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INTRODUCTION 
 

Bone sarcoma are rare malignancies, representing less than 0.2% of all malignant neoplasms across all age 

groups1. Their overall incidence rate is estimated at 0.8 to 0.9 cases per 100,000 individuals per year, with 

each specific subtype not exceeding 0.3 cases per 100,000 per year2. In Europe, rare cancers are defined as 

those with a crude incidence rate of less than 6 cases per 100,000 per year. According to this definition, bone 

sarcoma are classified as rare cancers and are included in the RARECARE list1. 

Bone sarcoma represent a highly heterogeneous group of cancers that can arise in nearly any anatomical 

location, including the extremities and axial skeleton. They encompass a wide spectrum of histological and 

molecular subtypes, which are continuously redefined through evolving phenotypic and molecular 

subgroups. This heterogeneity contributes to significant variation in prognosis2. 

According to the ESMO Clinical Practice guidelines2, 3, the diagnosis and therapeutic management of bone 

sarcoma rely heavily on specific tumour characteristics - including histological subtype, histological grade, and 

anatomical location - as well as on patient-related factors such as age, overall health status, and individual 

treatment preferences (for example, whether to accept the potential functional or aesthetic consequences of a 

mutilating surgical procedure). Because of their complexity, bone sarcoma require a multidisciplinary 

approach involving pathologists, radiologists, surgeons, and radiation and medical oncologists. Surgical 

excision remains the cornerstone of treatment for localised bone tumours, with various surgical techniques 

tailored to tumour characteristics. Additional oncological therapies are determined by multiple factors. 

Chemotherapy plays a pivot role in chemosensitive subtypes like high-grade osteosarcoma, while historically 

chemoresistant subtypes like chordoma and giant cell tumours of bone have benefited from advances in 

targeted therapies. Radiation therapy is an essential component in the management of chordoma and may 

also be indicated for selected cases of other bone sarcoma4. 

The diagnosis and treatment of bone sarcoma have evolved significantly over the past few decades, driven 

by advances in imaging, pathology, surgical techniques, systemic therapies, and multidisciplinary care 

models. At the diagnostic level, molecular and genetic profiling has become increasingly important in recent 

years. The integration of molecular diagnostics, such as IDH mutations in chondrosarcoma and MDM2 

amplification in low-grade osteosarcoma, has significantly improved diagnostic accuracy and enabled more 

precise differentiation between histologically similar tumour types2, 3. In terms of treatment, limb-sparing 

surgeries have largely replaced amputations in many cases, thanks to better imaging, surgical planning and 

reconstructive options. Furthermore, treatment decisions now more frequently incorporate patient 

preferences, quality of life considerations, and expected functional outcomes, particularly when evaluating 

options such as limb-sparing surgery versus amputation5. 

The rarity of bone sarcoma, combined with their biological heterogeneity and the complexity of their clinical 

management in an ever-changing healthcare landscape, poses significant challenges to both patient care 

and research. The limited number of cases hinders the development of specialist expertise and makes it 

difficult to assess the organisation of care and its impact on patient outcomes1. 

To address these challenges, the ESMO Clinical Practice Guidelines2, 3 recommend that patients with bone 

sarcoma receive their diagnostic work-up and oncological treatment in dedicated reference centres or within 

established reference networks that provide access to comprehensive expertise and the full continuum of 

care. In addition, children and adolescents should be referred to centres that provide age-specific expertise. 

In Belgium, however, such reference centres or networks have not yet been formally established, unlike in 

neighbouring countries. For example, France launched ResOs in 2013, a national reference network for bone 

sarcoma and rare bone tumours, comprising 14 specialized centres6. Similarly, in the Netherlands, the 

diagnosis and treatment of bone sarcoma are centralized in one of four officially recognized centres of 

expertise7. 
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STUDY OBJECTIVES 
 

This study aims to describe the epidemiology, first-line care trajectory, and treatment outcomes of 

patients with bone sarcoma in Belgium. Specifically, it seeks to: 

− Characterise the population of patients diagnosed with bone sarcoma between 2008 and 2022. 

− Provide insights into the primary diagnostic and therapeutic management, including the distribution 

of care across Belgian hospitals. 

− Assess patient survival and analyse trends over time. 

In addition, the study addresses the methodological challenges inherent in researching this rare and 

heterogeneous patient population and offers recommendations to improve future evaluations of care 

quality. 

By offering a comprehensive analysis of bone sarcoma epidemiology, care trajectories, and survival outcomes 

in Belgium, this study provides a robust foundation for enhancing clinical decision-making and healthcare 

planning. Additionally, by identifying methodological challenges and proposing targeted recommendations, 

future quality-of-care studies can be refined to facilitate systematic monitoring and continuous improvement 

of patient care over time. 

  



7 
 

METHODOLOGY 
 

Data sources 

The primary data source for this study was the Belgian Cancer Registry (BCR) database, a comprehensive 

population-based registry that records all new cancer diagnoses in Belgium since 20048, 9. From this 

database, all bone sarcoma originating in bone were selected, excluding those arising in soft tissue (such as 

extraskeletal osteosarcoma). The selection includes patients officially residing in Belgium who were 

diagnosed in a Belgium hospital between 2008 and 2022 (see Appendix, section ‘In- and exclusion criteria of 

the study population’, for detailed in- and exclusion criteria). The final study population consists of 1,551 

patients, accounting for a total of 1,556 bone sarcoma. 

It is important to note that Belgian hospitals frequently manage patients without an official Belgian residence, 

and the number of such cases varies by hospital. However, these non-resident patients were excluded from 

the study for several reasons. First, hospitals are not legally obligated to register tumours diagnosed in non-

residents, leading to incomplete data in the cancer registry. Second, most of these patients are not affiliated 

with a Belgian sickness fund, making it impossible to trace their care trajectory using available administrative 

data. 

Since 2009, BCR is authorised to link data from its own database, based on the National Number of Social 

Security (NISS), with data on reimbursed cancer-related diagnostic and therapeutic procedures (registered 

as nomenclature codes) and pharmaceuticals (registered as Anatomical Therapeutic Chemical (ATC) codes). 

These data are obtained from the seven health insurance organisations via the InterMutualistic Agency (IMA 

- AIM). For this study, IMA - AIM data up to June 30, 2024 (as fiscal date) were used by BCR.  

Since there is no direct link between (pseudo-)nomenclature and/or ATC codes from the IMA - AIM database 

and a specific diagnosis, and small errors/deviations in the registered date of diagnosis and/or the billed 

dates of medical procedures/drugs are possible, timeframes around the incidence date or a particular 

procedure were used to identify whether specific procedures have taken place for the diagnosis or treatment. 

Applying clinically relevant timeframes helps reduce the risk of misclassification such as attributing a 

procedure or code to bone sarcoma when it was actually performed for another condition. However, this 

approach introduces also the opposite risk: potentially missing relevant procedures or treatments that fall 

outside the defined window. Setting appropriate timeframes is therefore a delicate balance between 

maximizing the capture of true positives and minimizing the inclusion of false positives. When using 

administrative data to identify the care trajectory of patients, BCR carries out a comprehensive validation using 

clinical data as the reference standard. For several tumour sites an overall target threshold of 95% accuracy 

has been achieved using this methodology (e.g. cancers of breast, ovary, rectum, oesophagus, pancreas, and 

head-and-neck). 

Since 2016, BCR has been authorized to access hospital discharge data for patients in its database through 

the Federal Public Service (FPS) Health. These data include, among other elements, detailed information on 

diagnoses and procedures performed during hospital stays. For the purposes of this study, hospital discharge 

data were available at BCR up to prestation year 2022. 

The vital status of patients with bone sarcoma included in this study was obtained from the Crossroads Bank 

for Social Security (KSZ - BCSS), using the NISS. Through this active follow-up method, vital status was 

monitored up to February 27, 2025. 

As part of the mandatory cancer registration process, laboratories for pathological anatomy are required to 

submit pathology reports related to a cancer diagnosis to BCR. In general, only pathology reports in which 

cancerous tissue is found are sent to BCR. For this study, solely pathology reports related to the primary bone 

sarcoma were used. Pathology reports related to progression or recurrence of a bone sarcoma were not 

considered. For retrieving information on surgery results and molecular marker information, only patients for 

whom at least one pathology report related to the primary bone sarcoma was available at BCR were 

considered. From these reports, relevant information was manually extracted. 
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Computations 

Epidemiology: 

Annual incidence rates of bone sarcoma (Table 1 and Figure 1) were calculated by the number of cases per 

100,000 individuals per year for incidence years 2008-2022 based on information retrieved from the BCR 

cancer registry database (~ cancer diagnoses) and population figures of Statbel (~ yearly number of residents 

in Belgium). 

− The exact incidence date - i.e., the date of diagnosis - is determined by the first microscopic 

confirmation of cancer (cytology or histopathology). If microscopic information is unavailable, the 

date of the first hospital stay for cancer is used, if available. Otherwise, the date of the first 

consultation for cancer is considered, followed by the date of the technical or clinical investigation 

leading to the diagnosis. If none of these are available, the first date of treatment for cancer is used. If 

no other information is available, the date of death is considered as a last resort. Note: These tumor 

registration rules applied until 2022. The registration rules have been revised starting with incidence 

year 2023. 

Patient and tumour characteristics at time of diagnosis (baseline characteristics) (Tables 2 -3 and Figures 2 

– 3) were identified using the BCR cancer registry database (~ incidence period, age at incidence, sex, WHO 

performance status, additional primary tumours, histological subtype, and primary tumour location) and the 

IMA - AIM database (~ comorbidities and number of hospitalisation days in the year prior to incidence). 

Histological subtypes and primary tumour location are categorized based on ICD-O 3.2. 

Diagnostic and therapeutic management: 

Imaging (Table 4 and Figure 4) was mapped based on nomenclature codes as registered in the IMA - AIM 

database within a timeframe of 3 months before and 3 months after incidence date (see Appendix, section 

‘Nomenclature and ATC codes’, Table S1: Nomenclature code selection for imaging). A distinction was made 

between: 

− imaging focused on the primary tumour location 

− general imaging, focusing on both the primary tumour location and the rest of the body 

Cyto-/histological examination (Tables 5 – 6) was identified based on IMA - AIM nomenclature codes within 

a timeframe of 3 months before and 3 months after incidence date (see Appendix, section ‘Nomenclature and 

ATC codes’, Table S2: Nomenclature code selection for cyto-/histological examination). These codes span 

various organs and tissues and are not limited to bone-specific assessments. 

Multidisciplinary team (MDT) meetings (Table 7) were identified using IMA - AIM nomenclature codes 

within different timeframes surrounding incidence date (see Appendix, section ‘Nomenclature and ATC 

codes’, Table S3: Nomenclature code selection for multidisciplinary team meetings). 

To identify surgical procedures (diagnostic biopsy and surgery to remove the primary tumour) (Figures 5 – 

9), four exploration phases and two validation phases were taken (see Appendix, section ‘Exploration and 

validation to identify surgical procedures’) before a final methodology was developed. 

- Identification was ultimately based on nomenclature codes registered in the IMA - AIM database, 

within a timeframe spanning 1 month before and 6 months after incidence date. This window was 

chosen in collaboration with clinical experts to balance sensitivity and specificity, acknowledging that 

a broader timeframe could introduce unrelated procedures, while a narrower one might miss 

relevant interventions - especially in cases involving neo-adjuvant therapy. 
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- Due to the heterogeneity of bone sarcoma and its treatment, the use of surgical procedure codes in 
reimbursement data was found to be heterogeneous and often aspecific. As a result, for this tumour 
type specifically, a methodology was developed where a level of uncertainty needed to be taken into 
account. Nomenclature codes were selected and categorized based on the certainty with which they 
indicate a diagnostic biopsy or tumour-removal surgery. This was done in collaboration with clinical 
experts. Codes with explicit references to the procedure were given highest priority and 
automatically retained. Codes with ambiguous descriptions were assigned lower priority and only 
considered if no higher-priority code was present and the procedure logically fit the patient’s care 
trajectory. For example, a priority 4 biopsy code preceding a priority 1 surgery code was retained to 
confirm a biopsy. However, the same code would be excluded if recorded after the surgery. 

