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PART I: OUTCOMES AND VARIATION IN MANAGEMENT

SUMMARY

Part I of this thesis is devoted to learning more about outcomes (survival, recurrence, 
metastases, and quality of life) and variation in management.

This part starts with a retrospective review (Chapter 2) of sacral chordoma cases, 
reporting on outcomes of primary tumors and first time local recurrent tumors separately. 
We included 101 surgically treated patients of whom 73 (72%) were primary tumors and 
28 (28%) were first time local recurrent tumors. For patients with a primary tumor the 
overall survival at 10 years was 59% and for patients with a recurrent tumor it was 40%. 
In the case of a primary tumor, not receiving radiation was a predictor for worse local 
relapse free survival (hazard ratio [HR]: 0.20; 95% confidence interval [CI]: 0.0043-0.90; p 
= 0.004) and larger tumor size was a predictor for both worse overall survival (HR: 1.68; 
95%CI: 1.38-2.42; p = 0.004) and worse distant relapse free survival (HR: 2.25; 95%CI: 
1.47-3.44; p < 0.001). In the case of a recurrent tumor, larger tumor size was a predictor 
for worse local relapse free survival (local relapse, median: 338ml interquartile range 
[IQR]: 218-503ml; no local relapse, median: 26ml IQR: 9-71ml).

The quality of life is rarely included as in outcome in sacral tumor outcome studies. 
We decided to collect quality of life data of three orthopedic oncology centers (Chapter 
3). We included 74 patients who underwent surgery for a sacral tumor and completed 
the sacral tumor survey. The survey included the following questionnaires: the National 
institute of Health’s Patient Reported Measurement Information System (PROMIS) Global 
Health survey, PROMIS Pain interference survey, PROMIS pain intensity survey, PROMIS 
Sexual Function survey and the Modified Obstruction and Defecation Score survey. We 
compared scores based on the level of nerve root resection. Having the nerve root 
resection done at the S2 level compared to the S3 level, led to worse mental health scores 
(S2; median = 43.5, IQR = 41.1 – 50.8 and S3; median = 53.3, IQR = 48.3 – 56.0, Z = -2.3, q 
= 0.049) and physical health scores (S2; median = 42.3, IQR = 39.8 – 50.8 and S3; median 
= 47.4, IQR = 44.9 – 54.1, Z = -1.9, q = 0.043). A better orgasm score was found when the 
S2 roots were spared (median = 3, range = 2–5, q = 0.027) compared to when only the 
S1 nerve roots were spared (median = 1.0, range = 1.0–1.0). There were no differences in 
the other domains.

Chapter 1 is a general introduction that is made up of three sections. First, we learn about 
the sacral bone, specifically about its etymology, anatomy, and function. Second, we go into 
the history and epidemiology of chordoma. In the third section they come together and 
the phenomena sacral chordoma is introduced. We further go into the different aspects 
of managing sacral chordoma namely: surgery, radiotherapy and medical treatment.
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While conducting the study in Chapter 3, we realized that the survey we used to 
collect quality of life data could be improved. We set out to measure redundancy within 
the survey and make a recommendation for an improved version (Chapter 4). We 
included 70 patients with sacral tumors (78% chordoma) that completed the survey. 
To measure underlaying traits we performed exploratory factor analysis. To measure 
conversion of the questionnaires we used Spearman rank correlation coefficients. Based 
on current literature we hypothesized the six domains: mental health, physical health, 
pain, gastrointestinal symptoms, sexual function, and urinary incontinence. Content 
validity was assessed by involving 32 patients, nine orthopedic oncologists, one medical 
oncologist, one radiation oncologist, and an orthopedic oncology nurse practitioner (with 
experience in treating sacral tumor patients) and had them complete a survey on the 
relevance of the domains.

Reliability was measured using Cronbach alpha statistics and ranged from 0.65 to 0.96. 
Coverage measured by floor and ceiling effects ranged from 0 to 52% and from 0 to 30%, 
respectively. We found three traits to which similar questionnaires correlated the most: 
mental health, physical function, and pain. Content validity showed low disagreement 
among patients (range: 0.10 to 0.18) and high agreement among physicians (range: 0.91 
to 1.0) on the relevance of the hypothesized domains. Social health was a new domain 
identified by 50% of the surveyed patients.

