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1. The list of Abbreviations

ABC - aneurismal bone cyst

OS - overall survival

AUC - area under curve

OST - osteosarcoma

B - parameter estimate

PCNA - proliferating cell nuclear

bFGF - basic fibroblast growth factor

antigen expression

Ch - chordoma

PEEK - polyether ether ketone

ChS - chondrosarcoma

PET - positron emission tomography

CI - confidence interval

PNET - primitive neuroectodermal

CT - computer tomography

tumor

D - death

PRBC - packed red blood cells

df - degrees of freedom

PST - primary spinal tumor

EA - Enneking appropriate

PSTMS

EI - Enneking inappropriate

mortality score

ES - Ewing's sarcoma

QOL - quality of life

GCT - giant cell tumor

SE - standard error

Gd. - gadolinium

SEER - Surveillance, Epidemiology,

HR - hazard ratio

and End Results

IMRT - intensity-modulated radiation

SINS - Spinal Neoplastic Instability

therapy

Score

K-M - Kaplan Maier

SOSG - Spine Oncology Study Group

LR - local recurrence

SOSGOQ - Spine Oncology Study

LRFS - local recurrence free survival

Group Outcomes Questionnaire

MFH - malignant fibrous histiocytoma

SPECT - single photon emission

MPNST - malignant peripheral nerve

computed tomography

sheathe tumor

SS - synovial sarcoma

MRI - magnetic resonance imaging

SSCCC - Symptomatic spinal cord or

NCSD - National Center for Spinal

cauda equina compression

Disorders

WBB - Weinstein-Boriani-Biagini
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2. Introduction (with the background of the technical
literature)
2.1. Clinical context
Management of primary spinal tumors (PST) is a challenging issue of spine care
[1]. The clinical behavior of these lesions depends mainly on the biological nature of the
tumor [2]. However, clinical experience shows that the localization, the local
dimensions of the neoplasm, and its relationship with the surrounding nerve structures
and organs are also important factors influencing the PST associated morbidity and
mortality [3-5]. In spite of the multidisciplinary cooperation and the acceptance of
different diagnostic and treatment protocols the management of the PSTs remains
controversial [1, 6, 7]. As the effectiveness of the chemo- or radiotherapy is still limited
in the majority of the tumor types, surgical intervention still has the highest role in the
treatment of PSTs [1, 8]. In the past decades, the surgical treatment of PST has
undergone a substantial paradigm shift from palliative procedures to total en bloc
removal of the tumor, despite the fact that extended surgeries can result in increased
perioperative morbidity [9, 10]. Scientific data suggest that surgical resection is
effective in the improvement of short term local control, but the long term effects are
less favorable, and it has not been proved yet whether the surgical resection is
associated with improved overall survival [6, 11, 12]. However, for certain tumor types,
the positive effect of surgical intervention on survival was previously reported, and the
possible impact of other, pre- and postoperative factors has been also investigated [6,
13].

In different medical fields, various prognostic scoring systems have been

developed to risk stratify patients, and subsequently guide therapy [14]. In spine tumor
surgery, the development of similar scoring systems had been limited mainly to
metastatic lesions of the spine. For instance, the Tomita, the Tokuhashi scores, the SINS
score and the more recently published Oswestry Risk Index are frequently used in the
management of spinal metastatic lesions [15-19]. In comparison, the literature is scarce
about the predictive factors which influence the survival of the PST patients. Generally,
the published studies draw conclusions from underpowered analyses, presenting small
case series of PSTs [4, 20]. The exceptions are the publications from the SEER database
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which are based on large retrospective datasets [6, 13, 21-23]. However, they have also
some limitations like the heterogeneity of the data, the inconsistent or not reported
treatment methods and the lack of a rigorous follow up. Relying on this database
McGirt et al. developed the only scoring system so far that aims to predict the prognosis
in patients undergoing surgical resection for malignant primary osseous spinal
neoplasms [13]. Their study determined the effect of five variables on survival for three
tumor types (chordoma, chondrosarcoma and osteosarcoma).
Chordoma is a particular chapter of spine oncology. It is a unique malignant
tumor, arising from notochordal remnants, thus it is located almost exclusively in the
axial skeleton [24]. It has an overall incidence of 0.08 per 100,000 individuals and
accounts for 40% of all primary sacral tumors [25]. Sacral chordoma is a typically slow
growing and locally aggressive tumor, with a reduced ability to metastasize [26]. The
diagnosis is often delayed because of the long standing, nonspecific initial symptoms,
allowing the tumor to reach large sizes [27]. Because chordomas have shown to have a
poor sensitivity towards radiotherapy and chemotherapy, they are mainly treated by
surgical resection, in spite of the complex, resource intensive, and impairment inducing
nature of the procedures [28]. Enneking oncologic management principles would
recommend wide surgical en bloc resection of chordomas; however, this is difficult,
even in the hands of the most experienced spine oncology surgeons [29]. Wide resection
is not uniformly achieved in 35-75% of cases, primarily due to the relatively
inaccessible anatomical location, preference for neurological preservation and large size
at the time of diagnosis [11, 30-35]. The fact that chordomas grow in a lobulated
fashion and have distant microscopic tumor outgrowths also makes wide surgical
resection difficult [36]. Based on low quality evidence insufficient tumor resection is
probably the main cause of local recurrence and subsequently death [11, 32, 35]. Other
factors that possibly influence survival and local recurrence have been previously
reported and include increased age, high sacral localization, lack of radiotherapy, prior
resections, higher tumor grade, and increasing extent of tumor invasion [3, 4, 11, 13, 29,
32, 37-40]. Based on the dire consequences of sacral chordomas management (high
mortality and morbidity) higher levels of evidence are needed to improve decision
making and consequently patient outcome.
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2.2. Epidemiology
Primary tumors of the spine are rare [41]. They account for less than 5% of all
osseous neoplasms and less than 0.2% of all cancers [37]. The incidence of the disease
is 0.08-8 new cases per 100 000 individuals [1]. In the United States of America
approximately 120 new cases are diagnosed every year (Figure 1). The incidence of
benign spinal tumors is higher, but not as high as the incidence of metastatic spinal
disease (20 000 new cases/year).

Figure 1 The comparison of the incidence of metastatic spinal tumors with the
incidence of primary spinal tumors in the USA
The most frequent primary benign spinal tumors are schwannoma, hemangioma,
osteoblastoma, osteoid osteoma, giant cell tumor and aneurismal bone cyst of the spine
[42, 43].
Schwannomas are tumors arising from the nerve sheath cells. They grow slowly,
but malign transformation can occur [44]. Majority of them are intradural tumors
causing only nerve compression and damage, but can have extradural origin. In
extremely rare cases can even have osteal origin [45]. Extradural spinal schwannomas
present as dumbbell shaped in 10-15% of the cases [46].
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The histological appearance of osteoblastoma and osteoid osteoma is similar.
They can be differentiated by their size, a lesion with a nidus >2 cm is classified as
osteoblastoma [47]. The incidence of osteoblastoma is around 1% of overall incidence
of bone tumors, and only 30-40% of them have spinal localization. In contrast osteoid
osteoma’s incidence is higher, is around 5% of all bone tumors. The spinal occurrence
of osteoid osteoma is 7-10 %. Both lesions are more frequent in men (2-3:1) [48].
Osteoid osteomas occur predominantly in the young. They can appear on any spinal
level, but frequently involve the posterior elements of the lumbar spine (Figure 2).

Figure 2 Osteoid osteoma of the posterior elements of the spine, A. axial CT image, B.
axial MRI image (T2 sequence)

Figure 3 GCT of the sacrum, A. axial MRI image (T1 sequence), B. sagittal CT image,
C. coronal CT image, D. axial CT image
Giant cell tumor (GCT) rarely involves the spine, it usually occurs in the
metaphysis of the long bones. The spinal involvement can be between 7 to 10% [47] of
all cases (Figure 3). GCT is the second most common primary bone tumor of the
sacrum behind chordoma [43]. Usually is diagnosed at adults after the skeletal
9

maturation, it has a slight female predominance. In rare cases malignant transformation
can occur.
The spinal manifestation of hemangioma is high. According to autopsy reports
the incidence of spinal hemangiomas can be between 10 to 27 percent [49]. The
majority of these tumors are asymptomatic and they are diagnosed incidentally. There is
however a small subset of hemangiomas which can cause symptoms due to excessive
growth or due to pathological fractures.
The incidence of aneurismal bone cyst (ABC) is 0.14/100 000/year. Usually
they occur as a primary lesion, but can appear secondary to hemangiomas or
osteoblastomas (Figure 4). ABC is a disease of the young, majority of the cases present
before the age of 30. It has a slight female predominance. Most of the cases affect the
lumbar spine, and the sacral localization is rare.

Figure 4 Radiological appearance of an ABC secondary to cervical osteoblastoma
(CVII) A. axial CT images, B. sagittal CT reconstruction
Spinal malignant primary bone tumors are rare, they are accounting for less than
5% of all osseous neoplasms, and less than 0.2% of all cancers. According to the results
of large scale population registries, the incidence of primary spinal tumors varies
between 32% and 71% of all primary spinal tumors [23, 51]. The most common
10

primary malignant tumors of the spine are chordoma and sacral sarcomas like
chondrosarcoma, osteosarcoma and Ewing sarcoma [22].
Chordoma is the most common primary spinal tumor with an overall incidence
of 0.08 per 100 000 individuals accounting for 40% of all primary sacral tumors [52].
The male:female prevalence ratio is 2:1 with an increasing incidence after the fourth
decade [25]. These lesions arise from notochordal remnants within the vertebral bodies
and sacrum and are considered slow growing, locally aggressive lesions. The most
common localization of chordoma is the skull base (clivus) and sacrum (Figure 5).
Median overall survival is estimated to 7.7 years in the Surveillance, Epidemiology, and
End Results (SEER) Program of the National Cancer Institute (1973-2009) [52].

Figure 5 Sacral chordoma, sagittal MRI images A. T1, B. T2 sequence
Chondrosarcoma has an overall incidence of 0.5 per 100 000 per year [53]. It is
more common in males aged between 30-70 years, with a peek in the fifth decade.
Chondrosarcoma may arise as primary tumor or as secondary transformation of an
osteochondroma or enchondroma [54].
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Ewing's sarcoma and the PNET-group are the second most frequent primary
malignant bone cancers in children and adolescents with an overall incidence is less
than 0.2 per 100 000 per year [55]. They involve the spine primarily in 3 to 10% of
cases [56], sacrum being the most involved spinal level [57]. The male female ratio for
Ewing’s sarcoma is 3:1, it affects young people between 5 to 30 years. Seventy five
percent of this tumor occurs in the first two decade [56].
Osteosarcoma is the most common primary malignant bone tumor but rarely
affects the spine [58]. Many of the osteosarcomas that occur in the sacrum (Figure 6)
are secondary to degeneration of Paget disease [56].

Figure 6 Sacral osteosarcoma: A. axial CT image, B. axial MRI image
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2.3. Clinical manifestation and diagnosis
The clinical presentation of a spinal tumor depends mainly on the anatomical location
of the lesion [59]. Majority of the patients initially report back pain but a painless
visible mass can also be the first sign of the disease. Persistent, non-mechanical back
pain must be distinguished from common back pain [60]. Night pain and thoracic spine
pain are both important symptoms because they suggest a neoplastic origin of the pain.
The pain is secondary due to the mass effect of the tumor, the erosion and impingement
of the surrounding structures or the pathological fracture of the affected vertebrae [61].
Pain may be present with or without neurologic symptoms. Numbness, loss of
sensation, decreased reflexes, sphincter dysfunction or motor deficit can be also the first
clinical signs of a PST. At patients with cervical and thoracic spinal tumors physical
examination, can reveal severe neurologic disturbances, signs of spinal cord
compression (positive Hoffman or Babinski sign, spastic weakness as well as
hyperreflexia in the extremities, and gait instability) [62, 63]. A specific concordance of
sensory, motor, and vegetative symptoms may suggest the development of another
severe neurologic entity the cauda equina syndrome, requiring urgent surgical
intervention [64]. The patient may present with weight loss, general weakness and other
general neoplastic signs, but these are rather the characteristic of metastatic lesions [65].
Each patient suspected of having a spinal tumor should undergo a thorough local
and systemic work-up. Imaging studies give information about the extension of the
tumor, but the most important element of the staging procedure is the biopsy [29]. Plain
radiography is often the first imaging modality performed but it has limited sensitivity
[56]. Visualization of an infiltrated body on plain radiography requires at last a 50%
destruction of the vertebral body [66]. Thus a pathological fracture can be easily
identified. More accurate visualization of the spinal malformation can be obtained by
using computerized tomography (CT) or magnetic resonance imaging (MRI). In most
cases, both should be performed, because of the different characteristics of the two
methods (Figure 2) [61]. CT provides superior information on cortical bone and tumor
calcification, while MRI is excellent at delineating soft tissue, neural involvement, bone
marrow infiltration, and epidural extension [67]. Additionally, the possibility of threedimensional reconstruction is a great advantage of the CT scan. Although, some spinal
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tumors have specific CT or MRI signs [25, 54, 56, 68], it is only sufficient to provide a
presumptive diagnosis (Table 1).
Table 1 Diagnostic characteristics of Malignant Primary Sacral Tumors [29], *Gd:
Gadolinium
Tumor
Chordoma

Chondrosarcoma

Ewing sarcoma

Osteosarcoma

CT











MR

Expansive
Lytic
Sclerotic
Intratumoral calcifications
Expansive
Lytic
Bone destruction
Soft tissue expansion
Lytic
Sclerotic

 Lytic
 Destructive
 Matrix mineralization

 T1 hypointense
 T2 hyperintense
 Gd* enhancement
 T1 hypointense to isointense
 T2 hyperintense
 Gd ‘‘rings and arcs’’ pattern






T1 isointense
T2 isointense to hyperintense
Gd enhancement
T1 hypointense
T2 hyperintense

Bone scintigraphy is useful to determine whether the spinal lesion is localized or
it is multiple, and to search for the primary tumor or metastases [69]. Although most
spinal tumors have an increased uptake on bone scan, it lacks specificity to identify the
nature of an abnormality. A more advance form of scintigraphy is the SPECT (Single
Photon Emission Computed Tomography), which has higher specificity and sensitivity.
It even can detect lesions otherwise missed on CT or MRI examinations [70]. Until
recently, PET has rarely been used to assess spinal tumors, but having even higher
specificity and sensitivity can be helpful in detecting micrometastases, or the exact
extent of paravertebral, epidural tumor growth [71].
The final diagnosis of primary spinal tumor can be made after a biopsy and an
accurate histological examination. There are four main biopsy techniques: fine needle
aspirate biopsy (FNAB), core needle biopsy, incisional biopsy, and excisional biopsy
[67]. Incisional “open” biopsy was considered to be the gold standard for the diagnosis
of bone lesions, with 98% accuracy [72], but several studies demonstrated that it
significantly increases the risk of recurrence [73, 74]. Recently, percutaneous CT guided
core needle biopsy has gained popularity, showing a good accuracy with a less invasive
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procedure. Furthermore, Saad et al. reported the superiority of the FNAB, the procedure
having a low complication rate and a lower likelihood of an extralesional spread of
tumor cells [75]. A meta-analysis of spinal percutaneous biopsies estimated its accuracy
to 92% [76]. Although the risk of tumor cell contamination is lessened by the core
biopsy and FNAB approaches, resection of the biopsy tract is still mandatory [73, 77].
For tumors limited to the posterior elements, an excisional biopsy can be both
diagnostic and therapeutic [1].
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2.4. Staging and principals of spinal surgical oncology
Before any therapeutic intervention an oncological staging of the patient is
critical. A bone scan is an important tool in establishing the solitary nature of the lesion.
Additionally, conventional radiological staging before surgery generally includes a CT
scan of the head, chest, abdomen, and pelvis. Osteoporosis is a global condition that
may affect the surgeon’s reconstructive options after the tumor resection. When
osteodensitometry reveals a T-score of less than -2.0, reconstructive possibilities may
become limited [78]. Another preoperative factor which has to be investigated is the
general health condition of the patient. As several studies have shown that comorbidities
can increase the risk of perioperative complications, they must be accurately identified
and minimized by multidisciplinary consultation [79-81].
According to the “International Union Against Cancer”, the objectives of cancer
staging are aiding the planning course of treatment, providing insight into the prognosis,
assisting in the evaluation of the treatment results, facilitating the interinstitutional
communication, and contributing to continuing cancer research [82, 83]. Based on these
principles Dr. William Enneking introduced a surgical staging system for the
management of appendicular musculoskeletal tumors in 1980 [84]. As, it was originally
developed for extremities the adoption of this classification in the management of
primary spine tumors is difficult (the epidural compartment, the sacrifice of the neural
elements, and the restoration of spinal stability are not considered) [85]. To overcome
this paucity Boriani et al. proposed a modification of the original Enneking staging
system applicable for spinal tumors [86, 87]. They introduced the following concepts to
uniformise the terminology: intralesional resection (piecemeal debulking or curettage),
marginal resection (lesion shelled out leaving pseudocapsule or reactive zone), wide
resection

(intracompartmental

en

bloc

resection),

and

radical

resection

(extracompartmental excision).
According to the Enneking classification benign tumors are divided into three
categories (Table 2); S1 (latent or inactive stage), S2 (active stage), S3 (aggressive
stage) [86]. In the S1 stage the tumor is not growing, or is growing very slowly, has
well defined margins or capsule, and causes few or no symptoms [88]. Thus no
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treatment is required unless palliative surgery for decompression or stabilization.
Tumors in the S2 stage are characterized by slow growth and mild clinical symptoms. In
this stage bone scans are usually positive. Intralesional resection is the treatment of
choice in this stage. Although the recurrence rate is low it can be further decreased by
local adjuvant treatment (cryotherapy, embolization, radiotherapy) [89]. Tumors in the
S3 stage are rapidly growing benign tumors. Their capsule is thin, discontinuous or
absent, and is usually surrounded by wide reactive hypervascualrized tissue [67]. Thus
they are frequently not confined to the vertebra, invading the epidural or paravertebral
space. They should be treated by marginal or wide resections.
Table 2 The Enneking Surgical Staging of benign spinal tumors
Staging