 

- Biopsy code categories (by decreasing priority) 
o Priority 1: Regular bone biopsy codes (N = 6) 
o Priority 2: Biopsy via bone curettage (N = 3) 
o Priority 3: Curettage with/without biopsy (N = 2) 
o Priority 4: Codes potentially referring to bone biopsy (N = 98) 

- Surgery code categories (by decreasing priority) 
o Priority 1: En bloc surgery codes (N = 2) 
o Priority 2: Regular bone surgery codes (excluding en bloc) (N = 62) 
o Priority 3: Codes potentially referring to tumour removal (N = 67) 

o Priority 4: Bone curettage codes not referring to biopsy (N = 5) 

− A complete list of nomenclature codes used for surgical procedure identification, along with their 

priority level, can be found in Appendix, section ‘Nomenclature and ATC codes’, Table S4: 

Nomenclature code selection for estimation of surgical work-up. 

Note that the identification of diagnostic biopsies and surgeries for primary tumour removal represents an 

estimation of real-world clinical practices. However, due to limitations inherent in administrative health data, 

these procedures cannot be measured with the same level of accuracy typically achieved in other BCR studies. 

Information about surgical resection specimens (Tables 8 – 9) - including tumour size, histological grade, 

biopsy tract removal, margin status and distance to margins - was manually extracted from pathological 

anatomy reports related to the primary bone sarcoma, available at BCR. Information on molecular status of 

specific histological subtypes was also manually extracted from these reports. Due to the labour-intensive and 

time-consuming nature of manual annotations, it was limited to bone tumours diagnosed between 2009-2021 

for adults (≥ 18 years) and 2017-2021 for children (< 18 years). 

Chemo- and radiotherapy (Tables 10 - 11) were identified based on ATC and nomenclature codes, 

respectively, as registered in the IMA - AIM database within a timeframe of 1 month before and 24 months 

after incidence date. These ATC and nomenclature codes can be found in Appendix, section ‘Nomenclature 

and ATC codes’, Table S5: ATC code selection for chemotherapy and Table 6: Nomenclature code selection 

for radiotherapy. 

Treatment schemes (Table 12) were identified by integrating information on surgery, chemotherapy, and 

radiotherapy. Surgery was considered from one month before up to six months after the incidence date of the 

bone sarcoma. Chemotherapy and radiotherapy were taken into account from one month before up to 24 

months after the incidence date when no surgery was performed. In cases of neo‑adjuvant treatment, 

chemotherapy and radiotherapy were considered from one month before until the day before surgery, 

whereas for adjuvant treatment they were taken into account from the day of surgery up to 12 months 

post‑surgery.  

Distribution of care: 

To determine the number of hospitals involved in a patient’s first-line care trajectory, RIZIV-INAMI 

licensing codes linked to diagnostic and therapeutic procedures were extracted from the IMA - AIM database. 

The following procedures within specific time frames around incidence date were considered:  

- imaging: -3m < incidence < +3m;  

- cyto-/histological examination: -3m < incidence < +3m;  

- MDT meetings: -1m < incidence < +12m;  

- surgical procedures: -1m < incidence < +6m;  
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- chemo- and radiotherapy: -1m < incidence < +24m.  

Note that the hospital associated with a cyto-/histological examination may refer either to the facility 

where the procedure was performed or, if unknown, to the hospital where the patient was 

hospitalized at the time. The laboratory that processed the specimen and the evaluating pathologist 

cannot be identified from the available data. 

Based on the hospitals where these procedures were performed, the number of distinct hospitals involved in 

the first-line care of patients with bone sarcoma was calculated (Table 13; upper part). Each unique hospital 

was counted as a point of care, while each new transfer from one hospital to another was considered a 

patient transfer (Table 13; lower part).  

Example (fictive): 

A patient is diagnosed in Hospital X, undergoes surgery in Hospital Y, returns to Hospital X for 

adjuvant treatment and goes back to hospital Y for additional adjuvant treatment. 

− Hospitals involved: 2 (Hospital X and Hospital Y) 

− Hospital transfers: 3 (Hospital X –> Hospital Y –> Hospital X –> Hospital Y) 

To visualise transfer of patients between hospitals of varying volumes during a critical phase of the first-

line care trajectory, specifically initial imaging and surgical work-up (biopsy and/or surgical resection to 

remove the primary tumour) (Figure 11), hospitals were categorized into three volume-based groups: low-, 

medium-, and high-volume (Figure 10). Patients may be allocated to multiple hospitals in the assessment of 

hospital volume, depending on their care pathways. 

− Low-volume hospitals: involved in the first-line care trajectory of fewer than 1 patient per year (i.e., 

fewer than 15 patients over the 15-year study period). 

− Medium-volume hospitals: involved in the first-line care trajectory of 1 to 5 patients per year (15 - 75 

patients over 15 years). 

− High-volume hospitals: involved in the first-line care trajectory of more than 5 patients per year 

(more than 75 patients over 15 years). 

These thresholds were chosen to ensure an approximately equal distribution of patients across the three 

hospital categories. The visualisation, presented as a Sankey plot, includes only those patients who initiated 

their care trajectory with at least one imaging procedure (N = 1,501). 

Survival: 

Unadjusted net survival (Tables 14 - 17 and Figures 12 - 14): 

Net survival represents the survival in a hypothetical setting where death can only occur due to causes directly 

related to the cancer diagnosis. It is calculated as the ratio of the observed survival in the patient cohort to the 

expected survival for a comparable group from the general population (matched by sex, age, region, and 

calendar year). For instance, a net survival of 50% indicates that the survival in the cancer cohort at a certain 

number of years post-diagnosis is only half as good as that in the general population. 

Net survival was estimated using the Pohar-Perme method. The survival analysis included all patients 

diagnosed with bone sarcoma in Belgium between 2008 and 2022, with a potential follow-up period 

extending until February 27, 2025. 

Net survival is shown by both patient and tumour characteristics. 

Note: In this study, a net survival result is considered insufficiently reliable when the number of patients N at 

risk is less than 50. In this case, the result is not calculated. 

Adjusted net survival (Table 18): 

The survival chances of patients with bone sarcoma depend on factors such as the patient’s age and gender, 

the extent of the tumour, and other possible causes of death (e.g., another disease, an accident). Due to these 

numerous influencing factors, it is not possible to make accurate comparisons between patient groups based 
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solely on raw numbers. To ensure a fair comparison, differences in case-mix must be considered. However, it 

is impossible to adjust for all factors that may affect the risk of death (e.g., the patient’s occupation and 

income), as this information is either unavailable or unknown. 

In this study, to compare the net survival of patients with bone sarcoma of the appendicular skeleton to those 

with bone sarcoma of the axial skeleton, differences in case-mix were accounted for using a flexible 

parametric model. This model adjusted for main primary tumour location, histological subtype, age at 

diagnosis, sex, incidence period, WHO performance status at diagnosis, comorbidities (including diabetes, 

respiratory, and cardiovascular diseases), and the number of hospitalisation days in the year prior to 

diagnosis. Stratification was done based on main primary tumour location, histological subtype and age at 

diagnosis. 

The model returns Excess Hazard Ratios (EHR). The adjusted EHR is the Excess Hazard for a specific group 

relative to a reference group in the regression model, adjusted for case-mix. An EHR for excess mortality 

larger (smaller) than 1 relates to a lower (higher) net survival probability compared to the reference group. 

Note: In this study, an adjusted net survival result is considered insufficiently reliable when the number of 

patients N at risk is too low (no clear cut-off). In this case, the result is not calculated. 
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1. EPIDEMIOLOGY 

 

The first chapter presents an overview of the incidence rates of bone sarcoma in Belgium from 2008 to 2022, along with a detailed description of the baseline patient and 

tumour characteristics of the 1,551 patients (1,556 tumours) included in the study. 

 

1.1. Crude and age-specific incidence rates 

Bone sarcoma are rare tumours. 

Results: 

(Table 1 and Figure 1) 

− The average crude incidence rate (CR) of bone sarcoma in Belgium is 0.93/100,000/year. The incidence rate is higher in men compared to women, except for 

chondrosarcoma where the incidence is approximately evenly distributed between both sexes.  

− Chondrosarcoma (0.33/100,000/year) and osteosarcoma (0.28/100,000/year) are the most frequently diagnosed subtypes, whereas Ewing sarcoma, chordoma 

and bone sarcoma of other and unknown subtype are less common. 

 

− Age distribution: Osteosarcoma display a bimodal age distribution, with incidence peaks during adolescence and late adulthood. In contrast, Ewing sarcoma 

primarily affect individuals in the second decade of life. Chondrosarcoma, chordoma, and other or unspecified subtypes of bone sarcoma are more commonly 

observed in older adults. 
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Table 1: Bone Sarcoma (Belgium; 2008-2022) - Average annual crude incidence rates (N/100,000 individuals/year), total and by histological subtype and sex, reported 
with confidence intervals and count. 

Average annual  
crude incidence rates 
(2008-2022) 

Total Males Females 

N CR 95% CI N CR 95% CI N CR 95% CI 

Overall (2008-2022) 1,556 0.93 (0.88-0.97) 870 1.06 (0.99-1.13) 686 0.80 (0.75-0.87) 

Histological subtype          

Osteosarcoma 477 0.28 (0.26-0.31) 275 0.33 (0.30-0.38) 202 0.24 (0.21-0.27) 

Chondrosarcoma 547 0.33 (0.30-0.35) 276 0.33 (0.30-0.38) 271 0.32 (0.28-0.36) 

Ewing sarcoma 208 0.12 (0.11-0.14) 136 0.17 (0.14-0.19) 72 0.08 (0.07-0.11) 

Chordoma 173 0.10 (0.09-0.12) 101 0.12 (0.10-0.15) 72 0.08 (0.07-0.11) 

Other and unknown 151 0.09 (0.08-0.11) 82 0.10 (0.08-0.12) 69 0.08 (0.06-0.10) 

N: count; CR: average annual crude incidence rate (N/100,000 individuals/year); CI: confidence interval 
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Figure 1: Bone Sarcoma (Belgium; 2008-2022) - Average annual age-specific incidence rates (N/100,000 individuals/year), by histological subtype and sex, shown with 
confidence intervals. 
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1.2. Patient characteristics 

Patients with bone sarcoma constitute a heterogeneous group. 

Results: 

(Table 2) 

− The average annual number of bone sarcoma has remained stable over the years. 

− Bone sarcoma can be diagnosed at any age. Osteosarcoma and Ewing sarcoma are more prevalent in younger age groups, while chondrosarcoma, chordoma, 

and bone sarcoma of other and unknown subtype are primarily found in older age groups. 

− There is a slight male predominance, especially in cases of Ewing sarcoma. 

− Most patients (52.1%) have a WHO performance status of 1 (symptomatic, but completely ambulatory) at time of diagnosis. 

− Approximately one-third of patients (30.6%) have one or more comorbidities (diabetes, cardiovascular and/or respiratory disease). 

− Nearly 75% of patients had no hospital admissions in the year preceding their bone sarcoma diagnosis. 

