen magnum. Drilling a 
portion of the posterior condyle and jugular 
tubercle during a far lateral approach can expose 
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the lower lateral and ventral portion of the fora-
men magnum [11]. If the occipital condyle needs 
to be resected, the entire vertebral artery from the 
foramen transversarium to its dural entry needs to 
be dissected, which will entail drilling the fora-
men at C1. Extent of condylar dissection (50–
70%) can lead to various degrees of CVJ 
instability resulting in pain, torticollis, and neu-
rologic deficits. In the setting of disabling pain, 
patients may benefit from occipitocervical fusion 
[11, 12]. Directly lateral to the occipital condyle 
is the carotid canal and lateral to this is the jugu-
lar foramen. The stylomastoid foramen lies lat-
eral to the jugular foramen. The facial nerve exits 
behind the posterior belly of the digastric muscle 
at its attachment to the digastric notch.

The CVJ protects multiple critical structures 
while also providing extensive motion of the 
head and neck. The ligaments of the CVJ play a 
vital role of maintaining surgical stability. The 
two main joints of the CVJ are the atlantooccipi-
tal joint and the atlantoaxial joint. The atlantooc-
cipital joint mainly provides flexion and extension 
while the atlantoaxial joint is the largest contribu-
tor to axial rotation. Four layers of ligamentous 
stabilizers provide stability. The transverse liga-
ment is the strongest and the major stabilizing 
ligament of the CVJ by retaining the odontoid 
against the anterior arch of C-1. The alar liga-
ment is also a major stabilizing ligament of the 
CVJ and attaches the axis to the base of the skull. 
It limits axial rotation and lateral bending on the 
contralateral side. The apical ligament attaches 
the tip of the dens to the basion. The tectorial 
membrane is a three-layered membrane, poste-
rior to the cruciform ligament that spans the fora-
men magnum and fuses into the posterior 
longitudinal ligament. The atlantooccipital mem-
branes are thickest posteriorly and laterally and 
help stabilize the atlanto-ocipital joint [13–16]. 
Given the extensive ligamentous complex, it is 
often difficult for the tumor to extend into the 
foramen magnum.

The hypoglossal nerve travels in an antero-
medial trajectory as it exits the intracranial 
compartment via the hypoglossal canal. The 
nerve then passes ventral to the C1 arch and 
dorsal to the digastric muscle before entering 

the tongue. The hypoglossal nerve is rarely 
involved in metastatic or primary tumors except 
for those originating from the lower clivus 
extending caudally into the spine. The nerve is 
frequently injured with high cervical anterior 
approaches. Patients can usually compensate 
for unilateral injury; however, bilateral injury 
can lead to dysphagia and even potentially life-
threatening aspiration.

Major arterial and venous vasculature traverse 
the CVJ.  Each vertebral artery arises from the 
subclavian artery, enters the transverse foramen 
of C6 and ascends the transverse foramina. The 
vertebral artery is positioned superolaterally at 
the transverse foramen of C2 and then enters lat-
erally through the transverse foramina of C1. 
During the far lateral approach, the vertebral 
artery is found in the center of the suboccipital 
triangle, which is made up of the rectus capitis 
posterior major, the superior and inferior oblique 
muscles. The artery then passes on the posterior 
border of the lateral mass of C1and below the 
inferior border of the posterior atlantooccipital 
membrane before piercing the dura. The lateral 
mass of C1 and C2 are palpated in the suboccipi-
tal triangle which is approximately 1 cm below 
the tip of the mastoid process. Careful apprecia-
tion of vertebral artery anatomy is crucial to pre-
vent a potentially devastating injury. Additionally, 
vertebral artery dominance can often be evalu-
ated on preoperative imaging. A balloon occlu-
sion test is used to determine if a vertebral artery 
can be safely sacrificed. Although there is no 
large single venous sinus of the CVJ, bleeding 
from the venous plexus in the region can be pro-
found. Venous plexi at the region of the CVJ 
includes the suboccipital cavernous sinus, verte-
bral venous plexus, and the vertebral artery 
venous plexus [17].

Cervical nerve roots requiring sacrifice must 
be ligated proximal to the dorsal root ganglion to 
avoid neuroma formation and symptoms of neu-
ralgia. The C2 nerve root is commonly sacrificed 
which may lead to occipital hypesthesia. C3 liga-
tion in isolation is generally well tolerated but C3 
and C4 injury can lead to diaphragmatic weak-
ness, especially if bilateral sacrifice of the nerves 
occurs.
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 Surgical Approaches

Surgical approach to address CVJ pathology is 
based on multiple factors including: tumor loca-
tion and extent of skull base involvement, tumor 
histology, tumor consistency, relationship of the 
tumor to the dural and neurovascular structures, 
the goal of the operation (biopsy, palliative 
decompression or complete resection), patient 
age, and CVJ stability. Complete resection may 
require multiple approaches. The three general 
surgical approaches are the dorsal/dosolateral 
approach, ventral/transoral approach, and the lat-
eral/extreme lateral/transcondylar approach. A 
few case examples are described below.

 Dorsal/Dorsolateral Approach

The approach most familiar to spine surgeons is 
the dorsal midline approach which is best used to 
address dorsal midline spinal tumors [6]. Ventral 
and lateral spine pathologies treated with a dorsal 
approach can lead to excessive spinal cord 
manipulation and neurologic injury. Extradural 
biopsies of the ventrolateral components of the 
CVJ could be considered using this approach in 

order to establish a diagnosis. A common variant 
is the dorsolateral approach, which allows for 
resection of tumor involving the ipsilateral facet, 
vertebral artery, and tumor involving the vicinity 
of the contralateral lamina. Both approaches pro-
vide the opportunity for simultaneous instrumen-
tation and fusion.

 Dorsolateral Approach: Case Example
A 55-year-old female presents with a one-year 
history of left upper extremity paresthesia and 
progressive right trunk and right lower extremity 
paresthesia. On physical examination, she has 
5/5 motor strength in her extremities and 3+ 
reflexes in the right upper and lower extremities.

MRI with and without contrast of the cervical 
spine demonstrates severe spinal cord compres-
sion and ventrolateral displacement of the spinal 
cord due to a right dorsolateral intradural extra-
medullary heterogeneously enhancing neoplasm 
consistent with a meningioma. The neoplasm lies 
adjacent to the proximal intradural portion of the 
right vertebral artery (Fig. 11.1).

Due to her progressive myelopathy and imag-
ing findings, she undergoes an occiput to C2 
posterior laminectomy for resection of intradu-
ral-extramedullary neoplasm.

a b

Fig. 11.1 (a) Postcontrast T1-weighted sagittal and (b) 
axial magnetic resonance imaging (MRI) demonstrates 
tumor and brainstem compression in the right dorsolateral 

spinal canal with severe compression of the spinal cord 
due to an intradural-extramedullary meningioma
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 Dorsolateral Approach: Surgical 
Technique
The procedure is performed with the patient 
under general anesthesia. Postpositioning 
somatosensory-evoked potentials (SSEP) and 
motor-evoked potentials (MEP) are monitored 
duration of surgery. The patient is placed in 
Gardner–Wells tongs or Mayfield head holder 
and the patient placed prone on the radiolucent 
Jackson table. The posterior neck is marked, 
prepped, and draped in a sterile fashion. A mid-
line incision is made sharply from the base of the 
occiput to C2. The subcutaneous tissue is divided 
in the midline over the base of the occiput, C1 
arch, and top of the C2 spinous process and lam-
ina. Self-retaining retractors are used to maintain 
exposure. The lateral portions of the C1 arch are 
identified and cut using a high-speed drill. Angled 
curettes are used to remove the floating C1 arch. 
The bottom of the occiput and top of the C2 lam-
ina are drilled to increase the dural exposure. An 
intraoperative ultrasound is brought into the field 
to visualize the intradural tumor and ensure that 
surgical exposure is adequate.

A midline durotomy is made and the dural 
edges are tented using 4-0 Nurolon suture. The 
arachnoid is sharply dissected off the tumor, not-
ing that the spinal cord is displaced to the left 
anterolateral aspect of the thecal sac. The intra-
dural vertebral artery is identified and carefully 
dissected free of the tumor. The tumor is circum-
ferentially dissected, separated from its dural 
base, freed from the spinal cord, and removed as 
a single specimen if possible. If the tumor cannot 
be dissected free of the spinal cord without undue 
manipulation of the spinal cord, it should be 
internally debulked with an ultrasonic aspirator 
first. The dural base of the tumor is cauterized 
with low power bipolar cautery in an attempt to 
reduce the risk of recurrence. The dura is then 
closed with running suture and a fibrin dural seal-
ant is placed. The fascia and soft tissues are 
closed in serial layers in a standard manner.

 Ventral/Transoral Approach

The ventral/transoral approach is best used for 
ventral midline extradural tumors. The transoral 

approach provides access to the ventral clivus, 
atlas, and axis about 2 cm from midline. Lateral 
dissection is limited secondary to the vertebral 
artery, eustachian tube, and hypoglossal nerve. 
Other challenges include dural closure. Infectious 
risks occur because of the contaminated orophar-
ynx. This approach is often combined with a 
second-stage posterior instrumentation and 
fusion.

 Transoral Approach: Case Example
The patient is a 35-year-old male with new onset 
severe neck pain. A CT and MRI of cervical spine 
demonstrates a pathological fracture of C2 with 
an intrinsic erosive neoplasm with epidural and 
paraspinal involvement (Fig. 11.2). A CT-guided 
biopsy reveals a chordoma. Given tissue diagno-
sis, surgical resection is indicated.

 Transoral Approach: Surgical 
Technique
The patient is placed under general anesthesia 
and remains in the supine position. The head is 
positioned in a 3-point Mayfield head fixation 
device in a gentle extension. A prophylactic tra-
cheostomy is performed for airway protection 
and to allow for adequate transoral exposure. The 
pharynx, face, and neck are prepped. A retractor 
is placed so that the midportion of C3 is visible 
caudally. In order to obtain exposure of the cli-
vus, the palate is split and a mucoperiosteal flap 
is elevated. Monopolar cautery is used to divide 
the pharynx from the level of the eustachian tubes 
to the mid portion of the C3 vertebral body. The 
submucosa and constrictors are divided. The pha-
ryngeal flaps are elevated and retracted laterally. 
For cases requiring more extensive exposure, 
mandibular splitting may be necessary.

Self-retaining retractors are placed in the oro-
pharynx and the microscope is brought into the 
operating field. Using a subperiosteal dissection, 
the longus colli muscles are dissected off the arch 
of C1, the tip of the clivus, the body C2, and the 
disc of C3. The prespinal tumor over C2 is visu-
alized. Image-guided navigation can be helpful in 
some of these cases. The lateral border of the ante-
rior arch of C1 is identified and removed using a 
high-speed drill and pituitary rongeurs. The dens 
is then dissected carefully and using an osteo-
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Fig. 11.2 C2 Chordoma (a) Postcontrast T1-weighted 
sagittal (b) axial MRI demonstrating a heterogeneously 
enhancing lytic lesion of the dens with epidural and pre-
vertebral paraspinal soft tissue tumor involvement. (c) 
T2-weighted axial MRI demonstrating the lobulated, 

hyperintense appearance of the tumor. (d) Noncontrast 
computed tomography (CT) sagittal and (e) axial lytic 
lesion involving the C2 dens and vertebral body. (f) Plain 
lateral radiographs of the anterior and posterior 
instrumentation

a b

c d
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tome, two osteotomies are made at the base of 
the dens and the ligamentous attachments, allow-
ing the dens to be removed in a single piece. The 
prespinal soft tissue tumor is debulked and care-
fully dissected off the longus colli. Osteotomies 
are made on the lateral aspect of the C2 vertebral 
body just medial to the pedicle and removed in 
a piecemeal fashion to the posterior longitudinal 
ligament. The pedicles are then resected. The 
transverse atlantal ligament is also divided and 
resected using Kerrison rongeurs. The posterior 
longitudinal ligament and ventral tumor behind 
the C2 vertebral body is removed clearing the 
ventral epidural space between the C3 endplate 
and tip of the clivus. The C3 endplate and the tip 
of the clivus are prepared for arthrodesis. Under 
direct fluoroscopy, an interbody biomechanical 
device is placed and integrated screws inserted 
into the clivus and C3 body. Final fluoroscopic 
images are obtained revealing appropriate place-
ment. The oropharynx is closed with interrupted 
Vicryl. A Dobhoff is placed under direct vision 
and a cervical collar is placed prior to reposition-
ing. The patient is then carefully placed in the 
prone position in a Mayfield head holder and the 
neck repositioned under fluoroscopy.

As is often needed with transoral resection, 
posterior stabilization is performed during the 
completion of the C2 spondylectomy. The poste-
rior neck is prepped and draped in a sterile fash-
ion. A midline incision is made sharply from the 
inion to the C6 spinous process. The subcutane-
ous tissue is divided using monopolar cautery 
from the occiput over the edge of the lateral 
masses from C1 through C5. The C2 nerve roots 
are dissected bilaterally and ligated, using bipolar 
cautery and tenotomy scissors making sure that 
the nerve roots are cut proximal to the dorsal root 
ganglia. An occipital plate is fixed to the occipital 
keel and screws placed in the lateral masses of C1 
and C3–5.

The remaining spondylectomy is then per-
formed by removing all the posterior elements 
including lamina, lateral masses/facets, and spi-
nous process of C2 using osteotomes and the 
high-speed drill to create appropriate osteotomy 
cuts. The pedicle–pars complex and superior 
articular process of C2 are removed from both 
sides by dissecting out the posterolateral aspect 
of the transverse process and removing the poste-
rior wall. The pedicle is divided using the high- 
speed drill. The pars, inferior and superior 
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Fig. 11.2 (continued)
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articular processes, and pedicle are removed sep-
arately on both sides. At this point, the entire C2 
spondylectomy is complete resulting in a gross 
total resection. The C3 nerve roots and vertebral 
arteries are carefully dissected out and protected 
during this entire procedure. Appropriately sized 
rods are measured, cut, and contoured to fit the 
occipital plate and screw heads. Posterolateral 
arthrodesis is performed with morselized 
allograft over the occiput, C1 arch, and from C3 
to C5 posterolateral regions. The wound is closed 
in layers in a standard manner.

 Lateral/Far Lateral Approach

The lateral/far lateral/extreme lateral or transcon-
dylar approach is used for intra- and extradural 
tumors (e.g., meningiomas and neurofibromas) 
of the lower clivus and upper cervical spine ven-
tral to the foramen magnum. These cases often 
have concomitant rotatory or axial pathology. 
This approach provides direct access to the ante-
rior rim of the foramen magnum without brain-
stem or cerebellar retraction. The lateral approach 
involves risk of facial nerve injury and requires 
dissection of the submandibular gland. The 
accessory nerve is identified and protected. The 
vertebral artery is also often identified on the 
superior surface of the sulcus arteriosus and 
reflected superiorly during C1 laminectomy. 
Posterior stabilization is considered if a large 
portion of the occipital condyle is resected (dis-
cussed further in surgical considerations).

 Far Lateral Approach: Case Example
A 62-year-old male presents with a 5-month his-
tory of right upper extremity paresthesia involv-
ing his hand that progressed to his left hand 
resulting in loss of hand dexterity. On examina-
tion, he was noted to have 3+ reflexes of his right 
brachioradialis.

CT and MRI of the cervical spine demon-
strates a left-sided intradural extramedullary 
tumor at the level of C1–3 with extradural 
involvement of the left C1–3 foramina. There is 
also extension of the tumor involving the V3–V4 
junction. The tumor is partially calcified with a 

significant compression of the upper cervical spi-
nal cord (Fig. 11.3).

Given his progressive symptoms of myelopa-
thy and imaging findings, the patient undergoes a 
left-sided far lateral approach for C1–3 laminec-
tomies with resection of both the intradural extra-
medullary and extradural tumor.

 Far Lateral Approach: Surgical 
Technique
Under general anesthesia, the patient is 
placed in the lateral decubitus or three-quar-
ter prone position in a Mayfield head holder. 
The head is placed in the lateral position, 
slightly rotated to the right and in flexion to 
expose the posterior neck and left suboccipi-
tal region. Postpositioning SSEPs and MEPs 
are obtained to confirm appropriate baseline 
neuromonitoring.

An inverted hockey stick incision is marked 
from the base of the mastoid to the inferior nuchal 
line just below the inion and then along the 
 midline to the C4 spinous process. Using a mono-
polar cautery, the spinous process of C2, poste-
rior arch of C1, and occiput are identified and a 
myocutaneous flap is created. The occiput, the 
left C1 arch, the left side of the C2–3 spinous 
processes, lamina and lateral masses are identi-
fied. The vertebral artery is then identified and 
carefully dissected off the sulcus arteriosus on 
the superolateral portion of the C1 posterior arch 
to protect it. An ultrasonic scalpel is used to per-
form a C1, C2, and superior portion of C3 lami-
nectomies. The epidural plexus is controlled 
using a combination of hemostatic agents and 
bipolar cautery. The C2 nerve root in this case 
was enlarged as there was a tumor extending 
extradurally through the nerve root sleeve.

An intraoperative ultrasound is used to assess 
adequate bony exposure prior to addressing the 
intradural pathology. Under the microscope, the 
dura is opened sharply in a curvilinear fashion 
with the base of the dura retracted laterally 
(Fig. 11.4). The arachnoid is opened sharply and 
the tumor is immediately identified on the ventral 
aspect of the spinal canal. The accessory nerve is 
identified using intraoperative evoked EMG 
nerve stimulation and is subsequently dissected 
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Fig. 11.3 (a) Noncontrast sagittal (b) axial cervical spine 
demonstrating a partially calcified osseous centered 
behind the axis and eccentric to the left of the spinal canal. 
Postcontrast T1-weighted (c) sagittal (d) axial (e) MRI 

angiography demonstrating a homogeneously enhancing 
extradural and intradural meningioma eccentric to the left. 
Note tumor involvement adjacent to the left vertebral 
artery

a b
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free and protected. The dorsal intradural C2 nerve 
rootlets are ligated. The dentate ligament is sec-
tioned. The rostral and caudal poles of the tumor 
are identified. The dentate ligament is elevated 
using a 6-0 prolene suture to protect the spinal 
cord during resection. The tumor is easily identi-
fied, cauterized, and debulked using an ultrasonic 
aspirator. Using microdissection techniques, the 
tumor is sharply resected from the spinal cord. 

Dural feeding vessels and the lateral surface of 
the dura is cauterized to prevent recurrence. The 
intradural component of the tumor is completely 
resected.

The extradural extent of the tumor is then 
addressed. The C2 nerve root is dissected circum-
ferentially and ligated at the normal- appearing root 
distal to the tumor. The extradural portion of the 
tumor is sectioned at the nerve root sleeve and 
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gross total resection is accomplished. After hemo-
stasis is achieved, the dura is closed with a running 
suture and the dural patch graft for a watertight clo-
sure. A dural sealant is used over the dural closure. 
The myocutaneous flap is closed in serial layers.

 Tumor Classification

 Metastatic CVJ Pathology

In patients with metastatic disease of the CVJ, 
patients are more likely to present with neck pain 
and findings of instability rather than symptoms 
of cord compression or myelopathy [10]. Surgical 
treatment is often palliative with a predilection to 
the anterior spinal elements (e.g., clivus or odon-
toid). Surgery should be reserved for patients with 

e

Fig. 11.3 (continued)
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Fig. 11.4 Intraoperative photograph of a right transcon-
dylar approach to an intradural foramen magnum menin-
gioma. Note posterior displacement of the spinal cord. (a) 
The dura (a) is reflected open to visualize the spinal cord 
(sc), foramen magnum meningioma (m), intradural verte-
bral artery (b) C2 nerve roots (c), and accessory nerve (d). 
(b) Intradural exposure after ligation of the C2 nerve 

roots. The accessory nerve (a) is reflected posteriorly. (c) 
Post-tumor resection. Note that the spinal cord (sc) has 
been decompressed falling into the surgical cavity (a). 
Additionally, note the posterior spinal artery (b) a branch 
of the vertebral artery (c). These need to be spared to 
avoid serious neurologic consequence
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more than 3 months of expected survival with the 
goals of preserving neurologic function, address-
ing instability and progressive deformity, treating 
incapacitating pain, and for long-term local tumor 
control. Given the large cerebrospinal fluid (CSF) 
space of the CVJ, patients with metastatic disease 
of the CVJ are more likely to present with symp-
toms of mechanical neck pain secondary to sub-
luxation rather than direct extension of the tumor 
against the spinal cord. In cases of instability, 
reduction and stabilization with posterior instru-
mentation has been shown to provide durable pain 
relief with neurologic preservation [5, 7]. A 
decompression (e.g., laminectomy or partial fac-
etectomy) and reconstitution of the thecal sac may 
also be needed [5]. Adjuvant radiotherapy and 
systemic chemotherapy are most frequently a 
component of the treatment algorithm.

 Primary CVJ Pathology

Surgical resection is the first line treatment for 
most primary tumors of the CVJ (hematologic 
malignancies being a notable exception). En bloc 
resection can provide prolonged disease-free sur-
vival. However, such resection is often not feasi-
ble given the anatomic complexity of the CVJ 
and the typically infiltrating nature of these 
tumors around critical structures. In patients with 
primary tumors, maximal excision is done fol-
lowed by instrumentation if needed [5]. Adjuvant 
radiotherapy often requires stereotactic ablative 
doses or alternate particle therapy (e.g., proton or 
carbon). A brief summary of a few common pri-
mary tumors of the CVJ are described below. 
Readers are directed to Chaps. 6 and 7 for a com-
plete discussion of the presentation and manage-
ment of benign and malignant spine tumors, 
respectively. Below, we discuss the specific con-
siderations for these presenting in the complex 
anatomic environment of the CVJ.

 Malignant Tumors

Multiple myeloma (MM) is the most common 
primary malignant tumor of the spine, especially 

in the upper cervical spine and skull [18]. MM 
arises from an abnormal proliferation of plasma 
cells. Patients most often present with mechani-
cal axial neck pain secondary to osseous involve-
ment or instability rather than cord compression 
or acute neurologic deficits. CT imaging can 
demonstrate punched out lesions, osteopenia, and 
fractures. An MRI may be useful to evaluate epi-
dural extension into the spinal canal. Surgical 
intervention is reserved for patients with clinical 
instability or neurological compressive syn-
dromes. Systemic treatment includes chemother-
apy and radiation along with bisphosphonates. 
Median survival is variable but ranges from 2 
years to more than 10 years [18].

Chordoma is the second most common pri-
mary tumor of the spine and is commonly diag-
nosed in the fifth and sixth decades of life. 
Chordomas are malignant tumors arising from 
remnants of the primitive notochord [19]. 
Although most common in the sacrum, about 
30% will arise in the skull base (e.g., clivus) and 
about 15% will arise in the C1–2 region of the 
cervical spine. When involving the CVJ, chordo-
mas frequently cause neck pain, cranial nerve 
deficits, myelopathy, or a symptomatic retropha-
ryngeal mass. These lesions are slow growing 
and hence at the time of diagnosis, are often 
extensive. En bloc resection is the main treatment 
option as these tumors are radioresistant. More 
than 50% of patients have destruction of the 
occipital condyle and atlantal masses at time of 
diagnosis [20]. En bloc resection is the main 
treatment option as these tumors are radioresis-
tant [21]. Adjuvant proton beam therapy is often 
employed following surgery and newer treatment 
regimens may include neo-adjuvant radiotherapy 
[22]. Recent prospective trials have included 
patients undergoing proton beam therapy as 
definitive-intent therapy in nonsurgical patients 
with local control. In these cases, stabilization 
may be the only indication for surgery [23]. 
Death is most likely to occur from a recurrent 
tumor rather than metastasis.

Osteosarcoma most commonly occurs in the 
second to third decade of life. These tumors are 
locally aggressive tumors that typically affect 
the appendicular skeleton. Only 3–5% of osteo-
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sarcomas affect the axial skeleton with no par-
ticular region of preference. They are locally 
aggressive tumors. When involving the CVJ, 
patients commonly present with focal pain and 
less likely neurologic symptoms. CT will dem-
onstrate lytic patterns. PET scan demonstrates 
increased uptake due to bone turnover. 
Aggressive en bloc surgical resection followed 
by chemotherapy is needed for a potential cure 
as these tumors are generally radioresistant. 
Survival is around 2 years depending upon the 
extent of the disease [24].

 Benign Tumors

Readers are directed to Chap. 6 for a complete 
discussion of the presentation and management 
of benign spine tumors. Below we will discuss 
the specific considerations for these presenting in 
the complex anatomic environment of the CVJ.

Aneurysmal bone cysts (ABCs) are benign 
vascular expansile tumors that most commonly 
occur in the second to third decade of life with a 
predilection for females. ABCs comprise about 
15% of primary spine tumors with approximately 
30% occurring in the cervical spine and 16% in 
the atlantoaxial spine. ABCs have a predilection 
for the posterior elements [25]. Although benign, 
these tumors can grow rapidly and cause bone 
destruction. CT findings may include a thin corti-
cal shell with a highly vascular honeycomb cen-
tral cavity. Radiographic findings of ABC 
involving the CVJ include the posterior atlas 
cyst, odontoid fracture, and vertebral body col-
lapse. MRI may identify fluid–fluid levels which 
is characteristic for an ABC. Nonsurgical treat-
ment options include percutaneous doxycycline, 
bisphosphonates, and radiotherapy although 
these case series’ and results are limited [26]. 
Definitive surgical resection can be curative and 
residual tumor has a high recurrence rate. 
Preoperative embolization may be helpful as 
these tumors are hypervascular [20].

Eosinophilic granulomas (EG) is most com-
monly diagnosed in the first decade of life, rarely 
involving the spine. X-ray or CT images demon-
strate vertebrae plana or lytic vertebra destruction 

with vertebral body collapse. MRI will often be 
isointense on T1 and hyperintense on T2. Patients 
commonly present with pain and most patients 
may present with neurologic deficit. In cases of 
atypical lytic lesions, CT-guided biopsy may 
need to be considered to differentiate between 
plasmacytoma, osteochondritis, and Ewing’s sar-
coma. Systemic forms of EG include Letterer- 
Siwe and Hand-Schuller-Christian disease which 
require aggressive treatment. Adjunct treatment 
strategies are unclear but low dose radiation and 
chemotherapy may be effective [27].

Osteoid osteomas are benign expansile lytic 
lesions with sclerotic margins. They are of osteo-
genic origin and localize to the cervical and lum-
bar spine. Percutaneous thermal ablation is a 
potential treatment option. Osteoblastomas are 
larger and generally more aggressive than oste-
oid osteomas with a potential for malignant 
transformation if not adequately resected. 
Osteoblastoma occurs in adolescents and young 
adults with a predilection for the posterior spinal 
elements, including the lamina and pedicle. The 
lesion is typically osteolytic with soft tissue 
expansion often involving the spinal canal. When 
in the cervical spine, patients most commonly 
present with unusual neck pain, painful torticol-
lis, and reduced range of motion. Primary treat-
ment is complete resection with favorable 
outcomes. Aspirin may help with long-term bone 
healing in patients with osteoid osteoma [25]. 
Osteochondromas arise as an epiphyseal hernia-
tion of displaced cartilage forming a cartilagi-
nous cap. Although this benign lesion most 
commonly involves the appendicular skeleton, 
up to 4% of cases involve the spine. Spinal 
osteochondromas most commonly occur at tran-
sitional levels with reports of up to 43% in the 
atlantoaxial region [25].

Foramen magnum meningiomas account for 
up to 3% of all meningiomas and are most com-
monly diagnosed in the fifth decade of life. On 
CT, meningiomas often can demonstrate find-
ings of hyperostosis, diffuse dural thickening, 
enlargement of meningeal channels, and calcifi-
cation. Meningiomas are often isointense on 
MRI, but enhance avidly on postcontrast gado-
linium studies. Controversies exist regarding 
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optimal surgical position and approach but the 
goal of surgery is complete resection during the 
initial operation. These tumors often involve the 
vasculature (e.g., extradural or intradural verte-
bral artery) and multiple cranial nerves, espe-
cially IX–XII.  Postoperative radiation is rarely 
used given the proximity to important neurologi-
cal structures except in higher grade meningi-
oma (e.g., atypical or anaplastic) [20, 28].

 Instrumentation and Fusion

With the evolution of spinal instrumentation, 
aggressive resection and stabilization has become 
a feasible and durable option for patients with 
oncologic CVJ pathology. The opportunity for 
extensive resection while maintaining neurologic 
stability has been successful with and without 
adjunctive chemotherapy and radiotherapy [5, 7, 
13, 16, 17].

Instability in this region can be due to tumor 
destruction or as a result of bone removal for 
tumor resection. Assessing instability of the CVJ 
is determined by a combination of clinical status 
and radiographic findings which includes degree 
of subluxation, angulation (>11 degrees), and 
displacement (>5 mm). Appreciation of the bio-
mechanical properties of the CVJ also aids in the 
surgical decision making. Several case series 
have demonstrated either improvement or main-
tenance of neurologic function and improvement 
in neck pain in patients undergoing stabilization 
for instability secondary to neoplasms of the CVJ 
[5, 7, 14, 29–31].

In the past, fusion techniques of the CVJ ini-
tially involved contoured loop instrumentation and 
braided titanium cables [14, 29]. With the develop-
ment of more recent spinal instrumentation, there 
are fewer complications, longer maintenance of 
alignment, and higher fusion rates with occipital 
plate and screw constructs. Biomechanical studies 
have showed increased stiffness with the screw-
occipital plate techniques when compared to prior 
wiring techniques [32–34]. Additionally, with 
newer modifications of instrumentation, such as 
the multiaxial screw, the articulating saddle of the 
screw head, and lateral offset connectors, have 

provided a greater degree of screw head angula-
tion and easier rod placement.

Occipital screw and plate fixation is one of the 
stiffest biomechanical instrumentation options of 
the entire spine. Optimizing screw placement is 
crucial to enhancing stiffness and potential fusion. 
Occipital screws should be placed in the thickest 
part of the occipital keel, inferior to the superior 
nuchal line and as close to the midline as possible. 
Anatomical studies have determined that the 
occipital screw length should be 8–12  mm in 
length, given the thickness of the occipital midline 
keel is approximately 8 mm and the buttress plate 
3–5 mm in thickness. Screws should be placed in a 
bicortical fashion as the pullout strength is 50% 
more than that of the unicortical purchase [35]. If 
screws are placed lateral to the midline keel, the 
drill may pierce the bone at a shorter length. 
Laterally placed screws may reduce screw load 
with lateral bending and increase the moment arm, 
hence decreasing fusion rate [36–38].

C1 lateral mass and C2 instrumentation may 
not always be feasible given rod placement and 
osseous lytic destruction by the tumor. Additional 
fixation options include the pars or pedicle screws 
at C2, lateral mass screws in the subaxial spine 
and pedicle screws in the thoracic spine. Ideally, 
the shortest construct is desired but there should 
be at least four points of fixation below the 
resected level. In patients with poor bone quality, 
osteoporosis, or multiple areas of subaxial dis-
ease, longer constructs may be needed to main-
tain stability and aid in fusion [5].

With occipital plate and screw constructs, 
fusion rates have been reported in small patient 
series to range from 89% to 100%. Structural 
autograft (e.g., rib) or allograft is often used to aid 
in fusion [17]. Zou et  al. reported 100% fusion 
rate at 6 months in 24 patients with oncologic dis-
ease of the CVJ requiring instrumentation [21]. In 
a single cohort of 120 patients with a mean fol-
low-up of 35  months, Martinez et  al. reported 
89% fusion rate in 107 patients undergoing OC 
fusion, in which 10 patients were lost to follow-up 
[34]. Improvement in VAS neck pain scores, sta-
bility, and improved neurologic function have 
been reported after stabilization in patients with 
neoplasms involving the CVJ [5, 31, 33].
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 Surgical Complications, 
Management, and Avoidance

The development of improved surgical tech-
niques and modified approaches have signifi-
cantly decreased the overall morbidity and 
mortality of tumor surgery involving the 
CVJ. However, given the anatomic complexity of 
the CVJ, careful evaluation of the neurovascular 
anatomy on preoperative imaging is vital to help 
prevent a potential catastrophic injury.

Iatrogenic vertebral artery injury ranges from 
0.5% to 4.1% in patients undergoing both ante-
rior and posterior cervical approaches, respec-
tively [10, 39]. In patients undergoing anterior 
cervical surgery, 14% of iatrogenic vertebral 
artery injuries occur in the setting of cervical spi-
nal tumors [39]. Congenital anomalies on preop-
erative CT or MRI may raise suspicion of an 
abnormal vertebral artery anatomy and the need 
to pursue further vascular imaging (i.e., CTA, 
MRA, or DSA). During anterior approaches to 
the cervical spine, lateral dissection is a major 
contributor to vertebral artery injury. During lat-
eral or posterior approaches to the cervical spine, 
screw placement during instrumentation is vital 
to avoid vertebral artery injury. Transarticular 
screw fixation carries the highest risk of iatro-
genic vertebral artery injury [10]. If brisk arterial 
bleeding is identified during an anterior or poste-
rior cervical approach, temporary clips may be 
applied and primary repair attempted. Surgical 
ligation or tamponade with pressure or screw 
placement may be used on a more urgent basis 
but has a high rate of pseudoaneurysm [39]. It 
may be prudent to perform a preoperative angio-
gram and balloon occlusion test prior to surgery 
if there is high suspicion of potential vertebral 
artery involvement.

Often a significant amount of venous bleeding 
can occur during posterior dissection of the 
CVJ.  This is especially true in the setting of 
venous hypertension which is exacerbated by 
patient positioning (i.e., prone position with neck 
flexion). Venous bleeding can be controlled with 
thrombin-soaked gel foam and packing. 
Aggressive cauterization during exposure can 
help avoid iatrogenic vertebral artery injury.

Tumors of the CVJ often involve the basilar 
and /or vertebral artery and its branches. Vascular 
spasm often occurs in a delayed fashion after pro-
longed operations with significant neurovascular 
manipulation. Although gross total tumor resec-
tion is often a major goal of the operation, it is 
often necessary to leave the residual tumor on a 
diseased vessel wall, rather than induce a neuro-
logic or vascular injury. In the setting of vascular 
spasm, elevating the mean arterial pressure and 
administration of calcium channel blockers are 
initial treatment options. Endovascular angio-
plasty may be an option in advanced cases. 
(Alotaibi)

CSF dynamics may change after intradural 
tumor resection of the CVJ.  Postoperative 
sequelae include pseudomeningocele forma-
tion, CSF leak, and hydrocephalus. CSF leak 
and pseudomeningocele may be due to inade-
quate dural closure or underlying hydrocepha-
lus. Obstructive hydrocephalus is most likely 
due to an acute etiology (i.e., subarachnoid 
hemorrhage in the cisterns/foramen magnum) 
whereas communicating hydrocephalus may 
present in a delayed fashion. The risks of post-
operative CSF leak are decreased with a water-
tight dural closure, replacement of the bone flap, 
the use of dural sealant, and fat graft. If adequate 
dural closure is unable to be performed, imme-
diate lumbar drain should be considered. If per-
sistent CSF leaking occurs despite lumbar drain 
placement, surgical exploration is often 
required. The need for permanent CSF drainage 
may be needed depending on evidence of reac-
cumulating CSF or persistent leaking. 
Meningitis is often a complication of CSF leak 
which is increased with a transoral approach. A 
well vascularized reconstruction may be neces-
sary to aid with wound closure. Antibiotic cov-
erage should be considered.

 Additional Considerations

Radiation treatment strategies have also evolved 
in the treatment of CVJ pathology. External 
beam radiation therapy (EBRT) has been used 
for the treatment of metastatic disease of the 
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CVJ. In a cohort of 25 patients with radiosensi-
tive tumors of the CVJ, median survival rate in 
patients undergoing surgery plus radiotherapy 
was 16 months vs. 5 months with EBRT alone. 
This finding was attributed to selection bias as 
patients who had widely metastatic disease or 
were too sick to undergo surgery were more 
likely to undergo radiation alone [7]. Stereotactic 
radiosurgery (SRS) provides high energy radia-
tion to isolated lesions in the spine. It has been 
shown that SRS may improve local tumor con-
trol with lower complication rates in patients 
with metastatic spinal disease compared to 
EBRT [40]. Tuchman et al. reported on a series 
of nine patients with metastatic disease to CVJ 
undergoing SRS with a median survival of 
4  months and none of these patients required 
subsequent surgery [41]. In one of the largest 
published series to date of patients undergoing 
SRS for neoplasms of the CVJ, Azad et al. retro-
spectively reviewed 25 patients with metastatic 
spine disease to the CVJ. All patients were stable 
based on the Spinal Instability Neoplastic Score 
(SINS) and thus did not require stabilization 
prior to surgery. All 25 patients received SRS 
and only two patients required surgical interven-
tion post-SRS to stabilize the spine. They con-
cluded that SRS can provide palliative pain relief 
with little morbidity in patients without cervical 
instability [42].

 Conclusion

Neoplasms of the CVJ require prompt diagnosis 
and careful implementation of a treatment strat-
egy. Treatment is driven by histologic diagnosis, 
tumor location, and involvement of local anat-
omy, neurologic status, and pain. Identifying 
appropriate surgical goals and determining the 
appropriate surgical approach remains the foun-
dation of successful treatment. Modern surgical 
techniques and spinal instrumentation as well as 
advanced radiotherapy options have all enhanced 
our ability to achieve higher rates of tumor con-
trol/cure, satisfactory clinical outcomes, and the 
successful rates of fusion in this highly complex 
anatomic location.
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 Introduction

Spinal metastatic disease has increased in fre-
quency over the last two decades, in concert with 
improved treatment modalities and enhanced 
patient survival, overall [1–3]. The annual inci-
dence of new cases of spinal metastases is now 
estimated at 20,000 and there are approximately 
over five million patients living with this spinal 
disorder at present in the United States [1–3]. 
Following the diagnosis of spinal metastatic dis-
ease, patients, their families, and clinicians are 
confronted with numerous challenges including 
formulating a treatment plan, making decisions 
regarding surgery, and coordinating expeditious 
care delivery [1–5]. These factors are frequently 
compounded by the enormous emotional weight 
and clouded judgment that can follow in the wake 
of a new diagnosis of spinal metastases, not to 
mention clinical deterioration and consequent 
impact on independent function and quality of 
life [1, 5].

Within 1 year of a diagnosis, nearly half of all 
patients with spinal metastases may have died 
and the post-treatment complication rate follow-
ing surgery is generally reported in the range of 

20–40% [6, 11]. Unfortunately, recent estimates 
reveal that morbidity following nonoperative care 
is often not significantly different from that of 
surgery, although the complication profile is 
altered [5]. In the setting of a new diagnosis of 
spinal metastases, patients and their clinicians 
have a shared goal of initiating the most appro-
priate and efficient treatment regimen capable of 
maximizing quality of life, mitigating disease 
progression, and minimizing the potential for 
post-treatment morbidity and clinical deteriora-
tion. Depending on a variety of factors, including 
the primary cancer diagnosis, extent of metastatic 
spread, medical comorbidities, nutritional status, 
and functional capacity, the outlook for patients 
with spinal metastases can be dramatically differ-
ent, as can the selected treatment modalities used 
to support their care [1, 5]. Approaches to man-
agement have changed fairly rapidly in the last 
two decades commensurate with advances in 
oncology, medical management, operative tech-
niques and understanding regarding the impact of 
spine surgical intervention on ambulatory func-
tion and longevity [1, 3]. Since the publication of 
the randomized trial of Patchell et  al. in 2005 
[12], spine surgical intervention has been increas-
ingly accepted as a viable treatment option for 
patients with metastatic disease, especially in the 
event of pathologic fracture or epidural compres-
sion [1, 3]. Emerging literature has also identified 
that patients with certain types of primary cancer 
and independent functional ability at the time of 
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presentation may benefit more from operative 
intervention than nonsurgical care [5, 13].

The challenge confronting clinicians at the 
time of patient presentation is to meaningfully 
convey anticipated longevity and the risks and 
benefits of various treatment approaches to indi-
viduals and their families such that an informed 
decision regarding initial treatment strategy can 
be made. Patients who stand to tolerate surgery 
the best might also benefit from nonoperative 
care without the attendant risks of surgery [1, 5]. 
At the same time, if initial nonsurgical care fails 
and operative treatment is performed at a later 
date, outcomes including survival and the risks of 
post-treatment morbidity may be compromised 
[1, 13]. The most efficient means of conveying 
estimates and anticipated outcomes to patients 
and families is through prognostic models or 
scoring systems which have gained increased 
popularity in the last 5–10 years [14–20]. These 
tools are not always appropriate for specific indi-
viduals; however, many of the scoring systems 
available have not been independently validated 
[1, 14]. Some were not even developed for the 
specific purpose of prognosticating outcomes in 
all clinical contexts, and real-time clinical deter-
minations may be specious as a result. The goal 
of this chapter is to present important consider-
ations for discussing prognosis and making rec-
ommendations regarding treatment for patients 
with spinal metastases, including the appropriate 
selection and application of existing prognostic 
measures and scoring systems.

 General Considerations

The ideal prognostic tool is easy to use and 
understand for clinicians at all levels of training/
experience, patients, and family members [1, 14]. 
In addition, the tool should be generally applica-
ble to all patients with spinal metastatic disease, 
inform clinical care and/or anticipated outcomes, 
and be independently validated in the population 
in which it is being applied. Unfortunately, very 
few (if any) of the current systems available truly 
meet these criteria in full [1, 14, 21].

Most were developed in curated populations 
(single practice, only operative cases, specific 
primary tumor types, etc.) and few have under-
gone rigorous external validation. For example, 
the Spinal Instability Neoplastic Score (SINS) 
was developed for the purposes of forecasting 
instability in the setting of spinal metastases, not 
survival or other outcomes following treatment 
[14]. As such, clinicians should review the 
parameters of the specific scoring systems, the 
populations used in their development, and the 
means by which they were created, before apply-
ing them in direct patient care [1]. The clinical 
and sociodemographic characteristics of the 
patient in whom the prognostic tool is being 
applied should generally appear similar to the 
individuals in which the score was developed (as 
reported in the literature). While numerous scor-
ing systems and predictive tools abound [14, 21], 
including emerging ‘plug and play’ machine 
learning platforms [17, 18], this chapter focuses 
on the most widely investigated utilities: the 
Tokuhashi Score, the Tomita Scale, the Spine 
Oncology Research Group (SORG) nomogram, 
and the New England Spinal Metastasis Score 
(NESMS), which incorporates the modified 
Bauer system.

 The Tokuhashi Score

This utility was among the first spinal metastatic 
scoring systems developed and is probably the 
most widely studied as a result [14, 22]. First 
published in 1990, the score was revised in 2005 
and takes into account general function as mea-
sured by performance status, primary tumor, 
extent of metastatic spread, and neurologic 
involvement. The score ranges from 0 to 15, with 
higher scores being more favorable (Table 12.1). 
There are appendant estimates of survival that are 
primarily intended to inform whether surgery 
could/should be offered. The score was not devel-
oped or advertised as a means to inform other 
aspects of patient care. It has also not been inde-
pendently validated using rigorous methodologic 
techniques [14].
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Perhaps due to its longevity, the score has 
gained wide recognition and general acceptance 
in the literature [14]. It can serve as a useful step-
wise construct for processing the factors neces-
sary to determine a treatment regimen for patients 
with spinal metastases. The scoring system is 
cumbersome, however, and may be difficult to 
apply and understand, especially for nonsurgeons 
and patients. Metastatic disease in other organs is 
graded as absent, resectable, or unresectable, and 
information such as treatment approach for non-
spinal metastases could be difficult to accurately 
determine at the time of presentation, or when the 
score is being calculated. The point derivations 
may also not be accurately weighted.

The score has not always performed well in 
confirmatory research, with a reported accuracy 
widely ranging from 39% to 88% [14]. 
Importantly, the higher estimates are derived 
from Tokuhashi’s own group and may reflect 
concerns for expertise bias or other confounding 
due to intimate familiarity with the scheme’s 
application. Moreover, some have raised the pos-
sibility that the Tokuhashi score is not useful in 
prognosticating outcomes in patients with lung 
cancer or myeloma [14, 23–25]. In a systematic 
review, Cassidy et al. maintained that the tool is 
more useful for patients anticipated to survive 
for a period of 1-year or longer based on their 
clinical presentation, as opposed to individuals 
with shorter anticipated longevity [14]. In a 
comparative study published by Ahmed et  al. 
using patient data collected from Johns Hopkins 
University, the revised Tokuhasi score was deter-
mined to be inferior to the original scheme and 
did not have sufficient accuracy regarding pre-
dicting survival at 30-days, 90-days, and 1-year 
following surgery [19]. Similarly, in recent work 
conducted among 1400+ patients collected from 
different centers, the Tokuhashi score failed to 
achieve the performance threshold deemed nec-
essary by the authors to be designated a good 
predictive tool [20].

 The Tomita Scale

The Tomita Scale was published in 2001 and is 
among the mostly widely utilized scoring systems 
for spinal metastatic disease at present [26]. This 
stems from the fact that several studies have sup-
ported its use in the past, the system incorporates 
fewer variables, and is easier to apply as com-
pared to the more cumbersome Tokuhashi system 
[14]. The Tomita Scale develops a score based on 
the growth rate of the primary tumor (classified as 
slow, moderate, or rapid), the number of visceral 
metastases, and the number of bone metastases 
(Table 12.2). The scale ranges from 2 to 10 with a 
relative weight applied for each variable and 
higher scores indicative of a worse prognosis. 
Appendant survival estimates also exist for vari-

Table 12.1 The Tokuhashi scoring system

Characteristics Points
Performance status
Poor: 10–40% 0
Moderate: 50–70% 1
Good: 80–100% 2
Extraspinal metastases
3 or more 0
1–2 1
0 2
Number of vertebral metastases
3 or more 0
2 1
1 2
Metastases to other organs
Not resectable 0
Resectable 1
Absent 2
Neurologic function
Frankel A or B 0
Frankel C or D 1
Frankel E 2
Primary cancer
Lung, osteosarcoma, 
gastric, bladder, pancreas

0

Liver, gallbladder, unknown 1
Other 3
Renal, uterine 4
Thyroid, breast, prostate, 
carcinoid

5

Total score Predicted survival
0–8 Less than 6 months
9–11 Greater than 6 months
12–15 Greater than 1 year
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ous derivations of the score, ranging from 
<3 months for those with 8–10 points to >2 years 
for individuals with a score of <4.

The Tomita system is advantaged by reliance 
on easily accessible data, fewer data points, and 
easier comprehension among nonsurgeons and 
nonclinicians. The scheme does not take into 
account symptoms at presentation or the patient’s 
functional capacity. It also does not account for the 
integrity of the spinal column or the epidural 
space. The anticipated growth rate of certain tumor 
subtypes may also not be readily apparent or prone 
to misclassification, especially in the context of 
end-stage disease such as metastatic spread.

The most damaging critique of the score, how-
ever, is that it was designed in the setting of a 
retrospective review of 67 patients treated in a 
single practice [26]. The methodology employed 
in the development of the original score was such 
that findings may be parochial to the clinical con-
text in which the data were developed and other 
determinations could be spurious [1, 14]. As a 
result, and perhaps not surprisingly, the score has 
been reported to have suboptimal reliability. 
Similar to the Tokuhashi system, some authors 
have cautioned that the system does not predict 
well for certain types of primary cancer [24, 25] 
and in head-to-head comparison, the Tokuhashi 
score has generally outperformed the Tomita 
Scale [14, 19]. Choi et al. reported that the Tomita 
Scale performed comparably to the Tokuhsahi in 

their prospective international study of 1469 
patients, but cautioned that neither met the crite-
ria for a good predictive tool [20]. In the work of 
Ahmed et  al., however, the Tomita system was 
among the worst performers overall, as well as in 
the specific subcategories of breast, lung, pros-
tate, renal cell, and all nonhematologic malignan-
cies [19]. Conversely, in the study of Choi and 
colleagues, the Tomita system was one of the bet-
ter performing scoring systems [20].

 Spine Oncology Research Group 
(SORG) System

In 2016, the Spine Oncology Research Group 
(SORG) published a utility based on machine 
learning platforms, which has subsequently 
undergone fairly intense investigation and revi-
sion [11, 17, 18]. In general, the SORG scheme 
and its derivatives (including the nomogram) 
account for a variety of patient-specific factors 
including age, performance status, primary can-
cer, number of spinal, and other nonosseous 
metastases, prior systemic therapy, white blood 
cell, and hemoglobin counts (Table  12.3) [11, 
17–19]. Most notably, the system does not 
address symptoms at presentation or physical 
function. It is also unclear at what time-point the 
measured laboratory values should be applied. 
Presumably, these would be at presentation or 
when the score is calculated. But such laboratory 
values can vary substantially, even within the 

Table 12.2 The Tomita scoring system

Characteristics Points
Primary tumor
Slow growth 1
Moderate growth 2
Rapid growth 3
Bone metastases
Solitary 1
Multiple 2
Visceral metastases
Treatable 2
Not treatable 4
Total score Predicted survival
2–3 Greater than 2 years
4–5 1–2 years
6–8 6–12 months
9–10 <3 months

Table 12.3 The Spine Oncology Research Group 
(SORG) system

Characteristics Points
Age 65 or older 1
Performance status of 3–4 2
Primary tumor is other than breast, renal, 
lymphoma or myeloma, prostate or thyroid

2

More than one spinal metastasis 1
Lung or liver metastases 1
Brain metastases 2

Modified Bauer score ≥3 2

Prior systemic therapy 2

Hemoglobin level ≤10 g/dL 1

White blood cell count ≥11 1
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span of a few days and it is unclear if alterations 
(or corrections) in these data should influence the 
score or otherwise alter its prognostic capacity.

The SORG system includes several variables, 
but in general, these are readily understood by 
clinicians, nonsurgeons, patients, and family 
members alike. The automated SORG calculator 
also makes determining the score more user- 
friendly and its application may be scalable to 
most centers that treat patients with spinal meta-
static disease. It should be noted that the SORG 
nomogram is a specific tool which was developed 
using machine-learning models, but the instru-
ment and the machine learning models them-
selves are not equivalent.

In the work of Ahmed et al., conducted among 
176 patients treated at a single center, the SORG 
nomogram was reported to be the most accurate 
at predicting mortality at 30-days and 3-months 
following surgery, but was outperformed at 
1-year by the original Tokuhashi Score [19]. In 
subset analysis, the SORG nomogram appeared 
to perform more favorably in the context of 
patients with lung cancer and hematologic malig-
nancies [19]. Outside of prognosticating survival, 
the ability of the SORG system to directly inform 
patient care has not been well characterized [1].

 The New England Spinal Metastasis 
Score (NESMS)

At the same time as the SORG was being devel-
oped, a consortium of four academic medical cen-
ters in New England collaborated to develop the 
New England Spinal Metastasis Score (NESMS) 
[6–8]. This system was specifically intended to be 
user friendly, easily understood by providers and 
patients, and clinically applicable to the prognosti-
cation of outcomes in patients treated operatively 
and nonoperatively [7]. The NESMS relies on the 
modified Bauer Score as a base to characterize the 
primary tumor characteristics and extent of the 
tumor burden. The modified Bauer Score alone is 
one of the more widely used systems for grading 
metastatic disease but has been criticized for poor 
performance in populations with spinal metastases 
and insufficient detail specific to directing patient 

care [14]. The NESMS attempted to correct some 
of these issues by including assessments for ambu-
latory function (intended to account for serious 
neurologic issues in conjunction with functional 
ability) and serum albumin (as a proxy of nutri-
tional status and capacity to tolerate treatment, 
including surgery) [7, 8]. Individual performance 
for each measure was used to develop a final 
weighted point system that ranged from 0 to 4 with 
higher scores indicative of more favorable patient 
states (Table  12.4). The modified Bauer Score 
was dichotomized as high or low, with 2 points 
designated for scores ≥3. Independent ambula-
tory function and serum albumin at presentation 
≥3.5 g/dL were also eligible for one point each. 
The score, however, is capped at 3, such that 
patients with a high modified Bauer Score and 
either one of the other positive general health attri-
butes are considered the same as patients having 
all three positive characteristics [7, 8].

The NESMS was originally developed using 
1-year survival as the outcome of interest [8]. In 
subsequent analysis using data from the National 
Surgical Quality Improvement Program (NSQIP), 
the score was found to adequately predict 30-day 
mortality, major systemic complications, and fail-
ure to rescue (a measure of the likelihood of mor-
tality following development of a sentinel 
complication event) [7]. As compared to patients 
with the worst score of 0, those with a NESMS of 
1 were found to have a 64% reduction in the likeli-

Table 12.4 The New England Spinal Metastasis score

Characteristics Points
Modified Bauer score
No visceral metastases (1 point) –
Primary tumor is not lung cancer (1 point) –
Primary tumor is breast, renal, lymphoma or 
myeloma (1 point)

–

Single skeletal metasasis (1 point) –

Modified Bauer score ≤2 0

Modified Bauer score ≥3 2

Ambulatory function
Dependent ambulatory/nonambulatory 0
Independent ambulatory 1
Serum albumin
<3.5 g/dL 0
<3.5 g/dL 1
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hood of mortality, 70% reduction in odds of com-
plications, and 58% reduction in the likelihood of 
failure to rescue. Individuals with a score of 2 
demonstrated an 81% reduction in mortality, 70% 
declination in complications, and similar reduc-
tion in the chance of failure to rescue. With the 
highest score of 3, patients were found to have an 
89% decrease in the likelihood of mortality, 88% 
reduction in the odds of failure to rescue, and 74% 
decrease in the likelihood of complications [7].

The NESMS was independently validated and 
found to adequately predict outcomes in a cohort 
of patients receiving surgery at Johns Hopkins 
[10]. Most importantly, the scoring system was 
also found to perform successfully in patients 
treated nonoperatively for spinal metastatic dis-
ease [9]. At the present time, prospective obser-
vational work is being completed with the intent 
of validating the NESMS score and comparing its 
performance to other commonly employed prog-
nostic tools [1].

The advantages of the NESMS include its 
independent external validation, reliance on a 
limited number of variables that are easy to 
obtain and comprehend, ability to inform care 
and expectations beyond that of survival, and 
applicability to patients receiving operative and 
nonoperative treatment. A key limitation consists 

of the fact that head-to-head comparisons of the 
NESMS with other scoring systems are not yet 
available in the literature. The NESMS is also 
unable to inform surgical approach or the ideal 
procedure if surgery is selected.

Recent work has delineated the importance of 
baseline laboratory values at presentation beyond 
albumin, such as measures of inflammation (e.g., 
platelet-lymphocyte ratio), serum creatinine, and 
serum glucose as mediators of outcome [4, 27]. 
Once the true value of these laboratory factors in 
forecasting outcomes is defined to a greater extent, 
their incorporation into existing scoring systems 
such as the NESMS may become necessary.

