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Introduction

1
In 1889, a renowned British surgeon named Stephen Paget stated in the Lancet that: “The 
best work in the pathology of cancer is now done by those who, like Mr. Balance and Mr. 
Shattock (pathologists), are studying the nature of the seed. They are like scientific botanists; 
and he who turns over the records of cases of cancer is only a ploughman (i.e. surgeon), but 
his observation of the properties of the soil may also be useful.”1

Spine metastatic disease refers to the condition where cancer cells spread from their origi-
nal cancer site to the vertebral column (Figure 1). Spine metastatic disease is often considered 
a terminal stage of disease, and causes great burden to a patient. In the introduction, we 
will discuss the epidemiology, pathophysiology, clinical manifestation, diagnostic approach, 
management, history of surgical treatments, current surgical techniques, challenges in surgi-
cal techniques, and end with the outline of the thesis.

Figure 1. Metastatic tumor in the spine
Illustration of the bony components of a spine with 
a metastatic tumor in the 9th and 10th thoracic ver-
tebrae. The cervical segment includes seven verte-
bral bodies numbered from the top to the bottom 
as C1 through C7. Likewise, the thoracic segment 
includes twelve vertebral bodies (T1 through T12), 
and the lumbar segment five vertebral bodies (L1 
through L5). Below the lumbar segment one will 
find the sacrum and coccyx; the sacrum and coc-
cyx will not be studied in this thesis. (Image printed 
here with permission from Nicole Wolf, Biomedical 
Visualization Specialist).
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1.1 Epidemiology
Malignant tumors most commonly metastasize to the lungs and liver, followed by the bones.2 
Postmortem examination studies have shown that approximately 70% of all patients with solid 
malignant tumors develop bone metastatic lesions during the course of their disease.2 The 
spine is the most common site of metastasis to the bones.3 The incidence of spine metastatic 
disease is increasing because people with cancer survive longer as cancer is detected at 
earlier stages and treatments are improving, and because life expectancies in the population 
are increasing –i.e. people have increased exposure time to develop cancer and metastatic 
disease.4,5

Breast cancer, prostate cancer, lung cancer, renal cancer and hematologic cancers (i.e. 
multiple myeloma and lymphoma) are the most likely to metastasize to the spine. Most spine 
metastases are encountered in the thoracic segment (70%), followed by the lumbar (20%) 
and cervical segments (10%).6 Spine metastases can occur in three different structures; most 
commonly, these tumors are found in the osseous components of the vertebrae (85%) –with 
preference in the posterior half of the vertebral body; less often they occur in the paravertebral 
structures (e.g. from paravertebral muscles growing into the intervertebral foramina) (10 – 15%); 
and rarely they originate as an isolated lesion in the epidural, subarachnoid, or intramedullary 
space (< 5%).7,8 Spine metastases frequently cause metastatic epidural spinal cord compres-
sion (MESCC), exact incidences are difficult to define; in the Netherlands, 25.000 people are an-
nually diagnosed with spine metastatic disease, of which approximately 2.500 develop MESCC 
(~ 0.015% of the entire population).9 In the United States, approximately 20.000 people are 
annually diagnosed with MESCC (~ 0.006% of the entire population).10 It is estimated that 
about 3% of all patients with cancer are hospitalized due to the consequences of MESCC.11

1.2 Pathophysiology
In 1889, Stephen Paget –British surgeon— made a famous comparison between how cancer 
cells spread to other organs and how plant seeds spread to other soils; the “seed and soil” 
hypothesis.1 When a plant goes to seed, its seeds are carried in all directions: but they can only 
live and grow if they fall on congenital soil. The same theory goes for cancer cells that spread 
to other organs. If a cancer cell (the “seed”) leaves the primary site and wants to survive and 
clonally expand, the soil on which it falls determines whether this is possible.

