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o Research Health Institute Fundacion Jimenez Diaz (IIS/FJD), 28015 Madrid, Spain; Hospital Fundación Jimenez Diaz University Hospital, 28040 Madrid, Spain; 
General de Villalba University Hospital, 28400 Madrid, Spain 
p Hospital San Vicente de Paúl, Avenue 16, streets 10 and 14, Heredia, Costa Rica 
q University of Heidelberg, Mannheim Cancer Center, Theodor-Kutzer-Ufer 1–3, 68167 Mannheim, Germany 
r Hospital de la Santa Creu i Sant Pau, Carrer de Sant Quintí, 89, 08041 Barcelona, Spain 
s University of Pennsylvania, Abramson Cancer Center, 3400 Civic Center Boulevard, Philadelphia, PA 19104 USA 
t Centro Oncologico Integral, Hospital Medica Sur, Planta Baja Torre III - Cons. 305, Col. Toriello Guerra, Deleg. Tlalpan. C.P., 14050, Mexico, D.F 
u Hospital Universitario Virgen del Rocio, Av Manuel Siurot s/n, 41013 Sevilla, Spain 
v Hospital Universitario La Paz, MD Anderson Cancer Center, Calle de Arturo Soria, 270, 28033 Madrid, Spain 
w UT MD Anderson Cancer Center, Houston, TX, USA 
x Vall d́Hebrón University Hospital, Passeig de la Vall d’Hebron, 119, 08035 Barcelona, Spain   

A R T I C L E  I N F O   

Keywords: 
Bone sarcoma 
Clinical guidelines 
Latin-America context 

A B S T R A C T   

Bone sarcoma are infrequent diseases, representing < 0.2% of all adult neoplasms. A multidisciplinary man-
agement within reference centers for sarcoma, with discussion of the diagnostic and therapeutic strategies within 
an expert multidisciplinary tumour board, is essential for these patients, given its heterogeneity and low fre-
quency. This approach leads to an improvement in patient’s outcome, as demonstrated in several studies. The 
Sarcoma European Latin-American Network (SELNET), aims to improve clinical outcome in sarcoma care, with a 
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special focus in Latin-American countries. These Clinical Practice Guidelines (CPG) have been developed and 
agreed by a multidisciplinary expert group (including medical and radiation oncologist, surgical oncologist, 
orthopaedic surgeons, radiologist, pathologist, molecular biologist and representatives of patients advocacy 
groups) of the SELNET consortium, and are conceived to provide the standard approach to diagnosis, treatment 
and follow-up of bone sarcoma patients in the Latin-American context.   

1. Introduction and epidemiology 

Bone sarcomas constitute a heterogeneous group of rare neoplasms, 
representing less than 0.2% of all malignant tumours in Europe (Stiller 
et al., 2013), and approximately 10% of all sarcomas. The estimated 
incidence in Europe is of 0.2–0.3 new cases/100.000 inhabitants/year 
(Berner et al., 2015; Valery et al., 2015; Whelan et al., 2012), with a 
similar incidence in other regions (Mirabello et al., 2009; Moreno et al., 
2017). Osteosarcoma and Ewing sarcoma (ES) have a higher incidence 
in adolescents and young adults, with male predominance (Jawad et al., 
2009; Mirabello et al., 2009). In contrast, chordoma and chon-
drosarcoma are more frequent in older population (Valery et al., 2015; 
Yu et al., 2016). 

1.1. General statements 

• Management of bone sarcoma should be carried out within multi-
disciplinary reference centres for sarcoma or expert networks [III, A]. 
Multidisciplinary tumour boards (MDTB) should include at least the 
following specialties: medical oncology, paediatrics (if paediatric 
patients are discussed), radiology, surgery, pathology and radiation 
oncology.  

• A MDTB cannot be defined only by the volume of patients followed, 
but also by the periodicity of meeting (weekly MDTB is recom-
mended), its contribution to clinical trials and scientific production, 
its participation in national or international guidelines. These MDTB 
ideally should be periodically audited to ensure quality. 