 Case Example

To demonstrate a comparison between the vari-
ous scoring utilities and how these may, or may 
not, prove useful in direct application to patient 
care; consider the case of a 72-year-old female 
who presented with prior history of lung and 
breast cancer, both in remission for several years. 
She presented with relatively new onset back and 
lower extremity pain, including radiation in an 
L2–3 distribution in the right leg. Magnetic reso-
nance imaging of the spine (Fig. 12.1) revealed 

a b

Fig. 12.1 Sagittal reconstruction (a) and axial (b) sections 
at the level of the L2 vertebra from a magnetic resonance 
imaging study of a 72-year-old female with back and lower 
extremity symptoms, including radiation in an L2–3 distri-

bution in the right leg. Magnetic resonance imaging 
revealed metastatic involvement of the L2 vertebral body, 
pedicle, and right-sided posterior elements with some epi-
dural extension and compression of the lateral recess (b)
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metastatic involvement of the L2 vertebral body, 
pedicle, and right-sided posterior elements with 
some epidural extension and compression of the 
lateral recess. Biopsy confirmed metastatic squa-
mous cell carcinoma of the lung. Gastrohepatic 
and portocaval involvement were also detected 
during staging studies performed subsequently. 
The patient was independently ambulatory at the 
time of presentation with an albumin of 4.0 g/dL, 
a white blood cell count of 9.34, and a hemoglo-
bin of 11.9.

Given these parameters, she would receive 
a Tokuhashi score of 5, a Tomita score of 6, a 
SORG score of 6, and a NESMS score of 2. 
Based on the Tokuhashi score, the patients 
estimated survival would be anticipated at 
<6 months, but would stand at 1–2 years per the 
Tomita grade. Taking into account the SORG 
and Tomita scores, she would be considered a 
reasonable surgical candidate, but less so based 
on the Tokuhashi determination. Using the 
NESMS score, she would perhaps be consid-
ered a reasonable candidate for surgery with a 
54% estimated survival at one-year. Near-term 
prognostications based on the NESMS score 
would include 7% chance of 30-day mortality, 
9% major complications, and 17% chance of 
readmission following surgery.

After considering operative and nonoperative 
treatment, the patient decided to proceed with 
spinal radiation in combination with carboplatin, 
taxol, and pembrolizumab. Following radiation, 
the patient’s lower extremity symptoms and back 
pain resolved and she did not develop instability, 
pathologic fracture, or require later spine surgery. 
One year after diagnosis, the patient remains on 
pembrolizumab with low levels of back pain and 
she ambulates without assistive device.

In this particular example, the Tokuhashi score 
underestimated the patient’s prospects for sur-
vival, while more reasonable determinations 
were generated by using the Tomita and SORG 
systems. Only the NESMS tool was able to pres-
ent estimates to the patient of anticipated out-
comes beyond survival in the near-term, with 
additional predictions regarding the prospect of 
mortality out to 1 year.

 Applying Prognostic Tools 
in the Clinical Context

At this time, there are several prognostic utilities 
and scoring systems intended to facilitate treat-
ment for patients with spinal disease, including 
many that have not been discussed in this chapter 
[14]. As the above case illustrates, beyond pro-
viding a structured rubric around which to dis-
cuss important factors for decision-making, the 
different scoring schemes may not be congruent 
and estimates can certainly be incorrect [1, 14, 
19–21]. Disagreements in reliability may stem 
from differences between the populations from 
which the scores were developed and the context 
in which they are being applied, advancements in 
oncology, radiation, and surgical care in the pres-
ent day, clinical realities at the time a scoring sys-
tem was developed, and other (unmeasured) 
factors that may be important to prognosis and 
are not encapsulated in the scoring system 
employed [1, 14, 20].

Furthermore, putative validation studies may 
not be true efforts that independently verify the 
integrity of a scoring system, particularly if they 
are not well designed and subject to rigorous 
methodologic considerations [1]. At best, retro-
spective case series without adequate adjustment 
for selection, indication, and information (not to 
mention expertise) bias can at best support the 
use of a scoring rubric in the clinical context in 
which the study was performed. At worst, such 
investigations are nothing more than an assess-
ment of how well the authors are able to align 
their scoring regimen and clinical practice with 
those who developed the prognostic tool in the 
first place.

Cassidy et  al. have suggested that the rapid 
advances in clinical medicine at present render 
any prognostic score potentially outdated by the 
time it would appear in print [14]. Similarly, Choi 
and colleagues cautioned that scoring systems 
developed before 2010 should be considered of 
limited reliability and they encouraged revising 
prognostic tools in real-time or with current data 
[20]. As such in-depth re-examination of the clas-
sic predictive scores has not appeared in print, it 
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is up to the individual provider to examine and 
determine which systems perform best in their 
hands and within the populations they serve [1].

The important factors to recognize are that at 
present the scoring utilities should not be viewed 
as oracles or tools that predict any patient’s 
course of care with high reliability. Instead, they 
are, when most appropriately applied, a scheme 
for evaluating and presenting estimations in a 
more systematic fashion which can help patients 
and providers think about important parameters 
for care, treatment planning, and anticipated out-
comes in an accessible way. It is up to the pro-
vider to select the scoring tool that they feel 
works best for them and their patients and which 
seems to reasonably prognosticate outcomes in 
their specific practice. If real time, adaptable esti-
mates are favored, using a machine learning algo-
rithm such as the SORG nomogram could be 
appropriate. If the preference is for a single tool 
that would be applicable to patients irrespective 
of operative or nonoperative treatment, then the 
NESMS may be a more reasonable choice as of 
this writing.
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Economic Value in Spinal  
Tumor Surgery

Aditya Mazmudar and Alpesh A. Patel

 Introduction

Spinal tumors are uncommon diagnoses that are 
associated with high morbidity, mortality, and a 
cost burden which reflects not only surgical care 
but also many other cost centers such as medical, 
radiation, and rehabilitation treatments [1]. As 
health expenditures continue to rise as a percent-
age of gross domestic product in the United 
States, there is a strong focus on value-based 
healthcare as a potential solution for curbing 
direct and indirect healthcare costs. The passage 
of the Patient Protection and Affordable Care Act 
in 2010 enacted meaningful healthcare policy 
changes, particularly through payment reform 
and reportable metrics that continue to impact the 
practice and economics of spine surgery today. 
The field of spine surgery, including spine oncol-
ogy, may be a unique target of future efforts to 
encourage appropriate patient selection, promote 
more efficient resource allocation, and decrease 
sizable end-of-life care costs.

The surgical treatment of primary and meta-
static spinal tumors has been utilized to provide 
improvements in patient symptoms, healthcare- 
related quality of life, and survival. The decision 
to proceed with surgical management of spinal 

oncologic conditions depends upon myriad fac-
tors. Tumor grading, staging, and location, pres-
ence of spinal instability, neurologic status, 
success of antecedent treatments, and other host 
factors all affect surgical decision-making [2, 3]. 
Accordingly, the goals of surgical treatment vary 
significantly and may include palliative pain con-
trol, neural decompression, spinal stability, local 
tumor control, and patient function [2, 3].

Over the last two decades, there have been sig-
nificant improvements in surgical and medical 
technologies including magnetic resonance 
imaging, minimally invasive spine surgery, intra-
operative neuromonitoring, and others. These 
enable better surgical care and improved patient 
outcomes for increasingly complex and diverse 
patient populations [4]. Although these interven-
tions may improve quality and outcomes, they 
frequently are associated with an elevated cost. 
Thus, in the transition to a value-based healthcare 
system, the focus on surgical innovation and 
postsurgical patient outcomes must be coupled 
with a closer look at the economic impact of 
these surgical interventions. Accordingly, the 
future practice of oncologic spine surgery may 
need to clear a higher economic value threshold 
than its current form.

Nevertheless, spinal tumors provide an inter-
esting forum for value discussion, since issues of 
survivorship, patient preference, and quality of 
life are paramount. For example, one must ask 
not only about the economic impact of treating 
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spine tumors with surgical technology, but also 
about the economic impact of nonoperative and 
palliative care.

This chapter examines recent trends, defines 
the measurement of economic value, and eluci-
dates economic value within the context of spe-
cific spinal tumor interventions. The case studies 
at the end of the chapter help apply the concepts 
of quality and cost in spine surgery which guide 
discussions of economic value.

 Important Trends 
and Considerations in Spinal Tumor 
Interventions

There are several important trends in oncologic 
spine surgery that are relevant to discussions of 
economic value. Most importantly, the incidence 
of metastatic spinal tumors is increasing with 
aging populations and longer life expectancies 
[5, 6]. This increased incidence coupled with 
improving interventions will increase the preva-
lence of patients living with oncologic spine 
conditions [5, 6]. As surgical resection remains 
an important strategy in many of the treatment 
algorithms for primary and metastatic spinal 
tumors, this demographic trend will continue to 
drive increased utilization of surgical and ancil-
lary services in the near future. As the utilization 
of these services increases more drastically rela-
tive to the utilization of other healthcare ser-
vices, the field may attract the attention of 
policy-makers and the Center for Medicare and 
Medicaid Services.

In addition, the growth and availability of new 
technologies such as advanced imaging, 
3- dimensional printing of implants and surgical 
guides, computer navigation, robotics, novel 
minimally invasive surgical techniques, intraop-
erative neurophysiological monitoring, and 
advanced radiotherapy modalities, to name a few, 
may result in improved surgical outcomes [4]. 
However, it is important to recognize the learning 
and cost curves associated with new technolo-
gies. For example, stereotactic radiosurgery, 
while promising as a technology, given its lower 
radiotoxicity profiles compared to conventional 
radiation, is also clearly more costly [7]. New 

technologies may drive significantly higher costs 
for marginal benefit, especially at their introduc-
tion. In the spine oncologic patient population, it 
can be particularly difficult to study these tech-
nologies due to low cohort size, ethical consider-
ations, and significant loss to follow-up.

 Defining and Measuring  
Economic Value

Definitions of economic value vary marginally 
depending upon different healthcare stakeholders 
(providers, payers, device companies, and oth-
ers). The principal definition of economic value 
in healthcare is quality relative to cost of the 
intervention [8, 9]. Quality, the numerator of the 
economic value equation, is not defined by any 
single measure but rather the combination of 
multiple types of outcome measures. Even 
through the combination of measures, quality of 
care has been difficult to define in a reproducible 
manner. Cost, the denominator of the economic 
value equation, is defined as the total aggregate 
cost of an intervention and is equally challenging 
to measure. The complexities and heterogeneity 
of payer–provider dynamics make it difficult to 
define all of the direct and indirect costs associ-
ated with an intervention. Economic value of care 
is maximized when high quality of care is accom-
panied by low cost of care, and benefits are sus-
tained over time. Therefore, the potentially low 
durability of outcomes and high recurring costs 
of adjuvant treatments are particularly relevant 
factors in discussions of value in spine oncologic 
surgery.

Economic value is studied primarily through 
cost-effectiveness analyses and cost-utility anal-
yses (CEA and CUA, respectively) in the scien-
tific literature. The threshold for cost-effectiveness 
is not exactly defined, but tends to be quoted as 
less than $100,000 dollars (cost/quality-adjusted 
life year gained) [10]. These types of studies and 
publications have increased over the last decade, 
especially in the spine literature. Given the inher-
ent difficulties of measuring outcomes and costs, 
vastly different methodologies are employed, 
leading to a significant amount of heterogeneity 
in cost-effectiveness analyses published to date.
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Consistent methodology, meticulous account-
ing, and transparency of costs included are critical 
to the quality of CEAs. The US Panel on Cost-
Effectiveness in Health and Medicine has set forth 
recommendations to guide CEA design, including 
definitions of cost depending on healthcare sector 
or societal perspective, discounting of cost to 
account for the time value of money, and method-
ology for sensitivity analyses [11]. Additionally, 
the Second Panel on Cost- Effectiveness in Health 
and Medicine recently noted that condition-spe-
cific health measures may be more sensitive mea-
sures of outcomes compared to the general health 
measures traditionally used to calculate the ubiq-
uitous quality- adjusted life years (QALYs) [12].

 Measuring Quality

The Institute of Medicine (IOM) defines health-
care quality as “the degree to which healthcare 
services for individuals and populations increase 
the likelihood of desired health outcomes and 
are consistent with current professional knowl-
edge” [13]. Quality can be measured in a variety 
of ways, including process measures, such as 
length of hospital stay and readmission rates, and 
outcome measures, such as postsurgical compli-
cations, physical functioning, and mortality. The 
increased focus on quality reporting, particularly 
over the last decade, has led to the development 
of numerous generic and condition-specific 
patient-reported outcome measures (PROs) 
to better describe healthcare quality. Patient- 
reported outcomes (PROs), including EuroQoL 
(EQ)-5D, Short Form (SF)-12/36, Patient- 
Reported Outcomes Measurement Information 
(PROMIS), and National Institutes of Health 
Toolbox, Visual Analog Scale (VAS), Neck 
Disability Index (NDI), Oswestry Disability 
Index (ODI), and others, have been extensively 
studied in the spine literature to serve as proxies 
for healthcare-related quality of life. Similarly, 
numerous scales have been studied in the can-
cer literature for this purpose (e.g., ECOG 
Performance Status, Symptom Distress Scale, 
and EORTC QLQ-C30).

Together, these single metrics better elucidate 
quality of care provided to patients but are diffi-

cult to compare across disease states and among 
patient cohorts. Therefore, the quality-adjusted 
life year (QALY) has been primarily used in cost- 
effectiveness literature to communicate the rela-
tive impact of different interventions across 
various disease and health states [14]. QALY is 
calculated as the utility of an intervention times 
the duration of benefit. The relative QALYs’ 
gained can distinguish two interventions. The util-
ity of an intervention is derived from existing gen-
eral measures such as EuroQoL (EQ)-5D and 
Short Form (SF)-12/36 via conversion calculators 
and algorithms. Historically, utility scores have 
primarily been derived from general health out-
come measures, but there is increasing research 
supporting development of conversion models for 
specific disease measures, such as ODI [15].

While QALYs have useful characteristics, 
particularly in the communication of healthcare- 
related quality of life, and are extensively used in 
cost-effectiveness and cost-utility literature, it is 
important to recognize their limitations, specifi-
cally in the setting of oncologic spine surgery 
[16]. QALYs assume homogenous utility for a 
given health state and identical provider skill. 
Individual patients vary in the evaluation of their 
health state and, therefore, the benefit gained 
from an intervention. In addition, provider skill is 
not homogenous and affects the QALYs gained 
from each individual intervention. For example, 
in disease states with low prevalence and inci-
dence, variations in provider skill and perception 
of utility become more relevant, and the average 
QALY gain becomes less reliable. As such, in the 
evaluation of any particular quality measure, the 
difference between statistical and clinical signifi-
cance must be considered.

 Measuring Costs

Determining the total all-in cost of spinal onco-
logic interventions is a challenging task. The 
interdisciplinary approach of oncologic surgery, 
specifically, involves many different inpatient 
cost centers and significant rehabilitation costs. 
While intended to study surgical versus nonop-
erative management for degenerative spinal dis-
orders, the multicenter Spine Patient Outcomes 
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Research Trial (SPORT) trial identified compo-
nents of cost, including a breakdown of direct 
and indirect costs [17, 18].

The direct costs of spine-related care include 
the associated healthcare visit costs, diagnostic 
testing costs, medication costs, surgical costs, 
provider costs, and facility costs, among others. 
Direct costs vary based on patient, demographic, 
and hospital factors. After analyzing spinal cord 
tumor surgery from 2003 to 2010  in the 
Nationwide Inpatient Sample (NIS), an all-payer 
database, Sharma et al. found that direct cost of 
hospitalization after tumor resection varied sig-
nificantly based on age, postoperative complica-
tion, high comorbidity index, admission day and 
status, as well as hospital size, volume, and 
region [19].

Indirect costs are loosely tied to the concept of 
opportunity cost and are primarily determined by 
estimating the costs associated with productivity 
loss. Indirect costs include days of missed work, 
days worked with restrictions, transportation 
costs, and caregiver costs. Indirect costs are often 
difficult to calculate and vary significantly based 
on compensation level. For example, potential 
change in type of work or profession or potential 
loss of higher salaried work is challenging to take 
into consideration.

Understanding the data source for direct and 
indirect costs is imperative. In most studies, 
direct costs tend to be determined based on aver-
age national costs, typically from Medicare data 
[20]. While these costs are typically extrapolated 
to a privately insured study population, it is 
important to recognize that heterogeneity does 
exist based on insurance status and type. In addi-
tion, hospital charge data may not be consistent 
and reflective of true direct cost [20, 21].

Cost-effectiveness studies must clearly state 
whether the study is conducted from a societal 
or a healthcare sector perspective in their meth-
odology [11]. The perspective impacts the type 
of costs included in the study. Typically, many 
indirect costs such as time costs for patients and 
caregivers, transportation costs, and non-health-
care sector costs are only included in the soci-
etal perspective. The time horizon of the study, 
costing year, and discount rate applied to 

included costs are other methodological consid-
erations that impact interpretation as well [11]. 
While it is important to recognize that limita-
tions exist with every study or analysis, trans-
parency about methodology is the most crucial 
element needed for comparability and external 
validity.

 Economic Value of Selected Spinal 
Tumor Interventions

In this section, economic value principles are 
applied to two selected topics: metastatic epi-
dural spinal cord compression (MESCC) and 
intradural extramedullary (IDEM) spinal tumors. 
An economic value assessment is performed 
using currently available scientific literature.

 Metastatic Epidural Spinal Cord 
Compression

Up to 10% of oncologic patients develop symp-
tomatic metastatic epidural spinal cord compres-
sion (MESCC). MESCC is among the most 
common conditions evaluated by oncologic spine 
surgeons, and surgical treatment modalities have 
expanded significantly with the advent of new 
surgical technologies [22]. As a result, the cost 
effectiveness of surgical intervention with radio-
therapy versus radiotherapy alone has been of 
significant interest [22].

In 2005, Patchell et al. performed a random-
ized, multi-institutional, and nonblinded trial 
with 101 patients to assess the role and efficacy 
of direct decompressive surgery in MESCC [23]. 
The trial was stopped prematurely after interim 
analysis because the direct decompressive 
 surgery plus postoperative radiotherapy treat-
ment arm had longer survival, significantly 
higher odds of being able to walk after treatment, 
retained the ability to walk for longer periods, 
and required less corticosteroids and opioid anal-
gesics compared to the radiotherapy alone treat-
ment arm [23]. Since the trial, other studies have 
shown similar results with regard to ambulation, 
pain control, and survival [22–25].
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Furthermore, two high-quality cost- 
effectiveness and cost-utility analyses have been 
published. Thomas et al. examined the cost effec-
tiveness of direct decompressive surgery plus 
radiotherapy versus radiotherapy alone from a 
societal perspective [24]. Clinical outcomes data 
from Patchell et al. were utilized to determine the 
incremental cost-effectiveness ratio (ICER). 
Direct and indirect costs of acute and postopera-
tive care were estimated from existing literature. 
Of note, the study was published in Canadian 
dollars (CDN$) and discounting was not applied 
given the short time horizon. The study found 
that the surgical intervention plus radiotherapy 
arm ambulated an additional 220 days and sur-
vived an additional 156 days. In 2003 US dollars, 
this yielded a $48 cost per additional day of 
ambulation and $24,750 cost per QALY gained 
[24]. A CUA published by Furlan et al. based on 
the trial data from Patchell et al. found an ICER 
of $250,310 per QALY gained [25]. Furlan et al. 
concluded that the surgery plus radiotherapy 
treatment approach for patients with MSCC was 
likely to result in both improved patient outcomes 
and increased total healthcare expenditures. 
Future studies with prospectively collected cost 
data will be important to further evaluate the cost 
effectiveness of the additive value of surgery in 
patients with MESCC.

The conclusions reached about cost- 
effectiveness after this evaluation depend upon 
perspective and budgetary constraints. According 
to data from patients with advanced prostate can-
cer, MESCC treated with direct spinal decom-
pression and concurrent bone surgery is the most 
expensive skeletal-related event, costing almost 
$83,000 [26]. In addition, inpatient costs 
accounted for nearly two-thirds of the total cost 
of care for skeletal-related events [26]. Therefore, 
with expensive interventions, quality and cost 
considerations are heavily impacted by strin-
gency of indications for surgical intervention. 
Further research into appropriate patient selec-
tion and risk stratification may facilitate increased 
economic value of surgical intervention for 
MESCC [27].

 Intradural Extramedullary (IDEM) 
Spinal Tumors

Intradural extramedullary spinal tumors, particu-
larly meningiomas and nerve sheath tumors, are 
among the most commonly encountered primary 
tumors of the spine [28]. Surgical resection is the 
major treatment modality for these lesions. 
Recently, minimally invasive surgery (MIS) tech-
niques have been applied for the treatment of 
IDEM tumors and have been accompanied by a 
developing research interest in comparing out-
comes between minimally invasive and open 
techniques.

Studies have shown high patient satisfaction 
and significant improvements in disability, pain, 
general physical and mental health, and quality 
of life following open IDEM tumor resection [28, 
29]. Wong et al. found that, relative to the open 
technique, the MIS approach is associated with 
lower average hospital stay and perioperative 
blood loss [28]. There were no significant differ-
ences in the rates of complications and reopera-
tion between the two cohorts. Of note, a 
gross-total resection was achieved in 92.6% of 
MIS cases and 94.4% of open cases with a 
p-value of 0.81. There appears to be a trend 
toward equivalence between MIS and open tech-
niques for IDEM tumor resection in the appropri-
ately selected patients. The power of post-IDEM 
surgical outcomes studies is often limited because 
of the small sample size of the relevant study 
population.

Chotai et al. analyzed healthcare resource utili-
zation during the postoperative period following 
open resection of IDEM spine tumors [1]. In a 
breakdown of direct costs (healthcare visit cost, 
diagnostic cost, medication cost, surgeon profes-
sional fee, and hospital cost) and indirect costs 
(patient income loss, family income loss, and 
caregiver cost), the study found mean direct costs 
of $23,717  ±  $7412 and mean indirect costs of 
$5544  ±  $4336, resulting in mean total 1-year 
costs of $29,177 ± $9314 [1]. Direct costs were 
calculated based on Medicare payments, and indi-
rect costs were calculated based on self- reported 
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gross-of-tax wage rate. Furthermore, a periopera-
tive hospital charge analysis by Fontes et al. found 
that hospital charges and postoperative charges 
were significantly different between open and 
MIS techniques for resection of IDEM tumors 
[21]. Hospital costs ($21,307 open, $15,015 MIS, 
p  <  0.01), postoperative costs ($75,383 open, 
$56,006 MIS, p  <  0.01), and total charges 
($100,779 open, $76,100 MIS, p < 0.01) were sig-
nificantly lower in the MIS group [21]. The 
approximately 30% decrease in hospital costs for 
the MIS cohort was primarily attributed to 
decreased complication rate as well as reduced 
postoperative intensive care unit and hospital 
stays. This analysis focused on charge data rather 
than actual reimbursement data and, therefore, 
may overestimate the MIS versus open cost sav-
ings it reports.

While the outcomes and cost literature for 
IDEM open versus MIS surgical technique is not 
as developed as that of MESCC, the economic 
value framework may still be applied. In the 
appropriately selected patient, MIS technique for 
IDEM tumor resection may be a cost-effective 
option, demonstrating a trend toward outcomes 
equivalence and increased cost savings. The 
potential for selection and author bias are addi-
tional confounders in this area, and studies should 
be read critically.

 Conclusion and Future Directions

The economic value framework of assessing out-
comes relative to costs over time is a useful tool 
for studying and interpreting the benefits of 
oncologic spine interventions. When comparing 
the cost-effectiveness of new interventions and 
technologies or analyzing current strategies being 
utilized to increase value, it is important to criti-
cally examine the methodology used to bench-
mark associated outcomes and costs.

Quality of care for cost-effectiveness studies 
has been difficult to define due to the certain limi-
tations of QALYs in oncologic patients and lack 
of generalizability of oncologic interventions 
relative to more homogenous, elective proce-
dures. Additionally, cost accounting of oncologic 

spine-related care is complex due to the number 
of direct cost centers typically involved in patient 
care and variability of perspectives involved. 
Therefore, interpreting economic value in spine 
oncologic surgery must be done in a thoughtful 
manner. Further research must be conducted on 
stage-based cost-effectiveness of surgical inter-
ventions, as well as neoadjuvant or adjuvant 
treatments, as outcomes and costs significantly 
vary based on these factors [29]. Thus, as the 
impact of value-based care continues to grow in 
this field and in the United States healthcare sys-
tem as a whole, the ability to critically analyze 
economic value will become a useful skill.
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 Introduction

The spine remains one of the most frequent sites 
for metastases, and treatment algorithms for 
patients with metastatic spine disease are con-
stantly evolving. Cancers once thought incur-
able are now contained with modern treatments. 
Treatment plans need to be consistently tailored 
to a patient’s individual characteristics, and sur-
gical, radiation, or systemic therapies must be 
combined in a coordinated way. Therefore, a 
multidisciplinary approach is a key step in for-
mulating an appropriate plan for each individual 
patient.

For example, tumors that were historically 
relatively radioresistant (renal cell carcinoma, 
lung carcinoma, and most soft-tissue sarcomas) 
are now being treated with stereotactic radiation 
therapy, which delivers high doses of radiation 
to the tumor without exposing the spinal cord to 
unsafe levels of radiation. Furthermore, the com-

bination of stereotactic radiation therapy and tar-
geted chemotherapy or immune therapy probably 
potentiates the effectiveness of these modalities 
and provides improved local control for patients 
with metastatic spinal disease. The ever-changing 
treatment options have placed patient-centered 
multidisciplinary approaches at the forefront of 
treatment algorithms.

While prognostic factors vary depending on 
specific factors unique to each spinal metastasis, 
general parameters have been closely investigated 
to develop scoring systems that predict outcomes. 
The state of the art for these scoring systems is 
discussed in detail in Chap. 11. In addition to 
patient prognosis, myriad other factors must be 
considered. Like the popular NOMS framework, 
another up-to-date and fluid patient- centered 
approach used by the authors is the MOSS treat-
ment algorithm [1, 2]. MOSS (Medical/Mental, 
Oncologic, Stenosis, Stability) is a multidisci-
plinary approach that prioritizes the patient’s 
medical and mental condition to ensure that the 
patient is well enough to undergo appropriate 
treatment with chemotherapy, hormonal therapy, 
immunotherapy, radiation therapy, or surgery. 
Patients with metastatic spinal cord compres-
sion who are very ill would not be appropriately 
treated with surgery, whereas a healthy patient 
with high-grade spinal cord compression from 
a relatively radioresistant tumor may be opti-
mally treated with surgery. The second priority 
in the MOSS system is the oncologic diagnosis. 
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The new chemotherapeutic agents and radiation 
therapy modalities have dramatically improved 
nonoperative treatment of most patients present-
ing with metastatic spinal cord compression. It is, 
thus, imperative that the multidisciplinary team 
of oncologists, radiation therapists, internists, 
and surgeons identify the type of cancer present 
in the spine and determine whether this patient is 
likely to respond to the newer nonoperative treat-
ment modalities. Identifying the type of cancer, 
obtaining staging studies, and determining the 
probable response to new antitumor agents and 
stereotactic radiation therapy also help deter-
mine the patient’s prognosis, which, in turn, 
helps determine the treatment plan. The revised 
Tokuhashi score is helpful for estimating prog-
nosis and guiding treatment and is favored by the 
authors [3, 4]. The third and fourth priorities in 
the MOSS system evaluate the degree of steno-
sis and the stability of the spine. Modern che-
motherapy and radiation therapy have allowed 
most ambulatory patients with high-grade spinal 
cord compression from sensitive tumor histolo-
gies to be treated without surgery. On the other 
hand, most otherwise healthy, nonambulatory 
patients with high-grade spinal cord compression 
associated with a relatively radioresistant tumor 
are probably best treated with surgery. A multi-
disciplinary discussion with the patient will help 
guide them through the treatment options. Spinal 
instability is difficult to treat without surgical 
intervention. Some authors use the SINS score to 
help decide whether a consultation with a spine 
surgeon is warranted [5]. Our preference is to use 
the White-Panjabi definition of physiologic insta-
bility [6]. White-Panjabi defined physiologic 
instability as progressive neurological dysfunc-
tion, progressive deformity, or uncontrolled pain 
after appropriate medical treatment under normal 
physiologic loads. Patients with a physiologic 
instability may benefit from surgery if they are 
medically well, have a life expectancy of greater 
than 3 months, and have a relatively radioresis-
tant tumor.

In summary, patient-centered factors must be 
married to a thorough understanding of tumor 
tissue at a microscopic level when seeking to 
control tumor metastases. This chapter highlights 

advancements in histologic understanding and its 
application to diagnosis and management of met-
astatic disease for the most common metastatic 
histologies.

 Breast Cancer

Evaluation first begins with assessment of tumor 
biology. Breast cancer biomarkers include estro-
gen receptor (ER), progesterone receptor (PR), 
and HER2 overexpression. Tumors with high 
expression of ER form a continuum ranging from 
well-differentiated carcinoma with low prolifera-
tion indices to poorly differentiated carcinomas 
with high proliferation indices. Tumors with over-
expression of HER2 are typically high grade with 
high proliferation rate. However, HER2 overex-
pression opens the door for treatment with tar-
geted monoclonal antibody therapy. ER, PR, and 
HER2-negative tumors, that is, triple- negative 
breast cancers, are a distinctly different group, 
with marked genomic instability, high prolifera-
tive rate, and generally poor prognosis. Testing 
the tumor biomarkers is particularly important 
for triple-negative cancers since conversion to 
receptor positivity during the metastatic process 
could dramatically change therapy and progno-
sis. In cases where the source of the metastatic 
tumor is obscure or when the morphology of the 
tumor is not typical, immunohistochemical stains 
that point to a breast primary, including GATA3, 
gross cystic disease fluid protein 15 (GCDFP15), 
and mammaglobin, can be used [7, 8].

In general, hormonal therapy is favored for 
hormone receptor-positive cancers; however, 
addition of chemotherapy in rapidly progressive 
disease may confer more favorable responses. 
Targeted cancer therapies target specific charac-
teristics on cancer cells and may have less sys-
temic side effects. Immune-targeted therapy with 
monoclonal antibodies is named with the suffix 
“-mab” (monoclonal antibody). Trastuzumab 
(herceptin) is a monoclonal antibody that tar-
gets HER2 overexpressing cancer cells causing 
growth arrest and reduced cell proliferation. Other 
targeted therapies inhibit CDK4/6  [palbociclib 
(Ibrance), ribociclib (Kisqali), and abemaci-
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clib (Verzenio)], HER2 [lapatinib (Tykerb)], 
HER [neratinib (Nerlynx)], and PI3K [alpelisib 
(Piqray)]. CDK4/6 inhibitors are named with the 
suffix “-ciclib,” while tyrosine kinase inhibitors 
are named with the suffix “-tinib.” mTOR inhibi-
tors like everolimus (Afinitor) inhibit the mam-
malian target of rapamycin (mTOR). Everolimus 
is used against hormone receptor-positive breast 
cancers that no longer respond to Arimidex or 
Femara.

For patients with metastatic HER2-negative 
breast cancer who have a germ line BRCA 
mutation, two trials have demonstrated the 
single- agent activity of the oral inhibitors of 
polyadenosine diphosphate-ribose polymerase 
(PARP) olaparib and talazoparib [9, 10]. In both 
trials, the PARP inhibitor was superior to che-
motherapy for progression-free survival (PFS), 
the primary endpoint, as well as for response and 
toxicity. PARP inhibitors are named with the suf-
fix -parib.

Addition of denosumab or osteoclast inhibi-
tors has shown to decrease the rate of skeletal- 
related events in patients with bony metastases 
[11, 12].

 Recurrence and Survival Rates

Breast carcinoma remains one of the most com-
mon cancer diagnoses, accounting for 15% of 
cancer deaths among women [13]. Breast cancer 
includes more than 4 distinct molecular subtypes 
and 20 histological subtypes, which have been 
demonstrated to vary in their diagnostic intrica-
cies, management options, and survival rates [14]. 
Furthermore, the presence or absence of proges-
terone or estrogen receptors (PR, ER) and unique 
proteins such as HER2 play a role in response 
to treatment. In general, the incidence, mortal-
ity, and survival vary throughout the world, and 
breast cancer is more commonly diagnosed in 
Western countries, though imparts lower survival 
rates in less-developed countries. Fortunately, 
survival rates in North America remain above 
90% at 5 years for early-stage disease, and mod-
ern clinical practices including routine mammog-
raphy have led to a 36% reduction in death rates 

over 23 years from 1989 to 2012  in the United 
States [15].

Metastatic breast cancer confers a worse 
prognosis, and up to two-thirds of bony metas-
tases involve the spinal column. A meta-analysis 
in 2018 analyzed 15 studies of metastatic breast 
cancer, demonstrating a median survival rate in 
2010 of 47 months, as high as 57 months in ER+, 
and 33 months in ER– patients, though lead-time 
bias likely plays a role in the improved statistics 
[16]. Survival rates starkly decline in metastatic 
disease to 15–26% at 5 years. Tumor grade, hor-
mone receptor status, and HER2 status have all 
been demonstrated to influence survival, as those 
with “triple-negative” status of hormone and 
growth factor receptors have the worst over all 
and disease-free survival rates [17, 18]. ER/PR– 
and HER2+ had an overall 5-year survival rate 
of 78.8% and disease-free survival rate of 66% 
[19]. A smaller study of 311 patients demon-
strated survival in bone-only metastases to aver-
age 55.5 months [20].

Briasoulis et al. evaluated 2514 patients over 
a 20-year duration and analyzed 104 of them 
who had confirmed bony metastases. They 
were found to develop metastases at roughly 
38  months following surgery for the primary 
tumor. Survival in this group was 72  months, 
and there was no improvement in survival based 
on tumor grade or anatomic distribution [21]. 
Metastases confined to bone have been sug-
gested to be more indolent and more responsive 
to systemic therapies, and they may have better 
survival rates than patients with extraosseous 
metastases [22, 23]. Spinal cord compression 
may occur in roughly 7% of patients with skel-
etal metastases, and though this stems from a 
single study, the clinical implications can vary 
from pain to neurologic compromise requiring 
surgical intervention [21].

In general, both hormone receptor status 
and molecular heterogeneity influence recur-
rence rates following successful treatment of 
breast cancer, and studies have suggested that 
hormone- positive patients have lower recurrence 
rates at 5 years [18]. Alternative subtypes such 
as luminal A, luminal B, basal, HER2 enriched, 
and alternative molecular factors have also 
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been shown to play a role in recurrence rates, 
though recent advancements in adjuvant thera-
pies have further increased the recurrence-free 
interval [16, 24]. A large French cohort study 
of 4926 patients with breast cancer over an 18-
year period found a recurrence rate of 18% at an 
average 7.2 years, with a 36% chance of death 
within 5 years in patients with two recurrences 
[25]. However, their study followed patients 
before and after the release of multiple progno-
sis-influencing breast cancer therapies such as 
trastuzumab, which likely influenced their find-
ings. In another study with 15-year follow-up 
of patients with metastatic breast cancer, only 
1.8% of patients were disease free after receiv-
ing chemotherapy alone, suggesting that more 
aggressive treatment to consolidate remission, 
especially in cases of oligometastatic disease, 
may be beneficial [26, 27].

 Imaging and Diagnostic 
Characteristics

Surveillance and screening have allowed for 
improved management and earlier diagnosis of 
primary breast cancer, while MRI and mammog-
raphy have demonstrated both pros and cons in 
this arena [28]. In the setting of diagnosing meta-
static lesions, the choice of imaging modality can 
often follow an algorithmic approach. Pain is the 
presenting symptom in nearly 90% of patients, 
though descriptors will vary widely and may 
result in a delay in diagnosis for up to 2 months 
[29, 30]. Mid-thoracic back pain or nonmechani-
cal back pain is less often related to degenera-
tive spinal disease in such a clinical scenario and 
is more often involved in metastatic disease of 
the spine [31]. Neurologic compromise may be 
radicular or progressive and result in compres-
sion of the spinal cord or cauda equina, depend-
ing on the level, each having a unique neurologic 
presentation [32].

In the setting of a history of active or latent 
breast cancer with new-onset back pain, it is 
prudent to obtain full-spine radiographs with a 
thorough evaluation and high suspicion for spi-
nal metastases. Metastatic breast cancer to bone 

often presents with osteolytic lesions, though 
blastic and mixed forms can be seen, along 
with pathologic fractures and impending canal 
compromise. Lytic lesions are usually seen 
when bone demineralization exceeds 30–50%, 
and scintigraphy is more sensitive in such sce-
narios [33]. CT and MRI are useful modalities 
for identifying the lesion. CT allows for a more 
precise identification of tumor extension and 
osseous anatomy. On the other hand, MRI has 
become the gold standard for evaluating meta-
static spinal tumors (Fig. 14.1). Improved sen-
sitivity, clearer identification of margins, and 
understanding of osseous, neurovascular, and 
soft-tissue anatomy allow for diagnostic and 
therapeutic applications (Figs.  14.2 and 14.3). 
Addition of gadolinium improves vascular 
understanding and better delineates metastatic 
breast lesions. Finally, PET utilizes glucose 
metabolism to identify tumor activity and tracer 
uptake, and when added to CT (PET-CT), it has 
a remarkable ability to provide diagnostic and 
therapeutic advantages. New biomarkers in PET 
imaging are also a valuable tool in evaluating 
the efficacy of endocrine therapies and in devel-
oping new endocrine drugs.

Fig. 14.1 Lumbar MRI of patient with diffusely meta-
static breast ductal carcinoma demonstrating several 
pathologic fractures and cord compression at T11
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Fig. 14.2 Biopsy of 
T11 lesion shows bone 
with metastatic 
carcinoma infiltrating 
the marrow spaces 
[hematoxylin–eosin, 
original magnification 
×100]

Fig. 14.3 Image 1 shows strong and diffuse nuclear posi-
tivity with GATA3, supporting of a breast primary of the 
metastatic carcinoma. Image 2 shows strong and diffuse 
nuclear positivity with ER.  Image 3 shows weak focal 

nuclear positivity with PR, and Image 4 shows weak focal 
membranous positivity with HER2, both considered 
negative
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 Lung Cancer

Treatment for patients with metastatic non-small- 
cell lung cancer (NSCLC) has historically con-
sisted of systemic cytotoxic chemotherapy. An 
improved understanding of the molecular path-
ways that drive malignancy in NSCLC led to the 
development of agents that target specific molec-
ular pathways in malignant cells beginning in the 
early 2000s. The hope is that these agents will be 
able to preferentially kill malignant cells but will 
be relatively innocuous to normal cells. Mutations 
in the epidermal growth factor receptor (EGFR) 
or rearrangements of the anaplastic lymphoma 
kinase (ALK) gene or c-ROS oncogene 1 (ROS1) 
gene have led to a paradigm shift and the develop-
ment of specific molecular treatments for patients.

Mutations in the EGFR tyrosine kinase are 
observed in approximately 15% of NSCLC 
adenocarcinomas in the United States and occur 
more frequently in nonsmokers and up to 62% 
of Asians [34, 35]. The presence of an EGFR 
mutation confers a more favorable prognosis and 
strongly predicts for sensitivity to EGFR tyrosine 
kinase inhibitors (TKIs) (erlotinib, gefitinib, afa-
tinib, and osimertinib).

ALK gene rearrangement (ALK+ NSCLC) 
is present in about 4% of the population and 
strongly predicts for sensitivity to ALK TKIs 
(crizotinib, ceritinib, alectinib).

c-ROS oncogene 1 (ROS1) is a receptor 
tyrosine kinase that acts as a driver oncogene 
in 1–2% of NSCLC via a genetic translocation 
between ROS1 and other genes, the most com-
mon of which is CD74 [36–38]. Treatment with 
crizotinib is FDA approved and recommended 
for patients with the ROS1 translocation, includ-
ing those who have received chemotherapy and 
those who are treatment naïve with median 
progression- free survival of 19.2  months. Case 
reports suggest that cabozantinib may be effec-
tive in ROS1-translocated cancers that have 
become resistant to crizotinib [39, 40]. BRAF 
mutations have been observed in 1–3% of 
NSCLCs and are usually associated with a his-
tory of smoking. These are generally treated 
with chemotherapy, and addition of TKIs, such 
as vemurafenib and dabrafenib, appears to be an 

effective strategy in the treatment of progressive 
disease [41–43].

 Recurrence and Survival Rates

Unlike breast cancer, patients diagnosed with 
lung cancer are often part of an older cohort. 
In fact, 75% are older than 65 years at the time 
they are diagnosed with small-cell lung cancer 
(SCLC) or non-small-cell lung cancer. At the 
time of presentation, SCLC has already reached 
a metastatic state, and therefore, it confers a 
worse prognosis than NSCLC. The overall sur-
vival rate of lung cancer has only increased by 
roughly 13% from 34% in the late 1970s to 47% 
in the early 2010s [17]. This is, in part, due to the 
asymptomatic nature of the disease in the early 
stages. In fact, the 5-year survival rate was 57% 
in 2019 in patients with stage I lung cancer ver-
sus 4% for patients with stage IV, and it tends to 
be lower across the board for SCLC when com-
pared to NSCLC.

Specific to spinal metastases, molecule- 
targeting therapies, such as gefitinib, and bone- 
modifying agents, such as zoledronate and 
denosumab, have improved the overall survival 
rate since 2006, and studies have since chal-
lenged the Tokuhashi score of predicting survival 
rates of metastatic lung cancer [44]. However, 
despite these modern advances, the median sur-
vival following diagnosis of spinal metastases in 
the setting of lung cancer has been suggested to 
be only around 1 year [45].

Local recurrence rates following NSCLC 
resection range from 30% to 55%. A majority are 
distant metastases, and 80% of them occur within 
2 years [46, 47]. A separate study of 106 patients 
following lobectomy for NSCLC demonstrated a 
recurrence rate of 43% at a mean of 57.9 months 
[48]. Recognition of different histological sub-
types has allowed for assessment of various 
markers that have been used to better predict and 
identify recurrence of distal metastases, includ-
ing Ki-67, MACC, and TS [49, 50]. Similarly, 
as with localized disease, EGFR mutations are 
used in dictating treatment such as gefitinib after 
recurrent or metastatic disease. Lastly, time from 
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treatment of primary disease to distant recurrence 
has been demonstrated to play a role in postrecur-
rent survival rates [51].

 Imaging and Diagnostic 
Characteristics

At the time of diagnosis, 20–30% of patients 
with lung cancer already have skeletal metasta-
ses, most commonly to the bone. Via lymphatic 
or hematogenous spread, the thoracic spine is the 
most common site of such metastases. Though a 
majority of patients will present with back pain, 
metastatic spinal cord compression is a frequently 
presenting sign necessitating further evaluation. 
In addition, elevated serum calcium or alkaline 
phosphatase levels as a result of osteolysis should 
also prompt such evaluation. After scrutinization 
of osteolysis in plain radiographs, CT and MRI 
are viable options for evaluation of the spinal ele-
ments, though CT myelography should be imple-
mented in patients who cannot undergo MRI and 
lends a useful adjunct of allowing for pathologic 
evaluation of cerebrospinal fluid. SPECT, PET, 
and PET-CT are alternative options that can be 
employed using a multidisciplinary approach 
alongside nuclear medicine and radiation oncol-
ogy teams. Low-dose CT has gained significant 
popularity in screening for lung cancer, though 
with much debate. It offers a higher sensitivity 
in diagnosing higher risk patients, and multiple 
studies have been recently published evaluating 
the usefulness of this modality [52].

Histological analysis of lung tumor tissue 
should allow for identification of tumor type 
(Fig.  14.4). The most common tumor types are 
adenocarcinoma, squamous cell carcinoma, 
small-cell carcinoma, and large-cell carcinoma 
[53]. Tissue can be analyzed for epidermal 
growth factor receptor (EGFR) mutations as it 
can have prognostic implications, provide treat-
ment targets, and predict metastatic sites [54]. 
ALK and ROS1 gene translocations are found 
infrequently, often in male nonsmokers [55, 56]. 
Similarly, immunologic testing via antibodies has 
assisted in diagnosing lung cancer. Antibodies to 
p53 can aid in diagnosis in roughly 12% of cases, 

though adding six others, including Hu-D, SOX-
2, MAGE-A4, CAGE, GBU4-5, and NY-ESO-1, 
can increase the sensitivity and specificity to 47% 
and 90%, respectively [57, 58]. Such mutations 
present targets for future therapies.

 Prostate Cancer

Androgen deprivation therapy (ADT) is a com-
ponent of the initial approach for patients with 
metastatic disease. Combining ADT with either 
abiraterone or docetaxel increases overall survival 
compared with ADT alone in patients with high 
risk and/or de novo presentation with metastases 
[59–62]. Progression of disease after surgical or 
medical orchiectomy is deemed castration-resis-
tant prostate cancer (CRPC). In these patients, 
ADT should be continued, but gonadotropin-
releasing hormone (GnRH) agonists should be 
stopped before initiating alternative therapy. 
Alternate therapies for these patients include 
cellular immunotherapy with sipuleucel- T, tax-
ane chemotherapy, and bone-targeting radio-
isotope radium-223. Sipuleucel-T has shown to 
improve overall survival but has not significantly 
increased progression-free survival or affected 
serum prostate-specific antigen (PSA) [63].

In patients with disease limited to skeletal 
metastases, radium-223 was well tolerated and 
increased both overall survival and time to first 
symptomatic skeletal-related event (external 
beam radiation therapy to relieve skeletal symp-
toms, new symptomatic pathologic fracture, 
occurrence of spinal cord compression, or tumor- 
related orthopedic surgical intervention) [64].

 Recurrence and Survival Rates

Lead-time bias and overdiagnosis with the fre-
quent measurement of prostate-specific antigen 
(PSA) during screening have increased the 5-year 
survival rate following prostate cancer diagnosis 
to 99% by 2014 [17]. Such an increase in sur-
veillance has influenced treatment as well, as 
rates of radical prostatectomy have declined 16% 
between 2010 and 2015 [65]. Prostate cancer is 
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Fig. 14.4. Images 1 and 2 demonstrate pathologic verte-
bral body compression fracture of T2 with left epidural 
extension of tumor resulting in mild spinal canal stenosis. 
Image 3 is a low power micrograph of the lesion which 
shows trabecular bone involved by a poorly differentiated 
carcinoma with the tumor cells forming cohesive groups. 

This is better seen in image 4 at 400× magnification with 
markedly enlarged and irregular nuclei with prominent 
nucleoli. Image 5 shows TTF-1 immunohistochemical 
stain with nuclear staining of the tumor cells, consistent 
with lung adenocarcinoma as the primary tumor
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frequently diagnosed while still in a local stage, 
though survival drops by nearly 70% to 30% 
when metastases are present. In cases of spinal 
metastases, concomitant visceral metastases and 
higher PSA at time of spinal metastases diagnosis 
confer worse survival rates, while bisphospho-
nate treatment and hormone status have less of 
an effect on survival [66, 67]. Classically, median 
survival has been quoted to be 53 months in cases 
of bony metastases and 12–30 months when vis-
ceral metastases are present [68].

Given the various levels of treatments in pros-
tate cancer, recurrence rates can vary widely, 
though the general reported definition revolves 
around biochemical recurrence, with PSA levels 
>0.2 ng/mL. Recurrence rates generally improve 
with negative margins during radical prostatec-
tomy and worsen with Gleason scores of 8–10, or 
worse preoperative stage [69, 70]. Various tools 
have been suggested as predictors of recurrence, 
but none has been validated [71, 72].

 Imaging and Diagnostic 
Characteristics

Unlike renal, breast, and lung cancers, metastatic 
prostate cancer almost always clinically presents 
as an osteoblastic lesion (Fig.  14.5). As such, 
intraspinal blastic tumor encroachment can create 
particular challenges with regard to neural com-
pression. Decompression of these zones often 
requires extensive tumor-laden bone resection, in 
contradistinction to other histologies which cre-
ate soft-tissue epidural extension. Bony metasta-
ses from prostate cancer are likely related to the 
prostate venous plexus draining to the vertebral 
veins (Figs. 14.6 and 14.7). While back pain is 
nearly always a symptom in spinal metastases, 
motor impairment occurs in fewer than a fourth 
of these patients and bladder dysfunction in 3% 
[73]. Ultrasonographic techniques have been use-
ful in detecting prostate lesions, though patients 
with hormone-resistant prostate cancer who 

Fig. 14.5 CT of patient with metastatic prostate cancer 
to sacrum

Fig. 14.6 Sections from a sacral mass demonstrate small cores of fibrous tissue which contain an adenocarcinoma 
[hematoxylin–eosin, original magnification ×100 (left), ×400 (right)]
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report back pain should be thoroughly evaluated 
for spinal metastases and often require advanced 
imaging beyond plain radiographs and bone 
scans. Multiparametric ultrasound and MRI have 
demonstrated utility in evaluating primary as well 
as recurrent prostate cancer [74]. Specifically, 
diffusion-weighted series are helpful delineat-
ing tumor tissue, and T1-weighted images dem-
onstrate hypointense signal when compared to 
adjacent muscle. Magnetic resonance spectro-
scopic imaging (MRSI) similarly is a useful tool 
emerging with utility in detecting recurrent pros-
tate cancer. As a surface glycoprotein, prostate-
specific membrane antigen has gained traction as 
a potential target for radiotracers and as a tool 
for identifying prostate cancer in cases where 
PSA levels are greater than 0.5  ng/mL, though 
traditional PET scans are useful when PSA levels 
increase to greater than 2 ng/mL [70].

 Renal Cell Carcinoma

 Recurrence and Survival Rates

One-third of those with renal cell carcinoma 
(RCC) will present with metastases (mRCC), 
30% of which are to the spine, and are of the clear 
cell histologic subtype (CCRCC) [75, 76]. Only 
50% of patients with bony metastases survive 
beyond 1 year, and survival continues to decline 
to 10% at 5 years, with a median survival rate of 

roughly 8 months [77]. In the last 20 years, there 
has been a shift in treating RCC with cytotoxic 
to more targeted molecular therapies, resulting in 
a more favorable trend in mRCC survival [78]. 
Despite this, survival rates are worse with multi-
ple metastases, and axial metastases worsen sur-
vival rates compared to appendicular metastases 
[79]. First-line therapy for patients with advanced 
disease or unresectable metastases involves sys-
temic immunotherapy following cytoreductive 
nephrectomy. In the era of interferon immu-
notherapy, patients who underwent nephrec-
tomy prior to systemic therapy had a median 
survival rate of 17  months versus 7  months in 
those with therapy alone [80, 81]. Combination 
of immune checkpoint inhibitors and antiangio-
genic therapies (pembrolizumab/axitinib and 
avelumab/axitinib) improved progression-free 
survival relative to single-agent sunitinib, while 
 pembrolizumab/axitinib improved overall sur-
vival as well [82, 83]. Pembrolizumab/axitinib 
is an acceptable frontline treatment for advanced 
CCRCC, but comparison to existing standard of 
care is lacking.

In localized cases, recurrence rates vary from 
20% to 40% following successful nephrectomy, 
highlighting the aggressive nature of this disease, 
and recurrence to bone is often disseminated 
[84]. However, other reviews have suggested 
that bone metastases occur in less than 2–8% 
of cases following nephrectomy [85–87]. Most 
recurrences are thought to occur within 2 years, 

Fig. 14.7 Prostate-specific antigen (PSA) (left) and pros-
tatic acid phosphatase (PAP) (right) immunohistochemi-
cal staining show positivity in tumor cells, confirming the 

diagnosis of metastatic prostatic adenocarcinoma [origi-
nal magnification ×400]
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though a recent study found that 26% of patients 
with primary RCC undergoing curative nephrec-
tomy had a recurrence at more than 5 years [88].

 Imaging and Diagnostic 
Characteristics

RCC lesions are most commonly extradural, 
eccentrically displacing the thecal sac with vary-
ing degrees of cord compression as measured by 
the Metastatic Epidural Spinal Cord Compression 
Scale [89]. Following hematogenous spread, 

mRCC is destructive to local bone, resulting in 
varying amounts of pain and mechanical instabil-
ity; nerve root or spinal cord compression may be 
as common as 28% [90, 91].

Advanced mRCC can be seen radiographi-
cally, both as destroyed local bone as a “soap- 
bubble” appearance and as pedicular bone as a 
“winking owl” on AP radiographs. MRI and CT 
(Figs. 14.8 and 14.9) findings are not unique in 
mRCC, and trend similar to others, with hypoin-
tense T1-weighted signals and hyperintense 
diffusion- weighted signals. However, given 
the increased vascularity of RCC, gadolinium 

Fig. 14.8 Sagittal and axial T1 MRI demonstrate metastatic RCC pathologic compression fracture of the T2 vertebral 
body with dorsal bony retropulsion resulting in spinal stenosis and cord compression

Fig. 14.9 Biopsy from vertebral mass of same patient 
shows large neoplastic cells with clear cytoplasm and 
delicate vasculature. Nuclear positivity with PAX8 immu-
nohistochemical staining (a transcription factor expressed 

in the thyroid gland, upper urinary tract, and Müllerian 
organs) and the morphologic appearance on hematoxylin–
eosin confirm the diagnosis of conventional clear cell 
renal cell carcinoma
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contrast can starkly increase the signal of such 
lesions. Similarly, a topography of arterial vessels 
has diagnostic and therapeutic utility involving 
selective angiography and planned embolizations 
during treatment [92].

 Lymphoma

 Recurrence and Survival Rates

Lymphomas, made up of Hodgkin (HL) and non- 
Hodgkin types (NHL), are defined by blood can-
cers of the lymph nodes, and spinal lymphomas 
are late manifestations of disseminated disease. 
Furthermore, spinal metastases as the initial 
presentation of NHL uncommonly occur in less 
than 5% of patients [93]. Primary non-Hodgkin 
lymphoma of bone (PLB) is quite rare, account-
ing for 3% of primary bone malignancies [94]. 
Arising from the paraspinal soft tissues and then 
entering the epidural spaces, PLB causes direct 
neural compression, unlike other spinal metasta-
ses which reach the thecal sac through vertebral 
destruction. The 2-year survival rate after diag-
nosis of PLB is made has been suggested to be 
36% [95, 96]. A separate retrospective evaluation 
of 30 patients with spinal lymphomas demon-

strated a mean survival of 87.6 months, suggest-
ing improvement in diagnosis and management 
[97]. Rarely, clinically indolent lymphomas, such 
as follicular lymphoma, small lymphocytic lym-
phoma, and marginal zone lymphoma, may pres-
ent as PLB.

Immunocompromised state, increasing age, 
aggressive histological grade, neurologic involve-
ment, and elevated CSF protein levels have been 
associated with a worse prognosis [98, 99].

 Imaging and Diagnostic 
Characteristics

PLB and metastatic lymphoma to the spine gen-
erally present in an initial, insidious onset that 
may last up to a year before more rapid neural 
involvement, thereby often being confused with 
other diagnoses such as lumbar disc herniations 
or spondylitis [100, 101]. Plain radiographs are 
useful in the evaluation of suspected spinal lym-
phoma. Whereas metastatic lesions cause bony 
lesions such as local erosion, PLB rarely causes 
bony destruction. Rather, epidural sites are more 
common, noted as hypo- or iso-intense signal on 
contrast-enhanced MRIs (Fig. 14.10). Similarly, 
metastatic NHL can extend adjacent soft tissues 

Fig. 14.10 MRI demonstrating T5 pathologic fracture with epidural extension and associated mild cord compression
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and local bone, inducing thecal sac compression 
(Fig. 14.11). Unfortunately, cytologic CSF anal-
ysis and CT-guided needle biopsies rarely allow 
for diagnosis, whereas surgical pathology is a 
more useful means of achieving accurate diagno-
sis. Despite this, the low risk of needle biopsy 
suggests this as a useful tool in the diagnostic 
algorithm [102].

 Myeloma

The first step in evaluating a new patient with MM 
is to verify the diagnosis since the premalignant 
stages of myeloma, namely monoclonal gam-
mopathy of undetermined significance (MGUS) 
and smoldering multiple myeloma (SMM), may 

be easily misdiagnosed as MM. Evaluation with 
fluorescence in situ  hybridization (FISH) for spe-
cific translocations is used for risk stratification 
and helps with prognosis.