Description

Treatment

Example

S1
Latent

Well-defined margins or capsule
No or very slow growth

Nonoperative, unless
decompression or
stabilization is needed

Schwannoma
Hemangioma
Osteochondroma

S2
Active

Thin capsule
Reactive pseudocapsule
Slow growth

Intralesional curettage

Osteoid osteoma
Osteoblastoma

S3
Aggressive

Very thin or incomplete capsule
Wide reactive pseudocapsule
Rapid growth

Marginal or wide
resection

ABC
GCT

In the case of malignant tumors three stages are used (Table 3). Stage I for low
grade tumors, stage II for high grade tumors. Each stage is further divided into two
subcategories based on the local extent of tumor (A: confined to the vertebral body, B:
the tumor involves the paravertebral, epidural compartments). Stage III represents any
tumor with distant metastasis [86].
A stage I tumor does not have a true capsule, but it is surrounded with a thick
pseudocapsule. The pseudocapsule can contain small microscopic tumor islands. In the
case of stage II tumors the tumor growth is so rapid that there is no time for a
pseudocapsule formation. These tumors can produce skip metastases [89]. Stage I, II
tumors should be treated by wide en bloc resection. Based on the individual tumor
characteristics adjuvant therapy may be beneficial to decrease the local recurrence.
Patients with stage III tumors are candidates only for palliative surgery and subsequent
adjuvant therapy [67].
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Table 3 The Enneking Surgical Staging of malignant primary spinal tumors
Staging

Description

Treatment

I Low grade
A confined

B invasive

A confined

B invasive

A or B

-Pseudocapsule
- Confined to vertebral body
-Pseudocapsule
- Extension into paravertebral or epidural
space
II high grade
-No pseudocapsule
- Confined to vertebral body
-No pseudocapsule
- Invasion of surrounding structures,
extensive bone destruction
III metastasis
- Any of above

Wide en bloc resection

Wide en bloc resection + adjuvant
therapy

Palliative surgery + adjuvant therapy

As the use of the Enneking Classification in the management of primary bone
tumors of the appendicular skeleton has resulted in a significant improvement in
survival, many oncology spine experts started to adopt Enneking principles in their
everyday practice. Fisher et al. even introduced the terminology of “Enneking
appropriate” (EA, surgical margin as recommended by the Enneking Classification) and
“Enneking inappropriate” (EI, surgical margin not recommended by Enneking
Classification), to assess the successfulness of the surgery [12]. According to this the
surgery is performed based on the Enneking recommendations, and the resulting
surgical margin is categorized by the pathologist as intralesional, marginal or wide. If
this corresponds with the Enneking recommendation, then the surgery is considered EA,
if not than EI.
As the Enneking staging system was developed primary for the appendicular
skeleton its main shortcoming is that it does not addresses the spinal canal. To
overcome this Weinstein in collaboration with the Rizzoli Institute created the
Weinstein-Boriani-Biagini staging system (Figure 7) [86, 90]. The fundamental concept
of this system is to ensure the sparing of spinal cord without compromising the surgical
tumor margins [85]. The staging system records the tumor propagation on an axial view
of an MRI and CT exam. In the axial plane the vertebra is divided into 12 radiating
zones (numbered 1 to 12 in a counter-clockwise order) and into five layers (A to E,
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from the paravertebral region to the dural involvement). The longitudinal extent of the
tumor is recorded by listing the caudal and proximal involved vertebral levels [86].

Figure 7 The Weinstein-Boriani-Biagini staging system
Boriani et al. proposed three resection types based on the tumor localization
[86]. If the tumor is confined to the zones 4-8 or 5-9 then an en bloc vertebrectomy
should be performed on one or two stages. If the tumor is localized in the zones 3-5 or
8-10 then a wide or marginal “sagittal resection” should be attempted. This should be
performed from a combined anterior and posterior approach. If the tumor is localized in
the zones 10-3, then marginal or wide en bloc resection can be performed by a posterior
approach (Figure 8).
Unfortunately, the WBB classification was developed to be used on the mobile
spine, thus it cannot be applied for sacral tumors. The sacral region is anatomically very
complex, the surgeon needs to take in consideration other critical structures (including
the rectum, cauda equina and iliac vessels) and the preservation or reconstruction of the
lumbo-pelvic junctions stability [91]. Currently, there are no validated and widely used
surgical staging systems which take in account all these issues. Recently Zhang et al.
based on own clinical experience proposed a novel classification system for sacral
tumors [91]. The classification system is a combination of the WBB and Enneking
tumor staging methods, and contains 16 possible categories. Sacral tumors are divided
19

into 2 major types (above or below S2) and then 4 further subtypes (based on the
extension of the tumor in the pelvic cavity: < 5 cm or ≥ 5 cm). A further subdivision
(similar to the WBB system) is then added according to the axial plane anatomy (3
zones: anterior sacrum, posterior sacrum, and lateral sacrum).

Figure 8 En bloc resection by posterior approach: A. axial CT image of an LV osteoid
osteoma, B. the planning phase of the surgery according to the Weinstein-BorianiBiagini staging system, C. postoperative axial CT image of the LV vertebrae.
In the planning process of the surgical treatment, the classification described by
Fourney et al. (Figure 9) (based on the level of nerve root sacrifice) could be useful in
the everyday clinical experience [27].
They categorized sacral resections into two groups, midline tumors and eccentric
lesions. The midline group included low, middle, and high sacral amputations, total
sacrectomy, and hemicorporectomy. In the case of low sacral amputation, the resection
was performed at the level of the S4 nerve roots, in the case of midsacral amputation the
resection was at the S3 nerve roots, and in the case of high sacral amputation at the level
of the S2 nerve roots. If the tumor reached the S1 nerve roots, then total sacrectomy was
the treatment of choice. Hemicorporectomy (translumbar amputation) was indicated for
localized, aggressive tumors that had spread beyond the sacrum to the lumbar spine. If
the tumor was located in unilateral position and the planned resection does not exceed
the midline, they introduced the term “eccentric resection” including tumors
overgrowing the sacroiliac joint and penetrating to the pelvic bones or to the extraosseal
compartments.
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Figure 9 Categorization of sacral resections after Fourney et al. [27]; A. Low sacral
amputation - the sacrifice of S4 nerve roots B. Midsacral amputation - the sacrifice of
the S3 nerve roots C. High sacral amputation - the sacrifice of the S2 nerve roots D.
Total sacrectomy - the sacrifice of the S1 nerve roots E. Hemicorporectomy
(translumbar amputation) - for aggressive tumors that had spread beyond the sacrum to
the lumbar spine F. Eccentric resection - for tumors that does not exceed the midline
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2.5. Surgical therapy
The importance of a multidisciplinary management in PST patients cannot be
overestimated. Surgeons of multiple specialties (spine, musculoskeletal, vascular,
gastrointestinal, plastic surgery, and urology specialists) must be involved into the
planning of the surgery [78].
The primary goal of the surgical therapy is oncologic control. However, with the
exception of the benign tumors this can be achieved only by en bloc resection [73]. The
procedure of en bloc tumor resection (Figure 10) is complex and can have a significant
morbidity and mortality. Restoration of neurological function, pain control, deformity
correction and stabilization are only secondary goals of surgery [62]. One of the most
important issues of surgical planning is informing the patient and his family about the
tradeoffs of en bloc resection (increased survival vs. high planed morbidity) [67].
The surgical treatment of PSTs is a complex procedure and demands expert
surgical skills. The preferred surgical approach has to be decided on an individual basis
because of a high variability of tumor morphology, location and pathology [92-94]. It
should be kept in mind that the biopsy tract should always be included in the resection.
Therefore, the surgeon should be involved into the planning of the biopsy, assuring that
the biopsy tract will be excised en bloc with the tumor specimen [61].
Depending on tumor morphology surgical approaches include posterior
decompression, posterior decompression with stabilization and fusion, posterior en bloc
or intralesional resection (± stabilization and fusion), posterior en bloc or intralesional
corpectomy (± stabilization and fusion), corpectomy from thoracotomy or
retroperitoneal approach with or without posterior stabilization and fusion [62].
Recently all these approaches were attempted from minimal invasive approaches with
varying success [95]. A detailed description of the surgical techniques is far beyond the
scope of this chapter.
In cases where excessive bone resection must be performed biomechanical
reconstruction of the spinal column is mandatory. This can be achieved by posterior
pedicle screw and rod stabilization, with or without anterior column reconstruction, with
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or without prefabricated or custom made implants [7]. Due to large bone defects,
cytotoxic adjuvant therapy and radiotherapy achieving bony fusion may be challenging
[67]. As the patient may permanently rely on implanted instrumentation to maintain
stability, the fusion rate can be facilitated by the implantation of tricortical iliac crest
strut graft, allograft or vascularized fibula graft.

Figure 10 En bloc resection of a sacral tumor: A. the resected specimen, B. closed-loop
reconstruction of the spino-pelvic junction after tumor resection
After the en bloc resection of a large tumor, one of the greatest difficulties is the
closure of the surgical site. Several reconstructive techniques are used for soft tissue
reconstruction to prevent wound healing complications. Paraspinous muscle, trapezius
muscle, and latissimus dorsi muscle flaps can be used on the thoracic and lumbar spine
[96], vertical rectus abdominis myocutaneous flap and gluteus maximus adipomuscular
flaps can be applied after sacrectomies [97-100].

23

2.6. Neo-adjuvant and adjuvant treatment possibilities
The primary goal of the therapeutic process is curative. In the majority of the
cases this can be reached only by complete surgical excision of the tumor. In addition,
majority of primary spinal tumors are chemo- and radiotherapy resistant. In this setting
the role of adjuvant treatment is still unclear and varies by pathology [62].
In the case of benign tumors, the treatment protocols are well defined. Majority
of them can be treated with good efficiency by surgical intervention (marginal en bloc
resection or intralesional curettage) [67]. Usually after surgery they do not require
adjuvant therapies. There are however some exceptions, like the denosumab treatment
of GCT and the serial embolization of ABC. Although GCT is a benign tumor it may
became locally aggressive, and even can give distant metastases in small number of
cases [50]. The treatment of choice of these lesions is en bloc surgical resection, to
avoid local recurrence [101]. Denosumab is a newly developed monoclonal antibody
which

has

already

been

demonstrated

to

induce

clinical

and

radiographic tumor remission [102]. Although the effectiveness of denosumab was
demonstrated in several clinical studies, the role in the treatment algorithm of GCTs of
the spine has not yet been defined [102, 103]. ABCs are benign but locally aggressive
tumors containing thin walled, blood-filled cystic cavities [101]. Traditionally, ABC
was treated by simple curettage or complete excision. Recurrence rates after curettage
were reported as much as 50% [104]. With en bloc resection recurrence rate can be
minimized, but this treatment possibly exposes the patient to high surgical morbidity
[105]. As ABC is heavily vascularized, embolization of the tumor before surgery is
common. In the Rizzoli Orthopedic Institute, a group of surgeons started to perform
serial embolization of the tumor without surgery [106]. Boriani et al. reported, that
serial embolization can be as effective as surgery, while being less invasive [107].
Treatment options of malignant PSTs should be discussed by a multidisciplinary
team (oncologists, radiologists, radiotherapists and surgeons). They should decide on
the optimal treatment strategy, including chemo-, radiotherapy and the surgical
intervention. The decision depends on the location, extent and biological aggressiveness
of the lesion and it is influenced by the general condition of the patient [29].
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Majority of primary spinal tumors, including chordoma and chondrosarcoma, are
relatively resistant to the conventional radio- or chemotherapy, although radiotherapy
can be used as an adjunctive treatment in case of intralesional surgical resection [61]. In
the case series of York et al. adjuvant radiotherapy tripled the disease-free survival time
in chordomas [32]. Biologically higher radiation doses can be achieved with charged
particle beam radiation therapies (i.e., protons, helium, neon, and carbon ions). Due to
increased effective doses and the lower incidence of side effects, carbon-ion
radiotherapy [108, 109], and proton/photon therapy [110], were reported to have better
results compared with conventional radiotherapy. In contrast to conventional
radiotherapy, where the full dose is delivered to the spine, cauda equina and the
surrounding soft tissues, intensity-modulated radiation therapy (IMRT), stereotactic
radiosurgery and the CyberKnife can deliver a high-dose single fraction to the target
tissue sparing most of the adjacent neural or visceral elements [111-113]. The effect of
the different radiation therapies can be further enhanced by the utilization of
radiosensitizing agents like razoxane [114, 115]. Chemotherapy has never played a
significant role in the treatment of low-grade spinal malignancies. Reports of tumor
responses to regimens, including anthracyclines, cisplatin and alkylating agents, are
only anecdotal [116]. Recently, medical oncologists have pointed out the apparent
sensitivity of chordoma to new molecular-targeted agents like imatinib, cetuximab and
gefitinib [117]. Unfortunately, these novel drugs are only accessible in clinical studies,
and only for patients with unresecteble or metastatic tumors [118]. Chemotherapy is not
effective in chondrosarcoma, however new chemotherapeutic agents like pemetrexed or
sumantinib are currently evaluated [119, 120].
A decade ago the treatment of choice in high-grade primary malignant sacral
tumors, like Ewing sarcoma and osteosarcoma was surgical intervention [121]. Today,
due to the development of novel chemotherapeutic agents the surgical intervention has
become the last step. In a systematic review, Sciubba et al. concluded that in the case of
spinal Ewing sarcoma and osteosarcoma neoadjuvant chemotherapy and multimodality
management offers a significant improvement in local control and long-term survival
[121]. Surgery plus modern multidrug chemotherapy has dramatically increased the 5year disease-free survival rate of osteosarcoma patients to 60-70%, and in the case of
Ewing sarcoma patients to 80% [122, 123]. Although the treatment of choice of Ewing
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sarcoma and osteosarcoma is chemotherapy, even with effective chemotherapy, these
tumors are rarely cured without surgical resection [124, 125].
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2.7. Outcome
Clinical outcome of primary spinal tumor surgeries needs to be evaluated in
three dimensions: surgical outcome (complications), oncological outcome (survival and
local recurrence) and functional outcome (disability, pain, etc). Surgical outcome can be
evaluated in reflection of the intraoperative and postoperative complications which
occur with high incidence in these extended surgeries.
As primary spinal tumor surgery is characterized by complex surgical
techniques, prolonged operating time and severe bleeding, the likelihood of
perioperative complications is high. During the surgery, unplanned nerve root
resections, visceral and vascular perforations may occur and intraoperative death is also
a possible severe complication. In the early postoperative period the development of
different wound or surgical site infections may require additional surgical interventions.
In primary spinal neoplasms, oncological outcome was reported to be associated
with the tumorous involvement of the resection margins several times [40]. En bloc
resection of the tumor with wide margins results in the lowest risk for local recurrence
and systemic spread of the disease, but to achieve it can be very challenging even
impossible in certain cases. In general, functional outcome is the most important for the
patient. Development of any neurologcial deficit (motor-, sensor- and vegetative
disturbance) is strongly determined by the level of the nerve root sacrifice; however,
ambulation ability and local pain is also associated with the stability of the spine as well
as the success of the soft tissue reconstruction. For the evaluation of the neurological
outcome, the modified Biagini scale can be used [27, 126] however the overall
functional outcome is a more complex dimension. So far, no validated measurement
tool for the evaluation of the functional outcome has been published. On the other hand,
the cross-culturally adapted versions of the SOSGOQ (Spine Oncology Study Group
Outcomes Questionnaire) which was originally developed for metastatic spinal lesions
[127], seem to be an optimal tool for the follow-up of the functional outcome after
primary spinal tumor resections too.
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2.8. Prognostic factors in primary spine tumor surgery
Survival analysis is generally defined as a set of statistical methods to analyze
the time (the outcome variable) to the occurrence of an event of interest (such as death
or recurrence of a tumor etc.) [128]. For example, if the event of interest is the local
recurrence, then the “survival time” is time (in months, years) from the start of the
observation (surgery) until the appearance of the local recurrence [129]. In this case the
studied time period is named local recurrence free survival (LRFS). If the event of
interest is death, than the survival period is called overall survival (OS). Survival
analysis requires special techniques because the event of interest does not necessarily
occur for all patients before the end of the study (e.g. some patients are still alive or
tumor free at the end of the study) . This is called censoring; meaning that the
observation period ended without observing the event of interest or the patient is lost to
follow-up. Unlike ordinary regression models, survival methods correctly incorporate
information from both censored and uncensored observations in estimating important
model parameters. The simplest form of survival analysis the Kaplan Meier method is
widely used to estimate and graph survival probabilities as a function of time. It can be
used to obtain univariate descriptive statistics for survival data, including the median
survival time, and compare the survival for two or more groups of subjects. For more
detailed analysis the Cox proportional hazards regression model can be used [131].
This method it allows testing for differences in survival times of two or more groups of
interest, while allowing adjusting for covariates of interest. The Cox regression model
provides useful in interpreting information regarding the relationship of the outcome
variable and different predictors.
The literature about the predictive factors which influence the survival and local
recurrence of the PST patients is scarce. Majority of the published studies (Table 4)
draw conclusions from small retrospective PST case series which result in
underpowered analyses [4, 20]. Furthermore, these studies use only the Kaplan Maier
test to identify the prognostic factors for OS or LRFS.
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Table 4 Literature review on prognostic factors for OS and LRFS of primary spinal
tumors; R: local recurrence, D: death, LRFS: local recurrence free survival, OS:
overall survival, Ch: chordoma, ChS: chondrosarcoma, OST: osteosarcoma, ES :
Ewing sarcoma, SS : synovial sarcoma, MPNST: malignant peripheral nerve sheathe
tumor, MFH : malignant fibrous histiocytoma, GCT: giant cell tumor, PCNA :
proliferating cell nuclear antigen expression, bFGF: basic fibroblast growth factor,

2015

2015

2014

2013

2013

2010

2010

2010

2010

2009

2005

2001

2000

1999

1999

1993

KM: Kaplan Maier analysis, COX: Proportional hazards model
Author

Type

N#

R

D

Stat.

