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Background. Angiosarcomas are rare and heterogeneous tumors with poor prognosis. The clinical subtypes are classiﬁed
depending on the primary site and etiology. Methods. We conducted a retrospective, monocentric study of 136 patients with
localized AS between May 1985 and November 2018. Overall survival (OS), local recurrence-free survival (LRFS), and
metastasis-free survival (MFS) were estimated using the Kaplan–Meier method. To identify prognostic factors, univariate and
multivariate analyses were performed based on Cox regressions. Results. The median age was 67 years (19–72.8 years). Primary
sites were cutaneous (27.2%), breast (38.2%), and deep soft tissue (34.6%). The majority was primary angiosarcomas (55.9%)
followed by postradiation (40.4%) and chronic lymphedema angiosarcomas (2.9%). Prognosis signiﬁcantly diﬀered depending
on the primary site and etiology. Shortest median OS and MFS were observed in deep soft tissue angiosarcomas, whereas
cutaneous angiosarcomas, angiosarcomas of the breast, and radiation-associated angiosarcomas displayed worse median LRFS.
Univariate analyses showed better OS for tumor size <10 cm (p � 0.009), negative surgical margins (p � 0.021), and negative
lymph node status (p � 0.007). LRFS and MFS were longer for tumor size <10 cm (p � 0.012 and p � 0.013). In multivariate
analyses, age <70 years was the only independent positive prognostic factor for OS in all subgroups. For LRFS, secondary AS of
the breast was a negative prognostic factor (HR: 2.35; p � 0.035). Conclusions. Diﬀerent behaviors and prognoses depending on
the primary site and etiology should be considered for the treatment of this heterogeneous disease. In cutaneous angiosarcomas
of the head/neck and postradiation angiosarcomas of the breast, local recurrence seems to have a crucial impact on OS.
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Therefore, improved local therapies and local tumor staging may have to be implemented. However, in deep soft tissue
angiosarcomas, distant recurrence seems to have a major inﬂuence on prognosis, which indicates a beneﬁt of additional
perioperative chemotherapy.

1. Introduction

2. Materials and Methods

Angiosarcomas are very rare and malignant tumors that share
markers of diﬀerentiation with endothelial cells of blood or
lymphatic vessels [1]. These tumors account for only 2–5% of
soft tissue sarcomas with an incidence of only 1.5 to 2.8 per
million per year [1–5]. Angiosarcomas occur everywhere in
the body as primary tumors or secondary tumors related to
radiation therapy or chronic lymphedema. Depending on the
anatomic location and etiology, they are typically subdivided
into cutaneous angiosarcomas, mainly on the head and neck,
radiation-induced angiosarcomas, mainly of the breast,
lymphedema-associated angiosarcomas, primary breast
angiosarcomas, and soft tissue angiosarcomas [1]. The
prognosis of angiosarcomas is generally poor with median
overall survival reported between 30 and 50 months and 5year overall survival rates between 10% and 50%, while localized angiosarcomas range around 40%, and metastasized
disease drops to around 15% [1, 5–8]. The impact of the type
of angiosarcoma on prognosis is not well studied, and particularly, generic staging classiﬁcations appear to have limited
value in angiosarcomas. However, an increasing number of
studies demonstrate distinct biological and clinical diﬀerences
between certain subtypes. Cutaneous angiosarcomas of the
head and neck have been described to be associated with high
tumor mutational burden (TMB) and dominant ultraviolet
damage mutational signature which makes them particular
candidates for immune checkpoint therapy [9–11]. Radiationand lymphedema-associated angiosarcomas were associated
with MYC gene ampliﬁcation, whereas primary angiosarcomas of the breast showed a high rate of PIK3CA-activating mutations [11, 12]. Regarding the treatment of
localized angiosarcomas, randomized clinical trials do not
exist. Few studies investigated the relevance of perioperative
treatment with radiation therapy and chemotherapy. However, general recommendation cannot not be drawn yet
[1, 13–16]. In this context, angiosarcomas are treated
according to other high-grade sarcomas with the primary aim
of complete resection with wide margins [1].
In this retrospective single-center study, we systematically addressed the value of several factors in localized
angiosarcomas with focus on the main clinical subtypes
according to the anatomic site and etiology. Our study
demonstrates a distinct diﬀerent behavior of the subtypes
with regard to local recurrence, metastasis, and overall
survival. While deep soft tissue angiosarcomas showed a
high risk of metastasis, in cutaneous angiosarcomas,
angiosarcomas of the breast, and secondary angiosarcomas,
the risk of local recurrence was increased. Risk factors for
reduced survival were tumor size >10 cm, positive surgical
margins and positive or unknown lymph node status, and
age >70 years.

