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1. Introduction

 Approximately one-third of BS, with angiosarcoma being 

the most common subtype

 Incidence: 1.5-2 cases per million per year1

 Cumulative incidence of radiation-induced breast sarcoma 

(RIBS) at 0.3% at 15 years post-RT2

 Radiation-induced breast angiosarcoma (RIBA): MYC gene 

amplification3

 ↑ risk in pts with Li-Fraumeni sd4

1 Karlsson et al., Breast Cancer Res. Treat. 2020; 2 Yap et al., Int. J. Radiat. Oncol. Biol. Phys. 2002;   
3 Manner et al., Am. J. Pathol. 2010; 4 Le et al., Breast Cancer Res. Treat. 2020



Modified criteria for RI-bone sarcomas by Cahan et al.

 different histological features between the primary tumor and the 

present sarcoma

 the development of sarcoma in a previously irradiated field

 a latent period typically >5 years

 histological confirmation of the second malignancy as sarcoma

Further modified by Arlen et al.

 including tissues adjacent to the irradiated field

 a shorter latency period (3–4 years)

Definition

Cahan et al., Cancer 1948

Arlen et al.,, Cancer 1971



2. Pathophysiology

RT is likely the main causative factor

 But: a clear dose-dependent relationship has not yet been 

established (only in some studies1)

 Different hypotheses: direct effect of RT due to tissue damage, 

central role of lymphedema (lymphatic channels obstruction from 

RT or surgery), cases of out-of-field sarcomas (?), role of female 

hormones (radiation-induced AS in female reproductive organs (?) 

1 Rubino et al., Breast Cancer Res. Treat. 2005



3. Clinical presentation of RIBS

 RIBS: painless unilateral lump

 RIBA: discoloration, purplish-red nodules, thickening f the skin 

(can be misdiagnosed as benign skin changes)

Kokkali et al., IJMS 2022



 Surgical mammary specimen of RIBA. Note violet, congestive 

skin and subcutaneous tumoral infiltration

(Prof. Theocharis, Medical School of Athens)



Kokkali et al., IJMS 2022

 Shorter latency period compared to other RI-sarcomas (≥1 year), 

also for RIBA compared to other RI-angiosarcomas 

(approximately 7 years versus 10–30 years)



4. Management of the early disease

 Multidisciplinary team discussion (tumor growth pattern, 

involvement of the surrounding tissues, previous treatment 

modalities..)

 Surgery: the cornerstone of treatment

Surgical margins=the most important prognostic factor (local 

recurrence and OS)

Wide margins 2-5 cm (tendency for satellite deposits of RIBA)

Challenging surgery for RIBA (diffusively infiltrative margins) 

better outcome when primary surgery in a high-volume tertiary 

sarcoma center versus referral after primary surgery

Mastectomy versus wide local excision (T<5 cm): more often R0

SLN/lymphadenectomy not indicated

Cohen-Hallaleh et al., Clin. Sarcoma Res. 2017

Pencavel et al., Eur. J. Surg. Oncol. 2011



Detrimental effect of 

positive surgical margins

OS

Jallali et al., Am J Surg 2012

McGowan et al., Int. J. Radiat. Oncol. Biol. Phys. 2000



Radiation therapy in the early disease ?

Kokkali et al., IJMS 2022



Radiation therapy in the early disease ?
AGAINST

 Natural history (radiation-induced)

 maximum tolerated dose of radiation probably already delivered

BUT

 Aggressiveness (especially RIBA)

 High local recurrence rate

DATA

 Heterogeneous use of RT in the different studies, depending on 

local practice

 A benefit from adj RT mainly in LRFS in some studies (mainly AS)

Depla et al., Eur. J. Cancer. 2014; McGowan et al., Int. J. Radiat. Oncol. Biol. Phys. 2000; Ghareeb et al. 

Am. J. Clin. Oncol. 2016



Alternative Radiation techniques
Hyperfractionated accelerated RT (HART)

 small fractional doses, moderate                  

total dose, large field margins over                    

a short period with good tolerance 

 Tested in RIBA (3 RT therapies                         

1 Gy/day), Florida University:                      

7/7 pCR at surgery

RT in combination with hyperthermia

 2 small studies from the Netherlands 

 RIS of the chest wall

 Short OS

Palta et al., Cancer. 2010; Smith et al., Acta Oncol 2014; Linthorst et al., Strahlenther. Onkol. 2013



Chemotherapy in the early disease ?