Prognostic factors

Samson
et al.
Cheng
et al.
York
et al.
Bergh
et al.

Ch

21

13

11

KM

LRFS: age (marginally significant)

Ch

23

13

11

KM

Ch

27

18

15

KM

LRFS: High sacral localization, age
OS: High sacral localization
LRFS: surgical margins, lack of radiotherapy

Ch

39

17

16

COX

Bergh
et al.

ChS

69

17

26

COX

Fuchs
et al.
Yang
et al.

Ch

52

23

19

KM

Ch

22

8

-

KM

Stacchiotti
et al.
Ruggieri
et al.
Cheng
et al.
Zhou
et al.

Ch

138

69

82

COX

Ch

56

24

19

KM

Ch

36

16

6

COX

Ch

37

25

12

COX

Cho
et al.

Ch, ChS
OST, ES
SS, MFH
MPNST
GCT

29

23

16

KM

102

38

7

COX

ChS

98

42

32

COX

MPNST

43

22

22

COX

Ch

153

51

42

COX

Xu
et al.
Yin
et al.
Wang
et al.

Meng
et al.
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LRFS: Invasive diagnostic procedure outside
tumor center, surgical margins and tumor
necrosis
OS: Larger tumor size and surgical margins
LRFS: surgical margins, primary treatment
outside tumor center
OS: Tumor grade
LRFS: surgical margins
OS: age, marginal or intralesional excision
LRFS: surgical margins
OS: higher tumor location and higher expressions
of PCNA and bFGF
LRFS: surgical margins
OS: larger tumor size
LRFS: surgical margins, previous intralesional
surgery
LRFS: muscle invasion, surgical margins
LRFS: surgical margins, multiple vertebral levels
OS: upper cervical spine, multiple vertebral
levels
OS: distant metastasis

LRFS: age >40 year, subtotal resection, lack of
bisphosphonate treatment
LRFS: surgical margins
OS: tumor grade, surgical margins
LRFS: osteolytic destruction, tumor grade, S100,
SMA, CD57 biomarkers
OS: osteolytic destruction, tumor grade, S100,
Ki67 biomarkers
LRFS: dediferentaited chordoma, level, surgical
margin, Frankel scores A-C
OS: surgical margins, Karnofsky score <80

The exceptions are the publications from the SEER database (Table 5) which are based
on large retrospective datasets [6, 13, 21-23]. However, they have also some limitations
like the heterogeneity of the data, the inconsistent or not reported treatment methods and
the lack of a rigorous follow up. Several publications tried to identify prognostic factors,
but the majority of these studies are statistically underpowered.
Table 5 Population based studies from the SEER registry; LR: local recurrence, D:
death, LRFS: local recurrence free survival, OS: overall survival, Ch: chordoma, ChS:
chondrosarcoma, OS: osteosarcoma, ES: Ewing sarcoma, KM: Kaplan Maier analysis,

2012

2012

2011

2011

2009

COX: Proportional hazards model
Author

Type

N#

LR

D

Stat.

Prognostic factors

Jawad
et al.

Ch

962

-

577 (10y)

COX

OS: lack of surgery, age >59 year,
tumor size > 8cm

McGirt
et al.

Ch
ChS
OS

114

-

-

COX

OS: sacral localization, more recent
year of diagnosis, age and increasing
extent of tumor invasion

Mukherjee

1892

1116

KM

et al.

Ch
ChS
OS
ES

OS:
tumor
periosteum

827

401

KM

OS: non-surgical therapy

Mukherjee

Ch
ChS
OS
ES
Ch

409

199

COX

OS: non-Hispanic race, low socioeconomic status, large tumor, nonsurgical treatment

et al.
Lee
et al.
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invasion

beyond

3. Objectives
As seen in the previous chapter surgical therapy of PSTs is the only curative
treatment option. However, en bloc surgical resection has a high morbidity and
mortality rate. Thus appropriate patient selection is essential, only those patients should
undergo extensive surgeries who clearly would benefit from it. This setting is
complicated by the rarity and heterogeneity of PSTs, thus studying them is difficult.
The purpose of the present thesis is to investigate the possible effects of several
clinical parameters on survival and local recurrence in a large institutional cohort of
PST patients, and subsequently in a multicenter cohort of surgically treated sacral
chordoma patients.
Our objectives were:
1. To investigate the demographics of a large single institutional cohort of
surgically treated primary spinal tumor patients.
2. To investigate the effect on postoperative survival of several preoperative
clinical parameters in a large single institutional cohort of surgically treated
primary spinal tumor patients
3. To create a prognostic scoring system which can predict the postoperative
survival based on preoperative parameters at primary spinal tumor patients.
4. To investigate the demographics of a large multicenter cohort of surgically
treated sacral chordoma patients.
5. To investigate the effect of several clinical parameters on the postoperative
survival of sacral chordoma patients.
6. To investigate the effect of several clinical parameters on local recurrence of
sacral chordoma patients.
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4. Methods
4.1. Study design
National Center for Spinal Disorders (NCSD), a tertiary care spine referral
center in Hungary for a population of 10 million, is the main oncologic spine surgery
center in Central Europe. In 2007 based on the Spine Oncology Study Group’s (SOSG,
an international panel of spine oncology experts) guidelines an institutional database
was built (containing clinical and outcome data about surgically treated primary spinal
tumor and tumor-like lesion cases). Patient data between 1995 and 2007 was collected
in a retrospective fashion, but from 2007 a prospective data collection of clinical data
was started (Figure 11). The database is regularly updated even today.

Figure 11 Ambispective data collection with cross sectional follow up on vital status.
From 2010 the members of the SOSG continued their work under the umbrella
of AOSpine International Knowledge Forum Tumor. In 2011 they started one of the
first multicenter studies on primary spinal tumors [132]. An ambispective cohort study
was performed by thirteen leading spine oncology referral centers (Figure 12).
Seven centers were from North America (Johns Hopkins University School of
Medicine, Baltimore, USA; University of British Columbia, Vancouver, Canada; MD
Anderson Cancer Center, Houston, USA; University of Toronto, Toronto, Canada;
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Memorial Sloan-Kettering Center, New York, USA; Mayo Clinic, Rochester, USA;
University of California San Francisco, San Francisco, USA), five from Europe
(National Center for Spinal Disorders, Budapest, Hungary; Rizzoli Institute, Bologna,
Italy; Queens Medical Centre, Nottingham, UK; Instituto Ortopedico Galeazzi, Milan,
Italy; Oxford University Hospital NHS Trust, Oxford, UK), and one from Australia
(Princess Alexandra Hospital, Brisbane, Australia).

Figure 12 Thirteen leading spine oncology referral centers: 1 University of British
Columbia 2 University of Toronto; 3 University of California San Francisco; 4 Mayo
Clinic; 5 MD Anderson Cancer Center; 6 Johns Hopkins University; 7 Memorial SloanKettering Center; 8 Queens Medical Centre; 9 Oxford University Hospital NHS Trust;
10 Instituto Ortopedico Galeazzi; 11 Rizzoli Institute; 12 National Center for Spinal
Disorders; 13 Princess Alexandra Hospital
The majority of the data was collected retrospectively, but smaller part was
collected prospectively (ambispective design). To prevent loss to follow-up bias, a
cross-sectional follow-up of the vital status was performed at the end of the study period
(December 2012). Patients met the inclusion criteria if they were diagnosed with a
primary spinal tumor, received a surgical resection, and participated in at least one
clinical follow-up. Patients with a secondary spinal tumor, spinal cord tumor, spinal
lymphoma, or myeloma were not included in the study. Subjects who had only biopsy
or had insufficient clinical data were also excluded. The NCSD contributed with 300
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PST cases to the AOSpine’s Retrospective database (Figure 13). As the two databases
are similar the data transfer had been easily performed.

B.
1195 patients
from the
other centers

300 patients
from the
NCSD

1495
PST patients
1151
Other tumor

344
Chordoma
171
Mobile spine
chordoma

6
patients with
Enneking
grade III
tumors

173
Sacral
chordoma

167
Final cohort
of sacral
chordoma

1182 spinal
tumor
patients with
surgical
intervention
or biopsy in
the NCSD
(1995-2012)

392 primary
spinal tumor
(PST) patients

366 PST
patients with
good data
quality

A.

637
metastasis &
153 myeloma/
lymphoma

26 patients
with
insufficient
dataset

43 PST
patients, with
only biopsy

323 PST until
2012

323 final PST
cohort

Figure 13 Flow-chart for patient selection A. NCSD primary spinal tumor cohort, B.
AOSpine sacral chordoma cohort.
The present thesis is about two analyses, one from the NCSD Primary Spinal
Tumor Database (all cases), and one from the AOSpine Knowledge Forum Tumor
Primary Spinal Tumor Retrospective database (sacral chordoma cases).
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4.2. Data collection
Study data were collected and managed using a secure, web-based application,
the REDCap electronic data capture system [133]. The databases were hosted at the
National Center for Spinal Disorders (the institutional database only) and the AOSpine
International. Data about demographics, baseline patient and tumor characteristics,
surgical treatment, local disease recurrence, morbidity, and cross-sectional survival
were gathered and entered into a database. The studies were approved by the
Ethics Committee of the Hungarian Ministry of Health (49777/2012/EKU; 751/PI/12).

4.2.1. Preoperative data
Preoperative inpatient and outpatient clinical records were used to identify
demographic and clinical data including age, gender, detailed medical history,
preoperative symptoms, presence of pathologic vertebral fractures, and different
neurological signs. Previous tumor surgery was defined as a surgical intervention
beyond biopsy before the surgical resection. Neoadjuvant treatment methods were also
recorded. Motor deficit was assessed according to the Frankel scale. Signs of spinal
cord compression and/or vegetative dysfunction due to cauda equina compression were
also recorded. Results from imaging (CT, MRI, X-Ray, bone scan, PET-CT) and
histological diagnosis were used to determine the localization, the local extension, and
the oncologic stage of the tumor. The staging was performed according to the main
categories of the Enneking surgical staging system if it was applicable [84].

4.2.2. Intraoperative data
Intraoperative surgical data including surgical approach, nerve root and cauda
equina sacrifice, type of resection, type of reconstruction, and the amount of blood loss
were recorded. The parameters for type of resection (wide, marginal, intralesional or
palliative) were determined by the surgeon. The surgeon’s impression about the surgical
margins was validated by the pathologist during the histological analysis. The resections
were also categorized according to the Enneking principles [12]. Tumor volume was
measured on the histopathologic specimens. The height, width, and depth of the tumor
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were recorded, and the volume was calculated using the formula of an ellipsoid mass
(volume=π/6×height×width×depth) [134]. Tumor volume was transformed into a
categorical variable where tumors were grouped as <100 cm3 and ≥100 cm3.

4.2.3. Postoperative data
Follow-up data were obtained by direct examination of the patient and by
performing the required imaging modalities. Follow-up data included any early and late
postoperative complications, adjuvant radiation and chemotherapy, local recurrence,
any further surgeries for complications or recurrence, and current vital status.
Postoperative complications were considered “early” if they occurred within six weeks
after surgery and “late” if they occurred more than six weeks postoperative.
At the end of the study period, a cross-sectional follow-up of the vital status was
performed in the form of an outpatient visit, telephone interview or accessing
governmental vital statistic databases, if necessary.
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4.3. Data analysis and statistics
Statistical analyses were performed using SPSS 20.0, Statsoft Statistica 10 and
STATA 12.0 software. Demographic data was analyzed by descriptive and none
parametric statistics. Survival analysis (Kaplan-Meier method, Mantel-Cox log-rank
test, univariate and multivariate Cox proportional hazards regression) was used to
identify the prognostic factors for OS and LRFS. In the regression analyses, significant
prognostic variables were identified when p ≤ 0.05.

4.3.1. Primary Spinal Tumor Mortality Score: development of a prognostic
scoring system for survival at PST patients.
Patients were divided into a training cohort (n = 273) and a validation cohort
(n = 50) using a randomization procedure. Factors prognostic for poor survival were
identified in the training cohort and combined into a scoring system, which was
validated in the validation cohort (Figure 14/green). The Kaplan-Meier method (K-M)
was used to estimate the primary outcome of interest, the overall survival. Survival was
defined as the length of time from the spine tumor surgery to death [130]. Observations
were censored when the patient was alive at the time of last clinical follow-up (Figure
14/blue).
Based on relevant literature (as described in section 1.8), thirteen pre-operative
variables were identified from the REDCap database (age, gender, previous tumor
surgery, pain, pathologic fracture, motor deficit, sings of spinal cord and cauda equina
compression, time elapsed from first symptoms to the surgery, spinal level, tumor
grade, tumor invasion, tumor volume). First we assessed the predictive proprieties of
each variable with standard Kaplan-Maier method (K-M). Univariate association of
each pre-operative variable with overall survival was determined using Cox
proportional hazards regression [128]. All variables with at least a marginally
significant effect on survival (p<0.1) were selected for the multivariate proportional
hazards regression modeling. Variables were entered into the model in a backward
stepwise fashion where the significance of the individual variables, and the model were
determined by likelihood Chi2 statistics. The significant predictors (p<0.05) in the
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multivariate model, were used to introduce a clinically applicable scoring system [135].
Then, a score was calculated for each patient based on the total number and weight of
prognostic factors present. In the K-M analysis, differences between subgroups were
assessed using the Mantel-Cox log-rank test and a p-value less than 0.05 was considered
statistically significant. Two cut points of the total score were selected in order to
partition the population into three groups: low-, medium- and high mortality patients.

323 PST
patients
included into
the study
214 Alive

79 Endpoint
(Died)

244 Censored
(Alive at last
follow up)

19 Died
(unknown time
of death)

11 Unknown
current status
Randomization

273
Tranining
cohort

50
Validation
cohort

Figure 14 Flowchart for patient selection. Survival analysis (blue): the outcome of
interest was overall survival; observations were censored when the patient was alive at
the time of last clinical follow-up. Randomization of the patients into a training and a
validation cohort (green).
The performance of the prediction model was assessed by the concordance
statistic for discriminative ability (c-index) and a pseudo R-squared goodness-of-ﬁt
measure (𝑅𝑁2 ) [136]. The generalized Nagelkerke 𝑅𝑁2 is a measure of the explained
variation of survival time reflecting on the goodness of fit of the Cox model. 𝑅𝑁2 ranges
from 0 to 1, with a value closer to 1 indicating that a greater proportion of variance is
accounted for by the model. The concordance c estimates the probability that a patient
with a lower prognostic score will outlive a patient with a higher score. The c-index is
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the generalization of the area under the receiver operating characteristic curve (AUC)
with c=0.5 for random prediction, and c=1 for perfect discrimination. In this analysis we
used the vital status data updated by the cross sectional follow-up at the end of the study
period. Two internal validation techniques were applied [17]. In a first step the
bootstrap method was used in the validation cohort, by sampling with replacement for
200 iterations. In a second step we assessed the performance of the scoring system,
including discrimination and goodness of fit calculation in the validation set.

4.3.2. Prognostic variables for local recurrence and overall survival at
surgically treated sacral chordoma patients
Ten variables were identified from the AOSpine Primary Spinal Tumor
Retrospective database with previously published clinical relevance: age, previous
surgery, motor deficit, presence of cauda syndrome, tumor volume, adjuvant therapy,
pathology, reconstruction, nerve root sacrifice, and tumor recurrence.
The Kaplan-Meier method (K-M) was used to estimate overall survival and the
local recurrence. Local recurrence free survival was defined as the length of time from
the spine tumor surgery to the diagnosis of the first local recurrence. The analysis was
restricted to events that occurred within the first ten years to adjust for patients who
recently were diagnosed and had shorter follow-up times. Similarly, overall survival
was defined as the length of time from the spine tumor surgery to death. Observations
were censored when the patient was tumor free (LRFS analysis) or was alive (OS
analysis) at the time of last clinical follow-up. The effect of individual variables on local
recurrence and overall survival was evaluated by assessing K-M curves with log-rank
tests. To test for significance, select continuous and categorical variables were recategorized. Variables with at least a marginally significant effect on survival (p<0.1)
were selected for the multivariate proportional hazards regression modeling.
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5. Results
5.1. Primary Spinal Tumor Mortality Score: development of a
prognostic scoring system for survival at PST patients.

