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The most widely accepted treatment for cutaneous angiosarcoma (CAS) is wide local
excision and postoperative radiation to decrease the risk of recurrence. Positive surgical
margins and large tumors (T2, >5 cm) are known to be associated with poor prog
nosis. Moreover, T2 tumors are known to be associated with positive surgical margins.
According to previous reports, the majority of CAS patients in Japan had T2 tumors,
whereas less than half of the patients in the studies from western countries did so.
Consequently, the reported 5year overall survival of Japanese CAS patients without
distant metastasis was only 9%, lower than that for stageIV melanoma. For patients
with T2 tumors, management of subclinical metastasis should be considered when plan
ning the initial treatment. Several attempts to control subclinical metastasis have been
reported, such as using adjuvant/neoadjuvant chemotherapy in addition to conventional
surgery plus radiation. Unfortunately, those attempts did not show any clinical benefit.
Besides surgery, new chemotherapeutic approaches for advanced CAS have been intro
duced in the past couple of decades, such as paclitaxel and docetaxel. We proposed
the use of chemoradiotherapy (CRT) using taxanes instead of surgery plus radiation for
patients with T2 tumors without distant metastasis and showed a high response ratio
with prolonged survival. However, this prolonged survival was seen only in patients who
received maintenance chemotherapy after CRT, indicating that continuous chemother
apy is mandatory to control subclinical residual tumors. With the recent development
of targeted drugs for cancer, many potential drugs for CAS are now available. Given
that CAS expresses a high level of vascular endothelial growth factor (VEGF) receptor,
drugs that target VEGF signaling pathways such as antiVEGF monoclonal antibody and
tyrosine kinase inhibitors are also promising, and several successful treatments have
been reported. Besides targeted drugs, several new cytotoxic anticancer drugs such
as eribulin or trabectedin have also been shown to be effective for advanced sarcoma.
However, most of the clinical trials did not include a sufficient number of CAS patients.
Therefore, clinical trials focusing only on CAS should be performed to evaluate the effec
tiveness of these new drugs.
Keywords: cutaneous angiosarcoma, concurrent chemoradiotherapy, maintenance chemotherapy, adjuvant
chemotherapy, taxanes, eribulin, pazopanib, angiosarcoma of the scalp
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BACKGROUND

While the incidence of Stewart-Treves syndrome is not well
known, it has been reported to be about 1/10 to 1/20 of all
CAS (19–22). Similarly, the cumulative incidence of radiationassociated CAS 15 years after radiotherapy for breast carcinoma was reported to be 0.9 per 1,000 patients (23), meaning
less than 1 occurrence per 10,000 irradiated patients per year.
In this review, considering its rarity and etiological difference,
we will focus mainly on primary CAS, the narrow sense of
CAS (24).
Distant metastasis could occur within a month of primary
surgery, but typically it occurs on average after a year (4, 5).
The most common site of metastasis is the lung, followed by
the lymph nodes, bone, and liver (4, 5, 25). Interestingly, lung
metastasis often presents as pneumothorax, which may require
urgent medication (26, 27).

According to the Surveillance, Epidemiology, and End Results
Program database, the number of patients with sarcoma
recorded between 2010 and 2014 was only 1/100 of the number of patients with carcinoma in the same period. Moreover,
angiosarcoma accounts for only 1% of all sarcomas, so patients
with angiosarcoma constitute only 1 in 10,000 of all patients with
malignant neoplasms (1–3). Although the incidence of angiosarcoma has increased in the past couple of decades, it is around
0.5 per 1,000,000 persons, or fewer than 200 new patients, per
year in the United States (3). Owing to this rarity, most previous
publications have been case reports or small case series, making it difficult to interpret the results because of the selection
bias and small number of patients included in those studies.
Furthermore, because of this rarity, no randomized phase-3
study has been conducted, especially for angiosarcoma, and
consequently, no clinical trial-proven standardized treatment
has thus far been established. Although complete removal of the
tumor was believed to be essential, as it is for other sarcomas
(4, 5), some reports have suggested that wide-margin surgery
will not deliver favorable results (6, 7). In this review, we will
summarize the clinical features and current treatments of angiosarcoma and discuss the possibility of new therapeutic options
for this rare disease.

DIAGNOSIS AND STAGING
Patients with typical presenting symptoms can be diagnosed clinically, but the precise pathological diagnosis should be performed
by an expert pathologist. The histologic features of angiosarcoma
can vary between patients and even within the same patient.
When the tissue specimens are taken from well-differentiated
areas, the tumor cells usually form vessel-like structures and
may be difficult to differentiate from normal vessels. However,
the tumor vessels tend to form independent or separate networks
with anastomoses (28). Other features such as cellular atypia,
mitoses, and formation of multilayer endothelium can be helpful
for diagnosis. On the other hand, in poorly differentiated areas,
the tumor cells show sheet-like growth with hemorrhage and
necrosis, which have fewer features than do vascular tumors.
In such cases, positive staining for endothelial markers such as
CD31, CD34, von Willbrand factor, and vascular endothelial
growth factor (VEGF) are useful (29). Also, lymphatic endothelial
markers such as D2-40 are positive for most superficial angiosarcomas (28).
The staging of CAS is based on the TNM staging system
of the American Joint Committee on Cancer (AJCC) (Table 1).
The tumor grade based on the pathologic features is included in
the staging. In brief, localized disease is classified as stage I or
II; nodal spread or T2 tumor with histologic grade 3, as stage
III; and distant disease, as stage IV. However, because there is no
standardized treatment algorithm for each stage, staging of CAS
has little clinical benefit in the treatment decision.

CLINICAL PRESENTATION
Angiosarcoma develops in various soft tissues and organs, but
the most commonly affected site is the skin [cutaneous angiosarcoma (CAS)] (8–10). According to an analysis of 434 cases of
CAS, 62.1% of them developed in the head and neck, 24.4% in
the trunk, 10.6% in the extremities, and 2.7% in other locations
(11). CAS commonly occurs in the scalp and typically presents as
an enlarging bruise-like purpura in the head and neck region and
may be associated with ulceration and/or a tumor. Sometimes
patients develop a thick blood crust. These head and neck CAS
commonly develops in older men (12–14), whereas the secondary CAS, lymphedema-associated CAS [so-called Stewart-Treves
syndrome (15)] and radiation-associated CAS (11, 16), usually
develops within the lymphedema site and irradiated field >5 years
after the surgery and radiation, respectively (12, 16).
Stewart-Treves syndrome was originally reported as lym
phedema that developed after radical mastectomy and lymph
node dissection (15), but in the past 15 years, we have never
encountered Stewart-Treves syndrome that developed after the
surgery for mammary carcinoma. Instead, in the same period,
we experienced three cases of Stewart-Treves syndrome that
developed in the lower limb after treatment for uterine carcinoma
(17). This may be explained by the fact that the number of patients
receiving conservative treatment for mammary carcinoma has
increased, and as a consequence, the prevalence of StewartTreves syndrome in the upper extremity has decreased (18). On
the other hand, the occurrence of radiation-induced CAS in the
breast is likely to increase given that the prognosis for mammary
carcinoma is gradually improving and radiation is more often
used to treat (16).
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PROGNOSIS AND FACTORS ASSOCIATED
WITH SURVIVAL
Generally, soft-tissue sarcomas have a 50–60% survival rate (30),
whereas the 5-year survival rate for angiosarcoma is <40% (12, 25,
31, 32). Several factors are reportedly associated with poor
survival: older age (25, 32), worse performance status (33, 34),
larger tumor size (5, 8, 20, 32, 35–40), positive margin status
(31, 32, 38, 41, 42), higher histologic type or grade (32, 37, 41,
43, 44), scalp as the primary location (5, 36, 45), deeper location
of the tumor (20, 31), and presence of distant metastasis (33, 38,
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41, 46). On the other hand, the following factors were associated with favorable prognosis: surgery (20, 34), multimodal
therapy (5, 39, 41) and postoperative radiotherapy (34, 36, 41, 43,
47, 48). The studies that included more than 50 patients with
CAS only are summarized in Table 2. According to these five
studies, tumor size seems to be a consistently poor prognostic
factor; indeed, patients with tumors larger than 10 cm all died
of the disease (35, 36).
A study by Sinnamon et al. (32) of 821 angiosarcomas included
211 cases of primary CAS in the head and neck. In their cohort,
all cases of metastatic disease were excluded and all the patients
received surgical treatment. They scored the following factors and
classified the risk from low (total score 0–1), intermediate (total
score 2–3), and high (total score 4–7): age > 70 as 1, black ethnicity
as 1, histologic tumor grade 3 as 1, tumor size 3–7 cm as 1, tumor
size larger than 7 cm as 2, microscopic residual tumor as 1, and
macroscopic residual tumor as 2. By using this model, patients
at high risk had a median overall survival of only 1.6 years with
a hazard ratio of 5.65 when compared with patients at low risk.

