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A B S T R A C T

Background: Radiation associated angiosarcoma (RAAS) of the breast is a rare malignancy with poor survival. Optimal treatment strategies remain uncertain due to a 
lack of data, and vary between surgery alone and a combination of surgery with (neo)adjuvant chemotherapy (NACT) and/or re-irradiation. The aim of this study was 
to evaluate the potential benefit of taxane based NACT.
Methods: In this retrospective single center study, all patients with RAAS of the breast treated between 1994 and 2024 are included. Since 2018, NACT is considered a 
treatment option for this patient population in our institute. The difference in oncological outcomes of patients with and without NACT were compared.
Results: Thirty-five women were included. Thirteen (37 %) received NACT of which five (39 %) also had neoadjuvant re-irradiation with hyperthermia. Eleven 
patients (85 %) received paclitaxel, the other two (15 %) had doxorubicine/docetaxel. Complete pathological response was found in 69 % (n = 9). Median follow up 
was 41 months (range 24–56) for patients with NACT and 44 (range 20–108) for patients without NACT. In the NACT group, only one patient developed a recurrence 
after 6.5 years. Patients with NACT had improved oncological outcomes compared to patients without NACT in terms of 3-year local recurrence free survival (100% 
vs. 63.9 %, p = 0.14), distant metastasis free survival (100 % vs. 47.5 %, p = 0.005), and overall survival (100% vs. 56.1 %, p = 0.016).
Conclusion: In this study, neoadjuvant taxanes for RAAS of the breast leads to improved distant metastasis free survival and overal survival in patients treated with 
NACT compared to no NACT

1. Introduction

Angiosarcoma is a rare and aggressive malignancy, which originates 
from vascular endothelial cells and comprises 2–4% of all soft tissue 
sarcomas. Half of the angiosarcomas arise from the skin, and the breast 
is the most common location [1,2]. Although the etiology of angio
sarcoma is poorly understood, a differentiation is made between pri
mary and secondary angiosarcomas [3]. Secondary angiosarcomas can 
be sub-classified as ultraviolet associated, chronic lymphedema associ
ated (Stewart-Treves), or radiotherapy associated [1,4].

Most radiation associated angiosarcomas (RAAS) are localized in the 
breast due to the high incidence of breast cancer and the high proportion 
of those patients being treated with adjuvant radiotherapy. The risk of 

developing RAAS after radiotherapy for breast cancer is 0.1 % in the 
Dutch population, while other studies mention 0.14 % and 0.5 % [5–7]. 
While RAAS comprises only 0.04–0.05 of all breast malignancies, it is 
the most prevalent post radiation sarcoma for this location [3,8]. Due to 
the rarity of the disease, it is often not recognized or diagnosed late and 
therefore underreported. Still, the incidence is rising, most likely since 
the survival of breast cancer patients who had radiotherapy is increasing 
[9]. The 5-year overall survival (OS) from RAAS of the breast varies from 
28 % to 54 % [2,3,8].

RAAS often starts as a yellow, blue, or red patch in the previously 
irradiated skin and is often confused with a hematoma [8]. Pathologic 
evaluation after biopsy is the most sensitive method to diagnose RAAS 
and especially the presence of C-MYC amplification helps to distinguish 
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RAAS from other atypical vascular lesions [10,11]. Diagnosis is usually 
made clinically, which can be assisted by mammography and ultra
sound, although these modalities are often unreliable [11]. Magnetic 
resonance imaging (MRI) can be used to further evaluate the extent of 
the tumor at diagnosis and to monitor treatment effect in the neo
adjuvant setting. 18F-2-fluoro-2-deoxy-D-glucose (18F-FDG) positron 
emission tomography computed tomography (PET-CT) is most helpful in 
detecting metastases [12].