Given the rarity of sacral chordoma and therefore the difficulty to study them, the best 
method of treatment is unknown, and treatment recommendations likely vary. We set 
out to better understand whether variability exists in the treatment recommendations for 
sacral chordoma (Chapter 5). We asked whether there is a difference between surgeons 
and non-surgeons in their recommendations for treatment. Furthermore, we sought to 
understand which patient and tumor characteristics influenced the recommendations. 
We created 12 case scenarios by combining: neurologic symptoms (none or complete 
incontinence; 3 cases each), tumor location (S1, S2/S3 or S5; 2 cases each), and 
tumor size (more or less then 200 milliliters; 6 cases each). We asked for every case; 
what treatment would you recommend: 1) observation 2) en bloc resection 3) en bloc 
resection with neo and/or adjuvant high dose radiotherapy (non-palliative) 4) definitive 
high dose radiotherapy (non-palliative). Of the 103 participants in total, 80 (78%) were 
surgical specialists and 23 (22%) were non-surgical specialists. The surgical specialists 
recommended en bloc resection without radiotherapy more often (surgical mean 74%, 
standard deviation [SD] ±33%, 95%CI 40 to 54; non-surgical mean 27%, SD ±29%, 95%CI 
15 to 40; p = 0.010). Among the surgical specialists, we found that observation was rarely 
recommended in general but was influenced by the location of the tumor (proximal 3.8%, 
midlevel 0.94%, distal 0; p = 0.005). En bloc resection without radiotherapy was more 
often recommended in patients with a more distal tumors (11%), as compared to midlevel 
tumors (4.2%) and proximal tumors (5.6%) (p < 0.001). Definitive radiotherapy was rarely 



Chapter 8

142

recommended for distal tumors (4.4%), as compared to midlevel tumors (25%) and 
proximal tumors (30%) (p < 0.001). For larger tumors en bloc resection with radiotherapy 
was more often recommended (39%), as compared to smaller tumors (34%) (p = 0.002).

PART II: EFFECT OF RADIOTHERAPY ON BONE

In part I it becomes clear that there is an increasingly important role for radiotherapy in 
the treatment of sacral chordoma. But no studies definitively prove its value and variation 
in recommendation exists. The differences of opinion may be partly explained by the side 
effects of radiotherapy. In this part we focus on one of those side effects, namely the 
effect on radiotherapy on bone that is unaffected by primary tumor or metastases.

In Chapter 6 we performed a systematic literature study to better understand the 
clinically relevant effects of radiation on the sacrum. Our aim was to determine the sacral 
insufficiency fracture rate after pelvic radiation therapy for soft tissue tumors and to 
assess whether there is a relation between radiation dose and fracture rate. We were 
able to include 15 studies that met our inclusion criteria. Most studies were excluded 
because they did not perform routine imaging of all the patients. We found that fractures 
rates ranged from zero up to 89%. Fractures seemed to occur more often in patients with 
an abnormal body mass index. Higher dose (>39.6 Gray [Gy]) and delivery method (less 
fractures when intensity modulated radiotherapy was used) also influenced the risk of 
fracture.

The effects of high dose of radiation on human bone are relatively unexplored, but like 
we found in Chapter 6, high rates of insufficiency fractures are reported. Using Hounsfield 
units (HU) derived from computed tomography (CT) scans, we aimed to measure the 
effect of radiotherapy on trabecular density in Chapter 7. We retrospectively studied 
pre- and post-radiation CT-scans of patients who underwent a transverse sacral resection 
and pre-operative high dose radiation therapy (50.40 Gy) for sacral chordoma. We used 
Hounsfield units (HU) as a surrogate for bone density. We compared differences in 
ratio (sacrum/L1) before and after radiation inside the radiation field and differences in 
a control ratio outside the radiation field (L2/L1). Among the 21 included patients the 
control measurement did not change significantly (pre-radiation mean, 0.976 ± 0.009 and 
post-radiation mean, 0.979 ± 0.009; p = 0.799). The measurement within the radiation 
field did change significantly after radiotherapy (pre-radiation mean, 0.895 ± 0.050 and 
post-radiation mean, 0.658 ± 0.050; p < 0.001).