Treatment of standard-risk MM depends on 
hematopoietic cell transplantation (HCT) eligi-
bility and comorbidities. For most patients, ini-
tial treatment with bortezomib, lenalidomide, and 
dexamethasone (VRd) is recommended unless 
there are contraindications to lenalidomide (e.g., 
acute renal failure) in which case bortezomib can 
be used as a substitute [103].

Proteasome inhibitors such as carfilzomib have 
shown improved survival in relapsed disease. The 
use of carfilzomib in place of bortezomib in previ-
ously untreated MM has not shown to be benefi-
cial [104]. The anti-CD38 monoclonal antibody 

Fig. 14.11 Image 1 demonstrates T5 paraspinal mass 
biopsy showing diffuse infiltrate of large lymphocytes 
with oval to irregular nuclei and occasional prominent 
nucleoli. Image 2 is immunohistochemical stains for 
MUM1. Image 3 is BCL-6 staining which shows nuclear 
positivity in the neoplastic cells. The corresponding flow 

cytometry demonstrated B-cell lymphoma CD5 negative, 
CD10 negative, lambda light-chain restricted. The mor-
phologic features, CD10 negativity, and MUM1 and 
BCL-6 positivity are consistent with a diffuse large B-cell 
lymphoma, nongerminal center type
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daratumumab is another preferred agent for the 
treatment of relapsed multiple myeloma (MM). 
In recent trials, the use of daratumumab on newly 
diagnosed MM has shown deepened response and 
improved progression- free survival although fur-
ther follow-up is still pending [105, 106].

 Recurrence and Survival Rates

As the second most common hematologic malig-
nancy after NHL, multiple myeloma (MM) is a 
neoplastic proliferation of plasma cells, and the 
spine is the most frequent site of metastasis, as 
60% of patients are present with spinal metas-
tases at the time of diagnosis [107]. Median 
survival ranges from months to more than 
10 years, though translocations such as t(14;16) 
(q32;q23) or t(4;14)(p16.3;q32) are associated 
with a worse prognosis. Median survival rates of 
24.5–36.1 months have been suggested with such 
translocations [108, 109]. Prognostic factors have 
been demonstrated to be based on involved light- 
chain ratio of ≥100, >60% bone marrow plasma 
cell burden, and more than one lytic lesion in the 
spine [110]. The surveillance, epidemiology, and 
end results (SEER) data have suggested 5-year 
survival rates of 49% through 2011, nearly a 
25% improvement from 30  years earlier [111]. 
Similarly, evaluation of the Swedish registry 
demonstrated improvement in 5-year survival 
rates in all four periods examined, 41% at 5 years 
and 20% at 10  years [112]. Such results dem-
onstrate how survival rates have improved with 
increased availability of autologous stem cell 
transplantation and agents, such as thalidomide, 
bortezomib, and lenalidomide.

 Imaging and Diagnostic 
Characteristics

In cases of monoclonal gammopathy of unknown 
significance (MGUS), serum M protein levels are 
<3  g/DL with <10% monoclonal plasma cells 
found in the bone marrow. MGUS progresses 
to smoldering (asymptomatic) MM when these 
numbers increase, and MM is ultimately diag-

nosed with end-organ damage as determined 
by the “CRAB” criteria, which includes hyper-
calcemia, renal failure, anemia, and lytic bony 
lesions larger than 5  mm. Clinically, because 
MM is highlighted by progressive bony destruc-
tion, back pain is a leading symptom in patients 
with spinal metastases. Roughly 5% of patients 
with MM will have lesions causing spinal cord 
compression [113].

Radiographically, well-circumscribed lesions 
that are identified within the spine are more com-
mon than expansile lesions, which are more com-
monly found in other bony structures such as 
the ribs [114]. CT findings are similar to those 
on XR; however, low-dose whole-body CT may 
identify other lesions and delineate any cortical 
breach or extension into adjacent tissue as bony 
destruction may be missed until 30% of trabecu-
lar volume loss [115]. In fact, a recent systematic 
review comparing various imaging modalities 
suggested that low-dose CT, MRI, and PET-CT 
were superior to plain radiography in identify-
ing MM bone lesions in all cases except the 
skull and ribs [116]. MRI should be obtained 
with contrast enhancement to identify discrete 
lesions that may be missed due to marrow infil-
tration. Such marrow changes can be highlighted 
by using fat- suppression sequences. MM lesions 
appear hypointense on T1-weighted images, 
owing to a fat content lower than the adjacent 
intervertebral disc. Increased water content and 
cellularity translates to hyperintensity as seen on 
fat- suppressed imaging series. MM can be con-
fused with hemangiomas, which often contain 
fat, which is readily differentiated on weighted 
MRI series. Stäbler et al. classified five various 
appearances of vertebral marrow involvement: 
normal marrow, focal lesions, diffuse infiltration, 
combined (heterogeneous) focal and diffuse infil-
tration, and salt-and-pepper lesions [117].

PET-CT also allows for visualization of spine 
marrow infiltration, as MM is FDG-PET-CT 
positive in patients with such marrow involve-
ment. However, PET-CT is less sensitive than 
MRI for diffuse marrow involvement; PET-CT 
is also negative in patients with MGUS or low 
disease burden [118]. Other radiotracers such as 
F-sodium fluoride have also been implemented 
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in evaluation, though MRI remains the preferred 
imaging modality thus far. Introduction of PET- 
MRI is useful and highlights hybrid technology, 
and early investigations have been promising 
[119, 120].

The combination of WBCT with 18F-fluoro- 
deoxyglucose (FDG) positron emission tomog-
raphy (PET-CT) provides an alternative method 
of visualizing bone marrow infiltration while 
also allowing visualization of total body tumor 
burden. Metabolic activity of lesions of inter-
est is calculated based on FDG uptake in cells 
with high glucose demand and compared with 
standardized uptake values. CT images are then 
combined with PET images to provide anatomic 
localization. Importantly, hypermetabolic bone 
lesions can be identified in the absence of under-
lying lytic lesions. Active MM is FDG-PET-CT 
positive in the marrow space, although FDG- 
PET- CT is less sensitive than MRI for evalua-
tion of diffuse marrow infiltration (Fig.  14.12) 
[106]. FDG-PET-CT is negative in patients with 
MGUS and SMM with low disease burden [121]. 
Therapeutic response to treatment is character-

ized by a reduction or elimination of FDG accu-
mulation in involved bone structures.

Multiple studies comparing whole-body (WB) 
MRI or SS with MRI of the spine and pelvis to 
FDG-PET-CT in patients with active MM have 
demonstrated that MRI is superior to CT for 
detection of skeletal lesions (Figs.  14.13 and 
14.14). Results of studies comparing WBMRI to 
FDG-PET-CT, however, are mixed, and it is likely 
that the imaging modalities are of equal sensitiv-
ity, except for when evaluating the spine, where 
MRI is preferred. PET-MRI is a promising new 
hybrid technology, which in initial investigations 
appears to be at least as sensitive as PET-CT.

 Sarcoma

 Recurrence and Survival Rates

The spine is an infrequent site of primary osteo-
sarcoma, making up less than 3% of cases, 
and conferring a poor prognosis. A study of 
25 patients with spinal sarcomas treated over 

Fig. 14.12 MRI demonstrating T10 pathologic fracture with retropulsion and mild canal stenosis. Multiple myeloma 
often has normal bone marrow signal with diffuse involvement
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10  years demonstrated a median survival rate 
of 59.5  months in those with chondrosarcoma 
versus 16.8 months in those with osteosarcoma. 
Patients who underwent intralesional resection 
had a median survival of 17.8 months [122]. A 
separate study of 17 patients with osteosarcoma 
demonstrated a median survival of 38.1 months, 
which improved to 77.3  months in those who 
underwent en bloc resection. In their cohort, 35% 
developed a local recurrence [123].

Metastatic spinal sarcomas include chondrosar-
coma, rhabdomyosarcoma, liposarcoma, leiomyo-
sarcoma, and synovial cell sarcoma. In patients 
with CNS metastases, recurrence rates have been 
reported to range 0.2–6.9 years, with a median of 
1.6 years [124], whereas other literature has dem-

onstrated 42% 5-year survival in cases of metastatic 
Ewing sarcoma, highlighting the wide range of sur-
vival depending on sarcoma type [125]. A review 
of 80 patients with primary and metastatic spinal 
sarcoma found a median survival of 40.2 months in 
those with primary sarcoma versus 17.3 months in 
those with  metastatic sarcomas to the spine [126]. 
The same analysis found that primary versus meta-
static status had no influence on recurrence rates, 
nor did patient age. However, osteosarcoma and 
high tumor grade were associated with higher rates 
of local recurrence. Recurrence rates were also 
improved from 35% in metastatic spine sarcomas 
undergoing intralesional resection to 25% in those 
undergoing en bloc resection, with a median time 
to recurrence of 22.7 months.

Fig. 14.14 Kappa light-chain in situ hybridization (left) and lambda light-chain in situ hybridization (right) show 
kappa light-chain restriction of the neoplastic plasma cells [original magnification ×200]

Fig. 14.13 Biopsy of a lesion shows a fragment of cancellous bone and sheets of plasma cells [hematoxylin–eosin, 
original magnification ×100 (left), ×400 (right)]
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Nearly half of patients with soft-tissue sar-
comas (STS) develop metastatic disease, often 
within 3  years of diagnosis [127]. Diagnosis of 
metastatic STS to the spine confers a median 
survival rate of 5  months, ranging from 1 to 
21 months [128]. Metastatic STS such as synovial 
sarcoma can metastasize within the spine, reported 
to metastasize from the lumbar to cervical spine 
with recurrence rates of 28–70% [129]. Unlike 
other soft-tissue sarcomas, myxoid liposarcomas 
have a propensity to metastasize to the axial skel-
eton and have an overall survival rate suggested to 
be 81% at 5 years and 72% at 10 years [130, 131].

 Imaging and Diagnostic 
Characteristics

Spinal cord compression secondary to metastatic 
STS occurs in 3% of patients, most commonly 
in the lumbosacral spine [128]. More commonly, 
insidious onset back pain with or without radicu-
lopathy is a presenting symptom. Metastatic sar-
coma to the spine is often destructive to bone and 
adjacent tissues, increasing the need for multiple 
imaging modalities.

Plain radiographs are useful in identify-
ing a majority of benign lesions and metastatic 
lesions with greater than 50% bony destruction 
[132]. Diagnoses of soft-tissue sarcomas have 
been found incidentally in several reports, often 
prompted by imaging obtained after a trauma 
[133]. The same study found MRI to be increas-
ingly more sensitive in identifying such lesions, 
with a sensitivity of only 14% when using PET 
scan. Despite some patients having negative PET 
scans, positive MRI confirmed diagnosis. Overall, 
FDG-PET scans had a positive predictive value 
of 100% and negative predictive value of 85%, 
though they miss sarcoma spinal metastases that 
would be otherwise found on axial MRI imag-
ing [131, 133]. In cases of metastatic STS to the 
spine, MRI can demonstrate paravertebral masses 
extending posteriorly, causing local destruction 
and involvement of the spinal canal and resulting 
in spinal cord compression. T1-weighted post-
gadolinium-enhanced sequences demonstrate 
hyperintense lesions, as contrast enhancement 

can also assist in distinguishing between intra-
dural and extradural tumors. Diffusion-weighted 
imaging has been further validated in the litera-
ture, and similar series are used in surveillance 
imaging (often paired with CT of the chest, abdo-
men, and pelvis) [134]. Given the heterogeneity 
of metastatic sarcomas to the spine, ultimately, 
histological analysis leads to an accurate diagno-
sis that will further guide treatment.

 The Future

The management of spine metastases remains 
challenging, but the future is promising. With 
advancements in high-dose stereotactic radiation, 
targeted chemotherapy, and immunotherapy, 
tumors once thought incurable can now be better 
controlled. New tools such as 3D printing assist 
in preoperative planning of the complex and 
often distorted anatomy. Furthermore, advances 
in navigation and robotic surgery continue to give 
the surgeon additional tools to attack these com-
plex cases.

Many further advances in the medical surgi-
cal treatment of cancer will continue to be made. 
However, some things remain the same such as 
keeping the patient at the center of the treatment 
algorithm. Each patient is unique with their own 
medical, mental, oncologic, osteoporotic, social, 
and emotional variables that should be taken into 
consideration with the use of a multidisciplinary 
approach. We believe that by using a patient- 
centered algorithm, such as MOSS, high-quality 
individualized care can be delivered with the use 
of the latest available treatment modalities.

Acknowledgments We would like to give a special 
thanks to the team that supported us, including Paul 
Holman, MD, Christoph B. Meyer, MD, Hosun Hwang, 
MD, Alberto Ayala, MD and Jonathan Y. Zhang, MD.

References

 1. Laufer I, Rubin DG, Lis E, et al. The NOMS frame-
work: approach to the treatment of spinal metastatic 
tumors. Oncologist. 2013;18(6):744–51. https://doi.
org/10.1634/theoncologist.2012-0293.

14 State of the Art for Metastatic Histologies

https://doi.org/10.1634/theoncologist.2012-0293
https://doi.org/10.1634/theoncologist.2012-0293


228

 2. Marco RAW, Brindise J, Dong D.  MOSS: a 
patient-centered approach. In: Marco RAW, 
editor. Metastatic spine disease: a guide to 
diagnosis and management. Cham: Springer 
International Publishing; 2018. p. 1–20. https://doi.
org/10.1007/978-3-319-76252-4_1.

 3. Tokuhashi Y, Matsuzaki H, Oda H, Oshima M, Ryu 
J. A revised scoring system for preoperative evalu-
ation of metastatic spine tumor prognosis. Spine 
(Phila Pa 1976). 2005;30(19):2186–91. https://doi.
org/10.1097/01.brs.0000180401.06919.a5.

 4. Tokuhashi Y, Matsuzaki H, Toriyama S, Kawano H, 
Ohsaka S. Scoring system for the preoperative eval-
uation of metastatic spine tumor prognosis. Spine 
(Phila Pa 1976). 1990;15(11):1110–3. https://doi.
org/10.1097/00007632-199011010-00005.

 5. Fisher CG, DiPaola CP, Ryken TC, et  al. A novel 
classification system for spinal instability in neo-
plastic disease: an evidence-based approach and 
expert consensus from the Spine Oncology Study 
Group. Spine (Phila Pa 1976). 2010;35(22):E1221–
9. https://doi.org/10.1097/BRS.0b013e3181e16ae2.

 6. Panjabi MM. Clinical spinal instability and low back 
pain. J Electromyogr Kinesiol. 2003;13(4):371–9. 
https://doi.org/10.1016/s1050-6411(03)00044-0.

 7. Shaoxian T, Baohua Y, Xiaoli X, et  al. 
Characterisation of GATA3 expression in invasive 
breast cancer: differences in histological subtypes 
and immunohistochemically defined molecular sub-
types. J Clin Pathol. 2017;70(11):926–34. https://
doi.org/10.1136/jclinpath-2016-204137.

 8. Zaha DC. Significance of immunohistochemistry in 
breast cancer. World J Clin Oncol. 2014;5(3):382–
92. https://doi.org/10.5306/wjco.v5.i3.382.

 9. Robson ME, Tung N, Conte P, et al. OlympiAD final 
overall survival and tolerability results: olaparib ver-
sus chemotherapy treatment of physician’s choice in 
patients with a germline BRCA mutation and HER2- 
negative metastatic breast cancer. Ann Oncol Off J 
Eur Soc Med Oncol. 2019;30(4):558–66. https://doi.
org/10.1093/annonc/mdz012.

 10. Litton JK, Rugo HS, Ettl J, et  al. Talazoparib in 
patients with advanced breast cancer and a germline 
BRCA mutation. N Engl J Med. 2018;379(8):753–
63. https://doi.org/10.1056/NEJMoa1802905.

 11. Van Poznak C, Somerfield MR, Barlow WE, et  al. 
Role of bone-modifying agents in metastatic breast 
cancer: an American Society of Clinical Oncology- 
Cancer Care Ontario focused guideline update. 
J Clin Oncol. 2017;35(35):3978–86. https://doi.
org/10.1200/JCO.2017.75.4614.

 12. Coleman R, Body JJ, Aapro M, Hadji P, Herrstedt J, 
Group EGW. Bone health in cancer patients: ESMO 
clinical practice guidelines. Ann Oncol Off J Eur Soc 
Med Oncol. 2014;25(Suppl 3):iii124–37. https://doi.
org/10.1093/annonc/mdu103.

 13. Gennari A. The impact of new chemotherapeutic and 
hormone agents on survival in a population-based 
cohort of women with metastatic breast cancer. 

Breast Dis A Year B Q. 2008;19(2):180. https://doi.
org/10.1016/S1043-321X(08)80124-5.

 14. Cheang MCU, Martin M, Nielsen TO, et al. Defining 
breast cancer intrinsic subtypes by quantitative 
receptor expression. Oncologist. 2015;20(5):474–82. 
https://doi.org/10.1634/theoncologist.2014-0372.

 15. DeSantis CE, Fedewa SA, Goding Sauer A, Kramer 
JL, Smith RA, Jemal A.  Breast cancer statistics, 
2015: convergence of incidence rates between black 
and white women. CA Cancer J Clin. 2016;66(1):31–
42. https://doi.org/10.3322/caac.21320.

 16. Caswell-Jin JL, Plevritis SK, Tian L, et al. Change 
in survival in metastatic breast cancer with treatment 
advances: meta-analysis and systematic review. 
JNCI cancer Spectr. 2018;2(4):pky062. https://doi.
org/10.1093/jncics/pky062.

 17. Miller KD, Nogueira L, Mariotto AB, et al. Cancer 
treatment and survivorship statistics, 2019. CA 
Cancer J Clin. 2019;69(5):363–85. https://doi.
org/10.3322/caac.21565.

 18. Lin J, Goldstein L, Nesbit A, Chen MY.  Influence 
of hormone receptor status on spinal metastatic 
lesions in patients with breast cancer. World 
Neurosurg. 2016;85:42–8. https://doi.org/10.1016/j.
wneu.2015.07.068.

 19. Onitilo AA, Engel JM, Greenlee RT, Mukesh 
BN.  Breast cancer subtypes based on ER/PR and 
Her2 expression: comparison of clinicopathologic 
features and survival. Clin Med Res. 2009;7(1–2):4–
13. https://doi.org/10.3121/cmr.2009.825.

 20. Ahn SG, Lee HM, Cho S-H, et al. Prognostic factors 
for patients with bone-only metastasis in breast can-
cer. Yonsei Med J. 2013;54(5):1168–77. https://doi.
org/10.3349/ymj.2013.54.5.1168.

 21. Briasoulis E, Karavasilis V, Kostadima L, Ignatiadis 
M, Fountzilas G, Pavlidis N.  Metastatic breast 
carcinoma confined to bone: portrait of a clinical 
entity. Cancer. 2004;101(7):1524–8. https://doi.
org/10.1002/cncr.20545.

 22. Sherry MM, Greco FA, Johnson DH, 
Hainsworth JD.  Metastatic breast cancer con-
fined to the skeletal system. An indolent dis-
ease. Am J Med. 1986;81(3):381–6. https://doi.
org/10.1016/0002-9343(86)90286-x.

 23. Leone BA, Romero A, Rabinovich MG, et al. Stage 
IV breast cancer: clinical course and survival of 
patients with osseous versus extraosseous metastases 
at initial diagnosis. The GOCS (Grupo Oncológico 
Cooperativo del Sur) experience. Am J Clin Oncol. 
1988;11(6):618–22. https://www.ncbi.nlm.nih.gov/
pubmed/3055932

 24. Ahmad A.  Pathways to breast cancer recurrence. 
ISRN Oncol. 2013;2013:290568. https://doi.
org/10.1155/2013/290568.

 25. Lafourcade A, His M, Baglietto L, Boutron-Ruault 
M-C, Dossus L, Rondeau V.  Factors associated 
with breast cancer recurrences or mortality and 
dynamic prediction of death using history of can-
cer recurrences: the French E3N cohort. BMC 

V. Haghshenas et al.

https://doi.org/10.1007/978-3-319-76252-4_1
https://doi.org/10.1007/978-3-319-76252-4_1
https://doi.org/10.1097/01.brs.0000180401.06919.a5
https://doi.org/10.1097/01.brs.0000180401.06919.a5
https://doi.org/10.1097/00007632-199011010-00005
https://doi.org/10.1097/00007632-199011010-00005
https://doi.org/10.1097/BRS.0b013e3181e16ae2
https://doi.org/10.1016/s1050-6411(03)00044-0
https://doi.org/10.1136/jclinpath-2016-204137
https://doi.org/10.1136/jclinpath-2016-204137
https://doi.org/10.5306/wjco.v5.i3.382
https://doi.org/10.1093/annonc/mdz012
https://doi.org/10.1093/annonc/mdz012
https://doi.org/10.1056/NEJMoa1802905
https://doi.org/10.1200/JCO.2017.75.4614
https://doi.org/10.1200/JCO.2017.75.4614
https://doi.org/10.1093/annonc/mdu103
https://doi.org/10.1093/annonc/mdu103
https://doi.org/10.1016/S1043-321X(08)80124-5
https://doi.org/10.1016/S1043-321X(08)80124-5
https://doi.org/10.1634/theoncologist.2014-0372
https://doi.org/10.3322/caac.21320
https://doi.org/10.1093/jncics/pky062
https://doi.org/10.1093/jncics/pky062
https://doi.org/10.3322/caac.21565
https://doi.org/10.3322/caac.21565
https://doi.org/10.1016/j.wneu.2015.07.068
https://doi.org/10.1016/j.wneu.2015.07.068
https://doi.org/10.3121/cmr.2009.825
https://doi.org/10.3349/ymj.2013.54.5.1168
https://doi.org/10.3349/ymj.2013.54.5.1168
https://doi.org/10.1002/cncr.20545
https://doi.org/10.1002/cncr.20545
https://doi.org/10.1016/0002-9343(86)90286-x
https://doi.org/10.1016/0002-9343(86)90286-x
https://www.ncbi.nlm.nih.gov/pubmed/3055932
https://www.ncbi.nlm.nih.gov/pubmed/3055932
https://doi.org/10.1155/2013/290568
https://doi.org/10.1155/2013/290568


229

Cancer. 2018;18(1):171. https://doi.org/10.1186/
s12885-018-4076-4.

 26. Greenberg PA, Hortobagyi GN, Smith TL, Ziegler 
LD, Frye DK, Buzdar AU. Long-term follow-up of 
patients with complete remission following combi-
nation chemotherapy for metastatic breast cancer. 
J Clin Oncol. 1996;14(8):2197–205. https://doi.
org/10.1200/JCO.1996.14.8.2197.

 27. Hortobagyi GN.  Can we cure limited metastatic 
breast cancer? J Clin Oncol. 2002;20(3):620–3. 
https://doi.org/10.1200/JCO.2002.20.3.620.

 28. Sun Y-S, Zhao Z, Yang Z-N, et  al. Risk factors 
and preventions of breast cancer. Int J Biol Sci. 
2017;13(11):1387–97. https://doi.org/10.7150/
ijbs.21635.

 29. Landreneau FE, Landreneau RJ, Keenan RJ, Ferson 
PF. Diagnosis and management of spinal metastases 
from breast cancer. J Neuro-Oncol. 1995;23(2):121–
34. https://doi.org/10.1007/bf01053417.

 30. Levack P, Graham J, Collie D, et al. Don’t wait for 
a sensory level--listen to the symptoms: a prospec-
tive audit of the delays in diagnosis of malignant 
cord compression. Clin Oncol (R Coll Radiol). 
2002;14(6):472–80. https://doi.org/10.1053/
clon.2002.0098.

 31. Purushothamdas S, Quraishi N, Giannoulis 
K.  Results of surgical management of metastatic 
spinal tumors based on an epidural spinal cord com-
pression scale. Spine J. 2011;11(10):S79. https://doi.
org/10.1016/j.spinee.2011.08.197.

 32. Ju DG, Yurter A, Gokaslan ZL, Sciubba 
DM. Diagnosis and surgical management of breast 
cancer metastatic to the spine. World J Clin Oncol. 
2014;5(3):263–71. https://doi.org/10.5306/wjco.
v5.i3.263.

 33. Schirrmeister H.  Detection of bone metastases in 
breast cancer by positron emission tomography. PET 
Clin. 2006;1(1):25–32. https://doi.org/10.1016/j.
cpet.2005.09.005.

 34. Kawaguchi T, Koh Y, Ando M, et  al. Prospective 
analysis of oncogenic driver mutations and environ-
mental factors: Japan molecular epidemiology for 
lung cancer study. J Clin Oncol. 2016;34(19):2247–
57. https://doi.org/10.1200/JCO.2015.64.2322.

 35. Shi Y, Au JS-K, Thongprasert S, et al. A prospective, 
molecular epidemiology study of EGFR mutations 
in Asian patients with advanced non-small-cell lung 
cancer of adenocarcinoma histology (PIONEER). 
J Thorac Oncol. 2014;9(2):154–62. https://doi.
org/10.1097/JTO.0000000000000033.

 36. Bergethon K, Shaw AT, Ou S-HI, et al. ROS1 rear-
rangements define a unique molecular class of lung 
cancers. J Clin Oncol. 2012;30(8):863–70. https://
doi.org/10.1200/JCO.2011.35.6345.

 37. Chin LP, Soo RA, Soong R, Ou S-HI.  Targeting 
ROS1 with anaplastic lymphoma kinase inhibitors: 
a promising therapeutic strategy for a newly defined 
molecular subset of non-small-cell lung cancer. J 
Thorac Oncol. 2012;7(11):1625–30. https://doi.
org/10.1097/JTO.0b013e31826baf83.

 38. Rimkunas VM, Crosby KE, Li D, et al. Analysis of 
receptor tyrosine kinase ROS1-positive tumors in 
non-small cell lung cancer: identification of a FIG- 
ROS1 fusion. Clin Cancer Res. 2012;18(16):4449–
57. https://doi.org/10.1158/1078-0432.
CCR-11-3351.

 39. Shaw AT, Ou S-HI, Bang Y-J, et  al. Crizotinib in 
ROS1-rearranged non-small-cell lung cancer. N 
Engl J Med. 2014;371(21):1963–71. https://doi.
org/10.1056/NEJMoa1406766.

 40. Drilon A, Somwar R, Wagner JP, et  al. A novel 
crizotinib-resistant solvent-front mutation respon-
sive to cabozantinib therapy in a patient with 
ROS1-rearranged lung cancer. Clin Cancer Res. 
2016;22(10):2351–8. https://doi.org/10.1158/1078-
0432.CCR-15-2013.

 41. Kinno T, Tsuta K, Shiraishi K, et  al. 
Clinicopathological features of nonsmall cell lung 
carcinomas with BRAF mutations. Ann Oncol Off J 
Eur Soc Med Oncol. 2014;25(1):138–42. https://doi.
org/10.1093/annonc/mdt495.

 42. Sequist LV, Heist RS, Shaw AT, et al. Implementing 
multiplexed genotyping of non-small-cell lung can-
cers into routine clinical practice. Ann Oncol Off J 
Eur Soc Med Oncol. 2011;22(12):2616–24. https://
doi.org/10.1093/annonc/mdr489.

 43. Paik PK, Arcila ME, Fara M, et  al. Clinical char-
acteristics of patients with lung adenocarcino-
mas harboring BRAF mutations. J Clin Oncol. 
2011;29(15):2046–51. https://doi.org/10.1200/
JCO.2010.33.1280.

 44. Uei H, Tokuhashi Y, Maseda M. Treatment outcome 
of metastatic spine tumor in lung cancer patients: 
did the treatments improve their outcomes? Spine 
(Phila Pa 1976). 2017;42(24):E1446–51. https://doi.
org/10.1097/BRS.0000000000002382.

 45. Niu Y-J, Wen Y-T, Shen W-W, Deng L, Liu L-L, 
Zhang H-L.  Risk factors for bone metastasis in 
patients with primary lung cancer: study protocol for 
a systematic review. BMJ Open. 2014;4(7):e005202. 
https://doi.org/10.1136/bmjopen-2014-005202.

 46. al-Kattan K, Sepsas E, Fountain SW, Townsend 
ER. Disease recurrence after resection for stage I lung 
cancer. Eur J Cardiothorac Surg. 1997;12(3):380–4. 
https://doi.org/10.1016/s1010-7940(97)00198-x.

 47. Carnio S, Novello S, Papotti M, Loiacono M, 
Scagliotti GV.  Prognostic and predictive biomark-
ers in early stage non-small cell lung cancer: tumor 
based approaches including gene signatures. Transl 
Lung Cancer Res. 2013;2(5):372–81. https://doi.
org/10.3978/j.issn.2218-6751.2013.10.05.

 48. Cruz C, Afonso M, Oliveiros B, Pêgo A. Recurrence 
and risk factors for relapse in patients with non- 
small cell lung cancer treated by surgery with cura-
tive intent. Oncology. 2017;92(6):347–52. https://
doi.org/10.1159/000458533.

 49. Nakagawa M, Uramoto H, Oka S, et  al. Clinical 
significance of IGF1R expression in non-small-cell 
lung cancer. Clin Lung Cancer. 2012;13(2):136–42. 
https://doi.org/10.1016/j.cllc.2011.10.006.

14 State of the Art for Metastatic Histologies

https://doi.org/10.1186/s12885-018-4076-4
https://doi.org/10.1186/s12885-018-4076-4
https://doi.org/10.1200/JCO.1996.14.8.2197
https://doi.org/10.1200/JCO.1996.14.8.2197
https://doi.org/10.1200/JCO.2002.20.3.620
https://doi.org/10.7150/ijbs.21635
https://doi.org/10.7150/ijbs.21635
https://doi.org/10.1007/bf01053417
https://doi.org/10.1053/clon.2002.0098
https://doi.org/10.1053/clon.2002.0098
https://doi.org/10.1016/j.spinee.2011.08.197
https://doi.org/10.1016/j.spinee.2011.08.197
https://doi.org/10.5306/wjco.v5.i3.263
https://doi.org/10.5306/wjco.v5.i3.263
https://doi.org/10.1016/j.cpet.2005.09.005
https://doi.org/10.1016/j.cpet.2005.09.005
https://doi.org/10.1200/JCO.2015.64.2322
https://doi.org/10.1097/JTO.0000000000000033
https://doi.org/10.1097/JTO.0000000000000033
https://doi.org/10.1200/JCO.2011.35.6345
https://doi.org/10.1200/JCO.2011.35.6345
https://doi.org/10.1097/JTO.0b013e31826baf83
https://doi.org/10.1097/JTO.0b013e31826baf83
https://doi.org/10.1158/1078-0432.CCR-11-3351
https://doi.org/10.1158/1078-0432.CCR-11-3351
https://doi.org/10.1056/NEJMoa1406766
https://doi.org/10.1056/NEJMoa1406766
https://doi.org/10.1158/1078-0432.CCR-15-2013
https://doi.org/10.1158/1078-0432.CCR-15-2013
https://doi.org/10.1093/annonc/mdt495
https://doi.org/10.1093/annonc/mdt495
https://doi.org/10.1093/annonc/mdr489
https://doi.org/10.1093/annonc/mdr489
https://doi.org/10.1200/JCO.2010.33.1280
https://doi.org/10.1200/JCO.2010.33.1280
https://doi.org/10.1097/BRS.0000000000002382
https://doi.org/10.1097/BRS.0000000000002382
https://doi.org/10.1136/bmjopen-2014-005202
https://doi.org/10.1016/s1010-7940(97)00198-x
https://doi.org/10.3978/j.issn.2218-6751.2013.10.05
https://doi.org/10.3978/j.issn.2218-6751.2013.10.05
https://doi.org/10.1159/000458533
https://doi.org/10.1159/000458533
https://doi.org/10.1016/j.cllc.2011.10.006


230

 50. Oka S, Uramoto H, Chikaishi Y, et  al. Abstract 
1149: The expression of Ki-67, but not IGF1R, 
predicts a poor disease-free survival in patients 
with adenocarcinoma of the lung. Cancer Res. 
2012;72(8 Supplement):1149 LP–1149. https://doi.
org/10.1158/1538-7445.AM2012-1149.

 51. Yoshino I, Yohena T, Kitajima M, et  al. Survival 
of non-small cell lung cancer patients with post-
operative recurrence at distant organs. Ann Thorac 
Cardiovasc Surg. 2001;7(4):204–9. https://www.
ncbi.nlm.nih.gov/pubmed/11578260

 52. Blandin Knight S, Crosbie PA, Balata H, 
Chudziak J, Hussell T, Dive C. Progress and pros-
pects of early detection in lung cancer. Open 
Biol. 2017;7(9):170070. https://doi.org/10.1098/
rsob.170070.

 53. Milovanovic IS, Stjepanovic M, Mitrovic 
D.  Distribution patterns of the metastases of the 
lung carcinoma in relation to histological type of the 
primary tumor: an autopsy study. Ann Thorac Med. 
2017;12(3):191–8. https://doi.org/10.4103/atm.
ATM_276_16.

 54. da Cunha SG, Shepherd FA, Tsao MS.  EGFR 
mutations and lung cancer. Annu Rev Pathol. 
2011;6:49–69. https://doi.org/10.1146/
annurev-pathol-011110-130206.

 55. Chia PL, Mitchell P, Dobrovic A, John T. Prevalence 
and natural history of ALK positive non-small- 
cell lung cancer and the clinical impact of targeted 
therapy with ALK inhibitors. Clin Epidemiol. 
2014;6:423–32. https://doi.org/10.2147/CLEP.
S69718.

 56. Davies KD, Doebele RC.  Molecular pathways: 
ROS1 fusion proteins in cancer. Clin Cancer Res. 
2013;19(15):4040–5. https://doi.org/10.1158/1078-
0432.CCR-12-2851.

 57. Boyle P, Chapman CJ, Holdenrieder S, et  al. 
Clinical validation of an autoantibody test for 
lung cancer. Ann Oncol Off J Eur Soc Med Oncol. 
2011;22(2):383–9. https://doi.org/10.1093/annonc/
mdq361.

 58. Chapman CJ, Healey GF, Murray A, et  al. 
EarlyCDT®-Lung test: improved clinical utility 
through additional autoantibody assays. Tumour 
Biol. 2012;33(5):1319–26. https://doi.org/10.1007/
s13277-012-0379-2.

 59. James ND, de Bono JS, Spears MR, et al. Abiraterone 
for prostate cancer not previously treated with hor-
mone therapy. N Engl J Med. 2017;377(4):338–51. 
https://doi.org/10.1056/NEJMoa1702900.

 60. Fizazi K, Tran N, Fein L, et  al. Abiraterone plus 
prednisone in metastatic, castration-sensitive pros-
tate cancer. N Engl J Med. 2017;377(4):352–60. 
https://doi.org/10.1056/NEJMoa1704174.

 61. Sweeney CJ, Chen Y-H, Carducci M, et  al. 
Chemohormonal therapy in metastatic hormone- 
sensitive prostate cancer. N Engl J Med. 
2015;373(8):737–46. https://doi.org/10.1056/
NEJMoa1503747.

 62. Kyriakopoulos CE, Chen Y-H, Carducci MA, et al. 
Chemohormonal therapy in metastatic hormone- 
sensitive prostate cancer: long-term survival analy-
sis of the randomized phase III E3805 CHAARTED 
trial. J Clin Oncol. 2018;36(11):1080–7. https://doi.
org/10.1200/JCO.2017.75.3657.

 63. Kantoff PW, Higano CS, Shore ND, et  al. 
Sipuleucel-T immunotherapy for castration-resistant 
prostate cancer. N Engl J Med. 2010;363(5):411–22. 
https://doi.org/10.1056/nejmoa1001294.

 64. Parker C, Nilsson S, Heinrich D, et al. Alpha emitter 
radium-223 and survival in metastatic prostate can-
cer. N Engl J Med. 2013;369(3):213–23. https://doi.
org/10.1056/nejmoa1213755.

 65. Mahal BA, Butler S, Franco I, et al. Use of active sur-
veillance or watchful waiting for low-risk prostate can-
cer and management trends across risk groups in the 
United States, 2010–2015. JAMA. 2019;321(7):704. 
https://doi.org/10.1001/jama.2018.19941.

 66. Meng T, Chen R, Zhong N, et al. Factors associated 
with improved survival following surgical treatment 
for metastatic prostate cancer in the spine: retrospec-
tive analysis of 29 patients in a single center. World 
J Surg Oncol. 2016;14(1). https://doi.org/10.1186/
s12957-016-0961-y.

 67. Drzymalski DM, Oh WK, Werner L, Regan MM, 
Kantoff P, Tuli S. Predictors of survival in patients 
with prostate cancer and spinal metastasis. J 
Neurosurg Spine. 2010;13(6):789–94. https://doi.
org/10.3171/2010.6.spine10167.

 68. Robson M, Dawson N. How is androgen-dependent 
metastatic prostate cancer best treated? Hematol 
Oncol Clin North Am. 1996;10(3):727–47. https://
doi.org/10.1016/s0889-8588(05)70364-6.

 69. Ginzburg S, Nevers T, Staff I, et al. Prostate cancer 
biochemical recurrence rates after robotic-assisted 
laparoscopic radical prostatectomy. JSLS J Soc 
Laparoendosc Surg. 2012;16(3):443–50. https://doi.
org/10.4293/108680812x13462882736538.

 70. McCormick BZ, Mahmoud AM, Williams SB, Davis 
JW. Biochemical recurrence after radical prostatec-
tomy: current status of its use as a treatment end-
point and early management strategies. Indian J 
Urol. 2019;35(1):6–17. https://doi.org/10.4103/iju.
IJU_355_18.

 71. Jeffers A, Sochat V, Kattan MW, et  al. Predicting 
prostate cancer recurrence after radical prosta-
tectomy. Prostate. 2016;77(3):291–8. https://doi.
org/10.1002/pros.23268.

 72. Sridharan S, Macias V, Tangella K, et al. Prediction 
of prostate cancer recurrence using quantitative 
phase imaging: Validation on a general popula-
tion. Sci Rep. 2016;6(1). https://doi.org/10.1038/
srep33818.

 73. Cereceda LE, Flechon A, Droz J-P.  Management 
of vertebral metastases in prostate cancer: a ret-
rospective analysis in 119 patients. Clin Prostate 
Cancer. 2003;2(1):34–40. https://doi.org/10.3816/
cgc.2003.n.010.

V. Haghshenas et al.

https://doi.org/10.1158/1538-7445.AM2012-1149
https://doi.org/10.1158/1538-7445.AM2012-1149
https://www.ncbi.nlm.nih.gov/pubmed/11578260
https://www.ncbi.nlm.nih.gov/pubmed/11578260
https://doi.org/10.1098/rsob.170070
https://doi.org/10.1098/rsob.170070
https://doi.org/10.4103/atm.ATM_276_16
https://doi.org/10.4103/atm.ATM_276_16
https://doi.org/10.1146/annurev-pathol-011110-130206
https://doi.org/10.1146/annurev-pathol-011110-130206
https://doi.org/10.2147/CLEP.S69718
https://doi.org/10.2147/CLEP.S69718
https://doi.org/10.1158/1078-0432.CCR-12-2851
https://doi.org/10.1158/1078-0432.CCR-12-2851
https://doi.org/10.1093/annonc/mdq361
https://doi.org/10.1093/annonc/mdq361
https://doi.org/10.1007/s13277-012-0379-2
https://doi.org/10.1007/s13277-012-0379-2
https://doi.org/10.1056/NEJMoa1702900
https://doi.org/10.1056/NEJMoa1704174
https://doi.org/10.1056/NEJMoa1503747
https://doi.org/10.1056/NEJMoa1503747
https://doi.org/10.1200/JCO.2017.75.3657
https://doi.org/10.1200/JCO.2017.75.3657
https://doi.org/10.1056/nejmoa1001294
https://doi.org/10.1056/nejmoa1213755
https://doi.org/10.1056/nejmoa1213755
https://doi.org/10.1001/jama.2018.19941
https://doi.org/10.1186/s12957-016-0961-y
https://doi.org/10.1186/s12957-016-0961-y
https://doi.org/10.3171/2010.6.spine10167
https://doi.org/10.3171/2010.6.spine10167
https://doi.org/10.1016/s0889-8588(05)70364-6
https://doi.org/10.1016/s0889-8588(05)70364-6
https://doi.org/10.4293/108680812x13462882736538
https://doi.org/10.4293/108680812x13462882736538
https://doi.org/10.4103/iju.IJU_355_18
https://doi.org/10.4103/iju.IJU_355_18
https://doi.org/10.1002/pros.23268
https://doi.org/10.1002/pros.23268
https://doi.org/10.1038/srep33818
https://doi.org/10.1038/srep33818
https://doi.org/10.3816/cgc.2003.n.010
https://doi.org/10.3816/cgc.2003.n.010


231

 74. Sarkar S, Das S. A review of imaging methods for 
prostate cancer detection. Biomed Eng Comput Biol. 
2016;7s1:BECB.S34255. https://doi.org/10.4137/
becb.s34255.

 75. Fottner A, Szalantzy M, Wirthmann L, et  al. 
Bone metastases from renal cell carcinoma: 
patient survival after surgical treatment. BMC 
Musculoskelet Disord. 2010;11(1). https://doi.
org/10.1186/1471-2474-11-145.

 76. Angelov L, Chao S, Heng DY, Djemil T, Kolar M, 
Suh J. Stereotactic spine radiosurgery (SRS) for pain 
and tumor control in patients with spinal metasta-
ses from renal cell carcinoma: a prospective study. 
Int J Radiat Oncol. 2008;72(1):S489. https://doi.
org/10.1016/j.ijrobp.2008.06.1437.

 77. Motzer RJ. Prognostic factors for survival of patients 
with stage IV renal cell carcinoma: Memorial 
Sloan-Kettering Cancer Center experience. Clin 
Cancer Res. 2004;10(18):6302S–3S. https://doi.
org/10.1158/1078-0432.ccr-040031.

 78. Jonasch E, Gao J, Rathmell WK. Renal cell carci-
noma. BMJ. 2014;349(nov10 11):g4797. https://doi.
org/10.1136/bmj.g4797.

 79. Fuchs B, Trousdale RT, Rock MG.  Solitary bony 
metastasis from renal cell carcinoma. Clin Orthop 
Relat Res. 2005;NA;(431):187–192. https://doi.
org/10.1097/01.blo.0000149820.65137.b4.

 80. Flanigan RC, Salmon SE, Blumenstein BA, et  al. 
Nephrectomy followed by interferon Alfa-2b com-
pared with interferon Alfa-2b alone for metastatic 
renal-cell cancer. N Engl J Med. 2001;345(23):1655–
9. https://doi.org/10.1056/nejmoa003013.

 81. Mickisch GHJ, Garin A, van Poppel H, de 
Prijck L, Sylvester R.  Radical nephrectomy 
plus interferon-alfa-based immunotherapy com-
pared with interferon alfa alone in metastatic 
renal-cell carcinoma: a randomised trial. Lancet. 
2001;358(9286):966–70. https://doi.org/10.1016/
s0140-6736(01)06103-7.

 82. Motzer RJ, Penkov K, Haanen J, et  al. Avelumab 
plus Axitinib versus Sunitinib for advanced renal- 
cell carcinoma. N Engl J Med. 2019;380(12):1103–
15. https://doi.org/10.1056/nejmoa1816047.

 83. Rini BI, Plimack ER, Stus V, et al. Pembrolizumab 
plus Axitinib versus Sunitinib for advanced renal- 
cell carcinoma. N Engl J Med. 2019;380(12):1116–
27. https://doi.org/10.1056/nejmoa1816714.

 84. Janzen NK, Kim HL, Figlin RA, Belldegrun 
AS.  Surveillance after radical or partial nephrec-
tomy for localized renal cell carcinoma and man-
agement of recurrent disease. Urol Clin North 
Am. 2003;30(4):843–52. https://doi.org/10.1016/
s0094-0143(03)00056-9.

 85. Ljungberg A, Rasmuson R.  Follow-up guidelines 
for nonmetastatic renal cell carcinoma based on 
the occurrence of metastases after radical nephrec-
tomy. BJU Int. 2001;84(4):405–11. https://doi.
org/10.1046/j.1464-410x.1999.00202.x.

 86. Hafez KS, Novick AC, Campbell SC.  Patterns 
of tumor recurrence and guidelines for followup 

after nephron sparing surgery for sporadic renal 
cell carcinoma. J Urol. 1997:2067–70. https://doi.
org/10.1097/00005392-199706000-00008.

 87. Sandock DS, Seftel AD, Resnick MI. A new proto-
col for the followup of renal cell carcinoma based on 
pathological stage. J Urol. 1995:28–31. https://doi.
org/10.1097/00005392-199507000-00011.

 88. Kroeger N, Choueiri TK, Lee J-L, et  al. Survival 
outcome and treatment response of patients with 
late relapse from renal cell carcinoma in the era of 
targeted therapy. Eur Urol. 2014;65(6):1086–92. 
https://doi.org/10.1016/j.eururo.2013.07.031.

 89. Bilsky MH, Laufer I, Fourney DR, et al. Reliability 
analysis of the epidural spinal cord compression 
scale. J Neurosurg Spine. 2010;13(3):324–8. https://
doi.org/10.3171/2010.3.spine09459.

 90. Manke C, Bretschneider T, Lenhart M, et  al. 
Spinal metastases from renal cell carcinoma: effect 
of preoperative particle embolization on intra-
operative blood loss. AJNR Am J Neuroradiol. 
2001;22(5):997–1003. https://www.ncbi.nlm.nih.
gov/pubmed/11337348

 91. Woodward E, Jagdev S, McParland L, et al. Skeletal 
complications and survival in renal cancer patients 
with bone metastases. Bone. 2011;48(1):160–6. 
https://doi.org/10.1016/j.bone.2010.09.008.

 92. Louie PK, Sayari AJ, Frank RM, An HS, Colman 
MW.  Metastatic renal cell carcinoma to the spine 
and the extremities. JBJS Rev. 2019;7(9):e7. https://
doi.org/10.2106/jbjs.rvw.19.00002.

 93. Eeles RA, O’Brien P, Horwich A, Brada M.  Non- 
Hodgkin’s lymphoma presenting with extradural 
spinal cord compression: functional outcome and 
survival. Br J Cancer. 1991;63(1):126–9. https://doi.
org/10.1038/bjc.1991.25.

 94. Dürr H, Müller P, Hiller E, et al. Malignant lymphoma 
of bone. Arch Orthop Trauma Surg. 2001;122(1):10–
6. https://doi.org/10.1007/s004020100316.

 95. Perry JR, Deodhare SS, Bilbao JM, Murray D, 
Muller P.  The significance of spinal cord com-
pression as the initial manifestation of lymphoma. 
Neurosurgery. 1993;32(2):157–62. https://doi.
org/10.1097/00006123-199302000-00001.

 96. Flanagan EP, O’Neill BP, Porter AB, Lanzino G, 
Haberman TM, Keegan BM. Primary intramedullary 
spinal cord lymphoma. Neurology. 2011;77(8):784–
91. https://doi.org/10.1212/wnl.0b013e31822b00b9.

 97. Hashi S, Goodwin CR, Ahmed AK, Sciubba 
DM.  Management of extranodal lymphoma of 
the spine: a study of 30 patients. CNS Oncol. 
2018;7(2):CNS11. https://doi.org/10.2217/
cns-2017-0033.

 98. Vela D, Ribera JM, Florensa R, et  al. Spinal cord 
compression in non-Hodgkin’s lymphoma. A study 
of 10 patients TT – compresión medular en los linfo-
mas no hodgkinianos. Estudio de 10 pacientes. Med 
Clin (Barc). 1997;109(10):375–7. https://www.ncbi.
nlm.nih.gov/pubmed/9379720

 99. Ferreri AJM, Blay J-Y, Reni M, et  al. Prognostic 
scoring system for primary CNS lymphomas: the 

14 State of the Art for Metastatic Histologies

https://doi.org/10.4137/becb.s34255
https://doi.org/10.4137/becb.s34255
https://doi.org/10.1186/1471-2474-11-145
https://doi.org/10.1186/1471-2474-11-145
https://doi.org/10.1016/j.ijrobp.2008.06.1437
https://doi.org/10.1016/j.ijrobp.2008.06.1437
https://doi.org/10.1158/1078-0432.ccr-040031
https://doi.org/10.1158/1078-0432.ccr-040031
https://doi.org/10.1136/bmj.g4797
https://doi.org/10.1136/bmj.g4797
https://doi.org/10.1097/01.blo.0000149820.65137.b4
https://doi.org/10.1097/01.blo.0000149820.65137.b4
https://doi.org/10.1056/nejmoa003013
https://doi.org/10.1016/s0140-6736(01)06103-7
https://doi.org/10.1016/s0140-6736(01)06103-7
https://doi.org/10.1056/nejmoa1816047
https://doi.org/10.1056/nejmoa1816714
https://doi.org/10.1016/s0094-0143(03)00056-9
https://doi.org/10.1016/s0094-0143(03)00056-9
https://doi.org/10.1046/j.1464-410x.1999.00202.x
https://doi.org/10.1046/j.1464-410x.1999.00202.x
https://doi.org/10.1097/00005392-199706000-00008
https://doi.org/10.1097/00005392-199706000-00008
https://doi.org/10.1097/00005392-199507000-00011
https://doi.org/10.1097/00005392-199507000-00011
https://doi.org/10.1016/j.eururo.2013.07.031
https://doi.org/10.3171/2010.3.spine09459
https://doi.org/10.3171/2010.3.spine09459
https://www.ncbi.nlm.nih.gov/pubmed/11337348
https://www.ncbi.nlm.nih.gov/pubmed/11337348
https://doi.org/10.1016/j.bone.2010.09.008
https://doi.org/10.2106/jbjs.rvw.19.00002
https://doi.org/10.2106/jbjs.rvw.19.00002
https://doi.org/10.1038/bjc.1991.25
https://doi.org/10.1038/bjc.1991.25
https://doi.org/10.1007/s004020100316
https://doi.org/10.1097/00006123-199302000-00001
https://doi.org/10.1097/00006123-199302000-00001
https://doi.org/10.1212/wnl.0b013e31822b00b9
https://doi.org/10.2217/cns-2017-0033
https://doi.org/10.2217/cns-2017-0033
https://www.ncbi.nlm.nih.gov/pubmed/9379720
https://www.ncbi.nlm.nih.gov/pubmed/9379720


232

International Extranodal Lymphoma Study Group 
experience. J Clin Oncol. 2003;21(2):266–72. 
https://doi.org/10.1200/jco.2003.09.139.

 100. Epelbaum R, Haim N, Ben-Shahar M, Ben-Arie 
Y, Feinsod M, Cohen Y.  Non-Hodgkin’s lym-
phoma presenting with spinal epidural involve-
ment. Cancer. 1986;58(9):2120–4. https://doi.
org/10.1002/1097-0142(19861101)58:9<2120::aid-
cncr2820580926>3.0.co;2-a.

 101. Uehara M, Takahashi J, Hirabayashi H, et  al. 
Hodgkin’s disease of the thoracic vertebrae. Spine 
J. 2013;13(8):e59–63. https://doi.org/10.1016/j.
spinee.2013.03.026.

 102. Moussaly E, Nazha B, Zaarour M, Atallah 
JP.  Primary non-Hodgkin’s lymphoma of the 
spine: a case report and literature review. World J 
Oncol. 2015;6(5):459–63. https://doi.org/10.14740/
wjon947w.

 103. Durie BGM, Hoering A, Abidi MH, et  al. 
Bortezomib with lenalidomide and dexamethasone 
versus lenalidomide and dexamethasone alone in 
patients with newly diagnosed myeloma without 
intent for immediate autologous stem-cell transplant 
(SWOG S0777): a randomised, open-label, phase 3 
trial. Lancet. 2017;389(10068):519–27. https://doi.
org/10.1016/s0140-6736(16)31594-x.

 104. Facon T, Lee JH, Moreau P, et  al. Carfilzomib 
or bortezomib with melphalan-prednisone for 
transplant- ineligible patients with newly diagnosed 
multiple myeloma. Blood. 2019;133(18):1953–63. 
https://doi.org/10.1182/blood-2018-09-874396.

 105. Moreau P, Attal M, Hulin C, et  al. Bortezomib, 
thalidomide, and dexamethasone with or without 
daratumumab before and after autologous stem- 
cell transplantation for newly diagnosed multiple 
myeloma (CASSIOPEIA): a randomised, open- 
label, phase 3 study. Lancet (London, England). 
2019;394(10192):29–38. https://doi.org/10.1016/
S0140-6736(19)31240-1.

 106. Conyers R, Young S, Thomas DM.  Liposarcoma: 
molecular genetics and therapeutics. 
Sarcoma. 2011;2011:1–13. https://doi.
org/10.1155/2011/483154.

 107. Kyle RA, Rajkumar SV.  Multiple myeloma. N 
Engl J Med. 2004;351(18):1860–73. https://doi.
org/10.1056/nejmra041875.

 108. Fonseca R, Bergsagel PL, Drach J, et al. International 
Myeloma Working Group molecular classification 
of multiple myeloma: spotlight review. Leukemia. 
2009;23(12):2210–21. https://doi.org/10.1038/
leu.2009.174.

 109. Narita T, Inagaki A, Kobayashi T, et al. t(14;16)-pos-
itive multiple myeloma shows negativity for CD56 
expression and unfavorable outcome even in the era 
of novel drugs. Blood Cancer J. 2015;5(2):e285. 
https://doi.org/10.1038/bcj.2015.6.

 110. Rajkumar SV, Dimopoulos MA, Palumbo A, et  al. 
International Myeloma Working Group updated 
criteria for the diagnosis of multiple myeloma. 

Lancet Oncol. 2014;15(12):e538–48. https://doi.
org/10.1016/s1470-2045(14)70442-5.

 111. Siegel RL, Miller KD, Jemal A.  Cancer statistics, 
2016. CA Cancer J Clin. 2016;66(1):7–30. https://
doi.org/10.3322/caac.21332.

 112. Thorsteinsdottir S, Dickman PW, Landgren O, 
et  al. Dramatically improved survival in multiple 
myeloma patients in the recent decade: results from 
a Swedish population-based study. Haematologica. 
2018;103(9):e412–5. https://doi.org/10.3324/
haematol.2017.183475.

 113. Watanabe Y, Endou A, Ooi S, Matsushima E, 
Shimisu Y, Nakashima K. Extraosseous epidural IgD 
myeloma presenting with compression myelopathy. 
Psychiatry Clin Neurosci. 2000;54(6):665–7. https://
doi.org/10.1046/j.1440-1819.2000.00767.x.

 114. Lasocki A, Gaillard F, Harrison SJ.  Multiple 
myeloma of the spine. Neuroradiol 
J. 2017;30(3):259–68. https://doi.
org/10.1177/1971400917699426.

 115. Edelstyn GA, Gillespie PJ, Grebbell FS.  The 
radiological demonstration of osseous metas-
tases. Experimental observations. Clin Radiol. 
1967;18(2):158–62. https://doi.org/10.1016/
s0009-9260(67)80010-2.

 116. Regelink JC, Minnema MC, Terpos E, et  al. 
Comparison of modern and conventional imaging 
techniques in establishing multiple myeloma-related 
bone disease: a systematic review. Br J Haematol. 
2013;162(1):50–61. https://doi.org/10.1111/
bjh.12346.