• All diagnostic procedures and therapeutic decisions should be dis-
cussed within a MDTB (Andreou et al., 2011; Blay et al., 2017; 
Mankin et al., 1982).  

• The diagnosis procedures are identical for all bone sarcomas [I, A] 
(Fig. 1).  

• Discussion of fertility preservation strategies is strongly advised in 
younger patients when systemic treatment is considered for localized 

disease, in patients with osteosarcoma and Ewing sarcoma (Casali 
et al., 2018).  

• Several reports indicate better clinical results and better cost- 
effectiveness if sarcoma or presumptive sarcoma patients are 
managed within MDTB [III, A] (Blay et al., 2019). 

1.2. Diagnosis and pathology/molecular biology 

The recommended imaging test upon suspicion of bone tumour is X- 
ray of affected extremities and MRI of the entire compartment and 
nearby joints; a CT scan should be performed in case of a suspected bone 
sarcoma of the trunk and head and neck [III, A] (Meyer et al., 2008). 
Preoperative biopsy is strongly recommended. Core-needle is preferred 
to incisional biopsy, but both are valid when performed by an expert 
team [III, A] (Andreou et al., 2011; Blay et al., 2017; Casali et al., 2018), 
aiming to obtain enough material for a correct diagnosis. A fine needle 
aspirate is generally inadequate to make a sarcoma diagnosis, though it 
can be useful in confirming recurrence or metastasis. Central pathology 
review, with molecular characterization as appropriate according to 
pathologist and available resources (for example when Ewing sarcoma is 
suspected), is strongly recommended [III, A] (Abdul-Karim et al., 2004; 
Board,; Casali et al., 2018). 

1.3. Staging and risk assessment 

The initial staging to rule out distant metastasis requires chest CT 
scan ± abdominal and pelvic CT scan [III, A] (Picci et al., 2001). 
Whole-body FDG-PET or whole-body MRI may be useful for staging 
purposes if available [III, A] (Barnett et al., 2020; Buchbender et al., 
2012; Völker et al., 2007). As an alternative, for osteosarcoma and ES 
staging, bone scintigraphy is adequate, if PET-CT or whole-body MRI are 
not available to exclude bone involvement [III, A] (Hurley et al., 2016). 
Iliac bone marrow biopsy is not currently a universally accepted stan-
dard work-up in Ewing sarcoma, as the percentage of bone involvement 
exclusively detected by bone marrow biopsy is extremely low (< 0.5%) 
(Cesari et al., 2019). 

Adverse prognostic factors for localized conventional osteosarcoma 
include: large tumour size (different cut-offs used as larger than one 
third of the whole diameter of bone; or 15 cm; or 150 ml in studies 
considering volume), tumor site (axial or proximal limbs was worse), 
elevated serum alkaline phosphatase (AP) or lactate dehydrogenase 
(LDH) and older age (older than 15 years, but also older than 40 years) 
(Basile et al., 2020; Bielack et al., 2002; Bramer et al., 2009; Picci et al., 
1994). Another independent relevant prognostic factor is the poor his-
tological response (≥10% viable tumour cells) after neoadjuvant 
chemotherapy (Picci et al., 1994). As expected, metastatic spread is a 
relevant prognostic factor in osteosarcoma. 

Standard staging classification system is not widely accepted among 
physicians treating Ewing sarcoma (Enneking et al., 1980; Heck et al., 
2006; JD and MK, 2016). A pragmatical risk-based approach to allocate 
different treatments in Ewing sarcoma is based on volume of primary 
tumour (< 200 ml vs ≥ 200 ml), localized vs metastatic disease (within 
this latter exclusive lung vs extrapulmonary metastasis) and good or 
poor histological response to induction chemotherapy (≥ 10% viable 
tumour cells constituted poor response) (Bacci et al., 2004, 2000; Cot-
terill et al., 2000; Le Deley et al., 2010; Leavey and Collier, 2008; Nesbit 
et al., 1990; Paulussen et al., 2008; Schuck et al., 2003; van Doorninck 
et al., 2010). Fig. 1. General diagnostic strategy for bone sarcomas.  
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1.4. Treatment (local and advanced disease) of bone sarcomas 