This result clearly indicates that these factors strongly correlate
with poor survival.
Reports from Japan and from western countries showed
differences in survival. In the study from Japan of 260
cases of CAS, the 5-year overall survival among patients
who could receive surgery was <20% (49) (median overall
survival: < 20 months), whereas in the studies from western
countries, it was 31–51% (5, 11, 25, 31, 40). CAS patients in
Japan had equivalent survival to the “high risk” group reported
by Sinnamon et al. (32), with a median overall survival of
1.6 years. This difference might be explained by the fact that the
tumor size in Japanese patients is generally large: in the study
of 260 CAS cases, 44% of the patients had tumors of at least
10 cm (originally, described as tumors larger than 100 cm2)
(49), whereas tumors larger than 5 cm (T2) constituted only
18–38% of the patients in the studies from western countries
(5, 11, 25, 40). Our multicenter study, which included only
Japanese patients, was also T2 dominant: only 3 of 28 patients
(11%) had a T1 tumor (19). In the meta-analysis by Hwang
et al., which included 128 cases from seven studies (50), the
median overall survival in the T1 group was significantly
longer than that in the T2 group (31.4 months and 17.3 months,
respectively: P < 0.001). Collectively, Japanese CAS patients
have larger primary tumors than do CAS patients in western
countries, and consequently, the survival of Japanese CAS
patients is shorter.

TABLE 1 | AJCC TNM staging system for soft tissue sarcoma.
0
T classification

1

2

Size<=5cm

Size>5cm

a: superficial tumor, b: deep tumor (divided by superficial fascia)
N classification
M classification

No nodal

Nodal

metastasis

metastasis

No distant

Distant

metastasis

metastasis

T

N

Stage
I
II

A

1a/b

B

2a/b

A

1a/b

B

2a/b

III
IV

TREATMENT
M

Histologic grade

Current Treatment Options

1 or not assessed
0

Surgery

2 or 3

0

Radical surgery with no residual tumor cell on the margin
(R0 resection) is generally the primary goal of sarcoma treatment.
In every review or set of guidelines, surgery with R0 resection is
recommended as the goal of CAS treatment (28). In a systematic review by Shin et al. (51), absence of surgery was shown to
correlate with poor survival; Trofymenko et al. (52) reported
similar result in a study using 764 cases of CAS extracted from
the National Cancer Database in the United States. Therefore,
there is little doubt that surgery is one of the best choice for the
management of CAS.

2

2a/b

3

Any

1

Any

Any

Any

1

Histologic grading is defined as follows: (1) Differentiation: score from 1 to 3, (2) Mitotic
count: score from 1 to 3, and (3) Tumor necrosis: score from 0 to 2.
Sum (1) to (3) and determine grade as follows.
Gx: not assessed.
G1: total score of 2 or 3.
G2: total score of 4 or 5.
G3: total score of >5.

TABLE 2 | Reported factors associated with poor survival determined by studies with >50 patients in CAS.
N

Age

Tumor size

434

>50

N.S.

Perez et al. (40)

88

N.S.

>5 cm

Holden et al. (36)

72

N.S.

>5 cm
>10 cm

Guadagnolo et al. (5)

70

Patel et al. (25)

55

Albores-Saavedra et al. (11)

Pathological feature

Location

Others

Head and neck
Deeper location

Lymph node metastasis
Distant metastasis

N.S.
N.S.

>5 cm
Satellitosis
>70

Margin

N.S.

N.S.

N.S.
N.S.

Surgery alone

N.S.

Without multimodality
or radiation therapy

N.S., not significant; PS, performance status.
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Although no standardized treatment recommendation has
been established, a margin of less than 1 cm is associated with
poor survival (49). The depth of the resection has not been
well discussed, but generally if the tumor does not extend into
the deep fascia, a resection layer including the deep fascia is
adequate. If the tumor directly invades into the deep fascia,
removal of the underlying structures, e.g., the periosteum
or even the outer shell of the skull, is required to obtain R0
resection.
Unfortunately, it is common to see positive microscopic (R1)
or macroscopic (R2) margins even after a wide surgical margin
from the visible tumor border has been obtained (4, 8, 31,
36, 41). Pawlik et al. (4) reported that in their series of 29
patients, 18 (62.1%) had an initial diagnosis of T1 (<5 cm)
tumor, but 11 of those tumors turned out to be T2 (>5 cm)
after surgical pathology evaluation of the resected tumor. The
clinical margin of the tumor in CAS is difficult to determine
because it often develops as a multifocal tumor and presents
as a skip lesion. Moreover, when CAS develops near important
structures such as the eye, surgical removal with an adequate
margin is impossible. As a consequence, the rate of local recurrence after treatment is high reportedly ranging from 26 to
100% (5, 9, 25, 41). Lahat et al. (53) reported 32 of 44 cases
of locally recurrent angiosarcoma treated with surgery, 70% of
which achieved complete removal of the recurrent tumor, with
a 5-year overall survival of 44%.
To reduce local recurrence, postoperative radiotherapy
covering a wide area with a >50 Gy dose has been reported by
several studies to be effective not only for local control but also
for overall survival (4, 5). Currently, wide local excision followed
by radiation is the most accepted treatment for CAS (28, 54, 55);
however, despite such mutilating multimodal treatment, survival
of patients, especially of those with large tumors, is still unsatisfactory (19, 32).
Other than radical surgery, palliative surgery might have role in
patients with large tumors to reduce the tumor load. Some reports

suggested the use of minimal surgery as part of the management
of CAS (6, 56), such as for those cases with a diffuse lesion pattern
involving vital structures, recurrent disease, or metastasis.

Chemotherapy

The chemotherapeutic options currently available for angiosarcoma are listed in Table 3. Chemotherapy using anthracyclines
alone or in combination with ifosfamide have been used for
unresectable and metastatic angiosarcoma (35, 57, 58). However,
anthracyclines have cardiac toxicity which make it difficult to
apply in older patients. Taxanes, which inhibit tubulin elongation, were introduced in the 1990s as a novel cytotoxic drug
and have become accepted as standardized treatment options
in various kinds of cancers such as those of the breast (59), lung
(60), stomach (61), and uterus (62), because of their high efficacy. Although several clinical studies have shown that taxanes
are of little benefit for sarcomas (63, 64), the angiosarcomas
included in those clinical studies showed antitumor activity
(64). Taxanes not only have a direct antitumor effect but also
have been shown to exert an antiangiogenic effect (65, 66),
which is thought to be suitable for the treatment of vascular
tumors. Indeed, taxanes were shown to be effective for the treatment of Kaposi sarcoma (67, 68).
In 1999, Fata et al. (69) achieved a response ratio of 89% by
using paclitaxel monotherapy for the treatment of head and neck
CAS. Later, Penel et al. (70) conducted the first phase-2 trial for
metastatic or locally advanced angiosarcoma, which included 30
patients treated with paclitaxel. In that clinical trial, the progression-free survival rate after 4 months was 45%, and the median
overall survival was 8 months. Considering that the patients with
distant metastasis consisted of 74% of the study population and
36% of them had had previous systemic chemotherapy, this result
was encouraging. Italiano et al. (71) showed, albeit in a retrospective study, that paclitaxel achieved an equivalent outcome to that
of anthracyclines in the treatment of advanced angiosarcoma
despite the patients treated with paclitaxel being a decade older

TABLE 3 | Chemotherapy options and their effect for angiosarcoma.
Agent

Patients

N

Anthracyclines

Pooled analysis of 11 clinical trials for angiosarcoma from all sites
Young et al. (58)

