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When a patient with cancer develops metastatic lesions to the spine, this is generally consid-
ered a palliative stage of the disease –curing the cancer is thought not to be realistic anymore. 
These metastatic spine lesions frequently cause back pain, pathologic fractures, and spinal 
cord compression.2 The goals of surgery can be to improve survival, relieve pain, restore 
spinal stability, improve neurologic deficits, and improve quality of life (QoL).4–6 In the past 
decades, surgeries and adjuvant therapies have greatly improved; nowadays, multidisciplinary 
teams (of surgeons, radiotherapists, and oncologists) are better able to symptomatically treat 
these vulnerable patients with spine metastases –and even increase their life span. However, 
complications occur up to 25% after these surgeries which may result in prolonged hospitaliza-
tion, long-term antibiotics, reoperations, increased costs, and premature death. Therefore, it is 
important that the benefits outweigh the potential downsides.

The general aim of this thesis is to understand what variables are important in surgical 
decision-making for patients with spine metastatic disease.

In chapter 1 we provide an introduction where we discuss the epidemiology, pathophysiology, 
clinical manifestation, diagnostic approach, management, history of surgical treatments, cur-
rent surgical techniques, and challenges in current surgical management for spine metastatic 
disease. Subsequently we provide a thesis outline.

PART I: PREDICTING SURVIVAL
The decision whether to operate a patient with spine metastatic disease is mainly guided by 
the patients estimated life expectancy. Surgeons will often decline a surgical intervention for 
patients with short expected survival (i.e. < 3 months), will more likely operate on patients 
with an expected survival of > 3 months, and might even consider more extensive surgeries 
for patients with an expected survival of > 12 months. Current survival algorithms (such as 
the Tomita and Tokuhashi score)7–9 categorize patients into groups, with the goal to estimate 
survival for a patient; however, these algorithms cannot predict individual survival times, are 
inaccurate or were not tested in external patient samples.

Therefore, in chapter 2, we assessed factors associated with survival, used these factors 
to create three different algorithms (classic scoring algorithm, nomogram, and boosting al-
gorithm), and tested the predictive accuracy of the three created algorithms at estimating 
survival. For this, we included 649 unique patients who had surgery at the Massachusetts 
General Hospital (MGH) and Brigham and Women’s Hospital (BWH) between 2002 and 2014 
for spine metastatic disease. We used a multivariate Cox regression model to identify factors 
independently associated with survival. The classic scoring algorithm was constructed by 
rounding the Hazard Ratio (HR) of each risk factor to its nearest integer, and categorizing pa-
tients into three groups (the way most algorithms thus far were constructed). The nomogram 
was constructed by using the β-regression coefficient of every risk factor, and transforming 
this to a scale from 0 to 100. This results in a figure that includes all risk factors and provides in-
dividual survival probabilities. The boosting algorithm was constructed by computing repeated 
regression trees, where each new regression tree aimed to improve for the error of the prior 
regression tree (this is a form of machine-learning).
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Older age (HR: 1.01), poor performance status (HR: 1.54), primary tumor type (HR: 1.68), 
more than one spine metastasis (HR: 1.32), lung and/or liver metastases (HR: 1.35), brain 
metastases (HR: 1.90), any systemic therapy prior to surgery (HR: 1.65), higher white blood 
cell counts (HR: 1.03), and lower hemoglobin levels (HR: 0.92) were independently associated 
with decreased survival. The boosting algorithm was best at predicting survival on the train-
ing dataset –the part of the database with which the algorithms were constructed; however, 
the nomogram was more reliable at estimating survival on the test dataset –the part of the 
database that was not used to construct the algorithms. We concluded that we had identified 
(new) risk factors for survival, and suggested to use the nomogram as it was most accurate on 
the test dataset, and is easier to apply.

Usually algorithms are more accurate on the sample on which they are developed, and 
external validation is necessary to demonstrate generalizability. In chapter 3 we externally 
validated the nomogram and classic algorithm at estimating survival in 100 patients who had 
surgery for spine metastatic disease at the Memorial Sloan Kettering Cancer Center (MSKCC) 
in New York. The classic algorithm did not successfully surpass the minimum threshold for 
external validation (Area Under the Curve [AUC] < 0.70) at all time points; the nomogram, 
however, was accurate at estimating survival for the 3 and 12-months time points (AUC > 
0.70), and was significantly better at estimating survival on all time points when compared 
with four other commonly used algorithms. We concluded that the nomogram was useful for 
clinical practice.