If one wants to understand the pathophysiology of bone metastasis, one must know the 
composition of the bone soil. Bone is composed of various cell types of different embry-
onic origins including hematopoietic, stromal, endothelial and many other cell types.12 The 
bone constantly undergoes remodeling, which is regulated by osteoclasts and osteoblasts. 
Osteoclasts are responsible for bone resorption (i.e. breakdown), whereas osteoblasts are 
responsible for creating new bone matrix (i.e. bone formation). The bone forming osteoblasts 
have a RANK ligand (RANKL) on their surface –apoptosis regulator gene—, and when activated 
this results in interaction with RANK receptors on osteoclasts precursor cells resulting in their 
maturation –inducing bone breakdown. Furthermore, there are many factors from endocrine, 
immune and other systems that influence osteoclast and osteoblast function. These factors 
can enhance osteoclast activation directly, or indirectly by overstimulating the expression of 
RANKL on osteoblasts.
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The process of how tumor cells metastasize to the bone is complex, but is determined by 

the following path (Figure 2): tumor cells detach from the primary tumor, invade adjacent struc-
tures, disseminate through the circulatory system (through neo-vascularization of the tumor), 
survive the body’s immune response and physical forces in the circulation, strike down in the 
capillary bed, and find their soil in the bone through extravasation.13 The microenvironment 
of the bone is a favorable soil for tumor cells, as it is enriched with factors promoting tumor 
growth.

Figure 2. Process of metastasis
This figure is work of the National Institutes of 
Health, and this figure is public domain –i.e. this 
grants anyone the right to use this work

Spine metastatic lesions are often characterized based on their radiologic appearance as 
osteolytic (increased bone breakdown), osteoblastic (increased bone formation), or mixed 
osteolytic/osteoblastic. In osteolytic metastatic bone lesions (increased bone breakdown), the 
interaction between tumor cells, osteoclasts, and osteoblasts results in an increased bone 
turnover, leading to bone destruction and tumor cell promotion.14,15 As a response to bone 
breakdown, osteoblasts are activated and these stimulate receptor activation of RANKL which 
interacts with RANK receptors to activate osteoclasts. The activated osteoclasts resorb bone, 
and this process releases growth factors which induces tumor growth. When cancer of the 
breast, lung, kidney or thyroid metastasize to the bone this typically results in osteolytic bone 
lesions.13

Osteoblastic lesions (increased bone formation) are induced by tumor cell production of fac-
tors that stimulate osteoblastogenesis (i.e. production of osteoblasts), osteoblast proliferation, 
and new bone deposition.13 Osteoblastic bone lesions are typically found in disseminated pros-
tate cancer, and less often cause symptomatic complications when compared with osteolytic 
bone lesions (such as pathologic fractures and hypercalcaemia).



Chapter 1

14

1.3 Clinical manifestation
Spine metastatic lesions frequently cause intractable back pain, pathologic fractures, meta-
static epidural spinal cord compression (MESCC), or symptoms of hypercalcaemia.13

Back pain is the most common symptom (90%), and can either be the result of the “biologic 
pain syndrome” or from an (impending) pathologic fracture. A patient with biologic pain experi-
ences nocturnal or morning pain, because endogenous steroid secretion is diminished at night 
resulting in more pain from inflammatory mediators secreted by the tumor. A fracture through 
a bone metastatic lesion is termed a pathologic fracture, and typically results in more sudden 
and severe back pain, paired with immobility.

Neurologic impairment is frequently present in spine metastatic disease, but is usually 
preceded by back pain. Most commonly, patients present with decreased sensory function 
and decreased but useful motor function –which can quickly deteriorate! When there is meta-
static epidural spinal cord compression (MESCC), an extradural tumor mass compresses the 
spinal dural sac and its contents –i.e. the spinal cord, its nerve roots, or cauda equina. Animal 
models show that compression of the vertebral venous plexus results in vasogenic cord 
edema, venous hemorrhage, myelin loss, and ischemia.16 Another study suggests that both 
circulatory disturbances and direct neural compression can cause neurologic impairment.17 
Sometimes, MESCC can be triggered by a pathologic fracture, but is often not the result of 
the fracture itself but rather from the contents of the tumor that are moved towards the spinal 
dural sac. Typically, the initial symptom of MESCC is radicular pain, later followed by neurologic 
deficits distally from the lesion –such as weakness, sensory loss, and incontinence (i.e. cauda 
equina syndrome).7 MESCC is considered an indication for acute surgical treatment, in order 
to prevent further deterioration in pain and neurologic symptoms.7,18

Another set of symptoms can be induced by hypercalcaemia. Hypercalcaemia is exacerbated 
because the tumor produces the peptide parathyroid hormone-related peptide (PTHrP).13 The 
PTHrP increases bone resorption (osteolysis) and increased renal tubular calcium reabsorp-
tion.19 Hypercalcaemia can be very disruptive for the patient; it may result in various symptoms 
such as fatigue, cardiovascular morbidity, renal failure, abdominal pain, bone pain, confusion, 
depression, and others.20

1.4 Diagnostic approach
There are three ways how patients may present with spinal metastases: (1) those with known 
metastatic disease from their primary cancer, (2) those with a history of cancer without any 
known metastases, and (3) those where spine metastatic disease is detected without any 
known cancer. Each of these three scenarios necessitate a different diagnostic approach:
1. When there is known metastatic disease and one finds typical imaging findings, biopsy 

is usually not performed (unless this would affect treatment) as the lesion is supposed to 
be of metastatic nature. If necessary, an assessment of the oncologic status should be 
performed in the form of computed tomography (CT) scan of the chest/ abdomen/ pelvis 
and a total body scan for prognostic purposes.