− Almost 10% of patients are diagnosed with at least one other primary tumour - at any anatomical site - within five years before or after their bone sarcoma 

diagnosis. This proportion is lowest among patients with Ewing sarcoma, most likely due to the younger age profile of this patient group.  
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Table 2: Bone Sarcoma (Belgium; 2008-2022) - Patient characteristics, by histological subtype 

Patient characteristics  
 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

 n % n % n % n % n % n % 

Average annual tumour count by incidence period             

2008-2012 505 32.5% 159 33.3% 189 34.5% 67 32.2% 50 28.9% 40 26.5% 

2013-2017 548 35.2% 154 32.3% 207 37.8% 79 38.0% 51 29.5% 57 37.8% 

2018-2022 503 32.3% 164 34.4% 151 27.6% 62 29.8% 72 41.6% 54 35.8% 

Age at incidence             

<18 years 288 18.5% 148 31.0% 8 1.5% 112 53.9% 7 4.0% 13 8.6% 

18-29 years 227 14.6% 99 20.8% 47 8.6% 50 24.0% 10 5.8% 21 13.9% 

30-39 years 140 9.0% 26 5.4% 67 12.2% 28 13.5% 10 5.8% 9 6.0% 

40-49 years 190 12.2% 33 6.9% 123 22.5% 9 4.3% 15 8.7% 10 6.6% 

50-59 years 203 13.1% 53 11.1% 95 17.4% 6 2.9% 28 16.2% 21 13.9% 

60-69 years 213 13.7% 52 10.9% 92 16.8% 3 1.4% 41 23.7% 25 16.6% 

>=70 years 295 19.0% 66 13.8% 115 21.0% 0 - 62 35.8% 52 34.4% 

Sex             

Males 870 55.9% 275 57.6% 276 50.5% 136 65.4% 101 58.4% 82 54.3% 

Females 686 44.1% 202 42.4% 271 49.5% 72 34.6% 72 41.6% 69 45.7% 

WHO performance status at incidence             

0 – Asymptomatic 278 17.9% 81 17.0% 126 23.0% 36 17.3% 21 12.1% 14 9.3% 

1 – Symptomatic, but completely ambulatory 810 52.1% 260 54.5% 230 42.0% 128 61.5% 106 61.3% 86 57.0% 

2 – Symptomatic, <50% in bed during the day 73 4.7% 31 6.5% 22 4.0% 6 2.9% 6 3.5% 8 5.3% 

3 – Symptomatic, >50% in bed, but not bedbound 23 1.5% 8 1.7% 6 1.1% 5 2.4% 3 1.7% 1 0.7% 

4 – Bedbound 7 0.4% 1 0.2% 2 0.4% 0 - 2 1.2% 2 1.3% 

Missing 365 23.5% 96 20.1% 161 29.4% 33 15.9% 35 20.2% 40 26.5% 
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Patient characteristics  
 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

 n % n % n % n % n % n % 

Comorbidities*             

Diabetes 105 6.8% 24 5.0% 47 8.6% 0 - 20 11.6% 14 9.3% 

Cardiovascular disease 411 26.4% 92 19.3% 178 32.5% 8 3.8% 75 43.4% 58 38.4% 

Respiratory disease 72 4.6% 19 4.0% 33 6.0% 1 0.5% 8 4.6% 11 7.3% 

Number of above comorbidities             

0 1,080 69.4% 363 76.1% 343 62.7% 199 95.7% 91 52.6% 84 55.6% 

1 371 23.8% 95 19.9% 153 28.0% 9 4.3% 62 35.8% 52 34.4% 

2 98 6.3% 17 3.6% 48 8.8% 0 - 19 11.0% 14 9.3% 

3 7 0.4% 2 0.4% 3 0.6% 0 - 1 0.6% 1 0.7% 

Number of hospitalisation days in the year prior to 
incidence 

            

0 days 1,163 74.7% 364 76.3% 392 71.7% 173 83.2% 129 74.6% 105 69.5% 

1-5 days 279 17.9% 73 15.3% 111 20.3% 32 15.4% 32 18.5% 31 20.5% 

6-15 days 68 4.4% 25 5.2% 27 4.9% 1 0.5% 8 4.6% 7 4.6% 

>15 days 46 3.0% 15 3.1% 17 3.1% 2 1.0% 4 2.3% 8 5.3% 

Additional primary tumours**             

No 1,406 90.4% 431 90.4% 487 89.0% 202 97.1% 150 86.7% 136 90.1% 

Yes 150 9.6% 46 9.6% 60 11.0% 6 2.9% 23 13.3% 15 9.9% 

Notes: * Identification of comorbidities (diabetes, cardiovascular disease and respiratory disease) is based on disease-specific medication use in the year prior to the bone 

sarcoma incidence. ** Additional primary tumours refer to the presence of additional tumours - at any anatomical site- within a time frame of 5 years before to maximum 5 

years after the incidence date of the bone sarcoma. 
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1.3. Tumour characteristics 

Bone sarcoma constitute a heterogeneous group of tumours. 

Results: 

(Table 3 and Figures 2 - 3) 

− The long bones of the lower limb and associated joints are the most common site of bone tumours (37.2%), followed by the pelvic bones, sacrum, coccyx and 

associated joints (17.3%) and the long bones of the upper limb, scapula and associated joints (12.5%). 

− The most common histological subtypes are chondrosarcoma (35.2%) and osteosarcoma (30.7%). 

 

− The primary location of bone sarcoma varies based on both the histological subtype and the patient’s age. 

o In younger patients, most osteosarcoma arise in the extremities, whereas in adults, the axial skeleton is more commonly affected. 

o Chondrosarcoma and Ewing sarcoma arise mainly in the extremities, followed by the pelvis, coccyx and sacrum, and the ribs, sternum and clavicula. 

o Chordoma arise more frequently in the axial skeleton. Their presence in the appendicular skeleton is extremely rare. 

o The location of bone sarcoma of other and unknown subtype is very diverse, but there is a predominance in the extremities. 
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Figure 2: Bone Sarcoma (Belgium; 2008-2022) - Distribution of primary tumour location 
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Table 3: Bone Sarcoma (Belgium; 2008-2022) - Tumour characteristics, by histological subtype 

Tumour characteristics  
 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

% of all bone sarcoma 100% 30.7% 35.2% 13.4% 11.1% 9.7% 

 n % n % n % n % n % n % 

Primary tumour location (ICD-O 3.2):             

Long bones of upper limb, scapula and associated 
joints (C40.0) 

195 12.5% 47 9.8% 109 19.9% 24 11.5% 1 0.6% 14 9.3% 

Short bones of upper limb and associated joints (C40.1) 24 1.5% 2 0.4% 22 4.0% 0 - 0 - 0 - 

Long bones of lower limb and associated joints (C40.2) 579 37.2% 264 55.4% 187 34.2% 67 32.2% 2 1.2% 59 39.1% 

Short bones of lower limb and associated joints (C40.3) 27 1.7% 8 1.7% 12 2.2% 3 1.4% 0 - 4 2.6% 

Bone of limbs, overlapping and NOS (C40.8-.9) 6 0.4% 0 - 3 0.6% 2 1.0% 0 - 1 0.7% 

Bones of skull and face and associated joints (C41.0) 147 9.4% 37 7.8% 32 5.8% 9 4.3% 59 34.1% 10 6.6% 

Mandible (C41.1) 37 2.4% 27 5.7% 3 0.6% 6 2.9% 0 - 1 0.7% 

Vertebral column (C41.2) 116 7.5% 15 3.1% 15 2.7% 20 9.6% 47 27.2% 19 12.6% 

Rib, sternum, clavicle and associated joints (C41.3) 148 9.5% 23 4.8% 87 15.9% 28 13.5% 0 - 10 6.6% 

Pelvic bones, sacrum, coccyx and associated joints 
(C41.4) 

269 17.3% 52 10.9% 74 13.5% 47 22.6% 64 37.0% 32 21.2% 

Bone, overlapping and NOS (C41.8-.9) 8 0.5% 2 0.4% 3 0.6% 2 1.0% 0 - 1 0.7% 
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Figure 3: Bone Sarcoma (Belgium; 2008-2022) - Distribution of primary tumour location, by histological subtype and age 

Primary tumour locations:  

C40.x: appendicular skeleton  
C40.0 Long bones of upper limb, scapula and associated joints; C40.1 Short bones of upper limb and associated joints; C40.2 Long bones of lower limb and associated 
joints; C40.3 Short bones of lower limb and associated joints; C40.8-.9 Bone of limbs, overlapping and NOS. 

C41.x:  axial skeleton  

C41.0 Bones of skull and face and associated joints; C41.1 Mandible; C41.2 Vertebral column; C41.3 Rib, sternum, clavicle and associated joints; C41.4 Pelvic bones, 
sacrum, coccyx and associated joints. 

 C41.8-.9 Bone, overlapping and NOS 
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Comments: 

− Knowledge about the precise location of the tumour within the bone is crucial, as intramedullary tumours and those arising predominantly on the bone surface 

have different histological differential diagnoses. Additionally, some tumours occur almost exclusively in the epiphysis of the bone, while others are more located 

in the metaphysis or diaphysis10. Unfortunately, such detailed information on tumour location is not available in a structured format at BCR. 

− The histological grade of bone sarcoma, whether low or high, significantly impacts treatment choices and prognosis. Although the histological subtype generally 

determines the histological grade, there are exceptions. Therefore, specific registration of histological grade is recommended. Unfortunately, information on 

histological grade is not available at BCR in a structured way (only textual and unstructured in pathology reports). The differentiation grade (well, moderately, 

poorly, or undifferentiated) is recorded at BCR for other tumours, but this parameter is not suitable for this type of tumour. 
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2. DIAGNOSTIC AND THERAPEUTIC MANAGEMENT 

 

Chapter 2 presents an overview of the main diagnostic, staging, and first-line therapeutic procedures recorded in administrative health data for the 1,551 patients (1,556 

tumours). It also highlights several methodological challenges that complicate the accurate mapping of the care pathway. 

 

2.1. Imaging 

In addition to anamnesis and physical examination, imaging of the primary tumour is a critical first step in the diagnosis of bone sarcoma. Staging should also be 

conducted to evaluate the presence of distant metastases. This typically includes bone scintigraphy and dedicated chest CT. Advanced imaging modalities such as whole-

body MRI, PET-CT, and PET-MRI are increasingly employed to detect bone and bone marrow metastases2. 

Results: 

(Table 4 and Figure 4) 

− 99.4% of patients receive at least one imaging procedure within three months before and after their bone sarcoma diagnosis. This proportion drops to 94.2% 

when considering only imaging focused on the primary tumour location. 

− Radiography is performed in 90.3% of all patients. In 69.3% of patients, the radiography is specific for the primary tumour location. 

o Frequently performed for extremities, and ribs, sternum and clavicula. 

o Less frequently performed for craniofacial bones, spine, and pelvis, coccyx and sacrum. 

− A CT is performed in 87.4% of patients. In 61.8% of patients, the CT is specific for the primary tumour location. 

o Frequently performed for craniofacial bones, spine, and ribs, sternum and clavicula. CT is highly effective for visualizing bone sarcoma in these locations. 

o Less frequently performed for extremities, and pelvis, coccyx and sacrum. 

− An MRI is performed in 84.2% of patients. In 74.4% of patients, the MRI is specific for the primary tumour location. 

o Frequently performed for extremities, craniofacial bones and spine. 

o Less frequently performed for ribs, sternum and clavicula, and pelvis, coccyx and sacrum. 

− A bone scintigraphy is performed in 40.5% of patients. 
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− A PET-CT is performed in only 19% of the total study population, primarily due to reimbursement only being available since May 2016. Following this change the 

use of PET-CT gradually increases over time. 