2.1. Study Design and Population. Patients with the diagnosis
of angiosarcoma between May 1st, 1985, and November 30th,
2018, were identiﬁed using the institutional tumor documentation database of the West German Cancer Center,
University Hospital Essen, Essen, Germany. All consecutive
patients with a pathological diagnosis of angiosarcoma were
entered in the electronic database. Angiosarcoma was deﬁned
using the International Classiﬁcation of Diseases for Oncology, 3rd edition (ICD-O-3), morphological code 9120/3.
Age at diagnosis, sex, histology, etiology, tumor size, tumor
location, nodal status, occurrence and date of local relapse,
occurrence, location, and date of metastasis, surgery (extent of
resection: R0, R1, or R2), perioperative treatment, and date of
death/last encounter were collected for each patient by the
retrospective chart review. Angiosarcoma patients were
classiﬁed based on etiology (spontaneous, radiation-, and
lymphedema-associated) and anatomic location (cutaneous,
breast/trunk, and deep tissue including patients with angiosarcoma of organs). Time intervals for the analysis were
calculated from the date of diagnosis.
2.2. Statistical Considerations. Descriptive statistical analysis
was used. Therefore, frequency of occurrence and percentage
were calculated for each of the independent variables. Overall
survival (OS), local recurrence-free survival (LRFS), metastasis-free survival (MFS), and survival rates (2- and 5-year)
were calculated using the Kaplan–Meier method and survival
tables. Diﬀerences in OS, LRFS, and MFS were determined
using the log-rank test. To identify prognostic factors for
survival, univariable analyses were performed using Cox
regression analysis. On the basis of clinical relevance and
signiﬁcance in univariable tests, factors were selected for
multivariate Cox regression analysis. Statistical analyses were
performed with IBM SPSS Statistics version 27 (Armonk, NY,
USA) and the R survival package (Therneau T (2020); a
package for survival analysis in R; version 3.2.7, http://www.rproject.org) using R (version 3.6.3, http://www.r-project.org).

3. Results
3.1. Demographics and Disease Characteristics. The demographic, tumor, and treatment characteristics are presented in
Table 1. We identiﬁed 136 patients with localized disease (UICC
II-IIIB) at the time of diagnosis with a slight dominance of
female patients. The majority of patients was younger than 70
years at diagnosis. Most patients presented with spontaneous
angiosarcomas, followed by radiation-associated angiosarcomas
and only four with lymphedema-associated angiosarcoma, so
called Stewart–Treves syndrome. The primary location was the
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Table 1: Patient characteristics for the cohort of localized angiosarcomas.

Follow-up time
Age
Sex

Tumor size

Etiology

Localization

Lymph node

Margin status

Treatment

Metachronous metastasis

Median follow-up time: 19.1 months (0.1–428.0 months)
Median age: 67 years (19–72.8 years)
<70 years
≥70 years
Female
Male
≤5 cm
>5 cm
≥10 cm
Unknown
Primary
Postradiation
Chronic lymphedema
Unknown
Cutaneous
(i) Head and neck
(ii) Others
Breast
Others (deep tissue)
(i) Abdomen
(ii) Thorax
(iii) Limbs
(iv) Others
N0
N1
Nx
R0
R1
R2
Rx
No surgery
Only surgery
Perioperative therapy
All
Cutaneous
Breast
Others (deep tissue)

breast in 52 patients (38.2%) and other deep tissues in 47 patients
(34.6%), and 37 patients were with cutaneous angiosarcoma
(27.2%). For the majority of patients, the tumor size was ≤5 cm.
The distribution of tumors >5 cm and ≥10 cm was similar.
However, in a signiﬁcant number of patients, the tumor size was
not known. For 119 patients, comprehensive data on treatment
were available, where in 69 patients (58.0%), only surgery was
performed and 50 patients (42%) received perioperative treatment. Most patients presented with a negative lymph node
status, and R0 resection was achieved in 47.8%. However, in a
signiﬁcant number of patients, the initial lymph node status and
margin status could not be determined. Metachronous metastasis was observed in 45 patients (33.1%).
3.2. Prognostic Factors for Overall Survival. The 2-year and 5year overall survival rates for the entire cohort of localized
angiosarcoma were 54% and 30%, respectively. The median
overall survival was 31.8 months. Kaplan–Meier curves
showed a signiﬁcant reduced median overall survival for deep