5.1.1. Demographic data and clinical characteristics
Table 6 shows the demographic and clinical characteristics of the 323 patients.
The male/female ratio was 162/161 with a mean age of 44.53 years (range: 6-86) in our
cohort. Fifty-seven patients (17.6%) had at least one previous spinal tumor surgery in
another institution, and presented in the NCSD with a LR.
Table 6 Demographic data of the study cohort
Variables
Gender; F/M, N
Age; years, mean (SD)
Previous tumor surgery; N (%)
Time to surgery; months, mean (SD)
Tumor related spinal pain; N (%)
Pathologic fracture; N (%)
E
D
Motor deficit (Frankel);
C
N (%)
B
A
Symptomatic spinal cord compression; N (%)
Vegetative dysfunction due to cauda compression; N (%)
Cervical spine
Thoracic spine
Spinal region; N (%)
Lumbar spine
Sacrum
Benign
Malignant I - Low grade
Tumor grade; N (%)
Malignant II - High grade
Malignant III -Metastasis
Confined
Tumor invasion; N (%)
Invasive
Tumor volume; cc, median (SD)
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All patients (N=323)
162/161
44.53 (19.6)
57 (17.6)
22.3 (33.9)
274 (84.8)
49 (15.2)
211 (65.3)
65 (20.1)
41 (12.7)
4 (1.2)
2 (0.6)
33 (10.2)
10 (3.1)
18 (5.6)
90 (27.9)
99 (30.6)
116 (35.9)
197 (71)
75 (23.2)
43 (13.3)
8 (2.5)
149 (46.1)
174 (53.9)
9.36 (635.2)

The majority of the previous surgeries were intralesional resections. In 71 (22%)
cases a diagnostic biopsy was performed which was followed in all cases by surgery. In
the rest of the cases (252 cases; 78%), the tumor was resected without previous biopsy
(the radiologic feature of the tumor was specific eg. chordoma) or an excisional biopsy
was performed. The median time from the onset of symptoms to surgery was 8.7
months (range: 0-253 months). The majority of the patients (83%) had tumor related
spinal pain at the time of the diagnosis.
Presence of motor deficit and pathological fracture were also relatively common
(34.7% and 15.2% respectively). Serious neurological deterioration was relatively rare;
33 patients had sings of spinal cord compression, 10 patients had vegetative dysfunction
due to compression of cauda equina. Furthermore, four patients were diagnosed as
Frankel B stage and two Frankel A stage before the surgery.
There were 18 cervical, 90 thoracic, 99 lumbar and 116 sacral tumors. The
majority of the tumors (53.9%) showed extracompartmental spreading. The median
tumor volume was 9.36 cm3 (range: 1-6 240 cm3).
The majority of the tumor histotypes (197 cases) were benign; including tumorlike lesions. Malignant tumors made up 39% of the cohort (126 cases). Chordoma was
the most common malignant tumor type, followed by chondrosarcoma and Ewing’s
sarcoma (Table 7).
Table 8 shows the surgical details of the 323 resections. The mean OR time was
175 minute (range 25-600 minutes). In 35 cases the tumor was staged; in 32 cases was
carried out in two procedures, and in three cases in three separate surgeries. In the
majority of the cases (83%) the tumor was removed in posterior only approach. In 5%
of the interventions the tumor was resected from anterior approach, and in 12% of the
cases a combined ventro-dorsal approach was needed. The surgical margins obtained
during surgery are characterized by the surgeon as wide, marginal or intralesional. Wide
resections were observed in 121 cases (38%), marginal resections in 26 cases (8%) and
intralesional resections in 176 cases (54%). The final adequateness of the surgical
resection is defined by the pathologist. In contrast with the surgeons’ opinion the final
margins were wide in 115 cases (36%), marginal in 31 cases (9%) and intralesional in
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177 cases (55%). The difference between the surgeon and the pathologist opinion is not
significant (Chi2: 0,594, df=2, p=0,743). The majority of the intralesional resections
(110 cases) were performed in benign cases, and the majority of the malignant cases
were treated by wide resections. Consequently, the Enneking appropriateness of the
resections was Enneking appropriate in 229 cases (71%), and Enneking inappropriate in
94 cases (29%).
Table 7 PST histological diagnoses
Benign tumors* N =197 N (%)
Schwannoma
45 (13.9)
Hemangioma
26 (8.0)
Osteochondroma
19 (5.9)
Osteoblastoma
18 (5.6)
Giant cell tumor
17 (5.3)
Meningioma
16 (4.9)
Osteoid osteoma
12 (3.7)
Fibrous dysplasia
10 (3.1)
Aneurysmal bone cyst
9 (2.7)
Chondromyxoid fibroma 4 (1.2)
Neurofibromatosis
3 (0.9)
Eosinophilic granuloma
3 (0.9)
Desmoid tumor
3 (0.9)
Other benign tumors
12 (3.7)
Other benign tumors:
Echinococcal cyst, Neurofibroma,
Ependymoma, Chondroma,
Myxopapillaryependymoma,
Enchondroma, Neurothekeoma, Simple
bone cyst, Spinal paraganglioma

Malignant tumors N=126
Chordoma
Chondrosarcoma
Ewing’s sarcoma / PNET
Osteosarcoma
Myxofibrosarcoma
Synovial sarcoma
Fibrosarcoma
Hemangiopericytoma
Other malignant tumors

N (%)
61 (18.9)
26 (8.0)
16 (4.9)
5 (1.5)
3 (0.9)
3 (0.9)
3 (0.9)
3 (0.9)
6 (1.8)

Other malignant tumors:
Schwannoma, Leiomyosarcoma,
Myxoidliposarcoma, Anaplastic
ependymoma, Myofibrosarcoma

*including tumor-like lesions

In 21% of the cases the resection was so wide that partial or complete vertebral
replacement was needed (cement, titanium, PEEK or carbon implant), and in 40%
dorsal stabilization with transpedicular instrumentation was inevitable. The median
blood loss during surgery was 750 ml (range 50-14 000 ml). In the case of benign
tumors the blood loss was significantly lower (p<0.05). The median operative and
postoperative transfusion was 4 units (range: 0-22) of packed red blood cells (PRBC).
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Table 8 Surgical characteristics
Variables
OR time, minutes; mean (min-max)
Surgical approach; N (%)

Surgical margin (surgeon); N (%)

Surgical margin (pathologist); N (%)

Enneking resection type; N (%)

Anterior
Posterior
Combined
Wide
Marginal
Intralesional
Wide
Marginal
Intralesional
EA
EI

Stabilization; N (%)
Vertebral replacement; N (%)
Blood loss, ml;
Transfusion, PRBC; median (min-max)

All patients (N=323)
175 (25-600)
16 (5%)
269 (83%)
38 (12%)
121 (38%)
26 (8%)
176 (54%)
115 (36%)
31 (10%)
177 (55%)
229 (71%)
94 (29%)
130 (40%)
68 (21%)
750 (50-14 000)
4 (0-22)

Table 9 shows the follow up characteristics of the patients. The median length of
hospital stay was 13 days (range 4-322 days). Postoperatively 15% of the patients had
early and 28% of the patients had late complications. Early complications were dural
tear, vascular injury, high bleeding, hematoma and neurologic deficit. The most
frequent late complication was superficial and deep wound infection (42 cases; 13%).
This was followed by fecal and urinary deficit (25 cases; 8%), and some level of
neurologic deficit (25 cases; 8%). Twenty-six patients (8%) received chemotherapy, and
38 patients (12%) received radiotherapy after surgery as adjuvant treatment. During the
follow up period 76 patients developed local recurrence (24%).
At the end of the study period 79 patients reached the endpoint (died and the
time of death was known), and 244 patients were censored (patients loss to follow-up or
alive). The loss to follow-up was 9.2%, eleven patients had unknown current vital
status, and nineteen subjects died but the exact date of death was not known. Two
hundred and fourteen patients (66.3%) were alive at the end of the study period (Figure
14). There was no statistical difference in the distribution of initial characteristics in the
training and the validation cohorts.
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Table 9 The follow up details of the 323 PST patients
All patients
(N=323)

Variables
Length of hospital stay, day; min-max
(median)
Early complications (perioperative); N (%)
Late complications; N (%)

3-322 (13)

Chemotherapy
Radiotherapy

Adjuvant therapy; N (%)
Local recurrence; N (%)

Alive
Died
Unknown

Current status; N (%)

49 (15%)
90 (28%)
26 (8%)
38 (12%)
76 (24%)
214 (66%)
79 (24%)
30 (10%)

5.1.2. Study design and variable selection
An important objective of the study was the development of a scoring system,
valid in booth benign and malignant primary spinal tumors, which can predict based
solely on preoperative variables the post-surgery survival of the patients. In first step we
divided randomly the 323 PSR patients into a training (n = 273) and a validation cohort
(n = 50). The preoperative factors were tested in the training cohort and combined into a
scoring system, which was validated in the validation cohort.
The thirteen pre-operative variables identified were: age, gender, previous tumor
surgery, pain, pathologic fracture, motor deficit, symptomatic spinal cord or cauda
equina compression, time elapsed from first symptoms to the surgery, spinal level,
tumor grade, tumor invasion, and tumor volume. First we assessed the predictive
proprieties of each variable with standard Kaplan-Maier method (K-M). Based on the
resulting K-M curves and on additional goodness of fit calculations (Nagelkerke’s R2,
𝑅𝑁2 ) the continuous and ordinal variables were (re)categorized to perform a clinically
relevant statistical approach (Table 10). Age was transformed into two age groups; (1)
less than 55 years old and (2) subjects 55 years and older. Significantly worse survival
was associated with sacral lesions, thus we differentiated between tumors in (1) the
mobile spine and (2) the sacrum in further analyses. Motor deficit was re-coded as a
bivariate variable distinguishing (1) the intact motorium (Frankel E) from (2) paresis
(Frankel D-A). Sings of spinal cord compression and vegetative dysfunction due to
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cauda equina compression were aggregated into a single variable (Symptomatic spinal
cord or cauda equina compression: SSCCC). Tumor dignity, grade and presence of
distant metastasis were combined into the “tumor grade” variable with the following
categories: benign, low grade malignant, high grade malignant and distant metastasis.
Table 10 Analysis of the (re)categorized study parameters. Degrees of freedom (df),
Chi2-value, level of significance (p) and estimated explained variance (R2) of the Cox
proportional hazards regression analyses on the overall survival are presented.
Variable

Categories

df

Chi2

p

R2

Age

Continuous

1

20.0

<0.001

0.281

(1)<55,(2)≥55

1

19.5

<0.001

0.258

(1)<30, (2)30-65, (3)≥65

2

17.5

<0.001

0.242

(1)cranial,

3

3.9

0.047

0.062

(1)mobile, (2)sacral

1

8.2

0.004

0.115

(1)E, (2)D, (3)C, (4)B, (5)A

4

17.0

<0.001

0.195

(1)E, (2)D-A

1

15.9

<0.001

0.216

Localization

(2)thoracic,

(3)lumbar, (4)sacral

Motor deficit
(Frankel)

5.1.3. Survival analysis
In the univariate analyses, age, tumor grade, spinal region, tumor related motor
deficit, SSCCC, tumor invasion and previous tumor surgery were significantly
associated with decreased overall survival (p<0.05; Table 11). Tumor related spinal pain
was only trending toward association with poor survival (p=0.057). Each variable
demonstrating an association with survival in univariate analysis except tumor invasion
and previous surgery remained in the final multivariate model associated with the
survival (Table 12). The six variables influencing the multivariate model of decreased
survival were age, spinal region, tumor grade, spinal pain, motor deficit and severe
neurology. The final model was strongly significant (Chi2=133.63, df=8, p<0.001) with
a high explained variance of overall survival (𝑅𝑁2 =0.79).
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Table 11 Results of the univariate Cox regression analyses. Parameter estimate (B) and
its standard error (SE), level of significance (p), Chi2-value, degrees of freedom (df)
Hazard Ratio (HR), its 95% Confidence Interval (CI) and estimated explained variance
(R2) are presented. Bold numbers indicate significant univariate associations. SSCCC:
symptomatic spinal cord or cauda equina compression.
Variables

B (SE)

Chi2

df

p

HR

95% CI

R2

Tumor grade

1.15 (0.14)

72.69

3

<0.001

3.17

2.43-4.13

0.638

Age

1.11 (0.25)

19.53

1

<0.001

3.03

1.85-4.95

0.258

Motor deficit

0.98 (0.25)

15.85

1

<0.001

2.70

1.65-4.41

0.216

Spinal pain

0.98 (0.52)

3.61

1

0.057

2.67

0.97-7.35

0.072

Tumor invasion

0.98 (0.28)

12.34

1

<0.001

2.65

1.54-4.58

0.191

Previous surgery

0.93 (0.28)

11.34

1

0.001

2.53

1.47-4.34

0.140

SSCCC

0.87 (0.29)

8.60

1

0.003

2.38

1.33-4.26

0.106

Spinal region

0.72 (0.25)

8.16

1

0.004

2.05

1.25-3.35

0.115

Pathologic fracture

0.24 (0.32)

0.59

1

0.157

1.50

0.85-2.64

0.028

Gender

0.01 (0.24)

0.00

1

0.996

1.00

0.61-1.62

<0.001

0.00 (0.003)

0.75

1

0.349

1.00

0.99-1.01

0.013

0.00 (0.00)

1.13

1

0.287

1.00

1.00-1.00

0.014

Time to surgery
3

Volume (cm )

Table 12 Result of the multivariate Cox regression analysis. Parameter estimate (B)
and its standard error (SE), Chi2-value, degrees of freedom (df) Hazard Ratio (HR) and
its 95% Confidence Interval (CI) as well as level of significance for parameter effect
(pparameter) and for change of the model if the parameter is removed (pmodel) are
presented. Bold numbers indicate the variables of the final multivariate model.
Variables

B (SE)

Chi2

df

pparameter

pmodel

HR

95% CI

Tumor grade

1.21 (0.18)

54.91

3

<0.001

<0.001

3.25

2.38-4.44

SSCCC

1.10 (0.32)

11.57

1

0.001

0.001

2.99

1.59-5.62

Spinal pain

0.96 (0.52)

3.39

1

0.066

0.037

2.61

0.94-7.27

Age

0.89 (0.25)

12.47

1

<0.001

<0.001

2.45

1.49-4.03

Motor deficit

0.64 (0.27)

5.74

1

0.017

0.019

1.89

1.12-3.18

Spinal region

0.58 (0.27)

4.61

1

0.032

0.028

1.79

1.05-3.04

Previous surgery

0.28 (0.31)

0.84

1

0.35

0.436

1.33

0.72-2.45

Tumor invasion

0.25 (0.36)

0.48

1

0.48

0.411

0.77

0.38-1.5
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5.1.4. Prognostic score development
Using the variables that have significant independent effect on overall survival
(age, spinal region, tumor grade, spinal pain, motor deficit and severe neurology), a
cumulative scoring system was created (Table 13). Age ‘<55 years’ or ‘≥55 years’ was
weighted as 0 or 1 point, respectively. Sacral localization was assigned the score of 1.
The four subcategories of tumor grade (‘benign’, ‘low grade malignant’, ‘high grade
malignant’ and ‘distant metastasis’) were assigned 0, 1, 2 and 3 points respectively.
Presence of ‘spinal pain’, ‘motor deficit’ and ‘SSCCC’ was considered as 1 point for
each.
Table 13 Primary Spinal Tumor Mortality Score (PSTMS)
Variable
AGE
SPINAL
REGION

TUMOR GRADE

SPINAL PAIN
MOTOR
DEFICIT
SSCCC

Score
< 55 years

0

≥ 55 years

1

Mobile spine

0

Sacrum

1

Benign

0

Low grade malignant

1

High grade malignant

2

Distant metastasis

3

No

0

Yes

1

No (Frankel E)

0

Mild or severe deficit (Frankel D-A)

1

No

0

Yes

1

TOTAL SCORE:

0-2

3-4

5-8

MORTALITY:

Low

Medium

High
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Primary Spinal Tumor Mortality Score (PSTMS) was calculated for each study
subject by summing the scores of the items. Thus, the total PSTMS ranged between 0
and 8 according to the clinical severity of the condition. For example, a 20-year-old
patient with lumbar osteoblastoma without pain and neurological deficit scores 0 points
on the scale; while a 70-year-old subject with sacral chondrosarcoma and pulmonary
metastasis having pain, lower extremity paresis and signs of cauda syndrome is assigned
a score of 8. The association of the PSTMS total score with the overall survival was
analyzed in Cox regression model (Figure 15/A).

Figure 15 Kaplan Maier curves of the PSTMS: A. The individual scores, B. The
mortality categories.
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The PSTMS total score was strongly significant with the survival (Chi2=86.90,
df=6, p<0.001), and the explained variance (𝑅𝑁2 ) was 0.79 in this model. Based on the
K-M curves we defined two cut points of PSTMS total score, and patients were
classified into three mortality categories. Low-, medium- and high mortality PSTMS
categories were defined as patients with PSTMS total score of 0-2, 3-4 and 5-8,
respectively (Figure 15/B).

Figure 16 ROC curve of the PSTMS scores
The low-, medium and high mortality subgroups consisted of 139, 102 and 32
subjects. The three PSTMS categories were significantly associated with the overall
survival in the Cox model (Chi2=96.58, df=2, p<0.001, HR= 7.25 with 4.88-10.76 95%
CI) where the 𝑅𝑁2 was 0.81. The K-M estimated survival in the low-, medium- and high
mortality prognostic categories were 99%, 84%, 24% at two years and 96%, 73%, 10%
at five years. The c-index of the PSTMS categories was determined by the
generalization of the AUC (Figure 16). The c-index was 0.82 with 0.77-0.88 95% CI
(p<0.001). The distribution of the PSTMS items among the three PSTMS categories is
shown in Table 14.
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Table 14 Distribution of patients in the three mortality categories according to the
PSTMS subscales. The cells of the contingency table show number of patients.
Variable

AGE

TUMOR GRADE

MOTOR DEFICIT
SSCCC
TUMOR RELATED
SPINAL PAIN
LOCALISATION

Mortality
Low

Medium

High

< 55 years
≥ 55 years

146
23

58
62

11
23

Benign
Malignant – Low grade
Malignant – High grade
Malignant – Metastasis
No (Frankel E)
Mild or severe deficit
(Frankel D-A)
No
Yes
No
Yes
Mobile spine
Sacrum

155
13
1
0
148
21

42
52
24
2
59
61

0
10
18
6
4
30

159
10
36
133
141
28

101
19
13
107
62
58

30
4
0
34
11
23

5.1.5. Internal validation of the PSTMS
Bootstrapping method was used to internally validate the effect of PSTMS
categories on survival the training cohort (Table 15). The association of medium and
high mortality categories with decreased survival remained strongly significant after the
bootstrapping

process

(p=0.005).

