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A B S T R A C T   

Angiosarcoma (AS) represents a rare and aggressive vascular sarcoma, posing distinct challenges in clinical 
management compared to other sarcomas. 

While the current European Society of Medical Oncology (ESMO) clinical practice guidelines for sarcoma 
treatment are applicable to AS, its unique aggressiveness and diverse tumor presentations necessitate dedicated 
and detailed clinical recommendations, which are currently lacking. Notably, considerations regarding surgical 
extent, radiation therapy (RT), and neoadjuvant/adjuvant chemotherapy vary significantly in localized disease, 
depending on each different site of onset. Indeed, AS are one of the sarcoma types most sensitive to cytotoxic 
chemotherapy. Despite this, uncertainties persist regarding optimal management across different clinical pre
sentations, highlighting the need for further investigation through clinical trials. 

The Italian Sarcoma Group (ISG) organized a consensus meeting on April 1st, 2023, in Castel San Pietro, Italy, 
bringing together Italian sarcoma experts from several disciplines and patient representatives from “Sofia nel 
Cuore Onlus” and the ISG patient advocacy working group. The objective was to develop specific clinical rec
ommendations for managing localized AS within the existing framework of sarcoma clinical practice guidelines, 
accounting for potential practice variations among ISG institutions. The aim was to try to standardize and 
harmonize clinical practices, or at least highlight the open questions in the local management of the disease, to 
define the best evidence-based practice for the optimal approach of localized AS and generate the recommen
dations presented herein.   

Introduction 

Angiosarcoma (AS) is a rare and aggressive vascular sarcoma. The 
current European Society of Medical Oncology (ESMO) clinical practice 
guidelines (CPGs) for the treatment of sarcomas apply to AS as well. 
However, AS aggressiveness and diverse tumor presentations differen
tiate it from other sarcomas, impacting clinical decisions. This is espe
cially relevant in the context of localized disease, where considerations 
about the extent of surgery, the use of radiation therapy (RT), and the 
indication for neoadjuvant/adjuvant chemotherapy may vary. 
Conversely, AS are one of the sarcoma types most sensitive to cytotoxic 
chemotherapy, leading to a somewhat unique approach to systemic 
treatment. Finally, uncertainties persist regarding optimal treatment for 
different clinical presentations, ideally to be addressed through clinical 
trials. Yet, the rarity of AS poses challenges in conducting such trials. 

On this background, the Italian Sarcoma Group (ISG) convened a 
consensus meeting of the optimal approach to localized AS on April 1, 
2023, in Castel San Pietro (Bologna, Italy). The meeting involved Italian 
sarcoma experts from various fields and patient representatives from 
“Sofia nel Cuore Onlus” and the ISG patient advocacy working group to 
develop specific clinical recommendations for managing localized AS 
within the existing framework of CPGs on sarcomas. These recommen
dations take into account potential variations in clinical practices among 

ISG institutions. The goal was, nonetheless, to standardize and harmo
nize clinical practices or, at the very least, to make different treatment 
attitudes explicit. Following this meeting, ISG launched an Italian 
multicentric prospective observational study on primary AS to address 
real-world clinical questions. 

Methodology 

The consensus development process took place within the ISG 
community, with an active involvement of all centres belonging to the 
Italian Sarcoma domain of EURACAN and patient representatives. Spe
cialists from seven specialities were involved (i.e. epidemiology, pa
thology, surgery, radiation oncology, adult medical oncology, pediatric 
medical oncology, and radiology). Literature search was conducted 
considering paper, written in English, including > 1 cases, published in 
PubMed from 2000 until December 2022 (Details on strategy and se
lection criteria are presented in Supplementary material). Each speci
ality subgroups met virtually to draft a first document and highlight the 
most critical aspects to be discussed with the whole group. During the 
consensus meeting critical points were discussed, reaching a consensus 
or sharing discrepancies. Afterwards, the final version of the document 
was drafted and circulated for the final approval. Due to the lack of 
prospective data on local phase, current practice is mainly based on 
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retrospective reports. Consequently, a degree of uncertainty needs to be 
accepted in clinical management and regulatory matters and, as a result, 
levels of evidence and grades of recommendation were not included. 

Epidemiology and clinical presentation 

Angiosarcoma is a rare sarcoma (crude incidence, range: 0.3–0.5/ 
100.000 [1–3]), with 140 new cases expected in Italy annually. There is 
a female predominance, however, the male-to-female ratio differs by site 
of origin, ranging from 0.2 for limb AS to 2.0 for cutaneous head and 
neck (H&N) AS [2]. AS can occur at any age, with a peak incidence in the 
seventh decade, and is very rare in children [4–7]. The mean age is 
higher in secondary AS compared to primary AS (74 vs 66 years, 
respectively) [8]. 