There is no consensus on the optimal treatment for RAAS of the 
breast [3,8,13]. The mainstay of treatment is a wide excision, usually a 
mastectomy including all of the irradiated skin, with negative resection 
margins [14]. Currently, there is no solid evidence on the use of (neo) 
adjuvant systemic treatment or re-irradiation combined with hyper
thermia. However, (neo)adjuvant re-irradiation combined with hyper
thermia has shown some promising results in previous reports [15–18]. 
Systemic treatment in the primary setting has been described, but the 
indication and the treatment of choice is a topic for debate, although 
some good results have been seen with taxanes [3,8,13].

Since 2018, neoadjuvant chemotherapy, preferably paclitaxel, is 
considered standard of care for patients with a first presentation of RAAS 
of the breast in our institute. The aim of this study was to evaluate the 
difference in local recurrence free survival (LRFS), distant metastasis 
free survival (DMFS) and OS between patients treated with or without 
neo-adjuvant taxanes before local treatment.

2. Methods

All consecutive patients with a first presentation of RAAS of the 
breast and treated at our institution between 1994 and 2024 were 
retrospectively selected and included in this study. The diagnosis of all 
cases was confirmed by an expert pathologist. Prior to 2018, the stan
dard treatment approach consisted of complete resection of the RAAS, 
including all irradiated skin and soft tissue. In case of positive resection 
margins, a re-resection or adjuvant re-irradiation with hyperthermia 
was considered. Since 2018, NACT was considered for all patients for 
RAAS of the breast, with the addition of neoadjuvant re-irradiation 
combined with hyperthermia for extensive disease. All treatment plans 
were discussed in multidisciplinary tumor board (MTB) meetings, with 
at least a surgeon, oncologist, radiologist, pathologist, radiation oncol
ogist, and a plastic surgeon since 2010.

With approval of the local ethical committee (IRBd24-107, 04-04- 
2024) patient characteristics, treatment characteristics, and oncologic 
outcomes were collected from electronic patient files. Included variables 
were age at diagnosis, size, sex, radiotherapy (RT) - RAAS interval, type 
of chemotherapy, number of cycles of chemotherapy, use of radio
therapy, clinical, radiological, metabolic and pathological response, 
whether a re-resection was necessary, and if plastic reconstruction was 
performed. The primary endpoints were LRFS, DMFS and OS. LRFS was 
defined as the period between final resection and a local recurrence. 
DMFS and OS were defined as the period between treatment and distant 
metastasis or death, respectively. The secondary endpoint was patho
logical response to NACT.

2.1. Statistical analysis

Descriptive analyses utilized standard statistical measures such as 
medians with interquartile ranges (IQR) and means with standard de
viations. Independent T-tests, Mann–Whitney U tests or Pearson’s chi- 
square tests were used to compare means, medians and ordinal data, 
respectively. Cumulative incidence curves with Grey’s test were used to 
analyze LRFS and DMFS and a Kaplan-Meijer curve with the log rank test 
was used for OS. Analyses were conducted using IBM SPSS 27.0 for 
Windows and RStudio version 4.2.

3. Results

Between October 1994 and September 2023, 35 patients with pri
mary RAAS of the breast were surgically treated in our institution. All 
patients were female and the mean age was 64. Thirteen (37 %) patients 
received NACT, while 22 (63 %) did not. The first patient receiving 
NACT was treated in 2017. Since 2018, all patients with primary RAAS 
of the breast received NACT, except for one patient who refused. In the 
group without NACT, four patients had an R1 resection while all patients 
with NACT had an R0 resection (p = 0.116). Three patients with an R1 
resection had a re-excision (all R0) and one patient received adjuvant re- 
irradiation. All patient and treatment characteristics are displayed in 
Table 1.

The group with NACT received significantly more RT combined with 
hyperthermia (p = 0.025). Four patients (18 %) had re-irradiation with 
hyperthermia in the group without NACT, of which 1 in the neoadjuvant 
setting (25 %), versus 7 (46 %) in the NACT group, of which 5 in the 
neoadjuvant setting (71.4 %). The dose was either 8 times 4 Gy in 4 
weeks with once weekly hyperthermia or 23 times 2 Gy in 4.5 weeks 
with once weekly hyperthermia. Two of the six (33.3 %) patients with 
neoadjuvant re-irradiation with hyperthermia had a wound infection.