 117. Stäbler A, Baur A, Bartl R, Munker R, Lamerz R, 
Reiser MF.  Contrast enhancement and quantitative 
signal analysis in MR imaging of multiple myeloma: 
assessment of focal and diffuse growth patterns in 
marrow correlated with biopsies and survival rates. 
Am J Roentgenol. 1996;167(4):1029–36. https://doi.
org/10.2214/ajr.167.4.8819407.

 118. Dutoit JC, Verstraete KL. Whole-body MRI, dynamic 
contrast-enhanced MRI, and diffusion-weighted 
imaging for the staging of multiple myeloma. Skelet 
Radiol. 2017;46(6):733–50. https://doi.org/10.1007/
s00256-017-2609-6.

 119. Sachpekidis C, Hillengass J, Goldschmidt H, et al. 
Comparison of (18)F-FDG PET/CT and PET/MRI 
in patients with multiple myeloma. Am J Nucl Med 
Mol Imaging. 2015;5(5):469–78. https://www.ncbi.
nlm.nih.gov/pubmed/26550538

 120. Shah SN, Oldan JD.  PET/MR imaging of mul-
tiple myeloma. Magn Reson Imaging Clin N Am. 
2017;25(2):351–65. https://doi.org/10.1016/j.
mric.2017.01.003.

 121. Jones RL, Fisher C, Al-Muderis O, Judson 
IR. Differential sensitivity of liposarcoma subtypes 
to chemotherapy. Eur J Cancer. 2005;41(18):2853–
60. https://doi.org/10.1016/j.ejca.2005.07.023.

 122. Groves ML, Zadnik PL, Kaloostian P, et  al. 
Epidemiologic, functional, and oncologic out-
come analysis of spinal sarcomas treated surgi-

V. Haghshenas et al.

https://doi.org/10.1200/jco.2003.09.139
https://doi.org/10.1002/1097-0142(19861101)58:9<2120::aid-cncr2820580926>3.0.co;2-a
https://doi.org/10.1002/1097-0142(19861101)58:9<2120::aid-cncr2820580926>3.0.co;2-a
https://doi.org/10.1002/1097-0142(19861101)58:9<2120::aid-cncr2820580926>3.0.co;2-a
https://doi.org/10.1016/j.spinee.2013.03.026
https://doi.org/10.1016/j.spinee.2013.03.026
https://doi.org/10.14740/wjon947w
https://doi.org/10.14740/wjon947w
https://doi.org/10.1016/s0140-6736(16)31594-x
https://doi.org/10.1016/s0140-6736(16)31594-x
https://doi.org/10.1182/blood-2018-09-874396
https://doi.org/10.1016/S0140-6736(19)31240-1
https://doi.org/10.1016/S0140-6736(19)31240-1
https://doi.org/10.1155/2011/483154
https://doi.org/10.1155/2011/483154
https://doi.org/10.1056/nejmra041875
https://doi.org/10.1056/nejmra041875
https://doi.org/10.1038/leu.2009.174
https://doi.org/10.1038/leu.2009.174
https://doi.org/10.1038/bcj.2015.6
https://doi.org/10.1016/s1470-2045(14)70442-5
https://doi.org/10.1016/s1470-2045(14)70442-5
https://doi.org/10.3322/caac.21332
https://doi.org/10.3322/caac.21332
https://doi.org/10.3324/haematol.2017.183475
https://doi.org/10.3324/haematol.2017.183475
https://doi.org/10.1046/j.1440-1819.2000.00767.x
https://doi.org/10.1046/j.1440-1819.2000.00767.x
https://doi.org/10.1177/1971400917699426
https://doi.org/10.1177/1971400917699426
https://doi.org/10.1016/s0009-9260(67)80010-2
https://doi.org/10.1016/s0009-9260(67)80010-2
https://doi.org/10.1111/bjh.12346
https://doi.org/10.1111/bjh.12346
https://doi.org/10.2214/ajr.167.4.8819407
https://doi.org/10.2214/ajr.167.4.8819407
https://doi.org/10.1007/s00256-017-2609-6
https://doi.org/10.1007/s00256-017-2609-6
https://www.ncbi.nlm.nih.gov/pubmed/26550538
https://www.ncbi.nlm.nih.gov/pubmed/26550538
https://doi.org/10.1016/j.mric.2017.01.003
https://doi.org/10.1016/j.mric.2017.01.003
https://doi.org/10.1016/j.ejca.2005.07.023


233

cally at a single institution over 10 years. Spine 
J. 2015;15(1):110–4. https://doi.org/10.1016/j.
spinee.2014.07.005.

 123. Schwab J, Gasbarrini A, Bandiera S, et  al. 
Osteosarcoma of the mobile spine. Spine (Phila Pa 
1976). 2012;37(6):E381–6. https://doi.org/10.1097/
brs.0b013e31822fb1a7.

 124. Bekiesinska-Figatowska M, Duczkowska A, 
Duczkowski M, et  al. CNS metastases from bone 
and soft tissue sarcomas in children, adoles-
cents, and young adults: are they really so rare? 
Biomed Res Int. 2017;2017:1–9. https://doi.
org/10.1155/2017/1456473.

 125. Raciborska A, Bilska K, Drabko K, et al. Validation 
of a multi-modal treatment protocol for Ewing sar-
coma- A report from the polish pediatric oncology 
group. Pediatr Blood Cancer. 2014;61(12):2170–4. 
https://doi.org/10.1002/pbc.25167.

 126. Rao G, Suki D, Chakrabarti I, et al. Surgical man-
agement of primary and metastatic sarcoma of the 
mobile spine. J Neurosurg Spine. 2008;9(2):120–8. 
https://doi.org/10.3171/spi/2008/9/8/120.

 127. Woll PJ, Reichardt P, Le Cesne A, et  al. Adjuvant 
chemotherapy with doxorubicin, ifosfamide, 
and lenograstim for resected soft-tissue sarcoma 
(EORTC 62931): a multicentre randomised con-
trolled trial. Lancet Oncol. 2012;13(10):1045–54. 
https://doi.org/10.1016/s1470-2045(12)70346-7.

 128. Merimsky O, Kollender Y, Bokstein F, et  al. 
Radiotherapy for spinal cord compression in 

patients with soft-tissue sarcoma. Int J Radiat Oncol. 
2004;58(5):1468–73. https://doi.org/10.1016/j.
ijrobp.2003.09.026.

 129. Sakellaridis N, Mahera H, Pomonis 
S.  Hemangiopericytoma-like synovial sarcoma of 
the lumbar spine. J Neurosurg Spine. 2006;4(2):179–
82. https://doi.org/10.3171/spi.2006.4.2.179.

 130. Schwab JH, Boland P, Guo T, et al. Skeletal metas-
tases in myxoid liposarcoma: an unusual pattern of 
distant spread. Ann Surg Oncol. 2007;14(4):1507–
14. https://doi.org/10.1245/s10434-006-9306-3.

 131. Dürr HR, Rauh J, Baur-Melnyk A, et  al. Myxoid 
liposarcoma: local relapse and metastatic pattern in 
43 patients. BMC Cancer. 2018;18(1). https://doi.
org/10.1186/s12885-018-4226-8.

 132. Ciftdemir M, Kaya M, Selcuk E, Yalniz E. Tumors 
of the spine. World J Orthop. 2016;7(2):109. https://
doi.org/10.5312/wjo.v7.i2.109.

 133. Schwab JH, Boland PJ, Antonescu C, Bilsky MH, 
Healey JH. Spinal metastases from myxoid liposar-
coma warrant screening with magnetic resonance 
imaging. Cancer. 2007;110(8):1815–22. https://doi.
org/10.1002/cncr.22992.

 134. Nakanishi K, Kobayashi M, Nakaguchi K, et  al. 
Whole-body MRI for detecting metastatic bone 
tumor: diagnostic value of diffusion-weighted 
images. Magn Reson Med Sci. 2007;6(3):147–55. 
https://doi.org/10.2463/mrms.6.147.

14 State of the Art for Metastatic Histologies

https://doi.org/10.1016/j.spinee.2014.07.005
https://doi.org/10.1016/j.spinee.2014.07.005
https://doi.org/10.1097/brs.0b013e31822fb1a7
https://doi.org/10.1097/brs.0b013e31822fb1a7
https://doi.org/10.1155/2017/1456473
https://doi.org/10.1155/2017/1456473
https://doi.org/10.1002/pbc.25167
https://doi.org/10.3171/spi/2008/9/8/120
https://doi.org/10.1016/s1470-2045(12)70346-7
https://doi.org/10.1016/j.ijrobp.2003.09.026
https://doi.org/10.1016/j.ijrobp.2003.09.026
https://doi.org/10.3171/spi.2006.4.2.179
https://doi.org/10.1245/s10434-006-9306-3
https://doi.org/10.1186/s12885-018-4226-8
https://doi.org/10.1186/s12885-018-4226-8
https://doi.org/10.5312/wjo.v7.i2.109
https://doi.org/10.5312/wjo.v7.i2.109
https://doi.org/10.1002/cncr.22992
https://doi.org/10.1002/cncr.22992
https://doi.org/10.2463/mrms.6.147


235© Springer Nature Switzerland AG 2020 
K. Singh, M. Colman (eds.), Surgical Spinal Oncology, 
https://doi.org/10.1007/978-3-030-50722-0_15

Modern Technical Concepts 
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 Introduction

Metastatic disease to the spine is generally not 
considered curable, and so treatment is intended 
to be palliative. Indications for surgery include 
symptomatic spinal cord compression in other-
wise radioresistant tumors, as well as mechanical 
instability. The greatest advances in the technical 
application of surgery in the last few years have 
focused on less invasive techniques. These tech-
niques have the theoretical advantage of less 
morbidity for the patient and presumed faster 
recovery. Another major advance has been in the 
more widespread acceptance of ablative technol-
ogy in the management of bone tumors, which is 
now being used more commonly in the spine. 
The following section will review some of the 
modern techniques being employed in the man-
agement of spinal tumors.

 A Brief History

Posterior decompression using laminectomies 
was the first choice of treatment for metastatic 
spinal disease prior to the 1980s. This procedure 
aimed to create space and alleviate pressure of the 
spinal cord, regardless of the location of the tumor 
[1, 2]. The surgical procedure, however, suffered 
from a low success rate, due to disappointing 
numbers of neurological improvement [1–6]. 
Radiotherapy became the main treatment for met-
astatic spinal disease after the finding that there is 
no gross difference in efficacy between treatment 
with laminectomy alone, laminectomy combined 
with radiotherapy, or radiotherapy alone [1, 2]. 
The introduction of new surgical approaches in 
the early 1990s, enabling surgeons to perform 
ventral vertebral body resections at the site of the 
spinal cord compression with subsequent stabili-
zation, improved neurological status and quality 
of life [7, 8]. In 2005, Patchell et al. [9] demon-
strated superiority of immediate circumferential 
decompression of the spinal cord and stabilization 
of the spine plus postoperative radiotherapy over 
a radiotherapy-only treatment in a randomized 
controlled trial. In the following years, the need 
for decompression and stabilization was repeat-
edly confirmed in patients with metastatic spinal 
disease in need for surgery [10, 11]. Aside from 
spinal cord compression, mechanical spinal insta-
bility is another important indication for which 
patients might need surgical correction. In 2010, 
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the criteria for the  Spinal Instability Neoplastic 
Score (SINS) were developed to guide physicians 
in the assessment of the relative stability of the 
neoplastic spine, which can aid in determining 
when to refer for surgical consultation [12]. The 
SINS criteria are based on six variables: location, 
pain, bone lesion quality, radiographic spinal 
alignment, amount of vertebral body collapse, and 
posterolateral involvement of the spinal elements 
[10, 12]. However, since the treatment of patients 
with metastatic spine disease progressively grew 
to a multidisciplinary approach, it could not be 
dictated by only the neurologic and mechanical 
considerations. Thus, the NOMS decision frame-
work was introduced, in which Neurologic, 
Oncologic, Mechanical, and Systemic consider-
ations together determine the optimal combina-
tion of treatments [13]. Through advancements in 
surgical techniques joined by its decreased mor-
bidity, neurologic and mechanical issues are 
increasingly more manageable by minimally 
invasive surgery (MIS), while open procedures 
are often undesirable in view of oncologic and 
systemic considerations [14].

 Minimally Invasive Surgery

 Percutaneous Pedicle Screw Fixation

Percutaneous pedicle screw fixation (PPSF) is a 
minimally invasive technique that can be consid-
ered for patients with symptomatic spinal metas-
tases suffering from instability without spinal 
cord compression. During the procedure, the 
patient is placed in the prone position, tending to 
preserve the sagittal alignment of the spine. 
Percutaneous screws can be inserted using image 
guidance either in the form of fluoroscopy or CT 
guidance. CT guidance includes the use of preop-
erative CT images or images obtained with CT at 
the time of surgery. The principle theoretical 
advantage of percutaneous screws is that they 
require less muscle dissection. This may lead to 
less postoperative pain. Screws can be placed 
with or without guidewires depending on the 
method one utilizes. If fluoroscopy is used, 
Jamshidi needles are used to develop a pilot hole 
in the pedicle through which the guidewire is 

placed. After the guidewire is placed, the Jamshidi 
is removed. If navigation is utilized with preop-
erative or intraoperative CT, guidewires may not 
be necessary. From a technical perspective, it is 
important to pay close attention to the trajectory 
of one’s screw placement. This is particularly 
true at the most cephalad and caudal screws. One 
must avoid “hubbing” the screw directly on the 
cephalad adjacent facet joint. If the adjacent joint 
is incarcerated by the tulip of the screw, patients 
may experience chronic discomfort with exten-
sion. If one is using guidewires to place these 
screws, one must pay attention to avoid advanc-
ing the guidewire when passing the screw over 
the wire. This can occur when blood coats the 
guidewire and dries, which can lead to the screw 
“sticking” to the wire. The wire can then be inad-
vertently advanced through the vertebrae placing 
anterior structures at risk. Although there are no 
controlled studies, percutaneous screw place-
ment has been associated with decreased postop-
erative pain and a high number of patients are 
ambulatory within three days after surgery 
[15–18]. In addition, the level IV evidence sug-
gests that percutaneous screw placement may be 
associated with fewer complications than open 
placement.

 Cement-Augmented Screws

Bone quality is often poor in patients with spinal 
metastases due to the metastases, comorbidities, 
and the deleterious effect on bone that some che-
motherapeutic agents have such as doxorubicin as 
well as radiation. In addition, many patients with 
cancer have osteoporosis unrelated to their diag-
nosis of cancer. Revision surgery for instrumenta-
tion failure is a potential major burden for these 
patients. Optimal fixation of these constructs in 
the compromised spine is therefore crucial. The 
application of methyl methacrylate has long been 
used as a means to gain purchase in otherwise 
compromised bone. More recently, specialized 
screws have been developed that allow the injec-
tion of methyl methacrylate through the screws 
[19, 20]. More recent studies have suggested that 
the revision rate due to screw failure is decreased 
using these specialized screws [21].
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 Minimal Invasive Surgical 
Decompression

Patients with spinal cord compression - either 
due to propulsion of bony fragments secondary 
to vertebral collapse or by direct tumor exten-
sion - often require decompression surgery, 
especially when a neurologic deficit exists [22]. 
Surgery may be needed in these cases particu-
larly if the tumor is not sensitive to conventional 
radiation, and there is insufficient space between 
the tumor and the spinal cord to allow for safe 
application of stereotactic radiosurgery. If the 
bony fragments are causing the pain, or the pain 
is otherwise related to instability, then radiation 
will not alleviate the symptoms since it will not 
improve the stability of the spine. Historically, 
one may approach the spine anteriorly. However, 
the anterior approach has been shown to be 
associated with increased blood loss, a longer 
surgical time, and increased morbidity [23]. 
Similarly, a posterior laminectomy without 
instrumentation was often found to be inade-
quate due to the introduction of kyphosis or 
inadequate anterior decompression. More 
recently, the use of a posterior only approach 
with instrumentation has gained in popularity. 
This approach allows 360-degree decompres-
sion of the spinal cord without the morbidity of 
an anterior approach [24]. In some cases, a less 
invasive or “minimally invasive” approach can 
be utilized. A smaller incision or use of a tubular 
retractor system is included in this category. The 
chief theoretical advantage of these approaches 
is that they involve less muscle dissection and 
therefore may be associated with less blood loss 
and less patient morbidity. These approaches are 
often combined with percutaneous pedicle 
screws. In some cases, less invasive approaches 
can be facilitated by using intraoperative navi-
gation, which allows one to identify their ana-
tomic location using the navigation.

 Case Description

A 58-year-old male patient with non-small-cell 
lung carcinoma metastasized to T6 presented with 
increasing thoracic radiculopathy (Fig. 15.1).

He underwent minimal invasive decom-
pression through a tube (Fig.  15.2). Following 
decompression, percutaneous instrumentation 
was performed (Fig. 15.3).

 Robot-Assisted Surgery

Robotic-assisted surgery is beginning to gain 
acceptance with its principle usage focused on 
instrumentation. It is likely that use of robotic- 
assisted instrumentation will be used to manage 
instrumentation needs in patients with metasta-
sis. The principle disadvantage of robotic-assisted 

Fig. 15.1 Sagittal MRI image of lytic lesion to T6 com-
pressing the spinal cord

Fig. 15.2 Tubular decompression of thoracic spine 
(white arrows). Placement of percutaneous pedicle screw 
fixation
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surgery is the high initial costs of the robot and 
the costs associated with developing a new opera-
tive workflow. The promise of robotic-assisted 
surgery lies in the marriage of preoperative plan-
ning with intraoperative navigation with a robotic 
arm that keeps these two entities dovetailed. 
While the initial attraction for surgeons will focus 
on instrumentation, it is likely that machine 
learning algorithms will develop, and other appli-
cations such as tumor resection will emerge. 
Capacity far beyond screw insertion is likely.

 Ablative Technologies

 Radiofrequency Ablation

Radiofrequency ablation (RFA) therapy can be a 
satisfying palliative alternative for the treatment 
of pain for patients with spinal metastases who 

have contraindications or are nonresponsive for 
radiation therapy. The principles of RFA rely on 
using the heat generated by a high-frequency 
alternating current that passes through a needle 
electrode into the tumor. The rapid fluctuation 
of the electromagnetic current causes water 
molecules to rapid change directions under the 
influence of the current. This leads to friction 
and ultimately tissue necrosis. This can be fol-
lowed by the injection of bone cement to rees-
tablish spinal stability depending on the tumor 
size. Retrospective analysis showed reduction in 
pain which was seen over multiple time points 
[25, 26]. Due to the fact that this procedure is 
percutaneous, it is usually not necessary to 
interrupt other ongoing systemic therapy as with 
open surgical approaches [27]. Reported com-
plication rates differ from 0% to 7% and vary 
from puncture site hematoma to neurovascular 
injury [26, 27].

Fig. 15.3 Ultimate fixation using percutaneous pedicle screws
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 Cryoablation

Cryoablation is another form of thermal ablation. 
This technique uses extreme cold to cause tumor 
cell death. Insulated cryoprobes are inserted into 
the vertebral body tumor followed by the intro-
duction of high-pressure argon gas through the 
probe. The quick expansion of the gas in the tip 
of the probe causes temperatures as low as −100° 
Celsius [28]. The margin of the treated area can 
be visualized by CT and MRI making this tech-
nique useful in metastases with critical surround-
ing structures – an advantage RFA lacks [28–30]. 
The cooling effect can penetrate deeper into bone 
than RFA, potentially affecting a larger tumor 
volume. Upon completion of the cooling phase 
and thus the ice-ball, helium is introduced gener-
ating heat into the tip of the cryoprobe. This 
causes an osmotic gradient and the cell absorbs 
an exceeding amount of extracellular fluid, ulti-
mately bursting the tumor cell. When the proce-
dure is completed and the tip is recovered to an 
appropriate temperature - guarding for iatrogenic 
damage to the healthy tissue - the cryoprobe is 
removed safely from the patient. Also in cryoab-
lation, sometimes, cementoplasty or vertebro-
plasty is warranted to reestablish structural 
support. Retrospective studies have reported 
favorable pain reduction at different time points 
following the procedure, with decreased analge-
sics dosage. No postprocedural transient pain 
was seen, and there was no evidence of tumor 
progression in 96.7% [26, 30].

 Microwave Ablation

The principles of microwave ablation (MWA) 
rely on the polarity of water molecules in cells. 
As the side of the two hydrogen molecules is 
charged positive and the oxygen side is charged 
negative, the oscillating microwave radia-
tion causes the molecule to turn when passed 
through the tissue. Due to the fact that the 
microwaves have an extremely high frequency 
(9.2 × 108 Hz), the molecules turn around 2–5 
billion times a second. The friction created 
by agitating the water molecules causes heat, 

which promotes coagulation necrosis in the 
cell [31]. There are multiple ways to adminis-
ter MWA, but percutaneous is the least invasive. 
The microwave antenna is introduced using 
guided CT into the tumor, and through the not 
insulated, exposed part of the antenna, an elec-
tromagnetic microwave is radiated. Advantages 
of this procedure are that no grounding pads 
are required, higher intertumoral temperatures 
can be reached, larger tumor volumes can be 
ablated in quicker intervals, and it is possible to 
use multiple antennas simultaneously. However, 
due to the large defect left in the tissue after 
treatment, some form of stabilization such as 
with cement may be indicated. A disadvantage 
is that real-time visualization is not possible as 
in cryoablation. One study reported results on 
the use of MWA on painful extraspinal osse-
ous metastases and states that 64 of the 65 
patient (98%) had immediate pain relief, and 
local control was seen in 65% of the survivors 
after 20–24 weeks [32]. Another study with 17 
patients with metastatic spine disease showed 
a significant decrease of pain immediately fol-
lowing the procedure, which was durable after 
6 months of follow-up with all patients discon-
tinuing opioid agents [33].

 Future

The future of metastatic spine disease manage-
ment will likely include a growing use of ablative 
technologies with less invasive operative tech-
niques. Machine learning algorithms will also 
likely assist surgeons intraoperatively with and 
without the use of robotic arms.

The ablative technologies may be in the form 
of injectable radiation sensitizers. There is a 
growing interest in the use of systemic agents 
that by themselves do not have effective onco-
logic capacity; yet, they do seem to sensitize 
tumors to radiation. Ongoing preclinical work 
involving the injection of these radiation sensitiz-
ers suggests that the local delivery of these agents 
will help mitigate systemic side effects. These 
agents would be most useful in combination with 
stereotactic radiation.
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Robot-assisted surgery will likely continue to 
gain acceptance particularly as other technolo-
gies marry with machine learning algorithms. For 
instance, preclinical probes are being developed 
that effectively identify tissue type based on elec-
trochemical differences within tissue types. 
These probes will likely help robotic arms, which 
will use them in combination with embedded 
MRI or CT images to help guide surgical tech-
niques. These same probes will prove to be useful 
to minimally invasive and/or endoscopic 
approaches in helping surgeons identify nerve 
tissues versus disc tissues, for example.

Machine learning algorithms will likely con-
tinue to help surgeons as decision aids. Several 
machine learning algorithms have been used to 
predict survival in spinal metastasis. These stud-
ies are now being validated in other patient popu-
lations, and they are available online (www.
SORG-AI.com). These types of machine- 
learning- based decision aids will assist in 
decision- making, as they will provide more reli-
able probabilities of adverse events, survival, and 
overall outcomes [34–38].
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Radiotherapy in Metastatic Spinal 
Disease

Mehee Choi, Dian Wang, and Aidnag Z. Diaz

 Introduction

Spinal metastases occur in 30–40% of all cancer 
patients [1, 2]. Certain cancers, such as prostate, 
breast, and melanoma, display predilection for 
bone involvement, with more than one-half of 
patients with these cancers developing spinal 
metastases over the course of their illness [3]. 
Metastatic disease in the spine leads to spinal 
instability, neurological deficits, and pain. 
Metastatic epidural spinal cord compression 
(ESCC) affects 5–10% of all cancer patients and 
up to 40% of those with other bony metastases 
[4–6]. Approximately 20,000 patients present 
each year with spinal cord compression at the 
time of cancer diagnosis in the United States [7, 
8], with the Inpatient Sample database reporting 
more than 8000 annual admissions for malignant 
spinal cord compression [9].

Therapeutic intervention can alleviate pain, 
preserve or improve neurologic function, achieve 
mechanical stability, optimize local tumor con-
trol, and improve quality of life. In addition to 
medical treatment for the systemic burden of dis-
ease, numerous surgical and radiotherapeutic 
strategies have been employed. In a randomized 
controlled study of surgical decompression with 
conventional radiotherapy (30  Gy in ten frac-
tions) compared with radiotherapy alone for met-
astatic ESCC secondary to solid malignancies, 
Patchell et al. [10] demonstrated superiority of a 
combined surgical and radiotherapeutic approach 
for the maintenance and recovery of ambulation, 
duration of ambulation, functional ability, main-
tenance of continence, and survival. Since the 
time of this landmark study, therapeutic modali-
ties and treatment strategies have continued to 
evolve.

 Presentation

Early diagnosis of metastatic spinal disease is 
important because functional outcome depends 
on neurologic and mechanical condition at the 
time of presentation. Back pain, the most com-
mon presenting symptom in patients with meta-
static tumor to the bone or epidural space, often 
precedes the development of other neurologic 
symptoms by weeks or months. Two distinct 
types of back pain are encountered in patients 
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with spinal tumors: tumor-related and mechani-
cal. Tumor-related pain is predominantly noctur-
nal or early morning pain and generally improves 
with activity during the day. This pain may be 
caused by inflammatory mediators or tumor 
stretching the periosteum of the vertebral body 
[11]. Tumor-related pain generally responds to 
administration of low-dose steroids. Definitive 
treatment of the underlying tumor with radiation 
or surgery often relieves tumor-related pain. 
Recurrence of pain following treatment may be a 
harbinger of locally recurrent tumor. Mechanical 
pain results from a structural abnormality of the 
spine, such as a pathologic compression fracture 
resulting in instability. This pain is movement- 
related and may be exacerbated by sitting or 
standing, which increases the axial load on the 
spine. Mechanical pain does not typically respond 
to steroids, and while it may be ameliorated with 
narcotics or bracing, often surgical intervention 
is required to improve mechanical stability.

Pathologic compression fractures often pres-
ent with acute pain, which typically resolves 
slowly with or without bracing, unless progres-
sive mechanical deformity occurs. Neurologic 
symptoms and signs often manifest with radicu-
lopathy (nerve root symptoms) or myelopathy 
(spinal cord compression) depending on the 
extent and location of compression. 
Radiculopathy in the cervical or lumbar spine 
causes pain or weakness in the upper or lower 
extremity, respectively, while in the thoracic 
spine, radiculopathy occurs as a band-like pain at 
a segmental level. Some patients develop a 
mechanical radiculopathy resulting from insta-
bility and neuroforaminal compression by tumor. 
This pain occurs when bearing weight and is 
relieved by lying down. It is often accompanied 
by mechanical back pain. Myelopathy may mani-
fest subtly, with discoordination and reflex find-
ing such as hyperreflexia, a Babinski reflex, or 
clonus. More severe variants can include weak-
ness, proprioceptive sensory loss, and loss of 
pain and temperature below the level of the spinal 
cord compression. Autonomic dysfunction may 
result from spinal cord compression or cauda 
equina compression. Painless urinary retention 
may suggest a neurologic cause, but obstructive 

GU system abnormalities can also be an explana-
tion [12]. Specific spinal cord syndromes such as 
conus medullaris syndrome may present with 
minimal pain and with isolated loss of bowel and 
bladder function. Additionally, isolated sacral 
involvement, especially of the low sacral nerve 
roots, may present without pain.

 Evaluation

 Imaging

Advances in imaging have improved the sensitiv-
ity of detecting spinal metastases and the speci-
ficity of differentiating from other processes that 
involve the spine. Magnetic resonance imaging 
(MRI) has revolutionized assessment of meta-
static spinal tumor, but other imaging modalities, 
including plain radiographs, bone scan, comput-
erized tomography (CT) scan, myelogram, and 
positron emission topography (PET), still play a 
role in evaluating patients. The goal of imaging is 
to be as sensitive and specific as possible in iden-
tifying tumor, give precise anatomic detail, iden-
tify distant metastases, and show recurrent tumor 
following the placement of instrumentation.

Until MRI became widely available, myelo-
gram and CT scan were the best diagnostic 
modalities for assessing acute spinal cord com-
pression. MRI is the most sensitive and specific 
modality for imaging spinal metastases. Sagittal 
screening images of the entire spine reveal bone, 
epidural, and paraspinal tumor. The extent and 
degree of spinal cord compression can be readily 
appreciated [13].

Imaging sequences used to evaluate spinal 
metastases typically are T1- and T2-weighted. 
Tumor on a T1-weighted image is hypointense 
relative to the normal marrow signal. The ports 
from prior spinal radiation can be discerned on 
T1-weighted images as hyperintense signal 
change and may assist in making acute therapeu-
tic decisions when radiation port films are not 
available. Tumor is hyperintense relative to mar-
row on standard T2-weighted imaging and pro-
duces a myelogram effect with cerebrospinal fluid 
appearing hyperintense. STIR images show 
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enhanced contrast between the lipid marrow 
(hypointense) and tumor (hyperintense) [14–16]. 
Short tau inversion recovery (STIR) technique 
images may be the most sensitive screening 
modality for tumor, but give less anatomic detail 
than standard T1 or fast spin echo T2 images [17].

 NOMS

The ESCC scale provides a common vocabulary 
to describe and stratify patients on the basis of 
the degree of epidural tumor extension [18]. 
Tumors confined to bone (stage 0) and tumors 
with minor epidural extension without abutment 
or compression of the spinal cord (stages Ia and 
Ib) have the requisite separation from the spinal 
cord to be safely treated with stereotactic radio-
surgery (SRS). These tumors are classified as 
low-grade ESCC. In contrast, tumors displacing 
or compressing the spinal cord (stages II and III, 
respectively) are classified as high-grade ESCC 
and require resection of the epidural component 
to separate the tumor from the spinal cord prior to 
SRS.  The ESCC scale has good-to-excellent 
intra- and inter-rater reliability scores. The ESCC 
scale represents 1 of the 4 considerations in the 
neurological, oncological, mechanical, and sys-
temic (NOMS) algorithm. Bilsky and Smith [19] 
published the NOMS system, which incorporates 
multiple factors, including (1) neurological 
examination, degree of spinal cord compression 
on imaging; (2) tumor sensitivity to radiation 
(oncological); (3) presence or absence of spinal 
instability; and (4) systemic burden of metastatic 
disease.

The NOMS framework allows the determina-
tion of the optimal combination and type of treat-
ment modalities for each patient by integrating 
neurological (N), oncological (O), mechanical 
(M), and systemic (S) considerations [20]. The 
neurological consideration includes the degree of 
radiographic ESCC and a clinical determination 
of neurological symptomatology attributable to 
spinal cord or nerve root compression, while the 
oncological consideration relies on tumor histol-
ogy to classify tumors into either radioresistant 
or radiosensitive pathology. Breast, prostate, 

ovarian, and neuroendocrine tumors are gener-
ally considered radiosensitive, while renal, thy-
roid, hepatocellular, colon, non-small-cell lung 
carcinoma, sarcoma, and melanoma tend to be 
more radioresistant. Patients with radiosensitive 
tumors are generally treated with cEBRT regard-
less of ESCC, achieving good local control. By 
contrast, radioresistant tumors benefit from ste-
reotactic radiosurgery (SRS) for local control if 
not diffusely disseminated.

The mechanical consideration serves as an 
independent surgical indication. In 2010, the 
Spine Oncology Study Group published the 
Spinal Instability Neoplasia Score (SINS) [21]. 
This system has been shown to be reliable among 
surgical and nonsurgical oncologic specialists 
[22–24]. Patients with mechanical instability 
often require stabilization. The spinal column 
may be stabilized using open or percutaneously 
placed instrumentation in addition to cement 
augmentation. The Spinal Instability Neoplastic 
Score is a validated decision-making tool that 
facilitates the diagnosis of instability [25, 26]. 
Factors reflecting and governing stability  – 
including tumor-level biomechanics (with 
increased instability with junctional or mobile 
spine disease over semi-rigid thoracic or rigid 
sacral involvement), the presence of pain, bony 
lysis, vertebral body collapse, posterolateral ele-
ment involvement, or frank misalignment  – are 
tallied and weighted to provide a score classified 
into stable, unstable, or indeterminate categories. 
For patients with an indeterminate or unstable 
score, surgical referral is indicated.

Under the NOMS framework, patients who 
should be considered for surgery are those who 
have high-grade spinal cord compression and/or 
spinal instability. For very radiosensitive histolo-
gies such as lymphoma, myeloma, or seminoma, 
even high-grade compression may be treated with 
radiotherapy alone in many centers. The need for 
urgent surgery in other settings along with the 
knowledge of a high rate of local tumor control 
with SRS led to the concept of “separation sur-
gery” in patients with high-grade metastatic epi-
dural spinal cord compression [27]. The goal of 
separation surgery is to limit the amount of tumor 
resection needed by creating a tumor- free margin 
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around the thecal sac in order to reconstitute its 
normal shape and the CSF interval between the 
cord and sac. Postoperative SRS is then used to 
treat the remaining spinal tumor.

 Treatment

 Mechanical Stabilization

Currently, the two main indications for primary 
surgical intervention are decompression of the 
spinal cord and stabilization of the spine if there 
is evidence of instability. There are a range of 
options for vertebral column reconstruction after 
tumor resection that have been developed over 
the last several decades, with many viable solu-
tions. Relatively newer methods of providing 
vertebral column support for pathologic vertebral 
body fractures are vertebroplasty and kypho-
plasty. Vertebroplasty was first described in the 
late 1980s [28] followed by kyphoplasty a decade 
later [29, 30]. For each procedure, polymethyl-
methacrylate is injected into the fractured verte-
bral body via a percutaneous transpedicular 
approach. Kyphoplasty has the additional step of 
inflating a balloon in the vertebral body to create 
a cavity prior to cement injection, which can the-
oretically help reduce kyphotic deformity and 
increase the overall cement volume injected 
without extravasation. These benefits are contro-
versial and have not necessarily been borne out 
by data. Both procedures have been shown to 
improve pain scores (visual analog scale), reduce 
narcotic usage, and improve quality of life [31]. 
These procedures can be particularly useful as an 
adjunct prior to SRS [32], both to relieve mechan-
ical back pain and to provide mechanical 
stability.

 Radiation Therapy

Radiation therapy (RT) is a well-established 
treatment for metastases to the spine. Local radi-
ation is delivered with the goal of palliation of 
pain, prevention of disease progression, and stop-
ping or reversing neurological compromise. 

Radiation Therapy Oncology Group (RTOG) 
9714 compared protracted (30 Gy per ten frac-
tions) versus single fraction (8 Gy) standard radi-
ation regimens and reported that the 3-month 
pain response was only 66%, with no significant 
difference in pain relief, which begs the question 
whether that can be improved upon and, if so, 
whether stereotactic body radiotherapy (SBRT) 
could be the treatment to do so [33].

Pain from spinal metastasis can be alleviated 
by radiation therapy through a combination of 
various mechanisms. Radiation can mechanically 
improve pain by decreasing pressure on the spi-
nal cord, bone, and spinal nerves as the tumor 
shrinks. It can also decrease pain by reducing the 
inflammation caused by the growing tumor’s 
interaction with the bone matrix. Lastly, it can 
improve pain by allowing the bone-healing pro-
cesses to proceed unimpeded by active tumor 
cells.

 Single-Fraction Stereotactic 
Radiation Therapy

SBRT involves the precise delivery of high dose 
per fraction RT to extracranial tumors. Its prede-
cessor, stereotactic radiosurgery (SRS) to the 
brain, was first described by Leksell in 1951 and 
utilized a collimator helmet rigidly fixed to the 
skull for precise target localization accuracy in 
order to deliver a single high dose of radiation to 
the brain [34, 35]. Although the spine shares 
some advantages with the brain as a treatment 
target, SBRT did not emerge until around 40 years 
later due to limitations in immobilization and 
localization outside the cranium, as well as treat-
ment planning technology [36]. CyberKnife sys-
tem was the first advanced SRS platform applied 
to the treatment of spine tumors [37]. There have 
been many iterations of this technology since 
then, with impressive local tumor control rates of 
over 90% when used as the primary treatment 
modality for metastatic spine tumors. In 2007, 
Gerszten et  al. [38] published the results of a 
series of 500 metastases to the spine in 393 
patients who underwent spinal radiosurgery; they 
excluded patients with neurological deficits or 
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spinal instability. The results were particularly 
encouraging, with high rates of long-term pain 
control (86%) and long-term tumor control 
(90%).

The efficacy of SRS and SBRT lies in the abil-
ity to deliver highly ablative doses to the spine 
while limiting normal tissue radiation exposure 
with the help of image-guided technology. Recent 
studies of survivors with metastatic disease living 
longer than 5 years report local tumor control 
rates of over 80% following high-dose, single- 
fraction RT. [39] At the present time, there are no 
randomized trials confirming the superiority of 
single-fraction radiosurgery to SBRT. However, 
it is posited that exposing tumors to a dose per 
fraction of at least 8 Gy may active radiobiologi-
cal pathways leading to tumor cell death through 
mechanisms apart from mitotic catastrophe and 
apoptosis [40]. The dominant form of cell death 
when irradiated with conventional methods is 
apoptosis. Proposed mechanisms of increased 
cell death with SBRT include radiation-induced 
tumor antigen-specific immune response, endo-
thelial/vascular injury, or increased cell kill sec-
ondary to higher delivered dose [41–49]. 
Preclinical studies support the hypothesis that 
radiation-induced immunogenic tumor cell death 
contributes to an in situ vaccine [50, 51]. This 
idea has been further expanded with evidence 
showing radiation induces an immunogenic 
tumor cell death and alters the tumor microenvi-
ronment to enhance recruitment of antitumor T 
cells [52–54].

Single-fraction treatment is often used for 
patients with early-stage disease who have either 
radioresistant histology or favorable prognosis or 
both that is, those likely to live long enough to 
experience the benefits of an ablative treatment 
over a conventionally fractionated palliative one. 
Good candidates would typically not have high- 
grade epidural cord compression and have not 
received prior RT to the same region because spi-
nal cord integrity may be further endangered 
either from short-term tumor swelling or from 
the radiation itself. In cases that do not fit these 
criteria, hypofractionated or conventional treat-
ment is generally more appropriate.

Memorial Sloan Kettering Cancer Center 
(MSKCC) currently utilizes 24  Gy as the stan-
dard single-fraction spine SBRT dose [55]. Their 
most recent outcomes reported by Yamada et al. 
consisted of 811 spine metastases in 657 patients, 
treated to a median of 24 Gy (range 16–26 Gy). 
With a median follow-up of 26.9 months, local 
failure was <1% and 3.1% at 12 and 48 months, 
respectively. With subgroup analysis of lesions 
receiving lower (median 17.09  Gy to the gross 
tumor volume [GTV]) and higher doses (median 
23.56  Gy to the GTV), local failure rates were 
14% and 2.1% at 12 and 48 months, respectively, 
suggesting a benefit of higher doses that was 
independent of histology [55].

Another large institutional experience from 
University of Pittsburgh Medical Center (UPMC) 
was reported in 2007 and consisted of 500 spinal 
metastases treated with single-fraction radiation 
doses ranging from 12.5 to 25 Gy (mean 20 Gy, 
median 19  Gy). Eighty-six percent experienced 
long-term pain control, and long-term tumor con-
trol was achieved in 90% of lesions treated 
upfront and 88% of lesions that had been previ-
ously irradiated [38]. A phase I/II study from 
University of Texas MD Anderson Cancer Center 
(MDACC) consisted of 61 patients treated with 
single-fraction doses of 16 of 18 Gy to the clini-
cal target volume (CTV)/GTV for nonrenal cell 
histologies (30 lesions) and 16 of 24 Gy to the 
CTV/GTV for renal cell histology (33 lesions). 
At a mean follow-up of 20 months, they found 
88% and 64% 18-month local control (LC) and 
overall survival (OS), respectively, with only two 
patients experiencing grade 2 or higher side 
effects [56].

 Fractionated Stereotactic Radiation 
Therapy

Intensity-modulated radiation therapy (IMRT), 
developed in the 1980s to 1990s, and more 
recently volumetric-modulated arc therapy 
(VMAT) in particular have allowed for more con-
formal dose planning than was previously possi-
ble with conventional linear accelerator-based 
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treatment, allowing safe delivery of ablative 
doses while sparing the spinal cord and other 
neighboring structures [57]. As a result, high- 
dose treatment can be delivered to the spine in 
short courses of 1–5 fractions, that is, SBRT and 
is now used in a variety of clinical settings includ-
ing for metastatic disease and primary tumors of 
the spine.

The most common application of spine SBRT 
is for metastatic disease, which represents over 
90% of all spinal tumors [58]. The utilization of 
spine SBRT for metastatic disease has increased 
significantly since the early 2000s [59]. As noted 
earlier, there are radiobiological advantages to 
higher dose per fraction and shorter overall treat-
ment times, in that tumors are more likely to be 
ablated. This may result in more sustained pain 
control and less likelihood of the need for retreat-
ment, which is especially important as new thera-
pies continue to increase the life expectancy of 
patients with certain metastatic cancers [33, 
60–63].

While the clinical use of SBRT continues to 
expand, it is important to point out that not every 
spinal metastasis is amenable to spine SBRT, and 
for some it is simply not necessary when conven-
tional fractionation would be sufficiently effec-
tive [20, 59]. The Spinal Instability Neoplastic 
Score (SINS) is a validated tool to help assess the 
degree of mechanical instability [25]. Systemic 
disease is also assessed, taking into account pro-
jected survival and likelihood of tolerating the 
treatment.

 Postoperative Radiosurgery

If a cord compression has been relieved and a 
greater distance has been created between the 
vertebral body and the cord itself, hypofraction-
ation or even single-fraction treatment may 
become feasible when it had not been previously. 
The largest study of postoperative SBRT to the 
spine is the retrospective report by Laufer et al. of 
186 patients treated with 24 Gy in a single frac-
tion, 27–30 Gy in three fractions, termed “high- 
dose hypofractionation,” or 18–26 Gy in five to 
six fractions, termed “low-dose hypofraction-

ation.” Overall rate of local progression was 
16.4% at 1 year for SRS, 4.1% in the high-dose 
hypofractionation group and 22.6% in the low- 
dose hypofractionation group (P = 0.04) [20]. A 
review by Redmond et al. estimated the crude LC 
following postoperative SBRT to be 88.6% 
(range 70–100%) based on a combined 426 
patients [64]. Tao et al. also evaluated the postop-
erative patients treated on the phase I/II trials at 
MDACC, not included in the prior review, and 
found 85% LC and 74% OS at 1  year [65]. 
Massicotte et  al. described ten patients treated 
using a minimal access spine surgery followed by 
SBRT, which resulted in 70% LC and 80% OS at 
a median of 13 months [66].

 Separation Surgery

The goals of separation surgery include epidural 
decompression and spinal stabilization without 
gross total or en bloc tumor resection [67]. This is 
most useful if the patient is a candidate for SBRT 
since a minimum physical separation of between 
3 and 5 mm between the cord and the tumor is 
needed to allow for adequate dose falloff, partic-
ularly in those patients that have received prior 
radiotherapy to the spinal cord. Generally, instru-
mented stabilization is performed prior to decom-
pression in order to avoid the manipulation of 
hardware across an open spinal canal. Partial cor-
pectomy may be performed to facilitate decom-
pression without aggressive attempts for gross 
total tumor or vertebral body resection. As a 
result, anterior constructs are rarely required. In 
cases with severe vertebral body destruction, 
anterior reconstruction may be carried out using 
polymethylmethacrylate with Steinmann pins; 
alternatively, polyether ether ketone or titanium 
cage placement can also be used with this pos-
terolateral approach [67].

 Reirradiation

In the aforementioned study of 500 patients 
treated at UPMC, 69% were undergoing reirra-
diation, and in that subgroup, LC remained high 
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at 88% with long-term pain control of 86% [38]. 
Damast et  al. evaluated 94 patients who had 
experienced in-field recurrences after 30  Gy 
delivered in ten fractions. These patients were 
then treated with either a more traditional 20 Gy 
in five fractions or a more aggressive 30 Gy in 
five fractions. Local failure was significantly 
reduced with the higher doses, 45% versus 26% 
at 1 year (P = 0.04), and no patients developed 
myelopathy [68]. Another study of reirradiation 
in 215 patients at seven institutions incorporated 
a heterogeneous mix of prior treatment and 
retreatment regimes. The median prior dosing 
was 30 Gy in ten fractions with a median retreat-
ment dosing of 18 Gy in one fraction, given at a 
median of 13.1 months after prior RT. At 6 and 
12 months, LC remained high at 93% and 83%, 
respectively [69]. A prospective study of reirra-
diation was performed at MDACC including 59 
patients and utilized dosing of 30  Gy in five 
fractions or 27 Gy in three fractions. At a mean 
follow- up of 17.6  months, 1-year LC and sur-
vival were both 76% and freedom from neuro-
logic deterioration was 92% at 1  year [70]. 
Considering that patients undergoing reirradia-
tion are a generally less favorable group than 
those undergoing de novo treatment, a median 
LC rate of 76% (range 66–90%) in retreated 
patients reported by one review paper as well as 
improvement in pain scores from 65% to 81% 
are certainly encouraging [71].

 Toxicity

There are several potential complications that can 
occur with SRS and SBRT, which are often depen-
dent on the location of the lesion treated. Acute 
toxicities can include nausea, fatigue, dermatitis, 
esophagitis, and myelitis. Late toxicities are more 
significant and can include esophageal stenosis, 
fistula, ulcer formation, vertebral compression 
fracture (VCF), as well as spinal cord injury. Of 
these, VCF and spinal cord injury have been well 
characterized and extensively reported in the lit-
erature. Sahgal et  al. reported pooled outcomes 
from 410 spine segments that were treated with 
spine SBRT.  The 1- and 2-year VCF incidence 

rates were 12.35% and 13.49%, respectively, with 
median time to fracture of 2.46  months [72]. 
Significant predictors for compression fracture 
were dose per fraction >19 Gy, lytic tumors, base-
line spinal misalignment, and baseline presence 
of a compression fracture. In another study, the 
5-year cumulative incidence rate of symptomatic 
compression fractures requiring interventions was 
<10% among patients who received SRS to 24 Gy 
[73]. The experience from MSKCC of single-
fraction spinal SRS with 24 Gy revealed a radio-
graphic VCF rate of 36% of which 14% became 
symptomatic and required intervention [39]. 
Treatment of VCFs after SBRT for spinal metas-
tases includes percutaneous cement augmentation 
with vertebroplasty and kyphoplasty as they pro-
vide pain relief and mechanical support; however, 
preventative strategies are still under investigation 
[74]. Spinal cord injury, or more specifically, radi-
ation-induced myelopathy (RM), is the most 
potentially debilitating complication, and the risk 
is accepted to be less than 1% with care treatment 
planning and delivery. A dosimetric analysis con-
ducted by Sahgal et al. examined 19 patients who 
underwent reirradiation after conventional treat-
ment. The mean total P (max) nBED in the no-RM 
group was 62.3 Gy(2/2), which was significantly 
lower than the corresponding 105.8 Gy(2/2) in the 
RM group. The biologic effective dose (BED) 
from the initial course of radiation with conven-
tional RT was not significantly different between 
the two groups. The recommended dose con-
straints based on this analysis were to limit the 
cumulative BED to <70 Gy (2/2) for the thecal sac 
point dose maximum and limit the maximum 
SBRT BED to 25 Gy (2/2) for the thecal sac point 
dose maximum. Furthermore, a 5-month period 
between radiation treatment courses was consid-
ered safe [75]. Recommendations from a retro-
spective study by Saghal et  al. modeling nine 
patients who had RM following SBRT to the 
spine to 66 patients who did not have RM were to 
limit the thecal sac maximum point volume–dose 
to 12.4 Gy in one fraction, 20.3 Gy in three frac-
tions, and 25.3  Gy in five fractions in order to 
reduce the risk of RM to less than 5% [76]. A 
comprehensive study examining dose–volume 
data for de novo SBRT spine cases found the risk 
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of spinal cord injury to be 1% with 13 Gy in a 
single fraction and 20 Gy in three fractions. In the 
reirradiation setting, the estimated risk level was 
0.4% for 10 Gy and 0.6% for 14 Gy in five frac-
tions [77]. With regard to esophageal toxicity, 
Cox et  al. reported on 204 patients treated to a 
median dose of 24 Gy in one fraction, of whom 31 
(15%) patients experienced acute and 24 (12%) 
patients experienced late esophageal toxicity. 
Overall, 14 patients (6.8%) had grade 3 or higher 
esophageal toxicity according to CTCAE 4.0 
[78]. In the secondary analysis of the MDACC 
phase I/II studies, esophageal toxicity rates were 
also low. Ten (15%) patients and eight (12%) 
patients had GI toxicities including esophagitis, 
as well as dysphagia, nausea, vomiting, anorexia, 
and diarrhea. There were no cases of grade 3 or 
higher GI toxicity [65].

 Conclusion

The diagnosis and treatment of spinal metastases 
require multidisciplinary review. Regardless of 
the treatment, diagnosis and intervention before 
the development of significant neurologic and 
functional deficits would improve outcomes. 
Back pain is generally the earliest sign of meta-
static tumor. Proper use of imaging greatly assists 
in screening for tumor and may help distinguish 
tumor from other spinal pathology. RT remains a 
mainstay of therapy for metastatic spinal tumors. 
Advances in stereotactic radiotherapy delivery 
techniques such as SRS and SBRT continue to 
improve tumor control. The role of RT, surgery, 
and chemotherapy is still being defined. 
Continued advances in imaging, chemotherapy, 
RT, and surgery combined with increased physi-
cian awareness may continue to help improve the 
quality of life for these patients.
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 History, Indications, 
and Contraindications

Percutaneous spine biopsy was first described in 
the early 1930s, with radiologic guided biopsy 
first described in the later portion of that decade 
[1]. Image-guided biopsy today offers a rapid, 
cost-effective biopsy approach with fewer com-
plications compared to open surgical biopsy. 
General indications and contraindications for 
percutaneous spine and bone biopsy are listed in 
Table 17.1 [2].

 Preprocedure Evaluation

When the decision to biopsy is made, it is imper-
ative that multidisciplinary discussion occurs 
regarding placement of the biopsy in light of pos-

sible planned surgical approach, since tract seed-
ing for spine lesions (particularly sarcomas) is of 
concern [3]. As such, if core needle biopsies are 
obtained outside of the planned incision plane, 
the surgical procedure must be changed to now 
consider the potentially contaminated tissue 
plane.

Prior to consideration for spine biopsy, a 
focused medical history and physical is obtained 
and any available preprocedural imaging 
reviewed. Major procedural-related items to dis-
cuss are current medications (e.g., anticoagulants 
or antibiotics), allergies, tolerance of procedural 
anesthetics, and any potential skin or tissue infec-
tions in the planned biopsy trajectory. Pertinent 
laboratory values include evaluation for 

S. Madassery (*) · B. Arslan · D. M. Tabriz 
Rush University Medical Center, Rush Oak Park 
Hospital, Chicago, IL, USA
e-mail: sreekumar_madassery@rush.edu

17

The authors have no financial conflicts of interest regard-
ing the content included in this chapter.

Table 17.1 Indications and contraindications for percu-
taneous bone biopsy

Indications for percutaneous bone biopsy
Confirm metastatic disease
Primary lesion evaluation
Pathologic fracture assessment
Infection
Chemotherapy effectiveness
Flow cytometric analysis of myelodysplastic 
conditions
General contraindications to percutaneous bone biopsy
Coagulopathy or bleeding diathesis
Suspected vascular lesion
Suspected infection in overlying skin or soft tissue 
path to lesion
Severe allergy to required sedoanalgesia for procedure
Pregnancy
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coagulopathy (e.g., PT/INR, platelet count) and 
for any laboratory values that may interfere with 
safe procedural analgesia and sedation (e.g., 
basic metabolic profile).

 Tools

Current imaging modalities considered for spine 
biopsies include ultrasound (US), fluoroscopy, 
computed tomography (CT), CT fluoroscopy 
(CTF), and magnetic resonance imaging (MRI). 
The current standard is CT.

When a safe percutaneous path to a spinal 
lesion is planned, decision to perform fine needle 
aspiration (FNA) versus a core needle biopsy 
(CNB) is made. The diagnostic yield of FNA 
 versus CNB has been studied, with CNB provid-
ing a greater success rate [4, 5]. FNA is reserved 
for difficult locations where nodal diagnosis of 
metastatic disease is required. Osseous lesion 
biopsies typically require larger core samples for 
adequate sampling compared to non-osseous 
lesions.

In general, a coaxial technique is used to allow 
multiple samples to be obtained. If the lesion is 
beneath intact cortex, a trephine tip needle is used 
to obtain access to the lesion with both manual- 
and drill-insertion devices commercially avail-
able. Once access to the lesion is obtained, the 
density characteristic determine the coaxially 
inserted lesion-sampling needle, with (1) tru-cut 
spring-loaded needles providing better samples 
of soft-tissue or cystic tumors and (2) trephine tip 
needles increasing the likelihood of obtaining a 
cylindrical core of tissue for mineralized lesions. 
The outer cannula is typically 11- or 13-gauge, 
with the inner biopsy needle being 14- or 
16-gauge, respectively.

 Biopsy Approach Technique

Percutaneous bone biopsy should be performed 
with knowledge of the potential surgery required 
for treatment depending on the differential diag-
nosis. This is particularly important for sarcomas 
and other malignancies where needle tract seed-

ing along the biopsy path is of concern. Like 
appendicular bone lesion biopsies, CT guidance 
is the main imaging modality used for focal osse-
ous lesions in the axial skeleton. An exception is 
bone lesions involving the entire vertebral body, 
in which case a fluoroscopic approach can be 
considered, since the precise cutting pathway 
after transpedicular cannulation is less important. 
The benefit of fluoroscopic guidance is real-time 
imaging and monitoring of the biopsy needle as it 
extends toward the area of interest. Soft tissue or 
more superficial lesions may be approached with 
ultrasound guidance. Occasionally, a lesion may 
be so superficial and easily palpable that an in- 
office percutaneous biopsy without imaging 
guidance can be considered.

 Specific Anatomic Areas (Cervical, 
Thoracic, Lumbar, Sacral)

 Cervical Spine (Fig. 17.1/Case 17.1)
For high-cervical (C1–C3) vertebral body 
lesions, an anterolateral, transoral, or 

anterolateral
approach

cervical spine
superior view

Fig. 17.1 Anterolateral technique for cervical vertebral 
body spine lesions. The needle passes between the carotid 
sheath and esophagus [2]. (Reproduced with permission 
from author, T Jamshid)
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pharyngeal approach can be performed. Upper 
cervical lesions are better suited for a transoral 
route, whereas mid-cervical lesions are better 
suited for an anterolateral route (Fig. 17.1). Of 
note, if chordoma is suspected, transpharyn-
geal biopsies should be avoided due to the 

high-risk of tract seeding causing local recur-
rence in a markedly difficult surgical resection 
site. For posterior lesions, the comparatively 
larger posterior elements of the lower cervical 
spine (C4–7) allow for posterior access to 
lesions (Case 17.1).

pedicular
transpedicle

approach

transforaminal
approach

paraspinal
approach

thoracic spine

Fig. 17.2 Technique for 
thoracic vertebral body 
lesions [2]. (Reproduced 
with permission from 
author, T Jamshid)

 

Case 17.1 A 58-year-old woman with history of invasive ductal breast carcinoma with enhancing lesion on T1 fat- 
suppressed postcontrast MRI within the left paramedian lamina and spinous process of C2 (red arrow). Surgical biopsy 
was initially requested; however, image-guided percutaneous biopsy attempt was performed. C2 lesion pathology con-
firmed metastatic spread consistent with patient’s breast primary

 Thoracic Spine (Fig. 17.2/Case 17.2)
The mediastinal structures make anterior verte-
bral body of the thoracic spine difficult to target; 
however, transpedicular, transforaminal, and 

paraspinal approaches exist. The pedicle pro-
vides a safe pathway to the vertebral body and is 
the preferred route if possible.