Althought the etiology is unknown in most cases (also called “pri
mary AS”), AS may be associated to risk factors (also named “secondary 
AS”). There are two well-known risk factors: chronic lymphedema and 
RT. Lymphedema-associated AS is also known as Stewart-Treves syn
drome. Familial syndromes including neurofibromatosis, Maffucci syn
drome, and Klippel-Trenaunay syndrome are also associated with AS. 
Occupational exposure to vinyl chloride and thorium dioxide is associ
ated with hepatic AS. Other chemical carcinogens associated with AS 
include arsenic, radium, and anabolic steroids. Few studies report the 
association of AS with foreign bodies, including accidentally retained 
surgical gauze, vascular and orthopedic prostheses [9]. 

AS can occur anywhere in the body. Approximately 60% of AS arise 
in the skin and soft tissue, while 40% are visceral [10,11,2]. Based on a 
pool analyses of approximately 600 AS patients, H&N skin is the most 
common site (27%), followed by breast, mostly radiation-associated 
(20%), extremities (15%), trunk (9%), liver (6%), heart (5%), bone 
(4%), and spleen (3%) [9]. 80% of radiation-associated AS (RAAS) arise 
in the breast area [8]. 

AS clinical features vary depending on the site. Skin AS often appears 
as purple lesions, sometimes multiple and bleeding [12]. Deep tissue and 
breast AS present as enlarging lesions. Breast RAAS is often multifocal, 
spreading to skin and deep tissue. Cardiac AS, usually from the right 
atrium, shows symptoms like chest pain, dyspnea, cough, and hemop
tysis [13]. 

Prognosis 

AS is typically aggressive. The prognosis is poor, with a 5-year 
overall survival (OS) ranging from 30 to 50%, although there is some 
prognostic variability across presentations. Visceral AS generally show a 
worse prognosis [4,14–17]. The risk of recurrence after surgery is high. 
The 5-year local replase free survival (RFS) ranges from 25 to 35%. 
Typically in cutaneus AS, including RAAS, local recurrences can be 
difficult to manage and patients may die of locoregional disease 
[17–22]. The 5-year distant RFS is about 30%. Metastases may affect 
lungs, bone, liver, soft tissues, lymph node (LN), and brain [4,14–17]. 

With regard to prognostic factors, larger tumors (>5 cm) and the 
presence of an epitheliod component correlate with a worse outcome 
[4,15,23]. Most AS have a high-grade appearance. For those with a low- 
grade aspect, its prognostic role is debated, as even well-differentiated 
tumors can behave aggressively [24,25]. Interestingly, primary breast 
AS is the only AS subgroup in which the value of grading has been 
traditionally kept into consideration, despite conflicting results 
emerging from the available literature [26,27] and its importance has 
been recently re-assessed [28]. 

General principles of localized as management 

Patients should be managed within sarcoma reference centers or 
networks, by a dedicated sarcoma multidisciplinary team including 
pathologist, radiologist, surgical oncologist, radiation oncologist, med
ical oncologist, and palliative care specialist. Based on disease 

presentation other specialists such as orthopedic surgeon, breast sur
geon, plastic surgeon, genetist need to be involved. 

Pathology 

Pathological diagnosis is recommended in all cases, before any 
treatment is started and pathologic review by an expert sarcoma 
pathologist is strongly recommended if the first diagnosis was made 
outside a reference center. Diagnosis should be made by core needle 
biopsy or incisional biopsy, obtaining a sufficient amount of tissue for 
accurate pathological evaluation. In case of a heterogeneous lesion, 
functional imaging should be used to guide the biopsy to the highest 
grade portions. Correlation with clinical aspects is crucial in the diag
nostic process. Superficial and skin AS can be diagnosed with a punch 
biopsy, for deeper lesions is preferable percutaneous core needle biopsy 
with 14–16 G needle. For splenic lesions, the role of percutaneous bi
opsies is controversial due to the risk of bleeding. 

Morphology 

AS morphological spectrum is rather broad. Details are provided in 
the Supplementary material (Pathology, Morphology). 

Immunophenotype 

AS shows a typical membrane-type immunopositivity for CD31 and 
nuclear expression for ERG. Both these markers show high sensitivity 
but are not entirely specific. Details are provided in the Supplementary 
material (Pathology, Immunophenotype). 

Molecular profile 

AS is molecularly heterogeneous. Despite recent data have shown a 
large site-specific molecular heterogeneicity, the molecular character
ization of AS is not recommended for the diagnosis. 