The majority (84.6 %) of the patients received 80mg/m2 paclitaxel 
on day 1, 8, and 15 in a 4 week cycle. One patient (7.7 %) who received 
paclitaxel had a 25 % dose reduction for the fourth and last cycle due to 
complaints of neuropathy Common Terminology Criteria for Adverse 
Events (CTCAE) grade 2 and fatigue CTCAE grade 2. Four or six cycles of 
NACT were given in all patients except in one patient who received 8 
cycles of paclitaxel as a combination treatment with Trastuzumab 
because of a concurrent primary breast cancer in the other breast. Of the 
eight patients with NACT without neoadjuvant re-irradiation, one (17 
%) had a wound infection. All NACT characteristics are displayed in 
Table 2.

In the NACT group, twelve (92 %) patients showed a clinical 
response, of the 12 patients with MRI before and after NACT, three (25 
%) and five (42 %) had complete or partial response (PR), respectively. 
Four patients (33 %) had a PET/CT before and after NACT, and two of 
them had a metabolic complete response and two a partial metabolic 

Table 1 
Patient and treatment characteristics per group treated without neoadjuvant 
chemotherapy (NACT) and with NACT

Without NACT With NACT p value

n= 22 (%) n= 13 (%)

Diagnosis AS between:
1994-2003 6 (27) 0 ​ <0.001
2004-2013 11 (50) 0 ​ ​
2014-2023 5 (23) 13 (100) ​

Age (SD) 65 (11) 64 (10) 0.770
Woman 22 (100) 13 (100) ​
Interval MC/RAAS (years)(IQR) 7 (5-10) 7 (5-10) 0.973
Size
≤5 cm 9 (41) 6 (46) 0.713
>5 cm 8 (37) 7 (54) ​
Missing 5 (22) 0 ​ ​

Radiotherapy/Hyperthermia
Yes 4 (18) 7 (54) 0.028
No 18 (82) 6 (46) ​

Margins
R0 18 (81) 13 (100) 0.102
R1 4 (19) 0 ​ ​

Re-excision
Yes 3 (14) 0 ​ 0.164
No 19 (86) 13 (100) ​

Plastic reconstruction
Yes 15 (68) 12 (92) 0.101
No 7 (32) 1 (8) ​

Values are n (%) unless otherwise indicated. Abbreviations: NACT = neo
adjuvant chemotherapy, MC= mammacarcinoom, RAAS = radiotherapy asso
ciated angiosarcoma.
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response (Figs. 1A,2). Pathological evaluation after surgery showed a 
complete response (pCR) in nine patients (69 %). Two patients without 
pathological complete response had 1 % vital cells, the third had 5 %, 
and the fourth had 70 % vital cells (Fig. 1B).

The median follow up was 41 months (range 21–84) since start of the 
first treatment for all patients, with 41 months (range 24–56) for pa
tients with NACT, and 44 months (range 20–108) for patients without 
NAC. Before 2016, the follow up occurred every 6 months and after 2016 
the frequency increased to every 4 months. No metastasis or death 
occurred in the NACT group, but one patient (7.7 %) developed a local 
recurrence after 6.5 years. Of the patients without NACT, 9 patients (41 
%) had a local recurrence, 11 had distant metastases (50 %), and 12 died 
(55 %). One death was not disease related. Seven out of 9 (78 %) patients 
recurred locally in the first three years, while 11 out of 11 (100 %) 
patients metastasized within this period. Patients with NACT had 
improved oncological outcomes compared to patients without NACT in 

terms of 3-year LRFS (100 % vs. 63.9 %; p = 0.140), 3-year DMFS (100 
% vs. 47.5 %, p = 0.005)(Fig. 3), and 3-year OS (100 % vs. 56.1 %; p =
0.016) (Fig. 4).