 

Table 4: Bone Sarcoma (Belgium; 2008-2022) - Imaging, by primary tumour location 

Imaging  
 (-3m < inc < 3m)  

 (2008-2022) 

All bone 
sarcoma  

 (N=1,556) 

C40.0  
 (N=195) 

C40.1  
 (N=24) 

C40.2  
 (N=579) 

C40.3  
 (N=27) 

C40.8-.9  
 (N=6) 

C41.0  
 (N=147) 

C41.1  
 (N=37) 

C41.2  
 (N=116) 

C41.3  
 (N=148) 

C41.4  
 (N=269) 

C41.8-.9  
 (N=8) 

 n % n % n % n % n % n % n % n % n % n % n % n % 

Imaging                         

Any imaging 1,546 99.4% 193 99.0% 22 91.7% 575 99.3% 27 100.0% 6 100.0% 146 99.3% 37 100.0% 116 100.0% 147 99.3% 269 100.0% 8 100.0% 

Any imaging 
focused on primary 
tumour location 

1,465 94.2% 191 98.0% 22 91.7% 553 95.5% 25 92.6% 6 100.0% 143 97.3% 34 91.9% 109 94.0% 146 98.7% 236 87.7% - - 

Radiography                         

Any imaging 1,405 90.3% 182 93.3% 20 83.3% 558 96.4% 25 92.6% 5 83.3% 102 69.4% 28 75.7% 103 88.8% 139 93.9% 235 87.4% 8 100.0% 

Any imaging 
focused on primary 
tumour location 

1,078 69.3% 175 89.7% 18 75.0% 506 87.4% 19 70.4% 4 66.7% 7 4.8% 2 5.4% 63 54.3% 138 93.2% 146 54.3% - - 

CT                         

Any imaging 1,360 87.4% 159 81.5% 16 66.7% 502 86.7% 22 81.5% 4 66.7% 138 93.9% 36 97.3% 110 94.8% 134 90.5% 231 85.9% 8 100.0% 

Any imaging 
focused on primary 
tumour location 

961 61.8% 116 59.5% 9 37.5% 341 58.9% 10 37.0% 3 50.0% 133 90.5% 33 89.2% 84 72.4% 109 73.7% 123 45.7% - - 

MRI                         

Any imaging 1,311 84.2% 164 84.1% 15 62.5% 517 89.3% 20 74.1% 4 66.7% 134 91.2% 26 70.3% 109 94.0% 92 62.2% 223 82.9% 7 87.5% 

Any imaging 
focused on primary 
tumour location 

1,158 74.4% 154 79.0% 14 58.3% 493 85.2% 19 70.4% 4 66.7% 132 89.8% 25 67.6% 102 87.9% 69 46.6% 146 54.3% - - 

Bone scintigraphy 631 40.5% 75 38.5% 9 37.5% 258 44.6% 6 22.2% 1 16.7% 30 20.4% 11 29.7% 56 48.3% 55 37.2% 125 46.5% 5 62.5% 

PET-CT* 296 19.0% 33 16.9% 1 4.2% 104 18.0% 4 14.8% 1 16.7% 15 10.2% 13 35.1% 33 28.4% 30 20.3% 61 22.7% 1 12.5% 

Notes:  
The numbers and percentages highlighted in orange-red indicate imaging that has been registered using nomenclature codes specifically related to imaging of the 
primary tumour location.  
C40 Appendicular skeleton (C40.0 Long bones of upper limb, scapula and associated joints; C40.1 Short bones of upper limb and associated joints;  C40.2 Long bones of 
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lower limb and associated joints; C40.3 Short bones of lower limb and associated joints; C40.8-.9 Bone of limbs, overlapping and NOS) 
C41 Axial skeleton (C41.0 Bones of skull and face and associated joints; C41.1 Mandible; C41.2 Vertebral column; C41.3 Rib, sternum, clavicle and associated joints; 
C41.4 Pelvic bones, sacrum, coccyx and associated joints)   
C41.8-.9 Bone, overlapping and NOS  
* Nomenclature codes for PET-CT procedures have been implemented since May 2016. 

Comments: 

94.2% of patients have imaging focused on the primary tumour location, as recorded in the IMA - AIM data. This may underestimate the actual imaging of the primary 

tumour in clinical practice, as the tumour may be within the field of view of an imaging modality that is less specific to the tumour location and thus visualised in this way. 

In the case of pelvic bone sarcoma, the rate of tumour-specific imaging is notably lower than expected. Nevertheless, nearly half of the patients for whom no topography-

specific imaging was identified, did receive imaging of the spine, which may have included the tumour region. 

 

Figure 4: Bone Sarcoma (Belgium; 2008-2022) - Imaging by incidence year, in absolute numbers and in percentages  
(top figures: any imaging – bottom figures: imaging focused on primary tumour location) 
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2.2. Cyto-/histological examination 

Cyto-/histological examination makes the final diagnosis of bone sarcoma2. 

Results: 

(Tables 5 - 6) 

For 97.1% of patients, at least one nomenclature code referring to a cyto-/histological assessment is reimbursed. 

− For almost all bone sarcoma (96.9%) a histological examination is charged. This proportion is the lowest for bone sarcoma of the skull (93.2%) and of unspecified 

tumour location (83.3% and 87.5%). 

− Cytological examination and frozen section analysis are found in a minority of patients (14.3% and 13.4%). Cytological examination is most often performed for 

Ewing sarcoma (23.1%), primarily to distinguish it from lymphoblastic lymphoma, as both are classified as small round blue cell tumours and can present similarly 

under microscopic evaluation. 

− Immunohistochemical testing is performed for approximately two-thirds of patients (63.5%). The highest performance is observed for bone sarcoma of the spine 

(89.7%), the skull and mandible (83.0% and 75.7%), and the pelvis, sacrum, coccyx and associated joints (72.1%). Additionally, immunohistochemical testing is 

much less frequent for chondrosarcoma (33.5%) when compared to Ewing sarcoma (96.2%) and chordoma (88.4%). Chondrosarcoma typically presents with a 
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distinct cartilaginous histology, which is often readily identifiable using routine hematoxylin and eosin (H&E) staining. In contrast, Ewing sarcoma and chordoma 

frequently require immunohistochemical (IHC) testing to confirm diagnosis due to their histological overlap with other small round blue cell tumours or their rare 

and less distinctive origins. 

 

Table 5: Bone Sarcoma (Belgium; 2008-2022) - Cyto-/histological examination, by primary tumour location 

Cyto-/histological 
examination  

 (-3m < inc < 3m)  
 (2008-2022) 

All bone 
sarcoma  

 (N=1,556) 

C40.0  
 (N=195) 

C40.1  
 (N=24) 

C40.2  
 (N=579) 

C40.3  
 (N=27) 

C40.8-.9  
 (N=6) 

C41.0  
 (N=147) 

C41.1  
 (N=37) 

C41.2  
 (N=116) 

C41.3  
 (N=148) 

C41.4  
 (N=269) 

C41.8-.9  
 (N=8) 

 n % n % n % n % n % n % n % n % n % n % n % n % 

Any cyto-
/histological 
examination 

1,511 97.1% 189 96.9% 23 95.8% 568 98.1% 25 92.6% 6 
100.0

% 
138 93.9% 37 

100.0
% 

114 98.3% 147 99.3% 257 95.5% 7 87.5% 

Histological 
examination 

1,508 96.9% 189 96.9% 23 95.8% 567 97.9% 25 92.6% 5 83.3% 137 93.2% 37 
100.0

% 
114 98.3% 147 99.3% 257 95.5% 7 87.5% 

Cytological 
examination 

222 14.3% 23 11.8% 1 4.2% 66 11.4% 2 7.4% 1 16.7% 24 16.3% 3 8.1% 25 21.6% 30 20.3% 46 17.1% 1 12.5% 

Frozen section 
analysis 

209 13.4% 20 10.3% 0 - 62 10.7% 6 22.2% 1 16.7% 43 29.2% 8 21.6% 27 23.3% 19 12.8% 23 8.6% 0 - 

Immunohistochemi
cal testing 

988 63.5% 84 43.1% 3 12.5% 338 58.4% 17 63.0% 2 33.3% 122 83.0% 28 75.7% 104 89.7% 91 61.5% 194 72.1% 5 62.5% 

C40 Appendicular skeleton (C40.0 Long bones of upper limb, scapula and associated joints; C40.1 Short bones of upper limb and associated joints;  C40.2 Long bones of 
lower limb and associated joints; C40.3 Short bones of lower limb and associated joints; C40.8-.9 Bone of limbs, overlapping and NOS)   
C41 Axial skeleton (C41.0 Bones of skull and face and associated joints; C41.1 Mandible; C41.2 Vertebral column; C41.3 Rib, sternum, clavicle and associated joints; 
C41.4 Pelvic bones, sacrum, coccyx and associated joints)   
C41.8-.9 Bone, overlapping and NOS  

 

Table 6: Bone Sarcoma (Belgium; 2008-2022) - Cyto-/histological examination, by histological subtype 

Cyto-/histological examination  
 (-3m < inc < 3m)  

 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

 n % n % n % n % n % n % 

Any cyto-/histological examination 1,511 97.1% 469 98.3% 530 96.9% 205 98.6% 162 93.6% 145 96.0% 

Histological examination 1,508 96.9% 468 98.1% 530 96.9% 204 98.1% 162 93.6% 144 95.4% 
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Cyto-/histological examination  
 (-3m < inc < 3m)  

 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

 n % n % n % n % n % n % 

Cytological examination 222 14.3% 56 11.7% 62 11.3% 48 23.1% 28 16.2% 28 18.5% 

Frozen section analysis 209 13.4% 74 15.5% 55 10.1% 30 14.4% 33 19.1% 17 11.3% 

Immunohistochemical testing 988 63.5% 320 67.1% 183 33.5% 200 96.2% 153 88.4% 132 87.4% 

 

Comments: 

− Since nomenclature codes for cyto-/histological examinations are not organ-specific, the calculated proportions likely overestimate the number of examinations 

performed in clinical practice for bone sarcoma. 

− The administrative data only indicates when a cyto-/histological examination is performed but does not reveal whether the examination confirms the diagnosis. 

 

2.3. Multidisciplinary team meeting 

The definitive diagnosis of bone sarcoma, established through imaging and confirmed by cyto-/histological examination, should be discussed in a multidisciplinary 

setting2, 3. 

Results: 

(Table 7 ) 

− The percentage of patients discussed at an MDT meeting increases from 71.7% within two months after the date of incidence to 80.8% within six months after the 

date of incidence. 

− The percentage is lowest for chondrosarcoma and bone sarcoma of other and unknown subtype and highest for osteosarcoma and Ewing sarcoma. 
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Table 7: Bone Sarcoma (Belgium; 2008-2022) - Multidisciplinary team meeting, by histological subtype 

Multidisciplinary team meeting (MDT)  
 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

 n % n % n % n % n % n % 

-1m < incidence < 2m 1,115 71.7% 367 76.9% 349 63.8% 180 86.5% 128 74.0% 91 60.3% 

-1m < incidence < 3m 1,185 76.2% 385 80.7% 381 69.7% 185 88.9% 134 77.5% 100 66.2% 

-1m < incidence < 6m 1,258 80.8% 411 86.2% 400 73.1% 195 93.8% 141 81.5% 111 73.5% 

-1m < incidence < 9m 1,276 82.0% 414 86.8% 405 74.0% 199 95.7% 144 83.2% 114 75.5% 

-1m < incidence < 12m 1,290 82.9% 418 87.6% 411 75.1% 200 96.2% 145 83.8% 116 76.8% 

 

Comments: 

The interpretation of these data should be done with caution: besides the fact that we are dealing with administrative data (with the inherent limitations), MDT data require 

special attention since special financing rules apply, which also changed during the time span of the study period. 

− Reimbursement rules state that in general only one MDT meeting can be billed per new diagnosis, even if more than one was performed. Additional MDT 

meetings may be reimbursed if there is a significant change in the treatment plan or in case of disease progression. 

− Significant revisions in the description of nomenclature codes and the introduction of additional codes have been implemented since 2010 (see Appendix, 

section ‘Nomenclature and ATC codes’, Table S3: Nomenclature code selection for multidisciplinary team meetings). 
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2.4. Estimation of surgical work-up (diagnostic biopsy and surgery to remove the primary tumour) 

 

Following local imaging, biopsy of the primary tumour represents the final and essential step in the diagnostic workup of bone sarcoma. According to ESMO guidelines, 

image-guided core-needle biopsy is an appropriate alternative to open biopsy for most patients. Curettage may also be employed as a diagnostic technique2, 3. 