PART II: POSTOPERATIVE COMPLICATIONS & REOPERATIONS
Surgeries to the spine can be technically demanding, and are known for their high postopera-
tive complication rates (up to 47% in spine metastatic disease).10–15 Most studies that report on 
postoperative morbidity are vague on their definition for complications, and study cohort sizes 
are often relatively small (with few outcomes) and therefore not able to detect risk factors. 
Furthermore, it remains unclear to what extent complications and reoperations impact the 
patients’ survival.

In chapter 4, we analyzed 647 patients who had surgery for spine metastatic disease at 
the MGH and BWH between 2002 and 2014; 205 patients (32%) developed a complication 
within 30 days after surgery. The three most common complications were systemic infections 
(20%), surgical site complications (13%), and thromboembolisms (6.2%). Risk factors for 30-
days complications were lower albumin levels (Odds Ratio [OR]: 0.69), presence of additional 
comorbidities (OR: 1.42), pathologic fracture (OR: 1.41), 3 or more spine levels operated upon 
(OR: 1.64), and combined [i.e. a posterior and anterior procedure] surgical approach (OR: 2.44). 
After the initial surgery, 115 patients (18%) had at least one reoperation; most commonly 
surgeons reoperated patients for a recurrent tumor (7.0%), a wound infection (6.5%), or a 
wound dehiscence (4.0%). The only risk factor associated with more reoperations was prior 
radiotherapy to the spinal tumor (OR: 1.22). Complications within 30 days were significantly 
associated with worse survival (HR 1.35), reoperations were not.

We concluded that –when possible— it is important to detect and treat causes of preopera-
tive hypoalbuminemia, organize adequate wound care for patients who will undergo multilevel 
surgery, and being vigilant of wound healing in patients with prior radiotherapy. Furthermore, 
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surgeons should be aware of the increase in complications in patients presenting with 
pathologic fracture, undergoing a combined approach, and with any additional preoperative 
comorbidities. Importantly, our study shows that in patients with spine metastatic disease, 
30-days complications may lead to premature death.

PART III: PERIOPERATIVE ALLOGENEIC BLOOD TRANSFUSIONS
Administering allogeneic blood (blood from a donor) in the perioperative phase has been 
shown to shorten survival after surgery for primary malignancies –the hypothesis is that blood 
transfusions decrease host versus tumor surveillance through immunosuppression.16–18 Blood 
transfusions are often administered in patients undergoing spinal surgery (up to 36%), and 
oncologic spinal surgery is associated with even higher transfusion needs.19–22 It is interesting 
to understand whether allogeneic blood transfusions also shorten survival in these (often) 
terminal patients.

In chapter 5 we assessed this association in 649 patients who had surgery for spine meta-
static disease at the MGH and BWH between 2002 and 2014. In total, 453 patients (70%) 
received perioperative allogeneic blood transfusions (i.e. within 7 days before until 7 days after 
surgery), and the median number of units transfused was 3. Exposure to perioperative blood 
transfusion was not associated with decreased survival, neither did we find a dose-response 
relationship.

We concluded that more liberal transfusion policies could be warranted for patients un-
dergoing surgery for spinal metastasis, although careful consideration is needed as other 
complications may occur.

Due to their immunomodulating effects, allogeneic blood transfusions have also been as-
sociated with increased postoperative infection risks after several types of surgery.22–26 This 
association was never tested in patients with bone metastatic disease that undergo surgery. 
In order to test this hypothesis, in chapter 6, we expanded our patient population to obtain 
enough outcomes, and included 1266 patients who had surgery for bone metastatic disease 
at the MGH of BWH between 2002 and 2013 (664 for extremity lesions, 602 for spine lesions). 
Seven hundred seventy-four patients (61%) received allogeneic blood transfusion(s), and 
the median number of blood units transfused was 1. Allogeneic blood transfusion exposure 
was not associated with increased infection, nor was there a dose-response relationship. In 
addition, we found that older age (OR: 1.01), a higher modified Charlson comorbidity index 
(OR: 1.13), surgery to the axial skeleton (OR: 1.89), and previous radiotherapy (OR: 1.45) were 
independently associated with higher risk for infection.

