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PART I: PREDICTING SURVIVAL
In chapter 2 we describe how we created three different algorithms estimating survival after 
surgery for spine metastatic disease (a classic algorithm, a nomogram, and a boosting algo-
rithm). The nomogram scored best at estimating survival in these patients, and the boosting 
algorithm appeared too complex for clinical use. In chapter 3 we describe how we assess 
the generalizability of the classic algorithm and nomogram by testing these algorithms on 
patients with spine metastatic disease at an external hospital. The nomogram was accurate 
at estimating 3 and 12-months survival –the classic algorithm was not— and better when 
compared with other commonly used survival algorithms like the Tokuhashi score,1 Tomita 
score,2 Bauer modified score,3 and Ghori score.4 We think our nomogram outperformed these 
commonly used algorithms because we created our algorithms on a bigger sample size (649 
patients in our study versus 64 to 153 in other studies) resulting in more factors associated 
with survival, and we used a more advanced method that more fully describes the precision 
of effect estimates on prognostic factors (i.e. the nomogram). In addition, one cannot predict 
individual survival times from these commonly used algorithms, some are merely utilized for 
surgical planning, and many are inaccurate5–8 or were not tested in external patient samples. 
We conclude that the nomogram is the best and most useful tool for clinical practice.

The studies we performed to establish this nomogram have their limitations. First, these 
are retrospective studies, meaning that we could not control for selection bias. This may 
have resulted in study populations with relatively good prognoses. Moreover, patients that 
underwent conservative treatment were not included for the construction of the nomogram. 
In clinical practice, our intention is to use the nomogram to decide whether to operate or 
not. Thus, patients who would have been treated conservatively will also be included. This 
could lead to inconsistencies. Second, retrospective collection of data is prone to missing data 
and inter-observer variability. To account for missing data, we used an imputation technique 
that enabled us to use all data with certain reliability. To account for inter-observer reliability 
we let an independent researcher double check a proportion of the data for accurateness. 
Third, hospitals from the development dataset and validation dataset both originate from the 
North-East of the United States of America; this means that it may not be appropriate to use 
the nomogram in other regions of the world, as patients with spine metastatic disease may 
have different demographics and selection criteria for surgery. External validation is necessary 
in other parts of the world.

Adding new independent factors associated with outcome to prediction models improves 
their accuracies.9,10 Although we identified several new risk factors for survival for patients with 
spine metastatic disease (i.e. prior systemic therapy, white blood cell count, and hemoglobin 
levels), more factors can be identified by using “big data”. Big data refers to datasets that are 
so large that one can identify clinically less impactful risk factors with regression modeling. The 
potential downside of big data in this area, is that (often) datasets from different centers must 
be fused resulting in mixed patient populations (different demographics, different selection 
criteria, different surgical techniques). Our database is amongst the largest in the literature, 
and the nomogram was more accurate compared to other commonly used algorithms during 
external validation.
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In our nomogram, cancer specific variables were not taken into consideration (e.g. whether 
the Her2Neu proto-oncogene is positive in a patient with breast cancer). Cancer specific 
survival algorithms could result in more accurate survival prediction. However, treatments for 
specific cancers are improving continuously resulting in increasing survival times. To create 
adequate nomograms for specifics cancers it would be mandatory to obtain large databases 
for rare conditions which must be updated continuously.

Lastly, clinicians with expertise have shown to generally outperform prognostication algo-
rithms when estimating survival.11 When facing a patient with spine metastatic disease, not all 
factors can be captured in survival prognostication (e.g. psychosocial factors). The nomogram 
should be used as an extra guidance tool to assist the surgeon in estimating survival.

PART II: POSTOPERATIVE COMPLICATIONS & REOPERATIONS
In chapter 4, we analyze complications and reoperations after surgery for spine metastatic 
disease. In the context of complications, we concluded that it is important to treat hypoalbu-
minemia, organize adequate wound care for multilevel surgery. Furthermore, surgeons should 
be alerted by increased complication rates for patients with additional comorbidities, pathologic 
fractures, and undergoing combined approaches [i.e. anterior and posterior surgery]. In the 
context of reoperations, we concluded that patients who had prior radiotherapy to the spine 
lesion have worse postoperative wound healing resulting in significantly more reoperations. 
Lastly, we showed that 30-days complications led to decreased survival.