N
136
136
78/136
58/136
81/136
55/136
50/136
19/136
21/136
45/136
76/136
55/136
4/136
1/136
37/136
25/136
12/136
52/136
47/136
15/136
9/136
16/136
7/136
87/136
8/136
41/136
65/136
26/136
4/136
23/136
18/136
69/119
50/119
45/136
12/136
15/136
19/136

%

57.4
42.6
59.6
40.4
36.8
14.0
16.2
33.1
55.9
40.4
2.9
0.7
27.2
18.4
8.8
38.2
34.6
11.0
6.6
11.8
5.1
64.0
5.9
30.1
47.8
19.1
2.9
16.9
13.2
58.0
42.0
33.1
8.8
11.0
14.0

soft tissue angiosarcomas compared to cutaneous angiosarcomas and angiosarcomas of the breast (Figure 1(a)).
Hereby, angiosarcomas of the breast, which were mainly
radiation-associated, also showed a better 5-year survival rate
with 38% compared to cutaneous angiosarcomas with 21%
and deep soft tissue angiosarcomas with 25% (Figure 1(a)). A
slightly better outcome was demonstrated in radiation-associated versus spontaneous angiosarcomas, although not
statistically signiﬁcant (Figure 1(b)). The four patients with
lymphedema-associated angiosarcoma showed the shortest
median overall survival, and all died during follow-up time
(Figure 1(b)). Univariate analyses for parameters of tumor
staging showed a signiﬁcantly reduced median overall survival for tumor size ≥10 cm, positive or unknown lymph
mode status, and positive surgical margins (Table 2).
3.3. Prognostic Factors for Local Recurrence-Free Survival.
Next, we analyzed the factors that determine the risk of
local relapse. The entire cohort of localized angiosarcomas
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Figure 1: Overall survival (OS). Kaplan–Meier curves showing 10-year OS (a) comparing deep soft tissue angiosarcomas (N � 47), cutaneous angiosarcomas (N � 37), and angiosarcomas of the breast (N � 52) with a median OS of 12.7 vs. 35.6 (p � 0.213) and 42.6 months
(p � 0.006∗∗ ) and (b) comparing primary (N � 76), radiation-associated (N � 55), and lymphedema-associated (N � 4) angiosarcomas with a
median OS of 18.9, 34.2, and 13.6 months (p > 0.05).
Table 2: Univariate analysis for median overall survival, local recurrence-free survival, and metastasis-free survival displayed in months and
p value.
Categories

Gender
Age
Tumor size

Lymph node
Margins
∗

p ≤ 0.05;

∗∗

Female
Male
<70 years
≥70 years
≤5 cm (N � 49)
>5 cm (N � 19)
>10 cm (N � 13)
>15 cm (N � 9)
N0
N1/Nx
R0
R1, R2

Overall survival
Median OS (months)
p
33.9
27.7
0.5
28.0
31.0
0.24
52.7
56.1
0.94
19.9
0.009∗∗
18.9
0.559
34.2
18.9
0.007∗∗
38.5
15.9
0.021∗

Prognostic factors for
Local recurrence-free survival
Median LRFS (months)
p
11.0
21.5
0.055
16.4
11.0
0.045∗
21.5
15.6
0.58
8.0
0.012∗
6.0
0.612
12.0
7.7
0.587
12.2
9.0
0.74

Metastasis-free survival
Median MFS (months)
p
45.1
37.5
0.64
34.2
45.1
0.225
44.0
43.5
0.837
17.0
0.013∗
18.9
0.38
13.0
8.7
0.971
53.0
22.4
0.077

p ≤ 0.01; ∗∗∗ p ≤ 0.001.