Primary and secondary AS are characterized by a complex genetic 
profile. Molecular alterations such as the presence of MYC amplification 
are much more common RAAS [29]. Detection of MYC gene amplifica
tion or MYC protein overespression represent powerful diagnostic tool 
that helps distinguish AS from atypical vascular lesions [30] and 
contribute to confirm a diagnosis of RAAS. A small minority of cases may 
lack MYC aberration and therefore diagnosis will rely only upon 
morphology. Furthermore, co-amplification of FLT4 and MAML1 has 
been reported in secondary AS, as additional genetic alterations 
involving the MAPK pathway [31] and mutations of TP53, KDR and 
CDKN2 [32]. In primary breast AS, KDR and PIK3CA gene mutations are 
reported [28]. Fusions in AS are extremely rare, however, CIC gene 
rearrangements are reported in soft tissue AS [33]. Cutaneous AS arising 
in the H&N of elderly patients seem to be associated with high tumor 
mutational burden, as typically observed in tumors associated with an 
UV mutational signature [34].Recommendations.  

Pathological diagnosis is recommended before any treatment is started and should be 
confirmed by a sarcoma expert pathologist. 

Molecular testing is not mandatory. However, in the suspicion of RAAS, it is useful to 
identity c-MYC amplification/expression by molecular analysis or 
immunohistochemistry.  

Radiology 

Staging 

Gadolinium-enhanced magnetic resonance imaging (MRI) represents 
the exam of choice in AS, providing information about both anatomical 
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extent and tumour composition. Minimum protocol should include T1- 
and T2- weighted sequences, short tau inversion recovery or T2- 
weighted fat-satured sequences, diffusion-weighted imaging (DWI) 
with apparent diffusion coefficient maps, and T1-weighted fat-saturated 
sequences after intravenous contrast administration. Dynamic contrast- 
enhanced MRI sequences are mandatory in breast, liver, and spleen. 

In skin AS, MRI can underestimate disease extension and correlation 
with clinical aspects is crucial. Clinical photogray and biopsies of the 
surrounding tissues may be indicated for AS of the skin, especially when 
a pre-operative treatment is planned. 

Staging should include a total body CT scan (including brain) to rule 
out metastases, and bone assessment by 18-F-FDG PET/CT or bone 
scintigraphy. Lung metastases show a characteristic pattern with mul
tiple solid pulmonary nodules or, more rarely, with ground glass opac
ities surrounding pulmonary nodules (CT halo sign) [35]. 

Radiological features 

AS manifests as an irregular enhancing infiltrative mass or as nodular 
lesion with an aggressive behavior on adjacent structers [36]. Generally, 
AS is characterized by low T1-weighted and high T2-weighted signal 
intensity (SI), with a significant restriction signal on DWI sequence. 
Necrotic areas present high T2-weighted SI, while hemorrhagic areas 
show high T1-weighted SI with marked low T2-weighted SI on gradient 
echo in the presence of hemosiderinic deposits. 

In each specific site of origin, some peculiar characteristics may be 
observed. Details are provided in the Supplementary material 
(Radiology). 

Radiological assessment of response 

When pre-operative treatment is planned, MRI should be performed 
at the beginning, during, and prior to surgery. In skin AS, pre-operative 
treatments may necessitate skin tattoos to accurately gauge disease 
extent, as MRI might underestimate it. Similarly, capturing photo
graphic images of visible tumors helps monitor treatment response. 
Recommendations.  

Gadolinium-enhanced MRI is the preferred exam to evaluate local disease 
extension. Staging should include whole body CT scan (including brain), and 
bone assessment by 18-F-FDG PET/CT or bone scintigraphy.  

Surgery 

General principles 

Wide resection is the standard treatment for localized AS and should 
be performed by a sarcoma expert surgeon. This approach involves the 
removal of the tumor in a single specimen along with a surrounding rim 
of normal tissue. 

The minimal margin considered adequate on fixed tissue may vary 
based on factors such as the use of neoadjuvant treatments and the 
presence of resistant anatomical barriers like muscular fascia, vascular 
adventitia, periosteum, and epineurium. Deep-seated AS in the upper or 
lower limb may directly involve a major vessel, typically an artery, 
necessitating en-bloc resection of the vascular bundle in such cases. 

It is emphasized that systematic regional lymphadenectomy or 
sentinel LN biopsy is not recommended. Regional lymphadenectomy is 
only indicated when there is clinically and/or radiologically confirmed 
nodal involvement.Recommendations.  

Wide resection is the standard treatment of localized AS. 

Systematic regional lymphadenectomy or sentinel LN biopsy are not 
recommended.  

Skin AS (H&N region) 

For skin AS, which predominantly affects the H&N in the elderly, 
surgery is seldom recommended due to its multifocal presentation and 
extensive involvement of the scalp/face. Systemic treatment combined 
to definitive RT are typically considered viable alternatives to surgery. 
Clinical photographies and tattoos are useful to assess response and plan 
subsequent resection, when feasible. 

In the small AS, often resected with a preoperative clinically diag
nosis of non melanomatous skin cancer, wide excision should be per
formed to ensure negative margins both over the skin and in deep 
tissues. Bioptic mapping of the region may prove useful to assess the 
actual disease extent and plan the surgery. Plastic reconstruction to 
cover the defect is nearly always necessary. Tissue expanders are 
frequently utilized to prepare adequate flaps for tissue coverage. 
Otherwise, complex locoregional rotation flaps or free flaps are the only 
viable alternatives. Adjuvant RT may also be considered. 
Recommendations.  