There were limitations in this study. First, we might have missed outcomes during admis-
sions at external hospitals, leading to underestimation of the true complication rate. Second, 
patients had varied follow-up and survival periods. This may lead to difficulties applying the 
conclusions of our study to individual patients. We tried to offset this for reoperations by us-
ing a Cox regression analysis which accounts for this variation. Third, selection bias occurred 
resulting in select patient populations undergoing surgery.

Complication rates throughout the literature vary substantially (20 to 47%),12–17 which is 
possibly related to different terminology and categorization of complications. It is extremely 
valuable to know what preoperative modifiable factors can be corrected to decrease the risk 
for postoperative complications. We found a complication rate of 32% after surgery for spine 
metastatic disease, and we provide several variables that can be modified (hypoalbuminemia) 
or receive extra care (multilevel surgery) to decrease the risk for complications.

Reoperations were not frequent (18%) and comparable to literature rates (10.3 to 47.5%).12,14–16 
Most reoperation (63%) took place within 2 months after surgery, which emphasizes the 
importance of survival estimation in surgical decision-making for these patients. Accurately 
predicting survival could decrease the reoperation rate if patients with a longer estimated life-
expectancy receive more durable surgical constructs. The usage of survival algorithms could 
aid surgeons in this difficult–yet important—task (see PART I: Predicting survival).

PART III: PERIOPERATIVE ALLOGENEIC BLOOD TRANSFUSIONS
In chapter 5 and chapter 6 we describe how transfusing allogeneic blood during the periop-
erative phase did not result in worse survival or higher infection rates, and we conclude that 
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more liberal transfusion policies may be warranted for patient who undergo surgery for spine 
metastatic disease.

Important limitations of our studies are that they may have been underpowered to detect a 
small difference, and that we could not trace exact indications for blood transfusion.

Perioperative allogeneic blood transfusion has shown to decrease survival after nephrec-
tomy for renal cell cancer18 and after surgery for colorectal cancer.19,20 On the contrary, the 
only publication investigating this phenomenon after surgery for spine metastatic disease 
found no such association.21 Why then, is there no association between transfusing allogeneic 
blood to patients undergoing surgery for spine metastatic disease? We postulated that the 
immunomodulating effects of perioperative blood transfusion do not contribute to the already 
aggressive spreading disease and short life expectancy in these terminally ill patients.

Postoperative infection rates were reported by others as higher for patients who had alloge-
neic blood transfusions after surgery for lumbar spine surgery,22 total hip or knee arthroplasty,23 
and gastrointestinal cancer surgery.24 We did not find this relationship after surgery for spine 
metastatic disease. We contemplated that there might be a small effect that was not measur-
able in our cohort, and there are many other factors that contribute to higher transfusion 
need and higher infection risk infections (e.g., long surgeries, many implants, big postoperative 
wounds, fragile patient population). Therefore, transfusion usage may therefore be traveling 
along as an innocent victim to other confounding variables.

PART IV: PATIENT REPORTED OUTCOME MEASURES 
In chapter 7, we report a systematic review and a meta-analysis on Patient Reported Outcome 
Measures (PROM’s) after surgery for spine metastatic disease. We conclude that surgery 
significantly improves QoL for one year, which might be attributable to improved physical, 
emotional, and functional well-being.

Adequately measuring PROM’s in this patient population poses several problems that should 
be taken into consideration when interpreting results: there are high loss to follow-up rates 
after surgery (resulting in missing data), patients often have other comorbidities (resulting 
in many confounders), patients present with psychosocial and emotional issues that might 
already exist before their disease, and different questionnaires are used in different languages.

QoL was measured at 1, 3, 6 and 12 months and rapidly improved after surgery, but after 6 
months QoL stopped increasing. We believe that this phenomenon may be caused because 
the patients’ oncological status starts deteriorating and the surgical construct starts losing its 
durability. Two important goals of surgery for spine metastatic disease are (1) to relieve back 
pain and (2) to improve/maintain the ability to walk; that is why we think that physical and func-
tional well-being rapidly improved after surgery. Emotional well-being also rapidly improved 
after surgery, and we think that this is related to the efficacy of surgery on clinical symptoms 
which might give hope to a patient about his/her prognosis. After 6 months, emotional well-
being started decreasing, which we contribute to awareness of poorer prognosis and fear of 
death.