Paclitaxel

Retrospective review of angiosarcoma from all sites
Italiano et al. (71)

34

Response ratio: 29.5% for all sites

68

Response ratio: 53% for all sites Response ratio: 78% for CAS

ANGIOTAX study: phase-2 study including angiosarcoma from all sites
Penel et al. (70)

30

Response ratio: 18% for all sites Response ratio: 89% for CAS

ANGIOTAX plus study: phase-2 study comparing paclitaxel with/without
bevacizumab from all sites (showing paclitaxel arm only)
Ray-Coquard et al. (74)

24

Response ratio: 45.8% for all sites
PFS: 6.6, OS: 19.5

108

Response/median survival (months)
Response ratio: 25% for all sites
PFS: 4.9, OS: 9.9

Retrospective study for head/neck CAS
Fata et al. (69)

9

Response ratio: 89% for CAS

Docetaxel

Retrospective study for CAS
Nagano et al. (101)

9

Response ratio: 67% for CAS

Gemcitabine

Retrospective study with angiosarcoma from all sites
Stacchiotti et al. (76)

25

Response ratio: 64% for all sites
PFS: 7, OS: 17

PFS, progression-free survival; OS, overall survival; CAS, cutaneous angiosarcoma.
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than those treated with anthracyclines (67.4 and 57.4 years old,
respectively). Collectively, taxanes can achieve a similar level
of antitumor effect to that achieved by anthracyclines, but with
less toxicity, and therefore, a recent report (72) suggested using
taxanes as the first-line treatment for CAS with unresectable or
distant disease. Indeed, we reported (17, 73) successful treatment
results using taxanes as the first-line therapy for primary CAS.
Because both taxanes have been reported to be effective,
the decision about which taxane to use as the first-line might
be difficult. In this review, we recommend paclitaxel as the
first-line treatment since paclitaxel has been evaluated in different phase-2 studies (70, 74), whereas docetaxel has not yet
been evaluated in a prospective study. However, docetaxel still
has a role as a second-line therapy in patients refractory to
paclitaxel (75).
Gemcitabine has been reported to be effective for sarcomas
both as a single agent (76, 77) and in combination with docetaxel
(78, 79). Several case series (77, 80) have been reported in which
gemcitabine for the treatment of angiosarcoma was used with
favorable outcomes. Moreover, albeit in a study based on a retrospective pooled analysis (76), gemcitabine showed an overall
response rate of up to 68% for angiosarcoma (76). If this agent
is used as monotherapy, the toxicity profile is better than that of
anthracyclines but still has a significant incidence of bone marrow suppression.

its high antitumor effect, and in most cases, such side effects are
manageable. Besides, although many cancer treatments introduced CRT as one of the key treatments, it was an uncommon
method among cutaneous malignancies. In such a situation,
we started to use cisplatin and 5-fluorouracil concurrently
with radiation for the management of unresectable/metastatic
cutaneous squamous cell carcinoma with the same protocol
used in the head and neck and reported successful treatment
results (91–93).
As described previously, a Japanese retrospective study of
CAS (49) revealed that the median overall survival of patients
with non-metastatic localized CAS who received surgery was
less than 20 months, but this finding was not surprising because
we have reported a similar dismal outcome (13.5 months) (19).
We suspected that increased expression of VEGF during the
wound healing process (94) caused by mutilating surgery might
cause progression of residual angiosarcoma because angiosarcoma has been reported to express a VEGF receptor (95–97).
As discussed in the previous section, tumor size is the most common factor for poor prognosis, which is commonly related to a
positive surgical margin. Therefore, it is convincing to consider
that such subclinical residual tumors could be expanded by VEGF
released by surgery.
In such a situation, a retrospective study (47) of use of chemotherapy (anthracyclines) and radiation for five head and neck
CAS (four scalp and one lip, three of them with high-grade
tumors) was reported and achieved a median overall survival of
27.0 months, which was better than the reported median survival of face and scalp CAS (<20 months) (6, 36, 45). However,
there was a concern related to use of anthracyclines for older
CAS patients for whom the drug might not be tolerable. On the
other hand, taxanes have a better toxicity profile, and therefore,
we expected that older CAS patients could tolerate it. Moreover,
taxanes are known as radiosensitizers (89, 90), and therefore,
possibly an ideal agent for CRT for the treatment of CAS.
The reported cases of CAS treated with CRT are described in
Table 4. Because the study by Mark et al. (47) did not describe
the timing of the chemotherapy, we could not determine whether
they used chemotherapy concurrently or concomitantly with
radiation. In the study by Miki et al. (98), 5 of the 12 patients
who received docetaxel, the schedule was adjusted so that the
drug was administered concurrently only on the first and last
weeks of radiation. Another seven patients received docetaxel
for 2–6 weeks during radiation in accordance with patient status.
All the patients in the other two studies received chemotherapy
and radiation concurrently (19, 98, 99). Most of the arms are
composed of scalp CAS, which correlated with poor survival. The
response to CRT was 82% (98) and 94% (19), with a statistically
higher median overall survival than that of surgery followed by
radiation in both studies. Representative photographs of patients
who received CRT are presented in Figures 1A–D.
Concurrent CRT brings severe side effects than when each
treatment is delivered as monotherapy. In our study, 78% of
the patients who received concurrent CRT had CTCAE grade-4
neutropenia, but the neutropenia was made manageable by
use of granulocyte-colony stimulating factor and no treatedrelated death was observed (19). In the study by Miki et al.

Radiation

Radiation is usually delivered after surgery for better local control (28, 54, 55). However, dismal outcome have been reported
when radiation was used as monotherapy (5, 38, 43). Therefore,
radiation monotherapy is generally used for palliation, not for
curative intent because of frequent recurrence, as high as 100%
in previous studies (25, 36, 42, 43). On the other hand, Ogawa
et al. (34) reported that in their cohort of 25 patients who received
radiation monotherapy with curative intent, 11 of the 14 patients
(79%) who received >70Gy achieved local control, whereas only
3 of the 11 patients (27%) who received <70 Gy did. A study
by Scott et al. (81) of 41 patients treated with radiation recommended at least 60–65 Gy for the postoperative tumor bed and
70–75 Gy for patients who receive radiation monotherapy. Others
(82) suggested that improved delivery of radiation might achieve
higher efficacy. Since no prospective study has been conducted
to evaluate the role of radiation as the first-line therapy, radiation
monotherapy is still difficult to use as curative intent therapy
for primary disease. We will discuss combination radiation and
chemotherapy in the next section.

New Treatment Options
Chemoradiotherapy (CRT)

The use of chemotherapy and radiation (CRT) concurrently or
concomitantly is one of the standardized treatment methods for
several cancers: esophageal (83), head and neck (84), rectal (85),
and cervical (86). Chemotherapeutic agents such as 5-fluorouracil (84, 85), cisplatin (87), gemcitabine (88), and taxanes
(89, 90) are expected to act not only as cytotoxic but also as
radiosensitizing agents. Therefore, CRT may sometimes cause
higher toxicity than does monotherapy but can be justified by

Frontiers in Oncology | www.frontiersin.org
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TABLE 4 | Study using chemotherapy and radiation therapy for CAS.
Study

N

Patients tumor location/size

Treatment

Mark et al. (47)

5

Scalp: 4 and Face: 1
Size not described

Anthracyclines

4

Scalp: 1 and Face: 3
Size not described

Surgery

50–65 Gy

Local: 1/4
Distant: 0/4

1

Scalp/face: 1
T2

Razoxane
Vindesine

35–66 Gy

CR
Alive without failure

Rhomberg et al. (99)
Miki et al. (98)

11

30–76.2 Gy

Docetaxel
Scalp: 16 and Face: 1
T1: 1 and T2: 15

5
Our study (19)

RT dose

16

70 Gy

Docetaxel

Scalp: 10, extremity: 2

Response ratio: N.D.
Local: 2/5
Distant: 2/5

27.0

Not reached
41
33.7

<65Gy:12
≧65Gy:16

Surgery

]

*

22.7

Response ratio: 94%

T1: 2 and T2: 14
12

Median OS (months)

Response ratio: 82%
Local: 4
Distant: 5
Both: 4

Surgery/IL-2

Scalp: 14, and Extremity: 2

Response/pattern of failure

Not reached

Local: 6

]

**

Distant: 7
Only 1 patient still alive

15.0

T1: 2 and T2: 10
*P < 0.05.
**P < 0.01.
OS, overall survival; CAS, cutaneous angiosarcoma; N.D., not described; IL-2: interleukin-2.