When wide resection is unfeasible, definitive RT with or without systemic treatment 
represents an option.  

Breast region AS 

Total mastectomy incorporating the muscular fascia is the standard 
treatment for primary breast AS and is preferred over breast-conserving 
surgery [37,38]. However, for small, peripheral primary breast AS 
within large breasts, wide resection could be considered on an individ
ualized basis. RAAS often requires the excision of a wide area of the 
breast skin due to its multifocal presentation, and to remove previously 
irradiated skin. Therefore, conservative techniques are not recom
mended for breast RAAS. In general, while the skin is crucial for RAAS, 
the deep planes are more critical for primary breast AS, sometimes 
requiring en-bloc removal of the underlying muscles (major pectoralis 
and/or serratus) along with the affected breast parenchyma. Discussion 
at a sarcoma tumor board to review the pathology and treatment plan 
before any surgery is highly recommended. 

Systematic regional lymphadenectomy or sentinel LN biopsy is not 
indicated. For patients with clinically suspicious nodes, ultrasound- 
guided fine-needle biopsy of enlarged nodes can accurately document 
regional metastases. In cases of pathologically confirmed LN involve
ment at staging, axillary dissection is appropriate. 

Given the high risk of recurrence, cosmetic reconstruction should 
generally be delayed. For larger tumors or RAAS with extensive skin 
involvement, myocutaneous flaps are required to cover the excised area 
and no impact on cosmesis. The morbidity risk in case of major recon
structive surgery should not be underestimated, and the possibility of 
some delay in post-operative treatments should be factored during the 
initial strategy planning. 

The use of implants in breast reconstruction is not the preferred 
choice both in primary AS, due to the need to remove a portion of the 
major pectoralis muscle, and in RAAS because of the previous RT. 
Consequently, myocutaneous flaps represent the first choice in most 
cases. The transverse rectum of abdomen myocutaneous (TRAM) flap 
and the latissimus dorsi flap are the most commonly used, with differ
ences in terms of skin and volume replacement. The transposition of 
healthy, non-irradiated blood-supplied tissue may allow better healing 
and, in selected cases, can even be combined with implants for cosmetic 
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purpose.Recommendations.  

Primary breast AS Breast region RAAS 

Total mastectomy, including major 
pectoralis muscle fascia removal, is 
the treatment of choice. Deeper tumors 
may require resection of chest wall 
muscles like major pectoralis. For 
small, peripheral tumors in a large 
breast, wide excision with clear 
margins may be considered on a case- 
by-case basis. 

Total mastectomy is the preferred 
treatment, with removal of previously 
irradiated skin. Conservative 
techniques are generally not 
recommended. On a individualized 
basis, for small, peripheral tumors 
within a large breast, wide excision 
could be considered, once multifocal 
disease has been excluded and free 
margins are obtained. 

Breast reconstruction should be delayed, 
a 2–3 year free interval is suggested. In 
selected cases, the immediate (direct 
to implant) or dual time breast 
reconstruction with an expander may 
be considered. 

Breast reconstruction should be 
delayed, a 2–3 year free interval is 
suggested.  

Soft tissue AS 

Surgery adheres to the principle of STS resection. When a major 
vessel is involved or the tumor originates from a major vessel (usually an 
artery), the surgical approach should encompass the resection of the 
affected vascular bundle, with reconstruction as necessary. The 
accompanying vein is often involved or too closely sited to be preserved 
and is typically ligated. Arterial reconstruction is preferably performed 
using an autograft. In the rare cases when the tumor arises from the 
aorta, a PTFE prosthesis is recommended instead. If required, vein 
reconstruction may be carried out using autografts, homografts 
(cadaveric veins/arteries), or, albeit less preferred, PTFE prostheses. 

For extremity AS, isolated limb perfusion (ILP) with TNF-α and 
melphalan, usually followed by surgery, may be considered as an option, 
with significant tumor responses observed [39]. ILP has no impact on 
systemic control (although it can be combined with other modalities). 
Additionally, ILP can be regarded as a definitive treatment in Stewart- 
Treves syndrome, especially in extensive multifocal AS. Electro
chemotherapy may be another option for cutaneous AS, even if no data 
are available in this specific setting.Recommendations.  

Surgical treatment of soft tissue AS should adhere to the principles of STS resection. 
When a major vessel is involved, the resection of the vascular bundle is required and 
vascular reconstruction may be needed. 

ILP may be an option in pre-operative setting in extremity AS. ILP may be considered 
as a definitive treatment in multifocal AS, especially in the context of Stewart- 
Treves syndrome.  