1.4.1. Osteosarcoma (Fig. 2) 

1.4.1.1. High-grade osteosarcoma. Chemotherapy (ChT) is a key 
component of multimodal therapy of high-grade osteosarcoma, and it is 
associated with an increase in disease-free survival (from 20% to >60%) 
and overall survival when compared with surgery alone (Bernthal et al., 
2012). Treatment should be initiated as soon as possible, ideally within 
15 days to 30 days following the biopsy. Restaging is recommended in 
case of delay. Systemic treatment should be the same in case of curative 
or palliative intent (in terms of intensity and dose) (Lewis et al., 2007). 
Neoadjuvant ChT is recommended for high grade osteosarcoma [I, A] 
(Bielack et al., 2002; Bramer et al., 2009; Picci et al., 1994). The MAP 
regimen (doxorubicin/cisplatin/high-dose methotrexate [HD-MTX]) is 
most frequently used in children and young adults (Bielack et al., 2015; 
Ferrari et al., 2005; Whelan et al., 2015; Whelan and Davis, 2018), 
although HD-MTX (>8 g/m2) may be difficult to manage in adults > 40 
years old (Ferrari et al., 2018; Marina et al., 2016). Combinations of 
doxorubicin, cisplatin and ifosfamide without HD-MTX can be used as 
an alternative. The combination of cisplatin and doxorubicin is an op-
tion for patients older than 40 years [I, A],[40, 41, 43, 45] but the 
addition of HD-MTX may be feasible in adults beyond 40 year old ac-
cording to individual centre expertise (Bielack et al., 2015; Ferrari et al., 
2018; Marina et al., 2016; Whelan et al., 2015; Whelan and Davis, 1). 
Usually, two MAP cycles are recommended as neoadjuvant treatment 
before surgery of primary tumour. It is relevant to synchronize the 
surgery after recovery of blood count (usually 3–4 weeks after the last 
cycle) and to synchronize the starting of adjuvant chemotherapy after 
recovery of surgical wound (usually after 2–3 weeks) (Bielack et al., 

2004; Carrle and Bielack, 2006; Ferrari et al., 2005; Goorin et al., 2003; 
Lewis et al., 2007; Marina et al., 2016; Meyers et al., 2008; Whelan et al., 
2015; Whelan and Davis, 1). Whenever possible, patients should receive 
chemotherapy within the context of clinical trials. In order to control 
cardiac and renal side effects, LVEF determination and 24 h creatinine 
clearance analysis should be performed prior to systemic ChT pre-
scription (Casali et al., 2018). ECG/QTc measurements could be per-
formed during therapy. Wide surgical resection (with negative margins) 
is the standard treatment after neoadjuvant treatment [I, A] with limb 
salvage whenever possible. If wide margins or adequate function are not 
achievable, even after bone and soft tissue reconstruction, amputation 
should be considered (Rose, 2020). Preoperative core-needle biopsy 
track should be included in the surgical resection [III, A] (Casali et al., 
2018). Surgical margins should be reported according to Enneking sys-
tem adopted by MSTS (Musculoskeletal Tumour Society) or R0/R1 
systems, and mentioned in the pathology report. The percentage of re-
sidual tumour cells after neoadjuvant ChT is a strong prognostic factor 
and should be mentioned in the report [I, A]. Re-resection should be 
considered in case of unplanned/inadequate surgery [IV, B]. If R1 
resection was performed without option for reoperation, adjuvant RT 
could be considered after discussion in the MDTB [V, B]. Post-operative 
adjuvant chemotherapy should be administered using the same drugs, 
prescribed in neoadjuvant setting, for at least two further cycles [I, A]. 
For patients with tumours with poor response after neoadjuvant ChT 
(HUVOS 1, 2), there is no consensus regarding changing the chemo-
therapy regimen in the adjuvant setting [I, C] (Lewis et al., 2007; Marina 
et al., 2016). If available, the addition of muramyl tripeptide to post-
operative ChT may improve survival for patients < 30 year old with 
completely resected localized osteosarcoma [II, B] (Meyers et al., 2008). 
Macroscopic complete remission should be the aim of the treatment in 