TABLE 5 | Maintenance chemotherapy after primary therapy.
Study

N

Tumor location

Primary
chemotherapy

Nagano et al., 2007 (101)

9

Scalp: 6, Face: 1
Neck: 1, Leg: 1

Docetaxel

–

Docetaxel

Rhomberg et al. 2009 (99)

5

Thyroid: 4, Scalp/
face: 1

Razoxane
Vindesine

35–66 Gy
MD: 56 Gy

Our study
2014

9

Scalp: 7, Limb: 2

48–80 Gy
MD: 70 Gy

7

Scalp: 7

Docetaxel

RT dose

52.5–70.4 Gy
MD: 70 Gy

Maintenance
chemotherapy and duration
(months)

Pattern
of failure

Median OS
(months)

3–22
MD: 13.5

Local: 4
Distant: 0

Not described

Razoxane
Vindesine

6 weeks-36
MD: 12

Local or
distant: 2

27.0

Docetaxel

3–50
MD: 12.5

Local/LN: 3
Distant: 2

Not reached

Local: 4
Distant: 5

21.0

Not done

]

**

** P < 0.01.
RT, radiotherapy; MD, median; OS, overall survival.

(98), all the patients developed grade 1–3 dermatitis but healed
uneventfully.
Taking these finding together, CRT using taxanes could
achieve satisfactory antitumor activity with good tolerability
and might bring better survival than does conventional surgery
followed by radiation especially for CAS of the scalp. Although
the use of taxanes concurrently might bring severe side effects,
we suggest concurrent CRT to gain maximum antitumor effect as
long as the side effects are tolerable and manageable.

was rapidly achieved with the same treatment and the patients
remained disease-free at the time of their report. Nagano et al.
(101) reported nine CAS patients treated with docetaxel, eight
of whom continued docetaxel for 3–22 months (Table 5). None
of the patients developed distant metastasis during maintenance
chemotherapy. Rhomberg et al. (99) treated nine patients with
angiosarcoma (five with thyroid, one with left ventricle, one with
bladder, and one with scalp/face) with concurrent CRT using
razoxane and vindesine. Complete remission of the tumor was
obtained in six patients, five of whom received maintenance
chemotherapy for 6 weeks to a year. Of those five patients, two
developed recurrence but only one developed it during the
maintenance chemotherapy.
In our study (19), 16 CAS patients were treated with concurrent CRT and 9 of them received maintenance chemotherapy.
Locoregional relapse was seen in three of the nine patients who
received maintenance chemotherapy, whereas it was seen in
four of the seven patients who did not receive it. On the other
hand, only two of the nine patients who received maintenance

Maintenance Chemotherapy

To prevent locoregional and distant failure after response to
chemotherapy, some previous report continued chemotherapy
to maintain the response. Gambini et al. (100) achieved complete
remission of radiation-induced angiosarcoma after treatment
with paclitaxel and maintained the response for 4 years by
maintenance therapy with intervals of no longer than 3 weeks.
Interestingly, they had local recurrence twice when the treatment
was delayed, but in both instances, a new complete remission
Frontiers in Oncology | www.frontiersin.org
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indicated that both adjuvant and neoadjuvant therapy after
surgery did not show any survival benefit on univariate and
multivariate analyses (32). Further prospective study is required
to evaluate the role of adjuvant/neoadjuvant chemotherapy
for CAS.

New Drugs

Anti-VEGF Drugs

Angiosarcomas express VEGFR (95, 97, 104), and overexpression of VEGF converted slow-growing vascular endothelial
tumors to fast-growing malignant tumors in a mouse model and
formed invasive angiosarcoma in immunodeficient mice (105).
Conversely, blockade of the VEGF/VEGFR pathway inhibited
tumor growth in vitro (106). Therefore, it is reasonable for
the treatment to target the VEGF/VEGFR signaling pathway.
Several studies using anti-VEGF monoclonal antibody (bevacizumab) have shown antitumor activity in angiosarcomas: 4
of 30 patients treated with bevacizumab had a partial response,
with a mean time to progression of 26 weeks (107), and 2 of 2
patients treated with bevacizumab and radiation had a complete
response (108).
On the basis of this background, Ray-Coquard et al. (74) conducted a non-comparative, open-label, randomized phase-2 trial
to explore the activity and safety of bevacizumab and paclitaxel
therapy for patients with advanced angiosarcoma. Fifty patients
were randomized and assigned to two arms: (1) the paclitaxel
alone or (2) the paclitaxel and bevacizumab arm. From the
findings, they concluded that there is no benefit from adding
bevacizumab to paclitaxel (median overall survival: 19.5 versus
15.9 months).
Other than monoclonal antibody, two small-molecule multityrosine kinase inhibitors that can inhibit the VEGF/VEGFR
signaling pathway have been used for the treatment of angiosarcoma patients: sorafenib (109) and pazopanib (110). A phase-2
trial including 37 patients with recurrent or metastatic angiosarcoma treated with sorafenib showed a response ratio of 14% with
median progression-free survival of 3.8 months (111). No clinical
trial to evaluate pazopanib activity in angiosarcoma has been
conducted. In a case series using pazopanib for the treatment
of taxane-resistant CAS, two of five patients achieved a partial
response with median progression-free survival of 94 days (112).
On the other hand, a case series of eight CAS patients treated with
pazopanib did not show any benefit (113). Although we do not
have enough conclusive evidence, the current first-line treatment
should still be taxanes and anti-VEGF pathway therapy should be
considered as the second- and third-line therapy.

FIGURE 1 | Representative cases of CAS treated by concurrent CRT.

chemotherapy developed distant metastasis, whereas five of the
seven patients who did not receive maintenance chemotherapy
did develop distant metastasis (P < 0.05). A study by Ito et al.
(75) showed that 19 patients who received maintenance chemotherapy using taxanes had significantly better survival than did 24
patients who received maintenance chemotherapy without taxanes (P < 0.0024) Collectively, maintenance chemotherapy after
remission obtained by CRT seems to suppress tumor regrowth
and development of distant metastasis. However, there is no
consensus as to how long this maintenance chemotherapy should
be continue. Further investigation is needed to determine the
optimal length of maintenance chemotherapy.

Adjuvant/Neoadjuvant Chemotherapy

The use of adjuvant chemotherapy after complete removal of the
tumor is attractive because we experience many CAS patient who
develop distant metastasis even though there is no locoregional
failure. However, anthracycline-based adjuvant chemotherapy
did not show any survival benefit in soft tissue sarcomas (102).
Indeed, we could not see any survival benefit in CAS patients by
using taxanes after surgery and radiation (7). Similarly, adjuvant
chemotherapy did not show a clear benefit among angiosarcoma
patients treated with anthracyclines, paclitaxel, and other combinations (5, 6, 41, 44).
Some groups reported the use of chemotherapy before surgery
(neoadjuvant chemotherapy) but did not show any survival
benefit in face CAS (103) or in head and neck CAS (5). However,
a certain percentage of patients who received neoadjuvant
chemotherapy could achieve a complete response (60% in face
CAS (103)) and did not require definitive surgery. Thus, the effect
of neoadjuvant chemotherapy is difficult to interpret.
Since no large prospective study has been conducted to
evaluate the value of adjuvant and neoadjuvant chemotherapy,
those previous studies should be read with caution. However,
the largest retrospective analysis of CAS including 821 patients

Frontiers in Oncology | www.frontiersin.org

Eribulin Mesylate

Eribulin mesylate suppresses microtubule polymerization and
sequesters tubulin into nonfunctional aggregates, which is a
mechanism distinct from those of other tubulin-targeting drugs
such as taxanes (114). A phase-3 study comparing dacarbazine
and eribulin in patients with advanced liposarcoma or leiomyosarcoma showed improved survival in patients treated with eribulin (115). This phase-3 study did not include angiosarcoma, and
therefore, we do not have any evidence on the effect of eribulin for
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angiosarcoma. However, both taxanes and eribulin target microtubule polymerization, and eribulin binds to a different site of the
microtubule (116), indicating that it may be effective for patients
who become resistant to taxanes. Albeit in a case report, eribulin
was shown to be effective for a patient who became resistant
to docetaxel (117). Currently, we are conducting a prospective,
observational clinical study to evaluate eribulin in patients with
CAS who became resistant to taxanes (UMIN000023331); patient
enrollment for this study is expected to be completed in 2018.