Curative surgical intervention is recommended for most patients with bone sarcoma, although not universally indicated. As outlined in the ESMO guidelines, the 

feasibility of surgery depends on factors such as tumour accessibility and the patient’s willingness to undergo the procedure2, 3. 

 

DISCLAIMER 

 

The percentages presented for diagnostic biopsy and surgery to remove the primary tumour in Figures 5 – 9 are estimates of real-world practices. Due to 
limitations in administrative health data, these surgical procedures cannot be calculated with sufficient accuracy, as confirmed by two validation phases. 

 

 

 

Results diagnostic biopsy: 

(Figures 5 , 6 and 8) 

The proportion of patients for whom a diagnostic biopsy could be identified based on IMA - AIM data is highly dependent on the nomenclature codes considered: 

− When only priority 1 biopsy codes are considered, 16% of patients are identified as having undergone a biopsy. 

− When both priority 1 and 2 biopsy codes are included, 27% of patients are identified as having undergone a biopsy. 

− Expanding the criteria to priority 1, 2 and 3 biopsy codes, results in 45% of patients for whom a diagnostic biopsy could be identified. 

− When all biopsy codes are considered, 68% of patients are identified as having undergone a diagnostic biopsy, while 32% has none of these nomenclature codes 

recorded in the IMA - AIM database. 

These proportions vary depending on the histological subtype and location of the tumour. The proportion of patients for whom a diagnostic biopsy is identified ranges 

from 51% for chondrosarcoma to 81% for Ewing sarcoma. These results are unexpected, as biopsy is considered standard practice for nearly all bone sarcoma, with only a 

few exceptions. The main exceptions include: (1) Chondrosarcoma, where biopsy is not recommended for certain subtypes due to the frequent inconsistency between 
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biopsy findings and definitive pathology, and (2) Parosteal osteosarcoma, which may be resected based solely on imaging when the diagnosis is radiologically evident. 

Biopsy rates also vary by tumour location, ranging from 17% for bone sarcoma of overlapping lesions of bones, joints and articular cartilage of limbs, and bone of limb, 

NOS (C40.8-9) to 81% for sarcoma of the skull and face (C41.0). 

 

Results surgery to remove the primary tumour: 

(Figures 5 , 7 and 9) 

The proportion of patients for whom a surgery to remove the primary tumour could be identified based on IMA - AIM data is highly dependent on the nomenclature 

codes considered: 

− 39% of patients is identified as having undergone an en bloc surgery (priority 1 surgery code). 

− When both priority 1 and 2 surgery codes are included, 64% of patients are identified as having undergone a surgery to remove the primary tumour. 

− Expanding the criteria to priority 1, 2 and 3 surgery codes, results in 68% of patients for whom surgery could be identified. 

− When all surgery codes are considered, the percentage of patients for whom surgery to remove the primary tumour has been identified becomes 69%, while 31% 

has none of these nomenclature codes recorded in the IMA - AIM database. It is important to note that some patients may have undergone surgery beyond the 6-

month window, which would not be captured by the current methodology. As such, the absence of surgical codes does not necessarily imply that no curative 

surgery was provided. 

Also, these proportions vary depending on the histological subtype and location of the tumour. The proportion of patients for whom a surgery to remove the primary 

tumour is identified ranges from 49% for chordoma, which may be treated with definitive radiotherapy in selected situations, to 78% for osteosarcoma cases, where 

surgery is typically a cornerstone of treatment. When considering tumour location, surgical rates range from 37% for bone sarcoma of the skull and of overlapping lesions 

of bones (C41.0 and C41.8-9) to 82% for sarcoma of the upper and lower extremities (C40.0 and C40.2). 
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Figure 5: Bone Sarcoma (Belgium; 2008-2022) - Surgical work-up 

 

All bone sarcoma (2008-2022)  
 (N=1,556) 
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Figure 6: Bone Sarcoma (Belgium; 2008-2022) - Diagnostic biopsy, by histological subtype 
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Figure 7: Bone Sarcoma (Belgium; 2008-2022) - Surgery to remove the primary tumour, by histological subtype 
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Figure 8: Bone Sarcoma (Belgium; 2008-2022) - Diagnostic biopsy, by primary tumour location 

C40 Appendicular skeleton (C40.0 Long bones of upper limb, scapula and associated joints; C40.1 Short bones of upper limb and associated joints;  C40.2 Long bones of 
lower limb and associated joints; C40.3 Short bones of lower limb and associated joints; C40.8-.9 Bone of limbs, overlapping and NOS)   
C41 Axial skeleton (C41.0 Bones of skull and face and associated joints; C41.1 Mandible; C41.2 Vertebral column; C41.3 Rib, sternum, clavicle and associated joints; 
C41.4 Pelvic bones, sacrum, coccyx and associated joints)   
C41.8-.9 Bone, overlapping and NOS  
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Figure 9: Bone Sarcoma (Belgium; 2008-2022) - Surgery to remove the primary tumour, by primary tumour location 

C40 Appendicular skeleton (C40.0 Long bones of upper limb, scapula and associated joints; C40.1 Short bones of upper limb and associated joints;  C40.2 Long bones of 
lower limb and associated joints; C40.3 Short bones of lower limb and associated joints; C40.8-.9 Bone of limbs, overlapping and NOS)   
C41 Axial skeleton (C41.0 Bones of skull and face and associated joints; C41.1 Mandible; C41.2 Vertebral column; C41.3 Rib, sternum, clavicle and associated joints; 
C41.4 Pelvic bones, sacrum, coccyx and associated joints)   
C41.8-.9 Bone, overlapping and NOS  

 

 

    



42 
 

    

   

 

  



43 
 

Comments diagnostic biopsy: 

− Accurately identifying patients who underwent a diagnostic biopsy using IMA - AIM data is challenging for patients with bone sarcoma, due to the heterogeneity 

of both the procedures during which biopsies may be performed and the nomenclature codes used to register these procedures. 

o Heterogeneity of procedures: 

▪ Biopsies may be performed using either core-needle or open techniques. However, no specific nomenclature codes exist for the latter. 

▪ Biopsies can be conducted during procedures unrelated to oncology, such as hip replacements, complicating their identification in administrative 

data. 

▪ Curettage may be performed as part of a diagnostic biopsy, but it is also used for other purposes, such as treating bone infections. The specific 

indication for the procedure is often unclear due to the ambiguous wording of certain nomenclature codes (e.g., curettage with or without biopsy’). 

o Heterogeneity of nomenclature use: Some nomenclature codes, for example those referring to ‘removal of strange bodies’ and 

‘trepanation/decompression’, are sometimes used to bypass the lack of appropriate bone biopsy codes. 

− The estimated proportion of patients who received a diagnostic biopsy may deviate from clinical reality due to limitations in procedural coding. The use of broad 

procedure codes such as those for potential biopsies and curettages with or without biopsy may result in false positives. Conversely, false negatives are also 

possible if the biopsy was recorded using a rare or unselected code, or if it was performed during a procedure not primarily related to oncology. 

Comments surgery to remove the primary tumour: 

− As with identifying diagnostic biopsies, determining which patients underwent surgery to remove the primary tumour using IMA - AIM data is highly challenging 

for patients with bone sarcoma. This is primarily due to the heterogeneity of surgical procedures performed and the variability in how these procedures are 

recorded. 

o Heterogeneity of procedures: Tumour removal is often performed through en bloc resection. However, when limb-sparing surgery is not feasible, 

amputation may be necessary. For low-grade bone sarcoma, curettage can be sufficient. 

o Heterogeneity of nomenclature use: Some nomenclature codes, such as those referring to bloody treatment of fractured limbs, are sometimes used to 

register bone sarcoma surgeries, but they can also be used to register a bone biopsy or a non-oncological treatment. 

− The absence of identified surgical procedures for a large group of patients should not be interpreted as evidence that all of those patients did not receive 

curative-intent treatment for their bone sarcoma. Some have received other, non-surgical oncological treatments, such as radiotherapy for radiosensitive Ewing 

sarcoma, while others may have been  treated surgically outside the considered time frame (for example, surgery following neo-adjuvant therapy).   
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2.5. Information on surgical resection specimens 

At the time of primary tumour resection, the ESMO guidelines recommend documenting key pathological details of the surgical specimen such as tumour size, resection 

margins and molecular marker status2. 

However, information on surgical resection specimens is not available at BCR in a structured, automated format. Therefore, all relevant data had to be manually extracted 

from pathology reports. 

Results: 

(Tables 8 - 9) 

− Tumour size information is available for 73.7% of cases, with the completeness of this data increasing over time. Among tumours with available size data, 

approximately 75% exceed 5 cm in diameter. The average tumor size is 8.1 cm. 

− Histological grade is reported in 62.4% of cases, with no notable change in reporting frequency over time. The distribution of histological grades remains 

consistent across the recorded cases. 

− In 16.2% of cases, the pathology report includes documentation on whether the biopsy tract was removed, with data completeness improving over time. When 

this information is available, the biopsy tract is reported to have been removed in almost all cases. 

− Margin status is reported in 82.7% of cases, with data completeness improving over time. In most of these cases, an R0 resection (with or without reservation) is 

documented. However, in over half of the reports, the exact distance to the surgical margins is not specified. 

 

− Among osteosarcoma cases with known MDM2 status, MDM2 amplification is detected in 34.3% of patients. 

− Among chondrosarcoma cases with known IDH status, 90% of patients exhibit an IDH mutation. 

− Among Ewing sarcoma cases with known EWSR1 status, 95.8% show a gene fusion involving EWSR1. To be eligible for Ewing-specific chemotherapy regimens 

and inclusion in EuroEwing research protocols, the presence of an EWSR1-FLI1 fusion or other Ewing-like gene fusions must be confirmed through molecular 

testing11. 
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Table 8: Bone Sarcoma (Belgium; 2009-2021) - Availability of information on surgical resection specimens, derived from pathological anatomy reports, total and by 
incidence period 

Availability of information on surgical resection 
specimens from pathological anatomy reports  

 (2009-2021) 

All bone sarcoma with 
annotated pathological 
anatomy report related 
to surgery (removal of 

primary tumour)  
 (N=566) 

2009-2012  
 (N=138) 

2013-2017  
 (N=225) 

2018-2021  
 (N=203) 

 n % n % n % n % 

Tumour size         

Available 417 73.7% 90 65.2% 163 72.4% 164 80.8% 

<5 cm 112 26.9% 20 22.2% 58 35.6% 34 20.7% 

5-10 cm 209 50.1% 48 53.3% 80 49.1% 81 49.4% 

>10 cm 96 23.0% 22 24.4% 25 15.3% 49 29.9% 

Not available 149 26.3% 48 34.8% 62 27.6% 39 19.2% 

Histological grade         

Available 353 62.4% 83 60.1% 145 64.4% 125 61.6% 

High (G3) 135 38.2% 27 32.5% 41 28.3% 67 53.6% 

Intermediate (G2) 111 31.4% 26 31.3% 46 31.7% 39 31.2% 

Low (G1) 107 30.3% 30 36.1% 58 40.0% 19 15.2% 

Not available 213 37.6% 55 39.9% 80 35.6% 78 38.4% 

Biopsy tract removal         

Available 92 16.2% 13 9.4% 24 10.7% 55 27.1% 

Yes 91 98.9% 13 100.0% 23 95.8% 55 100.0% 

No 1 1.1% 0 - 1 4.2% 0 - 

Not available 474 83.8% 125 90.6% 201 89.3% 148 72.9% 

Margin status         

Available 468 82.7% 108 78.3% 180 80.0% 180 88.7% 

R0 (with reservation) 402 85.9% 83 76.8% 156 86.7% 163 90.6% 
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Availability of information on surgical resection 
specimens from pathological anatomy reports  