4. Discussion

In this retrospective single center cohort study, the effect of NACT for 
RAAS of the breast on oncological outcomes was evaluated. No metas
tases or deaths were observed in the group receiving NACT years with a 
median follow up of 41 months and only one recurrence after 6.5 years 
occurred. Due to the rarity of the disease, a limited number of patients 
was included which prohibited extensive statistical analyses. Still, a 
trend towards improved oncological outcomes was observed for patients 
who received NACT, which was statistically significant for DMFS and 
OS. The high percentages of pathological response further support the 
positive trend in results following NACT for these patients. While 
caution is necessary with interpreting these findings because of the small 
cohort, the observed improvements in oncological outcomes for this rare 
disease warrant confirmation in larger prospective studies.

The overall survival in the group without NACT was in line with the 
described 5-year overall survival rate for RAAS of the breast of 28 %–54 
% [2,3,8], since almost all events occurred in the first 3 years. The 
outcomes we describe after NACT are in line with other reports by the 
Mayo Clinic and the Cleveland Clinic [17,18]. The study from Mayo 
Clinic compared 16 patients who had neoadjuvant trimodality treatment 
(paclitaxel, radiotherapy and surgery) with 22 patients with mono/dual 
therapy. A median of 3 cycles (range: 2–4 cycles) 80 mg/m2 paclitaxel 
was given followed by concurrent paclitaxel with re-irradiation (median 
dose 50.0 Gy). Five year LRFS, DMFS and OS in the trimodality group 
were 100 %, 93.8 %, and 100 %, respectively, and a pCR of 75 % was 
observed. The Cleveland Clinic treated eight patients with neoadjuvant 
re-irradiation (60–69 Gy) of which 7 received neoadjuvant taxanes as 
well. Dose and number of cycles were not specified. The median 
follow-up was 34 months (range, 23–76 months) and at last follow up 
88 % of the patients was disease free. Pathological complete response 
was observed in 62.5 %. Although these studies are somewhat similar to 
our study, the focus of the studies do vary. The Mayo clinic study focused 
on the effect of trimodality treatment, the Cleveland Clinic study focused 
on the role of re-irradiation, while our study aimed to evaluate the role 
of neo-adjuvant taxanes.

Other studies describing NACT for angiosarcoma mention a general 
beneficial effect, but no clear improvement in oncological outcomes 
were shown [19–24]. Comparison with our cohort is complicated due to 
the heterogeneity and methodology of these other studies. Multiple 
types and multiple anatomical sites of angiosarcoma were included in 
those studies and the use of 16 different chemotherapy types were 
described. For re-irradiation, more series specifically about RAAS of the 
breast are published. A systematic review and a meta-analysis both 
conclude that re-irradiation for this patient population improves LRFS 
[25,26]. In a study including 14 patients, who gave hyperfractionated 
accelerated re-irradiation followed by surgery, a ten-year disease spe
cific survival of 71 % was seen [27]. Re-irradiation in the neoadjuvant 
setting mainly improved the rate of negative resection margins [28].

Based on our data and the existing literature described above, NACT 
seems to improve oncological outcomes for specifically RAAS of the 
breast. Poorer improvements were seen in more heterogeneous groups 
of angiosarcoma, suggesting that NACT with taxanes works best for this 
subtype of angiosarcoma. Whether re-irradiation with hyperthermia still 
needs to be given after a (near) pathological complete response after 
NACT is open for debate. The Mayo Clinic and the Cleveland Clinic 
treated almost all of their patients with NACT and neoadjuvant re- 
irradiation without hyperthermia. Meanwhile, the oncological out
comes and pathological response were similar to our study.