We concluded that there was no association between perioperative allogeneic blood trans-
fusion and postoperative infection in patients with bone metastatic disease. In addition, we 
identified risk factors for postoperative infection that should be taken into consideration when 
deciding to operate.

PART IV: PATIENT REPORTED OUTCOME MEASURES
In the last decade, physicians are increasingly measuring outcomes by letting patients fill 
out questionnaires; these questionnaires are called “Patient Reported Outcome Measures” 
(PROM’s). The advantage of PROM’s is that the outcome is reported by the patient without 
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interpretation of a physician, and enables the possibility to measure several outcomes (e.g. 
quality of life, functional outcome, depression) in absolute terms. It remains unclear to what 
extend surgery for spine metastatic disease improves quality of life in the terminal life phase.

In chapter 7, we conducted a systematic review and meta-analysis of the literature to as-
sess whether QoL improves after surgery for spine metastatic disease, and whether this 
remains stable during the year after surgery. Eight prospective studies were selected for data 
extraction, and we had enough information from seven studies to include for meta-analysis. 
The pooled QoL summary score rapidly improved from baseline to 1 month (standardized 
mean differences [SMD] 1.12, p = 0.013), and remained stable at 3 months (SMD 1.21, p < 
0.001), 6 months (SMD 1.22, p < 0.001), and 9-12 months (SMD 1.08, p = 0.001). From three 
of the included studies we could use subdomains for meta-analysis. Surgery rapidly improved 
physical well-being for 1 month whereafter it declined, emotional well-being for 3 months 
whereafter it declined, and functional well-being for 3 months whereafter it declined. Social/
family well-being was not affected by surgery.

We concluded that surgery for spine metastatic disease rapidly improved the patients’ QoL 
which remained stable during the first 9-12 months, which might be attributable to improved 
physical, emotional, and functional well-being. These findings can be used to inform patients 
on postoperative expectations, and help physicians to understand the potential postoperative 
course and use this for decision-making.

Assessing QoL, functional outcome, and pain are important for clinical decision-making and as-
sessing the effectiveness of treatment for metastatic spine disease. Various PROM’s are being 
used to measure these outcomes, but only few are validated in patients with metastatic spine 
disease. Thus, there is no consensus on the ideal questionnaire to use in these patients.27

In chapter 8, we describe how we prospectively included 100 consecutive patients with 
spine metastatic disease at the MGH and BWH to assess what questionnaire is most fit for 
measuring QoL, functional outcome, and pain in these patients. We offered them a tabloid on 
which they completed the following questionnaires in random order: the Oswestry Disability 
Index (ODI) or Neck Disability Index (NDI), the PROMIS Physical Function, the PROMIS Pain 
Intensity, the EuroQol 5-dimensions (EQ-5D), and the Spine Oncology Study Group Outcome 
Questionnaire (SOSG-OQ). All questionnaires proved to measure the concept they claimed to 
measure. However –based on coverage, reliability, and completion time— we recommend the 
SOSG-OQ for measuring quality of life, the PROMIS Physical Function for measuring physical 
function, and the PROMIS Pain Intensity for measuring pain intensity.

It would be helpful for the decision-making process of patients with metastatic bone disease 
to understand which patients are at risk for worse quality of life (QOL), pain, anxiety, and 
depression. Normative data, and how these relate to general population scores, can be useful 
to compare and interpret results of similar patients or patient groups, but to our knowledge, 
there are no such robust data.

In chapter 9, we describe how we assessed risk factors for QOL, pain interference, anxiety, 
and depression in 202 patients with metastatic bone disease. Patients had completed the 
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EuroQOL-5 Dimension (EQ-5D), PROMIS Pain Interference, PROMIS Anxiety, and PROMIS 
Depression questionnaires as part of a quality improvement program.

Worse QoL was associated with younger age, smoking, pathologic fracture, and being 
unemployed. More pain interference was associated with current smoking. More anxiety was 
associated with poor-prognosis cancers and pathologic fracture. Depression was associated 
with being single and pathologic fracture. QOL scores, pain interference scores, and anxiety 
scores were worse for patients with bone metastases compared with general US population 
values, whereas depression scores were comparable.

We concluded that impending pathologic fractures should be treated promptly to prevent 
deterioration in QOL, anxiety, and depression. Furthermore, our normative data can be used to 
compare and interpret results of similar patients.
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