Kokkali et al., IJMS 2022



Systemic therapy in the early disease ?
 Similarly to other STS, uncertain role

 Chemotherapy administered only in a small percentage of RIBS 

in the different retrospective series, inconsistent criteria

 Data mainly in the adjuvant and not neoadjuvant setting

 Different studies of RIS without analysis of RIBS

 No documented impact on OS

BUT there is some evidence to consider its use in AS

 Stanford study (N=58): OS benefit from adh chemo in SBAS 

and not in PBAS

 USA analysis of BAS: OS benefit from chemo in T>5 cm

Gutkin et al., Am. J. Clin. Oncol. 2020; Abdou et al., Breast Cancer Res. Treat. 2019;

McClelland et al, Breast Cancer Res. Treat. 2019



McClelland et al, Breast Cancer Res. Treat. 2019

USA analysis of approx 800 BAS



5. Management of metastatic disease

Chemotherapy

 very limited evidence on the activity 

of the different drugs

 Data mainly on RIBA (ORR 48% L1)

 Extrapolation from STS trials

Doxo (if max dose not administered) 

+/- Ifo 

Taxane (ANGIOTAX study: 4 month-

PFS=45%)

Gemcitabine +/-Taxane
Sher et al., Cancer 2007;

Penel et al., J. Clin. Oncol. 2008;

Stacchiotti et al., Ann. Oncol. 2012



 ANGIOTAX study: small French 

phase II study of 30 angiosarcoma 

patients (33% BAS)

 Retrospective series from MSKCC, 

N=79 RIBA

 Retrospective data on paclitaxel 

efficacy in cutaneous AS and RIAS

Penel et al., J. Clin. Oncol. 2008;

D’Angelo et al., Br. J. Cancer. 2013;

Italiano et al., Cancer. 2012



5. Management of metastatic disease

Bevacizumab

 Vascular endothelial growth factor (VEGF) and its receptor 

(VEGFR) in AS and breast AS

 Activity of BEV monotherapy in a small study of epithelioid 

hemangioendothelioma and angiosarcoma (4 breast AS)

Agulnik et al., Ann. Oncol. 2013;

Ray-Coquard et al., J. Clin. Oncol. 2015



5. Management of metastatic disease

TKIs

 Pazopanib: retrospective EORTC study in advanced vascular 

sarcomas (ORR of 20% in 40 AS pts, similar in RI and non-RI)

 Sorafenib (MYC and FLT4 co-amplifications harbored by 

some RIBA): .

Ph.2 STS trial: activity only in AS (5/37 PR, 3/5 RIBA)

Not confirmed in a subsequent phase 2 study

MSKCC retrospective study of RIBA: longest median treatment 

time of 25.1 months 

Kollár, Acta Oncol. 2017;

Maki et al., J. Clin. Oncol. 2009

D’Angelo et al., Br. J. Cancer. 2013;



5. Management of metastatic disease

IO

 in a small study of 20 RIS (3 AS): high mutational rate, 45% 

PDL1/PD1 (+) and TILs (+), 

 Some isolated responses to ICI in AS

 Case series of 7 AS pts: At 12 weeks, 5/7 patients (71%) had 

PR (5 cutaneous AS, 1 RIBA, 

Malone et al., J. Clin. Oncol. 2019

Martin-Broto et al., J. Immunother. Cancer. 2020;

Florou et al, Cancer. 2019



Prognosis

 Approximately 1/2 patients will present local recurrence, 

despite an initial wide surgical treatment 

 ……………

 ………..

 …………

Cohen-Hallaleh et al., Clin. Sarcoma Res. 2017

Seinen et al., Ann. Surg. Oncol. 2012



Conclusions 

 iatrogenic disease with distinct characteristics, such as a 

shorter latency period compared to other RIS

 their incidence is so low that the benefits of RT for BC 

outweigh the risk for SBS……………..

 Very limited retrospective data

 Specific trials are needed on the role of adjuvant treatment 

and metastatic diease treatment
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