showed a 2-year and 5-year local recurrence-free rates of
22% and 14%, respectively. The median local recurrencefree survival was 12.2 months. For deep soft tissue
angiosarcomas, the median local recurrence-free survival
was signiﬁcantly longer compared to cutaneous angiosarcomas and angiosarcomas of the breast (Figure 2(a)).
Regarding the etiology, primary angiosarcomas showed
signiﬁcantly longer local recurrence-free survival compared
to
radiation-associated
angiosarcomas
(Figure 2(b)). The four patients with lymphedema-associated angiosarcoma had shortest local recurrence-free
survival (Figure 2(b)). Additionally, univariate analysis
revealed that tumor size >10 cm was associated with a

signiﬁcantly reduced local recurrence-free survival in the
entire cohort of localized angiosarcomas (Table 2). Due to
the small number, the subentities were excluded for
further analysis. Moreover, patients ≥70 years showed a
reduced local recurrence-free survival (Table 2).
3.4. Prognostic Factors for Metastasis-Free Survival. The
median metastasis-free survival for the cohort of localized
angiosarcomas was 44.0 months. Similar to the analysis for
overall survival, deep soft tissue angiosarcomas showed a
reduced median metastasis-free survival compared to cutaneous angiosarcomas and angiosarcomas of the breast, at
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Figure 2: Local recurrence-free survival (LRFS). Kaplan–Meier curves showing 8-year LRFS (a) comparing deep soft tissue
angiosarcomas (N � 47), cutaneous angiosarcomas (N � 37), and angiosarcomas of the breast (N � 52) with a median LRFS of 30.2 vs.
10.7 vs. 11.0 months (p � 0.013∗; p � 0.018∗) and (b) comparing primary (N � 77), radiation-associated (N � 45), and lymphedemaassociated (N � 4) angiosarcomas with a median LRFS of 27.6 vs. 9.6 vs. 5.5 months (p � 0.001∗∗∗; p � n.a.).
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Figure 3: Metastasis-free survival (MFS). Kaplan–Meier curves showing 8-years MFS (a) comparing deep soft tissue angiosarcomas (N � 46),
cutaneous angiosarcomas (N � 37), and angiosarcomas of the breast (N � 52) with a median MFS of 13.0 vs. 44.0 vs. 66.0 months (p � 0.068;
p � 0.034∗ ) and (b) comparing primary (N � 77) and radiation-associated (N � 55) angiosarcomas with a median MFS of 34.2 vs. 45.1 (p � 0.103).

which was signiﬁcant to the latter (Figure 3(a)). The difference in metastasis-free survival between primary and
radiation-associated angiosarcomas was not signiﬁcant
(Figure 3(b)). Only one patient with lymphedema-associated angiosarcoma showed distant metastases to the thigh
and femoral head at 8.4 months after diagnosis. Similar to
the previous analysis, tumor size >10 cm is associated with
a signiﬁcantly lower median metastasis-free survival
(Table 2).

3.5. Multivariate Analyses. To identify independent prognostic factors, we performed multivariate Cox regression
analyses on overall, local recurrence-free, and metastasis-free
survival. The only signiﬁcant prognostic factor for better
overall survival in all subgroups was age <70 years (Figure 4
and Supplement Figure 1). The primary site had no signiﬁcant
impact on survival in multivariate analyses. However, similar
to Kaplan–Meier analyses, prognosis for overall survival was
in disfavor of deep soft tissue angiosarcomas (Figure 4(a)).
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Overall survival
Hazard Ratio

HR
(95% CI)
Deep soft tissue AS vs. other primary sites
male vs. female
<70 years vs. >=70 years
<10 cm vs. >=10 cm
R0 vs. R1/R2/Rx
N0 vs. N1/Nx
Primary AS vs. Secondary AS

0.35
(0.12−1.02)
2.72
(0.97−7.64)
3.36
(1.48−7.64)
1.66
(0.80−3.47)
1.09
(0.53−2.25)
1.96
(0.75−5.13)
0.46
(0.18−1.18)

p

HR
(95% CI)

0.054

3.15
(0.69−14.36)
0.73
(0.28−1.92)
1.10
(0.57−2.11)
1.29
(0.62−2.69)
1.27
(0.62−2.60)
0.75
(0.25−2.23)
2.3
(0.93−5.83)3

0.058
∗∗

0.004
0.175
0.819
0.171
0.107
0.1

0.2

0.5

1
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Hazard Ratio

p
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0.524
0.776
0.497
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0.601
0.070
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p

HR
(95% CI)
0.47
(0.19−1.18)
2.06
(0.79−5.40)
2.70
(1.26−5.78)
1.63
(0.79−3.39)
1.17
(0.56−2.44)
2.03
(0.79−5.25)

0.140
0.011
0.187
0.669
0.143
0.2
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p

HR
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2.54
(0.99−6.51)

0.108

∗

0.053

0.84
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1.26
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1.26
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0.76
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Figure 4: Multivariate analysis. Forest plots of multivariate Cox regression analysis on overall survival (left) and local recurrence-free
survival (right) for the subgroups (a) deep soft tissue angiosarcomas and (b) primary vs. secondary angiosarcomas showing hazard ratio
(HR), 95% conﬁdence interval (CI), and p value.