Fig. 2. Osteosarcoma treatment strategy.  
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both metastatic and non-metastatic osteosarcoma [III, B] (Lewis et al., 
2007). For high-grade metastatic osteosarcoma, primary tumour resec-
tion and resection or destruction (e.g. stereotactic radiotherapy) of 
metastases are recommended (Ferrari et al., 2003). Osteosarcoma is 
relatively radioresistant and, in cases where surgery is not feasible, 
carbon ion or proton beam therapy should be discussed [IV, A] and 
preferred, if available (Leroy et al., 2016). If treatment strategies are not 
available in the country, a recommendation to perform such treatments 
in foreign centres could be considered [II, B]. When this is not possible, 
high-dose conventional RT can be offered [III, B]. 

1.4.1.2. Low-grade osteosarcoma. Low-grade osteosarcoma includes 
central low-grade osteosarcoma, parosteal osteosarcoma and periosteal 
osteosarcoma. Immunohistochemistry (IHC) and/or fluorescence in situ 
hybridization (FISH) are useful to confirm MDM2 amplification in the 
context of parosteal and central low-grade osteosarcoma. For low-grade 
osteosarcoma, wide surgical resection without systemic treatment is the 
standard approach [III, A]. Marginal resection is acceptable in selected 
cases [III, B] (Cesari et al., 2011; Grimer et al., 2005; Laitinen et al., 
2015). 

1.4.1.3. Osteosarcoma of the jaw. The usual treatment for high-grade 
osteosarcomas of the jaw includes neo-adjuvant or adjuvant ChT and 
wide resection [III, A]. High-grade craniofacial osteosarcoma could be 
treated in the same way as high-grade osteosarcomas at other locations 
[III, B]. However, some authors defend different approaches, as to 
initiate with surgery, since the main risk in this location is related to 
local recurrence (Ferrari et al., 2017). There is not a clear reason to 
avoid chemotherapy in the context of high-grade craniofacial osteosar-
coma, given the high-risk nature of any recurrence, local or distant. For a 
better assessment, PET-TC can offer valuable predictive information in 
osteosarcoma of this location (Frezza et al., 2014). High-dose RT can be 
used when complete (R0) surgery is not feasible [IV, B], following the 
end of chemotherapy (Casali et al., 2018). 

1.4.1.4. Treatment of recurrent osteosarcoma. The treatment of recurrent 
osteosarcomas should take into account the timing of recurrence and the 
number and location of the metastases (Lewis et al., 2007). Number and 
bilaterality of lung metastases, metastatic pattern and disease-free in-
terval (> 2 years) are known prognostic factors for recurrent osteosar-
coma. For limited number of lung metastases, complete surgical 
resection should be attempted, with stereotactic RT as alternative option 
for patients unfit for surgery (Bielack et al., 2004; Carrle and Bielack, 
2006; Lewis et al., 2007; Yu et al., 2017). The role of second-line therapy 
for recurrent osteosarcoma is not well defined but options include 
ifosfamide or cyclophosphamide, with etoposide and/or carboplatin; 
high-dose ifosfamide; gemcitabine plus docetaxel [III, A] (Berger et al., 
2009; Fagioli et al., 2002; Gentet et al., 1997; Palmerini et al., 2016, 
2020b). Several oral antiangiogenic agents have shown activity, 
including regorafenib [II, B] and sorafenib [III, B] (Duffaud, Florence 
et al., 2019; Grignani et al., 2015). 

1.4.2. Ewing sarcoma 
The general strategy for the treatment of localized ES includes neo-

adjuvant ChT, then treatment of the primary tumour with wide surgical 
resection and/or RT, followed by adjuvant ChT [I, A]. In case of meta-
static disease, in addition to systemic therapy, an attempt to treat all 
sites of metastases with radiotherapy and/or surgery should be 
attempted [III, A]. 