Based on these findings, even with the small numbers of included 
patients, one might hypothesize that NACT alone has the same effect as a 
combination of NACT and re-irradiation without hyperthermia. An 

Table 2 
Neoadjuvant chemotherapy characteristics

NACT group (n=13 
(%))

Type of chemotherapy
Paclitaxel (80mg/m2) 11 (85)
Doxorubicine (60mg/m2)/docetaxel (75mg/m2) Cycles 2 (15)
4 6 (46)
6 6 (46)
8 1 (8)

Dose reduction due to toxicity
Yes 1 (8)
No 12 (92)

Values are n (%). Abbreviations: NACT = neoadjuvant chemotherapy

Fig. 1. (A) Different outcomes of clinical, radiological (MRI), and metabolic 
response evaluation after neoadjuvant chemotherapy (NACT). Partial response 
is defined as every state between complete response and stable disease. Stable 
disease is defined as no change before and after NACT. (B) A waterfall plot 
demonstrating the response per patient in terms of decrease in vital cells. 
(single column fitting image, in color).
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obvious advantage of NACT over neoadjuvant re-irradiation is the sys
temic effect, which might be of extra importance in an aggressive ma
lignancy such as angiosarcoma since distant metastases are possibly 
eradicated in an early stage. Downsides of neoadjuvant re-irradiation 
are the increased chance of wound infections, delayed wound healing, 

and late side effects of re-irradiation such as fibrosis which may affect 
the quality of life of the patient [29,30]. Both in the Mayo clinic and 
Cleveland clinic studies, high numbers of wound infections were 
observed, although in our study this was seen in 33.3 %. This can be due 
to the somewhat higher re-irradiation dose that was given in the Mayo 

Fig. 2. [1] A radiation associated angiosarcoma (RAAS) of the breast before (A) and after (B) four cycles of paclitaxel [2]. A fludeoxyglucose-18 positron emission 
tomography/computed tomography and magnetic resonance imaging of a patient with RAAS of the breast before (A,C) and after (B,D) six cycles of paclitaxel. 
(Images used with approval of patients) (single column fitting image, in color).

Fig. 3. Cumulative incidence curves for local recurrence (left) and distant metastases (right) NACT with no NACT (double column fitting image, in color).
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clinic and Cleveland clinic. If hyperthermia is added a lower total 
re/irradiation dose is given, since hyperthermia enhances the radiation 
effect in cancer cells. In breast cancer, NACT is not associated with more 
wound infections [31]. We hypothesize that NACT with taxanes couldbe 
standard of care in RAAS, while neoadjuvant re-irradiation with hy
perthermia could be added on a case-by-case basis in more extensive 
disease, no or partial response to NACT or in the adjuvant setting in case 
of positive or very close resection margins. Of note, our study shows that 
clinical, radiological or metabolic response evaluation appears to un
derestimate pathological response, although the numbers are too small 
to do statistical analysis to prove this.

In order to test our hypothesis, we propose to conduct a larger pro
spective study to strengthen the results observed in this cohort. This 
study could include the prognostic value of clinical, radiological and 
metabolic response assessments, as well as molecular characteristics 
such as mitotic count and C-MYC amplification [32–34]. Both molecular 
characteristics were poorly documented in our cohort and therefore not 
included. Multiple shortcomings in this study have to be acknowledged. 
First of all, due to the rarity of the disease and especially this subtype of 
this specific anatomical site, the number of included patients is small. 
This prohibited most statistical tests from being significant, although, 
the differences were still clear. Correction for confounders was not 
possible either, but patient characteristics between the two groups 
appeared to be similar. Due to the retrospective set up, treatment was 
not exactly the same for all patients within the two groups and no quality 
of life was assessed. Furthermore, patients receiving NACT were all 
treated more recently, which means these patients also potentially 
benefited from generally more developed surgical and diagnostic 
methods and more frequent clinical visits for follow up.

5. Conclusion

In this single center, retrospective study, no patients treated with 
with neo-adjuvant taxanes for radiation associated angiosarcoma of the 
breast developed a recurrence, metastasis or died in the first three years. 
This suggests a positive impact of NACT for this rare disease. Larger and 
prospective studies are necessary to validate the effectiveness of NACT 
and further determine the role of neoadjuvant re-irradiation.
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