For local recurrence-free survival, the etiology ‘secondary
angiosarcoma’ was identiﬁed as a negative prognostic factor
in all subgroups, but was only signiﬁcant for angiosarcomas of
the breast (Supplement Figure 1). For metastasis-free survival,
no signiﬁcant prognostic factor by multivariate Cox regression analysis could be detected (Supplement Figure 2).

4. Discussion
In this retrospective single-center study, we evaluated the
prognostic value of clinical factors with regard to overall
survival as well as local recurrence-free and metastasis-free
survival in patients with localized angiosarcoma. The rarity
and heterogeneity of angiosarcomas pose barriers to comprehensive studies.
Our study is one of the largest single-center studies for
localized angiosarcomas with 136 patients, compared to
28–324 patients in other studies, whereas not all focused on
localized disease [5, 6, 8, 17–21]. The median age in our
cohort with 67 years and a slight dominance of female
patients are comparable to other cohorts [5, 6, 8, 17–21]. In
contrast to other studies, we systematically focused on localized angiosarcomas and compared the main clinical
subtypes, namely, cutaneous angiosarcomas, angiosarcomas
of the breast, deep soft tissue angiosarcomas, and primary
and radiation-associated angiosarcomas. We also included
lymphedema-associated angiosarcomas in our analysis, but
with only four patients, no statistical analyses could be
performed. Overall, the distribution of angiosarcoma subtypes is comparable to other studies, although a high variability can be observed between studies: cutaneous
angiosarcomas (13–75%), angiosarcomas of the breast
(16–56%), deep soft tissue angiosarcomas (5–42%), and