Many PROM questionnaires are being used in patients with spine metastatic disease,25 but 
only one study validated two questionnaires (SOSG-OQ and EQ-5D) in this patient population.26 
It remains unclear how other commonly used questionnaires perform on patients with spine 
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metastatic disease, and which ones perform best. In chapter 8, we compare several com-
monly used PROM questionnaires for patients with spine metastatic disease. After thorough 
analyses, we recommend to use the SOSG-OQ questionnaire to measure QoL, the PROMIS 
Physical Function questionnaire to measure physical function, and the PROMIS Pain Intensity 
questionnaire to measure pain intensity.

Our recommendations descend from statistical analyses, which does not mean that these 
questionnaires must be used for studies on spine metastatic disease. Choosing the ideal 
questionnaire for any study can be subjected to several factors such as the length of the 
questionnaire (large questionnaires may be unattractive due to its length, although attractive 
because these often measure several subdomains), coverage, reliability, and personal taste.

In chapter 9, we identified several factors that were associated with QOL, pain interference, 
anxiety, and depression (based on PROM’s) in patients with metastatic bone disease.

Biases in this study were that we only had data on 24% of the patients with spine metastatic 
disease that presented to our clinic, questionnaires were completed at different stages of 
treatment, and outcome measures and explanatory variables were not available for all patients.

Most of the risk factors we identified were known in the literature, however we detected 
several new risk factors (i.e. worse QoL was measured in patients who were younger, smoker, 
unemployed, and who had a pathologic fracture). More notably, we observed that patients 
with a pathologic fracture had worse QOL, were more anxious, and were more depressed; we 
believe that pathologic fractures result in worse QOL owing to increased pain and disability, 
and more anxiety and depression owing to overall deterioration in health and accompanying 
death anxiety. This stresses that it is of utmost importance to prevent pathologic fractures, 
and could urge for a lower threshold for surgery in patients with impending fractures from 
metastatic bone lesions.

General discussion points
Throughout this thesis we applied strict inclusion and exclusion criteria, to be able to clearly 
state to which patient population our conclusions apply. We focused on patients aged 18 years 
or older who had surgery for spine metastatic disease, or were potential surgical candidates. 
When discussing “spine metastatic disease”, we refer to both metastatic disease from solid 
tumors and from hematologic malignancies (i.e. multiple myeloma and lymphoma), as these 
are treated similarly. It should be kept in mind that patients with hematologic malignancies 
often have better prognosis than patients with metastases from solid tumors. We did not 
include sacral metastases, as these are treated differently. We excluded patients who were 
treated by kyphoplasty, vertebroplasty, or radiosurgery alone, as these procedures have dif-
ferent indications and goals. In addition, we limited ourselves to patients who were treated 
for spine metastatic disease for the first time at our institutions, and excluded patients who 
were treated by revision procedures at our institutions; revision procedures are often more 
challenging and result in increased morbidity rates, and we believe that these patients should 
be studied separately. In all retrospective and prospective clinical studies, patients were 
included from specialized tertiary care referral centers for spine oncology from the United 
States (i.e. from the Massachusetts General Hospital [MGH], Brigham and Women’s Hospital 
[BWH], and Memorial Sloan Kettering Cancer Center [MSKCC]). This means that our results 
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and conclusions might not apply to the rest of the world, as there might be selection bias (i.e. 
only certain type of patients will present at these hospitals, and highly specialized surgeons 
select patients based on their own protocols and experiences), and patients will receive more 
advanced treatments (e.g. patients at the MGH are sometimes enrolled in a stereotactic radio 
surgery program which is more advanced).

In the past decades, treatments for spine metastatic disease are greatly improving changing 
the life expectancies of these patients and therefore the goals of treatments. Treatments have 
evolved from simple decisions regarding the need for either surgery or radiation therapy, to 
complex multimodality assessments that require the integration of new technologies (such 
as stereotactic radiosurgery). This may result in heterogeneous databases when assessing 
patients over a longer period with different treatments. Studies should always have strict inclu-
sion and exclusion criteria to overcome heterogeneous databases.

Currently, management for spine metastatic disease remains fundamentally palliative. 
Some studies show that “en bloc” resection (i.e. removing the tumor in one piece with 
negative resection margins) for solitary spine metastatic lesions can substantially prolong the 
patient’s survival.27,28 Nevertheless, these procedures are technically difficult, are associated 
with increased morbidities (more blood loss, more postoperative complications, failure of 
instrumentation) with associated premature mortality. En bloc resection of a solitary spinal 
metastasis should be performed by experienced surgeons and be reserved for patients who 
can tolerate such aggressive surgeries.
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