2. A patient with a history of cancer without any proven metastases requires oncologic 
staging imaging in the form of computed tomography (CT) scan of the chest/ abdomen/ 
pelvis and a total body scan. It is advised to perform biopsy to confirm the diagnosis of 
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metastasis (and exclude a new primary [e.g. spinal sarcoma]) and to be able to make an 
adequate treatment plan.21

3. In approximately 20% of all patients with spine metastatic disease, the spine metastatic 
lesion is the first symptom of the cancer.22 When assessing medical history, anamnesis, 
physical examination, laboratory studies, whole-body bone scintigraphy, plain radiography, 
and CT scan of the chest/ abdomen/ pelvis in these patients, one can detect the primary 
cancer origin in 85%.23 Additional biopsy increases the detection rate with 8%.23 This 
means that in 7% of all patients the origin of the primary cancer remains unknown.

Radiography of the spine can sometimes detect spine metastatic disease, pathologic fractures, 
and give an assessment of the spinal alignment and stability.21 However, the sensitivity to 
detect metastatic disease is low and only lesions that invade at least 30-50% of the trabecular 
bone can be detected. CT of the spine provides great bony detail, but still lacks the sensitivity 
(66%) to adequately detect spinal metastatic lesions on its own. Magnetic resonance imaging 
(MRI) of the spine provides the greatest sensitivity (98.5%) and specificity (98.9%) to detect 
spine metastatic disease.24 Furthermore, MRI provides detail of the locoregional structures, 
local ingrowth of the metastatic tumor, as well as spinal compression. That is why it is advised 
to obtain an MRI of the whole spine in a patient with spine metastatic disease.

1.5 Management of spinal metastases
Spinal metastases can be managed by medical treatment, radiotherapy, and surgical treatment. 
There are several treatment paradigms that have been proposed (e.g. figure 3).21 Each newly 
diagnosed patient should be discussed in a multidisciplinary oncological team and receive 
an individualized plan. Patients with spine metastatic disease currently have no curative op-
tions and each treatment is of a palliative nature. Nevertheless, some advocate that removing 
solitary spine metastatic lesions en bloc (when there is no involvement of visceral organs) 
increases survival periods as such, that this could be considered as a curative.25,26

Medical treatment often consists of chemotherapy and corticosteroids. Chemotherapy is 
effective for most cancers but has a delayed efficacy and should therefore be used as an 
adjuvant therapeutic.21 Corticosteroids are reserved to treat pain symptoms and have shown 
to improve the ambulatory status for a short period –through reducing edema and local inflam-
mation (and tumorolytic effects in multiple myeloma and lymphoma).27

Radiotherapy is administered to all patients with spine metastatic disease, except for those 
with very chemosensitive tumors or those that undergo “en bloc” resection (i.e. removing a 
tumor in a single intact piece, fully encased by a continuous shell of healthy tissue).28 Multiple 
myeloma, lymphoma, and seminoma are highly radiosensitive, whereas prostate and breast 
cancer are intermediate radiosensitive, and all other cancers are relatively radioresistant.

Surgery is indicated in the case of (1) metastatic epidural spinal cord compression (MESCC), 
(2) spinal instability, (3) intractable back pain, and (4) if a histologic diagnosis must be obtained. 
If one wants to perform surgery it is advised to administer radiotherapy after surgery, because 
pre-operative radiotherapy has shown to result in a higher risk for post-operative complica-
tions.22
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1.6 Surgical treatment in the past decades
Patients presenting with MESCC require immediate surgical treatment, to prevent (further) 
deterioration in neurologic symptoms and pain.7,18 Until the 1980’s, posterior decompressive 
laminectomy (i.e. removing the posterior laminae with the aim to decompress the spinal canal) 
was the standard of care for MESCC. In the late 1970’s, radiotherapy was introduced and 
rapidly became the mainstay of treatment for MESCC,7,18 as several retrospective studies8,29–32 
and a small randomized trial33 showed that laminectomy (with or without radiotherapy) offered 
no additional benefit compared with conventional radiotherapy in terms of maintaining and 
recovering neurologic function and pain control. Furthermore, laminectomies were associated 
with increased morbidity and increased spinal instability. Indeed, surgeons acknowledged 
that posterior laminectomy was not the ideal surgical procedure to treat MESCC; most spine 

