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SUMMARY

Primary bone tumours are rare entities in oncology, with a widespread range of 
aggressiveness, localisation, age of onset and treatment regimes. Chondrosarcoma (CS) is 
the third most common primary bone malignancy, whose atypical cartilaginous tumours 
(ACT) are the most benign in terms of local aggressiveness, metastatic potential and 
patient survival. Chondrosarcoma was historically regarded as a true malignancy when it 
was named low-grade or grade I CS. In 2013, the World Health Organization renamed 
it ACT and from then on was deemed as a tumour of borderline malignant potential. 
Chapter I describes tumour characteristics, clinical considerations and treatment options, 
postulates subsequent research questions, and presents the outline of this thesis.

Chapter II reviews literature on the outcome of intralesional treatment versus wide 
resection of chondrosarcoma grade I in the long bones. In a Cochrane study we 
included 781 participants from 18 studies and were able to extract patient data from 
511 participants in 14 studies. In a Cochrane review across seven studies with 238 
patients and a minimal follow-up of two years we demonstrated that there was no 
significant difference in recurrent free survival (RFS) between intralesional treatment 
and wide resection. A Kaplan-Meyer curve based on individual patient data from 115 
participants showed a 94% (intralesional) to 96% (wide resection) RFS after a follow-up 
of maximum 300 months, with no significant differences between the treatment groups. 
In only 0.5% of all cases was a higher-grade tumour found in a later stage, and only two 
patients (0.26%) died from the disease in the analysed studies. Based on three studies, 
functional outcome as measured by the musculoskeletal tumour society (MSTS) score 
was significantly better after intralesional treatment (mean score 93%) versus resection 
(mean score 78%). Occurrence of major complications (e.g. fracture or wound infection) 
was significantly lower after curettage. 

Our own results for intralesional treatment of ACT in the long bones are analysed in 
Chapter III. In a retrospective cases series including 108 patients we found a 95.4% 
disease-free survival after a mean follow-up period of 48.7 months. Tumours up to 100 
cm3 were treated by curettage and adjuvant phenolisation, and in only five patients was 
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residual tumour suspected. One patient persisted on second surgery; all others could be 
monitored closely with no evidence of tumour growth over time. Complications occurred 
in 14.8% of patients, predominantly fractures needing additional surgery. A total of 20 
reoperations due to complications had to be performed in 12 patients (11%). We found 
no correlation between tumour size and risk of local recurrence or of complications. 

To see whether computer-assisted surgery (CAS) is of value in the treatment of ACT, 
patients that had been treated using either CAS or fluoroscopy guidance were studied 
in a retrospective comparison (Chapter IV). In a study with 77 patients (fluoroscopy n 
= 60 vs CAS n = 17) we did not find significant differences in terms of residual tumour 
(2/17 vs 6/60), fracture rate (3/17 vs 6/60) or surgical time (1.26h vs 1.34h). Hence, 
although the value of CAS in terms of oncological outcome remains uncertain, we did 
not encounter longer operation durations or procedure-related complications like pin 
tract infections. CAS can be a safe alternative imaging modality for curettage of ACT.

We prospectively reviewed 20 patients in a proof-of-principle study using radiofrequency 
ablation (RFA) for treatment of ACT (Chapter V). We developed a sequence that 
enabled us to directly study the effect of RFA on the tumour tissue in patients without 
withholding standard care from them: after inclusion, patients underwent CT-guided 
biopsy of the tumour, directly followed by an RFA procedure. Three months later, a 
gadolinium-enhanced MRI (G-MRI) was made to assess the post-ablation effect. 
Material retrieved from the subsequent operation could thereby be directly related to 
the G-MRI images, and its sensitivity and specificity calculated. We graded the tumour 
response both on imaging and on histology as complete (R0), near-complete (R1) or 
incomplete (R2). Histological analysis demonstrated that >95% of tumour necrosis 
was achieved in 70% of cases, with 9/20 cases showing complete tumour eradication. 
G-MRI had a 91% sensitivity to detect residual tumour and a negative predictive value 
(NPV) of 86%. Besides the ablation efficacy, we also inquired about functional outcome 
by assessing MSTS scores after RFA and curettage and checking for complications. On 
a 0-to-30-point scale, MSTS scores were 27.1 (23 to 30) versus 18.1 (12 to 25) six weeks 
after RFA and curettage respectively. Twelve weeks after the procedures the differences 
between the groups narrowed, yet were still significant (27.2 vs 22.9). No adverse events 
were seen after RFA. A pathological fracture occurred in two patients after curettage, 
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requiring additional surgery. This study proved the safety and efficacy of RFA in ACT 
treatment, making the next step possible.

After evaluating the results of our pilot study we slightly adjusted our treatment protocol 
and prospectively studied it in 24 patients in Chapter VI. Inclusion criteria were similar, 
but we added an extra run to the ablation procedure and used multiple needle positions 
when the tumour was >30 mm. We found an increase to 71% of complete necrosis after 
ablation, and only 8% obvious failures. One fracture occurred after RFA, but no other 
complications were seen. Five out of six tumours exceeding 30 mm in diameter showed 
full response when treated with multiple needles. 

In short, based on the best available literature, in this thesis we found that intralesional 
treatment is oncologically safe and superior to wide resection in terms of functional 
outcome and complication rates for ACT in the long bones. The results of curettage 
in our own hands were comparable to literature, with the role of computer-assisted 
surgery for this type of surgery still unknown. Radiofrequency ablation was studied 
as an alternative to curettage, with promising results in terms of tumour eradication, 
preservation of function and quick return to daily activities. Optimisation of the RFA 
procedure, especially intraoperative monitoring of position, temperature and ablation 
zone, and definitive outcome after adequate follow-up remain subjects of future research. 
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