Visceral AS (including heart) 

Surgery for visceral AS necessitates the resection of the affected 
viscus with negative margins. Sacrificing the entire organ is unnecessary 
if the anatomy and presentation permit a more conservative approach. 
Regional lymphadenectomy is unnecessary unless the regional LNs are 
clearly involved. 

Surgery for heart AS poses particular challenges, and peri-operative 
treatments are vital to ensure tumor control and preserve acceptable 
remaining heart function. Surgery may be performed upfront for clinical 
reasons and peri-operative treatments delivered only in the post- 
operative setting. Definitive RT should be considered when a complete 
surgical approach is unfeasible. Heart transplantation is rarely, if ever, 

indicated in heart AS.Recommendations.  

Surgical treatment of visceral AS necessitates the resection of the affected viscus, 
with negative margins, without the need to sacrifice the entire organ if the anatomy 
and presentation permit a more conservative approach. 

In heart AS complete resection with negative margins may be difficult to achieve. 
When surgery is unfeasible, definitive RT is an option.  

Bone AS 

In appendicular skeleton AS, limb salvage should be considered 
when negative margins can be achieved. In centrally located tumors 
(axis and pelvis), achieving negative margins may be more challenging, 
yet it remains critical [40]. 

Following bone resection, conventional reconstruction should be 
undertaken using megaprosthesis, allografts, or allograft-prosthetic- 
composite reconstruction, depending on the tumor site and the pa
tient’s age. Megaprosthesis should be favoured rather than biologic 
reconstruction when a post-operative RT is planned. Since bone AS may 
be multifocal, involving the same bone segment or different contiguous 
bones, radical surgery with entire bone segment removal can be 
considered or, in selected cases, limb amputation, especially in distal 
extremities. When bone AS presents with a pathologic fracture, tumoral 
spread and contamination of surrounding soft tissues make achieving 
negative margins difficult, and limb amputation should be considered to 
obtain local control [41].Recommendations.  

Surgical treatment of bone AS should achieve negative margins both in axial and 
appendicular skeleton. In case on pathological fracture limb amputation should be 
considered.  

Radiation therapy 

General principles 

In high-grade, localized, extremity STS, neoadjuvant/adjuvant RT is 
considered standard treatment [42], based on prospective studies 
[43,44]. By contrast, there are no prospective data on the role of neo
adjuvant/adjuvant RT in AS. However, given the high-risk of local 
recurrence post-surgery and the histotype’s sensitivity to RT, it’s usually 
added to surgical treatment. 

Timing of RT should be shared jointly with surgeons in the context of 
a multidisciplinary tumor board. In STS, local control and overall sur
vival (OS) are not influenced by the timing of RT. However, today, many 
centers prefer the pre-operative setting since a lower dose is needed and 
lower tissue volume is irradiated, resulting in a lower rate of long-term 
morbidity compared to the post-operative setting [42]. Despite the 
absence of specific data in AS, this approach is considered reasonable, 
given the radiosensitivity of this histotype. RT should be performed at a 
dose of 50 Gy and 60/66 Gy, in the pre-operative and post-operative 
setting, respectively, with the exception of some specific presentations 
in which different doses should be considered (see below). 

In case of limited tumor size (i.e., <5 cm), superficial location and 
unifocality, after multidisciplinary discussion, RT may be omitted if the 
resection margins are microscopically negative.Recommendations.  

Perioperative RT is frequently indicated in AS. The setting varies among institutions, 
but there is an overall shift towards the use of neoadjuvant RT. 

In case of limited tumor size (i.e., <5 cm), superficial location and unifocalityRT 
may be omitted.  
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Skin AS (H&N region) 

When a surgical approach is feasible, the timing of complementary 
RT should be discussed on the basis of the plastic reconstruction [45], 
privileging a pre-operative setting if a plastic reconstruction is planned. 
Regarding RT extent, sarcoma centers vary in their approaches. Some 
favour a locoregional treatment limited to the disease and others adopt a 
total scalp irradiation (TSI) taking into consideration the absence of 
anatomical barriers in this site. The recommended doses in the pre- 
operative and post-operative setting are 50 Gy in 2 Gy/fraction and 
60 Gy in 1.8–2 Gy/fraction, respectively. 

In multifocal/diffuse H&N AS, RT with definitive intent can be 
offered as alternative to demolitive surgery. In this setting, 66/70 Gy 
should be considered [46–49]. 

Protons can have a dosimetric advantage even compared to more 
sophisticated techniques with photons, such as volumetric modulated 
arc therapy (VMAT), intensity modulated radiation therapy (IMRT) 
[50,51].Recommendations.  

In H&N AS, when a surgical approach is feasible, pre-operative RT is preferable, 
especially if a plastic reconstruction is foreseen. 

In case of multifocal and diffuse skin involvement, definitive RT may be an 
option.  