the time of diagnosis. Therefore, we strongly recommend starting systemic chemotherapy along with primary tumor therapy.
CRT can achieve this task: systemic administration of taxanes
can target subclinical metastases and also act as a radiosensitizer that will enhance the effect of radiation therapy against
the primary tumor. Although neoadjuvant chemotherapy and
adjuvant chemotherapy may also achieve this task, to the best
of our knowledge, no study has shown the superiority of this
strategy.
Collectively, we suggest considering concurrent CRT using
taxanes when we encounter CAS of the scalp with a T2 tumor. We
also recommend maintenance chemotherapy even if complete
remission of the tumor has been achieved. On the other hand, for
T1 CAS with a clear tumor border, the current standard surgery
followed by radiation might be sufficient to obtain a successful
result. However, these recommendations are based on a small
number of retrospective studies. CRT and maintenance chemotherapy should be evaluated with prospective clinical studies to
confirm the superiority of this strategy.
Moreover, we currently do not have many options for when the
tumor becomes resistant to taxanes. We have already launched
a clinical study to evaluate eribulin mesylate as the second-line
treatment after taxane-failure. Several clinical studies are now
ongoing or planned to evaluate the effect of multi-kinase inhibitors such as sorafenib or pazopanib (clinicaltrials.gov). We hope
the treatment of CAS will be dramatically improved, as it has for
melanoma, in the near future.

Checkpoint Inhibitors

Recent development of checkpoint inhibitors in melanoma treatment dramatically improved the survival of advanced melanoma.
Melanoma with higher expression of programmed death receptor
ligand-1 (PD-L1) correlated with a better treatment outcome
when using anti-PD-1 antibody (118). This result supports the
notion of a proposed immune escape mechanism by tumor cells
using their PD-L1 expression on the cell surface to bind PD-1
on cytotoxic T cells and attenuate the immune response (119).
Interestingly, our study group showed that CAS with PD-1 positive
cell infiltration and tumor site PD-L1 expression correlated with
survival (120). This result raises the possibility of using anti-PD-1
antibody for the treatment of CAS. To the best of our knowledge,
there is no on-going or planned clinical trial to use checkpoint
inhibitors for advanced angiosarcoma (clinicaltrials.gov).

CURRENT RECOMMENDATION AND
FUTURE PERSPECTIVE

AUTHOR CONTRIBUTIONS

The treatment of CAS, especially T2 tumors of the scalp, is still
challenging. The surgical approach seems to be difficult because
such tumors usually have an unclear border and often have
skip lesions that make it difficult to determine the “true” tumor
border. As patients with tumors larger than 10 cm were reported
to have a catastrophic prognosis (35, 36), the current standard
wide-margin resection followed by wide-field radiation might
be palliative rather than curative (6). Radical surgery can reduce
the tumor load; however, surgery-based treatment cannot target
“subclinical” metastasis, which may have already occurred by

I have full responsibility of this article. YF wrote the part of the
manuscript. KY, TF, YN, NO, RW, YI, and MF confirmed the
manuscript for submission.

ACKNOWLEDGMENTS
We would like to thank F. Miyamasu of the Medical English
Communication Center of the University of Tsukuba for English
revision.

REFERENCES

6. Buschmann A, Lehnhardt M, Toman N, Preiler P, Salakdeh MS, Muehlberger T.
Surgical treatment of angiosarcoma of the scalp: less is more. Ann Plast Surg
(2008) 61(4):399–403. doi:10.1097/SAP.0b013e31816b31f8
7. Fujisawa Y, Nakamura Y, Kawachi Y, Otsuka F. Comparison between
taxane-based chemotherapy with conventional surgery-based therapy for
cutaneous angiosarcoma: a single-center experience. J Dermatolog Treat
(2014) 25(5):419–23. doi:10.3109/09546634.2012.754839
8. Maddox JC, Evans HL. Angiosarcoma of skin and soft tissue: a study of fortyfour cases. Cancer (1981) 48(8):1907–21. doi:10.1002/1097-0142(19811015)
48:8<1907::AID-CNCR2820480832>3.0.CO;2-T
9. Hodgkinson DJ, Soule EH, Woods JE. Cutaneous angiosarcoma of the head
and neck. Cancer (1979) 44(3):1106–13. doi:10.1002/1097-0142(197909)
44:3<1106::AID-CNCR2820440345>3.0.CO;2-C
10. Meis-Kindblom JM, Kindblom LG. Angiosarcoma of soft tissue: a study
of 80 cases. Am J Surg Pathol (1998) 22(6):683–97. doi:10.1097/00000478199806000-00005
11. Albores-Saavedra J, Schwartz AM, Henson DE, Kostun L, Hart A, AngelesAlbores D, et al. Cutaneous angiosarcoma. Analysis of 434 cases from the

1. Mobini N. Cutaneous epithelioid angiosarcoma: a neoplasm with potential
pitfalls in diagnosis. J Cutan Pathol (2009) 36(3):362–9. doi:10.1111/j.16000560.2008.01052.x
2. Lucas DR. Angiosarcoma, radiation-associated angiosarcoma, and atypical
vascular lesion. Arch Pathol Lab Med (2009) 133(11):1804–9. doi:10.1043/
1543-2165-133.11.1804
3. Rouhani P, Fletcher CD, Devesa SS, Toro JR. Cutaneous soft tissue sarcoma
incidence patterns in the U.S.: an analysis of 12,114 cases. Cancer (2008)
113(3):616–27. doi:10.1002/cncr.23571
4. Pawlik TM, Paulino AF, McGinn CJ, Baker LH, Cohen DS, Morris JS, et al.
Cutaneous angiosarcoma of the scalp: a multidisciplinary approach. Cancer
(2003) 98(8):1716–26. doi:10.1002/cncr.11667
5. Guadagnolo BA, Zagars GK, Araujo D, Ravi V, Shellenberger TD, Sturgis EM.
Outcomes after definitive treatment for cutaneous angiosarcoma of
the face and scalp. Head Neck (2011) 33(5):661–7. doi:10.1002/hed.
21513

Frontiers in Oncology | www.frontiersin.org

8

March 2018 | Volume 8 | Article 46

Fujisawa et al.

12.
13.
14.
15.

16.

17.

18.
19.

20.
21.
22.
23.
24.
25.

26.
27.
28.
29.

30.
31.

32.