The

performance

of

the

scoring

system

(discrimination and the R2 goodness of fit test) was similarly good in the validation
cohort. The c-index was 0.81 (0.77-0.88 95% CI, p<0.001) and the 𝑅𝑁2 was 0.83 for the
PSTMS categories in the validation dataset (Figure 17).
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Table 15 Result of the bootstrapping process on the final Cox model concerning the
effect of the three PMTS categories on overall survival. Reference category was the
‘Low mortality’ group. *Bootstrap results are based on 200 bootstrap sample.
B

Bias

Std. Error

p

95% CI of B

Medium mortality

2.25

0.08

0.51

0.005

1.57-3.61

High mortality

4.08

0.11

0.55

0.005

3.14-5.43

Bootstrapping*

Figure 17 ROC curve of the PSTMS scores in the validation cohort.
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5.2. Prognostic variables for local recurrence and overall survival at
surgically treated sacral chordoma patients

5.2.1. Demographics
Between December 1985 and May 2012, a total of 1,495 primary spinal tumors
were treated and the data was entered in the AOSpine Tumor Knowledge Forum
Primary Spinal Tumor database. Three hundred and forty-four patients had a chordoma
and 173 patients received surgical treatment for a primary chordoma localized in the
sacrum. Six patients who had Enneking Grade III (metastases) tumors were excluded
from the study. Table 16 shows the demographic characteristics of the final cohort (167
patients).
Table 16 Demographic and clinical characteristics of 167 patients diagnosed with a
primary sacral chordoma
Variables
Female
Male
<65
≥65

Gender; N (%)
Age at Surgery (years); N (%)

Tumor Pain; N (%)
Previous Spine Tumor Operation; N (%)
Pathologic Fracture; N (%)
Preoperative Motor Deficit: Frankel C or D
Score; N (%)
E
Cauda Equina Syndrome; N (%)

All patients
(N=167)
69 (41)
98 (59)
115 (69)
52 (31)
152 (96)
15 (9)
7 (4)
37 (24)
116 (76)
41 (27)

The male/female ratio was 98/69 with a mean age of 57 ± 15 years at the time of
surgery (range: 18-89). The majority of patients (n=152; 96%) presented with tumor
related spinal pain at the time of the diagnosis. Presence of motor deficit (Frankel C and
D) was also relatively common (n=37; 24%), and serious neurological deterioration was
also a frequent symptom, where 41 (27%) patients had cauda equina syndrome. Fifteen
(9%) patients had at least one previous spinal tumor surgery.
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Sixty-three (38%) patients had chordomas with only sacral involvement, 89
(54%) patients had sacrococcygeal chordomas, nine (6%) patients had a sacral tumor
involving the lumbar spine, and three (2%) patients had only coccygeal chordomas
(Table 17). The majority of the tumors (n=128; 79%) were Enneking Ib tumors
(conventional and chondroid chordoma), and only 30 (19%) tumors were Enneking IIb
tumors (dedifferentiated chordoma). Only four (2%) patients had a relatively small size
tumor, that was confined only to the sacrum (two patients Enneking Ia and two IIa
tumors). The mean tumor volume was 588.1 ± 1,423.1 cm3 (range: 0.8-14 137 cm3).
Table 17 Sacral chordoma characteristics
Variables
Involved Spinal
Column; N (%)

Enneking
Classification; N (%)
Tumor Volume (cm3);
N (%)

All patients (N=167)
Sacrum+Lumbar spine
Sacrum alone
Sacrum+Coccyx
Coccyx alone
Ia
Ib
IIa
IIb
< 100
≥ 100

9 (6)
63 (38)
89 (54)
3 (2)
2 (1)
128 (79)
2 (1)
30 (19)
49 (34)
97 (66)

The majority of tumors (n=125; 76%) were removed from a posterior only
approach, 38 (23%) from a combined anterior/posterior approach, and only two (1%)
were managed from only approach (Table 18). In 125 (82%) patients, the sacrifice of
one or more nerve roots was necessary during the tumor resection; in 10 (7%) patients,
the whole cauda equina was resected. The mean blood loss was 2,646 ± 3 613.5 ml
(range: 100-22 000 ml). Spinopelvic reconstruction was necessary in 7% of the cases.
The surgeon rated the intervention as marginal or wide in 131 (86%) patients, and as
intralesional in 21 (14%) patients. The final pathologist rated specimen was widely or
marginally resected in 129 (81%) patients and intralesionally resected in 30 (19%)
patients.

The difference between the two ratings was not significant (p=0.34,

Chi2=0.907, df=1). Based on Enneking principles 129 (81%) patients had EA resection
and 30 (19%) patients had EI resection. Thirty-nine (23%) patients received adjuvant
chemotherapy, conventional radiotherapy, carbon beam irradiation, or a combination.
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Table 18 Details of treatment and outcome in primary sacral chordoma patients
Variables
Surgical Approach; N (%)

Anterior

All patients (N=167)
2 (1)

Posterior

125 (76)

Combined

38 (23)
125 (82)

Nerve Roots Sacrificed; N (%)
Cauda Equina Sacrificed; N (%)

10 (7)

Reconstruction; N (%)

11 (7)
2,646 (100-22,000)

Perioperative Blood Loss (ml);
mean (min-max)
Surgeon’s Postoperative

Wide or marginal

131 (86)

Assessment of Surgery; N (%)

Intralesional or palliative

21 (14)

Pathologist’s Impression of

Wide or marginal (EA)

129 (81)

Surgery; N (%)

Intralesional (EI)

30 (19)

Adjuvant Therapy; N (%)

39 (23)

Local Recurrence; N (%)

57 (35)

Survival; N (%)

Alive

117 (70)

Dead

50 (30)

The average follow-up of the patients was 3.2 years (range: 5 days – 16.2 years).
The local recurrence rate after surgery was 35% (57 patients). The majority of the
patients (n=106; 63%) were alive with no evidence of local or systemic disease at last
clinical follow-up (Table 19).
Twenty-six (15%) patients were alive with evidence of local disease only, 11 (6%)
patients with systemic disease only, and 9 (5%) patients with both local and systemic
disease. Nine patients died due to propagation of the disease or due to disease related
complications. The cause of death for six patients was possibly unrelated to the sacral
chordoma. The cross-sectional follow-up revealed that after the last clinical follow-up,
35 additional patients died from different causes.
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Table 19 Vital and oncologic status of patients at last clinical follow-up and the crosssectional follow-up
Last Clinical follow-up
Status
Alive with no evidence of local or
systemic disease
Alive with evidence of local disease
but no systemic disease
Alive with evidence of systemic
disease but no local disease
Alive with evidence of systemic and
local disease
Died from disease with evidence of
local disease at time of death
Died from disease without evidence
of local disease at time of death
Died of unrelated cause without
evidence of local or systemic disease
at time of death

9

Cross-sectional
follow-up
Vital status
Alive
Dead
Alive
Dead
Alive
Dead
Dead

N
98
8
12
14
7
4
9

5

-

-

4

-

-

6

-

-

N
106
26
11

5.2.2. Variable selection
Ten variables (age, previous surgery, motor deficit, presence of cauda syndrome,
tumor volume, adjuvant therapy, pathology, reconstruction, nerve root sacrifice, and
tumor recurrence) were assessed with univariate and then multivariate Cox regression
modeling. The outcome of interest were LRFS and OS.

5.2.3 Local recurrence analysis
Fifty-seven (35%) patients had local recurrence after surgery. The median LRFS
was 4 years (Figure 18). In the univariate analyses, previous tumor surgery at the same
site (p=0.002), type of resection (p<0.001), and tumor volume (p=0.030), were
significantly associated with local recurrence (Table 20). When these three variables
were combined in a multivariate model, previous surgery and type of resection were
significantly related to LR (p=0.048, HR=2.05, CI 95%=1.00-4.18 and p=0.009,
HR=2.43, CI95%=1.25-4.73, respectively). Undergoing a previous spine tumor
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operation and having an intralesional resection are associated with an increased risk of
local recurrence.

Figure 18 Kaplan Maier curve of LRFS
Table 20 Univariate and multivariate Cox regression of LRFS
Local Recurrence analysis

Univariate
p

Age at Surgery (≥ 65 years)
Previous Spine Tumor Surgery
Preoperative Motor Deficit: Frankel score
(C or D)
Cauda Equina Syndrome
Tumor Volume (≥ 100 cm3)
Adjuvant Therapy
Pathologists Impression of Surgery (IL)
Reconstruction
Nerve Root Sacrificed

0.847
0.002

Multivariate
Hazard Ratio
p
(95% CI)
0.048 2.05 (1.00-4.18)

0.271
0.146
0.030
0.144
< 0.001
0.977
0.184
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0.106 1.85 (0.87-3.93)
0.009 1.85 (0.87-3.93)

5.2.4 Survival analysis
By the end of the study period, 50 (30%) patients died and 117 (70%) patients
were alive. The median OS was 6 years (Figure 19). In the univariate analyses, age at
surgery (p<0.001) and motor deficit (p=0.003) were significantly associated with
overall survival (Table 21). The nerve root sacrifice was only trending towards
significance (p=0.088). When these three variables were combined in a multivariate
model, age and motor deficit remained significantly associated with OS (p=0.039,
HR=1.02, CI95%=1.00-1.04 and p=0.002, HR=0.83, CI95%=1.46-5.48, respectively).
Increasing age and a motor deficit of Frankel C or D were associated with a poor overall
survival.

Figure 19 Kaplan Maier curve of OS
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Table 21 Univariate and multivariate Cox regression of OS
Local Recurrence analysis

Univariate
p

Age at Surgery (≥ 65 years)

< 0.001

Previous Spine Tumor Surgery

Multivariate
Hazard Ratio
p
(95% CI)
0.039 1.02 (1.00-1.04)

0.137

Preoperative Motor Deficit: Frankel
score (C or D)
Cauda Equina Syndrome

0.003

0.002

2.83 (1.46-5.48)

0.076

0.52 (0.25-1.06)

0.527

Tumor Volume (≥ 100 cm3)

0.138

Adjuvant Therapy

0.549

Pathologists Impression of Surgery (IL)

0.7

Reconstruction

0.492

Nerve Root Sacrificed

0.088

Recurrence

0.347
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6. Discussion
6.1. Primary Spinal Tumor Mortality Score: development of a
prognostic scoring system for survival at PST patients.
As PSTs are rare and have a heterogeneous histological distribution, they are
difficult to study [51]. Because of their rarity, there are only a few studies that attempt
to identify factors associated with poor survival.
Our analysis of 323 patients with PSTs assessed the effect of several preoperative variables on survival. From all variables analyzed, age, spinal region, tumor
grade, spinal pain, motor deficit, and symptomatic spinal cord or cauda equina
compression were independently associated with poor survival in the final multivariate
model. Based on these six variables, a simple scoring system was developed using
methods previously described in the literature [135, 136].
The oncologic staging proposed by Enneking defines the biological behavior of
primary musculoskeletal tumors from the surgical point-of-view [84]. After Boriani et
al. applied the principles of the Enneking system to the spine, it had been widely used in
surgical planning of PSTs [86]. Fiorenza et al., studying 153 patients with nonmetastatic chondrosarcoma, identified the histological grade as a negative prognostic
factor for survival [137]. In our findings, a high grade was the most powerful prognostic
factor for mortality. In the univariate Cox model, tumor grade explained 63.8% of the
variation of the survival time. The explained variance could be increased to 79.9% with
the entry of the five other independent prognostic factors into the multivariate model.
In the current cohort, patients over 55 years of age had an increased risk of mortality.
Older age is a significant negative factor for survival in several tumor conditions [138].
Bergh et al. evaluated 69 patients with pelvic, sacral, and spinal chondrosarcomas, and
found that older age was associated with decreased survival [139]. Similarly, McGirt et
al. revealed from the SEER registry that increasing age is associated with poor survival
in chordoma, chondrosarcoma and osteosarcoma patients [13].
Sacral localization was another negative risk factor in our study. This was also
found in the report of Ozaki et al., where the analysis of twenty-two osteosarcoma
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patients revealed that sacral localization yielded a lower overall survival [5]. McGirt et
al. reported the same association for sacral chordoma patients [13].
The present study showed that tumor-related pain at the time of diagnosis was
also independently associated with poor survival. Spinal pain has not been identified as
a prognostic factor in other PST analyses; however, in the case of spinal metastases
tumor related mechanical pain can be prognostic factor for tumor related spinal
instability (SINS score), thus indirectly can influence the management of the patient
[18, 19]. Pointillart et al., in their analysis on 142 consecutive patients with vertebral
metastases, found that spinal tumor related pain is an independent prognostic factor for
survival [140]. In the majority of their cases there was an immediate and prolonged
improvement in pain, neurological deficit, function and quality of life among patients
who underwent operative intervention. In a similar study on 165 patients with vertebral
metastases Hosono et al. found that patients without tumor-related pain or paresis had
better prognosis [141].
Tokuhashi et al. reported the severity of spinal cord injury as an important factor
of poor prognosis in patients with secondary spinal tumors [142]. Accordingly, we
identified the Frankel stage below E as a negative prognostic factor in the multivariate
analysis. In addition, in our analysis patients with additional symptoms due to spinal
cord or cauda equine compression had worse prognosis.
The clinically-applicable scoring system (PSTMS) and its three mortality
categories were strongly associated with the overall survival in our study. Based on the
𝑅𝑁2 and the c-index, we may conclude that PSTMS can accurately predict the postoperative survival in PTS patients. These findings were confirmed by the internal
validation steps. To our knowledge, our model is the first to be developed for the
estimation of survival in all types of surgically-treated PSTs. Recently, McGirt et al.
have developed a scoring system to predict the mortality in three groups of primary
malignant spinal tumors [13]. They identified three variables independently associated
with decreased survival in spinal chordoma, chondrosarcoma and osteosarcoma
patients: age, extent of local tumor invasion, and metastasis. Applying their scoring
system to our patient population we found a significant association with survival
(Chi2=69.22, df=4, p<0.001). However, the predictive power of this model was lower
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than for our scoring system (𝑅𝑁2 =0.48 and the c-index was 0.74). This can be explained
by the different methodology of the two studies. The main limitation of the study by
McGirt et al. is that their study was based on the SEER database, which does not
contain many preoperative clinical variables, and the rate of patients with missing data
was quite high.
The strength of our scoring system is that it can be used on all PSTs. This is a
desirable feature, because a patient with a benign tumor can have a similarly poor
prognosis as a patient with a malignant lesion. This can be explained by the contribution
of other patient-related factors, such as older age, sacral localization, spinal pain, motor
deficit and other severe neurologic symptoms. We developed a simple scoring system
(PSTMS) with three mortality categories based on the outcome of the multivariable Cox
model, which gives the possibility of transferring the results of our research into
everyday clinical practice.
Nevertheless, our study has several possible limitations. We did not assess other
patient-related features, like concurrent diseases. We also omitted the effect of the
surgery itself on survival, as we wanted to build a scoring system based solely on preoperative variables. Another limitation of the study is that the analysis was based on a
partially retrospective dataset. To eliminate bias coming from insufficient retrospective
data (due to old paper-based charts), we excluded all subjects with missing data.
Finally, the lack of external validation of the PSTMS can be also considered as a
limitation. To overcome this shortcoming, we have performed a two-step internal
validation process applying a bootstrapping procedure to guard against over-optimism
first [136] and testing the prediction capability of PSTMS in a random validation cohort
second. However, the prospective application of PSTMS in different patient populations
would generate desirable tests of the model. In a further stage, the decision making
process in management of primary spinal tumors should be completed with the
evaluation of the intraoperative parameters and the consideration of the postoperative
quality of life as well as cost-benefit issues. Due to the special field, this type of
scientific data can be collected only from multicenter prospective cohort studies with
long term follow up.
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6.2. Prognostic variables for local recurrence and overall survival at
surgically treated sacral chordoma patients
Sacral chordomas are rare and thus difficult to manage and study. We report, to
our knowledge, the largest multicentric ambispective cohort study of surgically treated
sacral chordomas. Our survival analysis of 167 patients with sacral chordoma assessed
the effect of several variables both on LRFS and OS. The results from Kaplan-Meier
and log rank analyses were first evaluated to identify variables for multivariate Cox
modeling. The multivariate model showed that Enneking appropriate surgery (en bloc
resection with wide or marginal margins based on the pathology data) does improve the
local recurrence free survival. Another interesting finding was the negative effect of
previous surgery on local recurrence. Furthermore, age and motor deficit (Frankel or
ASIA score of C or D) were independently associated with poor survival.
The postoperative LR and the mortality can be influenced by several factors
(Table 4). Several publications tried to identify prognostic factors, but the majority of
these studies are statistically underpowered. In contrast, this study uses a large
population based multicentric database and statistical modeling to identify prognostic
factors. The first study which used survival analysis to assess the effect of different
factors on LRFS in 21 surgically treated sacral chordomas was published by Samson et
al. in 1993 [38]. The authors used univariate Cox regression analysis and found old age
to have an impact on LR, but only showing a trend towards significance. Cheng et al.
reviewing their 31 year experience with sacral chordoma resection had similar findings,
old age and higher sacral localization with or without lumbar involvement were
independently associated with high LR [3]. In our analysis old age had a negative
impact only on OS. In 1999, York et al. reported a survival analysis of 27 surgically
treated sacral chordoma cases [32]. They assessed only the LRFS, which was negatively
influenced in the univariate survival analysis by subtotal tumor resection and by the lack
of radiotherapy after surgery. One year later in 2000, Bergh et al. analyzed 39
consecutive patients, and found that inadequate surgical margins have a negative impact
on LRFS and on disease specific survival [4]. In the case-series of Fuchs et al., the
authors reported that surgical margins were the most important predictor of OS and
LRFS [11].
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In 2010, Ruggieri et al. analyzing their institutional experience with sacral
chordoma resection (56 patients during 30-year practice) found that surgical margins
and previous intralesional surgery had a negative impact on LRFS [37]. The inadequate
surgical margin and the previous surgery was a prognostic factor for LRFS in our
multivariate model. This indicates that EA resection reduces local recurrence. In the
group of patients who underwent EI resection, the occurrence of LR was higher 64%
versus the 29% of cases where the EA resection was feasible (p<0.001, Chi2=12.383,
df=1). This difference was not significant in the term of survival (Table 22).
Table 22 Prevalence of LR and mortality in the EA and EI groups;*chi-squared test
Local Recurrence