Breast region AS 

In primary breast AS, the use of neoadjuvant/adjuvant RT is rec
ommended. RT may be omitted in case tumor nodule is unifocal and 
small in relation to the size of the breast, taking into account also the 
extent of received surgery. 

Breast region RAAS are characterized by a high-risk of loco-regional 
recurrence [52–57]. However, the use of neoadjuvant/adjuvant RT in 
RASS is still limited and varies across centers, out of concern of toxicities 
related to re-irradiation. This group agreed that neoadjuvant/adjuvant 
RT should be always discussed in breast region RAAS. Of course, there is 
a risk of either early toxicities such as dermatitis, skin necrosis and pain 
or late toxicities such as osteonecrosis, ribs fracture, soft tissue necrosis, 
lymphedema, fibrosis, brachial plexopathy, lung fibrosis, and coronar
opathy (especially when RT is performed on the left chest wall). How
ever, data on the feasibility and safety of re-irradiation have been 
provided, in the context of the management of recurrent breast carci
noma [58–61]. In addition, most recent RT techniques (e.g. VMAT, 
IMRT or tomotherapy) may help to limit toxicities, and protons may 
rappresent an additionl advantage [62–66]. Finally, recently, an anal
ysis on 84 breast region RAAS, treated at two reference Italian sites, 
showed that the addition of RT to surgery improved RFS in comparison 
to surgery alone [67]. The feasibility of a re-irradiation should always be 
evaluated at a sarcoma reference center. A range dose of 45–50.4 Gy and 
of 50.4–60 Gy should be considered, in the pre-operative and 
post-operative setting, respectively, after an accurate evaluation of the 
previous treatment dosage plan to assess the cumulative dose to organs 
at risk as heart (the recommended dose is Dmean <5–6 Gy, and possibly 
V5LV <17%, V23 <5%) [68], lungs, and spinal cord. 

In case of diffuse multifocal skin involvement, when surgical resec
tion is too morbid and at high-risk of local failure, RT may be considered 
as a definitive treatment.Recommendations.  

Primary breast AS Breast region RAAS 

Perioperative RT is often considered. RT 
may be omitted if tumor lesion is unifocal 
and small relative to breast size. 

Perioperative RT should be 
considered in RAAS of the breast 
region.  

Soft tissue AS 

Consistenly with the treatment of high-grade STS of the limbs and 
superficial trunk [42], neoadjuvant/adjuvant RT is considered standard 
treatment in soft tissue AS. 

When indicated, RT is preferably administered in the pre-operative 
setting, especially when a vascular reconstruction is planned. 

The recommended doses are 50–50.4 Gy in 1.8–2 Gy/fraction and 
60–66 Gy in 1.8–2 Gy/fraction in the pre-operative and post-operative 
setting, respectively.Recommendations.  

In soft tissue AS, the use of perioperative RT follows the principle applied in STS of 
other sites. A pre-operative setting is preferable, especially when a vascular 
reconstruction is planned.  

Visceral AS 

In liver and spleen AS, no data support the systematic use of neo
adjuvant/adjuvant RT. 

In cardiac AS, the neoadjuvant/adjuvant RT is recommended. The 
post-operative setting is generally preferred, even because surgery is 
performed in emergency in many patients. The use of adjuvant RT is 
supported by some retrospective series that report an outcome benefit 
[13,69,70]. When surgery is not urgently required, the timing of RT 
should be discussed and agreed upon with the cardiac surgeon and pre- 
operative RT may be considered after obtaining a pathological diag
nosis. Moreover, RT seems to be of value also after macroscopically 
incomplete (R2) surgery, in a site where a complete resection with free 
margins is challenging [70]. When surgery is unfeasible, definitive RT 
may be an option. 

Irradiating a cardiac AS poses challenges due to the motion of the 
heart and lungs, as well as the risk of radiation-related cardiac toxicity. 
Therefore, it is strongly recommended to use specific high-technology 
RT techniques such as IMRT, VMAT, tomography (TOMO), MRI- 
guided RT, or particle therapy [71,72]. For addressing organ and 
target motion, RT planning should include 4D CT simulation. Tech
niques like breath-hold or respiratory gating could be useful in guiding 
RT, sparing organs at risk, and controlling organ motion. Image fusion 
with basal cardiac angio CT with contrast medium or MRI is recom
mended for target definition. 

The recommended doses are 45–50 Gy in 1.8–2 Gy/fraction and 
54–60 Gy in 1.8–2 Gy/fraction in the pre-operative and post-operative 
setting, respectively. Literature suggests a deleterious role of hypo
fractionation for expected higher RT related toxicity on healthy cardiac 
substructures [73].Recommendations.  

In heart AS, when surgery is macroscopically complete, the addition of RT should be 
weighted against toxicity. Definitive RT should be considered when surgical 
approach is unfeasible, or after R2 resection. 

In other viscera perioperative RT should be discussed in the multidisciplinary board 
on a case by case basis.  