New Treatment Options for CAS

surveillance, epidemiology, and end results program, 1973-2007. Ann Diagn
Pathol (2011) 15(2):93–7. doi:10.1016/j.anndiagpath.2010.07.012
Ravi V, Patel S. Vascular sarcomas. Curr Oncol Rep (2013) 15(4):347–55.
doi:10.1007/s11912-013-0328-2
Kurisetty V, Bryan BA. Aberrations in angiogenic signaling and MYC amplifications are distinguishing features of angiosarcoma. Angiol Open Access
(2013) 1:17309. doi:10.4172/2329-9495.1000102
Kohen D, Dross P. Angiosarcoma of the scalp. Del Med J (2013) 85(9):269–72.
Stewart FW, Treves N. Lymphangiosarcoma in postmastectomy lymphedema;
a report of six cases in elephantiasis chirurgica. Cancer (1948) 1(1):64–81.
doi:10.1002/1097-0142(194805)1:1<64::AID-CNCR2820010105>3.0.
CO;2-W
Depla AL, Scharloo-Karels CH, de Jong MA, Oldenborg S, Kolff MW,
Oei SB, et al. Treatment and prognostic factors of radiation-associated
angiosarcoma (RAAS) after primary breast cancer: a systematic review. Eur
J Cancer (2014) 50(10):1779–88. doi:10.1016/j.ejca.2014.03.002
Fujisawa Y, Ito M, Mori K, Okada S, Nakamura Y, Kawachi Y, et al. Intraarterial mitoxantrone/paclitaxel in angiosarcoma of the lower limb associated with chronic lymphedema (Stewart-Treves syndrome) in a patient with
cervical cancer. Eur J Dermatol (2011) 21(1):119–20.
Sharma A, Schwartz RA. Stewart-Treves syndrome: pathogenesis and
management. J Am Acad Dermatol (2012) 67(6):1342–8. doi:10.1016/j.jaad.
2012.04.028
Fujisawa Y, Yoshino K, Kadono T, Miyagawa T, Nakamura Y, Fujimoto M.
Chemoradiotherapy with taxane is superior to conventional surgery and
radiotherapy in the management of cutaneous angiosarcoma: a multicentre,
retrospective study. Br J Dermatol (2014) 171(6):1493–500. doi:10.1111/
bjd.13110
Buehler D, Rice SR, Moody JS, Rush P, Hafez GR, Attia S, et al. Angiosarcoma
outcomes and prognostic factors: a 25-year single institution experience.
Am J Clin Oncol (2014) 37(5):473–9. doi:10.1097/COC.0b013e31827e4e7b
Lee JH, Jeong YJ, Oh DY, Kim SW, Rhie JW, Ahn ST. Clinical experience of
stewart-treves syndrome in the lower leg. Arch Plast Surg (2013) 40(3):275–7.
doi:10.5999/aps.2013.40.3.275
Veiga RR, Nascimento BA, Carvalho AH, Brito AC, Bittencourt MJ. StewartTreves Syndrome of the lower extremity. An Bras Dermatol (2015) 90(3 Suppl 1):
232–4. doi:10.1590/abd1806-4841.20153926
Yap J, Chuba PJ, Thomas R, Aref A, Lucas D, Severson RK, et al. Sarcoma as
a second malignancy after treatment for breast cancer. Int J Radiat Oncol Biol
Phys (2002) 52(5):1231–7. doi:10.1016/S0360-3016(01)02799-7
Young RJ, Brown NJ, Reed MW, Hughes D, Woll PJ. Angiosarcoma. Lancet
Oncol (2010) 11(10):983–91. doi:10.1016/S1470-2045(10)70023-1
Patel SH, Hayden RE, Hinni ML, Wong WW, Foote RL, Milani S, et al.
Angiosarcoma of the scalp and face: the Mayo Clinic experience. JAMA
Otolaryngol Head Neck Surg (2015) 141(4):335–40. doi:10.1001/jamaoto.
2014.3584
Rosai J, Sumner HW, Kostianovsky M, Perez-Mesa C. Angiosarcoma of
the skin. A clinicopathologic and fine structural study. Hum Pathol (1976)
7(1):83–109. doi:10.1016/S0046-8177(76)80007-X
Nomura M, Nakaya Y, Saito K, Miyoshi H, Kishi F, Hibino S, et al. Hemo
pneumothorax secondary to multiple cavitary metastasis in angiosarcoma
of the scalp. Respiration (1994) 61(2):109–12. doi:10.1159/000196318
Vogt T, Brockmeyer N, Kutzner H, Schofer H. Brief S1 guidelines – cutaneous
angiosarcoma and Kaposi sarcoma. J Dtsch Dermatol Ges (2013) 11(Suppl 3):
2–10. doi:10.1111/ddg.12015_2
Ohsawa M, Naka N, Tomita Y, Kawamori D, Kanno H, Aozasa K. Use of
immunohistochemical procedures in diagnosing angiosarcoma. Evalua
tion of 98 cases. Cancer (1995) 75(12):2867–74. doi:10.1002/1097-0142
(19950615)75:12<2867::AID-CNCR2820751212>3.0.CO;2-8
Mocellin S, Rossi CR, Brandes A, Nitti D. Adult soft tissue sarcomas: conventional therapies and molecularly targeted approaches. Cancer Treat Rev
(2006) 32(1):9–27. doi:10.1016/j.ctrv.2005.10.003
Fury MG, Antonescu CR, Van Zee KJ, Brennan MF, Maki RG. A 14-year
retrospective review of angiosarcoma: clinical characteristics, prognostic
factors, and treatment outcomes with surgery and chemotherapy. Cancer J
(2005) 11(3):241–7. doi:10.1097/00130404-200505000-00011
Sinnamon AJ, Neuwirth MG, McMillan MT, Ecker BL, Bartlett EK, Zhang PJ,
et al. A prognostic model for resectable soft tissue and cutaneous angio
sarcoma. J Surg Oncol (2016) 114(5):557–63. doi:10.1002/jso.24352

Frontiers in Oncology | www.frontiersin.org

33. Fayette J, Martin E, Piperno-Neumann S, Le Cesne A, Robert C, Bonvalot S,
et al. Angiosarcomas, a heterogeneous group of sarcomas with specific beha
vior depending on primary site: a retrospective study of 161 cases. Ann Oncol
(2007) 18(12):2030–6. doi:10.1093/annonc/mdm381
34. Ogawa K, Takahashi K, Asato Y, Yamamoto Y, Taira K, Matori S, et al.
Treatment and prognosis of angiosarcoma of the scalp and face: a retrospective
analysis of 48 patients. Br J Radiol (2012) 85(1019):e1127–33. doi:10.1259/
bjr/31655219
35. Lydiatt WM, Shaha AR, Shah JP. Angiosarcoma of the head and neck.
Am J Surg (1994) 168(5):451–4. doi:10.1016/S0002-9610(05)80097-2
36. Holden CA, Spittle MF, Jones EW. Angiosarcoma of the face and scalp,
prognosis and treatment. Cancer (1987) 59(5):1046–57. doi:10.1002/10970142(19870301)59:5<1046::AID-CNCR2820590533>3.0.CO;2-6
37. Lahat G, Dhuka AR, Hallevi H, Xiao L, Zou C, Smith KD, et al. Angiosarcoma:
clinical and molecular insights. Ann Surg (2010) 251(6):1098–106. doi:10.1097/
SLA.0b013e3181dbb75a
38. Morgan MB, Swann M, Somach S, Eng W, Smoller B. Cutaneous angiosarcoma: a case series with prognostic correlation. J Am Acad Dermatol
(2004) 50(6):867–74. doi:10.1016/j.jaad.2003.10.671
39. Naka N, Ohsawa M, Tomita Y, Kanno H, Uchida A, Myoui A, et al. Prog
nostic factors in angiosarcoma: a multivariate analysis of 55 cases. J Surg
Oncol (1996) 61(3):170–6. doi:10.1002/(SICI)1096-9098(199603)61:3<170::
AID-JSO2>3.0.CO;2-8
40. Perez MC, Padhya TA, Messina JL, Jackson RS, Gonzalez RJ, Bui MM, et al.
Cutaneous angiosarcoma: a single-institution experience. Ann Surg Oncol
(2013) 20(11):3391–7. doi:10.1245/s10434-013-3083-6
41. Abraham JA, Hornicek FJ, Kaufman AM, Harmon DC, Springfield DS,
Raskin KA, et al. Treatment and outcome of 82 patients with angio
sarcoma. Ann Surg Oncol (2007) 14(6):1953–67. doi:10.1245/s10434-0069335-y
42. Sasaki R, Soejima T, Kishi K, Imajo Y, Hirota S, Kamikonya N, et al. Angio
sarcoma treated with radiotherapy: impact of tumor type and size on
outcome. Int J Radiat Oncol Biol Phys (2002) 52(4):1032–40. doi:10.1016/
S0360-3016(01)02753-5
43. Mark RJ, Poen JC, Tran LM, Fu YS, Juillard GF. Angiosarcoma. A report of 67
patients and a review of the literature. Cancer (1996) 77(11):2400–6. doi:10.1002/
(SICI)1097-0142(19960601)77:11<2400::AID-CNCR32>3.0.CO;2-Z
44. Köhler HF, Neves RI, Brechtbühl ER, Mattos Granja NV, Ikeda MK,
Kowalski LP. Cutaneous angiosarcoma of the head and neck: report of 23
cases from a single institution. Otolaryngol Head Neck Surg (2008) 139(4):
519–24. doi:10.1016/j.otohns.2008.07.022
45. Ward JR, Feigenberg SJ, Mendenhall NP, Marcus RB Jr, Mendenhall WM.
Radiation therapy for angiosarcoma. Head Neck (2003) 25(10):873–8.
doi:10.1002/hed.10276
46. Espat NJ, Lewis JJ, Woodruff JM, Antonescu C, Xia J, Leung D, et al.
Confirmed angiosarcoma: prognostic factors and outcome in 50 prospectively followed patients. Sarcoma (2000) 4(4):173–7. doi:10.1080/
13577140020025896
47. Mark RJ, Tran LM, Sercarz J, Fu YS, Calcaterra TC, Juillard GF. Angio
sarcoma of the head and neck. The UCLA experience 1955 through 1990.
Arch Otolaryngol Head Neck Surg (1993) 119(9):973–8. doi:10.1001/
archotol.1993.01880210061009
48. Morrison WH, Byers RM, Garden AS, Evans HL, Ang KK, Peters LJ. Cutane
ous angiosarcoma of the head and neck. A therapeutic dilemma. Cancer
(1995) 76(2):319–27. doi:10.1002/1097-0142(19950715)76:2<319::AIDCNCR2820760224>3.0.CO;2-8
49. Mizukami S, Taguchi M, Suzuki T, Tetsuya T. Angiosarcoma: a report
of 260 patients based on a study conducted by The Japanese Association
of Dermatologic Surgery, and review of the literature. Skin Cancer (2009)
24(3):350–62. doi:10.5227/skincancer.24.350
50. Hwang K, Kim MY, Lee SH. Recommendations for therapeutic decisions of
angiosarcoma of the scalp and face. J Craniofac Surg (2015) 26(3):e253–6.
doi:10.1097/SCS.0000000000001495
51. Shin JY, Roh SG, Lee NH, Yang KM. Predisposing factors for poor prognosis
of angiosarcoma of the scalp and face: systematic review and meta-analysis.
Head Neck (2017) 39(2):380–6. doi:10.1002/hed.24554
52. Trofymenko O, Curiel-Lewandrowski C. Surgical treatment associated with
improved survival in patients with cutaneous angiosarcoma. J Eur Acad
Dermatol Venereol (2018) 32(1):e29–31. doi:10.1111/jdv.14479