1.4.2.1. Molecular diagnostic and staging. All ES are high-grade tumours 
and are defined by TET-ETS fusions usually involving the EWSR1 gene 
on chromosome 22, in a reciprocal translocation t(11;22)(q24;q12). 
Recently, expert pathologists incorporated a new chapter identified as 
undifferentiated small round cell sarcomas of bone and soft tissue, in the 

new WHO sarcomas classification (Board, n.d.). This new section en-
compasses three different subsets, apart from Ewing sarcoma, namely: 
EWSR1 gene fusion with non-ETS family gene round-cell sarcomas, CIC 
rearranged sarcomas and BCOR rearranged sarcomas (Antonescu et al., 
2017; Bridge et al., 2019; Kao et al., 2018). Most ES tumours or 
Ewing-like tumours can be recognized or suspected with classical hae-
matoxylin and eosin stain and IHC, but molecular confirmation is 
strongly recommended to confirm diagnosis [III, A] and to perform 
differential diagnosis with other previously mentioned small round cell 
sarcomas (Antonescu et al., 2017; Brennan et al., 2020; Gaspar et al., 
2015; Grier et al., 2003; Machado et al., 2009; Sorensen et al., 1994; 
Zoubek et al., 1994). 

1.4.2.2. Treatment. Neoadjuvant chemotherapy is recommended for all 
Ewing sarcomas [II, A]. Chemotherapy is based on five- to six-drug 
combinations including doxorubicin, cyclophosphamide, ifosfamide, 
vincristine, dactinomycin and etoposide (Gaspar et al., 2015; Grier et al., 
2003; Nesbit et al., 1990; Paulussen et al., 2008; Schuck et al., 2003; van 
Doorninck et al., 2010). Combination of alternating VDC-IE, is more 
active than VIDE/VAI according to the EuroEwing2012 trial [II, A] and 
is the standard recommended regimen (Brennan et al., 2020). Current 
trials use 6–9 cycles of initial combination ChT as induction, followed by 
local therapy with another 5–8 cycles of ChT, usually at 2/3-week in-
tervals [II, A]. Short intervals (every 2 weeks) have demonstrated to be 
significantly better in terms of event-free survival than standard 3-week 
interval for alternating VDC/IE regimen. This difference did not reach a 
significant level in patients 18 years of age [II, B] (Womer et al., 2012). 
High dose chemotherapy with busulfan and melphalan (BuMel) and 
autologous bone marrow rescue improved survival over conventional 
adjuvant chemotherapy alone as consolidation in patients with large 
> 200 ml tumours or poor response to neoadjuvant chemotherapy [II, 
A]. This should be considered in localized high-risk patients if feasible 
(Ferrari et al., 2011; Whelan et al., 2018). Wide surgical resection is 
recommended for local control [II, A]. In case of bone ES, surgeons 
should consider the initial volume for bone resection [III, B]. Radio-
therapy (45–70 Gy, depending on location and intent) is recommended 
after surgery, in particular when complete excision is not possible, 
margins are positive, the initial volume of soft-part component cannot 
be completely resected or in cases with pathological poor response [II, 
A]. RT may be given to the primary tumour site preoperatively or 
postoperatively and is recommended as definitive local treatment when 
surgical excision to obtain adequate margins is not possible or consid-
ered as too morbid [II, A] (Schuck et al., 2003). The treatment principles 
for extraskeletal ES are the same as for skeletal ES. Cases with metastatic 
disease at diagnosis are treated in the same way as localized cases, 
attempting to treat all sites of metastases with radiotherapy and/or 
surgery [III, A] (Haeusler et al., 2010). Whole-lung irradiation is an 
option for patients with clinically evident lung metastases as prophy-
lactic use [III, C] (Bölling et al., 2008). For patients with recurrent ES, an 
extended time to relapse is a favourable prognostic factor [III, B] (Stahl 
et al., 2011). There are no standard ChT regimens for recurrent disease 
and options include cyclophosphamide plus topotecan, ifosfamide plus 
etoposide, high-dose ifosfamide, irinotecan with temozolomide or 
gemcitabine plus docetaxel (Ferrari et al., 2009; Fox et al., 2012; Saylors 
et al., 2001; Wagner et al., 2004). Interestingly, information derived 
from the rEECur trial (EudraCT 2014–000259–99, a multi-arm phase 
II/III drop-a-loser randomized trial) showed that gemcitabine and 
docetaxel was less active than the remaining high-dose ifosfamide, iri-
notecan plus temozolomide, or cyclophosphamide plus topotecan after 
the first interim analysis (McCabe et al., 2019). Additionally, in a second 
analysis, irinotecan plus temozolomide was significantly less active than 
the remaining arms (McCabe et al., 2020). Thus, high-dose ifosfamide 
and cyclophosphamide plus topotecan have shown to be the most active 
schemes in second lines of progressing metastatic Ewing sarcoma. The 
study is still ongoing, testing new arms. For high-dose ifosfamide, 2 
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schemes were used: administration over 5 days q 3 weeks (12–15 g/m2) 
or 14 days q 4 weeks in continuous infusion by elastomeric pumps 
(14 g/m2) [III, A]. A randomized clinical trial testing these options is 
ongoing (NCT01864109). 