17 Percutaneous Modalities
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 Lumbar Spine (Fig. 17.3/Case 17.3)
The larger posterior elements of the lumbar spine 
and lack of surrounding vital anatomic structures 

make it substantially easier for percutaneous biopsy 
compared to the cervical and thoracic spine. 
Transpedicular and posterolateral approaches exist.

transpedicular
approach

posterolateral
approach

lumbar spine

Fig. 17.3 Technique for 
lumbar vertebral body 
lesions [2]. (Reproduced 
with permission from 
author, T Jamshid)

Case 17.2 A 57-year-old man with history of L3 plasmacytoma status post-L3 corpectomy, L2–L4 percutaneous 
pedicle screw fixation, and adjuvant radiation with follow- up imaging demonstrating an enhancing FDG-avid, lytic, T1 
fat-suppressed postcontrast MRI enhancing lesion (red arrow) in the right posterior process of T12. CT-guided biopsy 
yielded a new focus of plasmacytoma

S. Madassery et al.
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a b

c d

e f

 

Case 17.3 82 year old woman with history of breast cancer and follicular lymphoma, with diffuse enhancement of the 
L4 vertebral body concerning for disease recurrence. Initial CT-guided posterolateral approach biopsy attempt (a–c) 
was aborted after brisk development of an intra-procedural hematoma (red arrow, c), which was found to be traumatic 
development of a lumbar artery pseudoaneurysm (red arrow, d). After coil embolization, transpedicular approach under 
fluoroscopic guidance was successful performed (e, f) with results yielding follicular lymphoma recurrence

17 Percutaneous Modalities
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 Sacrum (Case 17.4)
Percutaneous biopsy of sacral lesions typically 
involves steep angulations and avoidance of the 
existing sacral plexus/nerve roots; however, osse-
ous bridging between foramen usually allow for 

safe percutaneous paths. Posterior approaches to 
lesions are the standard. Transrectal or transab-
dominal approaches should be avoided due to 
concern for tract seeding in common sacral dis-
ease such as chordoma.

 

Case 17.4 A 63-year-old man who initially presented with generalized weakness was found to have an expansile sacral 
mass that demonstrated enhancement on T1 fat- suppressed postcontrast MRI. Percutaneous biopsy avoiding the sacral 
foramina was performed and yielded a diagnosis of poorly differentiated carcinoma of unknown origin

 Sample Handling 
and Postprocedural Care

In addition to sending samples for pathologic 
analysis, additional testing should be performed 
if concern for infection (e.g., culture and sensitiv-
ity) or lymphoma (flow cytometry) is present. If a 
lesion is primarily cystic, aspirate samples are 
sent for cytopathology analysis, and ideally, the 
nodular/solid or MRI-enhancing component of 
the lesion should be targeted for core biopsy to 
increase diagnostic yield.

Postprocedural care predominantly focused 
on monitoring patients for any signs of complica-
tion, namely, bleeding or neurologic changes 
from preprocedural baseline. When obtaining 
biopsy of vertebral lesions, direct nerve or spinal 
cord injury is generally much less common than 
compressive effects of adjacent hematoma for-
mation. As such, any neurologic symptoms or 
decline should be taken seriously and further 
clinical investigation initiated.

S. Madassery et al.
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 Vertebral Augmentation

Sreekumar Madassery

Vertebral augmentation (VA) is a minimally inva-
sive percutaneous intervention intended to 
decrease pain and potentially restore height in 
patients with spinal compression fractures. 
Underlying pathology within the bony matrix, 
whether benign etiologies such as osteoporosis, 
or malignancies such as hematopoietic maladies 
or metastatic tumors, can dictate the structural 
integrity of the vertebral body. Historically, per-
cutaneous vertebral augmentation has been uti-
lized in cases where conservative medical 
management has failed to alleviate patients’ 
symptoms resulting in decline in daily activities 
and overall quality of life. In the tumor setting 
specifically, the choice to use percutaneous aug-
mentation must be made in the multidisciplinary 
setting after careful consideration of tumor his-
tology, neurologic status, structural integrity of 
the bony elements, and patient preferences/
comorbidities. Many augmentation techniques 
have been developed and utilized over the years. 
The choice of intervention is additionally based 
on fracture appearance, pathology, and operator 
experience.

The two common forms of VA include verte-
broplasty (VP), where polymethylmethacrylate 
(PMMA) cement is injected through transpedicu-
lar cannulas from a posterior approach into the 
affected vertebral body, and kyphoplasty (KP), in 
which PMMA is injected after cavity creation has 
been performed. Once vertebral fractures occur, 
there tends to be intense pain due to inflammation 
and the instability of bone during movement. The 
sequelae of immobility secondary to pain causes 
increased rates of thromboembolism, respiratory 
disorders, and contributes to opioid dependence 
[6]. The goal of percutaneous cementation in 
osteoporotic insufficiency fractures is to infiltrate 
the porous and fractured cancellous bone, thus 
strengthening the overall spinal segment and ulti-
mately reducing pain. The goals with pathologic 
vertebral fractures are similar, although there are 

specific technical concerns that arise in the set-
ting of a spinal neoplasm. As opposed to VP, the 
established benefits of KP are increased height 
restoration and decreased cement leakage. 
However, similar quality of life and pain improve-
ment are seen compared to VP [7]. Additionally, 
it is known that fractures cause disruption of the 
spinal structural integrity, which can result in 
adjacent vertebral fractures, particularly due to 
the biomechanical changes that are experienced 
as patients attempt ambulation in the presence of 
fracture-related pain. Part of the proposition of 
VA is to attain faster spinal stability and less per-
ception of fracture-related pain in an attempt to 
reduce medical morbidity of immobilization, 
pathologic motion, and future fractures. KP has, 
generally speaking, been more successful than 
VP [8] with regard to these goals. This is pre-
sumed to be due to benefits of increased height 
restoration, which can reduce the stress on adja-
cent levels. However, it is also important to con-
sider that the underlying bony disease is an 
important variable in this process, which can be 
influenced by multidisciplinary consultation with 
endocrinology and oncologic specialists.

There has been significant controversy over 
time regarding the efficacy of vertebral augmen-
tation. This includes studies which have tried to 
compare VA procedures to conservative medical 
management, as well as to “sham” procedures in 
which patients undergo simulated procedures. 
Conservative medical management is tradition-
ally accepted as use of nonsteroidal anti- 
inflammatory drugs (NSAIDs), opioids, 
bone-stimulating medications, and brace support, 
followed by possible physical therapy for 
8–12 weeks. For tumor-related fractures, in addi-
tion to the above, treatments may also include 
radiation or systemic therapy. Farrokhi et  al. in 
2011 in a randomized study of VP versus medical 
management for osteoporotic compression frac-
tures found statistically significant early pain 
improvement and quality of life in patients under-
going VP [9]. This was in contrast to earlier 
major controversial studies such as the 2009 
Buchbinder et al. study [10] reported in the New 
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England Journal of Medicine, in which no statis-
tical difference in pain was found at 6  months 
between treatment with VP and a sham proce-
dure. This was further confirmed by the authors 
at 2 years. Other double-blinded sham-controlled 
studies, such as the VERTOS IV study, also 
showed no significant difference between VP and 
a sham procedure [11]. Conversely, the 2016 
VAPOUR trial showed improved pain and 
decreased disability in VP patients compared to 
sham procedures in those with acute nonneoplas-
tic compression fractures [10]. What is seen in 
evaluating these studies is that there are signifi-
cant differences in the chronicity of the fractures 
included, the blinding factors, and imaging crite-
ria used. Many operators currently choose to 
offer augmentation when optimal conservative 
medical management has failed, with persistent 
pain, lack of healing on imaging, and 
debilitation.

Moreover, there has been evolution of newer 
techniques and devices, with increased focus on 
decreasing cement leakage potential and increas-
ing height restoration. The addition of radiofre-
quency energy to PMMA delivery in one system 
has provided the ability to deliver higher viscosity 
cement, resulting in potentially less cement leak-
age when compared to standard KP [12]. The 
KIVA system utilizes temporary coil insertion, 
with a permanent biopolymer (PEEK-OPTIMA) 
that goes over the coil, followed by removal of the 
coil and subsequent PMMA cement instillation 
within the polymer construct. While studies are 
limited, there are reports of decreased cement 
usage with this system, along with non-inferior 
pain resolution, and slightly increased height res-
toration compared to KP [13, 14]. Further in the 
extremes of maximized height restoration is the 
SpineJack system, recently introduced in the US 
market (present in Europe for over a decade), 
which incorporates bi-pedicular insertion of tita-
nium expandable implants, followed by PMMA 
interdigitation. This system demonstrated supe-
rior height restoration and kyphosis correction 
evaluated up to 3  years compared to KP in the 

recently published SAKOS trial [15]. This system 
has significant promise in preventing adjacent 
fractures and improvement in the kyphosis-asso-
ciated sequelae that many patients experience.

VA for pathologic vertebral compression frac-
tures has also been utilized for palliative pain man-
agement in patients with metastatic spread and 
myeloma. Most common metastases include 
breast, prostate, lung, and thyroid carcinomas. The 
pain experienced is thought to come from mass-
related periosteal, nocireceptor activation, and 
inflammatory cytokines [16]. Radiation therapy is 
primarily used in many nonoperative patients, 
especially when there is adjacent extra- axial dis-
ease. While this form of therapy helps to treat the 
tumor, this does not specifically provide increased 
bone stabilization, particularly with osteolytic 
lesions which can make patients at risk for wors-
ening compression and debility. Lim et  al. [17] 
reported 12-month follow-up of >100 patients that 
underwent VA for pathologic osteolytic VB com-
pression fractures, showing that spine stabilization 
was maintained, with marked improvement symp-
tomatically in the early follow- up period and 
slightly increased Visual Analog Score (VAS) at 1 
year. Erdem et  al. [18] in 2013 reviewed nearly 
2700 VA procedures in 792 patients with multiple 
myeloma in the early 2000s and showed an aver-
age decrease of 4 points in their VAS, a significant 
reduction/cessation of narcotic requirement, and 
an increase in activity levels. They also reported 
0.3% complications, which required antibiotics 
for management. A significant limitation in this 
review was that detailed data were only available 
for approximately 50% of the total patients 
reviewed. The Cancer Patient Fracture Evaluation 
(CAFÉ) study is a prospective, randomized, con-
trol trial that evaluated KP with conservative man-
agement, with 134 patients, and demonstrated 
significant pain improvement, quality of life, pain 
medication requirements, and activity for the 
patients that underwent VA [19]. The only major 
complication was an intraoperative myocardial 
infarction, which resolved and was attributed by 
the authors to anesthesia reaction. Overall, VA for 
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pathologic compression fractures has improved 
pain, mobility, and quality of life while reducing 
narcotic medication use, with minimal adverse 
events.

As reported by multispecialty consensus state-
ment, indications for VA include painful verte-
bral compression fractures that can be localized 
and is refractory to medical management, patients 
with vertebral bodies at risk of fracture due to 
malignancy, and symptomatic microfractures of 
vertebral bodies noted on MRI despite no height 
loss. The absolute contraindications for VA 
include septicemia, uncorrectable coagulopathy, 
or documented allergy to PMMA.  Some of the 
pertinent relative contraindications include retro-
pulsed fracture fragments resulting in neurologi-
cal compromise, epidural tumor extensions into 
the canal, and cauda equina syndrome starting at 
the level of the fracture [20]. Operators tend to 
avoid interventions with significant posterior 
wall defects and sometimes with hypervasular 
tumors due to concerns for intra-/postprocedure 
bleeding complications. In general practice, 
patients are ideally deemed appropriate for VA 
when presenting with subacute, nonmedically 
controlled thoracolumbar (<16 weeks after inci-
dent or diagnosis) fractures, MRI fluid signal 
imaging showing active inflammatory changes, 
and pain that can be localized on exam to the 
level of fracture. CT is of particular help in 
patients with pathologic fractures, as this is 
allowed detailed evaluation of the cortical integ-
rity. It has been shown that disrupted posterolat-
eral elements can lead to early failure post VA 
and may at times require operative management 
if cord compromise develops [21]. The overall 
major complications (spinal cord compression, 
nerve root compression, cardiovascular collapse, 
following cement pulmonary embolism) for VA 
are noted to be <1% for osteoporotic fractures 
and <5% for neoplastic fractures [20]. The major-
ity of reported complications are related to 
cement leakage, seen in the intra-disc space, pre-
vertebral venous plxexi and sometimes in the 
pulmonary arteries or spinal canal if there are 

posterior wall defects [22]. Reported cement 
leakage ranged between 2–27%, and most often 
required no further intervention, often seen in the 
intra- disc space, prevertebral venous pelxi, and 
sometimes in the pulmonary arteries or spinal 
canal if there are posterior wall defects [22].

Special consideration is also given to sacro-
plasty, which can have a significant impact in the 
quality of life for patients suffering from osteo-
porotic or neoplastic sacral insufficiency frac-
tures. The severe pain and immobile/recumbent 
positions that these patients experience can result 
in significant morbidity due to pressure ulcers, 
pulmonary compromise, and other infectious ail-
ments. The injection of cement under fluoro-
scopic or CT guidance in the prone position is a 
fast and simple palliative procedure, which also 
stabilizes the fractures. The 2017 prospective 
review by Frey et  al. that evaluated sacroplasty 
compared to nonsurgical management followed 
up for 10 years showed significant decreases in 
medication dependence and increases in pain 
relief and mobility [23]. This increases the arma-
mentarium of palliative procedures in a cancer- 
surviving population that continues to grow.

In summary, vertebral augmentation offers the 
ability to improve the increased morbidity and 
mortality sequelae seen with benign and malig-
nant spinal compression and sacral insufficiency 
fractures. While conflicting results from studies 
over the years have resulted in lack of both uni-
form understanding and widespread adoption of 
this minimally invasive approach to improve 
quality of life for spine tumor patients, there is 
increasing body of evidence supporting the ben-
efits of VA in patients failing conservative ther-
apy. Emerging technology and techniques have 
reduced prior complication concerns and have 
shown to decrease subsequent adjacent spinal 
fractures and opioid dependence. With more edu-
cation and patient selection, this approach can 
help accelerate recovery and return to quality of 
life in these patients. Effective and high-quality 
patient care results from working with multidis-
ciplinary specialist teams.
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 Cases

Sagittal MRI fluid signal sequence demonstrates moderate compression fracture of the T10 vertebral body.
AP and Sagittal spot images demonstrate bipedicular access of the Spinejack cannulas followed by
implant expansion and PMMA cement injection. Note significant height restoration.  

Case 17.5 A 58-year-old male with severe compression fracture of the T10 vertebral body status post fall-induced 
compression fracture, with unrelenting pain despite conservative medical management

Sagittal T2 Fluid signal image showing
Hyperintense T6 VCF with height
loss (red arrow)

Sagittal T1 Post contrast image
with gadolinium uptake in the
T6 VCF (red arrow)

Intraprocedural images of
unipedicular vertebroplasty of T6
VCF in the AP view with
curved cannula in place

Lateral view showing instillation
of PMMA cement through delivery
cannula. Visualization of cement
“interdigitation” (red arrows) into
areas of cancellous (weak) bone. 

Completion Lateral (left image) and AP projection (right image) spot images demonstrating adequate distribution of cement into T6 VCF (red arrows) with no cement 
extravasation. Prior T7/T8 VA changes present as well.  

Case 17.6 A 58-year-old female with history of breast cancer with known spinal metastases and prior treated thoraco-
lumbar vertebral compression fractures, presented with new nontraumatic T6 fracture, biopsy proved to be pathologic

S. Madassery et al.



265

MRI Fluid sensitive sequence showing bilateral
sacral insufficiency fractures

CT planning scan during at time of
interventin shows area of
hypodensity, consistent with fracture
areas.

Completion CT shows diffuse infiltration
of the cement into areas of weak bone.
No non-targer cement extravasation.

 

Case 17.7 A 76-year-old female with history of radiation- induced sacral fractures, with severe recumbent position 
related pain

 Spinal Ablation

Sreekumar Madassery

Pathologic vertebral compression fractures can 
result in similar or more pain, debilitation, qual-
ity of life decrease, and morbidities compared 
with nonpathologic fractures. Pain in spinal 
metastatic lesions may be even worse, since 
tumor growth in the confined vertebral body can 
cause pressure-mediated pain, in addition to the 
release of nociceptive tumor-related factors. 
After nonsurgical medical management of the 
fractures is started, helpful adjunctive treat-
ments may include systemic chemotherapy and/
or external fractionated radiation therapy. While 
radiotherapy may provide symptomatic relief, 
the effectiveness may be temporary and partial, 
with some studies reporting recurrent pain in 
almost 60% of patients around 2  weeks, with 
less effectiveness and potentially more compli-
cations with repeat treatments [24]. Although 
radiotherapy can be repeated, other palliative 
approaches should also be considered. Vertebral 
augmentation with simultaneous focal tumor 
ablative interventions can have several benefits 
in these patients including additive stability of 
the afflicted level, pain palliation, and tumor 
kill. Anecdotal experience has shown that non-
radiated bone tends to be more amenable to VA 

and ablation. Additionally, radiation after VA 
can still be performed if needed.

The longest evaluated thermal ablative 
approach has been radio frequency ablation (RFA). 
While specific differences of the propriety devices 
in this category are beyond the scope of this chap-
ter, the unifying aspect of all technologies is high 
temperature ablation to achieve tumor destruction. 
This is accomplished with either a single articulat-
ing probe or simultaneous bi-pedicular probes 
with water cooling to mitigate the charring effect 
that can occur, depending on the case specifics. 
Tomasian et  al. demonstrated that bi-pedicular 
RFA with VA resulted in safe local tumor control 
in a review of 33 tumors evaluated for 1  month 
[25]. Other studies with up to 55 patients also 
showed similar significant pain relief in this patient 
population, including 23% of patients that had 
already received radiotherapy [26]. As mentioned, 
combining VA with RFA for spinal metastases, 
which can be performed from the same access, 
provides combined benefits of pain palliation, 
tumor ablation, and stabilization of the fractured 
vertebrae. Both RFA energy and the mechanics of 
PMMA cement demonstrate a synergistic effect 
for pain relief. Wallace et al. evaluated 55 radio-
therapy naïve patients and found 89% local tumor 
control at 3 months and 70% control at 1 year [27]. 
A prospective study in 2017 by Reyes et  al. 
reviewed 72 spinal metastases treated with RFA 
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and VA combination, with significant pain relief, 
improved functional status, and tumor control 
without major complications [28]. What can be 
taken from these studies is that there is great utility 
in this treatment modality, and it may be offered as 
effective palliative treatment in a multidisciplinary 
approach. However, further randomized and 
blinded studies would be beneficial.

Freezing thermal ablation using Argon gas, 
termed cryoablation (CA), has been utilized in 
spinal tumors as well. This technique demon-
strates good visibility on CT imaging and results 
in decreased associated pain when compared to 
RFA [29]. Cryoablation with VA versus VA alone 
was evaluated in 46 patients in a double-arm 
study, showing significant sustained improve-
ment in pain scores and quality of life in the com-
bination arm evaluated out to 6 months [30].

Microwave ablation that is used in other inter-
ventional oncologic procedures tends to have 
benefits compared to other ablative methods, 
mainly in fewer number of probes required for 
comparable ablation volumes, higher intratu-
moral temperatures, and faster procedure times. 
Utilizing these qualities with VA has been evalu-
ated by Khan MA et al., in which 69 patients with 
spinal metastases were treated, and showed 94% 
of patients with immediate pain relief that was 
sustained to 6  months. In addition, local tumor 
control was also noted [31].

One of the downsides for ablative technolo-
gies currently being used in the spine is that the 
far posterior aspects of the vertebral body or pos-
terior elements are not ideal targets due to poten-
tial adjacent nerve or spinal cord damage that can 
occur. Some technologies have mitigated this 
effect with spinal temperature probes for moni-
toring. Although currently used only in animal 
studies for evaluation, irreversible electropora-
tion (IRE) is a potential tool that may benefit 
patients with painful osseous metastases and 
lesions in the posterior aspects/elements of the 
spine [32]. This technology causes irreversible 
depolarization of cell membranes, which does 
not affect nerve integrity.

Although there is a lack of abundant solid 
randomized and blinded data, combining ther-
mal ablation with vertebral augmentation 
appears to be a safe and effective method of 
achieving rapid and sustained pain relief while 
simultaneously stabilizing fractured vertebra 
with good local tumor control. Choice of abla-
tive method presently is operator dependent; 
however, radiofrequency energy has been the 
longest utilized approach. As a palliative treat-
ment, this warrants further consideration and tri-
als. This also requires well-functioning 
multidisciplinary efforts which are important in 
the ever-growing oncologic population.
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 Cases

Sagittal contrast enhanced
MRI shows enhancing
lesion posteriorly at L2 (red
arrow).

Sagittal fluid signal MRI
sequence shows fluid signal
in the vertebral body of L2. 

Bipedicular probes from the Osteocool™ (Medtronic, Minneapolis MN),
Ablation system followed by balloon kyphoplasty.

Post ablation and kyphoplasty images show cement filling the
balloon created cavities as well as interdigitation of vulnerable bone.  

Case 17.8 A 65-year-old female with multiple enhancing spine metastases on imaging, with mild height loss; how-
ever, severe pain is observed at the L2 level

17 Percutaneous Modalities



268

Attenuation corrected
images from PET-CT
shows activity T11 and
T12

Fused PET-CT images shows
intense activity within and
surrounding the T11-T12
levels.

CT images shows areas of
sclerosis and osseous
destruction at the same
levels.

Unipedicular access obtained into both T11- and T12 levels. Middle and third image
shows STAR™ (Merit, Jordan UT) RFA probes (red arrows) extended within the
vertebral bodies in order to perform radiofrequency ablation.

Post ablation and
vertebroplasty
cementing image shows
adequate coverage.  

Case 17.9 A 74-year-old male with history of prostate cancer with focal moderate-to-severe pain of the lower thoracic 
spine, with imaging findings suggestive of metastases, proven on biopsy

S. Madassery et al.
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 Embolotherapy in Spine Oncology

Bulent Arslan

 Introduction

There are several indications for embolization to 
manage spinal disorders. The most common indi-
cation is preoperative embolization of vascular 
tumors to minimize bleeding during surgical 
interventions. The second common indication for 
spinal embolization is for symptomatic hemangi-
omas. Arteriovenous malformations (AVMs) and 
bleeding are also rare indications for spinal embo-
lization and, however, are not within the scope of 
this chapter. This chapter will review preoperative 
embolization of hypervascular tumors and symp-
tomatic hemangiomas of the spine.

Embolotherapy has evolved significantly dur-
ing the past 40 years. The first successful intra- 
arterial embolization was performed in 1970s 
and since then the development of multiple 
embolic agents as well as access and support 
catheters including ultra-small microcatheters 
now allow interventional radiologists to treat 
lesions that are in challenging locations. As much 
as the field has evolved, we have also become 
more familiar with embolization-related compli-
cations. A rare but potentially devastating com-
plication is “nontarget” embolization.

The chapter reviews common use of spinal 
embolization procedures, clinical indications, 
techniques, and complications.

 Embolization Technique

Embolization is performed in a wide variety of 
clinical settings, such as aneurysm management, 
active or impending bleeding, flow diversion, 
tumor treatment, and other indications. Every 
clinical scenario involves different techniques 
and approaches. Each embolization procedure 
involves obtaining a detailed percutaneous angio-
gram. Our focus will be on embolization of spi-
nal pathology. In most procedures, the eventual 
goal is to occlude target blood vessels to diminish 
vascularity in the setting of a hypervascular 
tumor or AVM.

Arterial supply to the spinal cord is via the ante-
rior spinal artery through vertebral, thoracic seg-
mental, and lumbar branches of the aorta. There are 
extensive collateral branches allowing interconnec-
tions and supply overlap. Although watershed areas 
do exist, closure of several branches will be usually 
tolerated by the spinal cord, as long as the collateral 
circulation can compensate or flow dynamics self-
regulate. There are a few important technical con-
siderations when embolizing structures involving 
the spine. First and foremost is avoidance of the 
artery of Adamkiewicz (key thoracolumbar radicu-
lomedullary feeder of the anterior spinal artery). 
Direct embolization of this branch or other non- 
collateralized feeders of the anterior spinal artery 
runs a significant risk of spinal ischemia/infarct. 
The thoracic and thoracolumbar areas are the most 
likely locations for the artery of Adamkiewicz and 
have the worst collateral supply. The second most 
important consideration is the size of the embolic 
agent. If the embolic agent is small enough, it can 
traverse to the spinal cord level and can cause intra-
parenchymal infarction. In general, when particles 
are used, a particle that is 300 micron or larger in 
size is generally considered safe. These are typi-
cally large enough to not travel too distally. When 
liquid embolics are used (i.e., Onyx or Glue), it is 
crucial to assess the arterial anatomy carefully to 
ensure the branches feeding the spine are avoided. 
Alcohol is one of the most effective embolic/scle-
rosant agent used in AVMs throughout the periph-
eral system, but its utilization in the spine can be 
devastating. When coils or even microvascular 
plugs are used, generally the risks are significantly 
less. Coils and plugs are commonly used in the 
proximal segment (segmental) arteries, and they 
will not result in ischemia or infect of the spine as 
long as anterior spinal artery is avoided.

In most cases, a common femoral artery access 
will be obtained into the arterial system. Radial 
artery access is gaining popularity in some centers 
due to faster recovery and discharge times but cur-
rently the majority of available tools are designed 
for common femoral artery. A 5 French (inner 
lumen diameter) sheath is standard, and through 
this a 5 French (outer diameter) catheter is advanced 
to select the target artery. There are variety of selec-
tive catheters with different shapes, and catheter 
selection is usually based on operator experience 
and preference. A common catheter used in our 
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institution is a Sos-2 catheter (AngioDynamics, 
Latham, NY) for initial vessel selection. An angio-
gram performed through this catheter can be 
obtained to identify the target (tumor, AVM). More 
distal approach toward the target is usually per-
formed coaxially with a micro-catheter (1.7 Fr to 
2.8 Fr) with the assistance of a 0.014- or 0.018-inch 
guidewire. From this location, additional selective 
angiograms are obtained to confirm proper vessel 
selection and position, with focused evaluation for 
nontarget branches. The embolization is then per-
formed with the preferred agent (microsphere, par-
ticle, or liquid embolic). Some operators will prefer 
to use coils or plugs more proximally as they feel 
necessary. In certain cases, microsphere or liquid 
embolic may not be safe due to proximity of the 
target to the aorta and/or spine, which may lead the 
operator to use micro coils and micro plugs only. 
Coils and plugs will diminish the blood flow to the 
target area, but they will not devascularize the tar-
get itself. The main goal of microspheres and liq-
uid embolics is better devascularization of the 
target, although carries with it a slightly higher 
procedural risk.

In general, particles and microspheres are pre-
ferred for hypervascular tumor embolization, while 
liquid embolics, especially Onyx, are reserved for 
AVMs of the spine. Both can be used with or with-
out accompanying micro coils or micro plugs.

 Preoperative Embolization 
of Hypervascular Spinal Metastatic 
Tumors

The tumors that metastasize to the spine are usu-
ally hypervascular. Renal cell carcinoma (RCC) 
is the most common metastatic culprit, although 
thyroid carcinoma may also be hypervascular. 
Naturally, the more rare vascular-based malig-
nant entities such as angiosarcoma are also 
extremely vascular. Symptoms may include pain 
in the area, instability of the spine, and neuro-
logic deficits. Treatment options include external 
radiation, vertebral augmentation, and surgical 
resection with spinal stabilization [33]. Due to 
hypervascularity of the tumors, surgery (espe-
cially intralesional surgery) carries a high risk for 
significant blood loss, and embolization of the 
tumor or the arteries feeding the tumor region 

may help in significant reduction of blood loss. 
Manke and his colleagues demonstrated that par-
ticle embolization can decrease surgical blood 
loss from 5000 to 1500 ccs [34].

For preoperative embolization of spinal 
tumors, many agents have been used as an 
embolic agent. Today, medium-sized (300–700 
micron) particles/microspheres are recognized as 
the most safe and effective practice (see Case 
17.10). In addition, embolization may be used as 
stand-alone therapy or combined with other min-
imally invasive modalities. Two studies reported 
direct embolization or ablation of the tumor com-
bined with vertebroplasty as an effective alterna-
tive to traditional approaches [34, 35].

After small-particle embolization is per-
formed, coil and/or plug embolization of the 
main proximal branch will further diminish blood 
flow to the tumor and may also serve as localiz-
ing tool under fluoroscopy for subsequent sur-
gery (see Case 17.10). Upstream coil or plug use 
is generally not recommended if repeat emboli-
zation of the target is a possibility, as these tools 
will prevent re-accessing the branch. However, in 
the setting of preoperative embolization, repeat 
embolization is rarely necessary since the sur-
geon will remove the tumor directly.

As mentioned above, the most devastating 
complication of a spinal embolization procedure is 
spinal cord ischemia and infarction. It is important 
to perform a pre-embolization angiogram to iden-
tify anterior spinal artery, which classically has a 
downward coursing hairpin appearance, and if 
embolization cannot be performed without risk to 
the anterior spinal artery, it should be either 
aborted or performed partially. Even incomplete 
embolization has been shown to reduce intraoper-
ative blood loss [34, 36]. Lastly, other less signifi-
cant complications are skin and/or muscle necrosis, 
dissection of blood vessels, bleeding from access 
site, allergy to contrast agent, and others.

 Embolization of Symptomatic 
Vertebral Hemangiomas

Vertebral hemangiomas are seen in about 10% of 
the population with a predilection to young female 
patients. Although they are mostly benign, aggres-
sive lesions can result in expansion of the vertebral 
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body, pain, neurologic deficits, and may require 
treatment. Primary treatment has been surgical and 
may result in significant blood loss. One of the first 
articles published to assess the role of embolization 
in the treatment of symptomatic vertebral heman-
giomas demonstrated that embolization was a 
promising therapeutic option when used alone [37]. 
However, it was safe and effective if used as an 
adjunctive procedure to surgery [35]. Later, Hurley 
and his colleagues showed that Onyx can perform 
better in preoperative embolization of aggressive 
vertebral hemangiomas compared to microspheres 
[38]. In two cases, after failing to achieve satisfac-
tory embolization with microspheres, they were 
able to achieve very good end result with Onyx 
embolization of these hemangiomas (see Case 
17.11) [38]. Current practice involves utilization of 
both particles and liquid embolic agents in preop-
erative embolization of hemangiomas. The emboli-
zation needs to be performed within 24–48 hours 
prior to surgery to obtain the maximum benefit of 
embolization. Especially with particles and micro-
spheres, recanalization is possible and if the time 
between embolization and surgery is too long, 
potential blood loss benefit of the embolization pro-
cedure may diminish.

 Conclusion

Embolization has been shown to provide sig-
nificant benefit in preoperative management 
of metastatic lesions and hemangiomas of the 
spine. In both settings, significant reduction in 
blood loss has been shown. This practice is 
most important for renal cell carcinoma, thy-
roid carcinoma, and any entity that originates 
from a vascular precursor cell. As a stand-
alone therapy, no significant benefit has been 
thus far shown, likely due to the intrinsic neo-
vascularization ability of malignancies, but 
this theoretical use remains an option. 
Nonsurgical options for hemangiomas include 
ablation and/or cementoplasty of the vertebral 
bodies. Direct liquid embolic injection to the 
lesion has also been studied with promising 
results.

The most important complication of emboli-
zation is spinal infarction. Other complications 
include skin and muscle necrosis, bleeding, as 
well as injury to the arteries. Meticulous tech-
nique and choosing the optimal embolic material 
in the correct anatomical setting will minimize 
complications.

a b

 

Case 17.10 (a) Renal cell cancer metastasis to cervical spine (large bold arrow). Patient planned for resection and 
spinal fusion. (Image property of coauthor B. Arslan). (b) Microsphere embolization with 300–500 micron spheres 
(large bold arrow). Additional embolization of the feeding branches with coils (small bold arrow) and microvascular 
plugs (thin arrows). (Image property of coauthor B. Arslan)
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Case 17.11 (a) Selective angiography of the left L2 lumbar artery shows prominent tumor vascularity. No spinal 
anastomoses were identified. Note inferior venacava filter and diagnostic catheter in situ (arrow). (b) Post- embosphere- 
embolization angiography via the Prowler microcatheter (Cordis) (arrowhead) reveals persistent tumor enhancement. 
(c) Note the guide catheter (arrow) after Onyx embolization, where the artery is occluded, but the agent is largely 
restricted to the main artery (extending from arrowhead to arrow). (d) Plain anterior/posterior radiograph shows distri-
bution of the 4 Onyx embolizations. Note extension of Onyx from the proximal left L1 lumbar artery (arrowhead) 
inferior to L2 and then across the midline (arrows). (Reproduced with permission from AJNR)
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Lateral Corpectomy for Spinal 
Neoplasms

Philip Louie and Matthew Colman

 Introduction and Concept

Direct lateral approaches to the thoracolumbar 
spine were born out of the trauma setting [10, 
16], but are of importance when considering local 
control and reconstruction of both benign and 
malignant neoplasms. This technique offers full 
anatomic access to the anterior and middle col-
umns of nearly the entire thoracolumbar spine. 
Further, it is performed through a minimal-access 
exposure, which facilitates both rapid recovery 
and mobilization of a frequently frail or ill patient 
population. While this technique and its varia-
tions are not appropriate for all clinical situa-
tions, it has emerged as a useful tool for the 
modern spine tumor surgeon, especially consid-
ering the morbidity associated with transthoracic, 
open retroperitoneal, or even posterior extracavi-
tary approaches [5, 11, 23].

The Weinstein-Boriani-Biagnini classification 
describes the anatomic extent and axial depth of 
spinal neoplasms [7]. This framework is useful 
when considering a direct lateral approach to spi-
nal neoplasms, which is most useful for tumors in 

radial zones 4 through 9. Intrabody (depth modi-
fier B/C) or unilateral lateral or anterolateral 
extraosseous extension (depth modifier A) is the 
most easily treated tumor distribution using this 
technique. While ventral intracanal (depth modi-
fier D) and unilateral intrapedicular (radial modi-
fier 10/3) tumors are technically accessible using 
a direct lateral approach, advanced maneuvers 
are required for these areas and most intracanal 
or dorsal disease should be accessed using dorsal- 
based approaches.

 Indications and Contraindications 
(Table 18.1)

The histology of a tumor is important to consider 
when choosing a lateral approach for oncologic 
control. Although en bloc techniques are possible 
through a lateral exposure [19], most procedures 
performed via direct lateral corpectomy will be 
intralesional. Thus, this technique is best used for 
radio/chemoresponsive tumors such as myeloma, 
lymphoma, or breast carcinoma, which require 
intralesional resection but respond to postopera-
tive adjuvants for local control. Likewise, malig-
nant surgical diseases which require wide 
margins and do not respond well to adjuvant 
treatments, such as chondrosarcoma or chor-
doma, would generally not be approached 
through a direct lateral strategy. Benign aggres-
sive disease (aneurysmal bone cyst, giant cell 
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tumor of bone) or intermediate to low-radiation 
responders such as lung carcinoma or renal cell 
carcinoma, if using intralesional margins, must 
be thoroughly excised via gross total resection. 
This is because the quality of the resection has a 
direct impact on the risk of local recurrence. 
Thus, when choosing direct lateral surgery, the 
surgeon must be confident that all aspects of the 
disease can be accessed.

Tumor locations involving the spinal canal, 
dorsal tumor, or tumor which extends in an extra-
osseus manner to involve the great vessels or 
both segmental vessels of a given spinal segment 
are generally not appropriate for direct lateral 

surgery given the risk of injury to poorly visual-
ized neurologic or vascular structures. Likewise, 
situations which require extensive direct canal- 
level neurologic decompression are not 
approached using the direct lateral corridor given 
the difficulty in obtaining circumferential decom-
pression. Lastly, traditional contraindications for 
direct lateral disc surgery such as pathology at 
L5/S1 or high thoracic levels blocked by a great 
vessel or axillary anatomy also apply to direct 
lateral corpectomy procedures.

Naturally, in some situations, the goal of sur-
gery is not purely based on oncologic control, but 
rather reconstruction and palliation of pain. In 
these situations, the direct lateral approach pro-
vides arguably the most thorough and robust 
reconstruction of the anterior column. This is 
because the exposure provides a full and direct 
view of the column, and facilitates the use of 
reconstruction hardware which spans the apoph-
yseal ring of the vertebral bodies for maximum 
support.

 Technique

 Preoperative

Preoperative optimization is critical for success 
using the direct lateral technique. An estimated 
lifespan greater than 3 months, lack of acute 
hypercalcemia or other metabolic abnormality, 
ability to preserve performance status, and lack 
of major cardiopulmonary comorbidities are 
important considerations. The T1 MRI should be 
carefully scrutinized for great vessel or segmen-
tal vascular aberration or other anatomic struc-
tures, which may block the lateral access corridor. 
Preservation of spinal cord blood supply is 
another important consideration. For segmental 
vessel division in the thoracic spine involving 
more than 3–4 levels, the authors recommend a 
preoperative angiogram to identify potential key 
radiculomedullary vessels supplying the spinal 
cord via the anterior spinal artery. If divided, 
these key vessels may lead to spinal cord isch-
emia [3]. Lastly, hypervascular tumors such as 
renal cell carcinoma, thyroid carcinoma, and 

Table 18.1 Indications and contraindications for direct 
lateral thoracolumbar tumor surgery

Indications Relative contraindications
Anatomic extent Anatomic extent
Vertebral body
Unilateral lateral or 
anterolateral extraosseous 
extension
Select ventral canal 
involvement
Select unilateral pedicle 
involvement
L4-mid thoracic levels

Intracanal tumor
Dorsal tumor
Bilateral extraosseous 
extension
L5/S1 levels
Anatomic variations 
such as high-riding 
ileum or retroperitoneal 
neurovascular anatomy
High thoracic levels 
blocked by axillary 
contents or great vessel 
anatomy

Histology Histology
Very radioresponsive 
(myeloma, lymphoma, 
small cell lung, germ cell)

Primary malignant 
(chordoma, 
chondrosarcoma, other 
bone sarcomas)

Moderately responsive 
(breast, thyroid)

Aggressive benign with 
inaccessible extent 
(osteoblastoma, ABC, 
GCTB)

Radioinsensitive tumors if 
R1 resection is possible

Radioinsensitive with 
inaccessible extent 
(renal cell, soft tissue 
sarcoma, melanoma, 
non-small-cell lung)

Clinical Clinical
Pathologic compression/
burst fracture requiring 
anterior column 
reconstruction
Impending pathologic 
fracture of the vertebral 
body

Requirement for direct 
circumferential or 
bilateral neural 
decompression
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other vascular origin sarcomas should be preop-
eratively embolized to minimize intraoperative 
blood loss.

 Intraoperative

The patient is positioned in the familiar right lat-
eral decubitus position, with enough operative 
table flexion to allow presentation of the desired 
levels. The mid to high thoracic level approach 
may be facilitated by using an arm positioner for 
the ipsilateral arm. As in traditional direct lateral 
disc surgery, the left-sided approach is generally 
preferred due to the distant anatomic location of 
the vena cava, but may be converted safely to a 
right-sided approach depending on the tumor 
extent and individual patient anatomy. 
Neuromonitoring with electromyography (EMG) 
and other modalities facilitates the initial docking 
and neural navigation steps, and so muscle para-
lytics should be avoided on anesthesia induction. 
An axillary roll is used and extremities are well 
padded and protected.

Perfect AP and lateral fluoroscopy images are 
obtained by manipulation of the bed itself with 
the fluoroscopy machine locked in neutral posi-
tion with no rotation or tilt. The desired disc 
spaces above and below the corpectomy extent 
are marked on the skin, and an oblique incision in 
line with the rib cage is used to access the expo-
sure extent (Fig. 18.1).

Dissection is carried out down to the abdomi-
nal wall, and a meticulous division of the fascia 
in line with the external oblique fibers is accom-
plished. In cases where one or more ribs impede 
the operative exposure, the intervening rib has its 
corresponding neurovascular bundle controlled 
and is osteotomized or resected to allow retractor 
opening. Resected ribs are useful as autograft 
later in the procedure. The retroperitoneal con-
tents are cleared by blunt sweeping with a finger. 
Diaphragmatic insertional fibers may impede the 
corridor from T10-L3, and need to be carefully 
released in a blunt fashion.

Initial docking, transpsoas dilatation, and 
retractor placement at the supra- and subadjacent 
disc spaces are sequentially performed under 

direct neuromonitoring guidance. Discectomy, 
endplate preparation, and far-annulus transection 
using a Cobb elevator are sequentially accom-
plished above and below the corpectomy extent. 
In the lower lumbar spine, the authors prefer this 
stepwise method to one longer retractor “epi-
sode”, and allow 5–7  minutes of “rest” time in 
between retractor series. The individual disc/end-
plate preparation retractor episodes should last 
less than 15–20  minutes, especially in the low 
lumbar spine to minimize risk of retractor-related 
lumbar plexopathy.

At each spinal segment included in the cor-
pectomy, the instrumentation is gently re-docked, 
psoas dilated, and retractor opened at the mid- 
body. A gauze dissector is used to locate the seg-
mental artery and vein, which may be cauterized 
or ligated and divided. Division of these vessels 
as far posteriorly as possible allows easy identifi-
cation and visualization of the remnant stump; 
division too far anteriorly risks self-retraction or 
avulsion of the vessel, which can then be difficult 
to control close to the aorta.

Final retractor placement is accomplished 
from cephalad to caudad spanning the prior dis-
cectomy sites (Fig. 18.2). A basket retractor may 
be placed anteriorly to retract retroperitoneal or 
thoracic contents from the exposure. A high- speed 

Fig. 18.1 The typical skin incision for a single-level lat-
eral lumbar corpectomy procedure, with the cephalad and 
caudad disc levels accessed via an oblique incision in line 
with the rib cage
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drill is used to cut posterior and anterior troughs, 
and the corpectomy is carried out down to the far 
lateral vertebral wall using the drill, currettes, or 
rongeurs. It is very important to preserve the far 
lateral wall, since bleeding from the far-side seg-
mental vessels (which lie directly deep to the lat-
eral wall at the mid-waist) can be difficult to 
control. Generally, the anterior wall is also pre-
served for protection of the great vessels 
(Fig. 18.3).

The retractor can be manipulated or angled 
either anteriorly or posteriorly toward the canal 
to accomplish the full extent of desired resection. 
The operator can remain oriented to position 
using fluoroscopy or simple palpation of the 
transverse process and pedicle posteriorly. For 
direct canal decompression, the near-sided pedi-
cle should be resected (along with its overlying 
rib head if in the thoracic zones) and used as a 

landmark to the canal, exiting root, and thecal 
sac. The posterior longitudinal ligament provides 
an excellent barrier to tumor and can usually be 
left intact as a protective pre-dural layer in this 
technique.

The technique can be tailored to the anatomic 
zone or individual anatomy. For example, the 
technique for lateral corpectomy is feasible in the 
thoracic spine, with several modifications. First, 
the approach is done with greater care, so as to 
preserve the parietal pleura and avoid pneumo-
thorax. After rib resection, gauze dissectors are 
used to gently access the retropleural plane, close 
to the inner chest wall, and the pleura is preserved 
and stripped all the way to the costotransverse 
junction. An anterior basket retractor can then be 
used to retract the lung and great vessels anteri-
orly to facilitate exposure of the lateral vertebral 
bodies. If the pleura is violated, direct repair is 
attempted, with chest tube insertion required only 
when the pleural vacuum cannot be 
reconstituted.

Oblique anterior-to-psoas versions of this 
technique are also possible, with the theoretical 
advantage being less lumbar plexus retraction 
and less psoas-related postoperative morbidity. 
Although data are lacking for lateral corpectomy, 
in the field of direct lateral interbody fusion, the 
reported rates of transient hip flexor weakness or 
sensory disturbance are significantly lower than 
for the transpsoas approach, but with a reciprocal 
increase in risk for sympathetic chain or major 
vascular injuries [22]. This is likely because the 
pre-psoas approach requires direct visualization 
and blunt dissection of the vasculature. 
Nevertheless, the pre-psoas technique for corpec-
tomy is feasible in a similar way to the transpsoas 
technique described above using specialized 
retractors and implants.

Lastly, the lateral corpectomy technique 
need not be used for complete corpectomy 
resections, but may be utilized according to 
the WBB extent of the tumor. Partial corpec-
tomy resections, which spare the anatomy and 
avoid the requirement of fusion, are possible 
in select cases. Figures 18.4, 18.5, and 18.6 
demonstrate a case of a 42-year-old female 

Fig. 18.2 The typical intraoperative exposure for the ver-
tebral body to be resected following cephalad and caudad 
discectomy and final retractor placement

Fig. 18.3 The typical intraoperative exposure following 
vertebral body resection
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patient with a  biopsy- proven benign fibrous 
lesion, which progressed over 6 years, causing 
pain and impending fracture in the L2 vertebra. 
Given the health of the endplates and the discs 
above and below, a limited direct lateral corpec-
tomy and cementation was performed, without 
violation of the endplates or discs and without 
metallic reconstruction.

 Reconstruction

Reconstruction can be performed using any num-
ber of static or expandable implants including 
radiolucent or metal cages, pins, and cement, or 
structural allograft bone. The authors favor a 
lateral- based expandable reconstruction cage, 
whose modular endplates are similar in design to 

a b

c d

Fig. 18.4 The CT scan images of the L2 vertebral 6 years prior to presentation (a; axial) and at the time of presentation 
(b; axial, c; sagittal, d; coronal)
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a direct-lateral interbody spacer, spanning the 
vertebral body apophysis and expanding to fit via 
a smaller expandable core. Figures 18.7 and 18.8 
demonstrate a case of a 63-year-old man with 
biopsy-proven multiple myeloma and a patho-
logic fracture of L3. The tumor was approached 
via direct lateral transpsoas technique, resected, 
and reconstructed using the XLIF corpectomy 
device (Nuvasive, Inc, San Diego, CA).

The corpectomy defect is sized and trialed 
using calipers and/or trial instrumentation 
(Fig. 18.9). When using an expandable cage, the 
device is inserted from a direct lateral position, 
ensuring that the endplates pass through the pre-
viously completed discectomy defects across the 
endplate apophysis. The far lateral wall is not 
violated. The cage is then expanded to fit, taking 
care not to over-distract the defect space 
(Fig. 18.10).

Posterior segmental instrumentation is recom-
mended when performing destabilizing lateral cor-
pectomy. Where direct neural decompression and 
intraspinal canal tumor excision is required, the 

authors use a traditional same-day staged open pos-
terior approach, or, for select cases, a prone-posi-
tion lateral corpectomy approach to facilitate 
single-position, dual-approach surgery. When the 
canal does not require direct access, the authors 
favor minimally invasive percutaneous pedicle 
screw instrumentation. To save fusion levels, the 
lumbar spine may be an appropriate anatomic zone 
to consider one level of screws above and below the 
defect, but this should be based on excellent stabil-
ity of the anterior column reconstruction, excellent 
bone quality, and other individualized factors. For 
most thoracic or thoracolumbar reconstructions, or 
any multilevel corpectomy, the authors favor two 
levels of segmental instrumentation above and 
below the defect.

For long-term good tumor prognosis, it is 
also important to consider the sagittal balance 
and deformity correction when performing this 
procedure. In patients who present with global 
sagittal imbalance, often due to a focal kyphotic 
deformity at the level of the tumor, restoration 
of sagittal alignment is critical in this patient 
population. Spinal deformity literature has 
described an association between pelvic inci-
dence (PI), lumbar lordosis (LL), and health-
related quality of life (HRQOL) outcomes [14, 
16]. Thus, a focus on restoring a PI-LL mis-
match to the patient’s age-adjusted goal can 
provide the patient with the optimal balance to 
recover from surgery and return to their activi-
ties [9]. Upon completion of the reconstruction, 
the authors recommend obtaining an intraoper-
ative full-length spine 36″ cassette plain radio-
graph to immediately evaluate the global 
sagittal correction obtained during surgery. 
Naturally, the concept of sagittal balance is 
most relevant in rare cases of long-term sur-
vival with metastatic spinal disease. However, 
these cases are becoming more common given 
the evolution of more effective adjuvant thera-
pies. Additionally, immediate postoperative 
reconstruction failure, while multifactorial, 
may be at least partially related to sagittal 
imbalance and increased biomechanical stresses 
on the implant–host interface.

Fig. 18.5 The axial T1 post-gadolinium MRI of the 
tumor at the time of presentation

P. Louie and M. Colman



281

 Perioperative Care

Principles of aftercare following lateral corpec-
tomy include rapid mobilization and return to 
ambulation. Walking and activities of daily living 
are permitted with no lifting over 10 pounds and 
no strenuous activity for 6  weeks. Bracing is 
rarely used by the authors and is indicated on a 
case-by-case basis depending on bone quality 
and stability of the implants. Physical therapy for 
muscle strength rebuilding, gait training, and 
stretching is often necessary at the 6-week post-
operative point. Standing radiographs are 
obtained prior to hospital discharge and at 
6 weeks for comparison.

 Complications

The direct lateral transpsoas corpectomy proce-
dure is subject to a similar neurologic complica-
tion profile compared with traditional direct-lateral 
interbody fusion, which includes transient hip 
flexor weakness (~20%), transient ipsilateral sen-
sory disturbance (~20%), or permanent neuro-
logic weakness (<3%) [22]. It makes intuitive 
sense that since retractor time appears to be a 
driver of these neurologic disturbances following 
direct lateral surgery, the complication rates 
would be higher in the corpectomy procedures. 
Robust data on neurologic complications follow-
ing direct lateral corpectomy are lacking, how-

a b

Fig. 18.6 The postoperative standing lumbar radiographs following tumor excision and cementation (a; anteroposte-
rior, b; lateral)
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Fig. 18.7 The axial CT (a), coronal CT (b), sagittal CT (c), sagittal T1 MRI (d), and axial T2 MRI (e) of a 63-year-old 
man presenting with a biopsy-proven plasma cell lesion in the L3 vertebral body causing pathologic fracture

a b

c d
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e

Fig. 18.7 (continued)

Fig. 18.9 Typical cage trailing using a template to ensure 
adequate vertebral body resection prior to cage insertion

a b

Fig. 18.8 The anteroposterior (a) and lateral (b) postoperative radiographs of the patient from Fig. 18.7 following 
direct lateral corpectomy and reconstruction
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ever, and most series report minimal neurologic 
events [15, 17]. Baaj et al. reported on 80 direct 
lateral corpectomy procedures and described no 
incidences of postoperative  neurologic complica-
tions. The overall complication rate was 12.5% 
due to rare isolated events such as hardware fail-
ure, DVT, dural tear, and infection [1]. In two 
other series of direct lateral corpectomy for trau-
matic injuries [16] and tumors [20], the neuro-
logic status was improved or maintained, and 
overall complication profiles were 5–15%, again 
due to isolated events such as pneumonia, hard-
ware failure, hemothorax, and other events. 
Regardless, as discussed in the technique above, 
we recommend shortest possible retractor times, 
retractor rest/repositioning, direct EMG neuro-
monitoring, and direct visualization of the surgi-
cal field to minimize neurologic complications.

Other complications are rare. The great ves-
sels are at a higher risk with pre-psoas approaches, 
right-sided approaches, and any surgical maneu-
ver, which results in violation of the anterior lon-
gitudinal ligament or involves migration of 
implants, trials, or instruments anterior to the ver-
tebral body. Visceral injury is minimized by using 
an accessory incision and ensuring that the thora-
coabdominal wall is digitally cleared of contents, 
which are then swept anteriorly during the expo-
sure. Significant bleeding from the segmental 
vessels may be avoided by preservation of the far 
lateral vertebral body wall and by careful control 
of the near sided segmental vessel so as to avoid 
retraction or avulsion from the aorta. Abdominal 

wall hernia has been reported [2], and is likely 
due to intercostal nerve disruption and flank mus-
culature paralysis rather than failure of fascial 
repair; thus abdominal wall division should occur 
in line with the external oblique fibers and/or rib. 
Lastly, pleural rent or trauma to the thoracic cav-
ity can result in pneumothorax or hemothorax 
[17, 21]. Liberal use of water-suction drainage is 
recommended when chest cavity negative pres-
sure or hemostasis cannot be re-established with 
direct repair.

Reoperation rates appear to be very low for 
direct lateral corpectomy. While true successful 
arthrodesis rates are not well reported, Smith et al. 
reported only one case of reoperation for construct 
failure in the series of 52 patients (2%), while not-
ing that traditional methods of performing anterior 
corpectomy in the traumatic setting have reopera-
tion rates as high as 19% [16]. Another series 
reported one of 12 patients where a nonapophyseal 
cage subsidence was observed in the setting of 
single level posterior segmental fixation. This 
required revision and was revised to posterior 
instrumentation three segments above and two 
segments below the corpectomy defect [18].

 Outcomes

Traditional benefits of minimally invasive or 
minimal exposure surgery such as shorter hospi-
tal stays and less intraoperative blood loss are 
also realized with lateral corpectomy. The largest 
series performed for traumatic or tumor applica-
tions have reported operative times in the 2-hour 
range and estimated intraoperative blood loss in 
the 300–400  mL range, with hospital stays of 
3–4 days [16, 20]. This is in comparison to other 
techniques, both traditional and minimally inva-
sive, which report much higher operative times 
and blood losses for corpectomy procedures [5, 
8, 12, 13]. It should be noted that the direct lateral 
series have been reported by authors who are 
very experienced with traditional lateral lumbar 
surgery in the degenerative setting, and these 
numbers may not apply to other surgeons who 
are at different stages in the learning curve of lat-
eral surgery.

Fig. 18.10 Typical intraoperative exposure following 
cage insertion following lumbar corpectomy
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Neurologic decline is rare after performing 
lateral corpectomy for tumors or trauma, and the 
technique appears to be effective for direct canal 
decompression despite the technical demands of 
this maneuver [4, 17]. In a series of 19 patients 
undergoing direct lateral corpectomy for meta-
static epidural cord compression, 32% of 
patients improved by one or more Frankel 
grades, and with no incidence of neurologic 
decline [17].

Patient reported outcomes have been favor-
ably reported following this technique. Uribe, 
et al. reported on their series of 21 patients under-
going direct lateral corpectomy for tumors, with 
an improvement in visual analogue scale (VAS) 
scores from 7.7 to 2.9, and mean Oswestry index 
score improvement from 53% to 25%. The mean 
final postoperative Oswestry index in another 
series of 12 patients improved to 20% [18].

The ability of the transpsoas direct lateral 
technique to correct alignment and deformity has 
also been assessed. In the traumatic setting for 
single-level burst fractures, the previously men-
tioned series reported a segmental lordosis 
improvement of 22 degrees and an overall lumbar 
lordosis improvement of 15 degrees, with only 
minimal deterioration at the final follow-up [18]. 
In the tumor setting, Tan et al. reported an aver-
age of 8 mm of vertebral height restoration and 8 
degrees of lordosis correction [17].