9

March 2018 | Volume 8 | Article 46

Fujisawa et al.

New Treatment Options for CAS

53. Lahat G, Dhuka AR, Lahat S, Smith KD, Pollock RE, Hunt KK, et al. Outcome
of locally recurrent and metastatic angiosarcoma. Ann Surg Oncol (2009)
16(9):2502–9. doi:10.1245/s10434-009-0569-3
54. Dossett LA, Harrington M, Cruse CW, Gonzalez RJ. Cutaneous angiosarcoma. Curr Probl Cancer (2015) 39(4):258–63. doi:10.1016/j.currproblcancer.
2015.07.007
55. Shustef E, Kazlouskaya V, Prieto VG, Ivan D, Aung PP. Cutaneous angiosarcoma: a current update. J Clin Pathol (2017) 70(11):917–25. doi:10.1136/
jclinpath-2017-204601
56. Lee BL, Chen CF, Chen PC, Lee HC, Liao WC, Perng CK, et al. Investigation
of prognostic features in primary cutaneous and soft tissue angiosarcoma
after surgical resection: a retrospective study. Ann Plast Surg (2017) 78(3
Suppl 2):S41–6. doi:10.1097/SAP.0000000000001004
57. Steward WP, Verweij J, Somers R, Blackledge G, Clavel M, Van Oosterom AT,
et al. Doxorubicin plus ifosfamide with rhGM-CSF in the treatment of
advanced adult soft-tissue sarcomas: preliminary results of a phase II study
from the EORTC Soft-Tissue and Bone Sarcoma Group. J Cancer Res Clin
Oncol (1991) 117(Suppl 4):S193–7. doi:10.1007/BF01613226
58. Young RJ, Natukunda A, Litière S, Woll PJ, Wardelmann E, van der Graaf WT.
First-line anthracycline-based chemotherapy for angiosarcoma and
other soft tissue sarcoma subtypes: pooled analysis of eleven European
Organisation for Research and Treatment of Cancer Soft Tissue and Bone
Sarcoma Group trials. Eur J Cancer (2014) 50(18):3178–86. doi:10.1016/j.
ejca.2014.10.004
59. Sparano JA. Taxanes for breast cancer: an evidence-based review of randomized phase II and phase III trials. Clin Breast Cancer (2000) 1(1):32–40.
doi:10.3816/CBC.2000.n.002
60. Novello S, Le Chevalier T. European perspectives on paclitaxel/platinumbased therapy for advanced non-small cell lung cancer. Semin Oncol (2001)
28(4 Suppl 14):3–9. doi:10.1053/sonc.2001.27606
61. Sakamoto J, Matsui T, Kodera Y. Paclitaxel chemotherapy for the treatment
of gastric cancer. Gastric Cancer (2009) 12(2):69–78. doi:10.1007/s10120009-0505-z
62. Hoskins PJ, Le N, Ellard S, Lee U, Martin LA, Swenerton KD, et al.
Carboplatin plus paclitaxel for advanced or recurrent uterine malignant
mixed mullerian tumors. The British Columbia Cancer Agency experience.
Gynecol Oncol (2008) 108(1):58–62. doi:10.1016/j.ygyno.2007.08.084
63. Patel SR, Linke KA, Burgess MA, Papadopoulos NE, Plager C, Jenkins J,
et al. Phase II study of paclitaxel in patients with soft tissue sarcomas.
Sarcoma (1997) 1(2):95–7. doi:10.1080/13577149778362
64. Casper ES, Waltzman RJ, Schwartz GK, Sugarman A, Pfister D, Ilson D, et al.
Phase II trial of paclitaxel in patients with soft-tissue sarcoma. Cancer Invest
(1998) 16(7):442–6. doi:10.3109/07357909809011697
65. Belotti D, Vergani V, Drudis T, Borsotti P, Pitelli MR, Viale G, et al. The
microtubule-affecting drug paclitaxel has antiangiogenic activity. Clin Cancer
Res (1996) 2(11):1843–9.
66. Klauber N, Parangi S, Flynn E, Hamel E, D’Amato RJ. Inhibition of
angiogenesis and breast cancer in mice by the microtubule inhibitors 2methoxyestradiol and taxol. Cancer Res (1997) 57(1):81–6.
67. Saville MW, Lietzau J, Pluda JM, Feuerstein I, Odom J, Wilson WH, et al.
Treatment of HIV-associated Kaposi’s sarcoma with paclitaxel. Lancet (1995)
346(8966):26–8. doi:10.1016/S0140-6736(95)92654-2
68. Welles L, Saville MW, Lietzau J, Pluda JM, Wyvill KM, Feuerstein I, et al.
Phase II trial with dose titration of paclitaxel for the therapy of human
immunodeficiency virus-associated Kaposi’s sarcoma. J Clin Oncol (1998)
16(3):1112–21. doi:10.1200/JCO.1998.16.3.1112
69. Fata F, O’Reilly E, Ilson D, Pfister D, Leffel D, Kelsen DP, et al. Paclitaxel in
the treatment of patients with angiosarcoma of the scalp or face. Cancer
(1999) 86(10):2034–7. doi:10.1002/(SICI)1097-0142(19991115)86:10<2034::
AID-CNCR21>3.0.CO;2-P
70. Penel N, Bui BN, Bay JO, Cupissol D, Ray-Coquard I, Piperno-Neumann S,
et al. Phase II trial of weekly paclitaxel for unresectable angiosarcoma:
the ANGIOTAX Study. J Clin Oncol (2008) 26(32):5269–74. doi:10.1200/
JCO.2008.17.3146
71. Italiano A, Cioffi A, Penel N, Levra MG, Delcambre C, Kalbacher E, et al.
Comparison of doxorubicin and weekly paclitaxel efficacy in metastatic
angiosarcomas. Cancer (2012) 118(13):3330–6. doi:10.1002/cncr.26599
72. Eriksson M. Histology-driven chemotherapy of soft-tissue sarcoma. Ann
Oncol (2010) 21(Suppl 7):vii270–6. doi:10.1093/annonc/mdq285