Currently, there are no clear data to support a different first-line 
treatment for CIC- or BCOR-rearranged sarcomas than that used for 
classical ES (Palmerini et al., 2020a). 

1.4.3. High grade spindle/pleomorphic sarcomas of the bone 
Pleomorphic sarcomas of the bone are found in a similar age group to 

chondrosarcoma patients with a osteosarcoma- like skeletal distribution 
(Pakos et al., 2011). Any diagnosis of undifferentiated high grade bone 
sarcomas on a core biopsy should be integrated within the 
clinical-radiological context, in order to rule out other entities with 
undifferentiated components. Treatment strategy is similar to that of 
osteosarcoma with wide surgical margins including any soft tissue 
component in combination with ChT. This group of tumours is less 
chemo-sensitive. ChT regimens based on doxorubicin, ifosfamide, 
and/or platinum are generally recommended [IV, B] (Bramwell et al., 
1999). The role of HDMTX in these tumours remains unclear. The added 
value of platinum compounds in this context is also unknown [IV, C] 
(Nooij et al., 2005). RT may be considered for inoperable lesions. 
Adjuvant RT may be considered for lesions which have been operated 
(R1) or in case of resected local relapse [IV, C]. 

1.4.4. Chondrosarcoma 
Most chondrosarcoma are grade 1: when located on the limbs, the 

term atypical cartilaginous tumour is most often used vs grade 1 chon-
drosarcoma for tumours at other locations (trunk and head and neck) 
(Bovee et al., 2020). Assessing the grade in chondrosarcoma can be 
difficult, and requires an adequate radiological-pathological correlation 
(D et al., 2009; Ferrer-Santacreu et al., 2016; Gelderblom et al., 2008; 
Whelan and Davis, 1). Pain at a cartilaginous lesion may be a sign to 
suspect malignancy (Ferrer-Santacreu et al., 2016). IDH mutation 
analysis may be considered as an option when a chondrosarcoma is 
suggested by radiological imaging [III, C]. 