Figure 3. Treatment algorithm for spine metastatic disease, as suggested by Rose et al.21

With permission of Wolters Kluwer Health Inc. to reproduce this figure for this thesis (Oct 17, 2017).
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metastases are located in the anterior vertebral body, and by removing posterior parts of the 
bony spine one does not remove the tumor, one may fail to decompress the spinal cord, and 
removing posterior elements results in posterior spinal instability and in total spinal instability 
if the anterior vertebral body is destroyed by tumor tissue (with complete paraplegia). In the 
1980’s, a new surgical procedure was introduced: circumferential spinal cord decompression 
would be achieved by an anterior approach, and stabilization would be accomplished with 
instrumentation. Subsequently, several cohort studies34–38 and a meta-analysis39 showed that 
direct surgical decompression (with or without postoperative radiotherapy) was superior to 
radiotherapy alone. In 2005, Patchell et al.22 published a ground-breaking trial, where they 
randomly assigned patients with MESCC to either surgery followed by radiotherapy (n = 50), 
or radiotherapy alone (n = 51). Their study was terminated prematurely at the interim analysis, 
because patients from the surgery group had significantly better and longer postoperative abil-
ity to walk, longer maintenance of continence, longer maintenance of neurologic status, longer 
maintenance of impairment scores, and longer survival periods. Since then, decompressive 
surgery followed by radiotherapy is considered the most adequate treatment for MESCC.

1.7 Surgical techniques
Surgical techniques for spine metastatic disease can roughly be divided in the following cat-
egories with corresponding indications:
Ø Corpectomy/ vertebrectomy with stabilization (removing the tumor in pieces or “en bloc”)

o Vertebral body involvement
o Vertebral body collapse with kyphosis of more than 20 degrees
o Tumor control (preferably solitary metastasis)
o Life expectancy of > 6 months (i.e. recovery period for this surgery)

Ø Posterior decompression with stabilization
o Spinal instability and spinal cord compression
o Life expectancy of > 3 months

Ø Decompression without stabilization
o Spinal cord compression without spinal instability

Ø Stabilization without decompression
o Spinal instability without spinal cord compression
o Impending instability with pain

1.8 Challenges in current surgical management
The goals of surgery are to improve survival, relieve pain, restore spinal stability, improve 
neurologic deficits, and preserve or improve quality of life (QoL).22,28,40 However, these ex-
tensive surgeries may result in significant morbidity for the patient resulting in postoperative 
complications, prolonged or repeated hospitalizations, long-term antibiotics, reoperations, 
increased costs, and premature death. It is important that the benefits outweigh the potential 
downsides, as patients with spine metastatic disease find themselves in a terminal life stage 
and are extremely fragile –due to advanced cancer and (often) due to many other comor-
bidities. Nevertheless, it is difficult to foresee postoperative morbidities. Ideally, one selects 
patients for surgery when quality of life can be improved, when patients have an acceptable 
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estimated survival (and will outlive the surgical construct), and when patients have a small risk 
for postoperative complications (reducing patient burden, hospitalizations, and costs).

1.9 Thesis outline
With this thesis, we aim to understand what variables are important in surgical decision-making 
for patients with spine metastatic disease, and how variables should be measured for future 
purposes. We will discuss this in four parts. In PART I, we will discuss how we aim to predict 
survival before surgery for spine metastatic disease. The estimated survival of a patient with 
spine metastatic disease is one of the most important factors to decide whether to perform 
surgery, or not. In PART II, we discuss postoperative complications and reoperations after sur-
gery for spine metastatic disease. Postoperative morbidities may offset the benefits of surgery 
and have great impact on patient outcomes. Understanding what modifiable factors can result 
in better outcomes is useful. In PART III, we will discuss a hot topic in the surgical oncological 
field; whether allogeneic blood (blood from a donor) should be transfused in the periopera-
tive phase, as these have been associated with worse oncological outcomes and increased 
infection rates. In PART IV, we will discuss patient reported outcome measures (PROM’s) for 
patients with spine metastatic disease. PROM’s are thought to be the better way of measuring 
outcomes for patients. We focus how surgery changes PROM’s, what questionnaires should 
be used to obtain PROM’s, and what variables are associated with certain PROM’s.