 (2009-2021) 

All bone sarcoma with 
annotated pathological 
anatomy report related 
to surgery (removal of 

primary tumour)  
 (N=566) 

2009-2012  
 (N=138) 

2013-2017  
 (N=225) 

2018-2021  
 (N=203) 

 n % n % n % n % 

Distance margins mentioned 183 45.5% 36 43.4% 64 41.0% 83 50.9% 

R1 29 6.2% 12 11.1% 11 6.1% 6 3.3% 

R1/R2 25 5.3% 10 9.3% 12 6.7% 3 1.7% 

R2 12 2.6% 3 2.8% 1 0.6% 8 4.4% 

Not available 98 17.3% 30 21.7% 45 20.0% 23 11.3% 
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Table 9: Bone Sarcoma (Belgium; 2009-2021) - Availability of molecular information derived from pathological anatomy reports, total and by incidence period 

A. MDM2* in osteosarcoma 

Availability of molecular information from pathological 
anatomy reports  

 (2009-2021) 

All osteosarcoma 
with annotated 

pathological anatomy 
report  

 (N=223) 

2009-2012  
 (N=51) 

2013-2017  
 (N=84) 

2018-2021  
 (N=88) 

 n % n % n % n % 

Available 35 15.7% 7 13.7% 16 19.1% 12 13.6% 

Positive (IHC/MOL) 12 34.3% 3 42.9% 6 37.5% 3 25.0% 

Negative (IHC/MOL) 23 65.7% 4 57.1% 10 62.5% 9 75.0% 

Not available 188 84.3% 44 86.3% 68 81.0% 76 86.4% 

 

 

B. IDH** in chondrosarcoma 

Availability of molecular information from pathological 
anatomy reports  

 (2009-2021) 

All chondrosarcoma 
with annotated 

pathological anatomy 
report  

 (N=319) 

2009-2012  
 (N=98) 

2013-2017  
 (N=140) 

2018-2021  
 (N=81) 

 n % n % n % n % 

Available 10 3.1% 1 1.0% 4 2.9% 5 6.2% 

Positive (IHC/MOL) 9 90.0% 1 100.0% 4 100.0% 4 80.0% 

Negative (MOL) 1 10.0% 0 - 0 - 1 20.0% 

Not available 309 96.9% 97 99.0% 136 97.1% 76 93.8% 
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C. EWSR1*** in Ewing sarcoma 

Availability of molecular information from pathological 
anatomy reports  

 (2009-2021) 

All Ewing sarcoma 
with annotated 

pathological anatomy 
report  

 (N=79) 

2009-2012  
 (N=16) 

2013-2017  
 (N=32) 

2018-2021  
 (N=31) 

 n % n % n % n % 

Available 48 60.8% 8 50.0% 22 68.8% 18 58.1% 

Positive 46 95.8% 8 100.0% 20 90.9% 18 100.0% 

Negative 2 4.2% 0 - 2 9.1% 0 - 

Not available 31 39.2% 8 50.0% 10 31.2% 13 41.9% 

 

Notes: * MDM2: murine double minute 2; ** IDH: isocitrate dehydrogenase; *** EWSR1: Ewing Sarcoma breakpoint region 1/EWS RNA binding protein 1 

 

Comments: 

- Pathology reports are not (exhaustively) available at BCR for all patients and surgical procedures. Reasons for this shortcoming are diverse, going from 

incomplete delivery by the laboratories for pathological anatomy to incomplete extraction and processing by BCR, and is currently a point of action towards 

improvement. Additionally, extracting information from these unstructured textual reports is labour-intensive. 

- Next Generation Sequencing (NGS) is reimbursed for bone sarcoma in Belgium under the RIZIV/INAMI oncology convention effective July 1, 202412. This uses 

pseudo-nomenclature codes listed in the solid tumour annex and applies only after the incidence period under study; therefore, it is not considered in this study. 

Reimbursement is limited to accredited NGS networks, specified clinical indications, and compliance with convention guidelines. 
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2.6. Chemo- and/or radiotherapy 

While surgery is recommended for most patients with bone sarcoma, additional treatments such as (neo)adjuvant chemotherapy and/or radiotherapy may be 

indicated for specific histological subtypes, as well as for certain tumour locations2, 3. 

− Curative treatment for high-grade osteosarcoma involves multimodal chemotherapy and surgery. For patients with osteosarcoma who have an unresectable 

primary tumour or where surgery would result in unacceptable morbidity, primary chemo- and/or radiotherapy can be viable treatment options. 

− Atypical cartilaginous tumours have traditionally been managed through curettage, with or without the addition of local adjuvant therapy. However, recent 

studies and emerging expert consensus have increasingly questioned this approach due to high rates of recurrence and complications. A notable shift in clinical 

practice and published evidence occurred around 2023–2024, following the study period, with growing agreement to avoid curettage as a standard treatment for 

atypical cartilaginous tumours. 

− For Ewing sarcoma, the standard treatment involves complete surgical excision combined with both neoadjuvant and adjuvant chemotherapy. When complete 

surgical resection is not feasible, radiotherapy with curative intent may be used as an alternative, particularly in cases involving challenging anatomical sites such 

as the spine. In addition, adjuvant radiotherapy should be considered for patients with non-sacral pelvic Ewing sarcoma or for patients with large-volume 

tumours, poor histological response to chemotherapy and inadequate surgical margins. 

− Surgery should be offered for chordoma arising from S4 and below or discussed as an option alongside other alternatives for tumours originating above S3. For 

skull base and upper cervical tract chordoma, R1-R2 surgery combined with high-dose radiotherapy is the treatment of choice. Among radiotherapy modalities, 

proton therapy and especially carbon ion therapy have been proposed due to their ability to deliver high-dose radiation with precision while sparing surrounding 

critical structures. Carbon ions appear to offer comparable local control to proton therapy, with similar risks of nerve damage. However, carbon ion therapy is 

currently not available in Belgium, limiting its accessibility. 

Results: 

(Tables 10 - 11 ) 

− Less than half of the patients (43.8%) receive chemotherapy within the first two years after diagnosis. 

− Patients with osteosarcoma and Ewing sarcoma are more frequently treated with chemotherapy compared to patients with other histological subtypes, and 

chemotherapy typically starts earlier in the disease course. Nearly all patients with Ewing sarcoma (99.5%) receive chemotherapy within the first two years after 

diagnosis, reflecting its central role in standard treatment protocols. In osteosarcoma, the proportion is lower at 73.8%, which is likely attributable to specific 

subtypes such as parosteal and periosteal osteosarcoma, which are generally not treated with chemotherapy. Additionally, certain cases of low-grade central 

osteosarcoma with wide resection margins may also be managed without systemic therapy. The proportion of patients treated with chemotherapy is lowest for 

chondrosarcoma and chordoma. In these cases, chemotherapy is typically administered in palliative settings or in the context of highly dedifferentiated lesions. 

− Approximately one-fourth of patients (27.5%) receive radiotherapy within the first two years after diagnosis. 
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− Patients with sarcoma of other and unknown histological subtype are more likely to begin radiotherapy within the first six months following diagnosis, while those 

with Ewing sarcoma often start treatment later (i.e. after chemotherapy). 

 

Table 10: Bone Sarcoma (Belgium; 2008-2022) - Chemotherapy, total and by histological subtype 

Start of the first chemotherapy  
 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

 n % n % n % n % n % n % 

< 1 month after incidence 434 27.9% 225 47.2% 12 2.2% 174 83.7% 3 1.7% 20 13.2% 

1 - 2 months after incidence 99 6.4% 56 11.7% 8 1.5% 23 11.1% 0 - 12 8.0% 

2 - 3 months after incidence 40 2.6% 19 4.0% 7 1.3% 7 3.4% 1 0.6% 6 4.0% 

3 - 6 months after incidence 46 3.0% 27 5.7% 6 1.1% 3 1.4% 1 0.6% 9 6.0% 

6 - 9 months after incidence 18 1.2% 10 2.1% 3 0.6% 0 - 1 0.6% 4 2.6% 

9 - 12 months after incidence 13 0.8% 6 1.3% 3 0.6% 0 - 2 1.2% 2 1.3% 

12 - 24 months after incidence 31 2.0% 9 1.9% 11 2.0% 0 - 3 1.7% 8 5.3% 

No chemotherapy within 24 
months after incidence 

875 56.2% 125 26.2% 497 90.9% 1 0.5% 162 93.6% 90 59.6% 

 

Table 11: Bone Sarcoma (Belgium; 2008-2022) - Radiotherapy, total and by histological subtype 

Start of the first radiotherapy  
 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

 n % n % n % n % n % n % 

< 1 month after incidence 49 3.1% 12 2.5% 15 2.7% 2 1.0% 7 4.0% 13 8.6% 

1 - 2 months after incidence 50 3.2% 14 2.9% 15 2.7% 0 - 5 2.9% 16 10.6% 

2 - 3 months after incidence 35 2.2% 8 1.7% 12 2.2% 1 0.5% 10 5.8% 4 2.6% 

3 - 6 months after incidence 97 6.2% 22 4.6% 11 2.0% 32 15.4% 16 9.2% 16 10.6% 

6 - 9 months after incidence 99 6.4% 15 3.1% 7 1.3% 64 30.8% 5 2.9% 8 5.3% 
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Start of the first radiotherapy  
 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

 n % n % n % n % n % n % 

9 - 12 months after incidence 33 2.1% 8 1.7% 6 1.1% 15 7.2% 2 1.2% 2 1.3% 

12 - 24 months after incidence 65 4.2% 29 6.1% 9 1.6% 11 5.3% 10 5.8% 6 4.0% 

No radiotherapy within 24 
months after incidence 

1,128 72.5% 369 77.4% 472 86.3% 83 39.9% 118 68.2% 86 57.0% 
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2.7. Estimation of treatment schemes 

Treatment schemes were identified by integrating information on surgery, chemotherapy, and radiotherapy. Surgery was considered from one month before up to six 

months after the incidence date of the bone sarcoma. Chemotherapy and radiotherapy were taken into account from one month before up to 24 months after the 

incidence date when no surgery was performed. In cases of neo‑adjuvant treatment, chemotherapy and radiotherapy were considered from one month before until the 

day before surgery, whereas for adjuvant treatment they were taken into account from the day of surgery up to 12 months post‑surgery. These definitions are applied in 

the following tables. 

 

Results: 

(Table 12) 

− Approximately one-third of patients (32.0%) undergo surgical resection without additional (neo-) adjuvant therapy, while slightly more than one-third (36.8%) 

receive surgical resection supplemented with chemo- and/or radiotherapy. 

− Primary chemo- and/or radiotherapy is chosen as the treatment for 17.5% of patients. 

− 13.7% of patients do not receive any of the identified oncological treatments (i.e. surgery, chemo- and/or radiotherapy). 