 Summary

In conclusion, the direct lateral corpectomy pro-
cedure is a safe, reliable, minimally invasive 
technique, which allows full access to the ante-
rior column for tumor resection, neural decom-
pression, and alignment/deformity correction. It 
enables transapophyseal reconstructions and 
short segment posterior fixation, which may be of 
benefit in functional restoration and early postop-
erative recovery. These benefits are especially 
apropos for oncology patients who tend to be 
more frail and can expect shortened overall lifes-
pans. It should be used with some caution, how-
ever, since the procedure carries a slow learning 
curve, and favorable results have been reported 

predominantly by groups who have significant 
underlying experience with lateral surgery in the 
degenerative setting.
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Minimally Invasive Approaches 
to Thoracic and Lumbar Metastatic 
Spine Disease

Eric Vess, Bowen Qui, and Addisu Mesfin

 Introduction

Spinal metastases are the most common malig-
nant tumors of the axial spine. Following the lung 
and the liver, the skeletal system is the most com-
mon site of metastases. Within the skeletal sys-
tem, the spine is the number one sissete of 
metastases. Primary spine tumors are rare. 
Compression of neural elements and destabiliza-
tion via osseous destruction are significant con-
tributors to pain and morbidity. Open surgical 
treatment of these lesions is well established in 
patients with spinal instability and/or symptom-
atic neural element compression [1, 2]. However, 
open surgical techniques with large dissection 
fields can be physiologically stressful to patients 
with an already increased morbidity profile. 
Minimally invasive surgery (MIS) is a promising 
solution for treating patients with neoplastic spi-
nal disease by decreasing the soft tissue exposure 
and decreasing blood loss.

Minimally invasive surgery (MIS) or minimal 
access spine technique (MALT) represents a 
wide range of therapies including video-assisted 
thoracoscopy, mini-open, and percutaneous 
techniques. MIS is a set of principles with the 
priority of respecting natural tissue architecture 

and minimizing tissue dissection while still 
achieving the same goals of traditional tech-
niques. The common misbelief is that Minimally 
Invasive Spinal Surgery (MISS) is a modern con-
cept partially driven by marketing but in actual-
ity has been evolving since the 1960s with the 
adaptation of the operating microscope for lum-
bar discectomy [3]. With further advancements 
in illumination, magnification, and specialized 
instrumentation, MIS techniques continue to 
evolve [4].

Oncological patients pose surgical challenges 
due to the complexity of their condition and asso-
ciated comorbidities. MISS within this critical 
patient population is particularly appealing given 
the established association with reduced intraop-
erative blood loss, decreased postoperative pain, 
and shorter hospital stays [5–8]. Additionally, 
earlier initiation of adjuvants such as postopera-
tive radiation or systemic therapies can be 
achieved with less concern for wound 
complications.

 Principles of MISS in Tumor

The basic oncologic principles of MISS as 
applied to tumor surgery are identical to the same 
principles in open surgery. It is critical that utili-
zation of MISS techniques does not influence the 
treatment strategy of the target site and that basic 
oncologic principles are observed. In other 
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words, these principles can be universally applied 
to all patients, and the surgeon must ensure that 
any MISS technique accomplishes the appropri-
ate goals [9].

The treatment of metastatic disease is pallia-
tive. With this in mind, en-bloc resection of a 
tumor is rarely indicated. The main indication 
for applying surgical treatment to spinal tumors 
is for decompression of the neural elements and 
stabilization of the spine. Metastatic lesions can 
cause de-novo spinal deformity in the coronal 
and sagittal planes. The Spinal Instability 
Neoplastic Score (SINS) can help guide treat-
ment (nonoperative, observation, operative) in 
the setting of spinal instability [10]. MISS tech-
niques can be used in the same manner as tradi-
tional open techniques in achieving these goals 
through a wide range of procedures. The focus 
of this chapter will be on decompression and 
stabilization as these are the most common rea-
sons for operative intervention in the oncology 
patient.

 Limitations of MISS

The indications for MISS are the same as for 
open techniques as long as the same principles 
are followed. The limitations of MIS surgery 
include limited exposures and increased expo-
sure to intraoperative radiation for the surgeon 
and patient. While MIS can allow for some access 
to the anterior spinal column and canal, it can be 
difficult to achieve sufficient exposure. Some 
cases that require multiple levels of anterior or 
circumferential decompression may be more 
suited for open techniques. In the thoracic spine, 
lateral-based decompression may be feasible. 
Tumor characteristics must also be considered; 
some vascularized tumor histologies such as 
renal cell or thyroid carcinoma which are associ-
ated with excessive bleeding might best be 
approached using open techniques if preopera-
tive embolization was not feasible or performed. 
Finally, the learning curve associated with MIS 
can be steep and surgeon experience should play 
a factor when choosing a surgical approach. The 
highest complication rate for MIS surgery and 

longest operative times occur within a surgeon’s 
first 30 cases and plateaus thereafter [11, 12].

 MIS Spinal Decompression

Originally, spinal cord decompression completed 
via an open posterior laminectomy was shown 
clinically to be equivalent to radiation therapy 
[13]. This technique at best offered indirect 
decompression for anterior lesions. As the major-
ity of metastatic lesions lie within the anterior 
elements or in the anterior epidural space, 
anterior- based approaches became popularized 
and demonstrated superiority compared to poste-
rior laminectomy alone [14, 15]. Bridwell et al. 
were one of the first to report on an open postero-
lateral spinal cord decompression for spinal 
metastases through a transpedicular approach, 
which addressed ventral spinal cord compression 
and improved neurological outcomes [16]. 
Posterior-only thoracic corpectomies (costo-
transversectomy, lateral extracavitary) were sub-
sequently popularized and thought to be 
associated with less morbidity and did not require 
an access surgeon compared to anterior 
approaches [17–19]. However, even novel poste-
rior approaches such as costotransversectomy 
still required large fascial dissections and carry 
substantial recovery time and morbidity [19, 20]. 
Thus, minimally invasive approaches to neural 
element decompression were developed to pro-
vide an approach that offered decreased morbid-
ity in a population that already has a high rate of 
comorbidities, frailty, and risk of wound 
complications.

Although minimally invasive anterior thora-
coscopic and extreme lateral minithoracotomy 
techniques have been described, most of the 
focus surrounding minimally invasive decom-
pression of metastatic spinal disease has been on 
posterior or lateral-based approaches [21, 22]. 
These techniques can be accomplished using 
either percutaneous tubular retractors or through 
a mini-open incision where the skin is incised 
completely but the fascia is preserved except 
over the immediate area of interest. Although 
mini- open approaches still utilize a larger skin 
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incision, minimally invasive instrumentation, 
visualization, and surgical techniques are still 
utilized deep to the fascia (Fig. 19.1).

It is important to recognize the interdependent 
relationship between spinal cord decompression 
and stabilization. The integrity of the metastatic 
spine is already violated, and decompression 
often results in further iatrogenic destabilization. 
With few exceptions (lumbar spine epidural com-
pression, compression dorsal to the thecal sac), 
decompression of the spinal cord should be 
accompanied by some form of stabilization. 
Percutaneous posterior stabilization can be per-
formed universally, but depending on the degree 
of anterior destabilization, anterior supplementa-
tion might also be necessary.

Minimally invasive techniques can be techni-
cally demanding and for the most part, the tech-
niques that have been developed thus far are 
variations of the established open technique. 
Thus, knowledge of the open technique is an ini-
tial prerequisite. Intraoperatively, the surgeon 
must be comfortable converting to the open 
approach if visualization is unsuitable or compli-
cations (durotomies, excessive bleeding) arise.

 Transpedicular Approach

Transpedicular decompression provides direct 
access to 25% of the ventral spinal canal and 
indirect access to up to 75% for posterolateral 

decompression (Fig. 19.2). Deutsch et al. origi-
nally described this technique and there have 
been multiple technical adaptations that have 
expanded the utility of the approach [23–25]. 
The hallmark of the technique is rib head pres-
ervation, which theoretically avoids the mor-
bidity associated with pleural dissection. Other 
advantages include a direct midline incision, 
which can provide access to both sides of the 
spinal cord from the same mini-open incision. 
Transpedicular decompression can be accom-
plished through a mini-open or percutaneously 
through tubular retractors; however, the use of 
tubular retractors might preclude cage place-
ment. In most lytic lesions, the vertebral body 
resection can be easily performed due to the 
soft nature of the bone, although there will be 
increased bleeding.

Fig. 19.1 A 59-year-old male with metastatic prostate 
cancer and epidural spinal cord compression with SINS of 
16 managed with mini-open fascia incision, percutaneous 

screws at the bottom and top of the construct, transpedicu-
lar decompression, and expandable cage placement

Fig. 19.2 Depiction of the surgical corridor of transpe-
dicular decompression. The zone of direct visualization is 
highlighted in purple
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In brief, the approach begins with laminectomy 
and complete removal of the superior  articulating 
process at the level of interest. The pedicle is iden-
tified and, using a high-speed burr, the posterior 
cortex is breached. If needed, in the thoracic spine 
the exiting nerve is ligated and cut. The tie on the 
exiting nerve root can be used to gently retract the 
spinal cord to allow for further ventral decompres-
sion. The senior author’s preference is to use a 
combination of angled curettes and a high-speed 
burr to decancellate the pedicle and vertebral body. 
A woodson periosteal elevator is used to sweep 
and remove any epidural lesion ventral to the spi-
nal cord. The posterior longitudinal ligament is cut 
and the dorsal cavity created in the vertebral body 
can be backfilled with allograft. A unilateral or 
bilateral transpedicular decompression is per-
formed as needed. There have been reports com-
bining unilateral transpedicular decompression 
with contralateral costotransversectomy for com-
plete circumferential decompression and expand-
able cage insertion as another option to obtain 360 
degrees of decompression [26].

There have been several published series 
regarding minimally invasive transpedicular 
decompression within the thoracic and lumbar 
spine [7, 9, 23]. Deutsch et al. initially reported 
on a series of eight patients undergoing trans-
pedicular decompression without stabilization 
with neurologic improvement and decreased pain 
reported in five of the eight patients [23]. Zairi 
et al. reported on ten patients undergoing transpe-
dicular spinal cord decompression with posterior 
stabilization using tubular retractors and reported 
no complications and improved neurological 
function [8]. Of note, the goal of decompres-
sion in this study was to obtain a 2–3 mm zone 
of debulking with early postoperative stereotactic 
radiotherapy (separation surgery algorithm) and 
no recurrence or spinal cord compression was 
noted at the 1-year follow-up [8]. Chou et  al. 
reported on a retrospective study of 49 patients 
comparing mini-open versus open transpedicu-
lar corpectomy with anterior cage reconstruc-
tion and posterior stabilization, and reported a 
lower blood loss and shorter hospital stay in the 
mini- open group [6]. Mean operative time was 
comparable between the groups (413 minutes in 

the open versus 452 minutes in the mini-open). 
However, this was substantially greater com-
pared to the 170  minutes average reported by 
Zairi et al. [6] Overall, minimally invasive trans-
pedicular decompression is a viable therapeutic 
option in patients with symptomatic spinal cord 
compression and is at least comparable to con-
ventional techniques with regards to short-term 
efficacy and complication rates. Further investi-
gations would be needed to completely elucidate 
superiority in overall morbidity rates and recur-
rence rate but initial investigations have shown 
promise.

 Costrotransversectomy/Lateral 
Extracavitary Approach

These approaches provide an oblique approach to 
the vertebral body and spinal canal without enter-
ing the pleural cavity. The traditional open 
approach is associated with extensive muscular 
dissection and elevation of the erector spinae off 
the ribs, making minimally invasive techniques 
particularly appealing. The approach provides 
increased exposure to the anterior structures, 
which allows for almost complete ventral decom-
pression and corpectomy as seen in Fig.  19.3. 
Kim et  al. first described a minimally invasive 
technique using tubular retractors and an average 
of 93% of the ventral canal was decompressed 
and a total of 80% of the vertebral body was 
removed [24].

Fig. 19.3 Depiction of the surgical corridor of a postero-
lateral approach with the zone of direct visualization high-
lighted in green
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The procedure is based over a lateral skin inci-
sion of varying degrees from the midline depend-
ing on the desired trajectory. A Kirschner wire is 
then introduced and docked on the ipsilateral 
facet near the pedicle for a costotransversectomy 
approach. The track is sequentially dilated and a 
tubular retractor or expandable retractor is intro-
duced. The transverse process, proximal rib, and 
pedicle are then carefully removed with a high- 
speed burr or Kerrison. The adjacent nerve root is 
often sacrificed. The periosteum of the proximal 
rib and ventral vertebral body directly adjacent to 
the pleura are carefully preserved to protect the 
lungs. Once adequate access to the spinal cord is 
obtained, decompression and corpectomy are 
performed and generally, an expandable cage is 
placed to restore the anterior column stability. 
There are reports of combining a lateral approach 
with a contralateral transpedicular approach for 
more complete circumferential decompression 
[25, 26].

Compared to transpedicular decompression, 
the literature surrounding minimally invasive 
costotransversectomy is sparse. There have been 
several cadaveric feasibility reports associated 
with small clinical case series but the focus was 
not solely for tumor decompression [26–28]. 
Kim et al. were the first to describe the technique 
in a series of four patients, two of which involved 
the decompression of metastatic disease, using a 
costotransversectomy approach with anterior 
cage placement and posterior percutaneous stabi-
lization [24]. Mild neurologic improvement was 
reported in these patients but it is unclear if their 
pain was decreased and no neurologic or dural 
violation was reported. Smith et al. described a 
similar study on three patients, one of which was 
the decompression of multiple myeloma with 
postoperative neurologic improvement but there 
was a breach of the pleura requiring temporary 
chest tube placement [28]. Although more 
research is necessary, minimally invasive costo-
transversectomy and corpectomy has been shown 
to provide adequate decompression especially 
over the ventral spinal cord with likely equivalent 
outcomes compared to open approaches. Long- 
term outcomes and larger patient cohorts will 
provide further clinical data regarding the poten-

tial for decreased morbidity in comparison to tra-
ditional techniques.

 MIS Spinal Stabilization

Spinal tumors can be destructive to the osseous 
spine and often result in pathologic fractures and 
instability causing mechanical pain. Deformity 
as a result of vertebral body collapse can be pro-
gressive and increase segmental force at adjacent 
levels, thereby increasing the risk of further frac-
ture and instability [29, 30]. For all of these rea-
sons, stabilization of the spine is an important 
aspect of management both as a stand-alone 
adjunct and in combination with neural element 
decompression if deficits are present. 
Percutaneous pedicle screws and, if needed, ante-
rior column support remain the hallmarks of min-
imally invasive stabilization (MIS).

There are some unique stabilization consider-
ations regarding the oncology patient. Compared 
to other pathologies, osseous fusion is often not 
the goal nor feasible especially with solely percu-
taneous posterior stabilization. The healing 
capacity of the bone and ability to reliably fuse is 
oftentimes reduced as a result of chemotherapy, 
radiation therapy, and poor nutritional status. 
Life expectancy can also be unpredictable, and 
tumor pathology and prognosis play important 
roles when selecting a construct. Rao et al. pre-
sented a small series that focused on minimizing 
the surgical insult of stabilization and decom-
pression based on a modified Tokuhashi score 
and advocated for robust stabilization with ante-
rior reconstruction for patients with a prognosis 
greater than 12  months [31]. In another series 
reporting on 50 patients undergoing percutane-
ous pedicle screws, with/without minimally inva-
sive decompression, a single instrumentation 
failure in a patient with a Tomita score of 4 and a 
survival of 51  months was reported [32]. 
Metastatic patients may sustain pedicle screw 
pull-out due to poor bone quality from lytic 
lesions, prior radiation, and osteoporosis. 
Although some have advocated for cement aug-
mentation, which has been shown to increase 
pull-out strength in osteoporotic patients, there 
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are few studies regarding this in oncology patients 
[33–35]. Overall, the approach to stabilization in 
the oncology patient must include consideration 
of life expectancy and prognosis, since osseous 
fusion cannot be achieved with some minimally 
invasive techniques. Patients who exhibit long- 
term survival and who do not achieve arthrodesis 
by definition may be exposed to implant failure.

Posterior stabilization through percutaneous 
pedicle screw fixation (PPSF) was first described 
in 2001 and since has been used with success in 
the treatment of a multitude of pathologies [36]. 
It can be performed independently of the decom-
pression approach with minimal posterior tissue 
disruption or through a mini-open incision if per-
forming a posterior decompression. There have 
been many reports in the literature for metastatic 
disease with minimal complications [6, 8, 23–25, 
27, 37]. There are multiple commercial systems 
available, and the technique is well described in 
the literature. If treating one affected vertebrae 
the senior author’s preference is to percutane-
ously instrument one level above and one level 
below the affected level. A mini-open incision is 
performed for a transpedicular decompression. 
(Fig. 19.4).

Although technically more challenging, lon-
ger constructs can be created if multicentric dis-
ease is present and reports of ultralong constructs 
up to 15 levels have been reported (Fig.  19.5) 
[38]. Posterior MIS instrumentation without 
decompression can help with intractable pain and 
has been shown to have a significant effect on 
pain as measured by VAS, ambulation status, as 
well as ability to manage activities of daily living 
[39, 40]. The senior author’s preference is to trial 
a hyperextension brace first and if there is mini-
mal relief of symptoms then to consider MIS 
instrumentation depending on the patient’s life 
expectancy and ability to withstand surgery. 
Overall, percutaneous posterior pedicle screw 
stabilization has demonstrated decreased risks of 
infection and instrumentation failure. Mesfin 
et al., in a systematic review article on methods to 
decrease wound complications in metastatic 
spine surgery, gave MIS instrumentation a weak 
recommendation [41]. As more prospective mul-
ticenter data are collected and reported, a stron-

ger recommendation to use MIS instrumentation 
in order to decrease wound complications may 
emerge [42, 43].

MIS access and reconstruction of the anterior 
spinal column through anterior column support is 
sometimes a necessary adjunct to posterior stabi-
lization if significant anterior destruction is pres-
ent or the patient has a favorable prognosis that 
could threaten the long-term survivorship of a 
posterior-only construct. There are many com-
mercially available cage systems with expansion 
technology that are well suited for placement 
through an MIS approach. Static mesh cages and 
fibula strut graft are also options. Posterior cage 
placement can be accomplished through a variety 
of described techniques including percutaneous 
transpedicular interbody fusion and lateral extra-
cavitary interbody fusion. Anterior options 
include anterior thoracoscopic and extreme lat-
eral minithoractomy techniques but are far less 
common [20, 21]. In the setting of metastatic epi-
dural spinal cord compression, we would not rec-
ommend stand-alone anterior instrumentation 
and prefer a circumferential approach.

 Radiotherapy and MISS

Earlier initiation of postoperative radiotherapy is 
a major drawback of MISS owing to the reduced 
soft tissue dissection and theoretical lower wound 
complications compared to open surgery. In gen-
eral, most surgeons are comfortable with initiat-
ing radiotherapy 2–3 weeks after MISS, and 
there are even reports of initiating radiation 
3 days post-op [44]. Meanwhile, with open sur-
gery, a recent consensus amongst surgeons indi-
cated that 33% routinely wait 4–6 weeks before 
initiating conventional radiotherapy [45]. Patients 
who may have previously received radiotherapy 
may also benefit from the decreased tissue dis-
section compared to traditional surgery as well.

The concept of separation surgery (SS) 
deserves attention when discussing minimally 
invasive tumor surgery. Introduced in 2010, SS 
combines surgical neural element-tumor separa-
tion with postoperative tumor control via 
Stereotactic Body Radiation Therapy (SBRT) 
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[46]. Originally described using open surgical 
techniques, interest in applications in MISS have 
recently emerged. Given the modified surgical 
goal of a limited 2–3 mm circumferential decom-
pression, the degree of tumor resection is signifi-

cantly reduced and conceivably can be achieved 
through smaller corridors. There have been mul-
tiple reports of separation surgery using MIS 
and even reports of outpatient surgery, which is 
very promising in a population where the focus 

Fig. 19.4 A 67-year-old female with metastatic breast cancer to L5 and associated radicular symptoms treated with 
Percutaneous screws at L4 and S1 and transpedicular decompression with L5

19 Minimally Invasive Approaches to Thoracic and Lumbar Metastatic Spine Disease



294

is palliative care [47, 48]. Although the full clini-
cal advantages have yet to be elucidated, this is a 
promising technique.

 Future Directions

As techniques are refined and minimally invasive 
training becomes more commonplace, undoubt-
edly the application of minimally invasive tech-
niques for spine tumors will expand. Specifically, 
there have been recent advancements in the field of 
endoscopic spine surgery that might have promise 
for the treatment of metastatic disease. Early case 
reports have described the use of a transforaminal 
endoscopic decompression technique within the 
lumbar spine with some success [49]. Further 
advancements in video technology, robotics, and 
specialized instrumentation will undoubtedly play 
a role in further advancement as well.

 Conclusions

Minimally invasive spinal cord/thecal sac decom-
pression and stabilization are a suitable and safe 
option for patients with metastatic spine disease. 
Compared to open surgery, there is less blood 
loss, shorter length of hospital stays, and lower 
risk of wound complications. Radiation therapy 

can also be initiated faster. Longer-term out-
comes are still needed, but 1-year follow-up 
results appear to be at least equivalent to tradi-
tional open surgery. Patient considerations are 
important and certain scenarios including vascu-
larized tumor pathologies, significant deformity, 
and certain cases of circumferential decompres-
sion might not be suited for MIS. Many viable 
techniques have been successfully described and 
overall are a good alternative to conventional 
open surgery in a population with an already ele-
vated comorbidity profile.
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 Introduction

Arguably, the greatest scientific accomplishment 
of the past century has been the increase in gen-
eral human life expectancy from almost 50 years 
to an estimated 80 years [1]. Such progress has 
led to an epidemiologic transition in healthcare, 
especially with an increasing prevalence of can-
cer; hence, the annual incidence of new cases is 
projected to rise 70% (22–23 million/year) 
worldwide by the year 2030 [2–4]. The majority 
of cancer-related morbidity and mortality is 
related to metastases and not necessarily the pri-
mary tumor itself [5]. In particular, functional 
disability from osseous metastasis is a disastrous 
complication for most patients, although it may 
remain clinically silent until the later stages of 
disease.

While there have not been large-scale studies 
on the prevalence or incidence of bone metasta-
sis, there have been studies on the distribution 
and frequency of metastatic disease. Such studies 
have established a strong preference for the axial 
skeleton, most frequently, the spine [6]. The tho-
racic and lumbar spines are the most frequently 
involved, with the cervical region being the least 
commonly implicated [6, 7]. Theoretically, any 

tumor can spread to the spine; however, the most 
common primary malignancies with a tendency 
to metastasize to the spinal column are breast 
(21%), lung (19%), prostate (7.5%), renal (5%), 
gastrointestinal (4.5%), and thyroid (2.5%) [5]. 
Though the vast majority of spinal metastases are 
usually found as bone metastasis (extradural), 
they are not exclusive to the vertebral column. 
Other much less common spinal metastases 
include intramedullary and extramedullary 
tumors. Furthermore, it is estimated that over 
50% of metastatic spinal patients have multiple 
levels affected, with up to 38% of patients having 
nonadjacent segments affected [6, 7].

Complex spine reconstructive surgery is often 
considered a final option in the treatment of 
deformity, instability, or neurologic compromise 
from spinal metastases. The goals of reconstruc-
tive surgery generally fall into the categories of 
palliative pain relief, prevention of impending 
structural collapse, correction of deformity (due 
to frank pathologic fracture), or reconstruction 
(following iatrogenic tumor resection). Complex 
issues of neural decompression and local control 
of tumor are frequently intermingled. Spinal 
reconstructive surgery has provided extensive 
improvements in the quality of life for patients 
suffering from metastatic disease, along with its 
sequelae. Over 80% of patients with neurologic 
compromise caused by vertebral malignancy 
improve, at minimum, 1 functional grade follow-
ing decompression and stabilization, and almost 
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90% experience relief from back pain and a res-
toration of walking ability [8].

Surgery is not without significant risks and 
major potential complications including perma-
nent cord injury, life-threatening blood loss, 
infection, urinary tract infection (UTI), thrombo-
sis, life-threatening blood loss, and anesthesia- 
related events [9, 10]. However, as reconstruction 
techniques have advanced, the use of revolution-
ary technologies such as minimally invasive sur-
gery and intraoperative navigation has resulted in 
a higher safety profile and better efficiency, along 
with fewer intra- and postoperative complica-
tions. Indications for surgical procedures are 
determined not only by histology but rather by 
severity of the presenting disease, the patient’s 
overall health, and other patient-related factors. 
This chapter will focus on the goals of complex 
reconstructive spine-tumor surgery including sur-
gical methods, special considerations in tumor 
patients, traditional instrumentation and implant 
types, and state-of-the art modern tumor implants.

 Goals of Tumor Surgery

The advancement of instrumentation and tech-
niques has expanded and improved the quality 
and options of surgical intervention over the last 
few decades [11, 12]. Consequently, metastatic 
spinal disease can be addressed via a wide array 
of surgical options, and it is important to keep in 
mind the goals of surgery when deciding the 
approach for treatment [11]:

• Achieve local tumor control
• Decompress the spinal cord/neural element 

compression
• Stabilize the spinal column
• Improve spinal deformity

Both mechanical and neural stability of the 
spinal column allow patients to attain pain pallia-
tion, ambulatory mobility, and quality of life 
[11]. The specific operative approach is depen-
dent upon the location of metastasis. For exam-
ple, the approach is often determined by the 
location of the tumor, i.e., ventrally located 

tumors can be approached anteriorly and posteri-
orly located tumors can be approached posteri-
orly. A combination of anterior and posterior 
approaches is often utilized [11, 13]. However, it 
is clear that the choice of surgical reconstruction 
is made based not only on anatomic location of 
tumor but on myriad other factors including 
tumor biology, biomechanical factors, patient 
frailty, patient prognosis, and patient 
preferences.

Decompression and stabilization techniques 
come in many forms. Choosing the appropriate 
approach must consider both circumferential spi-
nal cord decompression and biomechanical stabi-
lization of the bony/ligamentous columns. While 
this may include posterior laminectomy and 
fusion or anterior discectomy/corpectomy and 
fusion using standard techniques, more extensive 
approaches involving vertebrectomy or other 
destabilizing resections may apply [10–14]. Total 
en bloc vertebrectomy may even be indicated in 
select patients presenting with a solitary metasta-
sis, or in most patients with isolated primary 
malignancy [11, 13].

Once the operative approach and tumor- 
specific strategy have been selected, key param-
eters to consider include extent of reconstruction, 
inclusion of arthrodesis, implant materials, and 
selection of biologics. This chapter discusses 
each of these parameters with an emphasis on 
complex open reconstruction.

 Biomechanical Considerations

Operative strategy is further influenced by the 
region of the spine affected by the tumor. Special 
considerations should be given to each region of 
the spine given unique anatomic features. Prior to 
the development of the Spinal Instability 
Neoplastic Score [15], few guidelines existed 
that aided surgeons in assessing the key compo-
nents of spinal stability in the setting of neoplas-
tic disease. As defined by the Spine Oncology 
Study Group, spine instability is associated with 
movement-related pain, symptomatic or progres-
sive deformity, or neural compromise under 
physiological loads [15].
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Several authors have attempted to classify spi-
nal stability based on biomechanical concepts. 
Initially, a two-column model of spinal stability 
was proposed based upon an anterior column 
composed of vertebral bodies and a posterior col-
umn composed of the neural arches [16]. 
Expanding on this, Denis suggested a three- 
column model that emphasized the importance of 
the posterior vertebral body, posterior longitudi-
nal ligament, and the posterior annulus fibrosus 
in spinal stability [17]. Most trauma classifica-
tions use injury morphology to infer stability to 
each spinal column. Recently developed trauma 
classifications for the cervical as well as thoraco-
lumbar spine have also suggested the importance 
of the posterior ligamentous complex (PLC) in 
maintaining stability [18, 19]. Oncologic pro-
cesses, however, affect local biology differently 
than traumatic mechanisms of injury and thus 
warrant further consideration in each region of 
the spine. Due to the presence of an extensive 
venous plexus, metastatic lesions preferentially 
affect the vertebral bodies compared to the poste-
rior elements such as the facets or the 
PLC. Therefore, spinal stability may be intact in 
these cases unless it is further disrupted traumati-
cally or iatrogenically.

In addition, regional variations in the spine 
can affect stability. For example, the rib cage 
confers significant stability in the thoracolumbar 
spine. Metastatic lesions that preferentially affect 
the costovertebral joint and its surrounding corti-
cal bone rather than the cancellous core of the 
vertebral body may contribute more to vertebral 
body collapse [20]. In contrast, in the lumbar 
spine, involvement of the pedicle is thought to 
have a much higher risk of vertebral collapse due 
to the absence of stability provided by the rib 
cage. Lesions that affect key transition points in 
the spine necessitate long constructs to increase 
rigidity of fixation. For example, lesions at the 
cervicothoracic or thoracolumbar junction should 
not be managed with short-segment fixation, as 
this may not include enough rigidity in the con-
struct. In addition, anterior and posterior recon-
struction of the spinal column should be 
considered to restore overall sagittal and coronal 
balance.

 Operative Approaches

 Posterior Approaches

The posterior approach is the workhorse approach 
for all areas of the thoracolumbar spine. It pro-
vides decompression by directly removing poste-
rior spinal elements, direct access for providing 
pedicle screw fixation, and a large area for creat-
ing a fusion mass in the posterolateral gutter.

 Posterior Decompression Without 
Reconstruction
In the pre-modern era of spine tumor surgery, 
procedures involving posterior decompressive 
laminectomy without fusion were common [11]. 
However, almost one out of five adults eventually 
required further treatment with recurrence of 
symptoms due to ventral tumor progression [21, 
22]. Furthermore, laminectomy alone in combi-
nation with radiation also demonstrated poor out-
comes and complications including spinal 
deformity, instability, neurologic deficits, and 
wound complications [11]. Lastly, certain ana-
tomic zones, such as the cervical spine or any 
junctional zone (cervicothoracic, thoracolum-
bar), should generally be instrumented following 
wide decompressive laminectomy to avoid 
kyphotic deformity and instability. However, 
there may be select cases where laminectomy 
alone without reconstruction is appropriate. This 
includes cases of epidural disease in the lumbar 
spine where facets and anterior column bone are 
relatively preserved or cases of dorsal cord-level 
epidural disease where the anatomic supports are 
similarly uninvolved.

 Posterior Decompression and Fusion
Posterior decompression and fusion surgery are 
now the standard methods of the neural elements. 
Reconstruction is typically performed via poste-
rior segmental screw instrumentation with rods 
[23–25]. It offers potentially fewer complications 
such as progression of spinal deformity with a 
reduction in soft tissue morbidities through the 
introduction of minimally invasive approaches in 
select cases [23–25]. In addition, many surgeons 
are familiar with this approach and technique, 
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making it a more universal option. However, a 
notable disadvantage of this approach is its lim-
ited exposure and poor visualization of a ven-
trally located tumor mass [23–25]. Additionally, 
reconstruction of the posterior tension band may 
not be sufficient if significant compromise of the 
anterior columns has occurred.

 Posterolateral Decompression 
and Stabilization
The posterolateral approach to the spine has 
allowed a direct method to circumferentially 
decompress cord-level neural elements and to 
access anatomy required for both posterior and 
anterior stabilizations [25]. This may include a 
transpedicular approach (TPA) or costotransver-
sectomy approach, and is most commonly uti-
lized in the thoracic spine. TPA or extra cavitary 
technique can also be used in the lumbar spine, 
although working corridors are more limited by 
inability to sacrifice the lumbar nerve roots. 
Advantages of these techniques include a single 
incision to achieve decompression and stability 
along with anterior column reconstruction [11]. 
This approach is particularly useful in treating 
lesions in the upper thoracic region and thoraco-
lumbar junction [11].

As metastatic spinal disease disproportionately 
affects the elderly, the direct anterior approach is 
not preferred in patients with increased frailty and 
poor general health due to increased risk of vascu-
lar and pulmonary complications [26]. To work 
around this, there has been a trend towards per-
forming circumferential decompression and 
fusion through these posterior only approaches. 
Specifically, posterolateral TPA or costotransver-
sectomy with circumferential decompression and 
anterior reconstruction have shown overall excel-
lent patient results [26, 27].

 Anterior Decompression 
and Reconstruction

Anterior decompression and reconstruction is the 
best method to directly address compression in 
the anterior spinal column. Anterior column 
reconstruction can be performed using structural 

bone allograft (iliac crest, femur or fibula), autol-
ogous structural graft (iliac crest, fibular, rib), 
Steinman pins with cement, or synthetic recon-
struction cages. For cervical metastases specifi-
cally, the traditional surgical approach is anterior 
decompression with corpectomy, vertebral body 
replacement, and cervical plate stabilization [13, 
28, 29]. Multilevel corpectomy or the presence of 
posterior element tumor involvement is a relative 
indication to also reconstruct the posterior ten-
sion band through a separate approach. In addi-
tion, patients with thoracolumbar anterior column 
metastases have been found to have better out-
comes after anterior reconstruction, especially 
when disease is isolated to 1–2 continuous seg-
ments [11, 30]. In fact, return of neurologic func-
tion has been reported in over 70% of patients 
after anterior decompressions [11]. A retrospec-
tive review of surgical treatment for spinal metas-
tases of 100 patients demonstrated clinical 
improvement in 80% of patients at follow-up 
[11]. In one study detailing the anterior approach 
to metastatic disease in the thoracic and lumbar 
spine, approximately 94% of patients had stabi-
lized or improved motor function while almost 
90% were ambulatory postoperatively [31]. 
Alignment was maintained in all patients with no 
reported instrumentation failures [31].

 En Bloc Spondylectomy
Patients with metastatic spinal disease who are 
carefully selected based on extent of disease 
(oligometastases), long latency since primary 
diagnosis, excellent performance status, and 
other factors may be candidates for “en bloc 
spondylectomy” [13, 32]. This procedure entails 
thorough resection of the tumor along with a 
layer of otherwise healthy tissue [33]. Hence, this 
is the treatment of choice for solitary and oligo-
metastasis with favorable histology [13, 32]. As 
metastatic spinal disease often presents very late, 
the vast majority of patients are not candidates 
for this procedure [28, 34, 35].

The total en bloc spondylectomy (TES) is a 
modification that involves removal of the complete 
vertebral body and lamina, concurrently [35–37]. 
Surgeons will use either a staged, anterior- 
posterior, or solely posterior approach [36–40]. 
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TES, especially when multilevel, demands the 
careful release of surrounding neurovascular struc-
tures from the tumor, followed by resection of the 
tumor, posterior instrumentation, and reconstruc-
tion of the defect [32, 35–38, 40, 41].

The potential instability from such a proce-
dure does not preclude frequent and potentially 
debilitating complications. Such sequelae as 
pseudarthrosis, sepsis, neurovascular injury, cord 
injury, CSF leakage, sepsis, hematoma forma-
tion, and hemorrhage with subsequent myocar-
dial infarction have been documented throughout 
recent medical literature [33–35, 37, 39, 42–46].

 Combined Anterior/Posterior Approach
While each of the aforementioned techniques is 
indicated on a case-by-case basis, there has been 
an increasing trend toward performing circum-
ferential fusion (combined anterior approach and 
posterior approach or via posterior approach 
only). This has been proven to increase healing 
rates and reduced reoperation rates when com-
pared with traditional single-column techniques 
[47]. In addition, it has been shown to be more 
cost-effective at an average of $55,000 per case 
compared to $68,000 for traditional techniques 
[47]. However, as previously mentioned, it comes 
at a cost of a higher blood loss and complication 
rates [47].

 Restoration of Mechanical Stability

Patients with metastatic spinal disease resulting 
in structural failure of the spine are at exception-
ally high risk for cord compression [14]. While 
neurologic compromise due to epidural compres-
sion of the spinal cord is the most common rea-
son for undergoing surgery, patients with 
treatment-resistant mechanical pain may also be 
offered surgery to increase mechanical stability 
[14]. Thus, the restoration of mechanical stability 
of the spine is critical to the well-being and/or 
palliative care of the patient. It is important to 
note that conventional external body radiother-
apy has been shown to have negative effects on 
bone healing in metastatic spinal disease, specifi-
cally for the healing of pathological fractures and 

thus on successful achievement of mechanical 
stability. In fact, a 2015 study found that such 
patients did not experience any improvements in 
pain control while undergoing radiation for meta-
static disease [48]. Radiation has been shown to 
hinder postoperative bone fusion and, therefore, 
most surgeons wait up to 6 weeks after surgery to 
commence adjuvant radiotherapy [48].

 Special Considerations 
for Reconstruction in Tumor 
Patients

Unique challenges to reconstructive surgery in 
tumor patients include age, medical morbidities, 
frailty, bone quality (osteopenia/osteoporosis), 
concomitant chemotherapy and radiation, intra-
operative bleeding, and intraoperative contami-
nation of cancer cells.

 Age

Increasing age generally carries increased surgi-
cal risks, especially in the setting of surgery for 
malignancy. The frequency of spinal surgery 
within the United States has noticeably increased 
in the last few decades, especially in the geriatric 
population [49]. An increasing prevalence of 
comorbidities with age (cardiopulmonary dis-
ease, diabetes, obesity, etc.) combined with 
increasing complexity of reconstructive spinal 
surgery and its demanding recovery all contribute 
to a substantially higher potential for complica-
tions [7]. While age itself is not a contraindica-
tion for spinal surgery, several studies have noted 
a higher risk for complications and mortality, 
especially with increasing surgical complexity 
[7, 50, 51].

 Frailty

While not defined by chronological age itself, 
frailty is medically defined as a pattern of 
 physiological decline characterized by suscepti-
bility to adverse health outcomes [52]. Decreased 
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bone quality in combination with decreased mus-
cle pliability and muscle tone contribute toward 
an increased level of frailty [53]. Frail adults are 
unable to adapt to stressors, thus predisposing 
themselves to procedural/surgical complications, 
among other dangers. In fact, frailty has been 
found to be predictive of adverse events, mortal-
ity, in-hospital length of stay, and discharge dis-
position [54]. Patients with frailty also have a 
longer road to recovery from complex surgery. 
The surgical and reconstructive event is a men-
tally and physically demanding process often 
taking more than a year for full recovery. 
Consequently, patients with age-related health 
decline and comorbidities face an even longer 
road to recovery. While there is no current major-
ity consensus or standardization on measuring 
frailty (over 70 unique measures have been pro-
posed), it has nonetheless been implicated in an 
increased risk of postoperative complications, 
chemotherapy intolerance, disease progression, 
and death [53]. A recent study proposed a spine- 
tumor specific frailty index for patients with met-
astatic spinal disease [55].

 Bone Quality (Osteopenia/
Osteoporosis)

Osteopenia, often referred to as the midpoint 
between healthy bones and osteoporosis, is 
medically defined as the decrease in density of 
bone defined by a bone densitometry (T-score) 
of −1 to −2.5. Osteopenia patients have bones 
that are weaker than normal but not weak 
enough to fracture easily. Osteoporosis, on the 
other hand, is defined by a T-score of <−2.5 and 
signals a reduction in bone mineral density 
(BMD) due to an imbalance of calcium, vita-
min-D, and phosphate homeostasis. This pres-
ents in the spine as decreased trabecular density 
in the vertebral body, thus predisposing the 
patient to compression fractures, as well as sub-
sequent poor healing [56].

Poor bone quality poses additional challenges 
in patients undergoing tumor surgery. These 
patients have lower rates of bone healing/fusion 
due to decreased and inefficient osteoblast activ-

ity, low marrow quality, and poor vascularity [56, 
57]. Nonunion rates are estimated to reach up to 
35% in this population [56]. In the setting of an 
osteoporotic patient needing spinal fusion, cer-
tain precautions can help minimize risks. First, it 
is important to obtain a detailed history of any 
bone fractures especially in at-risk patients. 
These patients should then be referred for further 
osteoporosis screening if not already obtained. At 
risk is defined by the United States Preventative 
Services Task Force as all women over the age of 
65 and postmenopausal women under 65 at 
increased risk for low bone mineral density [58]. 
Currently, there is insufficient evidence to recom-
mend any age for screening for males [58]. 
Osteoporosis is currently diagnosed using dual 
energy X-ray absorptiometry (DXA) scans, 
which measures BMD at the lumbar spine and 
hip (total hip and femoral neck) [57]. The FRAX 
score additionally quantifies the 10-year risk of 
an osteoporotic insufficiency fracture with or 
without DEXA data and may be a useful proxy in 
the spine tumor population [59].

Several considerations of treatment options 
exist for patients with osteoporosis that need to 
undergo surgery for a neoplastic reason. Fixation 
is difficult in weaker bone, necessitating larger 
and stronger screws along with additional bone 
grafting. Furthermore, it is important to note that 
osteoporosis affects trabecular bone more than 
the outer cortical layer of bone, leading to higher 
rates of screw loosening and overall implant fail-
ure [56]. Studies have shown that screws that are 
longer and have a larger diameter enhance stabi-
lization. In addition, screw positioning and angu-
lation in higher density areas increase rigidity 
and subsequently, fusion rates [56]. Computer 
navigation may assist with precision placement 
of screws for this purpose. Screw augmentation 
with polymethyl methacrylate (PMMA) has also 
demonstrated favorable outcomes by increasing 
rigidity of the construct in weak bone [56].

Other treatment options include directly alter-
ing the bone quality with the use of osteoinduc-
tive growth factors such as bone morphogenic 
proteins (BMPs) or increasing osteoblastic 
(bone-forming) activity via exogenous adminis-
tration of parathyroid hormone (PTH) [56]. 
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However, in tumor patients, use of BMP is not 
properly studied for safety and efficacy and 
should generally be avoided for concerns over 
stimulation of local tumor growth. Calcium and 
vitamin D supplementation in combination with 
the use of biologic therapy to inhibit osteoclast 
activity and decrease bony resorption (e.g., 
denosumab, odanacatib) have shown some 
increased efficacy compared to conventional 
bisphosphonate therapy by increasing spine den-
sity [56]. Another treatment option may include 
the use of a postoperative spinal brace to further 
increase rigidity. Discouraging practices that 
may disrupt proper fusion such as smoking or 
the prolonged use of nonsteroidal anti-inflam-
matory drugs (NSAIDs) may also help increase 
fusion rates [56].

 Deformity Considerations

Another important consideration in patients with 
an aging spine is the overall sagittal balance. 
Depending on the manner in which the lumbosa-
cral spine is set in the pelvis, balanced lumbar 
lordosis and thoracic kyphosis are essential to 
keep one’s spine and center of gravity in align-
ment and thus avoid excess energy expenditure. 
Pathologic disruption to any of the spinal zones 
may result in excessive strain on the cervical 
spine, pelvis, and lower limbs due to easily 
exhausted compensatory efforts. Specifically, in 
pathologically kyphotic thoracolumbar spines, 
compensation maneuvers include cervical hyper-
lordosis, thoracic hypokyphosis, pelvic retrover-
sion, and/or knee flexion [60]. It is pertinent to 
note these physical demands often induce severe 
fatigue as the patient’s hips, thighs, and knees are 
forced to endure persistent strain [60]. The resul-
tant forward-leaning posture also has sociologi-
cal and psychological implications as this 
disorder correlates with struggles in social inter-
actions and self-image [61]. Furthermore, posi-
tive sagittal balance has been associated with 
overall worse health outcomes. The implications 
of a preexisting sagittal imbalance for patients, 
especially those with spinal malignancy, warrant 
special consideration and detailed evaluation. In 

order to avoid progression of spinal deformity, it 
should be directly addressed in the surgical 
approach, since sagittal malalignment may also 
contribute to early implant or bony failure [62].

 Adjuvant Therapy (Radiation 
and Chemotherapy) Effect 
on Reconstruction

Radiation and chemotherapy are frequently used 
as an adjunct to surgery in spine tumor patients 
[63, 64]. Such circumstances warrant an under-
standing of the biologic and reconstructive impli-
cations of both therapies.

Radiation directly affects the skin and sur-
rounding vasculature, thereby impairing or delay-
ing wound healing, resulting in an ongoing 
inflammatory cycle with cell regeneration [65–
67]. Surgical wound healing is normally expected 
within the first 2 weeks and is considered delayed 
healing if skin or tissue approximation is not 
noted by this time. The first two stages of wound 
healing (inflammatory and proliferative stage) 
are interrupted the earliest by radiation. Specific 
pro-inflammatory cytokines (interleukin-1 [IL-1] 
and IL-8) become overexpressed causing exces-
sive inflammation and fibrosis [65]. In addition, 
the rebuilding and maintenance stage is left 
weakened due to deficient and dysfunctional col-
lagen deposition (due to dysfunctional fibro-
blasts) and decreased activity of matrix 
metalloproteinases [65].

Radiation also has deleterious effects on the 
circulatory system, causing loss of vessel elas-
ticity with subsequent dilation, sclerosis, and 
occlusion [67–69]. These effects result in ery-
thema, chronic tissue hypoxia, and edema, 
respectively; as they progressively worsen, the 
patient experiences lifelong deficits in wound 
healing [67]. Radiation’s effects on the epider-
mis has been widely noted, specifically damage 
to the basal layer [68, 69]. The classic acute 
presentation is that of extensive local erythema 
and deep ulcerations to dry desquamation and 
skin necrosis, with increasing radiation dosage 
[67–69]. While acute effects are generally self-
limiting and reversible, chronic effects (seen 
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after 6 months) are not. Chronic effects include 
fibrosis, loss of hair follicles, significant skin 
necrosis, changes in skin pigmentation, and the 
formation of new tumors [67–69].

Postoperative rather than preoperative radia-
tion not only causes fewer wound complications 
but also has shown significant advantages in 
reducing residual tumor bed, specifically within 
6 weeks of surgery [67]. Postoperative radiation 
is often indicated after surgery with negative 
margins or when the tumor is still adherent to sur-
rounding tissue [70]. This is often administered 
in lower dosage (fractionated) form. One special 
consideration of the use of postoperative radia-
tion is in the setting of structural bone grafts. The 
purpose of using a structural bone graft is to stim-
ulate new bone formation and subsequent fusion 
by providing a framework for new bone growth 
and providing stability concomitantly [71–74].

Radiation on bone grafts is often accompanied 
by concurrent fibrosis. This diminishes vascular-
ization and cell regulation of homeostasis/apop-
tosis, resulting in lower rates of successful fusion 
[63, 74]. Ensuing complications may also include 
osteonecrosis, malunion, and postoperative frac-
ture [63, 74].

For these reasons, postoperative radiotherapy 
may not be ideal when using structural bone 
graft. Therefore, many surgeons prefer the com-
mencement of radiation, if possible, beginning at 
least 6 weeks after surgical intervention.

Interestingly, while it is generally accepted 
that perioperative radiotherapy is also proven to 
hinder bone fusion, some recent studies show that 
low-dose radiation actually aids in the healing of 
fractures, via subsequent upregulation of vascular 
endothelial growth factor (VEGF) [63, 71]. 
However, varying patient outcomes and a lack of 
sufficient clinical studies have left outcomes on 
bone graft in the setting of perioperative radiation 
as uncertain [63]. As studies have shown that a 
combined regimen of surgery and radiotherapy 
provides better outcomes compared to radiation 
alone, it may be best to delay postoperative radia-
tion from the operative date for as long as possible 
[63]. If radiotherapy is used as a neoadjuvant ther-
apy, bringing vascularized tissue into the previ-
ously radiated fields via axial rib flaps or other 
flaps can be helpful in establishing arthrodesis. 

Other strategies to aid in successful bone fusion in 
the presence of radiotherapy include using stereo-
tactic radiosurgery to minimize normal tissue 
damage, using autologous graft options instead of 
allogeneic, and when possible delaying postoper-
ative radiotherapy for 6 weeks [63].

Systemic therapy regimens are often used 
alone or in combination with surgery and radia-
tion in the treatment of metastatic spinal disease 
[63, 65, 70]. The term “chemotherapy” is often 
incorrectly used and should generally be reserved 
for classes of drugs that work via systemic cyto-
toxic effect. Other general classes such as targeted 
molecular drugs, antiangiogenesis drugs, or oth-
ers may have wildly different complication pro-
files and recommendations on perioperative 
usage, especially in the setting of complex recon-
struction. Chemotherapy drugs specifically target 
dividing cells and can affect bone healing and 
bone turnover, resulting in defective wound heal-
ing, decreased bone formation, and bone marrow 
suppression [75–78]. As metastatic spinal disease 
is a systemic problem that is most common in 
cancer patients older than 60 years, systemic ther-
apy often eclipses local therapies as the preferred 
treatment modality [77]. However, it should be 
noted that systemic treatments carry significant 
complication profiles which may be additive to 
complications already exposed by local therapy 
such as radiation or surgery. Additionally, the 
perioperative usage of systemic chemotherapy 
may have profound implications on healing and 
arthrodesis, mandating active planning and dis-
cussion with the multidisciplinary team.

 Technical Considerations 
and Complications of Complex 
Reconstruction

 Spinal Column Shortening

Spinal column shortening is often necessary in 
aggressive benign, primary, or secondary tumors 
resulting in a significant spinal deformity [79]. 
When considering reconstruction and alignment, 
it is generally far more neuroprotective to allow 
some spinal shortening than to attempt a spinal 
column lengthening. However, safe limits along 
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with resultant physiological effects of this proce-
dure have yet to be definitively determined [80]. 
In a study of seven patients with angular kyphosis 
in the thoracolumbar spine treated by closing- 
opening wedge osteotomy using a single poste-
rior approach, Kawahara et al. found that spinal 
shortening of approximately 20% was safe in 
terms of neurologic integrity [80, 81]. Studies in 
dog models suggest that a safe range for spinal 
shortening maybe up to 1/3 of the vertebral seg-
ment and a warning range between 1/3 and 2/3 of 
the vertebral segment [79, 82]. Alemdaroğlu 
et al. found that the additional removal of laminar 
bone avoided excessive cord kinking through all 
stages of shortening [79].

 Atraumatic Handling of Neural 
Elements

As neurologic compromise is a key issue guiding 
intervention and disease management, it is criti-
cal to ensure adequate and nontraumatic handling 
of the neural elements including the spinal cord 
and nerve roots. Complications regardless of sur-
gical technique can include damage to surround-
ing structures and further neurologic deficit and/
or paralysis [11]. Physical maneuvers such as 
“stretch” or “compression” may further destroy 
already vulnerable nerve fibers. Another poten-
tial aspect of surgery that may contribute to nerve 
injury is patient positioning. Positioning of a 
patient in a manner that pathologically stretches 
one’s neural elements may cause increased intra-
neural pressure leading to reduced perfusion and 
subsequent nerve ischemia [83–86]. Specifically, 
neural stretch above 15% of normal resting length 
has been associated with conduction defects [83]. 
This warrants the use of intraoperative neuro-
monitoring of the spinal cord, especially if instru-
mentation is employed [84–86].

 Limiting Intraoperative Bleeding

Complex reconstructive spine surgery, especially 
for metastatic spinal disease, is often associated 
with a high perioperative blood loss [11, 87–89]. 
This carries the potential for significant morbid-

ity and mortality as acute blood loss can lead to 
stroke, myocardial infarction, and embolic events 
via peripheral circulatory failure [87, 88, 90–92]. 
In cases where significant blood loss is expected, 
certain interventions may prove beneficial such 
as preoperative embolization, normotensive 
anesthesia, and the use of fibrin-glue tamponade.

 Preoperative Embolization
The goal of preoperative embolization for meta-
static spinal tumors is to eradicate the blood sup-
ply to the tumor in order to minimize intraoperative 
blood loss. Preoperative embolization has been 
determined as relatively safe with minimal com-
plications for treating benign, malignant, and 
metastatic tumors exhibiting hypervascularity 
[88, 93–100]. This technique also affords benefits 
of pain and neurologic symptom control in 
patients with significantly advanced disease 
[101]. Notable risks stem from the inadvertent 
embolization of blood vessels, resulting in isch-
emia of the spinal cord and displaced embolic 
material to the intracranial blood supply [88, 97, 
100, 102].

Renal cell carcinoma (RCC) and thyroid car-
cinoma remain the most frequently encountered 
origins of hypervascular metastatic tumors. As 
such, most existing literature on this topic has 
focused on RCC metastases to the spine, with 
satisfactory outcomes when preoperative emboli-
zation is utilized [95–100].

 Normotensive Anesthesia
Normal anesthesia or “normotensive anesthesia” 
is the current standard for anesthesia. In this 
mode of anesthesia, the patient’s blood pressure 
is kept stable and within normal limits during the 
operation. For nontumor patients undergoing 
elective spinal surgery, hip or knee arthroplasty, 
and other potentially volume depleting proce-
dures, the overall blood loss can be reduced via 
induction of hypotension [89, 103]. However, 
this form of anesthesia is rarely used in the set-
ting of cord compression from a neoplastic pro-
cess since lack of adequate cord perfusion may 
result in a catastrophic ischemic event. Generally, 
mean arterial pressure goals should be in the 
80–90 mm Hg range for optimal neuroprotection 
[104, 105].
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 Fibrin Glue Tamponade
While steps such as preoperative embolization 
and “normotensive anesthesia” are taken to pre-
vent significant intraoperative blood loss, the sur-
geon may still experience significant 
intraoperative blood loss. In the case of such an 
event, the surgeon and operative team must act 
swiftly. If the source of bleeding is secondary to 
a small blood vessel, use of electrocautery or 
pressure-packing with gauze pads will help con-
trol bleeding. A critical hemostatic tool that can 
aid in formation of a stable clot is fibrin glue. A 
composite of cryoprecipitate and thrombin, fibrin 
glue is sprayed onto the affected area via a 
double- barrel syringe. The mechanism of action 
of fibrin glue is that it mimics the final stages of 
the coagulation cascade forming a fibrin clot 
[106–110]. Studies have found it to be markedly 
useful in instances of significant hemorrhage and 
blunt force trauma, regardless of the patient’s 
coagulation status [107, 108]. It is a particularly 
useful maneuver to control epidural bleeding 
during long or tedious cord-level spinal canal 
decompressions where direct pressure is 
difficult.

 Damage to Major and Segmental 
Vessels

Vascular injury, while rare, is a dangerous and 
devastating complication of spine surgery. 
Injuries may occur during the direct manipula-
tion of a vessel or via tumor adherence to the ves-
sel wall [89]. Specific risk factors include 
perivascular infiltration of tumor cells, bone 
pathologies such as osteomyelitis, migration of 
implant devices, and previous history of spine 
surgery [89, 107, 108]. Such injury may lead to 
the formation of pseudoaneurysm, infarction, and 
dissection [89, 108].

Particular attention should be paid to specific 
anatomy depending on the region of the spine 
undergoing surgery. In the setting of the cervical 
spine, the carotid and vertebral arteries are most 
vulnerable from the placement of transarticular/
pedicular screws [89]. Surgery involving the tho-
racic spine details immediate and delayed risk to 

the aorta, particularly between the levels of 
T5-T12 [89]. Physical deformities such as scolio-
sis further enhance such morbidity [89, 107]. 
Vascular injuries involving the lumbar spine have 
mortality rates as high as 40%, with the abdomi-
nal aorta as well as the left common iliac vascu-
lature most at risk [89, 107, 108].