primary (46–71%), radiation-associated (17–63%), and
lymphedema-associated
(3–22%)
angiosarcomas
[5, 6, 8, 17–21]. The overall survival for localized angiosarcomas varies in other studies with a median time from
20.8 to >60 months and 5-year survival rates from 17.9% to
74.8%, whereas our cohort ranges somehow in the middle
[5, 6, 8, 17–19, 21]. Local recurrence-free survival and
metastasis-free survival were, in most studies, not systematically investigated. The 2-year local control rates are reported with 58% to 75%, which are a bit higher compared to
our cohort [6, 8, 17, 20]. This diﬀerence might be explained
by the fact that many patients in our cohort were not primarily resected at a specialized center and only referred
subsequently to our sarcoma center. Median metastasis-free
survival was reported lower in one study with 36.1 months
compared to our cohort, and 2-year distant control rates
were reported from 46.4% to 81.4% [6, 8, 20]. This high
variation is very likely due to the high heterogeneity of
clinical subtypes summarized under the umbrella of
angiosarcomas. Therefore, our study aimed to compare the
subtypes of angiosarcoma and to evaluate prognostic factors.
While other studies reported a shorter median overall
survival for cutaneous angiosarcomas (19.7–29 months), the
2- and 5-year overall survival rates were comparable [22–25].
Here, the site of the cutaneous angiosarcomas seems important, with a worse prognosis for angiosarcomas of the
scalp compared to the face/neck and outside the head/neck
[19, 22, 25]. In our cohort, the majority was located at the
head and neck, and due to our reporting system, discrimination between the scalp, face, and neck was not possible.
Regarding local recurrence in cutaneous angiosarcomas,
most studies reported a better 5-year local control rate
between 18% and 43% [22, 23]. Metastasis-free survival was
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not systematically investigated in other studies [22–25]. For
angiosarcomas of the breast, two meta-analyses with patient
numbers of 222 [26] and 975 [27] and one retrospective
study (N � 49) [28] presented comparable data for overall
survival, with a 2-year overall survival rate of 71.1% [28], a 5year overall survival rate of 43% [26], and a wide range for
median overall survival from 12 to 72 months, with a
comparable average to our cohort of around 43 months [27].
Other retrospective studies observed higher 5-year rates for
overall survival (61–69%) [29, 30]. The local control in other
studies on angiosarcomas of the breast showed a better
prognosis for 2 years with 55.2%, 5 years from 44% to 62%,
and median recurrence-free survival from 6 to 54 months,
averaging at 18 months [26–29]. Our cohort contained
mainly radiation-associated angiosarcomas, which might
explain the high risk of local recurrence. This was supported
by the multivariate analyses, where secondary angiosarcoma
was the only signiﬁcant risk factor for local recurrence. Only
limited data are published on metastasis, which is generally
seen with low risk for angiosarcomas of the breast, with a
reported 2-year metastasis-free survival rate of 57.3% and
median time of 13.2 months [28, 29]. Regarding deep soft
tissue angiosarcomas, to our knowledge, no study so far
focused on the analysis of localized disease. However, these
deep soft tissue angiosarcomas were included in studies
about the prognosis of angiosarcomas in general or studies
focused on certain organs, such as the liver, kidney, lung, or
heart [1, 5, 6, 8, 17]. Here, median overall survival was
reported similarly poor between 2.8 and 18.2 months
[5, 6, 8, 21]. One study also addressed local recurrence and
metastasis, showing a lower local recurrence-free survival of
17 months and comparable poor metastasis-free survival of
11 months [8].
Our study demonstrates a similar behavior of cutaneous
angiosarcomas and angiosarcomas of the breast with
comparable median overall survival, local recurrence-free
survival, and metastasis-free survival. Notably, the median
metastasis-free survival was longer than the median overall
survival, suggesting that a signiﬁcant number of patients
died of their local relapse. This is underscored by a very short
median local recurrence-free survival for both subtypes,
which is in accordance with other studies [8, 24, 26]. On the
contrary, deep soft tissue angiosarcomas showed worse
median overall survival, which was associated with reduced
median metastasis-free survival time.
In our cohort, we also compared primary to secondary
angiosarcomas, namely, radiation- and lymphedema-associated. In contrast to several other studies, we did not
separate UV-associated angiosarcomas from primary
angiosarcomas. The worst prognosis was seen for the four
lymphedema-associated angiosarcomas, which is in accordance with previous reports [5, 8]. For radiation-associated
angiosarcomas, we observed a nonsigniﬁcant trend towards
a better median overall survival and metastasis-free survival
compared to primary angiosarcomas. The opposite was seen
for local recurrence-free survival, which was signiﬁcantly
worse. Here, a clear tendency was also observed in the
multivariate analysis, but only signiﬁcant for secondary
angiosarcomas of the breast. The results from other studies
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are diverse. While some do not observe a signiﬁcant difference in overall survival [18, 31, 32], other studies showed
better or worse prognosis for primary vs. secondary
angiosarcomas [5, 20]. Two studies conﬁrmed the worse
prognosis of radiation-associated angiosarcomas in local
recurrence (mLRFS: 20.1 months vs. 38 months; 2 y LC:
31.9% vs. 72.4%) but showed contradicting results with
worse prognosis as well in overall survival (mOS: 26.5
months vs. 39.9–45.9 months; 2 y OS: 45% vs. 65%) and
distant free survival (mDFS: 26.1 months vs. 29–39 months;
2 y DC: 41.4% vs. 73.4%) [8, 20].
To obtain prognostic factors, we performed univariate
and multivariate analyses. We excluded tumor grade as a
covariate as this is no longer considered applicable to
angiosarcomas [33]. In univariate analyses, tumor size