− There are significant variations in treatment modalities across different histological subtypes and primary tumour locations: 

o Surgical resection without additional chemo- or radiotherapy is most common in chondrosarcoma, and in bone sarcoma of the upper limbs 

o Surgical resection with chemo- and/or radiotherapy is most common in the osteosarcoma and Ewing sarcoma subgroups, and in bone sarcoma of the 

mandible and vertebral column 

o Primary chemo- and/or radiotherapy without surgical resection is most common in the Ewing sarcoma and other and unknown subtype subgroups, and 

in bone sarcoma of the pelvic bones, sacrum, and coccyx. 

o No oncological treatment is most common in the chordoma subgroup, and in bone sarcoma of the skull. 
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Table 12: Bone Sarcoma (Belgium; 2008-2022) - Treatment schemes, total, by histological subtype and primary tumour location 

Treatment schemes  
 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

Osteosarcoma  
 (N=477) 

Chondrosarcoma  
 (N=547) 

Ewing sarcoma  
 (N=208) 

Chordoma  
 (N=173) 

Other and 
unknown  
 (N=151) 

 n % n % n % n % n % n % 

Surgical resection only 498 32.0% 70 14.7% 339 62.0% 0 - 55 31.8% 34 22.5% 

Surgical resection with chemo- 
(ChT) and/or radiotherapy (RT) 

572 36.8% 302 63.3% 60 11.0% 127 61.1% 30 17.3% 53 35.1% 

Surgical resection with ChRT 161 10.3% 44 9.2% 19 3.5% 74 35.6% 5 2.9% 19 12.6% 

Surgical resection with ChT 332 21.3% 242 50.7% 16 2.9% 53 25.5% 3 1.7% 18 11.9% 

Surgical resection with RT 79 5.1% 16 3.4% 25 4.6% 0 - 22 12.7% 16 10.6% 

No surgical resection 486 31.2% 105 22.0% 148 27.1% 81 38.9% 88 50.9% 64 42.4% 

Primary chemo- (ChT) and/or 
radiotherapy (RT) 

273 17.5% 82 17.2% 41 7.5% 80 38.5% 30 17.3% 40 26.5% 

ChRT 103 6.6% 32 6.7% 5 0.9% 51 24.5% 1 0.6% 14 9.3% 

ChT 85 5.5% 34 7.1% 10 1.8% 29 13.9% 2 1.2% 10 6.6% 

RT 85 5.5% 16 3.4% 26 4.8% 0 - 27 15.6% 16 10.6% 

None of the above oncological 
treatments 

213 13.7% 23 4.8% 107 19.6% 1 0.5% 58 33.5% 24 15.9% 

 

Treatment 
schemes  

 (2008-2022) 

C40.0  
 (N=195) 

C40.1  
 (N=24) 

C40.2  
 (N=579) 

C40.3  
 (N=27) 

C40.8-.9  
 (N=6) 

C41.0  
 (N=147) 

C41.1  
 (N=37) 

C41.2  
 (N=116) 

C41.3  
 (N=148) 

C41.4  
 (N=269) 

C41.8-.9  
 (N=8) 

 n % n % n % n % n % n % n % n % n % n % n % 

Surgical resection 
only 

95 48,7% 16 66,7% 205 35,4% 10 37,0% 2 33,3% 24 16,3% 9 24,3% 20 17,2% 44 29,7% 71 26,4% 2 2,5% 

Surgical resection 
with chemo- (ChT) 
and/or 
radiotherapy (RT) 

64 32,8% 1 4,2% 271 46,8% 8 29,6% 2 33,3% 31 21,1% 21 56,8% 58 50,0% 45 30,4% 70 26,0% 1 12,5% 

Surgical resection 
with ChRT 

15 7,7% 1 4,2% 48 8,3% 4 14,8% 1 16,7% 12 8,2% 4 10,8% 26 22,4% 20 13,5% 29 10,8% 1 12,5% 

Surgical resection 
with ChT 

40 20,5% 0 0,0% 208 35,9% 3 11,1% 1 16,7% 11 7,5% 13 35,1% 13 11,2% 19 12,8% 24 8,9% 0 0,0% 
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Treatment 
schemes  

 (2008-2022) 

C40.0  
 (N=195) 

C40.1  
 (N=24) 

C40.2  
 (N=579) 

C40.3  
 (N=27) 

C40.8-.9  
 (N=6) 

C41.0  
 (N=147) 

C41.1  
 (N=37) 

C41.2  
 (N=116) 

C41.3  
 (N=148) 

C41.4  
 (N=269) 

C41.8-.9  
 (N=8) 

 n % n % n % n % n % n % n % n % n % n % n % 

Surgical resection 
with RT 

9 4,6% 0 0,0% 15 2,6% 1 3,7% 0 0,0% 8 5,4% 4 10,8% 19 16,4% 6 4,1% 17 6,3% 0 0,0% 

No surgical 
resection 

36 18,5% 7 29,2% 103 17,8% 9 33,3% 2 33,3% 92 62,6% 7 18,9% 38 32,8% 59 39,9% 128 47,6% 5 62,5% 

Primary chemo- 
(ChT) and/or 
radiotherapy (RT) 

17 8,7% 1 4,2% 61 10,5% 5 18,5% 1 16,7% 36 24,5% 7 18,9% 24 20,7% 25 16,9% 93 34,6% 3 37,5% 

ChRT 4 2,1% 1 4,2% 23 4,0% 2 7,4% 0 0,0% 9 6,1% 3 8,1% 8 6,9% 9 6,1% 41 15,2% 3 37,5% 

ChT 6 3,1% 0 0,0% 27 4,7% 0 0,0% 0 0,0% 13 8,8% 4 10,8% 4 3,4% 11 7,4% 20 7,4% 0 0,0% 

RT 7 3,6% 0 0,0% 11 1,9% 3 11,1% 1 16,7% 14 9,5% 0 0,0% 12 10,3% 5 3,4% 32 11,9% 0 0,0% 

None of the above 
oncological 
treatments 

19 9,7% 6 25,0% 42 7,3% 4 14,8% 1 16,7% 56 38,1% 0 0,0% 14 12,1% 34 23,0% 35 13,0% 2 25,0% 

C40 Appendicular skeleton (C40.0 Long bones of upper limb, scapula and associated joints; C40.1 Short bones of upper limb and associated joints;  C40.2 Long bones of 
lower limb and associated joints; C40.3 Short bones of lower limb and associated joints; C40.8-.9 Bone of limbs, overlapping and NOS)   
C41 Axial skeleton (C41.0 Bones of skull and face and associated joints; C41.1 Mandible; C41.2 Vertebral column; C41.3 Rib, sternum, clavicle and associated joints; 
C41.4 Pelvic bones, sacrum, coccyx and associated joints)   
C41.8-.9 Bone, overlapping and NOS  
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3. DISTRIBUTION OF CARE 

 

The third chapter explores the involvement of Belgian hospitals in the first-line care trajectory of patients with bone sarcoma and the potential hospital transfers these 

patients may experience during their care trajectory. 

Results: 

(Table 13 ) 

− Nearly one-fifth of patients (23.8%) go through their first-line care pathway in a single hospital, while approximately half of the patients (49.0%) visit two hospitals. 

− For the remaining patients, three to six hospitals are involved throughout the full first-line care trajectory of a patient. 

− Some patients are referred to another hospital for certain procedures, return to the hospital where they were initially diagnosed or treated, and go back to 

another hospital for additional adjuvant treatment. This results in a transfer number higher than the number of hospitals involved. For example, a patient gets 

imaging in Hospital X, is transferred to Hospital Y for a surgical procedure, returns to Hospital X, and then sent back to Hospital Y for additional adjuvant 

treatment. In this case, two hospitals are involved, but the number of transfers equals three. 
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Table 13: Bone Sarcoma (Belgium; 2008-2022) - Hospital involvement and transfer during the first-line care trajectory of a patient 

Hospital involvement and transfer  
 during the first-line care trajectory  

 (2008-2022) 

All bone sarcoma  
 (N=1,556) 

 n % 

Number of hospitals involved in the first-line care trajectory*   

1** 370 23.8% 

2 763 49.0% 

3 319 20.5% 

4 81 5.2% 

5 20 1.3% 

6 3 0.2% 

Number of transfers during the first-line care trajectory*   

0** 370 23.8% 

1 563 36.2% 

2 285 18.3% 

3 171 11.0% 

4 82 5.3% 

5 47 3.0% 

6 19 1.2% 

7 8 0.5% 

8 7 0.4% 

9 1 0.1% 

10 2 0.1% 

11 0 - 

12 1 0.1% 

Notes: * Centres of the first-line care trajectory include: centres of imaging (including radiography, CT, MRI, bone scintigraphy and PET-CT, -3m < incidence < 3m); 

centres of multidisciplinary team meeting (-1m < incidence < 12m); centres of surgical work-up (including diagnostic biopsy and surgery with curative intent, -1m < 
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incidence < 6m), and; centres of chemo- and radiotherapy (-1m < incidence < 24m). ** For four patients diagnosed with bone sarcoma, none of the relevant procedures 

could be identified using the IMA – AIM data. Hospital involvement was assigned a value of 1, and transfer a value of 0 for these cases. 

 

Results: 

(Figures 10 - 11 ) 

− Most hospitals are involved in the first-line care trajectory of no more than five patients with bone sarcoma per year and are therefore classified as low- or 

medium-volume hospitals. Only six hospitals manage more than five patients per year and are categorised as high-volume hospitals.  

It is worth noting that if surgical volume were to be considered, five hospitals can be classified as high-volume hospitals (>5 surgeries/year) across all three 

incidence periods (data not shown). 

− Approximately 15% of patients with bone sarcoma receive their first imaging at a high-volume hospital. Nearly all of them stay in a high-volume hospital for their 

first and potentially second surgical procedure. No significant difference is observed between minors and patients aged 18 years or older in this pattern (data not 

shown). 

− Approximately 60% and 25% of bone sarcoma patients receive their first imaging at medium- and low-volume hospitals, respectively. In both groups, about half 

of the patients subsequently transfer to a high-volume hospital for their first surgical procedure. The remaining patients continue primary care within a hospital of 

the same volume category (whether or not in the same hospital). After the initial surgical procedure, only a minority of patients still transfer to a high-volume 

hospital. A clear difference is observed between minors and adults: 

Minors (<18y; N = 286): 

o Starting in a low-volume hospital (N=67):  
77.6% transfer to a high-volume hospital before the first surgical procedure has taken place. 
Another 4.5% transfer to a high-volume hospital before the second surgical procedure. 

o Starting in a medium-volume hospital (N=172):  
69.2% transfer to a high-volume hospital prior to the first surgical procedure. 
Another 7.0% transfer to a high-volume hospital for the second surgical procedure. 

Adults (≥18y; N = 1,215): 

o Starting in a low-volume hospital (N=260):  

51.9% transfer before the first surgical procedure to a high-volume hospital. 

Another 6.2% transfer to a high-volume hospital before the second surgical procedure. 

o Starting in a medium-volume hospital (N=741):  

45.5% transfer to a high-volume hospital before the first surgical procedure. 

Another 8.2% transfer to a high-volume hospital before the second surgical procedure. 
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Figure 10: Bone Sarcoma (Belgium; 2008-2022) - Average annual patient volume of hospitals, overall and by incidence period 
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Figure 11: Bone Sarcoma (Belgium; 2008-2022) - Transfer of patients between hospitals during a critical phase of the first-line care trajectory, specifically imaging and 
surgical work-up, by hospital volume 
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4. NET SURVIVAL 

 

The fourth chapter presents an analysis of net survival among patients with bone sarcoma, stratified by various subgroups based on patient and tumour characteristics. 

 

4.1. Unadjusted net survival 

Results: 

(Tables 14 - 17 and Figures 12 - 14) 

        Table 14:  

− The net survival of all patients at 5 years after diagnosis is 69.1, 95% CI [66.5, 71.8]. 

− The 5-year prognosis remains unchanged over time. 

− Patients aged 70 years or older, male patients, patients with a WHO performance status of 2 or more, patients with at least one comorbidity and patients with 

additional tumours around the bone sarcoma diagnosis have a worse 5-year prognosis. 

       Figure 12: 

− The net survival for patients with bone sarcoma of the appendicular skeleton (main primary tumour location C40) is higher than that for patients with bone 

sarcoma of the axial skeleton (main primary tumour location C41) during the first 5 years following diagnosis. 

       Figure 13: 

− The net survival for patients with chondrosarcoma is higher than that for patients with Ewing sarcoma or osteosarcoma during the first 5 years following diagnosis. 

Care should be taken when comparing these tumour types. For example, Ewing sarcoma is classified exclusively as high grade, whereas chondrosarcoma and 

osteosarcoma may present as low, intermediate, or high grade. 