General preventative measures include thor-
ough preoperative assessment of tumor and ves-
sel location, cautious handling of vasculature, 
and the use of hemostatic agents [89, 107, 108]. 
Postoperative evaluation for deep venous throm-
bosis is also necessary [111–113]. Successful 
management of such complications often neces-
sitates consultation between the spine surgeon 
and a vascular surgeon, options range from endo-
vascular methods to open exploration and repair 
[89, 107, 108].

 Management and Opportunistic Use 
of Cancer Cells During Surgery

The migration of malignant cells to a remote site 
is a possibility during spinal cancer surgery. This 
transplantation is believed to be attributable to 
contaminated instrumentation and/or surgical 
gloves and poses significant threat of tumor 
recurrence [114–117].

Surgeons are cautioned to take necessary pre-
cautions including changing gloves and instru-
ments when changing anatomic fields [114]. 
Additional methods of prevention include irriga-
tion of wounds with saline, water, iodine/perox-
ide, and/or chemotherapeutics [114–117].

Naturally, local autogenous bone grafting with 
contaminated bone is inadvisable. Lastly, the use 
of systems which recycle and re-infuse packed 
red cells during high-blood loss procedures (“cell 
saver” device) is controversial due to the theoreti-
cal systemic circulation of cancer cells 
[118–123].

Freezing autografts via liquid nitrogen is a 
novel method to eradicate contamination and 
residual tumor cells/debris. This represents a 
critical step in preventing infection and recur-
rence of malignancy and is both convenient and 
efficient as it may be performed inside the oper-
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ating room. Frozen autograft provides the great-
est potential for successful fusion while limiting 
complications [124–126]. This is believed to be 
due to the presence of endogenous BMP and 
VEGF [124, 127]. The role of BMP has been 
well established in the initiation, promotion, and 
maintenance of bone and cartilage formation/
repair [127–129]. Additionally, VEGF serves as 
the chief regulator of angiogenesis, which is crit-
ical for successful osteo- and chondrogenesis 
[127, 130–132].

When compared to hyperthermic methods of 
autograft treatment such as irradiation, frozen/
hypothermic methods have yielded superior 
osteoinduction and osteogenesis with minimal to 
no tumor recurrence [124–126, 133, 134].

 Traditional Material Types 
and Implants with Limitations 
in Tumor Surgery

 PEEK

The past three decades have seen increasing 
research, development, and utilization of the 
polymer family known as poly-aryl-ether-ketones 
(PAEK). PAEK is a group of heat-resistant syn-
thetic polymers with a backbone chain made of 
ether and ketone units [135]. The molecular and 
chemical structure of PAEK also ensures resis-
tance to chemicals and radiation [135]. They are 
generally radiolucent and therefore not suscepti-
ble to imaging scatter or deflection of radiothera-
peutics. In addition, they possess greater strength 
and durability than most metals and a high bio-
compatibility, allowing synergy with carbon and/
or glass reinforcement modalities [135]. They 
have been incorporated as biomaterial in the 
treatment of trauma, orthopedic reconstruction, 
and spinal implantation [135]. Specifically, one 
member of this family with extensive application 
in orthopedic and spinal implantation is poly- 
ether- ether-ketone or PEEK.  In fact, it can be 
argued that PEEK has had its greatest clinical 
impact in the design of spinal implants and is 
widely accepted as an alternative to many metal-
lic biomaterials [135].

An initial FDA clinical trial demonstrated sig-
nificant success rates in terms of clinical out-
comes, fusion success, and patient satisfaction for 
patients undergoing posterior lumbar interbody 
fusion (PLIF) with the Lumbar I/F (Brantigan) 
cage [136]. Results were maintained at 10-year 
follow-up, as this trial effectively set the stage for 
today’s extensive use of PEEK as an interbody 
spacer [135]. Today, PEEK is available in various 
preparations with varying molecular weight and 
may be combined with carbon fiber- reinforced 
polymers (CFRP).

Drawbacks of using PEEK include slow incor-
poration and slightly reduced fusion rate when 
compared to titanium implants. PEEK’s hydro-
phobic surface has also been shown to prevent 
bone deposition via fibrous capsule formed in 
between bone and the implant [135, 137, 138]. 
Recent research has focused on reducing the 
degree of encapsulation using surface modifica-
tions [135, 138–145]. Such surface modification 
has involved the creation of a porous PEEK sur-
face and/or thin (lamellar) coating of titanium. 
Increased porosity or roughness is believed to 
increase osteogenesis while simultaneously per-
mitting tissue permeation. The resulting connec-
tion of spinal implant with bone promises 
superior overall fusion and stability, thus 
 decreasing the probability of migration or non-
healing [135, 145].

 Titanium and Titanium Alloys

Titanium has extensive applications across the 
medical field, in part, due to its biocompatibility, 
as well as its strength, low weight, and durability 
[145–150]. The ability to resist corrosion, non-
toxic nature, and safe indications under MRI 
have also contributed to its widespread use for 
implantation [145–147]. In addition, a high bio-
compatibility affords titanium and its alloys opti-
mal status to ensure successful osseointegration 
[145–147].

However, it is pertinent to note that titanium is 
vulnerable to subsidence in the setting of osteo-
porosis or weakened endplates. This often occurs 
in the setting of a modulus of elasticity mismatch 
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between the spinal implant and host bone. Other 
properties that may prove influential in subsid-
ence include the cage shape, size, and surface 
architecture, as well as the patient’s age, overall 
health, and bone mineral density [151]. 
Additionally, graft placement, endplate prepara-
tion, and applied distraction and compression 
must also be considered [151–153].

In fact, a cohort study of 300 patients under-
going 1- and 2-level anterior cervical corpectomy 
with titanium mesh cages reported subsidence in 
an estimated 80% of cases [146]. Furthermore, 
20% of these subsidence cases were classified as 
severe (>3 mm) with associated complications of 
neck pain, neurologic deterioration, and instru-
ment failure [146]. This is likely due to the sharp 
edges of the titanium mesh and the focused forces 
distributed over a relatively small surface area. 
Modern design evolution and improvement of 
titanium implants has involved porous and less 
stiff configurations with more force distribution 
over larger endplate surfaces.

Titanium alloys combine other metals to pro-
duce metals with differing mechanical properties. 
Similar to stainless steel cages, some titanium 
alloys are stiffer and more rigid than pure tita-
nium implants, which increases susceptibility to 
endplate subsidence [149]. Various surface modi-
fication techniques have been explored in order 
to improve titanium implant osseointegration and 
decrease rates of subsidence [154, 155]. 
Specifically, the creation of a rougher surface, 
modification of surface topography (with macro- 
and nanocoating), treatment with heat or alkali, 
creation of porous material, and hydroxyapatite- 
titanium composites can all improve osseointe-
gration and bioactivity.

Rougher surface areas have demonstrated 
faster bone integration and superior contact 
between the implant and bone [154, 155]. This 
facilitates shorter healing periods as a rougher 
surface enhances osteoblast sensitivity, via pro-
duction of local growth factors (transforming 
growth factor (TGF)-β1 and Prostaglandin E2) 
[154, 155]. The osseointegration of titanium 
implants may also be enhanced via organic and 
inorganic nanocoating, which mimics the organic 
and inorganic components of human cortical 

bone, facilitating cell adhesion, proliferation, and 
osteoconduction, respectively [156–159].

 PEEK Composite Materials

 PEEK/Titanium
The addition of titanium to PEEK enhances 
mechanical/strength and osseointegration when 
compared to PEEK alone (Figs.  20.1 and 20.2) 
[135, 141, 147, 149, 160, 161]. Studies have 
demonstrated enhanced cell attachment and 
increased bone/tissue volume, growth factors, 
and direct bone-implant contact [135, 141, 147, 
149, 160, 161]. In particular, a study using a 
sheep model evaluating PEEK-Ti composite 
cages against conventional PEEK cages showed 
that composite cages exhibited a significant 
reduction in the range of motion with a simulta-
neous increase in stiffness [161]. These findings 
were further reinforced by the confirmation of 
significantly more bone at the fusion site and 
ingrowth into the end plates [161]. In addition, 
treatments once exclusively used for titanium 
implants, such as “surface bioactivation mod-
ules” are currently under development for use in 
PEEK/titanium composites [160].

 PEEK/HA
It has been reported that HA was originally added 
to PEEK in order to form a composite closer to 
natural bone (Fig. 20.3) [135, 160]. This type of 
composite has enhanced bioactivity compared to 
PEEK alone; however, this comes at the expense 
of mechanical strength [135]. Despite this, one 
study assessing the use of PEEK-HA composite 
cages for anterior cervical discectomy and fusion 
demonstrated good-to-excellent clinical out-
comes in 97% of patients [143]. Successful cervi-
cal fusion rates were observed on follow-up for 
up to a year (16.7% at 3  months, 61.1% at 
6 months, and 100% at 1 year) [143].

 PEEK/Carbon Fiber Reinforced Polymer
CFRP has an elastic modulus closer to cortical 
bone. PEEK-CFRP has been of particular interest 
due to its increased mechanical strength, biocom-
patibility, versatility, and radiological compati-
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bility; literature strongly supports PEEK-CFRP 
as an appropriate and promising modality for 
orthopedic implantation [162]. Current indica-
tions for PEEK-CFRP use include spinal cages, 
bone fixation screws/fracture fixation, and ortho-

pedic implants (Fig. 20.4) [162]. The radiological 
compatibility allows fusion to be visualized 
 postoperatively with any imaging modality [162]. 
In addition, chemical stability permits steriliza-
tion via conventional methods such as gamma 
radiation [162]. This is further discussed in the 
next section.

 Poly-Methyl-Methacrylate (PMMA)

PMMA is effective for providing structural sup-
port for large defects as it helps stabilize weak or 
fractured vertebrae. PMMA is also effective in 
strengthening screw fixation [163]. This is neces-
sary for patients with poor bone quality, malnu-
trition, or comorbidities such as those with 
metastatic spinal disease, as they are at increased 
risk for implantation failure.

Advantages include ease of use and reduced 
operative time [164]. In addition, production of 
the PMMA implant can be done during surgery, 

Fig. 20.1 Top image: 
superior, lateral, and 
oblique views showing 
the tips of the tantalum 
pins at each of the four 
corners for visualization 
on X-ray; Bottom 
image: intraoperative 
photograph of the spacer 
being implanted into a 
patient, showing the 
base PEEK implant 
coated with titanium on 
top and bottom surfaces 
only. (Reproduced with 
no changes from Kotsias 
et al. [270]. © CC BY 
4.0 (https://
creativecommons.org/
licenses/by/4.0/))

Fig. 20.2 Lateral cervical X-ray showing PEEK-Ti 
implant. The thin wavy line of titanium can be seen along 
the edges of the implant at the cervical endplates. 
(Reproduced with no changes from Kotsias et al. [270]. © 
CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/))
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6 Weeks

Allograft PEEK Optima HA PEEK Optima Natural

12 Weeks

26 Weeks

Fig. 20.3 A macroscopic overview of histology at 6, 12, 
and 26 weeks for allograft, PEEK-HA, and PEEK. There 
was a progression in fusion versus time for all groups. No 
observed failure in PEEK-HA or PEEK devices, whereas 
allograft cages fractured and resorbed with time. A fibrous 
tissue interface was noted for PEEK at 6 and 12 weeks, 

and direct bone contact was noted with PEEK-HA at 
12  weeks. All fusions remodeled with time and were 
mature by 26 weeks. (Reproduced with no changes from 
Walsh et  al. [271]. © CC BY 4.0 (https://creativecom-
mons.org/licenses/by/4.0/))

a b c

Fig. 20.4 (a) PEEK-CFRP are best depicted in the MRI 
with artifact reduction protocol. (b) Lateral X-ray show-
ing carbon fiber screws that are not radiopaque. (c) 
Follow-up CT scan shows the accomplished posterolat-

eral fusion without artifact from screws. (Reproduced 
with no changes from Laux et  al. [179]. © CC BY 4.0 
(https://creativecommons.org/licenses/by/4.0/))
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as is often done in vertebroplasty and kypho-
plasty procedures [164, 163].

Disadvantages of PMMA include wound 
infection, transient hypotension, loosening/dis-
placement, allergic reaction, and thermal injury 
[165]. Thermal injury in particular is a result of 
the cement’s hardening in the body and has been 
shown to reach temperatures as high as 86  °C 
[165, 166].

Whereas vertebroplasty involves direct injec-
tion of bone cement, kyphoplasty utilizes PMMA 
as a “filler” for structural reinforcement [163]. It 
is important to note, however, that there have 
been reports of cement leakage (extra-vertebral) 
associated with vertebroplasty, with conflicting 
reports on clinical significance [163].

 Traditional Implant Failures (Rods/
Screws/Cages)

 Screw Loosening, Cut-Out, Pullout, 
and Screw/Rod Breakage
Screw loosening is a frequently reported compli-
cation of pedicle screw fixation. This can neces-
sitate revision surgery and negatively affect overall 
postoperative clinical results [167, 168]. Current 
literature suggests a variation in rates of screw 
loosening, specifically, dependent upon bone qual-

ity [166–168]. Ranges of loosening have been as 
low as 1% and as high as 15% in those without 
osteoporosis, but are much higher for patients 
with osteoporosis, some estimates being over 50% 
[167, 169]. Ultimately, screw loosening, pullout, 
or fracture will result in pseudarthrosis (Fig. 20.5) 
[56, 167, 168, 170]. As mentioned in the previous 
section, unhealthy bone significantly complicates 
fixation efforts [56]. Other contributory factors 
include the length of fixation, number of levels 
fused, type of fusion, and the scope of surgical 
decompression [167, 168, 170].

 Cage Subsidence and Failure
Cage subsidence has been linked to bone density, 
age, size, and surface-contact ratio, to name a few 
[171]. Along with age come changes in the physi-
ological composition and curvature of the spine. 
Such changes precede aberrant stress bearing and 
weakened bone (Fig. 20.6) [171]. Increasing age, 
osteoporosis, and frailty are common covariates 
with metastatic spinal disease and further com-
plicate successful cage implantation [172]. 
Additional factors include but are not limited to 
surgical technique, overweight/obesity, and vari-
ations of cage design [173].

Surgical technique such as aggressive end-
plate preparation may also contribute to the 

a b c

Fig. 20.5 Lumbar radiographs showing (a) anteroposte-
rior X-ray with radiolucent zone and double halo around 
the screw (black arrow) indicating screw loosening. In 
addition, there is screw breakage demonstrated at the 
superior- most level. (b) Lateral X-ray demonstrating that 

the inferior screw has pulled out (white arrow). (c) CT 
scan in this case did not show a gap or halo around the 
inferior screw. (Reproduced with no changes from Wu 
et al. [170]. © CC BY 4.0 (https://creativecommons.org/
licenses/by/4.0/))
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risk of subsidence [173]. However, it is also 
important to mention that studies have failed 
to establish significant correlation between 
degree of subsidence and changes in clinical 
outcomes [174–177]. Such studies suggest 
that fusion and patient-reported pain and dis-
ability were not significantly worsened by cage 
subsidence.

As mentioned later in this chapter, nonabsorb-
able/biocompatible PEEK cages are indicated in 
this regard, due to (mechanical and radiological) 
advantages of load-tolerance and accurate post-
operative assessment [135, 139, 140, 173, 
178–180].

 Junctional Failure
Proximal junctional failure is recognized as a 
serious complication of spinal reconstructive sur-
gery, entailing risk of neurologic injury, pain, gait 
difficulty, sagittal imbalance, and even social iso-
lation [181, 182]. It is defined as junctional 
kyphosis of at least 15° along with fracture (or 
failure of fixation) of the uppermost instrumented 
vertebra (or one level above), or the need for 
extension of said instrumentation within 6 months 
of surgery [181].

Underlying pathology for proximal junctional 
failure is believed to be an acute postoperative 
structural occurrence; however, it can also include 
a more progressive deformity over months to 
years [181, 183, 184]. In fact, a multicenter- 
retrospective study reported that the most com-
mon mechanisms were fracture (47%) and 
disruption of soft tissue (44%) [181, 185]. The 
same study reported failure due to fracture most 
frequently occurred in the thoracolumbar region 
while failure due to soft tissue disruption (without 
fracture or instrumentation failure) was most 
commonly noted in the upper thoracic spine 
[185]. Furthermore, those who experienced thora-
columbar proximal junctional failure also hap-
pened to be older, have fewer levels of fusion, and 
have a worse postoperative sagittal imbalance 
than those of the other group [185]. Modifiable 
risk factors were found to correlate with degree of 
curvature correction, combined anterior-posterior 
fusion, incorporation of pedicle screw structures, 
and residual sagittal imbalance [181, 182]. Non-
modifiable risk factors were found to correlate 
with age (over 55  years), (preoperative) sagittal 
imbalance, low bone mineral density, and body 
mass index [181, 182] [145–150].

a b c

Fig. 20.6 Lateral cervical radiographs of a 59-year-old 
female treated with a cervical cage at C6/C7. (a) X-rays 
immediately postoperatively showing satisfactory cage 
placement, (b) 1 year after surgery with initial subsidence 
into the superior endplate of C7, and (c) 2.5 years postop-

eratively with advanced subsidence and osseous bridging. 
(Reproduced with no changes from Zajonz et al. [272]. © 
CC BY 4.0 (https://creativecommons.org/licenses/
by/4.0/))

A. R. Vaccaro et al.
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 State of the Art in Tumor Implants

 Structural Titanium Mesh

With properties such as strong mechanical per-
formance, durability, biocompatibility, relative 
ease of manipulation, and resistance to infection 
and corrosion, structural titanium mesh is a reli-
able modality for a wide array of surgical indica-
tions [186–188]. This includes anterior column 
replacement, graft control, and deformity correc-
tion [186–188]. These cages are most commonly 
used in cervical and thoracolumbar fusion cases 
due to robust mechanical performance, prolonged 
stability, and favorable clinical outcomes.

Structural titanium mesh also helps avoid 
complications from the use of autografts such as 
graft fracture and/or collapse [186]. This is 
achieved mainly via its porous metal sheets that 
can support onlay graft until bone mineraliza-
tion occurs [186]. The incorporation of graft 
within the cage transforms an inactive metal 
cage into a biologically functional vertebral 
body replacement. One significant advantage of 
using a structural titanium mesh cage is avoid-

ing the need to harvest ICBG and sparing the 
patient/donor from traditional site morbidity 
[186]. Avoiding the use of allograft also 
decreases the chances of less common implant 
complications such as immune response and 
transmission of disease [186].

The versatility of titanium mesh allows its use 
for defects of different sizes (Figs. 20.7 and 20.8) 
[186]. This is accomplished using an adaptable/
moldable design in order to achieve desired 
length. In addition, titanium mesh can also be tai-
lored via 3D printing [187]. It is critical to men-
tion that despite the apparent benefits to using 
titanium mesh cages, complications similar to 
traditional titanium implants, such as subsidence, 
can still occur [186].

Techniques to reduce subsidence include 
increasing the surface area of the implant/cage- 
endplate interlink [189, 190]. One method that 
has been described is the addition of rings at the 
ends of the mesh cylinder, which has been shown 
to enhance the maximum load capacity, up to 
27% [189]. Studies have demonstrated this addi-
tion facilitates a more uniform distribution of 
stress across the endplate [189].

a b c

Fig. 20.7 Biomechanical model of the thoracolumbar 
spine depicting a Harms titanium mesh cage with two dif-
ferent sizes: (a) intact spine, (b) spondylectomy with 
17 mm cage, and (c) spondylectomy with short 10 mm 

cage. (Reproduced with no changes from Kim et al. [273]. 
© CC BY 4.0 (https://creativecommons.org/licenses/
by/4.0/))
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 Carbon Fiber-Reinforced Polymer 
Implants (CFRP)

CFRP has been used as implant material for over 
two decades. Current applications are primarily 
for vertebral body replacement and/or interbody 
fusion [190, 191]. CFRP proves advantageous in 
situations requiring mechanical strength, durabil-
ity, biocompatibility, and radiolucency [190]. In 
addition, CFRPs offer functional strength and 
stability seen in traditional metallic implants but 
with significantly fewer episodes of loosening/
migration and subsidence [190]. Furthermore, 
CFRP’s radiological compatibility allows accu-

rate postoperative assessment of fusion [162]. 
CFRP implants possess a modulus of elasticity 
similar to that of cortical bone; consequently, this 
affords the advantage of preventing stress shield-
ing and end plate subsidence while offering supe-
rior fusion and complication rates compared to 
traditional metallic implants [190, 191]. However, 
CFRP cages have also demonstrated implant fail-
ure from inadequate stiffness [191].

As mentioned above, PEEK is heat-resistant, 
has greater strength and durability than most 
metals, is compatible with diagnostic imaging, 
and has a high biocompatibility [135]. Such 
advantages of PEEK are further enhanced when 

a b

Fig. 20.8 Lateral thoracolumbar radiographs of the two 
reconstruction models with different size cages: (a) 
17  mm and (b) 10  mm. (Reproduced with no changes 

from Kim et al. [273]. © CC BY 4.0 (https://creativecom-
mons.org/licenses/by/4.0/))

A. R. Vaccaro et al.
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integrated with carbon fibers to form CFRP- 
PEEK. The resultant CFRP-PEEK can be altered 
to that of cortical or cancellous bone [192]. 
Furthermore, mechanical testing has shown 
PEEK to have low strength in tensile, bending, 
and compression tests; however, after the incor-
poration with carbon fiber, mechanical elements 
have shown significant improvement, analogous 
to those of (human) cortical bone [193].

CFRP-PEEK is predominantly utilized as a 
cage construct; however, pedicle screws and rods 
with this technology have also been developed 
[162]. It is highly biocompatible and can with-
stand prolonged fatigue/strain [162]. A 40-patient 
retrospective study analyzed clinical outcomes, 
fusion rates, and the percentage of vertebral 
body coverage for stackable CFRP-PEEK cages 
used in multilevel thoracolumbar reconstruction. 
Thirty-nine patients demonstrated successful 
fusion with exceptional clinical and radiographic 
results (covering an average of 60% of the verte-
bral body with the CFR-PEEK cage) [162, 194]. 
These studies suggest that stackable carbon fiber 
cages are indeed effective in achieving thoraco-
lumbar fusion in large reconstructions [194].

Due to an elastic modulus close to that of a 
cortical bone, CFRP-PEEK implants have been 
shown to reduce stress and demonstrate improved 
longevity [179]. This is especially critical in 
structurally deficient bone, as healing may be 
delayed in spine tumor patients [179]. Current 
surgical management of spinal tumors involves 
instrumentation with pedicle screw and rod sys-
tems. As most modern pedicle screws and rods 
are composed of titanium alloy, they carry suffi-
cient stiffness but also pose unique challenges to 
postoperative imaging and management for the 
patient [178, 179, 195, 196]. This has serious 
implications for the timely diagnosis of local 
recurrence.

In addition, conventional metal instrumenta-
tion often impedes the planning and administra-
tion of postoperative radiation therapy [178, 179, 
195, 196]. Metal implants have been shown to 
absorb radiation and thereby hinder percutaneous 
radiation therapy [195]. Consequently, CFRP 
implants were developed for radiolucency (pro-
ducing less artifacts and absorbing less radiation) 

and have proven to facilitate follow-up imaging 
[178, 179, 195, 196]. Furthermore, studies have 
also successfully established CFR-PEEK screw- 
rod systems as more appropriate in patients (eli-
gible for radiotherapy) due to this very absence 
of image artifacts and less dose interference [178, 
179, 195, 196].

 Expandable Cages

Expandable cages are particularly valuable for 
anterior column reconstruction via minimally 
invasive posterior approach as they can be used 
in both the thoracic and the lumbar spine [197]. 
In addition to being available in multiple sizes, 
expandable cages include the ability to be 
inserted in a collapsed position with expansion 
in situ [197]. Many of the previously mentioned 
cage types are manufactured in such an expand-
able form, allowing the surgeon to modify the 
size as needed (Fig.  20.9). While expandable 
cages have been successfully used in spinal 
reconstruction for the treatment of infection, 
trauma, etc., their use in treating metastatic spi-
nal disease is not well documented in current 
literature [198, 199].

The use of titanium expandable implants for 
reconstruction in spine tumor surgery has been 
reported. A 5-year review of 95 patients with tho-
racic and lumbar spinal malignancy (primary and 
metastatic) who underwent vertebral body resec-
tion and anterior column reconstruction demon-
strated very positive results from the use and 
incorporation of an expandable titanium cage 
[200]. Specifically, patients demonstrated signifi-
cant improvement in their numerical pain scores, 
as well as postoperative radiographic findings 
such as a median height correction of 14% (with 
values as high as 118%), and a median improve-
ment in sagittal alignment of roughly 6° (with 
values as high as 28°) [200]. Another study 
reported on the use of a single posterior approach 
to treat 21 cases of vertebral body malignancy 
and reported complications directly attributable 
to use of the expandable cage [201]. These com-
plications were a traction injury to a lumbar nerve 
root (during expansion), cage subsidence, and 
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necessary revision surgery due to oblique cage 
placement [201].

Additionally, a case series of five patients that 
underwent multilevel cervical corpectomies with 
the incorporation of expandable cages supple-
mented with anterior cervical plating and poste-
rior instrumentation to ensure full circumferential 
fusion demonstrated fusion in 80% of patients, as 
well as correction of preoperative kyphotic defor-
mity in all five patients and a significant decrease 
in preoperative pain [199]. Another retrospective 
study gathered and reviewed data on 24 patients 
with metastatic spinal disease, who were also 
treated with expandable cages from T5-L5. 
Thirteen patients exhibited significant improve-
ments in neurologic function with no significant 
postoperative complications [198]. Out of the 
remaining patients, there was no postoperative 
neurological deterioration [198]. The authors of 
both of the above-mentioned studies concluded 
that expandable cages are a safe and effective 
modality for anterior column reconstruction and 
prevention of further neurologic deterioration in 
metastatic spinal disease [198, 199]. While such 

treatment is deemed palliative, it nonetheless has 
been shown to provide immediate stabilization in 
the deformed spine, as well as relief of symptoms 
of cord compression, radiculopathy, and/or axial 
pain [198, 199].

Due to their ability for providing superior cor-
rection, expandable cages provide a valuable 
addition to a surgeon’s treatment options. 
Specifically, expandable cages allow a single 
posterior approach for circumferential decom-
pression and stabilization of the thoracolumbar 
spine. One study reported using this technique in 
eight patients suffering from spinal malignancy, 
tuberculosis, and traumatic deformity [202]. The 
authors reported that all patients underwent com-
plete vertebrectomy with postoperative improve-
ment of deficits and no major neurological 
complications [202]. Similarly, a 17-year-old 
woman with a fibrous histiocytoma in the L5 seg-
ment and significant bone destruction underwent 
a posterior decompression and vertebral body 
replacement with an expandable cage and screw 
fixation [203]. The authors note that the expand-
able cage was successfully implanted (after 

a b c

Fig. 20.9 (a) Intraoperative pictures depicting placement 
of expandable mesh cage. (b, c) 12-month postoperative 
AP and lateral X-rays showing slight settling of mesh 

cage but maintained lumbar lordosis. (Reproduced with 
no changes from Roberto et  al. [274]. © CC BY 4.0 
(https://creativecommons.org/licenses/by/4.0/))

A. R. Vaccaro et al.
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resection) and expanded with excellent clinical 
results [203].

Additionally, a laboratory study compared the 
biomechanical stability between two similarly 
sized implants, via different surgical approaches: 
an expandable TLIF cage deployed in situ com-
pared to a traditional fixed dimension ALIF cage 
[204]. The biomechanical stability of the expand-
able TLIF cage was found to be equivalent to the 
ALIF cage in coronal, axial, and sagittal planes 
[204]. However, authors note that the deployable 
and expandable TLIF cage provided advantages 
of a single minimally invasive approach and 
extensive (endplate) imprint with preservation of 
the anterior tension band [204].

It is important to mention that little is known 
about the long-term use and late complications 
of expandable cages. Only one study noted pos-
sible complications from using expandable 
cages. Liu et  al. documented that patients with 
expandable cages had almost double the subsid-
ence rate of those with fixed cages [205]. This 
observation remained beginning from the first 
postoperative month and was also noted at the 
1-year mark [205].

 Linked Cage/Screw Constructs

The aim of interbody cages is to achieve anterior 
column fusion, whereas posterior instrumentation 
and decortication with bone graft is used for pos-
terior fusion. While interbody cages act as load-
bearing devices and rely on axial compression, in 
cases with large segment resection, this may not 
be ideal [206]. As mentioned previously, cata-
strophic failure can occur with cage fatigue, sub-
sidence, and loss of stability with progressive 
motion. This is especially true in tumor cases 
where a large segment is spanned by a single 
implant. To avoid this potential failure and 
increased rigidity in the model, novel anterior 
interbody implants have been developed that cou-
ple with posterior load-sharing instrumentation.

Traditionally, this was accomplished by plac-
ing posterior-based screws aimed anteriorly into 
titanium mesh cages. In addition, anteriorly 
based “Kaneda instrumentation” has also been 

used to fix interbody cages with screws [207]. 
This theoretically strengthens the overall con-
struct and stiffens the motion segment preventing 
complications. Newer techniques have also been 
developed allowing posterior pedicle screws to 
link with anterior corpectomy cages. The cage is 
allowed to move parallel to the pedicle screws 
through this link while still undergoing axial 
compression. A biomechanical model was used 
to evaluate properties of a construct designed to 
maximize stiffness and minimize intervertebral 
cage subsidence [206]. This spondylectomy 
model determined that connecting the anterior 
column-cage to posterior instrumentation using 
additional pedicle screws can result in a system 
that is almost 40% stiffer and has 50% less sub-
sidence compared to a traditional unconnected 
cage [206].

 3D-Printed Implants

Reconstructive surgery is an extremely challeng-
ing endeavor even for the most experienced sur-
geons [208]. Anatomical complexity, uniqueness 
of each defect, and sensitivities of involved sys-
tems further contribute to such challenges [208]. 
Patient-specific implants are designed with a pre-
cise fit to defects [208]. Demand to advance such 
implants has led to technological advancements, 
most pertinently, 3D printing [208]. In fact, the 
United States Food and Drug Administration 
recently increased the approval of 3D printed 
implants under the “510k (premarket notifica-
tion)” approval system, allowing providers to use 
3D printed parts in routine and complex surgical 
procedures [208].

Various alloplastic implant materials includ-
ing ceramics, metals, polymers, and composites 
are currently produced from 3D printing [208]. 
Among these, metals and ceramics have been 
most frequently used in orthopedic implants; 
however, both have significant drawbacks. The 
high mechanical strength and elastic modulus of 
metallic 3D implants have a modulus mismatch 
with vertebral bone, resulting in potential stress 
shielding, subsidence, and loosening [208]. 
Additionally, metallic nature impedes necessary 
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radiologic tests as they have been found to cause 
“streak artifacts” on advanced spinal imaging.

Ceramics, while biocompatible and bioactive, 
have a low mechanical strength with a high mod-
ulus of elasticity and brittleness; consequently, 
they are susceptible to fracture [208]. More 
recently, the use of polymers as a sustainable 3D 
implant alternative has been studied using PEEK 
[208]. As mentioned in the previous section, 
PEEK has a wide range of applications due to its 
lightweight, strength, durability, and resistance to 
heat and chemical insult [208]. In the realm of 
spinal reconstruction, PEEK and its composites 
(CFRP-PEEK) have primarily been used for 
interbody fusion cages [208].

While the use of PEEK in 3D printing has 
proven challenging, recent technological advances 
have provided improved 3D printing via “fused 
filament fabrication” (FFF) technology [208]. 
This specialized printing permits successful cre-
ation of almost any complex construct [208].

Furthermore, the increasing availability of 
affordable 3D printing is expected to allow sur-
geons to produce tailored implants from within 
the healthcare setting [208]. Thus far, FFF exhib-
its advantages including cost control, efficient 
implant production, and greater individualized 
approach to patient care [208]. However, recent 
literature also notes a concurrent expansion of 
regulatory oversight (targeting 3D printing) that 
may lengthen the approval and manufacture of 
novel implants [208–210].

 Biologics and Bone Grafts

 Bone Grafts

Over 200,000 spinal fusions are performed every 
year in the United States, and virtually all use 
either autograft or allograft to help achieve suc-
cessful fusion [211]. The most frequent sites of 
bone graft include local autograft from the opera-
tive region of the spine, iliac crest, fibula, rib, 
tibia, and femoral shaft [74, 211–214]. An ideal 
bone graft facilitates healing and fusion in a min-
imal amount of time with minimal complications 
[211–214]. Important characteristics include 

osteogenesis (capacity to form bone), osteocon-
duction (facilitate bone growth onto graft/
implant), and osteoinduction (recruitment and 
stimulation of immature cells to develop into 
osteoblasts) [74, 211–214]. While both autograft 
and allograft exhibit osteoconductive properties, 
only autograft can directly facilitate osteogene-
sis, thanks to its biologically active bone marrow 
[211]. This superior biological advantage does 
however come with significant risks of patient- 
morbidity and complications [11, 74, 215]. In 
addition, autograft carries the risk of transmitting 
infectious and malignant tissue from harvest site 
to the donor site [11, 74, 211, 215, 216].

 Iliac Crest Bone Graft
ICBG is an effective, safe, and readily harvested 
source of autograft. In fact, it is still the most fre-
quently used site to harvest bone graft [212, 213, 
217]. Unique features include a reliable structural 
integrity (due to its cortical components) and 
osteoinductive, as well as osteogenic properties 
(due to its cancellous components) [212, 213, 
217]. It is also advantageous as a larger size graft 
and can be harvested without excessive damage 
to the structure or function of the ilium. However, 
in recent years, concern regarding donor site 
morbidity/pain has caused a sharp decline in the 
utilization of this method [212, 213, 216]. Less 
common complications such as infection are rare, 
yet prevalent [216, 218]. Additional drawbacks 
of ICBG harvest include excessive loss of blood, 
subsequent weakness/fractures at the harvest site, 
and (tender) scar formation [11, 212, 213, 
219–222].

 Vascularized Autografts
Vascularized autografts have unique advantages 
exclusively attributable to the preservation of 
blood supply. This directly expedites ideal incor-
poration of cortical bone and matrix remodeling 
[211, 212, 223]. The avoidance of necrosis pre-
serves and facilitates osteocytes and osteoblast/
progenitor cells, culminating in superior strength, 
fusion, and overall reliability, especially in those 
with concurrent or anticipated large defects 
(>6 cm) [211, 212, 223–227]. In addition to doc-
umented success rates of up to 90%, vascularized 
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grafts also exhibit shorter fusion times compared 
to nonvascularized grafts in spine tumor recon-
struction [223–225].

Disadvantages to vascularized autografts stem 
from the degree of invasiveness, namely, the high 
rate of complications. As such, this modality 
should only be considered if simple reconstruc-
tive modalities are not deemed appropriate [225]. 
Medical literature currently reports complica-
tions including excessive operative time, difficul-
ties with anastomosis, neurovascular injury, pain, 
instability, and fracture [223, 225, 227–230]. 
This can be further complicated by the presence 
of a poor recipient vascular bed, which has been 
proven to hinder absorption and revascularization 
of the graft [217, 224, 231].

Free vascularized fibula grafts (FVFG) are 
currently the most commonly used free vascular-
ized bone grafts [227, 230, 232, 233]. FVFGs 
were initially reserved exclusively for posttrau-
matic bony defects; however, modern indications 
have since expanded to include deformity from 
infection, malignancy, and congenital causes, as 
well as failed arthrodesis, large segment defects, 
and poor bone quality [217, 230, 232, 233]. 
FVFGs have unique features such as advanta-
geous length, exceptional bone mass, and exclu-
sive blood supply [217, 230, 232]. Complications 
of vascularized fibular grafts include hemorrhage 
at the anastomosis site with/without thrombosis, 
muscle weakness, compartment syndrome, non-
union, infection, and fracture [230, 232, 234].

Vascularized rib grafts are a more convenient 
option than vascularized fibular grafts due to 
their proximity to the spine, lack of significant 
donor site morbidity, and relative ease of harvest-
ing [72, 228, 235]. Pedicle rib grafts have histori-
cally been limited in spinal surgery to the 
correction of kyphotic deformity, as well as 
infective/necrotic lesions of the spine [228, 235]. 
Clinical outcomes postimplementation of vascu-
larized rib grafts in complex spinal reconstruc-
tion have not been widely studied; however, 
limited studies have found fusion rates similar to 
those of ICBG [72]. The same studies also 
reported significantly fewer major complications 
and donor site morbidity in the rib autograft com-
pared to the ICBG [72, 235]. One disadvantage is 

that rib grafts do not have the structural integrity 
of ICBG. In addition, for very large defects, vas-
cularized rib grafts may not be appropriate for 
use and FVFG should be considered instead. 
However, they are much more flexible and can 
thus be contoured in specific areas such as the 
posterior cervical spine [228].

 Structural Allograft
Structural allografts have also played an impor-
tant role in spinal reconstruction as they provide 
relatively high rates of fusion without additional 
donor site morbidity. Although autogenous bone 
grafting is still the standard for spine fusion, cur-
rent literature demonstrates that allograft is a 
valuable alternative [11, 71, 74, 211–213, 215, 
222]. Depending on the preparation of allograft 
(fresh-frozen vs. freeze-dried), there is little to 
no immunogenicity [11, 74, 215]. This has 
 previously been thought to result in a higher 
complication and failure rates compared to auto-
grafts overall, yet recent studies have demon-
strated similar fusion rates between allo- and 
autograft [222, 236–238]. In addition, no signifi-
cant differences have been noted with regard to 
infection, bleeding, neurovascular compromise, 
need for revision surgery, or patient satisfaction 
[222, 237, 238]. However, for multilevel and 
complex cases, autograft continues to outper-
form allograft [11, 222]. A unique risk of 
allograft is the risk for transmission of infection 
from the donor [212, 213, 215, 239]. Specifically, 
the risk of transmission of viral diseases such as 
HIV and hepatitis has been estimated at between 
1/200,000 and 1/1,600,000 [11, 212]. However, 
with freeze- dried allograft (lyophilization), there 
has never been a documented transmission of 
virus [11, 213].

When a strut allograft is incorporated, the 
immediate immunological response from the 
host is with the initiation of osteogenesis via 
rapid mobilization of mesenchymal tissue [240]. 
The healing process includes inflammation, 
graft resorption, neo/revascularization, and new 
bone formation [74, 213, 240–242]. Current 
strut allografts used in clinical practice include 
femur, tibia, or fibula [74, 240, 243]. While not 
as extensively used in spinal reconstruction, 
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tibial struts are used in revision arthroplasty of 
the hip for cortical repair, bone stock restora-
tion, and periprosthetic fracture stabilization 
[74, 240–242, 244].

Femoral shaft allografts lack osteoinductive 
properties due to an empty medullary space [11, 
29, 74, 215]. Unique advantages include resis-
tance to or avoidance of vertebral collapse due 
to their diameter and large contact surface [29]. 
In addition, femoral shaft allografts are able to 
avoid stress shielding, thanks in part to func-
tional similarities with autologous bone [29]. 
Structural femoral shaft allografts have mostly 
been utilized in spinal reconstruction post resec-
tion of compromised bone, as they produce clini-
cally sound fusion results [29, 245, 246]. Recent 
retrospective analyses have also shown satisfac-
tory outcomes with improved kyphosis and min-
imal subsidence when used in the osteoporotic 
spine [29].

Fibular strut allografts are highly versatile and 
are indicated in cases of structural damage/insta-
bility [247, 248]. Additionally, they may prove 
beneficial in achieving necessary fixation in those 
with compromised bone quality [247].

Studies have highlighted positive results of 
fibular allograft use in cervical reconstruction, 
with fusion rates reaching as high as over 90%, 
without significant complications [248–250]. 
These patients also experienced shorter duration 
of (hospital) stays when compared to those who 
had ICBG [250].

However, conflicting studies have noted fibu-
lar allograft cases with failed union rates as high 
as 41% [248, 251]. The overall reduced surface 
contact area of the vertebral body with the ends 
of the graft may also subject this region to exces-
sive “shear stress” and subsequent nonunion 
[248, 252, 253]. In addition, multilevel cervical 
cases often exhibit decreased stability, which 
may place the graft at further risk for dislodg-
ment [248, 252, 253].

 Bone Graft Substitutes and Extenders
Bone graft substitutes and extenders help avoid 
harvesting the patient’s own bone and thus facili-
tate recovery with minimal morbidity [211, 212, 
239]. In general, bone graft substitutes and 

extenders may be synthetic or organic [211–213]. 
They are classified as ceramics (HA, β-tricalcium 
phosphate [β-TCP], calcium sulfate), growth fac-
tors (demineralized bone matrix [DBM], platelet- 
rich plasma [PRP], or bone morphogenetic 
proteins [BMPs]) [215].

DBM is the final product after allograft bone 
is processed to separate osteogenic and osteoin-
ductive proteins (collagens, non-collagenous 
proteins, and growth factors such as insulin-like 
growth factor, transforming growth factor, and 
fibroblast growth factor) [74, 215]. This collec-
tion of material is then made available for surgi-
cal use in various forms such as powder, chips, 
and putty [74, 212, 215, 254]. Advantages of 
DBM include that it is readily obtainable, off- 
the- shelf, and easy to apply [211–213, 254]. 
Examples of carriers include calcium sulfate, 
lecithin, hyaluronic acid, and glycerol [254]. 
Lecithin, in particular, has been shown to signifi-
cantly improve osteoinduction in fusion sites 
[254–256]. In addition to using carriers, an effec-
tive delivery system (i.e., syringes) aids in ease of 
use [255]. Specific handling requirements such as 
mandatory temperature levels and storage restric-
tions should be noted [255, 257]. Unique disad-
vantages of DBM include a variation in efficacy/
osteogenic activity due to different preparations 
and demineralization methods [255].

Ceramic grafts have become increasingly uti-
lized as an alternative to traditional bone grafts 
[211–213] [33]. The main subtypes of ceramics 
include HA, β-TCP, silicate-substituted calcium 
phosphate, calcium sulfate, and/or a combination 
of the above [72, 215, 258]. Ceramics enhance 
fusion rates by providing sound support yet are 
unable to stimulate bone growth. Consequently, 
ceramics must be paired with osteoinductive 
modalities such as autograft/allograft and/or 
growth factors in order to be effective [72, 258]. 
They are physically versatile and abundant in sup-
ply, hence providing cost-efficiency [72, 215].

 Calcium Phosphate Bone Cement

Polymethyl methacrylate (PMMA) traditional 
bone cement has a storied history being indicated 
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in implant fixation [165]. Its main function was 
to occupy space in order to press the implant 
against the bone. However, a toxic composition 
and lack of bioresorption have proven clinically 
burdensome. Specifically, its toxicity, hypovole-
mia, hypotension, inflammation, infection, 
abnormal cardiac conduction, etc. culminate in 
“bone cement implantation syndrome” [165]. In 
addition, the lack of biodegradability leaves 
PMMA susceptible to excessive heat production 
[165]. As such, attention has turned toward a 
more biocompatible alternative that does not 
exhibit such toxicity, calcium phosphate bone 
cement.

In addition to being biologically resorbable 
and biocompatible, calcium phosphate bone 
cement also contributes to structural integrity via 
promotion of osteogenesis and remodeling [259–
261]. This represents a stark contrast to tradi-
tional PMMA, which influences neither the 
former nor the latter [165].

In fact, studies involving vertebral models 
(sheep) can only demonstrate superior stiffness 
with PMMA immediately postimplantation, 
while calcium phosphate cement displays far 
superior tolerance, tissue response, osteogenesis, 
and osteointegration [259, 260]. Furthermore, a 
study comparing both variates on the reinforce-
ment of vertebral screw fixation of osteoporotic 
human spines (cadavers) found significantly 
greater rigidity and pull out strength in the cal-
cium phosphate group [261].

Current literature for the use of HA in spinal 
fusion surgery has shown variation in efficacy 
[72, 258]. In cervical interbody spine fusion, one 
level I study showed HA to be structurally defi-
cient compared to traditional ICBG, resulting in a 
fragmentation rate of nearly 90% compared to 
10% with ICBG, despite similar clinical results 
and fusion rates [258]. In addition, four level IV 
studies reported positive overall results with cer-
vical interbody fusion rates from almost 93% to 
100%, suggesting that HA is also an effective 
alternative to iliac crest autograft [258]. In the 
setting of lumbar fusion surgery, however, HA 
has not shown to be a significantly better alterna-
tive to iliac crest autograft [258]. One level III 
retrospective study and three level IV studies 

concluded that “porous hydroxyapatite” was 
valuable as a graft extender in posterolateral 
fusion but only when used with other bone sub-
stitutes such as auto/allografts [258].

Current literature for the use of β-TCP also 
shows conflicting results depending on its use 
[211–213]. Evidence for its use for lumbar spine 
fusion has been inconclusive; however, good 
fusion and clinical outcomes have been noted in 
its application in the cervical spine and manage-
ment of scoliosis [258]. Silicate-substitute cal-
cium phosphate is another type of ceramics-based 
material used in spinal fusion. Silicate is thought 
to facilitate osteoconduction and osteoinduction 
by bringing osteoblasts to the material’s surface 
via its negative charge [258].Level IV retrospec-
tive studies in cervical and lumbar fusion have 
shown fusion rates ranging from 76% to 90%; 
however, there are insufficient high-level studies 
(level I and II) comparing this ceramic alternative 
to conventional autologous bone grafts [258].

Calcium sulfate ceramics have been limited to 
use in mainly lumbar fusions with conflicting 
results regarding their efficacy. Specifically, a 
level I prospective, randomized study of single- 
level lumbar fusions compared fusion rates 
between ICBG and calcium sulfate chips mixed 
with bone marrow aspirate. The calcium sulfate 
group was found to have significantly lower 
fusion rates compared to ICBG [258]. Contrarily, 
a level II and level III prospective study in 
patients that underwent single level or multilevel 
lumbar fusion procedures showed almost equal 
fusion rates between calcium sulfate “pellets” 
with local autograft compared to conventional 
ICBG, at 87% vs. 89% (for one-level lumbar 
fusion) and 83% vs. 85% (for two-level lumbar 
fusion), respectively [258]. These studies poten-
tially establish efficiency and benefits of calcium 
sulfate ceramics when used with local autologous 
bone [258].

 Biologics

Biologics are currently an expanding category 
in the search for the most reliable substances to 
aid in achieving fusion. The demand for bio-
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logics in spinal fusions is expected to increase, 
in part, because of the morbidity associated 
with current autograft methods. In addition, as 
the science and technology of BMPs, stem 
cells, and other biologics advance, their use for 
non-fusion procedures is also expected to 
increase.

 Bone Morphogenetic Protein
BMPs are growth factors that regulate bone and 
cartilage formation from stem cells [72, 211–
213, 258]. Current literature has established 
BMP as the most effective family of growth 
factors for osteogenesis [62, 211–213, 239, 
256]. Numerous subtypes of BMPs play a role 
in bone formation (2, 4, 6, 7, 9, and 14) [72]. 
BMPs that are used in patients are often manu-
factured through recombinant expression and 
administered as recombinant BMPs (rhBMP) 
[262]. Currently, rhBMP-2 is currently the only 
FDA- approved BMP for use in the spine (ante-
rior lumbar interbody fusion) with off-label 
indications also in practice [72, 212, 213, 262].

However, in the context of spinal oncol-
ogy, the use of BMP is controversial. Because 
of its effects on cancer growth, the use of BMP 
to promote spinal fusion in patients with exist-
ing malignancy is contraindicated [263, 264]. 
Interestingly, biological function studies have 
discovered BMP roles in both the development 
and suppression of such malignancy [263]. 
In fact, a study performed to evaluate the risk 
of new malignancy in patients with degen-
erative lumbar spinal pathologies undergoing 
instrumented arthrodesis (receiving high-dose 
rhBMP- 2) found 15 new cancer events in 11 
patients (in the rhBMP-2 group) compared with 
only two new malignancies in the control group 
(treated with autogenous bone graft) at 2 years 
follow-up [265]. A significantly greater inci-
dence of cancer was still observed in the same 
(rhBMP-2) group at 5 years follow-up [265]. 
There have also been studies demonstrating 
that BMPs are safe to use in the general popula-
tion. Specifically, a retrospective 5-year analy-
sis examining the incidence of new cancer cases 
in just under 470,000 Medicare patients (who 

underwent spinal arthrodesis) determined that 
the clinical use of BMPs was not associated with 
a detectable increase in the risk of cancer [266]. 
This study had an average follow-up period of 
approximately 3 years [266]. Additionally, a lon-
gitudinal case-cohort study of Medicare benefi-
ciaries within Surveillance, Epidemiology, and 
End Results (SEER) Program-Medicare cohort 
(almost 7300 individuals) also found that BMP 
usage during lumbar arthrodesis was not asso-
ciated with cancer risk or mortality [264]. Such 
lack of association between BMP usage and 
subsequent cancer risk and mortality has been 
reported consistently among a wide array of can-
cers for individuals who received high doses of 
BMPs [264].

 Mesenchymal Stem Cells
Mesenchymal stem cells (MSCs) can differenti-
ate into three cell lines: osteoblasts, adipocytes, 
and chondrocytes. Their primary role is to replace 
damaged cells and stimulate tissue regeneration 
[212, 213, 267]. MSCs that are harvested from 
adipose tissue, bone marrow, periosteum, and/or 
skeletal muscle have all demonstrated the capac-
ity to differentiate into osteoblasts and thus 
induce osteogenesis [267]. It is worth mentioning 
that the most common source of MSCs is bone 
marrow aspirate (BMA) [268]. Harvesting BMA 
is typically done percutaneously from the poste-
rior ilium intraoperatively and has a significantly 
less local morbidity than traditional ICBG har-
vest [267, 268].

Preclinical studies on animal models have 
demonstrated similar fusion success rates to 
those achieved by traditional autograft [267, 
269]. However, inconsistencies are noted in exis-
tent literature. Some studies demonstrate that 
fusion rates with MSCs are far superior to auto-
graft; however, others have demonstrated the 
exact opposite [267, 269]. The clinical study and 
subsequent application/usage of stem cells is cur-
rently limited due to scarcity and variability in 
cells that can be harvested [267, 269]. While 
promising, there is still uncertainty as to whether 
the use of these cells can directly translate to suc-
cess clinically.
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 Introduction

The discovery of X-rays by Wilhelm Roentgen 
circa 1895 would pave the way for the eventual 
use of radiographs to aid in diagnoses as well as 
allow visualization of implanted medical devices 
[1]. Currently in spine surgery that role has 
expanded to include multiple modes of intraoper-
ative imaging, including use of intraoperative 
radiographs, C-arm imaging/fluoroscopy, multi-
planar fluoroscopy, intraoperative CT imaging, 
navigation with pre- or intraop imaging, and 
robotic-assisted navigation (Fig. 21.1) [2–6]. The 
choice of what imaging to use during any given 
procedure is obviously surgeon-dependent, and 
multiple factors contribute to this decision, includ-
ing how much radiation the surgeon, operative 
staff, and patient may be exposed to. In addition 
to the “traditional use” of imaging modalities both 
preoperatively and intraoperatively, new advances 
are rapidly developing in spine tumor surgery for 
resection of tumors and subsequent reconstruc-
tion. These advances include robotic-assisted sur-
gery as well as custom- printed 3D printed 
implants and cutting guides [7–9].

 Choice of Intraoperative Modality

Choosing what, if any, intraoperative imaging to 
use is a surgeon-dependent question. Common 
considerations include the following: What train-
ing has the surgeon had with each modality? 
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Fig. 21.1 O-arm. Many orthopedic spine surgeons may 
be more comfortable using C-arm or X-Ray while many 
neurosurgical surgeons may be more comfortable with 
modalities like intraoperative CT or “O-arm” imaging. As 
surgeons continue to “cross-train” in both specialties, 
these differences are likely to decrease. (Reprinted from 
Zhang et al. [10], Copyright 2009, with permission from 
IOS Press. This publication is available at IOS Press 
through doi: https://doi.org/10.3233/XST-2009-0231. 
https://content.iospress.com/articles/journal-of-x-ray-sci-
ence-and-technology/xst00231)
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What is available at the hospital? What is the cost 
in using/owning each? How much radiation is the 
surgeon or patient exposed to during use of each 
modality? Which modality allows the most accu-
rate resection of tumor as well as placement of 
hardware? Perhaps the first question to address is 
whether intraoperative imaging is needed at all. 
Many surgeons have been trained in the “free-
hand” placement of pedicle screws, relying on 
local bony anatomy with preoperative imaging to 
aid in placement of hardware. While many free-
hand trained surgeons may be wary of a shift to 
an image-guided operating room, optimizing use 
of advances in technology is desired by all. For 
example, a freehand surgeon may place all of her 
hardware without the use of imaging, and then 
utilize an imaging modality to check the hard-
ware position before leaving the operating room. 
Whether with C-arm, traditional X-ray, intraop-
erative CT, or some other imaging modality, it is 
advantageous to at a minimum check placement 
of hardware before leaving the operating room. If 
this is done, any screw that is questionable may 
be interrogated and revised as needed. For sur-
geons in training, it is imperative they master 
both how to incorporate imaging modalities into 
their OR as well as how to place freehand screws.

 Freehand Placement of Pedicle 
Screws

While strategies for tumor resection and osteoto-
mies vary depending on the tumor location and 
available tools, the basic anatomy of the spine 
and location of safe bony corridors for instru-
mentation should be well understood by all spine 
surgeons. It cannot be overemphasized in this 
chapter that residents and fellows should receive 
training in how to properly place freehand pedi-
cle screws from C1 to the pelvis. While this chap-
ter cannot serve as an exhaustive review of the 
numerous studies done on accuracy and compli-
cations of freehand versus other techniques, it is 
worth pointing out that freehand technique 
should always be used to check any navigation or 
machine assist, and that in many areas, there are 
good data suggesting that freehand may actually 

be better than current navigation assistance. For 
example, in the placement of C2 pedicle screws, 
direct visualization of the pars and pedicle has 
thus far been superior to image guidance [11]. 
These differences may be due to the addition of 
added variables when using navigation (addi-
tional sources of error), or may result from diffi-
culty in obtaining understandable image planes. 
However, these factors likely will be minimized 
as technology improves. Overall, navigation or 
robotic-assisted surgery are not perfect and are 
not substitutes for excellent spatial and anatomi-
cal awareness from the surgeon.

While we do not intend for this chapter to 
serve as a tutorial on freehand screw placement, a 
few key points should be kept in mind at each 
level. Having preoperative CT images available 
while operating will maximize successful place-
ment of hardware. Further, for any cervical pro-
cedure (even a single level ACDF), the vertebral 
arteries should be scrutinized on the preoperative 
MRI to understand dominance and anatomic 
course abnormalities. The surgeon should recog-
nize locations where the surgical exposure 
approaches the vertebral arteries and have a plan 
for control of vertebral bleeding. For example, 
Fig.  21.2 shows a recent case of ours where a 
patient suffered a Hangman’s fracture and needed 
fixation. An anomaly in V3 of the left vertebral 
artery was recognized preoperatively and pre-
vented placement of the usual C1 lateral mass 
screw. Instead, we exposed above the ring of C1 
on the left side and placed our lateral mass screw 
of C1 above the posterior arch. This was critical 
to have reviewed preoperatively, as this patient 
was left vertebral arterial dominant, and an injury 
to the left artery might have had disastrous conse-
quences. Most patients will not require dedicated 
vascular studies as vertebral arteries are typically 
easily visualized as flow voids (dark) on standard 
T2 imaging (Fig. 21.2).