>10 cm, positive surgical margin, and positive or unknown
lymph node status were signiﬁcantly associated with worse
overall survival in the cohort of all localized angiosarcomas.
Hereby, tumor size >10 cm was also signiﬁcantly associated
with shorter local recurrence-free and metastasis-free survival, but multivariate analyses did not conﬁrm tumor size,
surgical margin, and lymph node status as independent
prognostic factors. This might be due to the high number of
unknown tumor sizes and not evaluable surgical margins
and lymph node status. With regard to size, estimation of
tumor extent could be vastly underestimated in patients with
any skin-associated angiosarcoma. For these patients, surgical margins may also be more diﬃcult to determine as
tumor cells grow rather diﬀuse and therefore leave more
frequently cutaneous skip metastases. Previous studies have
reported tumor size, mostly >5 cm [6, 8, 24, 26–28, 30], and
positive surgical margins as negative prognostic factors in
angiosarcomas [8, 21, 23]. In line with previous studies, the
only independent positive prognosis factor for overall survival, observed in all clinical subtypes, was age <70 years
[5, 8, 19, 24, 26].
Our study demonstrates a distinct diﬀerent behavior of
the subtypes with regard to local recurrence, metastasis, and
overall survival. While deep soft tissue angiosarcomas
showed a high risk of metastasis, in cutaneous angiosarcomas, angiosarcomas of the breast, and secondary
angiosarcomas, the risk of local recurrence was increased.
There are several limitations. Although the number of localized angiosarcomas is high and comparable to other
studies, the numbers in the subgroups are too low to perform
valid statistical analysis for all prognostic factors within the
subgroups. Moreover, the clinical subgroups of cutaneous
angiosarcomas, angiosarcomas of the breast, and deep soft
tissue angiosarcomas are still quite heterogeneous. We did
not consider the exact anatomic site or distinguish the
etiology within each of the subgroups (cutaneous angiosarcoma, angiosarcoma of the breast, and deep soft tissue
angiosarcoma). Moreover, for many patients, clinical information on tumor size, surgical margins, and lymph node
status was, due to the retrospective analysis, not
determinable.
Nevertheless, our study provides several implications for
consulting patients, therapy planning, and future clinical
studies. Our data indicate a high risk of local recurrence and
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lower risk for early metastasis in cutaneous angiosarcomas
and angiosarcomas of the breast, whereas for the latter, our
data are predominantly based on secondary angiosarcomas.
These are rather angiosarcomas of the chest wall and behave
clinically diﬀerent to primary angiosarcomas of the breast.
As discussed above, local tumor control may have a major
impact on survival. However, this is hampered by the fact
that cutaneous and radiation- and lymphedema-associated
angiosarcomas are not contained within a compartment, but
often show blurry margins, and neither inspection nor
imaging allows to exactly determine the extent of the disease.
Due to this, the tumor size often cannot be determined, and
TNM classiﬁcation for the primary site seems obsolete. Here,
improved methods for local staging have to be investigated
and implemented. In addition to the diﬃculty to determine
the exact tumor expansion, often, limited perioperative
therapy options are available, especially in radiation-associated angiosarcomas, due to pretreatment for initial malignant disease. Radical surgical resection represents, by far,
the most important therapeutic modality to cure these tumors. For radiation-associated angiosarcomas of the chest
wall, radical excision that includes the complete irradiated
ﬁeld followed by chest wall reconstruction had a signiﬁcant
positive impact on local control, distant metastasis, and
disease-speciﬁc survival [34, 35]. Such radical resection is
technically impossible in many patients with cutaneous
angiosarcomas of the head and neck and lymphedema-associated angiosarcomas. The role of multimodal approaches,
such as hyperthermic isolated limb perfusion with TNFalpha and melphalan [36] or perioperative chemo- and
radiotherapy, is yet disputed, but many centers consider it as
part of primary treatment in younger patients with good
performance status [8, 14, 15, 27, 36]. For deep soft tissue
angiosarcomas, distant disease control seems to be particularly important. Recently, Pasquali et al. demonstrated a
better survival for patients with low predicted overall survival when adjuvant chemotherapy was applied, which is
true for most angiosarcomas [37]. Unfortunately, retrospective analyses from randomized trials do not allow
conclusions due to the low numbers of angiosarcoma patients that were included. Another topic is recommendations
for follow-up after curative treatment which are not standardized, and evidence-based data are missing. Interestingly,
the Kaplan–Meier plots for overall survival, local recurrence-free survival, and metastasis-free survival in our cohort show a plateau between 5 and 6 years for all clinical
subtypes, which is similar to other studies [5, 6, 8, 20, 21].
This suggests that follow-up in angiosarcomas should be
planned for a minimum of 5 to rather 6 years.

5. Conclusion
Angiosarcomas represent a heterogeneous sarcoma subtype
with strikingly diﬀerent clinical behaviors and prognoses
depending on the primary site and etiology. Local control
should be the focus for cutaneous angiosarcomas, especially
of the head/neck, and radiation-associated angiosarcomas as
local relapses deﬁne the outcome for most patients.

Sarcoma
Therapeutic concepts should incorporate early and aggressive surgical and, wherever possible, radiotherapeutic
treatment. Given the very high risk of the metastatic disease
in deep soft tissue angiosarcomas, long-term survival will
only improve with the use of systemic treatments. The lack of
prospective and randomized trials for this subgroup of
patients poses a considerable challenge for advising patients.
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