Figure 14: 

− The difference in net survival between patients with bone sarcoma of the appendicular skeleton (C40) and those with bone sarcoma of the axial skeleton (C41) 

during the first 5 years following diagnosis is most pronounced for patients with osteosarcoma. 
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        Table 15: 

− The net survival at 5 years after diagnosis is highest for patients with bone sarcoma of the extremities and skull, compared to those with bone sarcoma of the 

spine, sternum, ribs, and clavicle, and pelvis, coccyx, and sacrum. 

− Patients with chondrosarcoma have the highest net survival at 5 years after diagnosis. In contrast, patients with bone sarcoma of other and unknown subtype have 

the lowest net survival at 5 years after diagnosis. 

Table 16: 

− There is a difference in net survival between patients with bone sarcoma of the appendicular skeleton (C40) and those with bone sarcoma of the axial skeleton 

(C41) at 5 years after diagnosis for patients with osteosarcoma and sarcoma of other and unknown subtype. 

       Table 17: 

− For most histological subtypes, the net survival at 5 years after diagnosis stays unchanged over time. Only patients with Ewing sarcoma show a positive trend in 

net survival over time. 
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Table 14: Bone Sarcoma (Belgium; 2008-2022) - Unadjusted net survival probability, by patient characteristics 

  Net Survival Probability (%)*, 2008-2022 

Patient characteristics N  at risk 5-y 95% CI 

Overall (2008-2022)  1,550 69.1 [66.5, 71.8] 

Incidence Period 2008-2012 505 67.7 [63.4, 72.3] 

 2013-2017 546 71.3 [67.2, 75.6] 

 2018-2022 501 67.4 [62.1, 73.1] 

Age at incidence <18 years 285 75.3 [70.3, 80.6] 

 18-29 years 227 74.5 [68.9, 80.5] 

 30-39 years 139 80.9 [74.5, 88.0] 

 40-49 years 190 84.4 [79.1, 90.0] 

 50-59 years 203 73.6 [67.4, 80.4] 

 60-69 years 213 65.5 [58.7, 73.0] 

 >=70 years 295 43.1 [36.0, 51.6] 

Sex Males 867 64.7 [61.1, 68.4] 

 Females 683 74.6 [71.0, 78.4] 

WHO performance status at 
incidence 

0 – Asymptomatic 277 79.9 [74.3, 85.8] 

 
1 – Symptomatic, but completely 
ambulatory 

807 67.1 [63.5, 70.9] 

 
>=2 - Symptomatic, from <50% in 
bed during the day to bedbound 

103 38.9 [29.7, 50.8] 

 Missing 364 73.6 [68.6, 79.0] 

Number of comorbidities** 0 1,074 75.3 [72.5, 78.1] 

 1 371 54.1 [48.2, 60.7] 

 >= 2 105 59.1 [48.2, 72.4] 

Additional primary 
tumours*** 

No 1,400 70.8 [68.2, 73.6] 

 Yes 150 53.2 [44.9, 63.2] 
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Notes: * Net survival is calculated at patient level (N=1,551) rather than at tumour level (N=1,556). For patients with multiple bone sarcoma, only the incidence of the first 

bone sarcoma is considered in the survival analyses. Patients who died on incidence date (N=1) were excluded from the analyses. ** Number of comorbidities is 

calculated from the identification of the comorbidities diabetes, cardiovascular disease and respiratory disease as based on disease-specific medication use in the year 

prior to the bone sarcoma incidence. *** Additional primary tumours refer to the presence of additional primary tumours - at any anatomical site - within a time frame of 5 

years before to maximum 5 years after the incidence date of the bone sarcoma. 
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Figure 12: Bone Sarcoma (Belgium; 2008-2022) - Unadjusted net survival probability, stratified by main primary tumour location 

 

 

Notes: Thinner lines represent the 95% CI; C40: appendicular skeleton; C41: axial skeleton 
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Figure 13: Bone Sarcoma (Belgium; 2008-2022) - Unadjusted net survival probability, stratified by histological subtype 

 

 

Note: Thinner lines represent the 95% CI. 
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Figure 14: Bone Sarcoma (Belgium; 2008-2022) - Unadjusted net survival probability, stratified by histological subtype and main primary tumour location 

 

 

Notes: Dashed lines represent the 95% CI; C40: appendicular skeleton; C41: axial skeleton 
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Table 15: Bone Sarcoma (Belgium; 2008-2022) - Unadjusted net survival probability, by tumour characteristics 

  Net Survival Probability (%)*, 2008-2022 

Tumour characteristics 
N  

 at risk 
5-y 95% CI 

Overall (2008-2022)  1,550 69.1 [66.5, 71.8] 

Primary tumour location 
(ICD-O 3.2): 

Long bones of upper limb, 
scapula and associated joints 
(C40.0) 

195 78.7 [72.4, 85.5] 

 
Short bones of upper limb and 
associated joints (C40.1) 

24  N < 50 

 
Long bones of lower limb and 
associated joints (C40.2) 

578 73.2 [69.4, 77.3] 

 
Short bones of lower limb and 
associated joints (C40.3) 

27  N < 50 

 
Bone of limbs, overlapping and 
NOS (C40.8-.9) 

6  N < 50 

 
Bones of skull and face and 
associated joints (C41.0) 

146 74.4 [66.6, 83.1] 

 Mandible (C41.1) 37  N < 50 

 Vertebral column (C41.2) 116 54.5 [44.8, 66.2] 

 
Rib, sternum, clavicle and 
associated joints (C41.3) 

148 68.1 [59.5, 77.9] 

 
Pelvic bones, sacrum, coccyx and 
associated joints (C41.4) 

269 53.9 [47.3, 61.3] 

 
Bone, overlapping and NOS 
(C41.8-.9) 

8  N < 50 

Histological subtype Osteosarcoma 474 61.9 [57.4, 66.7] 

 Chondrosarcoma 545 81.8 [77.8, 86.1] 

 Ewing sarcoma 208 66.3 [60.0, 73.1] 

 Chordoma 173 72.1 [63.7, 81.5] 

 Other and unknown 150 46.0 [38.1, 55.6] 

Notes: * Net survival is calculated at patient level (N=1,551) rather than at tumour level (N=1,556). For patients with multiple bone sarcoma, only the incidence of the first 

bone sarcoma is considered in the survival analyses. Patients who died on incidence date (N=1) were excluded from the analyses. 
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Table 16: Bone Sarcoma (Belgium; 2008-2022) - Unadjusted net survival probability, by histological subtype and main primary tumour location 

  Net Survival Probability (%)* 

Histological subtype 
Primary tumour 
location (ICD-O 3.2) 

N  
 at risk 

5-y 95% CI 
P-value  

 over a 5-y 
period 

Overall (2008-2022)  1,550 69.1 [66.5, 71.8]  

Osteosarcoma 
C40 Bones, joints and 
articular cartilage of 
limbs 

318 72.8 [67.8, 78.2] <0.0001 

 

C41 Bones, joints and 
articular cartilage of 
other and unspecified 
sites 

156 39.5 [32.0, 48.7]  

Chondrosarcoma 
C40 Bones, joints and 
articular cartilage of 
limbs 

332 83.4 [78.6, 88.6] 0.3227 

 

C41 Bones, joints and 
articular cartilage of 
other and unspecified 
sites 

213 79.3 [72.4, 86.8]  

Ewing sarcoma 
C40 Bones, joints and 
articular cartilage of 
limbs 

96 70.3 [61.6, 80.2] 0.2119 

 

C41 Bones, joints and 
articular cartilage of 
other and unspecified 
sites 

112 62.7 [54.2, 72.5]  

Chordoma 
C40 Bones, joints and 
articular cartilage of 
limbs 

3  N < 50 NA 

 

C41 Bones, joints and 
articular cartilage of 
other and unspecified 
sites 

170 71.4 [62.9, 81.0]  
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  Net Survival Probability (%)* 

Histological subtype 
Primary tumour 
location (ICD-O 3.2) 

N  
 at risk 

5-y 95% CI 
P-value  

 over a 5-y 
period 

Other and unknown 
C40 Bones, joints and 
articular cartilage of 
limbs 

78 56.4 [45.8, 69.5] 0.0238 

 

C41 Bones, joints and 
articular cartilage of 
other and unspecified 
sites 

72 35.1 [25.0, 49.4]  

Notes: * Net survival is calculated at patient level (N=1,551) rather than at tumour level (N=1,556). For patients with multiple bone sarcoma, only the incidence of the first 

bone sarcoma is considered in the survival analyses. Patients who died on incidence date (N=1) were excluded from the analyses. 
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Table 17: Bone Sarcoma (Belgium; 2008-2022) - Unadjusted net survival probability, by histological subtype over time 

  Net Survival Probability (%)* 

Histological subtype Period 
N  

 at risk 
5-y 95% CI 

P-value  
 over a 5-y 

period 

Overal (2008-2022)  1,550 69.1 [66.5, 71.8]  

Osteosarcoma 2008-2012 159 61.3 [54.0, 69.7] 0.9522 

 2013-2017 153 61.7 [54.2, 70.1]  

 2018-2022 163 63.9 [56.1, 72.8]  

Chondrosarcoma 2008-2012 189 81.8 [75.5, 88.7] 0.5903 

 2013-2017 206 84.1 [78.2, 90.5]  

 2018-2022 151 78.5 [68.6, 89.9]  

Ewing sarcoma 2008-2012 67 58.4 [47.7, 71.3] 0.0205 

 2013-2017 79 63.6 [53.9, 75.2]  

 2018-2022 62 80.1 [70.6, 90.9]  

Chordoma 2008-2012 50 72.7 [59.1, 89.5] 0.7012 

 2013-2017 51 77.3 [64.4, 92.9]  

 2018-2022 72 63.5 [48.5, 83.2]  

Other and unknown 2008-2012 40  N < 50 0.1879 

 2013-2017 57 55.8 [43.1, 72.3]  

 2018-2022 53 38.2 [25.2, 58.0]  

Notes: * Net survival is calculated at patient level (N=1,551) rather than at tumour level (N=1,556). For patients with multiple bone sarcoma, only the incidence of the first 

bone sarcoma is considered in the survival analyses. Patients who died on incidence date (N=1) were excluded from the analyses. 
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4.2. Adjusted net survival 

Results: 

(Table 18 ) 

− Among patients under 60 years of age, those with osteosarcoma or chondrosarcoma of the axial skeleton (C41) have a significantly lower net survival probability 

(higher Excess Hazard Ratio) compared to those with osteosarcoma of the appendicular skeleton (C40). This survival difference is not observed in older age 

groups. 

− In patients under 60 years of age with Ewing sarcoma, there is no significant difference in net survival probability between those with tumours of the axial skeleton 

(C41) and those with tumours of the appendicular skeleton (C40). Due to limited case numbers, similar comparisons could not be conducted in older age groups. 

 

 

Table 18: Bone Sarcoma (Belgium; 2008-2022) - Estimated Excess Hazard Ratios 

Main primary tumour location Histological subtype Age at incidence Excess Hazard Ratio (EHR)  95%CI 

C41 (axial skeleton) vs C40 
(appendicular skeleton) 

Osteosarcoma <60 years 3.56 [2.43-5.21] 

  60-69 years 1.81 [0.96-3.44] 

  >=70 years 1.22 [0.71-2.11] 

 Chondrosarcoma <60 years 2.09 [1.16-3.74] 

  60-69 years 1.06 [0.52-2.18] 

  >=70 years 0.72 [0.39-1.33] 

 Ewing sarcoma <60 years 1.30 [0.80-2.12] 

Notes: * Net survival is calculated at patient level (N=1,551) rather than at tumour level (N=1,556). For patients with multiple bone sarcoma, only the incidence of the first 

bone sarcoma is considered in the survival analyses. Patients who died on incidence date (N=1) were excluded from the analyses. 
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