1.4.4.1. Treatment. Atypical cartilaginous tumours/grade 1 chon-
drosarcoma of long bones can be managed with intralesional extended 
curettage (large cortical window, high-speed burr) with or without local 
adjuvant therapy, such as phenol, cryotherapy and reconstruction with 
cement or bone graft [IV, A] (Chen et al., 2017; Leerapun et al., 2007). 
Pelvic grade 1 chondrosarcomas should be completely resected, with en 
bloc resection, or if this is not feasible, with intralesional resection [IV, 
A]. Grade 2 and 3 chondrosarcoma and all chondrosarcomas, irre-
spective of grade, if are located in pelvis or axial skeleton should be 
surgically excised with wide margins [IV, A] (Fiorenza et al., 2002). In 
pelvic chondrosarcoma, every effort should be made to offer 
limb-sparing en bloc resection (internal hemipelvectomy) when feasible. 
In inoperable, locally advanced high-grade chondrosarcomas, RT with 
proton beam or carbon ion therapy can be proposed [III, A] (Noël et al., 
2004). Dedifferentiated chondrosarcoma is a very aggressive entity and 
can be treated as a high-grade bone sarcoma, with chemotherapy 
adapted to patient age. When wide margins are not foreseen with limb 
salvage, amputation should be considered in the high-grade chon-
drosarcoma context [IV, B] (Dickey et al., 2004; Grimer et al., 2007). 
ChT options include cisplatin, doxorubicin, ifosfamide, or gemcitabine 
plus docetaxel [IV, C] (Fox et al., 2012; Italiano et al., 2013). One trial 
reported activity of regorafenib [II, B] (F. Duffaud et al., 2019). 
Mesenchymal chondrosarcoma should be considered for adjuvant or 
neoadjuvant ChT with a Ewing-type regimen [IV, B] (Dantonello et al., 
2008; Frezza et al., 2015). 

1.4.5. Giant cell tumour of bone 
Giant cell tumour (GCT) of bone is a benign, locally aggressive 

tumour with H3F3A gene mutations in most of the cases and a low 
probability of metastatic spread (Amelio et al., 2016; Behjati et al., 
2013; Liede et al., 2014). GCT of bone may suffer malignant trans-
formation and can metastasize even in the absence of malignant 
transformation. 

1.4.5.1. Treatment. Treatment options include wide surgical resection 
and intralesional extended curettage with adjuvant therapy, such as 
phenol, cement and cryotherapy in carefully selected cases [IV, A] (van 
der Heijden et al., 2020). Some authors advocate that preferential 
treatment is intralesional extended curettage and high-speed drilling 
with local adjuvants including phenol, alcohol, or liquid nitrogen, and 
cavity filling with bone graft and/or polymethylmethacrylate (PMMA) 
[IV, A]. 

Denosumab should be considered for unresectable or metastatic GCT 
[III, A]. The role of neo-adjuvant denosumab in operable GCT of bone is 
limited to selected cases in which diffuse reactive bone formation and 
peripheral ossification can render an easier surgical procedure, for 
example those tumours with a large soft tissue component [III, B] 
(Rutkowski et al., 2018; van der Heijden et al., 2017). Side effects of 
denosumab, including osteonecrosis of the jaw and atypical fractures, 
should be monitored. Co-administration of calcium and vitamin D is 
recommended during denosumab administration. The duration of 
treatment is connected to the risk of osteonecrosis of the jaw (ONJ) [II, 
A]. It is not yet defined the most convenient schedule, or duration for 
denosumab treatment in the context of unresectable GCT. The decision 
on the duration of treatment should take into account that ONJ risk 
increases over time in a dose-dependent manner (Chawla et al., 2019). 
The role for RT is limited due to the risk of malignant transformation [IV, 
B], while denosumab does not seem to increase malignancy in GCT of 
bone (Palmerini et al., 2021; Shi et al., 2013). 

1.4.6. Chordoma 
This entity is an exceedingly rare bone tumour with notochordal 

differentiation. IHC positivity for brachyury is strongly recommended to 
confirm the diagnosis of conventional chordoma (Vujovic et al., 2006). 
Dedifferentiated chordomas are more aggressive, accounting for less 
than 5% of all cases, and brachyury expression is usually lost in its 
high-grade component. Poorly-differentiated paediatric chordoma have 
an aggressive behaviour and are characterized by brachyury positivity 
and loss of SMARCB1. 