Survival

Yes

No

Dead

Alive

EA

29%

71%

28%

72%

EI

64%

36%

43%

57%

p-value*

<0.001

0.099

McGirt et al. published the only population based study until now, which
assessed surgically treated chordoma patients (67 sacral chordoma and 47 mobile spine
chordoma patients). They revealed from the SEER registry that increasing age,
increasing extent invasion, more recent year of surgery and sacral localization is
associated with poor survival in chordoma [13]. In the publications of Bergh and
McGirt large tumor size was a prognostic factor of poor survival. In our analysis it was
significant only in the univariate model (p=0.03).
In the primary spinal tumor literature there is no reference on the preoperative
neurological deficit as a prognostic factor of mortality. However Tokuhashi et al.
reported the severity of spinal cord injury as an important factor of poor prognosis in
patients with secondary spinal tumors [16]. In sacral chordomas neurological deficit is
rare and is limited mainly to the L5, S1 nerve roots. In the most severe cases the whole
cauda equina can be affected. In our analysis the presence of cauda equina syndrome
was not a prognostic factor. In contrast we identified that Frankel or ASIA score below
E as a negative prognostic factor for survival in the multivariate analysis. Another
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interesting observation is that patients with postoperative neurologic deficit due to
planed nerve root sacrifice have poorer survival. However, this prognostic factor was
significant only in the univariate analysis. Patients with neurologic deficit usually have
an impaired quality of life (QOL) which was suggested to shorten the survival [31].
In the majority of these publications, old age and inadequate surgical margins
were a common prognostic factor for OS and LRFS. However, a common drawback in
interpreting their results is that they used the simplest form of survival analysis (KaplanMeier and log-rank analysis) based on statistically underpowered studies and
retrospective limitations. Only McGirt et al. used multivariate Cox regression modeling
- which is the gold standard in survival analysis - to identify the possible prognostic
factors associated with OS. The problem with this population based study is that it
lacked granularity due to its registry design, specifically around surgical details and
pathology. In our multivariate Cox models, the number of events per variable was 19.5
and 16.7 in LFRS and OS analyses, respectively, which is superior than the literature
recommendation [143].
Despite an ambispective design and dedicated, detailed data collection our study
has numerous limitations. The major limitation is with respect to follow-up. Based on
best available literature the current 5 and 10-year survival for chordomas is 72% and
48% [52]. The follow up in our study therefore is too short to specifically deal with the
issue of OS. It is not unreasonable from a theoretical perspective however that if local
recurrence occurs, the overall survival is likely reduced; only longer term follow-up
data of this question will answer this question. Similarly, the follow-up is probably a
little early for local recurrence, but the results of statistical significance of EA and
decreased LR are probably very robust. Furthermore, the fact that the analysis was
based on a retrospective review of prospective data constitutes a limitation. To
overcome this, we performed a cross-sectional follow-up of the vital status at the end of
the study period. The final limitations are around the error and variability in surgical
and pathology impressions, one difficult to control for with rare conditions and a multicenter design. Multicenter collection has been initiated.
Due to the intensive research in oncology, the therapeutic strategies in the
management of primary spinal tumors are changing. On one hand the proton and carbon
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beam therapies are showing promising effect in the cases of otherwise radioresistant
solid tumors (chordoma and chondrosarcoma). On the other hand, in the past years
some molecular pathways and possible target molecules were identified (eg. brachyury
in the case of chordoma), which can lead in the near future to the development of novel
therapeutic agents. Until then, regardless of its morbidity the surgical intervention is the
treatment of choice in PSTs. To improve the surgical decision making, and to better
understand the positive and negative effects of surgery prospective multicenter studies
are needed - incorporating health related QOL assessment; but the results of this study
would suggest that surgeons treating sacral chordomas strongly adhere to Enneking
Appropriate surgical margins to minimize the risk of local recurrence and its miserable,
relentless sequelae.
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7. Conclusions
7.1. Principal results
Although surgical therapy is the only curative treatment option in most PST
types, en bloc surgical resection has a high morbidity and mortality rate. In this setting
appropriate patient selection is essential, only those patients should undergo extensive
surgeries who clearly would benefit from it. But due to the rarity of the PSTs it is hard
to create evidence based guidelines. In the past the treatment strategies were shaped
only by expert opinions [9]. Due to the collaborative work of these experts, it was
possible to create a large multicentre study which agglomerates multiple large
institutional PST patient data. One of these institutions is the National Center for Spinal
Disorders from Budapest, Hungary which is a tertiary referral center for complex spinal
pathologies. In fact, NCSD is the largest surgical spine oncology center from Central
Europe. Between 1995 and 2013 323 PST patients were treated surgically in the NCSD.
This large single institutional cohort has the advantage that all surgeries were performed
following the same principles. From 2007 the clinical data of all patients are collected
prospectively in the institutional PST database. This permitted the seamless integration
of the NCSD database in the AOSpine multicentric retrospective PST database.
Both the large institutional cohort and the AOSpine multicentric database permit
the investigation of different factors, which can lead to clinically relevant findings. The
two most important and interrelated outcome factors are the post-surgery survival and
the local recurrence. Knowing those preoperative factors, which decrease the
postoperative survival and LRFS, would give the surgeon the possibility to select the
most appropriate treatment method. Furthermore, would give the patient the possibility
to make an informed decision about the surgical intervention. The primary purpose of
the present thesis is to identify these preoperative clinical parameters in a large
institutional cohort of PST patients, and subsequently in a multicenter cohort of
surgically treated sacral chordoma patients. Subsequently the demographic description
of booth cohorts leads to useful insights about the affected patient population.
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7.1.1. Primary Spinal Tumor Mortality Score: development of a prognostic
scoring system for survival at PST patients.
Analyzing the National Center for Spinal Disorders PST cohort we can state that
the majority of the PSTs were benign tumors (61%), schwannoma, hemangioma and
osteochondroma being the most frequent benign tumor types. The benign tumor cases
were very heterogeneous, being comprised by 22 different tumor hystotypes. The
occurrence of malignant PSTs was less frequent (39%), chordoma being the most
frequent malignant PST case (19%). The male/female ratio was roughly 50% in the
cohort. The mean age of the patents was 44.53 years with a range between 6 and 86
years. Fifty-seven patients (17.6%) had at least one previous spinal tumor surgery in
another institution. The median time from the onset of symptoms to surgery was 8.7
months (range: 0-253 months). The majority of the patients (83%) had tumor related
spinal pain at the time of the diagnosis. Presence of motor deficit and pathological
fracture were also relatively common (34.7% and 15.2% respectively). Serious
neurological deterioration was relatively rare; 33 patients had sings of spinal cord
compression, 10 patients had vegetative dysfunction due to cauda equina syndrome.
There were 18 cervical, 90 thoracic, 99 lumbar and 116 sacral tumors. The majority of
the tumors (53.9%) showed extracompartmental spreading. The median tumor volume
was 9.36 cm3 (range: 1-6 240 cm3).
We selected these 12 known preoperative variables to assess their effect on
postoperative survival. To achieve this, we used advanced statistical modeling including
Kaplan-Meier method, Mantel-Cox log-rank test, univariate and multivariate Cox
proportional hazards regression.
From the six significant variables from the multivariate Cox regression (age,
spinal region, tumor grade, spinal pain, motor deficit and SSCCC we built a prognostic
scoring system which predicts the postoperative survival based solely on preoperative
parameters. The scoring system was built on a training cohort and internally validated
on a validation cohort, using bootstrapping, goodness of fit test and the c-index.
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7.1.2. Prognostic variables for local recurrence and overall survival at
surgically treated sacral chordoma patients
The international sacral chordoma cohort consisted from 173 sacral chordoma
cases. The male/female ratio was 98/69 with a mean age of 57 years at the time of
surgery (range: 18-89). The majority of patients (96%) presented with tumor related
spinal pain at the time of the diagnosis. Presence of motor deficit (Frankel C and D) was
also relatively common (37%), and serious neurological deterioration was also a
frequent symptom, where 41 (27%) patients had cauda equina syndrome. Fifteen (9%)
patients had at least one previous spinal tumor surgery. The majority of the tumors
(79%) were Enneking Ib, and only 19% were Enneking IIb tumors. The mean tumor
volume was 588.1 cm3 (range: 0.8-14,137 cm3). In 125 (82%) patients, the sacrifice of
one or more nerve roots was necessary during the tumor resection; in 10 (7%) patients,
the whole cauda equina was resected. Spinopelvic reconstruction was necessary in 7%
of the cases. The specimen was widely or marginally resected in 129 (81%) patients and
intralesionally resected in 30 (19%) patients. Twenty-three percent of the patients
received adjuvant chemotherapy, conventional radiotherapy, carbon beam irradiation, or
a combination. The local recurrence rate after surgery was 35%.
The effect of these ten variables (age, previous surgery, motor deficit, presence
of cauda syndrome, tumor volume, adjuvant therapy, pathology, reconstruction, nerve
root sacrifice, and tumor recurrence) were assessed on LRFS and OS with univariate
and then multivariate Cox regression modeling.
Our major finding was that undergoing a previous spine tumor operation and
having an intralesional resection are associated with an increased risk of local
recurrence. Furthermore, increasing age and a motor deficit of Frankel C or D were
associated with a poor overall survival.
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7.2. Future directions
Both analyses, from the NCSD PST cohort and from the AOSpine sacral
chordoma cohort permit meaningful conclusions. Nevertheless, both analyses have
several limitations. The major limitation of the studies is that the analyses are based on
a partially retrospective dataset. This is followed by other issues like the omission of
other patient-related features, like concurrent diseases. We also omitted the effect of the
surgery itself on survival in the NCSD analysis. The major limitation in the AOSpine
analysis is the lack long term follow-up. Based on best available literature the current 5
and 10-year survival for chordomas is 72% and 48%, therefore the follow up in our
study is too short to specifically deal with the issue of LRFS and OS.
These limitations can only be addressed in a long-term prospective multicentric
study where all kind of clinical data can be collected systematically. The AOSpine
Knowledge Forum Tumor had started to lay down the fundamentals of a similar
multicentric prospective PST study. The ultimate goal would be the incorporation of
molecular biomarkers in the PST prognostic studies and subsequently in the PSTMS.
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8. Summary
Although surgical therapy is the only curative treatment option in most PST
types, en bloc surgical resection has a high morbidity and mortality rate. Knowing those
preoperative factors, which decrease the postoperative survival and LRFS, would give
the surgeon the possibility to select the most appropriate treatment method. The primary
purpose of the present thesis is to identify these clinical parameters in a large
institutional cohort of PST patients (323 PST patients), and in a multicenter cohort of
surgically treated sacral chordoma patients (173 sacral chordoma patients). We selected
13 known preoperative variables (gender, previous tumor surgery, pain, pathologic
fracture, motor deficit, severe neurology, time elapsed from first symptoms to the
surgery, spinal level, tumor grade, tumor invasion, and tumor volume) from the NCSD
PST database to assess their effect on postoperative survival. To achieve this, we used
advanced statistical modeling including K-M method, log-rank test, univariate and
multivariate Cox proportional hazards regression. From the six significant variables
from the multivariate Cox regression (age, spinal region, tumor grade, spinal pain,
motor deficit and symptomatic spinal cord or cauda equina compression) we built a
prognostic scoring system which predicts the postoperative survival based solely on
preoperative parameters. The scoring system was built on a training cohort and
internally validated on a validation cohort, using bootstrapping, goodness of fit test and
the c-index. From the AOSpine retrospective multicentric database we examined the
effect of ten variables (age, previous surgery, motor deficit, presence of cauda
syndrome, tumor volume, adjuvant therapy, pathology, reconstruction, nerve root
sacrifice, and tumor recurrence) on LRFS and OS among sacral chordoma patients. Our
major finding was that undergoing a previous spine tumor operation and having an
intralesional resection are associated with an increased risk of local recurrence.
Furthermore, increasing age and a motor deficit of Frankel C or D were associated with
a poor overall survival. The findings of the present study should be validated in a longterm prospective multicentric study.
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9. Összefoglaló
Amellett, hogy a sebészi terápia jelenti az egyetlen kuratív kezelési lehetőséget a
PST-k többségében, az en bloc sebészi technikának a morbiditása és mortalitása magas.
Azon

preoperatív

faktoroknak

az

ismerete,

amik

hozzájárulnak

a

lokális

recidívaképzősédhez és a túlélés csökkenéséhez elősegítheti a sebészt a megfelelő
kezelési terv kiválasztásához. Jelen tézis fő célkitűzése ezen klinikai paramétereknek az
azonosítása egy nagy elemszámú intézeti betegkohort (323 PST beteg) és egy
multicentrikus sebészileg kezelt sacrum chordoma betegcsoport (173 beteg).
Tizenhárom ismert preoperatív változót azonosítottunk (életkor, nem, elöző
gerincdaganat műtét, fájdalom, pathológiás törés, motoros deficit, SSCCC, a tünetektől
a műtétig eltelt idő, elhelyezkedés, tumor malignitási foka, tumor nagysága, tumor
invázió) az OGK primer gerincdaganat adatbázisóból és a túlélésre való hatásukat
vizsgáltuk. Ennek elérésére haladó statisztikai módszertant használtunk beleértve a K-M
módszert, a log-rank analízist, egyváltozós és többváltozós Cox regressziós modelleket.
A többváltozós Cox regressziós modellben hat változó (életkor, a tumor malignitási
foka, a tumor elhelyezkedése, a motoros deficit jelenléte, SSCCC és a fájdalom)
befolyásolta negatív irányba a túlélést. Ezekből egy prognosztikai pontrendszert
építettünk, ami előre jelzi a postoperatív túlélést. A pontrendszert egy teszt kohorton
alakítottuk ki, majd egy validációs kohorton vizsgáltuk a belső validitását
bootstrapping, goodness of fit teszt és a c-index statisztikai próbák felhasználásával. Az
AOSpine multicentrikus retrospektív adatbázisából tíz változó (életkor, előző
gerincműtét, motoros deficit, vegetatív diszfunkció, daganat nagysága, adjuváns terápia,
a rezectio radikalitása, implantátum használat, és műtét során ideg elemek feláldozása
és lokális recidíva) hatását vizsgáltuk a lokális recidívaképzősédre és a túlélésre a már
említett egyváltozós és többváltozós Cox regressziós modellezés felhasználásával. A
többváltozós Cox regresszió alapján az előző sacrum chordoma műtét és az
intralézionális rezekció növelte a lokális recidíva képződés esélyét. Továbbá az
előrehalad életkor és a preoperatív motoros deficit megléte csökkentette a postoperatív
túlélé esélyét. Jelen vizsgálatok eredményeit egy prospektív multicentrikus primer
gerincdaganat kohorton tervezzük validálni.

71

10. Bibliography

1.

Sundaresan N, Boriani S, Okuno S. (2009) State of the art management in spine
oncology: a worldwide perspective on its evolution, current state, and future.
Spine (Phila Pa 1976). 34: S7-20.

2.

Zhu L, McManus MM, Hughes DP. (2013) Understanding the Biology of Bone
Sarcoma from Early Initiating Events through Late Events in Metastasis and
Disease Progression. Front Oncol. 3: 230.

3.

Cheng EY, Ozerdemoglu RA, Transfeldt EE, Thompson RC, Jr. (1999)
Lumbosacral chordoma. Prognostic factors and treatment. Spine (Phila Pa
1976). 24: 1639-1645.

4.

Bergh P, Kindblom LG, Gunterberg B, Remotti F, Ryd W, Meis-Kindblom JM.
(2000) Prognostic factors in chordoma of the sacrum and mobile spine: a study
of 39 patients. Cancer. 88: 2122-2134.

5.

Ozaki T, Flege S, Liljenqvist U, Hillmann A, Delling G, Salzer-Kuntschik M,
Jurgens H, Kotz R, Winkelmann W, Bielack SS. (2002) Osteosarcoma of the
spine: experience of the Cooperative Osteosarcoma Study Group. Cancer. 94:
1069-1077.

6.

Mukherjee D, Chaichana KL, Parker SL, Gokaslan ZL, McGirt MJ. (2013)
Association of surgical resection and survival in patients with malignant primary
osseous spinal neoplasms from the Surveillance, Epidemiology, and End Results
(SEER) database. Eur Spine J. 22: 1375-1382.

7.

Fisher CG, Keynan O, Boyd MC, Dvorak MF. (2005) The surgical management
of primary tumorsof the spine: initial results of an ongoing prospective cohort
study. Spine (Phila Pa 1976). 30: 1899-1908.

8.

Sundaresan N, Rosen G, Boriani S. (2009) Primary malignant tumors of the
spine. Orthop Clin North Am. 40: 21-36.

9.

Fisher CG, Andersson GB, Weinstein JN. (2009) Spine focus issue. Summary of
management recommendations in spine oncology. Spine (Phila Pa 1976). 34:
S2-6.

72

10.

Boriani S, Bandiera S, Donthineni R, Amendola L, Cappuccio M, De Iure F,
Gasbarrini A. (2010) Morbidity of en bloc resections in the spine. Eur Spine J.
19: 231-241.

11.

Fuchs B, Dickey ID, Yaszemski MJ, Inwards CY, Sim FH. (2005) Operative
management of sacral chordoma. J Bone Joint Surg Am. 87: 2211-2216.

12.

Fisher CG, Saravanja DD, Dvorak MF, Rampersaud YR, Clarkson PW, Hurlbert
J, Fox R, Zhang H, Lewis S, Riaz S, Ferguson PC, Boyd MC. (2011) Surgical
management of primary bone tumors of the spine: validation of an approach to
enhance cure and reduce local recurrence. Spine (Phila Pa 1976). 36: 830-836.

13.

McGirt MJ, Gokaslan ZL, Chaichana KL. (2011) Preoperative grading scale to
predict survival in patients undergoing resection of malignant primary osseous
spinal neoplasms. Spine J. 11: 190-196.

14.

Knaus WA, Zimmerman JE, Wagner DP, Draper EA, Lawrence DE. (1981)
APACHE-acute physiology and chronic health evaluation: a physiologically
based classification system. Crit Care Med. 9: 591-597.

15.

Tomita K, Kawahara N, Kobayashi T, Yoshida A, Murakami H, Akamaru T.
(2001) Surgical strategy for spinal metastases. Spine (Phila Pa 1976). 26: 298306.

16.

Tokuhashi Y, Matsuzaki H, Toriyama S, Kawano H, Ohsaka S. (1990) Scoring
system for the preoperative evaluation of metastatic spine tumor prognosis.
Spine (Phila Pa 1976). 15: 1110-1113.

17.

Balain B, Jaiswal A, Trivedi JM, Eisenstein SM, Kuiper JH, Jaffray DC. (2013)
The Oswestry Risk Index: an aid in the treatment of metastatic disease of the
spine. Bone Joint J. 95-B: 210-216.