PART I: PREDICTING SURVIVAL
An important aspect when deciding whether operate a patient with spine metastatic disease, 
is that a patient outlives the surgical construct –and does not die before the rehabilitation pe-
riod has ended. Numerous authors created algorithms that prognosticate survival for patients 
with spine metastatic disease;41–47 however, these algorithms do not give individual survival 
periods, are not accurate enough,48–50 and are (often) not externally validated. In chapter 2 we 
assess what factors are associated with survival in a large cohort of patients who underwent 
surgery for spine metastatic disease. We use these factors to develop three different survival 
algorithms that provide personalized survival periods. Subsequently, we assess which one of 
these algorithms is most accurate at estimating survival.

In chapter 3 we retrospectively test the accuracy of our survival algorithms at estimating 
survival on 100 patients treated at an external hospital –i.e., the Memorial Sloan Kettering 
Cancer Center (New York). In addition, we compare its accuracy with other existing and com-
monly used survival algorithms.

PART II: POSTOPERATIVE COMPLICATIONS & REOPERATIONS
Postoperative morbidities may offset the benefits of surgery and have great impact on quality 
of life and survival. Exact prevalences and types of postoperative complications and reop-
erations after surgery for spine metastatic disease remain doubtful in the literature, as well 
as risk factors for developing these complications. In chapter 4 we assess the prevalence, 
types, as well as risk factors for both 30-days complications and reoperations in 647 patients 
who underwent surgery for spine metastatic disease. In addition, we assess the effects of 
complications and reoperations on the patients’ postoperative survival.
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PART III: PERIOPERATIVE ALLOGENEIC BLOOD TRANSFUSIONS
Transfusing allogeneic blood (blood from a donor) during the perioperative phase has been 
associated with increased tumor recurrences and decreased survival after surgical resection of 
primary malignancies. Most patients that undergo surgery for spine metastatic disease receive 
perioperative allogeneic blood transfusions. In chapter 5 we assess whether perioperative 
allogeneic blood transfusions decrease survival in patients with spine metastatic disease.

Perioperative allogeneic blood transfusions have been shown to increase infection rates after 
several types of surgery, yet it remains unknown whether this association holds after surgery 
for bone metastatic disease. In chapter 6, we enlarge our study cohort by adding patients 
with extremity bone metastases, to be able to assess whether perioperative allogeneic blood 
transfusions increase infection rates after surgery for bone metastatic disease.

PART IV: PATIENT REPORTED OUTCOME MEASURES
In the last decade, an increasing amount of studies report on quality of life before and after 
surgery for spine metastatic disease by using patient reported outcome questionnaires. In 
chapter 7, we quantify the quality of life benefits after surgery for spine metastatic disease 
with a systematic review and a meta-analysis.

Furthermore, many different questionnaires are being used to measure PROM’s in patients 
with spine metastatic disease, although there exists no consensus on what questionnaire is 
most accurate. In chapter 8 we analyze questionnaire data from 100 consecutive patients that 
we included in a prospective cross-sectional study, with the aim to assess what questionnaires 
are best for measuring quality of life, functional outcome, and pain in patients with spine 
metastatic disease.

Besides quantifying the effectiveness of certain treatments, questionnaires (completed by 
the patient) can also be used as a tool to guide clinical decision-making –e.g. patients that 
score unfavorably on depression questionnaires might need additional psychosocial support 
during treatment for metastatic bone disease. In chapter 9, we assess what factors are as-
sociated with quality of life, pain interference, anxiety, and depression in 202 patients with 
bone metastatic disease. Furthermore, we compare these outcomes with normative scores 
from the general population.

PART V: DISCUSSION, RECOMMENDATIONS, & SUMMARIES
In chapter 10 we interpret the contents of this thesis by focusing on the strong points, limita-
tions, and discussing other noteworthy issues. In chapter 11 we give recommendations for 
future research. In chapter 12, we summarize the contents of this thesis in English, and in 
chapter 13 in Dutch. Subsequently, we thank all the people that were a part of this thesis in 
any way. Finally, we provide a bibliography, PhD portfolio and list of publications of the main 
author.
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