1.4.6.1. Treatment. Primary tumour treatment depends on tumour 
location and requires a MDTB (Stacchiotti et al., 2015). En bloc R0 
resection is the standard treatment, when feasible [IV, A]. Surgery is the 
first choice for sacral tumours located below the level of S4 [III, A]. 
Alternative approaches may be considered for tumours originating 
above S3 (sacral spinal nerve 3), due to surgery-associated neurological 
sequelae [III, A] (Stacchiotti et al., 2015). Indications for definitive RT 
include unresectable disease, inoperable patients and neurological 
impairment not acceptable for the patient [IV, A] (DeLaney et al., 2014; 
Schulz-Ertner et al., 2007). For skull base and upper cervical tract 
chordoma, R1 surgery plus high-dose RT (74 GyE in conventional 
fractionation [1.8–2 GyE] for photon and proton therapy) is the treat-
ment of choice [II, B] (Stacchiotti et al., 2015). The dose of RT to deliver 
in case of R1 resection or inoperable disease are debated: > 74 GyE if 
case of R1, > 78 GyE in case of R2 or inoperable cases [II, B]. The choice 
of treatment for local relapse can include surgery and/or RT and/or 
systemic treatment [II, B] (Stacchiotti et al., 2017). Dose escalation with 
proton therapy (EQD2 ~70 GyRBE), carbon ion therapy (EQD2 ~105 
GyRBE) or photon-based stereotactic body radiation therapy (SBRT) 
(EQD2 ~150 GyRBE) may be used in case of high risk of morbidity after 
oncologic resection or medically inoperable patients. Dose constraints 
and CTV expansion may differ between techniques. There is no standard 
medical treatment for advanced chordoma. Options which can be 
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discussed depending on the clinical presentation and quality of life, 
include imatinib, sorafenib, and epidermal growth factor receptor in-
hibitors based on limited clinical evidences [III, C] (Bompas et al., 2015; 
Lebellec et al., 2017; Stacchiotti et al., 2013, 2012). 

1.4.7. Follow-up, long-term implications and survivorship 
Follow-up of high-grade bone tumours should include clinical and 

radiological assessments. Physical examination requires to focus on 
primary tumour site as well as any potential long-term side effect due to 
different treatments. Imaging tests for local tumour bed should include 
simple X-ray complemented by other techniques as MRI, CT scan or even 
ultrasounds. Artifacts from metallic implants makes difficult some in-
terpretations and could require specific MRI sequences or optimization 
of CT protocol. A recommended follow-up policy after treatment 
completion is different between low-grade and high-grade bone sar-
coma. For high grade tumours, follow-up every 3–4 months for the first 
2–3 years, then every 6 months up to fifth year and then annually up to 
tenth year are recommended. For low-grade tumours, visits every 6 
months for 2–5 years and annually thereafter are recommended. In ES, 
bone scintigraphy can be used occasionally in addition to X-ray for a 
more complete bone assessment; PET/CT or whole-body MRI are other 
potential options. Investigations for late effects should be pursued for a 
long-term (more than 10 years) after treatment cessation (LVEF every 2 
years for patients who received doxorubicin, creatinine level assessment 
on a yearly basis) (Henson et al., 2016). 

2. Methodology 

The Sarcoma European Latin-American Network (SELNET), aims to 
improve clinical outcome in sarcoma care, with a special focus in Latin- 
American countries. 

These Clinical Practice Guidelines (CPG) have been agreed by a 
multidisciplinary group of the SELNET consortium, with representatives 
of all partner entities including patient’s advocacy groups (SPAEN). 
These CPG are motivated and generated to offer the best standard 
approach, based on the highest levels of published evidence, to diag-
nosis, treatment and follow-up in bone sarcoma in the Latin-American 
context. The current SELNET consortium CPG should be ideally 
corroborated and endorsed at a national level. Several virtual meetings 
were held to elaborate a draft of the guidelines and an on-site consensus 
meeting was celebrated in Lyon (France). Final version of the guidelines 
was circulated and agreed by all CPG working group members. 

Levels of evidence and grades of recommendations have followed the 
system depicted in Table 1. Statements without grading were approved 
by consensus and considered as standard routine clinical practice by the 
experts. 
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