18.

Fisher CG, DiPaola CP, Ryken TC, Bilsky MH, Shaffrey CI, Berven SH, Harrop
JS, Fehlings MG, Boriani S, Chou D, Schmidt MH, Polly DW, Biagini R, Burch
S, Dekutoski MB, Ganju A, Gerszten PC, Gokaslan ZL, Groff MW, Liebsch NJ,
Mendel E, Okuno SH, Patel S, Rhines LD, Rose PS, Sciubba DM, Sundaresan
N, Tomita K, Varga PP, Vialle LR, Vrionis FD, Yamada Y, Fourney DR. (2010)
A novel classification system for spinal instability in neoplastic disease: an
evidence-based approach and expert consensus from the Spine Oncology Study
Group. Spine (Phila Pa 1976). 35: E1221-1229.

73

19.

Fourney DR, Frangou EM, Ryken TC, Dipaola CP, Shaffrey CI, Berven SH,
Bilsky MH, Harrop JS, Fehlings MG, Boriani S, Chou D, Schmidt MH, Polly
DW, Biagini R, Burch S, Dekutoski MB, Ganju A, Gerszten PC, Gokaslan ZL,
Groff MW, Liebsch NJ, Mendel E, Okuno SH, Patel S, Rhines LD, Rose PS,
Sciubba DM, Sundaresan N, Tomita K, Varga PP, Vialle LR, Vrionis FD,
Yamada Y, Fisher CG. (2011) Spinal instability neoplastic score: an analysis of
reliability and validity from the spine oncology study group. J Clin Oncol. 29:
3072-3077.

20.

Schoenfeld AJ, Hornicek FJ, Pedlow FX, Kobayashi W, Raskin KA, Springfield
D, DeLaney TF, Nielsen GP, Mankin HJ, Schwab JH. (2012) Chondrosarcoma
of the mobile spine: a review of 21 cases treated at a single center. Spine (Phila
Pa 1976). 37: 119-126.

21.

Lee J, Bhatia NN, Hoang BH, Ziogas A, Zell JA. (2012) Analysis of prognostic
factors for patients with chordoma with use of the California Cancer Registry. J
Bone Joint Surg Am. 94: 356-363.

22.

Mukherjee D, Chaichana KL, Adogwa O, Gokaslan Z, Aaronson O, Cheng JS,
McGirt MJ. (2011) Association of extent of local tumor invasion and survival in
patients with malignant primary osseous spinal neoplasms from the surveillance,
epidemiology, and end results (SEER) database. World Neurosurg. 76: 580-585.

23.

Mukherjee D, Chaichana KL, Gokaslan ZL, Aaronson O, Cheng JS, McGirt MJ.
(2011) Survival of patients with malignant primary osseous spinal neoplasms:
results from the Surveillance, Epidemiology, and End Results (SEER) database
from 1973 to 2003. J Neurosurg Spine. 14: 143-150.

24.

Walcott BP, Nahed BV, Mohyeldin A, Coumans JV, Kahle KT, Ferreira MJ.
(2012) Chordoma: current concepts, management, and future directions. Lancet
Oncol. 13: e69-76.

25.

Ropper AE, Cahill KS, Hanna JW, McCarthy EF, Gokaslan ZL, Chi JH. (2012)
Primary vertebral tumors: a review of epidemiologic, histological and imaging
findings, part II: locally aggressive and malignant tumors. Neurosurgery. 70:
211-219; discussion 219.

26.

Fourney DR, Gokaslan ZL. (2003) Current management of sacral chordoma.
Neurosurg Focus. 15: E9.

74

27.

Fourney DR, Rhines LD, Hentschel SJ, Skibber JM, Wolinsky JP, Weber KL,
Suki D, Gallia GL, Garonzik I, Gokaslan ZL. (2005) En bloc resection of
primary sacral tumors: classification of surgical approaches and outcome. J
Neurosurg Spine. 3: 111-122.

28.

Hsu W, Kosztowski TA, Zaidi HA, Dorsi M, Gokaslan ZL, Wolinsky JP. (2009)
Multidisciplinary management of primary tumors of the vertebral column. Curr
Treat Options Oncol. 10: 107-125.

29.

Varga PP, Szoverfi Z, Lazary A. (2014) Surgical treatment of primary malignant
tumors of the sacrum. Neurol Res. 36: 577-587.

30.

Ahmed AR. (2009) Safety margins in resection of sacral chordoma: analysis of
18 patients. Arch Orthop Trauma Surg. 129: 483-487.

31.

Hanna SA, Aston WJ, Briggs TW, Cannon SR, Saifuddin A. (2008) Sacral
chordoma: can local recurrence after sacrectomy be predicted? Clin Orthop
Relat Res. 466: 2217-2223.

32.

York JE, Kaczaraj A, Abi-Said D, Fuller GN, Skibber JM, Janjan NA, Gokaslan
ZL. (1999) Sacral chordoma: 40-year experience at a major cancer center.
Neurosurgery. 44: 74-79; discussion 79-80.

33.

Hulen CA, Temple HT, Fox WP, Sama AA, Green BA, Eismont FJ. (2006)
Oncologic and functional outcome following sacrectomy for sacral chordoma. J
Bone Joint Surg Am. 88: 1532-1539.

34.

Atalar H, Selek H, Yildiz Y, Saglik Y. (2006) Management of sacrococcygeal
chordomas. Int Orthop. 30: 514-518.

35.

Baratti D, Gronchi A, Pennacchioli E, Lozza L, Colecchia M, Fiore M,
Santinami M. (2003) Chordoma: natural history and results in 28 patients treated
at a single institution. Ann Surg Oncol. 10: 291-296.

36.

Kayani B, Hanna SA, Sewell MD, Saifuddin A, Molloy S, Briggs TW. (2014) A
review of the surgical management of sacral chordoma. Eur J Surg Oncol.

37.

Ruggieri P, Angelini A, Ussia G, Montalti M, Mercuri M. (2010) Surgical
margins and local control in resection of sacral chordomas. Clin Orthop Relat
Res. 468: 2939-2947.

75

38.

Samson IR, Springfield DS, Suit HD, Mankin HJ. (1993) Operative treatment of
sacrococcygeal chordoma. A review of twenty-one cases. J Bone Joint Surg Am.
75: 1476-1484.

39.

Schwab JH, Healey JH, Rose P, Casas-Ganem J, Boland PJ. (2009) The surgical
management of sacral chordomas. Spine (Phila Pa 1976). 34: 2700-2704.

40.

Boriani S, Saravanja D, Yamada Y, Varga PP, Biagini R, Fisher CG. (2009)
Challenges of local recurrence and cure in low grade malignant tumors of the
spine. Spine (Phila Pa 1976). 34: S48-57.

41.

Venkateswaran L, Rodriguez-Galindo C, Merchant TE, Poquette CA, Rao BN,
Pappo AS. (2001) Primary Ewing tumor of the vertebrae: clinical characteristics,
prognostic factors, and outcome. Med Pediatr Oncol. 37: 30-35.

42.

Dang L, Liu X, Dang G, Jiang L, Wei F, Yu M, Wu F, Liu Z. (2015) Primary
tumors of the spine: a review of clinical features in 438 patients. J Neurooncol.
121: 513-520.

43.

Ropper AE, Cahill KS, Hanna JW, McCarthy EF, Gokaslan ZL, Chi JH. (2011)
Primary vertebral tumors: a review of epidemiologic, histological, and imaging
findings, Part I: benign tumors. Neurosurgery. 69: 1171-1180.

44.

Celli P, Trillo G, Ferrante L. (2005) Spinal extradural schwannoma. J Neurosurg
Spine. 2: 447-456.

45.

Song D, Chen Z, Li Z. (2014) Lumbar intraosseous schwannoma: case report
and review of the literature. Turk Neurosurg. 24: 982-986.

46.

Canbay S, Hasturk AE, Basmaci M, Erten F, Harman F. (2012) Management of
Thoracal and Lumbar Schwannomas Using a Unilateral Approach without
Instability: An Analysis of 15 Cases. Asian Spine J. 6: 43-49.

47.

Orguc S, Arkun R. (2014) Primary tumors of the spine. Semin Musculoskelet
Radiol. 18: 280-299.

48.

Burn SC, Ansorge O, Zeller R, Drake JM. (2009) Management of osteoblastoma
and osteoid osteoma of the spine in childhood. J Neurosurg Pediatr. 4: 434-438.

49.

Barzin M, Maleki I. (2009) Incidence of vertebral hemangioma on spinal
magnetic resonance imaging in Northern Iran. Pak J Biol Sci. 12: 542-544.

76

50.

Boriani S, Bandiera S, Casadei R, Boriani L, Donthineni R, Gasbarrini A,
Pignotti E, Biagini R, Schwab JH. (2012) Giant cell tumor of the mobile spine: a
review of 49 cases. Spine (Phila Pa 1976). 37: E37-45.

51.

Kelley SP, Ashford RU, Rao AS, Dickson RA. (2007) Primary bone tumours of
the spine: a 42-year survey from the Leeds Regional Bone Tumour Registry. Eur
Spine J. 16: 405-409.

52.

Smoll NR, Gautschi OP, Radovanovic I, Schaller K, Weber DC. (2013)
Incidence and relative survival of chordomas: the standardized mortality ratio
and the impact of chordomas on a population. Cancer. 119: 2029-2037.

53.

Giuffrida AY, Burgueno JE, Koniaris LG, Gutierrez JC, Duncan R, Scully SP.
(2009) Chondrosarcoma in the United States (1973 to 2003): an analysis of 2890
cases from the SEER database. J Bone Joint Surg Am. 91: 1063-1072.

54.

Thornton E, Krajewski KM, O'Regan KN, Giardino AA, Jagannathan JP,
Ramaiya N. (2012) Imaging features of primary and secondary malignant
tumours of the sacrum. Br J Radiol. 85: 279-286.

55.

Esiashvili N, Goodman M, Marcus RB, Jr. (2008) Changes in incidence and
survival of Ewing sarcoma patients over the past 3 decades: Surveillance
Epidemiology and End Results data. J Pediatr Hematol Oncol. 30: 425-430.

56.

Manaster BJ, Graham T. (2003) Imaging of sacral tumors. Neurosurg Focus. 15:
E2.

57.

Ilaslan H, Sundaram M, Unni KK, Dekutoski MB. (2004) Primary Ewing's
sarcoma of the vertebral column. Skeletal Radiol. 33: 506-513.

58.

Damron TA, Ward WG, Stewart A. (2007) Osteosarcoma, chondrosarcoma, and
Ewing's sarcoma: National Cancer Data Base Report. Clin Orthop Relat Res.
459: 40-47.

59.

Payer M. (2003) Neurological manifestation of sacral tumors. Neurosurg Focus.
15: E1.

60.

Varga P, Lazáry A, Szövérfi Z. A gerinc és sacrum elsődleges és áttétes
daganatai. In: M. Szendrői, (szerk.), Csont-, ízületi daganatok és daganatszerű
elváltozások. Medicina, Budapest, 2015: 329-353.

77

61.

Sciubba DM, Petteys RJ, Garces-Ambrossi GL, Noggle JC, McGirt MJ,
Wolinsky JP, Witham TF, Gokaslan ZL. (2009) Diagnosis and management of
sacral tumors. J Neurosurg Spine. 10: 244-256.

62.

Kaloostian PE, Zadnik PL, Etame AB, Vrionis FD, Gokaslan ZL, Sciubba DM.
(2014) Surgical management of primary and metastatic spinal tumors. Cancer
Control. 21: 133-139.

63.

Chamberlain MC. (2015) Neoplastic myelopathies. Continuum (Minneap Minn).
21: 132-145.

64.

Bagley CA, Gokaslan ZL. (2004) Cauda equina syndrome caused by primary
and metastatic neoplasms. Neurosurg Focus. 16: e3.

65.

Varga PP, Bors I, Lazary A. (2009) Sacral tumors and management. Orthop Clin
North Am. 40: 105-123.

66.

Bilsky MH, Lis E, Raizer J, Lee H, Boland P. (1999) The diagnosis and
treatment of metastatic spinal tumor. Oncologist. 4: 459-469.

67.

Clarke MJ, Mendel E, Vrionis FD. (2014) Primary spine tumors: diagnosis and
treatment. Cancer Control. 21: 114-123.

68.

Llauger J, Palmer J, Amores S, Bague S, Camins A. (2000) Primary tumors of
the sacrum: diagnostic imaging. AJR Am J Roentgenol. 174: 417-424.

69.

Rossleigh MA, Smith J, Yeh SD. (1986) Scintigraphic features of primary sacral
tumors. J Nucl Med. 27: 627-630.

70.

Gates GF. (1988) SPECT imaging of the lumbosacral spine and pelvis. Clin
Nucl Med. 13: 907-914.

71.

Sandu N, Popperl G, Toubert ME, Spiriev T, Arasho B, Orabi M, Schaller B.
(2011) Current molecular imaging of spinal tumors in clinical practice. Mol
Med. 17: 308-316.

72.

Dupuy DE, Rosenberg AE, Punyaratabandhu T, Tan MH, Mankin HJ. (1998)
Accuracy of CT-guided needle biopsy of musculoskeletal neoplasms. AJR Am J
Roentgenol. 171: 759-762.

73.

Yamazaki T, McLoughlin GS, Patel S, Rhines LD, Fourney DR. (2009)
Feasibility and safety of en bloc resection for primary spine tumors: a systematic
review by the Spine Oncology Study Group. Spine (Phila Pa 1976). 34: S31-38.

78

74.

Clarke MJ, Dasenbrock H, Bydon A, Sciubba DM, McGirt MJ, Hsieh PC,
Yassari R, Gokaslan ZL, Wolinsky JP. (2012) Posterior-only approach for en
bloc sacrectomy: clinical outcomes in 36 consecutive patients. Neurosurgery.
71: 357-364.

75.

Saad RS, Clary KM, Liu Y, Silverman JF, Raab SS. (2004) Fine needle
aspiration biopsy of vertebral lesions. Acta Cytol. 48: 39-46.

76.

Nourbakhsh A, Grady JJ, Garges KJ. (2008) Percutaneous spine biopsy: a metaanalysis. J Bone Joint Surg Am. 90: 1722-1725.

77.

Mankin HJ, Mankin CJ, Simon MA. (1996) The hazards of the biopsy, revisited.
Members of the Musculoskeletal Tumor Society. J Bone Joint Surg Am. 78:
656-663.

78.

Williams R, Foote M, Deverall H. (2012) Strategy in the surgical treatment of
primary spinal tumors. Global Spine J. 2: 249-266.

79.

Lim S, Edelstein AI, Patel AA, Kim BD, Kim JY. (2014) Risk Factors for
Postoperative Infections Following Single Level Lumbar Fusion Surgery. Spine
(Phila Pa 1976). Epub.

80.

Tang H, Zhu J, Ji F, Wang S, Xie Y, Fei H. (2014) Risk factors for postoperative
complication after spinal fusion and instrumentation in degenerative lumbar
scoliosis patients. J Orthop Surg Res. 9: 15.

81.

Campbell PG, Yadla S, Nasser R, Malone J, Maltenfort MG, Ratliff JK. (2012)
Patient

comorbidity

score

predicting

the

incidence

of

perioperative

complications: assessing the impact of comorbidities on complications in spine
surgery. J Neurosurg Spine. 16: 37-43.
82.

Gospodarowicz M, Benedet L, Hutter RV, Fleming I, Henson DE, Sobin LH.
(1998) History and international developments in cancer staging. Cancer Prev
Control. 2: 262-268.

83.

Jawad MU, Scully SP. (2010) In brief: classifications in brief: enneking
classification: benign and malignant tumors of the musculoskeletal system. Clin
Orthop Relat Res. 468: 2000-2002.

84.

Enneking WF, Spanier SS, Goodman MA. (1980) A system for the surgical
staging of musculoskeletal sarcoma. Clin Orthop Relat Res. 106-120.

79

85.

Chan P, Boriani S, Fourney DR, Biagini R, Dekutoski MB, Fehlings MG, Ryken
TC, Gokaslan ZL, Vrionis FD, Harrop JS, Schmidt MH, Vialle LR, Gerszten
PC, Rhines LD, Ondra SL, Pratt SR, Fisher CG. (2009) An assessment of the
reliability of the Enneking and Weinstein-Boriani-Biagini classifications for
staging of primary spinal tumors by the Spine Oncology Study Group. Spine
(Phila Pa 1976). 34: 384-391.

86.

Boriani S, Weinstein JN, Biagini R. (1997) Primary bone tumors of the spine.
Terminology and surgical staging. Spine (Phila Pa 1976). 22: 1036-1044.

87.

Campanacci M, Boriani S, Savini R. (1990) Staging, biopsy, surgical planning
of primary spinal tumors. Chir Organi Mov. 75: 99-103.

88.

Bernstein M, Berger MS. Neuro-oncology: The Essentials. Thieme, New York,
2011:

89.

Dickman CA, Fehlings MG. Spinal Cord and Spinal Column Tumors: Principles
and Practice. Thieme, New York, 2011:

90.

Boriani S, Biagini R, De Iure F, Bertoni F, Malaguti MC, Di Fiore M, Zanoni A.
(1996) En bloc resections of bone tumors of the thoracolumbar spine. A
preliminary report on 29 patients. Spine (Phila Pa 1976). 21: 1927-1931.

91.

Zhang Z, Hua Y, Li G, Sun W, Hu S, Li J, Cai Z. (2010) Preliminary proposal
for surgical classification of sacral tumors. J Neurosurg Spine. 13: 651-658.

92.

Kaloostian PE, Gokaslan ZL. (2014) Surgical management of primary tumors of
the cervical spine: surgical considerations and avoidance of complications.
Neurol Res. 36: 557-565.

93.

Boriani S, Bandiera S, Colangeli S, Ghermandi R, Gasbarrini A. (2014) En bloc
resection of primary tumors of the thoracic spine: indications, planning,
morbidity. Neurol Res. 36: 566-576.

94.

Varga PP, Szoverfi Z, Lazary A. (2014) Surgical resection and reconstruction
after resection of tumors involving the sacropelvic region. Neurol Res. 36: 588596.