Bone AS 

In bone AS, neoadjuvant/adjuvant RT should be considered on a case 
by case basis. 

In a large retrospective study focusing on bone AS, adjuvant RT was 
associated to an improved disease-free survival in patients with local
ized tumors following complete surgical resection [40,74]. 

In the pre-operative and in the post-operative settings the recom
mended doses are 50 Gy and 60 Gy, respectively. In a palliative setting 
(symptomatic) the dose is lower (30 Gy) [74]. 

However, in bone AS, considering the higher risk of wound 
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dehiscence following pre-operative RT, which could eventually lead to a 
deep infection of the reconstruction, post-operative adjuvant RT should 
be preferred. Adjuvant RT hampers bone allograft healing, advising 
prosthetic over biologic options when post-operative RT is planned. 

In case of unresectable lesion or in unfit patients for major surgery, 
definitive RT could be considered.Recommendations.  

In bone AS, perioperative RT should be considered on a case by case basis, 
encouraging post-operative setting.  

Systemic treatment 

Neoadjuvant/adjuvant chemotherapy is not a standard treatment for 
localized, resectable STS, given the conflicting results by the several 
randomized clinical trials [75,76]. However, in the most common ex
tremity and superficial trunk STS, there is some evidence that patients at 
a higher risk of death may benefit from neoadjuvant chemotherapy with 
anthracycline and ifosfamide (AI) for 3 cycles, in terms of RFS and OS 
[77–82]. On this basis, the last version of the ESMO CPGs suggested full- 
dose neoadjuvant/adjuvant chemotherapy with AI for 3 cycles as an 
option for fit patients with localized STS at high-risk of death [42]. 

In AS, prospective data on neoadjuvant/adjuvant chemotherapy are 
lacking. The largest retrospective analysis in primary AS, involving 33 
sarcoma centers in Europe, included 362 localized AS of any site and 
showed that neoadjuvant/adjuvant chemotherapy may improve out
comes for patients with larger tumors (>5 cm) and/or higher risk of 
death (predicted 10-year mortality risk >60%) [23]. The 10-year OS 
probability was determined using Sarculator [83], with tumor grade set 
at “3″ and ”vascular“ histology selected for all patients. However, no 
conclusions were drawn about the best regimen. More recently, a 
retrospective analysis of breast region RAAS from two Italian centers 
showed a correlation between neoadjuvant/adjuvant chemotherapy and 
RFS. Gemcitabine-based regimens (gemcitabine +/- docetaxel) per
formed better than other regimens [67]. Indeed, over the past decade, 
given the promising activity and efficacy of gemcitabine and taxanes in 
advanced AS [84,85], their use in the neoadjuvant/adjuvant setting has 
increased in several centers, especially in Italy. This is particularly 
relevant for patients with RAAS, who likely received anthracyclines for 
previous cancer treatment. 

On this basis, considering the high-risk of recurrence and that AS are 
one of the sarcoma types most sensitive to anthracycline-based chemo
therapy, with an expected ORR of 25–30% in the advanced phase of 
disease [86–89], this group agreed that neoadjuvant/adjuvant chemo
therapy is recommended in localized AS, >5 cm and/or at 10-year death 
risk >60 %. For AS of <5 cm and/or 10-year death risk <60 %, neo
adjuvant/adjuvant chemotherapy can still be discussed but the policy 
varies across institutions. In the lack of a correlation between patho
logical grading and prognosis, grading should not be factored when 
neoadjuvant/adjuvant chemotherapy is discussed. 

Regarding the chemotherapy regimen, this group reached a 
consensus that 3 cycles of AI chemotherapy represent a viable option, 
similar to other STS, also based on the documented activity of anthra
cyclines in advanced AS [86–89]. On the other side, although data 
available are limited, especially those on gemcitabine, valuing activity 
of gemcitabine and taxanes in advanced AS and recent data on the role 
of gemcitabine-based regimens in neoadjuvant/adjuvant setting [67], 
this group agreed that all the most active agents in AS (i.e. anthracy
clines, ifosfamide, gemcitabine, taxanes) may be proposed, up to 6 cy
cles (e.g., 3 cycles of AI and 3 cycles of gemcitabine plus taxanes). Unfit 
patients or patients pretreated with anthracyclines may be treated with a 
gemcitabine-based regimen for 6 cycles or with gemcitabine mono
therapy for 3 cycles and paclitaxel monotherapy for 3 more cycles. 
Conversely, there is a lack of data supporting the utilization of liposomal 
doxorubicin in the neoadjuvant/adjuvant setting in sarcomas and 

angiosarcoma. 
In locally-advanced AS, when a pre-operative systemic treatment 

with cytoreductive intent is needed, chemotherapy may be continued for 
more than 6 cycles, untill best response and resectability are reached. 