Below is a general guide for freehand place-
ment of hardware in the cervical, thoracic, and 
lumbar spines:

• C1: At C1, one can choose to remove or not 
remove the C2 nerve root. We find it helpful to 
bipolar vessels around the C2 root and then 
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bipolar on either side of the DRG before 
resecting it. Using this method, we are able to 
get good visualization of the entire C1/2 joint, 

which can be drilled before placement of 
screws, and good hemostasis of a notoriously 
bloody area. We observe consistent clinical 

Fig. 21.2 Example of vertebral artery anomaly. Here, a 
patient suffered from a Hangman’s fracture (a) and was 
set to undergo fixation. It was noted that the patient had a 
left-dominant vertebral artery (b). On further review, it 
was noted that the patient has an anomaly of the V3 seg-
ment of the left vertebral artery, where the artery traversed 

along the inferior surface of the C1 posterior arch rather 
than the superior surface of it (c–e). The left C1 screw was 
placed superior to the posterior arch into the left C1 lateral 
mass to accommodate (f, g). Not recognizing this anom-
aly preoperatively would likely have been catastrophic for 
this patient

a b

c d
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results where patients have some numb areas 
of skin behind the ear but almost never any 
pain associated with ligation of the C2 roots. 
Once this area is prepared, one can use the 
most posterior aspect of the “football”-shaped 
C1 lateral mass as a guide for optimal place-
ment of the C1 screw start point. This is felt 
with direct palpation and/or visualization and 
the axial CT cut at this level helps guide direc-
tion along the long axis of the oblong-shaped 
American “football.” We prefer marking the 
start point with a high-speed burr, then using a 
drill with guide (often set to no more than 
18 mm) based on preoperative measurements 
to drill the screw pathway (Fig. 21.3).

• C2: At C2, the placement of a screw demands 
review of a preoperative CT or MRI. Where 
the vertebral artery traverses the C2 bone, it 
dictates whether safe placement of a pars/ped-
icle screw is possible or not. It is our prefer-
ence to alter the gantry of the axial imaging 
when viewing this bony corridor to get the 
best view of both sagittal and axial views. 
Once it is deemed that there is adequate room, 
the surgeon should carefully visualize the 
superior aspect of the pedicle, taking care to 
stay on the medial aspect of it, away from the 
vertebral artery. Once the medial wall can be 
felt with a Penfield number 4, nerve hook, or 
other instrument, a burr hole is made high on 

e f

g

Fig. 21.2 (continued)
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the posterior aspect and tap and drill guide are 
used to make the hole. The surgeon should 
encounter hard medial bone as a guide when 
placing this. As an alternative, a translaminar 
screw may need to be used, particularly when 
the patient has a high-riding vertebral artery, 
only one vertebral artery (or one very domi-
nant), or if the vertebral artery is injured on 
placement of the C2 screw on the contralat-
eral side.

• C3-C6: At these levels, lateral mass screws 
are often used. One should note the location 
of the vertebral arteries, and also note what 
length of screw (usually 12 or 14mm) may be 
placed. Again, adjusting the gantry is helpful 
in placement planning.

• C7: Although pedicle screws can be placed 
here, this level is often skipped due to its 
transitional nature, and the fact that the start 
point and screw tulip typically impinge upon 
the C6 lateral mass screw. However, after 
preoperative MRI and CT review, pedicle 
screws may be safely placed here. This safe 
placement is typically facilitated by AP fluo-
roscopy and/or a limited C6/7 hemilaminot-
omy to allow direct medial pedicle wall 
palpation.

Thoracic screws In general, it should be kept in 
mind that T1 screws start lateral and are medially 
directed, while T12 screws are typically almost 
completely vertical. This pattern is helpful to 
remember when placing these screws. For each 

individual screw, care should be taken to examine 
the transition in the bone from lamina to SAP 
(often demarcated with a bony ridge and often 
best seen with a small osteotomy removing the 
overlapping IAP) and the medial and lateral bor-
ders of the SAP; start point should never exceed 
midpoint of the SAP.  In the sagittal plane, 
straightforward screws (vs “anatomic”) are close 
to parallel with the lamina. Note that reference to 
the preoperative CT is used to determine start 
point on the axial. We also look across to the cor-
responding TP to account for any segmental rota-
tion. With these multiple plane checks, near 
perfect placement of thoracic screws can be 
achieved. At T11 and T12, rongeuring off part of 
the TP allows visualization of the underlying 
cancellous type pedicle bone.

Lumbosacral Screws Lumbar screw placement 
is most easily done by looking at the pars above 
and below along with the midpoint of the TP, rec-
ognizing both the changes in transverse trajec-
tory from T12 to L5 as well as the start point with 
reference to TP from L1 to L5. S1 screws are 
reproducibly placed by using the alar anatomy, 
starting just inferolateral to the facet, and aiming 
medially. We still prefer to refer to our axial CT 
when placing these.

Pelvic screws Although full discussion of vari-
ous pelvic screws is beyond this review, it should 
be noted that well-placed S2 alar-iliac (S2AI) 
screws line up with S1 and can be consistently 

a b

Fig. 21.3 Preoperative (a) and postoperative (b) CT of a patient undergoing C1 instrumentation. Note the red line 
indicating the preferred trajectory from the posterior-most aspect of the left lateral mass along the long axis

21 Radiation, Robotics, and Reconstructive Options in Spine Tumor Surgery



340

placed freehand. Additionally, the tulip is less 
prominent, and the screw fixation crosses more 
cortical bone (through the sacroiliac (SI) joint) 
than traditional iliac bolts, making them our pre-
ferred fixation method at this level. The S1 fora-
men is easily palpated distal and medial to the S1 
screw. Bone of S2 is then palpated and a start 
point just distal and lateral to the S1 foramen is 
burred as a start point (Fig. 21.4a). Trajectory can 
then be estimated by feeling the posterior super 
iliac spine (PSIS), the greater trochanter, and 
viewing the CT. The gear shift and then a tap over 
a guidewire are used. Checking these involves 
both palpation of a bony corridor, adjusting the 
tip of the gear shift as needed [12], and visualiz-
ing iliac oblique and teardrop views after placing 
(Fig.  21.4b, c); the sciatic notch should not be 
violated. Alternatively, our preference is to place 
all hardware, including the S2AI screws, and 
then include in our intraoperative 3D imaging 
spin to check placement.

 Use of Fluoroscopy, CT, 
and Radiographs Intraoperatively

The oldest real-time, image-guided technique 
for spine surgery is fluoroscopy [13]. This uti-
lizes low-dose radiation for continuous visual-
ization. Actual use and radiation exposure can 
vary markedly with use of the C-arm. In addi-
tion to being sure that the machine is set to the 
lowest reasonable settings, some surgeons may 
use C-arm to place each pedicle screw under 
live fluoroscopy, while others use it only after 
all hardware is placed freehand, as a quick check 
with isolated fluoroscopy “spots”; these two dif-
ferent uses are markedly different in their expo-
sure of radiation to patient, staff, and surgeon 
(see below). Recently, 3D fluoroscopy has also 
been utilized [4, 14]. Given the heterogeneity 
with how fluoroscopy is used intraoperatively, 
comparisons between fluoroscopy and other 

a b

c

Fig. 21.4 (a) The start point for S2AI screws and (b) checking placement of S2AI screws on fluoroscopy with iliac 
oblique and then teardrop view (c)
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methods are often complicated by numerous 
confounding variables.

Many surgeons, rather than placing each 
screw under fluoroscopy (see radiation exposure 
section) will instead utilize the C-arm for fluoros-
copy spots. This is similar to utilizing a few plain 
radiographs to check screw placement, albeit 
with more radiation exposure to the surgeon. In 
tumor surgery, particularly involving compli-
cated osteotomies, use of both fluoroscopy spots 
and even live fluoroscopy can be quite useful. 
However, use of it in this setting often depends on 
the surgeon’s comfort with the imaging as well as 
the radiology tech’s ability to adjust the machine 
in concert with the surgeon’s needs.

While computed tomography (CT) scans 
introduce a nontrivial amount of radiation, intra-
operative CT scans or other 3D imaging systems 
may deliver considerably less [3, 10]. Images 
from preoperative CTs are often used by free 
hand surgeons to optimize placement of screws 
(e.g., by choosing a starting point with the aid of 
the preoperative axial view). Combined with 
knowledge of anatomical landmarks and the 
localizing intraoperative plain film, placing free-
hand screws should be both very safe and effi-
cient. Intraoperative 3D imaging is useful as a 
means of imaging intraoperatively, but many sur-
geons experience the addition of considerable 
time to the operation, particularly if one is trying 
to place hardware while utilizing multiple spins. 
However, modern use of intraoperative imaging 
such as multiplanar fluoroscopy is evolving. 
Workflow efficiency, machine size, and surgeon 
familiarity with the technology are facilitating 
more widespread adoption.

 Navigation

Navigation involves the application of technol-
ogy that allows real-time projection of where an 
instrument is on the patient onto a CT image. 
This can be most helpful in that it allows trainees 
a chance to “check” their understanding of free-
hand placement, it allows accurate screw place-
ment in the event of dysplastic or small pedicles, 
it allows visualization of the most optimal oste-

otomy cut, particularly in cases of tumors, and it 
often allows visualization of other aspects of 
osteotomies and reconstruction (e.g., what length 
of screw is appropriate is needed, etc.). Many 
studies advocate for use of navigation for tho-
racic pedicle screws given the variation and dif-
ficulty placing them freehand. Studies have 
demonstrated misplaced screws in as high as 
55% of thoracic screws [15], improving to 
20–30% in several studies with the use of fluoros-
copy [16]. Although placement is often checked 
with AP and lateral plain radiographs in the oper-
ating room, ideally placement is checked with an 
intraoperative 3D scan [17]. Although we support 
the use of navigation, trainees should use both 
freehand and navigation to receive adequate 
training in both methods.

Navigation may be initiated either with intra-
operative image acquisition and automatic regis-
tration or by linking intraoperative anatomy to 
preoperative scans using bony landmarks or pre-
viously placed fiducials. Either combined with 
navigation or separately, fiducial markers may be 
used as a means of orientation. Many surgeons 
employ preoperatively placed markers as a means 
to avoid wrong level surgery, particularly in the 
thoracic spine [18]. In spine tumor surgery, the 
level is typically easier to localize due to tumor. 
However, fiducials may be used to improve 
patient-navigation registration. These efforts are 
ongoing [18, 19].

Several navigation platforms exist. In most, a 
reference clamp is placed on an SP (or known 
landmark) and left in place while an intraopera-
tive scan is performed. The tools can then be reg-
istered to a preexisting CT or the intraoperative 
imaging modality and real-time movements of 
probes (and in many cases instruments) can be 
seen on the screen, allowing for near-direct visu-
alization while screws are placed or osteotomy 
cuts are made [20]. As expected, this has 
improved accuracy of screw placement in large 
studies [20]. As technology improves, we might 
expect this improvement to continue, particularly 
with the assistance of augmented reality plat-
forms (e.g., Augmedics xvision™ spine (XVS) 
system [21] and robotic-assisted platforms (see 
section on “Robotics”). Although beyond the 
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scope of this chapter, machine learning will likely 
combine with this navigation to make much of 
the hardware placement and osteotomy cuts near 
fully automated. However, successful introduc-
tion of this technology will require surgeons to be 
well trained in freehand techniques, as it will ulti-
mately be up to the surgeon to prevent the rare 
potential catastrophic hardware or software error 
that may harm the patient. We expect this to be 
challenging.

On the other hand, the benefits of computer 
navigation in spine tumor surgery abound. 
Efficiency and safety of multilevel screw place-
ment, localization of distorted anatomy, and pre-
cise assessment of tumor resection margins are 
all benefits. An infrequently discussed benefit is 
also that navigation may allow precision place-
ment of screws into novel bony corridors where 
bone quality is optimal. This is especially ger-
mane for spine tumor patients who frequently 
have tumor-related bone destruction, osteopenia, 
and frailty.

Finally, the best use of navigation in spine 
tumor surgery may be in the resection of sacral 
tumors, where the local anatomy makes bone 
cuts challenging. We have found navigation to be 
most useful in these cases, where orientation of 
the blade throughout a pelvic or sacral cut can be 
quite difficult. Navigation allows real time feed-
back on orientation in three planes. Figure 21.5 
demonstrates a recent case of ours in which navi-
gation was utilized to spare the S1 bone stock.

 Radiation Exposure

Many surgeons opt to use the freehand technique, 
image-guided, navigation, or more recently, 
robot-assisted navigation. Even with freehand 
placement of hardware, decisions must be made 
as to how this is to be “checked” in the OR. With 
the rise of minimally invasive surgery (MIS), 
imaging modalities and radiation exposure to 
patient and surgeon have come under greater 
scrutiny, particularly as technology has advanced 
and allowed the use of powerful imaging modali-
ties like intraoperative CT imaging. Although 
using navigation requires imaging, it can often be 

done preoperatively, saving the operating room 
staff and surgeon exposure to radiation. However, 
this can be cumbersome or noncompatible with 
the navigation system, or the surgeon may be 
unfamiliar altogether with it. Even with naviga-
tion, some check of the hardware placement 
should be performed.

Unfortunately, misinformation abounds when 
it comes to safe exposure to radiation, both 
among the public and surgeons. The two major 
governing bodies, the National Council on 
Radiation Protection (NCRP) and the 
International Commission on Radiological 
Protection (ICRP), have set forth general guide-
lines for “maximal limits” for those that work 
with radiation (i.e., surgeons) and those that do 
not (i.e., patients). These guidelines have been 
adopted by various professional and societal 
groups [5, 22–26]:

 1. For those that work with radiation, annual 
dose should not exceed 20 mSv/year averaged 
over 5 years and should not exceed 50 mSv/
year in any 1 year.

 2. For those that do not work with radiation, 
annual dose should not exceed 1 mSv/year in 
addition to natural background and medical 
testing.

Determining what level of radiation exposure 
is “safe” is incredibly challenging and based in 
large part on exposure to larger amounts of radia-
tion over a smaller time. For example, it is only 
with ~500  mSv that transient changes to blood 
cells has been noted; with less than 100 mSv in a 
year, no change in even cancer risk has been dem-
onstrated [25]. As a point of reference, Table 21.1 
shows various amounts of radiation (in mSv) for 
various exposures. Note that a plain film of the 
chest is about 0.1 mSv (equivalent to a flight from 
NYC to LA roundtrip), background radiation on 
average is around 3 mSv per year on earth, a tra-
ditional CT may be ~10 mSv, and intraoperative 
CT scans can be done for ~2.5 mSv or even less 
(1 mSv = 100mrem). It must be noted that the lim-
its noted for nonradiation workers (patients) are in 
addition to background radiation and medical 
radiation. The safe limits of radiation are based 
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Fig. 21.5 In a 50-year-old patient with a large sacral 
chondrosarcoma, we elected to use navigation in an effort 
to maximize preservation of bone at S1. Sagittal (a) T2 
MRI, (b) postcontrast MRI, and (c) CT demonstrating a 
large sacral mass without involvement of S1. Stage 1 
involved anterior exposure with ALIFs at L4/5 and L5/1. 
Poststage 1 CT allows visualization of interbody grafts as 
well as up-to-date imaging of tumor (d). Given efforts to 

save S1 bone, this was critical, as tumor had grown in the 
interim, making navigation critical. Note classic popcorn 
calcifications throughout as well as ureter stents. 
Postoperative lateral (e) and AP (f) CT cuts demonstrating 
the rim of S1 left while removing the tumor en bloc with 
negative margins. This demonstrates the utility of naviga-
tion in spine tumor surgery

a b

c d
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on theoretical limits that take into account poten-
tial short-term (i.e., “deterministic”) and long-
term (i.e., “stochastic”) effects. Given the 
theoretical nature of these limits, a physician 
ordering a CT for any medical reason has benefit 
that already outweighs the small theoretical risk 
of radiation. As pointed out by the ICRP, “…med-
ical exposure of patients has unique consider-
ations that affect how the fundamental principles 
are applied. Dose limits are not at all relevant, 
since ionizing radiation, used at the appropriate 
level of dose for the particular medical purpose, is 
an essential tool that will cause more good than 

harm” [27]. With regard to why medical radiation 
is not considered as part of the exposure to radia-
tion when discussing safe radiation limits, the 
American College of Radiology states, “for 
almost all imaging, benefit outweighs risk for 
patient” [22, 28]. If we consider that only once we 
exceed 100 mSv is there any correlation to can-
cers, receiving 10 mSv for a CT scan to optimally 
plan a large, high-risk surgery is certainly within 
reason. Further, intraoperative CT capabilities 
now allow even less than 2.5 mSv per spin, giving 
the surgeon the ability to check hardware place-
ment with a CT spin (or two) when needed with 
little to no risk to the patient or surgical team (as 
the team steps out of the room for the spin).

Pennington et al. [4] performed an exhaustive 
review of the amount of intraoperative radiation 
per screw received by patients and surgeons alike 
for different modalities. Not surprisingly, using 
intraoperative CT-guided navigation delivered the 
most radiation to the patient. However, even if the 
patient were receiving a C2-pelvis procedure, this 
would only amount to ~10–60 mSv. However, it 
was 2D fluoroscopy without navigation that deliv-
ered the most radiation to the surgeon, which 
would amount to ~20–30 mSv/year for a busy sur-
geon. Considering the preceding dose limits, it is 
the surgeon, not the patient, who is most at risk 
of exceeding known safe limits of radiation. 
The exception to this may be in pediatric cases. 

e f

Fig. 21.5 (continued)

Table 21.1 Radiation estimates of various exposures. 
1 mSv = 100mrem [4, 5, 10, 25, 28]
Event Radiation (mSv)
Extremity radiograph 0.001
DEXA 0.001
Chest radiograph 0.1
Flight (NYC to LA), roundtrip 0.1
Lumbar radiographs 0.7
Thoracolumbar radiographs 1.5
O-arm, spinea 2.5
Background radiation, Earth 3
CT, spine 10
CTA for PE 10
Coronary angiogram 5–15

aNote that the O-arm dose depends on a variety of factors 
including levels scanned and machine settings. These con-
tinue to decrease radiation amount delivered to patient
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One solution is to consider placing hardware free-
hand and with the use of a preoperative CT (or 
with navigation), then leaving the room for an 
intraoperative 3D scan to check once hardware is 
placed. This minimizes surgeon and staff expo-
sure and is our preferred method.

 Robotics

One area of recent rapidly development has been 
the use of robotics in spine surgery. Currently, 
most robotic devices in use in spine surgery func-
tion to assist the surgeon rather than to function 
independently. For example, the Excelsius XP 
(Globus) is a stand-alone machine that integrates 
navigation with a robotic arm that aligns screw 
trajectory for the desired surgeon trajectory. 
Several studies have demonstrated the improved 
accuracy of screw placement utilizing robotic 
assistance [29], but data in tumor patients remain 
limited. For example, Solomiichuk et  al. [30] 
examined robot-assisted hardware placement in 
patients with metastatic disease and found no dif-
ference in accuracy or radiation dose between 
this cohort and a similar matched cohort. In a 
similar manner, Hu et al. [31] reported on use of 
robotic assistance in patients with thoracolumbar 
tumors, although no comparison group was used. 
However, limiting the discussion of robotics to 
robot-assisted hardware placement is likely 
shortsighted. For example, osteotomy cuts in 
spine tumor surgery can be challenging. Robotics 
offers the opportunity to combine navigation 
with near-perfect, rigid guide placement for com-
plex cuts, like those often needed for sacral 
tumors. This has already been successfully dem-
onstrated in primary sacral and presacral tumors 
[32, 33]. Other potential uses for robotics which 
may evolve in the future include haptic resection 
feedback or drilling guidance, or controlled 
manipulative deformity correction maneuvers.

While quickly gaining traction, robotics in 
spine surgery has lagged behind usage of robotics 
in urology, gynecology/oncology, and general sur-
gical oncology [9], where the robot has been 
developed to allow more intricate dissections, 
greater visibility, and more control around delicate 

structures. Currently, the mainstream spine sur-
gery robotic devices all function with one arm to 
guide placement of screws. It is not hard to imag-
ine how this may develop into a system with mul-
tiple modular arms, like the Da Vinci, to aid the 
spine tumor surgeon in the near future. Already, 
several spine tumor cases have been reported in 
the literature using the Da Vinci robot, which 
allows multiple arms and enhanced, precise con-
trol by the surgeon when dissecting [34, 35].

Recently, “robotics” has come under some 
criticism by those not familiar with spine surgery 
[36]. However, we would contend that navigation 
and robotics are becoming part of spine surgery 
and should serve to augment, not interfere or 
replace, the surgeon’s skill. Training the next gen-
eration of surgeons to use technology but not rely 
solely on it will be challenging. One surgeon (per-
sonal communication) has started using naviga-
tion on every case as a way to allow surgical staff 
and trainees to become more familiar with the 
tools, as they are often needed in complex spine 
tumor cases. The attending positions the monitor 
so that he can view it, while the resident or fellow 
sets about placing screws using the freehand tech-
nique. In this manner, the attending surgeon is 
able to better see where the fellow is and how 
their understanding of free hand placement is pro-
gressing. The trainee gains experience in freehand 
technique while also using navigation, and with-
out sacrificing patient safety. Creative solutions 
like this will be needed moving forward.

Finally, we must mention augmented reality, 
an area of growth in spine surgery that involves 
eyewear that enhances the surgeon’s view such 
that deep structures are visible. A display overlies 
the deep structures such that the surgeon’s view is 
now enhanced to include deep and superficial 
anatomic structures. The effect of this technology 
on spine surgery in the future has yet to be 
determined.

 Reconstructive Options

After a spinal tumor is resected, whether utilizing 
freehand techniques, fluoroscopy guidance, navi-
gation, or with robotics assistance, the subsequent 
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reconstruction presents its own challenges. 
Perhaps the most pertinent example is in the case 
of sacrectomy, where reconstruction varies from 
minimal bony reconstruction to allograft (and 
even radiated autograft) to state-of-the-art 3D 
printed customized implants.

The chosen reconstruction plan depends on 
numerous factors. Surgeons are forced to think 
through both how long a patient might live and 
what function they may need. A patient with a 
radiated surgical bed and widespread, untreatable 
metastatic disease may require surgery to decom-
press and stabilize the spine without increasing 
OR time and risk with extra efforts to optimize 
chance of long-term bony fusion. However, an 
active patient with an isolated primary spinal 
tumor that undergoes en bloc resection in a radi-
ated surgical bed may require a vascularized graft 

to optimize chances of fusion. Understanding the 
patient’s needs is paramount, as is understanding 
the current state of the art for each tumor type; a 
multidisciplinary tumor board is critical.

For tumors of the mobile spine, reconstructive 
options also involve a discussion as to whether 
creating an environment for bony fusion is pos-
sible or whether the conditions of the resection or 
the patient require a reconstruction where fusion 
is not expected. In these cases, the construct must 
be placed with the expectation that either it will 
remain structurally sound for the remainder of 
the patient’s lifespan, or that revision is possible 
in the future. For example, we recently performed 
a multilevel corpectomy on a young, healthy 
26-year-old male who was almost 7 feet tall. He 
presented with a destructive spinal coccidiodo-
mycoses (Fig. 21.6). In this case, the patient was 

a b

c d

e f

Fig. 21.6 (a) T2 and (b) postcontrast sagittal MRI dem-
onstrating extensive destruction by a disc-preserving 
infection, raising suspicion for tuberculosis (TB) vs fun-
gus. The patient had a history of work in a warehouse in 
Arizona and eventually was discovered to have coccidioi-

domycosis. Postoperative AP and lateral lumbar films (c, 
d) and scoliosis films (e, f) are shown. Note mild artifact 
in scoliosis film as they had to be stitched due to patient 
height. Note quad-rod construct and large, femoral 
allografts for interbodies at L4/5 and L5/1
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young, fit, and active. We were very concerned 
about the potential for pseudarthrosis and failure 
after placing a long construct. In this case, the 
patient had destruction of L3 and part of L4 with 
soft tissue tracking under the anterior longitudi-
nal ligament that progressed down to the L4/5 
disc space with changes visible in the disc on T2 
imaging. Beyond the immediate concerns of 
relieving pressure on nerves and removing infec-
tion burden, we were concerned both about hav-
ing a large or long enough graft/implant, and 
about his prospects of long-term bony healing. 
We opted to leave part of L4 that was not affected 
and place an expandable cage from L2–4. We 
then performed a discectomy and placed allograft 
at L4/5. This allowed us to use a shorter implant, 
preserve some bone stock, and increased our 
chance of long-term stability. Finally, we had 
concerns for his long-term prospects at the L5/1 
level, since he was young, active, and as noted, 
almost 7 feet tall. We discussed this at length with 
the patient and gave him the option of undergoing 
an L5/1 ALIF, while in the hospital, which he 
elected to have done (Fig. 21.6).

More traditionally, reconstruction in the spine 
proceeds with cages, bone graft, and/or cement 
as needed. For patients with metastatic disease 
undergoing radiation, reconstruction often does 
not require long-term bony fusion, and cement 
may serve as an excellent reconstruction option 
[37]. However, in patients with improved prog-
noses, attempts should be made to allow for long- 
term stability and bony fusion. Our preferred 
method is with a harms mesh cage with an 
allograft inside of the cage and augmentation 
with bone when possible (Fig. 21.7). Others rec-
ommend vascularized graft, which may offer the 
best chance of bony fusion.

In the sacrum, near-full or full sacrectomy 
remains the standard of care for a primary tumor 
of the sacrum that involves S1. Once the resec-
tion is completed, the surgeon is left to perform a 
spinopelvic reconstruction. Ideal reconstruction 
connects the spine to the pelvis, provides long- 
lasting fixation, and has some bony interface that 
allows the potential for fusion. Figure 21.8 shows 
reconstruction with allograft femur and bilateral 
fibular struts after a complete sacrectomy. This 
patient underwent radiation and is at risk of non-

union or fracture of graft. Note that pedicle 
screws were placed into the femoral graft and 
addition fibular struts were used to improve the 
bony interface between the spine and pelvis. In 
patients that undergo radiation pre- or postopera-
tively, concern for bony healing dominates many 
of the decisions. In the case of an irradiated field, 
some have advocated for vascularized autograft 
fibula. However, harvesting autograft can be mor-
bid and time-consuming, lengthening time in the 
OR and thus slightly increasing risk of complica-
tions in an already lengthy procedure. Whenever 
possible, native bone in close approximation 
should be left to increase chance of fusion. For 
example, Fig. 21.5 shows a patient with a large 
sacral chondrosarcoma. She underwent sacrec-
tomy, but it was decided to keep part of S1 as a 
bony bridge between the spine and pelvis, obfus-
cating the need for more complex reconstruction 
and decreasing risk of nonunion and hardware 
failure significantly. In contrast, Fig. 21.9 shows 
a patient who underwent revision of occipitocer-
vical fusion for broken rods over 1 year out from 
high cervical chordoma resection with negative 
margins and no recurrence. The index case was 
complicated by infection, removal of graft, radia-
tion, and multiple surgeries. In this case, the deci-
sion was made after long discussions with the 
patient to use bone morphogenetic protein (BMP) 
to aid in our attempts for bony fusion. Given the 
amount of data that have emerged demonstrating 
little to no impact of BMP on cancer risk (despite 
early flawed reports) [38], the patient was well 
informed and elected to have BMP as part of his 
procedure (and anything else we could use that 
could increase the chance of a bony fusion). 
Figure  21.9 shows our revision construct. He 
remained cancer free in follow-up.

In some cases, benign lesions erode bone and 
require intervention (“benign aggressive” 
lesions). A common example in the sacrum is a 
vascular malformation that grows and erodes the 
bone. In these cases, curetting out the lesion 
should involve preserving bony surfaces that may 
allow for fusion. For example, Fig. 21.10 shows a 
patient with erosive and growing benign arterio-
venous malformation (AVM) of the sacrum. This 
lesion was curetted out and she underwent recon-
struction. However, care was taken to preserve 
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some S1 endplate and the L5/S1 facet bone, 
which allowed for fusion across these.

Custom 3D-printed implants can be used for 
reconstruction, although the dimensions of the 
implant are premade, making intraoperative 
adjustments difficult [8, 39]. Further, cost may 
discourage many from this option. While a 3D 
implant may not necessarily allow bony fusion 
per se (for example in complete sacrectomy), 
there is a reliance on the implant to remain fixed 
and stable over many years, anchored in what is 

often compromised bone. Custom 3D printing 
may also be used in the creation of a model of 
the tumor and/or printing of cutting guides/jigs 
to achieve desired osteotomies [7]. Even with-
out custom guides or even navigation, a preop-
erative 3D-printed model of the tumor and 
surrounding a bony structure may greatly aid 
the surgeon in planning osteotomies and resec-
tion [7, 9].

These reconstructive options are not available 
everywhere, and out of this grew the radical idea 

Fig. 21.7 (a) T2 sagittal and (b) T2 axial MRI demon-
strating a chordoma in L4. After instrumenting L2-pelvis 
from a posterior approach, freeing up above and below L4 
during stage 1, we then performed an anterior approach, 
tumor resection and placement of harms mesh cage with 

allograft bone inside. Postop CT shown in (c, d). Note 
allograft struts both in the mesh cage and posteriorly. (e) 
Posterior view after stage 1. (f) Pathology specimen, with 
containment within the vertebral body. (g) Final construct 
AP radiograph

a b

c d
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that tumor-ridden bone might be removed en bloc, 
irradiated, and placed back in as a perfectly 
matched, exact-fitting graft. For example, some 
cultures in Asia and Africa forbid use of allograft 
yet cannot afford 3D-printed options. There is 
also a nonzero rate of disease transmission in 
using allograft, and maintaining a bone bank for 
allograft often is not feasible in many countries 
[40–47]. In 1968, the first “extracorporeal radia-
tion therapy” (ECRT) reconstruction was per-
formed. Remarkably, this method has been only 
sporadically utilized in the ensuing years [48]. In 
short, to circumvent the complications with tradi-
tional reconstruction when resection of the sacrum 
is required, the sacrum can be removed en bloc, 
sent to receive 1 dose of radiation therapy at 
~50 Gy, then returned to the OR and implanted 
into the patient after curetting out the dead tumor 
cells and cementing the defect (Figs.  21.11 and 
21.12). There is good evidence that no live tumor 

cells remain, and as secondary confirmation of 
this, recurrence rates with this technique are not 
higher [49]. The dose of radiation for this proce-
dure should be around 50  Gy, as this is high 
enough to kill all living cancer cells and yet low 
enough as to not significantly damage the bone 
structure [48, 50–56]. There has been recent inter-
est in the reason for high failure rates of allograft 
bone in these cases [43, 57]; one proposed mecha-
nism is that the allograft bone retains nonmatched 
MHCs. If this immune- mediated mechanism is 
correct, using ECRT  circumvents this. Further, 
radiation for ECRT (~50Gy) is high enough to kill 
all viable cells, yet much lower than traditional 
allografts (~1000 Gy) and well below the level of 
irradiation where weakening of the bone is seen 
(~300 Gy) [55]. While currently not approved in 
the US, ECRT for reconstruction of tumors of the 
sacrum remains an appealing, cost-efficient, and 
effective procedure.

e f
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Fig. 21.7 (continued)
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 Conclusions and Future Directions

There are many options currently available to aid 
the spine tumor surgeon in the operating room, 
from fluoroscopy to robot assistance. In the future 
there are likely to be even more options. While 
innovations in technology that augment the sur-
geon’s skills should continually be integrated into 
practice, care must be taken to ensure that sur-
geons are integrating these safely. Implementing a 

new technology that unreasonably lengthens a 
procedure, has not been  demonstrated to be safe 
and reliable, or does not improve outcomes is an 
ethical problem which should be avoided. Further, 
all surgeons should strive to continue teaching 
anatomy and freehand techniques along with new 
technology. When new technology errs, it is reli-
ance on these fundamentals that ideally allows 
recognition of the error in a timely manner, mini-
mizing or avoidng harm to the patient.

a b

c d

Fig. 21.8 (a) MRI and (b) final specimen of a large chor-
doma that required a full sacrectomy. This was done via a 
staged front-back procedure. Final posterior construct 

shown in c with final radiograph shown in d. Note the 
femoral allograft as well as fibular struts placed between 
L5 and pelvis
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Fig. 21.9 Patient with broken rod at O–C junction (a, b) 
over 1  year out from chordoma resection with negative 
margins and no recurrence. After multiple surgeries, the 

decision was made to use BMP in addition to our revision 
construct (c, d)
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a b c
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Fig. 21.10 Sagittal (a), axial (b), and coronal (d) images 
showing expansile destructive lesion of sacrum. Images 
reveal the classic “honey-comb” type pattern and multiple 
nondiagnostic biopsies revealed only vascularity and 
bone, eventually leading to a diagnosis of AVM (d–g) 

Final L4-pelvis construct after curettage and placement of 
short, quad-rod construct with cemented screws. Note 
how the L5/S1 joint was left intact and drilled out to aid in 
bony fusion
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Fig. 21.11 Extracorporeal radiation therapy (ECRT) and reimplantation of sacral tumor. (a) shows the process of 
removing the sacrum (a–c) and packaging it to be sent to get irradiated (d–g)

a b

c d

e f

21 Radiation, Robotics, and Reconstructive Options in Spine Tumor Surgery



354

g

Fig. 21.11 (continued)

a b c

d e f

g h i

Fig. 21.12 Extracorporeal radiation therapy (ECRT) and 
reimplantation of sacral tumor. On return from radiation 
(a), dead tumor is curetted out (b), the specimen is washed 
(c), nonstructural inferior sacrum and coccyx are removed 

(d), cement is packed into the defect (e), and the bone is 
reimplanted as a perfectly matched, nonreactive graft 
(f–i). (Reproduced here with permission from Goodwin 
et al. [48])
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 Introduction

While technological advancements within spinal 
tumor surgery are vast, they should all serve to 
support the fundamental goals of the spine oncol-
ogist: to obtain tumor control, and to optimize the 
neurologic and mechanical stability of the spine. 
With recent advances in technology, it is becom-
ing more feasible to achieve these goals in a 
wider array of patients. Continuous improve-
ments and new prototypes create paradigm shifts 
in multiple facets of spine tumor resection. Some 
of these avenues of improvement include 
enhanced navigation during surgery, minimally 
invasive access to targeted sites, more efficient 
and less ionizing imaging techniques, and the 
employment of artificial intelligence [1]. 
Compared to traditional methods in spine sur-
gery, the increased use of fluorescence-guided 
surgery and the use of machine learning and arti-
ficial intelligence have all demonstrated great 
potential. The following chapter details techno-
logical advances that are promising to improve 
results in the pre-, intra-, and postoperative surgi-
cal arenas.

 Three-Dimensional (3D) Technology

 Surgical Planning

Using specific design files and increasing the 
availability of advanced industrial printers have 
allowed for an expansion of 3D printing (3DP) 
into the spine and spine tumor arena. CT and 
MRI alone are often inadequate, but using such 
imaging software, 3D templating can be imple-
mented as a tool for surgical planning. 
Specifically, preoperative imaging can be com-
bined to print an exact replica of a patient’s anat-
omy that can be closely analyzed and scrutinized 
prior to surgery, termed biomodeling [2, 3]. By 
visualizing pathologic morphology, surgical sim-
ulation of complex anatomy allows for accurate 
planning and execution of spinal surgery. In addi-
tion to patient education, models can be sterilized 
and used intraoperatively for direct surgical ref-
erence of bony loss, tumor mass involvement, 
and adjacent neurovascular structures 
(Fig. 22.1a–d) [4].

Various applications of patient-specific mod-
els have demonstrated successful utility as well. 
For example, in cases of periacetabular metasta-
ses, a 3D-printed biomodel optimized the surgi-
cal incision, and reduced operative time owing to 
more accurate and predictable navigation of the 
anatomy, inherently minimizing blood loss [5]. 
Similarly, 3D models have proven their useful-
ness in complex spinal reconstructive procedures, 
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as explained by Mao et al., who used 3D polysty-
rene models to assist with instrumentation and 
successful improvement of coronal and sagittal 
parameters [6, 7]. Xiao et  al. evaluated five 
patients with malignant tumors of the cervical 
spine (three with chondrosarcomas, two with 
chordomas), who underwent en bloc resection 
with the assistance of 3D models, reporting 
improved understanding of relationships between 
normal and pathologic anatomy [8]. Similarly, in 
2015, a model was used by Kim et al. to improve 
surgical planning for en bloc removal of two 
cases of primary malignant tumors of the tho-
racic spine [9].

Despite the benefits of 3D modeling in surgi-
cal planning, increased costs and delays in pro-
duction are major deterrents to its use, which can 
necessitate costs over $1000 and delays of sev-
eral days [7]. Aside from the improved stereotaxy 
offered by intraoperative use of 3D-printed mod-
els, patients are easily educated with models and 
they are expected to be more frequently incorpo-
rated in the clinical setting as the visual and tac-
tile component lends itself unique and more 
useful when compared to computer-generated 
and digital models.

 Surgical Guides

Because the spine poses challenging anatomy 
that is only further clouded by tumors that skew 
adjacent structures, surgical guides have been 

implemented to dampen such challenges. 3D 
guides lend a more unique avenue for tumor exci-
sion, reconstruction, and fixation.

Pedicle screw fixation has paved the way in 
this arena and has been well demonstrated in the 
literature. In particular, considerations have been 
made to use 3D-printed templates for pedicle 
screw placement in an attempt to reduce opera-
tive time, complications, and radiation dosing, 
while improving accuracy [10–13]. Otsuki et al. 
evaluated custom screw insertion guides in three 
patients undergoing revision cervical spine sur-
gery with skewed anatomy, with postoperative 
CT scans demonstrating successful placement of 
instrumentation [14]. Lin et al. used 3D technol-
ogy to engineer an osteotomy cutting guide. This 
enabled them to successfully resect a sacral 
schwannoma in a 23-year-old female [15]. Using 
preoperative CT imaging, an osteotomy block 
was created to mount to the mid-sacrum and 
safely assist in removing the tumor. Unlike com-
mon iterations of robotics and navigation, patient- 
specific templates and guides are independent of 
patient positional changes that occur 
intraoperatively.

3D templates have been created using preop-
erative imaging to plan screw trajectories, though 
much of the success of additive technology has 
been overshadowed by robotics and navigation 
[16]. Though costs of single-use templates have 
decreased, such challenges may delay or limit the 
penetrance of individualized 3D-printed guides 
as a mainstay of spinal instrumentation.

a b c d

Fig. 22.1 (a) Cervical osteotomy site was prepared, (b) implant was printed, (c) insertion, and (d) lateral X-ray to 
confirm positioning
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 Surgical Implants

The technology of 3DP has been implemented to 
create synergism between the increased interest 
in individualized delivery of medical care and 
successes of customized implants across various 
fields such as orthopedics, otolaryngology, and 
spine surgery [17–19]. 3DP is used to create off- 
the- shelf (OTS), as well as customized, implants. 
OTS implants are structurally useful and can be 
implemented as synthetic cages made from poly-
ethyletherketone (PEEK) or titanium, for exam-
ple. These implants are obviously less 
“personalized” though may offer useful compo-
nents to improve ingrowth and ongrowth sur-
faces, namely in the cervical spine [20].

OTS implants, however, are not custom made 
for the patient, and factors around sizing and 
implantation do not have advantages over tradi-
tional mass produced implants (Fig. 22.2a–c). On 
the other hand, customized implants allow for 
full customization. Wei et  al. used 3DP tech-
niques to create a custom prosthesis to treat a 
sacral chordoma [21]. In their case, a single-stage 
en bloc sacrectomy was performed and a custom 
prosthesis was implanted. Though this was com-
plicated by asymptomatic hardware failure at 
1 year, the 3D technology highlighted useful ave-
nues to further applications. Similarly, Kim et al. 
used 3DP to create a custom titanium hemisa-
crum for a sacral osteosarcoma, with CT at 1 year 
demonstrating arthrodesis [22].

The cervical spine has also seen implementa-
tion of 3DP technology (Fig.  22.3a–c). In a 
12-year-old with a C2 Ewing sarcoma, a 
3D-printed vertebral body was used for recon-
struction during a staged spondylectomy [23]. In 
a separate report, a C1–C2 chordoma requiring 
resection and reconstruction was performed with 
the aid of 3D-printed implants, whereby the 
authors reported reduced operative time by avoid-
ing the manual measuring and filling of defects 
with various graft options [24].

Finally, the thoracolumbar spine, a more fre-
quent location of primary malignancies and 
metastases, has also been reported in conjunction 
with 3DP in the literature. In a 14-year-old with a 

primary T9 tumor and resultant kyphoscoliosis, a 
patient-specific 3D-printed titanium vertebral 
body with porous endplates was used not only to 
fill the defect but also to correct coronal and sag-
ittal balance [25]. Mobbs et  al. compared such 
customized implants to OTS implants in their 
report on a 64-year-old male with a primary 
tumor at L5, whereby following en bloc spondy-
lectomy, the defect was filled with a custom- 
expandable cage, saving the surgeons over 
26-fold time during implantation [17]. 3D print-
ing has also demonstrated a role in anterior 
approaches, osteopenic fractures often encoun-
tered in diagnoses of spine tumors, and in the cer-
vical spine [20, 26, 27].

One crucial factor inadequately discussed by 
most prior authors involves the consideration a 
surgeon must make to the increased time to pro-
duction of custom implants. Whereas spine tumor 
surgery may often be performed on an elective 
basis, not all clinical situations lend themselves 
to planning a custom 3D-printed implant, as cord 
compression, tumor-related pain, or mechanical 
instability may warrant more urgent care. 
Increased costs of custom implants are another 
barrier to more frequent use. However, as the use 
of 3DP increases and more companies enter the 
market, costs and time to production are expected 
to decrease significantly. Furthermore, the imple-
mentation of 3D systems that include models, 
guides, and implants offers a synergistic approach 
and an exciting future.

 Robotic Navigation/Haptics

At present, technological systems such as image 
guidance (IG), robotics, virtual reality, and aug-
mented reality are becoming more heavily 
researched. Image guidance and robotic systems 
have become increasingly widespread as intraop-
erative enhancers during spinal surgery. Broadly, 
robotic surgical systems are classified into three 
major categories: [1] supervisory controlled, [2] 
telesurgical systems, and [3] shared-control sys-
tems [28]. Of these, shared-control systems, 
which allow for simultaneous control between 
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c

Fig. 22.2 (a) Implant, (b) insertion of implant, and (c) lateral X-ray for confirmation

A. J. Sayari et al.



361

the surgeon and the robot, are currently the most 
widely applied and often used during pedicle 
screw placement [28]. A number of robotic sys-
tems have recently been established for use in 
spine surgery such as the Mazor (Medtronic, 
Minneapolis, MN, USA), Excelsius GPS (Globus 
Medical, Audubon, PA, USA), and ROSA Spine 
(MedTech Surgical, Newark, NJ, USA). Such 
systems are similar in their ability to assist the 
surgeon during instrumentation. However, they 
vary in their registration method, navigation 
capabilities, registration method, and mounting 
and setup [16].

The implications of robotic systems on long- 
term outcomes have yet to be fully determined, 
especially in the context of neurological injury 
and reoperation rate for malpositioned screws. A 
meta-analysis of 23 studies that included a total 
of 5992 pedicle screws failed to demonstrate sta-
tistically significant improvements with the use 
of IG despite an improved rate of accuracy [29]. 
Recently, a retrospective single-center clinical 
outcome analysis demonstrated that the use of 
multiplanar fluoroscopic-assisted navigation 
compared to freehand and/or fluoroscopic guid-
ance for thoracolumbar fusion brought about sig-
nificant decreases in malpositioned pedicle 
screws, hospital stays, spine-related readmission 
rates, and risk of hardware failure [30].

In treating spine tumors, robotics and naviga-
tion have been increasingly successful. Robotics 
has been used for precise resection guidance in 

cases of en bloc sacrectomies and presacral tumor 
excision, as well as paravertebral tumors [31–33]. 
Similarly, Hu et al. evaluated nine patients with 
spinal tumors and neural compression, using 
image guidance to map planned pedicle screw 
trajectories with success [34]. Increased preci-
sion and more minimally invasive approaches 
may allow for limited exposures that become rel-
evant in hypervascular bone tumors such as meta-
static renal cell and thyroid carcinomas.

 Machine Learning/Artificial 
Intelligence

 Current Best Evidence

In the modern operating room, machine learning 
and artificial intelligence have taken more control 
over functional systems. The primary purpose of 
artificial intelligence (AI) is to imitate human 
learning and thought processes to assist health-
care professionals in making clinical judgments. 
The formulation of predictive models could 
anticipate outcomes such as postoperative com-
plications, mortality, and postoperative quality of 
life [35, 36]. Machine learning (ML) is applied 
through constant exposure to datasets and algo-
rithms, which allows for the functional evolution 
of a computer to more efficiently analyze and 
adapt to new incoming stimuli [37, 38]. 
Maintenance of algorithm accuracy is typically 

Fig. 22.3 Custom vertebral body replacement cage for two-level cervical vertebrectomy (not FDA approved, proof of 
concept only)

22 Spine Tumors: Technological Advances



362

attained by using a five-fold cross-validation 
method. This allows for the assessing of overfit-
ting of algorithms for each dataset. The algorithm 
is developed using a random sample of 80% of 
the data, and then the model is tested against the 
remaining 20% of the data. Accuracy is 
 determined by the area under receiver operating 
curves (AUC) [39].

AI has been applied to several areas of spinal 
surgery. One study assessed patient clusters and 
surgeries and used this to develop two-year 
improvement and complication rates [35]. 
Algorithms like this may ultimately allow clini-
cians to choose the best treatment options for 
patients while minimizing possible surgical risks. 
Similar systems have been applied to predict sur-
vival among patients with metastatic spine dis-
ease and risk factors for postoperative spine 
fusion complications [38, 39]. These models 
have investigated demographic risk factors as 
well as postoperative complications such as car-
diac problems, wound healing issues, venous 
thromboembolism, and mortality. When com-
pared to linear regressions, ML implementing 
logistic regression improves accuracy of identify-
ing risk factors associated with postoperative 
complications [38].

While linear regressions are simple and easy 
to use, they assume a normal distribution with a 
linear correlation, which is not always true of 
complex data [40]. On the other hand, logistic 
regressions look at both linear correlations and 
multi-class classifications, though both systems 
will provide inaccurate data in case of nonlinear 
correlations [40]. In contrast, the ML model 
K-nearest-neighbor (KNN) is a non-parametric 
model that can identify non-linear associations 
and improves with higher signal-to-noise ratio; 
however, it cannot provide confidence intervals 
and is a slower analytic tool. KNN is similar to 
decision trees, in that both are non-parametric 
models. However, decision trees are faster than 
KNN and can show interactions [40]. The 
Random Forest is a highly accurate yet slow ML 
model using multiple decision trees to improve 
accuracy [41]. These ML models demonstrate 
that algorithms must be chosen based off the 
data, and no one model is best in all cases [41].

ML has shown superiority in predictive capa-
bility in a broad spectrum of medical settings [36, 
42, 43]. Such models have enabled surgeons to 
utilize risk calculators, such as the American 
College of Surgeons National Surgical Quality 
Improvement Program (ACS NSQIP) surgical 
risk calculator which can improve treatment 
options for patients while simultaneously reduc-
ing morbidity and mortality [44]. Risk calcula-
tors can also be used to assess 30-day mortality 
after major procedures such as lower extremity 
amputation [45]. Orthopedic surgeons have used 
such risk calculators to assess the preoperative 
differences between low- vs. high-risk groups 
and how this impacts postoperative medical com-
plications in spine surgery candidates [46, 47]. 
Overall, ML has the potential to make a clinically 
meaningful impact by providing a better risk 
assessment for patients, helping to aid in decision- 
making, and managing patient and clinician 
expectations of postoperative outcomes.

 Neural Mapping

Intraoperative neural mapping is an innovative 
technique used to accurately resect tumors while 
maintaining the function of the spinal cord and 
nerve roots, allowing for improved dissection 
planes and negative margins [48]. The earliest 
form of intraoperative neural mapping of the spi-
nal cord involved monitoring somatosensory- 
evoked potentials (SSEPs) during scoliosis 
surgery in the hope of predicting the postopera-
tive function of the dorsal column [49, 50]. Later, 
monitoring of motor-evoked potentials (MEPs) 
and D waves was developed to assess the cortico-
spinal tract [51, 52]. Both SSEPs and MEPs are 
actively implemented during spinal tumor sur-
gery, especially when intervention involves the 
cervicothoracic spine and cephalad lumbar levels 
in proximity to the spinal cord (Fig. 22.4) [53].

Multimodal monitoring is unique in that it 
can track both ascending and descending path-
ways simultaneously during the operative 
period, and has shown to reduce postoperative 
neurologic complications [54]. For surgeries 
involving spinal deformity and those that require 
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removal of spinal cord tumors, MEPs and SSEPs 
are methods of neural mapping that both have 
high sensitivity and specificity [55, 56]. 
Specifically, observing both MEPs and SSEPs 
demonstrated high sensitivity when measuring 
poor postoperative outcomes [55]. Not only can 
neural mapping techniques assist with assessing 
postoperative outcomes, but it can also help sur-
geons accurately resect tumors during surgery. 
These techniques include observing transcranial 
electric motor-evoked potentials (tcMEPs) and 
D-waves [57]. Such techniques have demon-
strated efficacy in lessening postoperative neu-
rological mishaps during high-risk spinal cord 
procedures [58].

Magnetoencephalography (MEG) is a newer 
technique for neural mapping, which functions 
by measuring lower magnetic fields outside the 
skull, and therefore providing real-time tracking 
of brain functionality. Though MEG has previ-
ously been utilized among epileptic patients as 
well as during preoperative neurosurgical evalua-
tions, it has the potential to be applied more 
broadly and in more clinical settings [59]. Low- 
intensity focused ultrasound (LIFUS) can track 
and modify brain activity by downregulating cor-
tical evoked potentials and manipulating cortical 
oscillatory dynamics. While the utility of LIFUS 
has not yet been fully established, it may be able 

to modify neural ion channels and plasma mem-
branes as well, which could broadly be used for 
neurological clinical applications [60]. Overall, 
these cutting-edge techniques have not been 
broadly applied to spine surgery, making it an 
area of limited research, though the implementa-
tion of such technology may allow for improved 
intraoperative management of spine tumor 
patients.

 Augmented Reality/Virtual Reality

Presently, there are three principal types of simu-
lation systems that have been documented in the 
literature: (1) virtual reality, in which case the 
entire simulation is virtual; (2) mixed reality, in 
which case there is a combination of virtual and 
physical components; and (3) augmented reality, 
in which case, a virtual component is superim-
posed onto a physical reality. As such, surgeons 
are able to integrate the virtual and physical 
world in a way where virtual images generated 
from a computer can then be projected onto the 
surgeon’s physical plane of view. Primarily, AR’s 
utility lies in the fact that surgeons generally pre-
fer not to move their field of vision from the 
patient during a procedure, and using this tech-
nology, they are able to maintain their gaze while 
assessing the relevant trajectories and anatomy.

Abe et al. assessed the safety and effectiveness 
of AR in spine models in vivo with a patient pop-
ulation undergoing percutaneous vertebroplasty, 
noting no pedicle breach [61, 62]. Sparing radia-
tion by using optical cameras and patient motion 
tracking provides promising technology from AR 
for applications in spine tumor surgery [63, 64]. 
Recently, AR has been implemented in anterior 
and posterior cervical spine procedures, which 
may lend a useful role in primary and metastatic 
lesions requiring rapid stabilization and minimal 
surgical exposure (Fig.  22.5a–c) [65]. Finally, 
AR models function as useful training tools for 
junior spine oncologists and trainees [66].

VR has been well established as a learning 
and training tool that allows surgeons and train-
ees to learn and master techniques that can be 
implemented in spine tumor surgery without 

Fig. 22.4 SSEP/MEP neuromonitoring device
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grappling with the potential for making a mis-
take on a live patient. In a study of medical stu-
dents practicing lumbar pedicle placements, the 
researchers sought to explore if there were 

advantages of VR in contrast to “traditional” 
methods of learning [67]. One group was to 
make use of traditional visual and verbal instruc-
tions, while the other group made use of an 

Fig. 22.5 Example 
applications of 
augmented reality (AR) 
in spine surgery
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“ImmersiveTouch” VR simulator. The authors 
determined that the simulation group outper-
formed the traditional learning group in all vari-
ables including trajectory, depth of screw error, 
and breach, attributing the results to the sequen-
tial learning, enhanced depth perception, and 
increased 3-dimensional anatomical understand-
ing, though the clinical implications have yet to 
be determined.

 Fluorescence Surgery

 Background

Fluorescence occurs when the illumination of 
material by short-wavelength light is followed by 
the emission of a longer wavelength. 
Intraoperatively, fluorescence has been imple-
mented based on properties related to the selec-
tive accumulation of dye, metabolic characteristics 
of tissue, autofluorescence characteristics, or due 
to fluorescent probes that are engineered to target 
specific tissues. Various agents can be selected 
based on their metabolic properties and the abil-
ity to emit detectable signals. For example, proto-
porphyrin IX (PPIX) has a characteristic 635-nm 
red hue. Fluorescein has a distinctive yellow- 
green glow at a peak wavelength of 525 nm (the 
human eye’s peak photopic sensitivity of 
555  nm), and along with 5-aminolevulinic acid 
(ALA), has been approved for intraoperative use 
[68]. Other dyes, such as indocyanine green 
(ICG) which has a peak emission at 830 nm [69], 
are not perceivable to the unaided human eye as 
they fluoresce in the infrared portion of the elec-
tromagnetic spectrum.

 Fluorescence: Current Best Evidence

Stereotactic neuronavigation was first pioneered 
by Spiegel and Wycis in 1947 [70], and frameless 
neuronavigation systems improved this paradigm 
throughout the 1990s [71, 72]. Interestingly, 
5-ALA itself is not fluorescent; rather, it is selec-
tively absorbed by glioma cells of tumors and 
then metabolized into protoporphyrin IX (PpIX) 

[73–75]. 5-ALA is a highly sensitive agent, with 
a positive predictive value of nearly 100% in 
detecting gliomas, leading to its FDA approval in 
Europe and the United States [76–85]. Several 
small retrospective studies have demonstrated 
5-ALA-guided resection allows for improved 
identification of planes between tumor and nor-
mal tissue [86–89], more recently focusing on 
ependymoma resection [90].

Unfortunately, time dependency, cost, and skin 
sensitization introduces limitations and potential 
for newer agents, such as sodium fluorescein. This 
water-soluble dye penetrates damaged blood–
brain barriers and concentrates at tumor sites, 
allowing for visualization with surgical micro-
scopes that utilize specific filters [91]. Fluorescein 
offers cost savings and a more convenient admin-
istration, with fewer side effects, successfully 
implemented during resection of intramedullary 
spinal cord tumors (IMSCTs) [91].

Future applications such as epidurally adminis-
tered fluorophores have been seen with the encap-
sulated (E,E)-1,4-bis(p-aminostryl)-2- methoxy 
benzene (BMB), and may lend itself useful for 
spine tumor visualization. Similarly, activatable 
cell-penetrating peptides (ACPP) utilize antibod-
ies bound to fluorophores allowing for shipment of 
agents into areas with high extracellular cleavage 
activity, such as the matrix metalloproteinases 
(MMPs) that are involved in neoplastic growth 
[92–94]. More recent techniques are able to exploit 
pH differentials [95]. Antibody-based fluores-
cence has been utilized against human epidermal 
growth factor receptor 2 (HER2), vascular endo-
thelial growth factor (VEGF), and embryonic 
fibroblasts expressing human IGFR-1 and MCF-7 
human breast cancer cells [96–99].
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