95.

Molina CA, Gokaslan ZL, Sciubba DM. (2011) A systematic review of the
current role of minimally invasive spine surgery in the management of
metastatic spine disease. Int J Surg Oncol. 2011: 598148.

80

96.

Chang DW, Friel MT, Youssef AA. (2007) Reconstructive strategies in soft
tissue reconstruction after resection of spinal neoplasms. Spine (Phila Pa 1976).
32: 1101-1106.

97.

Miles WK, Chang DW, Kroll SS, Miller MJ, Langstein HN, Reece GP, Evans
GR, Robb GL. (2000) Reconstruction of large sacral defects following total
sacrectomy. Plast Reconstr Surg. 105: 2387-2394.

98.

Glatt BS, Disa JJ, Mehrara BJ, Pusic AL, Boland P, Cordeiro PG. (2006)
Reconstruction of extensive partial or total sacrectomy defects with a
transabdominal vertical rectus abdominis myocutaneous flap. Ann Plast Surg.
56: 526-530; discussion 530-521.

99.

Garvey PB, Rhines LD, Feng L, Gu X, Butler CE. (2011) Reconstructive
strategies for partial sacrectomy defects based on surgical outcomes. Plast
Reconstr Surg. 127: 190-199.

100.

Dasenbrock HH, Clarke MJ, Bydon A, Witham TF, Sciubba DM, Simmons OP,
Gokaslan ZL, Wolinsky JP. (2011) Reconstruction of extensive defects from
posterior en bloc resection of sacral tumors with human acellular dermal matrix
and gluteus maximus myocutaneous flaps. Neurosurgery. 69: 1240-1247.

101.

Harrop JS, Schmidt MH, Boriani S, Shaffrey CI. (2009) Aggressive "benign"
primary spine neoplasms: osteoblastoma, aneurysmal bone cyst, and giant cell
tumor. Spine (Phila Pa 1976). 34: S39-47.

102.

Mattei TA, Ramos E, Rehman AA, Shaw A, Patel SR, Mendel E. (2014)
Sustained long-term complete regression of a giant cell tumor of the spine after
treatment with denosumab. Spine J. 14: e15-21.

103.

Goldschlager T, Dea N, Boyd M, Reynolds J, Patel S, Rhines LD, Mendel E,
Pacheco M, Ramos E, Mattei TA, Fisher CG. (2015) Giant cell tumors of the
spine: has denosumab changed the treatment paradigm? J Neurosurg Spine. 22:
526-533.

104.

Zileli M, Isik HS, Ogut FE, Is M, Cagli S, Calli C. (2013) Aneurysmal bone
cysts of the spine. Eur Spine J. 22: 593-601.

105.

Amendola L, Simonetti L, Simoes CE, Bandiera S, De Iure F, Boriani S. (2013)
Aneurysmal bone cyst of the mobile spine: the therapeutic role of embolization.
Eur Spine J. 22: 533-541.

81

106.

De Cristofaro R, Biagini R, Boriani S, Ricci S, Ruggieri P, Rossi G, Fabbri N,
Roversi R. (1992) Selective arterial embolization in the treatment of aneurysmal
bone cyst and angioma of bone. Skeletal Radiol. 21: 523-527.

107.

Boriani S, Lo SF, Puvanesarajah V, Fisher CG, Varga PP, Rhines LD,
Germscheid NM, Luzzati A, Chou D, Reynolds JJ, Williams RP, Zadnik P,
Groves M, Sciubba DM, Bettegowda C, Gokaslan ZL. (2014) Aneurysmal bone
cysts of the spine: treatment options and considerations. J Neurooncol. 120: 171178.

108.

Imai R, Kamada T, Tsuji H, Yanagi T, Baba M, Miyamoto T, Kato S, Kandatsu
S, Mizoe JE, Tsujii H, Tatezaki S. (2004) Carbon ion radiotherapy for
unresectable sacral chordomas. Clin Cancer Res. 10: 5741-5746.

109.

Combs SE, Kalbe A, Nikoghosyan A, Ackermann B, Jakel O, Haberer T, Debus
J. (2011) Carbon ion radiotherapy performed as re-irradiation using active beam
delivery in patients with tumors of the brain, skull base and sacral region.
Radiother Oncol. 98: 63-67.

110.

Park L, Delaney TF, Liebsch NJ, Hornicek FJ, Goldberg S, Mankin H,
Rosenberg AE, Rosenthal DI, Suit HD. (2006) Sacral chordomas: Impact of
high-dose proton/photon-beam radiation therapy combined with or without
surgery for primary versus recurrent tumor. Int J Radiat Oncol Biol Phys. 65:
1514-1521.

111.

Gibbs IC. (2007) Spinal and paraspinal lesions: the role of stereotactic body
radiotherapy. Front Radiat Ther Oncol. 40: 407-414.

112.

Gibbs IC, Kamnerdsupaphon P, Ryu MR, Dodd R, Kiernan M, Chang SD, Adler
JR, Jr. (2007) Image-guided robotic radiosurgery for spinal metastases.
Radiother Oncol. 82: 185-190.

113.

Gerszten PC, Ozhasoglu C, Burton SA, Welch WC, Vogel WJ, Atkins BA,
Kalnicki

S.

(2003)

CyberKnife

frameless

single-fraction

stereotactic

radiosurgery for tumors of the sacrum. Neurosurg Focus. 15: E7.
114.

Rhomberg W, Bohler FK, Novak H, Dertinger S, Breitfellner G. (2003) A small
prospective study of chordomas treated with radiotherapy and razoxane.
Strahlenther Onkol. 179: 249-253.

82

115.

Rhomberg W, Eiter H, Bohler F, Dertinger S. (2006) Combined radiotherapy
and razoxane in the treatment of chondrosarcomas and chordomas. Anticancer
Res. 26: 2407-2411.

116.

Casali PG, Messina A, Stacchiotti S, Tamborini E, Crippa F, Gronchi A, Orlandi
R, Ripamonti C, Spreafico C, Bertieri R, Bertulli R, Colecchia M, Fumagalli E,
Greco A, Grosso F, Olmi P, Pierotti MA, Pilotti S. (2004) Imatinib mesylate in
chordoma. Cancer. 101: 2086-2097.

117.

Stacchiotti S, Casali PG. (2011) Systemic therapy options for unresectable and
metastatic chordomas. Curr Oncol Rep. 13: 323-330.

118.

Stacchiotti S, Longhi A, Ferraresi V, Grignani G, Comandone A, Stupp R,
Bertuzzi A, Tamborini E, Pilotti S, Messina A, Spreafico C, Gronchi A, Amore
P, Vinaccia V, Casali PG. (2012) Phase II study of imatinib in advanced
chordoma. J Clin Oncol. 30: 914-920.

119.

Mavrogenis AF, Gambarotti M, Angelini A, Palmerini E, Staals EL, Ruggieri P,
Papagelopoulos PJ. (2012) Chondrosarcomas revisited. Orthopedics. 35: e379390.

120.

Dallas J, Imanirad I, Rajani R, Dagan R, Subbiah S, Gaa R, Dwarica WA, Ivey
AM, Zlotecki RA, Malyapa R, Indelicato DJ, Scarborough MT, Reith JD, Gibbs
CP, Dang LH. (2012) Response to sunitinib in combination with proton beam
radiation in a patient with chondrosarcoma: a case report. J Med Case Rep. 6:
41.

121.

Sciubba DM, Okuno SH, Dekutoski MB, Gokaslan ZL. (2009) Ewing and
osteogenic sarcoma: evidence for multidisciplinary management. Spine (Phila
Pa 1976). 34: S58-68.

122.

Ta HT, Dass CR, Choong PF, Dunstan DE. (2009) Osteosarcoma treatment:
state of the art. Cancer Metastasis Rev. 28: 247-263.

123.

Grier HE, Krailo MD, Tarbell NJ, Link MP, Fryer CJ, Pritchard DJ, Gebhardt
MC, Dickman PS, Perlman EJ, Meyers PA, Donaldson SS, Moore S, Rausen
AR, Vietti TJ, Miser JS. (2003) Addition of ifosfamide and etoposide to
standard chemotherapy for Ewing's sarcoma and primitive neuroectodermal
tumor of bone. N Engl J Med. 348: 694-701.

83

124.

Jaffe N, Carrasco H, Raymond K, Ayala A, Eftekhari F. (2002) Can cure in
patients with osteosarcoma be achieved exclusively with chemotherapy and
abrogation of surgery? Cancer. 95: 2202-2210.

125.

Bacci G, Longhi A, Briccoli A, Bertoni F, Versari M, Picci P. (2006) The role of
surgical margins in treatment of Ewing's sarcoma family tumors: experience of a
single institution with 512 patients treated with adjuvant and neoadjuvant
chemotherapy. Int J Radiat Oncol Biol Phys. 65: 766-772.

126.

Biagini R, Orsini U, Demitri S, Bibiloni J, Ruggieri P, Mercuri M, Capanna R,
Majorana B, Bertoni F, Bacchini P, Briccoli A. (2001) Osteoid osteoma and
osteoblastoma of the sacrum. Orthopedics. 24: 1061-1064.

127.

Street J, Lenehan B, Berven S, Fisher C. (2010) Introducing a new health-related
quality of life outcome tool for metastatic disease of the spine: content
validation using the International Classification of Functioning, Disability, and
Health; on behalf of the Spine Oncology Study Group. Spine (Phila Pa 1976).
35: 1377-1386.

128.

Benitez-Parejo N, Rodriguez del Aguila MM, Perez-Vicente S. (2011) Survival
analysis and Cox regression. Allergol Immunopathol (Madr). 39: 362-373.

129.

Anderson JR, Crowley JJ, Propert KJ. (1991) Interpretation of survival data in
clinical trials. Oncology (Williston Park). 5: 104-110; discussion 110, 113-104.

130.

Clark TG, Bradburn MJ, Love SB, Altman DG. (2003) Survival analysis part I:
basic concepts and first analyses. Br J Cancer. 89: 232-238.

131.

Bradburn MJ, Clark TG, Love SB, Altman DG. (2003) Survival analysis part II:
multivariate data analysis--an introduction to concepts and methods. Br J
Cancer. 89: 431-436.

132.

Fisher CG, Goldschlager T, Boriani S, Varga PP, Fehlings MG, Bilsky MH,
Dekutoski MB, Luzzati A, Williams RP, Berven S, Chou D, Reynolds JJ,
Quraishi NA, Rhines LD, Bettegowda C, Gokaslan ZL. (2013) A novel
scientific model for rare and often neglected neoplastic conditions. Evid Based
Spine Care J. 4: 160-162.

133.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. (2009)
Research electronic data capture (REDCap)--a metadata-driven methodology

84

and workflow process for providing translational research informatics support. J
Biomed Inform. 42: 377-381.
134.

Ruggieri P, Angelini A, Pala E, Mercuri M. (2012) Infections in surgery of
primary tumors of the sacrum. Spine (Phila Pa 1976). 37: 420-428.

135.

Moons KG, Kengne AP, Woodward M, Royston P, Vergouwe Y, Altman DG,
Grobbee DE. (2012) Risk prediction models: I. Development, internal
validation, and assessing the incremental value of a new (bio)marker. Heart. 98:
683-690.

136.

Steyerberg EW, Vickers AJ, Cook NR, Gerds T, Gonen M, Obuchowski N,
Pencina MJ, Kattan MW. (2010) Assessing the performance of prediction
models: a framework for traditional and novel measures. Epidemiology. 21:
128-138.

137.

Fiorenza F, Abudu A, Grimer RJ, Carter SR, Tillman RM, Ayoub K, Mangham
DC, Davies AM. (2002) Risk factors for survival and local control in
chondrosarcoma of bone. J Bone Joint Surg Br. 84: 93-99.

138.

Foukakis T, Fornander T, Lekberg T, Hellborg H, Adolfsson J, Bergh J. (2011)
Age-specific trends of survival in metastatic breast cancer: 26 years longitudinal
data from a population-based cancer registry in Stockholm, Sweden. Breast
Cancer Res Treat. 130: 553-560.

139.

Bergh P, Gunterberg B, Meis-Kindblom JM, Kindblom LG. (2001) Prognostic
factors and outcome of pelvic, sacral, and spinal chondrosarcomas: a centerbased study of 69 cases. Cancer. 91: 1201-1212.

140.

Pointillart V, Vital JM, Salmi R, Diallo A, Quan GM. (2011) Survival
prognostic factors and clinical outcomes in patients with spinal metastases. J
Cancer Res Clin Oncol. 137: 849-856.

141.

Hosono N, Ueda T, Tamura D, Aoki Y, Yoshikawa H. (2005) Prognostic
relevance of clinical symptoms in patients with spinal metastases. Clin Orthop
Relat Res. 196-201.

142.

Leithner A, Radl R, Gruber G, Hochegger M, Leithner K, Welkerling H, Rehak
P, Windhager R. (2008) Predictive value of seven preoperative prognostic
scoring systems for spinal metastases. Eur Spine J. 17: 1488-1495.

85

143.

Peduzzi P, Concato J, Feinstein AR, Holford TR. (1995) Importance of events
per independent variable in proportional hazards regression analysis. II.
Accuracy and precision of regression estimates. J Clin Epidemiol. 48: 15031510.

86

11. Bibliography of the candidate’s publications
11.1. Publications related to the PhD thesis
1.

Lazary A, Bors IB, Szoverfi Z, Ronai M, Varga PP. (2012) Primer
gerincdaganatok

prognosztikai

faktorai.

Ideggyogyaszati

Szemle-Clinical

Neuroscience. 65: 161-167.

2.

Szoverfi Z, Lazary A, Varga PP. (2014) Primer Gerinctumor Regiszter az
Orszagos Gerincgyogyaszati Kozpontban. Orvosi Hetilap. 155: 745-749.

3.

Szoverfi Z, Lazary A, Bozsodi A, Klemencsics I, Eltes PE, Varga PP. (2014)
Primary Spinal Tumor Mortality Score (PSTMS): a novel scoring system for
predicting poor survival. Spine Journal. 14: 2691-700.

4.

Varga PP, Szoverfi Z, Lazary. A (2014) Surgical treatment of primary malignant
tumors of the sacrum. Neurological Research. 36: 577-587.

5.

Varga PP, Szoverfi Z, Lazary. (2014) A Surgical resection and reconstruction
after resection of tumors involving the sacropelvic region. Neurological
Research. 36: 588-596.

6.

Varga PP, Szoverfi Z, Fisher CG, Boriani S, Gokaslan ZL, Dekutoski MB, Chou
D, Quraishi NA, Reynolds JJ, Luzzati A, Williams R, Fehlings MG, Germscheid
NM, Lazary A, Rhines LD. (2014) Surgical treatment of sacral chordoma:
prognostic variables for local recurrence and overall survival. European Spine
Journal. 24: 1092-101.

7.

Sciubba DM, Macki M, Bydon M, Germscheid NM, Wolinsky JP, Boriani S,
Bettegowda C, Chou D, Luzzati A, Reynolds JJ, Szoverfi Z, Zadnik P, Rhines
LD, Gokaslan ZL, Fisher CG, Varga PP. (2015) Long-term outcomes in primary
spinal osteochondroma: a multicenter study of 27 patients. Journal of
Neurosurgery-Spine. 22: 582-588.
87

11.2. Publications not related to the thesis
1.

Valasek T, Varga PP, Szoverfi Z, Kumin M, Fairbank J, Lazary. (2013) A
Reliability and validity study on the Hungarian versions of the Oswestry
Disability Index and the Quebec Back Pain Disability Scale. European Spine
Journal. 22: 1010-1018.

2.

Lazary A, Szoverfi Z, Szita J, Somhegyi A, Kumin M, Varga PP. (2014) Primary
prevention of disc degeneration-related symptoms. European Spine Journal.

3:

S385-S393.

3.

Valasek T, Varga PP, Szoverfi Z, Bozsodi A, Klemencsics I, Fekete L, Lazary A.
(2015) Validation of the Hungarian version of the Roland–Morris disability
questionnaire. Disability And Rehabilitation 37: 86-90.

4.

Varga PP, Jakab G, Bors IB, Lazary A, Szoverfi Z. (2015) Experiences with
PMMA cement as a stand-alone intervertebral spacer: Percutaneous cement
discoplasty in the case of vacuum phenomenon within lumbar intervertebral discs.
Orthopade. 44: S1-S7

5.

Klemencsics I, Lazary A, Valasek T, Szoverfi Z, Bozsodi A, Eltes P, Fekete TF,
Varga PP. (2016) Cross-cultural adaptation and validation of the Hungarian
version of the Core Outcome Measures Index for the back (COMI Back).
European Spine Journal. 25: 257-264.

88

12. Acknowledgments
Undertaking this PhD has been a truly life-changing experience for me and it
would not have been possible to do without the support and guidance that I received
from many people.
Above all, I would like to thank my advisor Aron Lazary for being a mentor for
me. I would like to thank him for encouraging my research and for allowing me to grow
as a research scientist. His advice on both research as well as on my career have been
invaluable. I greatly appreciate the freedom he has given me to find my own path and
the guidance and support he offered when needed.
I would like to express my special appreciation and thanks to Peter Pal Varga,
the director of the National Center for Spinal Disorders for his advices and constant
encouragements over the last several years. I have learned a great deal from his unique
perspective on research and spine surgery.
I am grateful to staff of the AOSpine Knowledge Forum Tumor, especially to
Niccole Germschmidt. Her help was essential in the development of the institutional
RedCap Primary Spinal Tumor database. My deep appreciation goes out to the
AOSpine Knowledge Forum Tumor spine experts Charles Fisher, for facilitating the
oncologic spine surgery research. My research leading to the present PhD thesis would
not have been possible without their initiative.
I am indebted to my PhD student colleagues for providing a stimulating and fun
filled environment. I would also like to thank to the medical staff of the National Center
for Spinal disorders for their support, and for they made possible to do research along
with a highly demanding surgical practice.
Last, but not least, I would like to dedicate this thesis to my wife Tekla Kirizs
for her love, patience, and understanding.

89