In cardiac AS, the feasibility of an anthracycline-based chemo
therapy should be shared with a cardiologist and, when feasible, a close 
monitoring of cardiac function is recommended. 

In bone AS, due to even scarcer data on the role of neoadjuvant/ 
adjuvant chemotherapy compared to soft tissue AS, there is no 
consensus on its use. The decision and choice of regimen vary among 
sarcoma centers. Consistently, no definitive conclusions can be drawn 
on the use of adjuvant chemotherapy in bone AS and no recommenda
tion on the superiority of a specific chemotherapy regimen can be pro
vided. Details on literature are provided in the Supplementary material 
(Systemic treatment). 

When chemotherapy is selected, the timing should be discussed in 
the multidisciplinary tumor board/network. A pre-operative treatment 
should be encouraged, possibly in combination to RT. Moreover, when 
pre-operative RT is selected, concurrent chemo-radiation therapy should 
be considered to prevent chemotherapy treatment delays. Data on 
combining AI with RT are available for extremity and trunk-wall STS 
[90]. In other sites, concurrent chemotherapy and RT feasibility should 
be evaluated in a multidisciplinary context, possibly using anthracy
clines or ifosfamide alone to minimize toxicities. In summary, one of the 
following approaches might be offered after multidisciplinary discus
sion, for the treatment of localized AS: 

• neoadjuvant chemotherapy → surgery → (+/- adjuvant chemo
therapy) → adjuvant RT  

• (+/- neoadjuvant chemotherapy) → concurrent chemotherapy (with 
AI, in combination, or as monotherapy) and RT → surgery → (+/- 
adjuvant chemotherapy)  

• surgery → adjuvant chemotherapy → adjuvant RT 

Figures 1–5 report the treatment algorithm for localized AS, with the 
integration of the three modalities of treatment (surgery, RT, systemic 
treatment) with regard to every specific site.Recommendations.  

In soft tissue AS and fit patients, when neoadjuvant/adjuvant chemotherapy is selected, 3 
cycles of full-dose AI is an option. Alternatively, the use of all the most active agents in AS 
can be considered (anthracyclines, ifosfamide, gemcitabine, taxanes) up to 6 cycles (e.g., AI 
for 3 cycles + gemcitabine plus taxanes for 3 cycles). 
In bone AS, available data do not support the use of a specific chemotherapy regimen. The 
use of the regimens used in the other sites is an option. 

The timing of the chemotherapy should be discussed in the context of a 
multidisciplinary tumor board. Pre-operative chemotherapy should be 
encouraged, possibly in combination to RT.  

Follow-up 

No data are available on optimal follow-up of AS. Treating physi
cians should inform patients to contact the treating team if there are any 
concerning symptoms and signs, particularly for cutaneous angio
sarcoma. On the other side, consistenly with sarcoma in general, 
following the end of treatment, an MRI of the primary tumor site and a 
whole-body CT scan may be suggested every 3–4 months for the first 
2–3 years, then every 6 months up to 5 years, and then yearly. Cardiac 
ultrasound and cardiac function assessment are suggested in case of 
cardiac AS, and in patients treated with anthracycline-based neo
adjuvant chemotherapy. 
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Cogent Biosciences, Amgen/Dompè, Bayer, GlaxoSmith Kline, Novartis, 
Pfizer, PharmaMar, Eisai, Eli Lilly, Advenchen Laboratories , Arog, 
Epizyme, Karyopharm Therapeutics, SpringWorks Ther,Daiichi Sankyo, 
Boehringer Ingelheim, Rain Therapeutics, Foghorn Ther Inc, Hutchinson 
MediPharam Lt, INBRX, PTC Ther. Alexia Bertuzzi, Roberto Biagini, 
Angela Buonadonna, Antonella Brunello, Dario Callegaro, no con
flict of interests to declare. Ferdinando Cananzi, speaking fee from 
Istituto Gentili. Marco Cianchetti, Paola Collini, Danila Comandini, 
Annalisa Curcio, no conflict of interests to declare. Lorenzo D’Am
brosio, advisory board: PSI CRO Italy, GSK, AstraZeneca, Boehringer 
Ingelheim, Eisai. Meeting participation: GSK, AstraZeneca, PharmaMar. 
Martino De Pas, participation on advisory board from Glaxo Smith 

Kline, Boehringer Ingelheim. Trial support from: Pfizer, BluPrint Medi
cine, Gilead, Amgen, Merck. Angelo Paolo Dei Tos, no conflict of in
terests to declare. Virginia Ferraresi, Travel grants from PharmaMar, 
Gentili, Boehringer Ingelheim. Advisory Board: SERB Pharmaceuticals. 
Andrea Ferrari, Alessandro Franchi, no conflict of interests to declare. 
Anna Maria Frezza, Institutional Research Funding: Deciphera Phar
maceuticals, Blueprint Medicines, Cogent Biosciences, Amgen/Dompè, 
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