Frontiers in Oncology | www.frontiersin.org

73. Nakamura Y, Hori E, Furuta J, Kawachi Y, Otsuka F. Complete long-term
response of angiosarcoma of the scalp with cervical lymph node metastases
treated with a combination of weekly and monthly docetaxel. Br J Dermatol
(2010) 163(6):1357–8. doi:10.1111/j.1365-2133.2010.10000.x
74. Ray-Coquard IL, Domont J, Tresch-Bruneel E, Bompas E, Cassier PA, Mir O,
et al. Paclitaxel given once per week with or without bevacizumab in patients
with advanced angiosarcoma: a randomized phase II trial. J Clin Oncol
(2015) 33(25):2797–802. doi:10.1200/JCO.2015.60.8505
75. Ito T, Uchi H, Nakahara T, Tsuji G, Oda Y, Hagihara A, et al. Cutaneous
angiosarcoma of the head and face: a single-center analysis of treatment outcomes in 43 patients in Japan. J Cancer Res Clin Oncol (2016) 142(6):1387–94.
doi:10.1007/s00432-016-2151-2
76. Stacchiotti S, Palassini E, Sanfilippo R, Vincenzi B, Arena MG, Bochicchio AM,
et al. Gemcitabine in advanced angiosarcoma: a retrospective case series
analysis from the Italian Rare Cancer Network. Ann Oncol (2012) 23(2):
501–8. doi:10.1093/annonc/mdr066
77. Patel SR, Gandhi V, Jenkins J, Papadopolous N, Burgess MA, Plager C,
et al. Phase II clinical investigation of gemcitabine in advanced soft
tissue sarcomas and window evaluation of dose rate on gemcitabine triphosphate accumulation. J Clin Oncol (2001) 19(15):3483–9. doi:10.1200/
JCO.2001.19.15.3483
78. Leu KM, Ostruszka LJ, Shewach D, Zalupski M, Sondak V, Biermann JS,
et al. Laboratory and clinical evidence of synergistic cytotoxicity of
sequential treatment with gemcitabine followed by docetaxel in the
treatment of sarcoma. J Clin Oncol (2004) 22(9):1706–12. doi:10.1200/
JCO.2004.08.043
79. Bay JO, Ray-Coquard I, Fayette J, Leyvraz S, Cherix S, Piperno-Neumann S,
et al. Docetaxel and gemcitabine combination in 133 advanced soft-tissue
sarcomas: a retrospective analysis. Int J Cancer (2006) 119(3):706–11.
doi:10.1002/ijc.21867
80. Merimsky O, Meller I, Flusser G, Kollender Y, Issakov J, Weil-Ben-Arush M,
et al. Gemcitabine in soft tissue or bone sarcoma resistant to standard chemotherapy: a phase II study. Cancer Chemother Pharmacol (2000) 45(2):177–81.
doi:10.1007/s002800050027
81. Scott MT, Portnow LH, Morris CG, Marcus RB Jr, Mendenhall NP,
Mendenhall WM, et al. Radiation therapy for angiosarcoma: the 35-year
University of Florida experience. Am J Clin Oncol (2013) 36(2):174–80.
doi:10.1097/COC.0b013e3182436ea3
82. Kinard JD, Zwicker RD, Schmidt-Ullrich RK, Kaufman N, Pieters R. Short
communication: total craniofacial photon shell technique for radiotherapy
of extensive angiosarcomas of the head. Br J Radiol (1996) 69(820):351–5.
doi:10.1259/0007-1285-69-820-351
83. Jang R, Darling G, Wong RK. Multimodality approaches for the curative
treatment of esophageal cancer. J Natl Compr Canc Netw (2015) 13(2):229–38.
doi:10.6004/jnccn.2015.0029
84. Wee JT, Anderson BO, Corry J, D’Cruz A, Soo KC, Qian CN, et al. Manage
ment of the neck after chemoradiotherapy for head and neck cancers in
Asia: consensus statement from the Asian Oncology Summit 2009. Lancet
Oncol (2009) 10(11):1086–92. doi:10.1016/S1470-2045(09)70266-9
85. Glimelius B, Holm T, Blomqvist L. Chemotherapy in addition to preoperative
radiotherapy in locally advanced rectal cancer – a systematic overview. Rev
Recent Clin Trials (2008) 3(3):204–11. doi:10.2174/157488708785700294
86. Duenas-Gonzalez A, Campbell S. Global strategies for the treatment of
early-stage and advanced cervical cancer. Curr Opin Obstet Gynecol (2016)
28(1):11–7. doi:10.1097/GCO.0000000000000234
87. Lagrange JL, Bondiau PY, Tessier E, Chauvel P, Renée N, Etienne MC, et al.
Tumoral platinum concentrations in patients treated with repeated low-dose
cisplatin as a radiosensitizer. Int J Cancer (1996) 68(4):452–6. doi:10.1002/
(SICI)1097-0215(19961115)68:4<452::AID-IJC9>3.0.CO;2-#
88. Metro G, Fabi A, Mirri MA, Vidiri A, Pace A, Carosi M, et al. Phase II
study of fixed dose rate gemcitabine as radiosensitizer for newly diagnosed
glioblastoma multiforme. Cancer Chemother Pharmacol (2010) 65(2):391–7.
doi:10.1007/s00280-009-1155-x
89. Creane M, Seymour CB, Colucci S, Mothersill C. Radiobiological effects of
docetaxel (Taxotere): a potential radiation sensitizer. Int J Radiat Biol (1999)
75(6):731–7. doi:10.1080/095530099140078
90. Tishler RB, Schiff PB, Geard CR, Hall EJ. Taxol: a novel radiation sensitizer.
Int J Radiat Oncol Biol Phys (1992) 22(3):613–7. doi:10.1016/0360-3016
(92)90888-O

10

March 2018 | Volume 8 | Article 46

Fujisawa et al.

New Treatment Options for CAS

91. Shibao K, Fujisawa Y, Nakamura Y, Maruyama H, Furuta JI, Okiyama N,
et al. Cutaneous squamous cell carcinoma treated with preoperative intra
arterial chemoradiation therapy. J Dtsch Dermatol Ges (2017) 15(7):724–6.
doi:10.1111/ddg.12590
92. Fujisawa Y, Ishitsuka Y, Nakamura Y, Kawachi Y, Otsuka F, et al. Metastatic
squamous cell carcinoma of the buttock treated with chemoradiation using
cisplatin and 5-fluorouracil. J Am Acad Dermatol (2009) 60(2):355–7.
doi:10.1016/j.jaad.2008.08.002
93. Fujisawa Y, Umebayashi Y, Ichikawa E, Kawachi Y, Otsuka F. Chemoradiation
using low-dose cisplatin and 5-fluorouracil in locally advanced squamous
cell carcinoma of the skin: a report of two cases. J Am Acad Dermatol (2006)
55(5 Suppl):S81–5. doi:10.1016/j.jaad.2005.12.035
94. Nissen NN, Polverini PJ, Koch AE, Volin MV, Gamelli RL, DiPietro LA.
Vascular endothelial growth factor mediates angiogenic activity during the
proliferative phase of wound healing. Am J Pathol (1998) 152(6):1445–52.
95. Itakura E, Yamamoto H, Oda Y, Tsuneyoshi M. Detection and characteri
zation of vascular endothelial growth factors and their receptors in a series
of angiosarcomas. J Surg Oncol (2008) 97(1):74–81. doi:10.1002/jso.20766
96. Hashimoto M, Ohsawa M, Ohnishi A, Naka N, Hirota S, Kitamura Y, et al.
Expression of vascular endothelial growth factor and its receptor mRNA in
angiosarcoma. Lab Invest (1995) 73(6):859–63.
97. McLaughlin ER, Brown LF, Weiss SW, Mulliken JB, Perez-Atayde A,
Arbiser JL. VEGF and its receptors are expressed in a pediatric angiosarcoma in
a patient with Aicardi’s syndrome. J Invest Dermatol (2000) 114(6):1209–10.
doi:10.1046/j.1523-1747.2000.00005-3.x
98. Miki Y, Tada T, Kamo R, Hosono MN, Tamiya H, Shimatani Y, et al. Single
institutional experience of the treatment of angiosarcoma of the face and
scalp. Br J Radiol (2013) 86(1030):20130439. doi:10.1259/bjr.20130439
99. Rhomberg W, Wink A, Pokrajac B, Eiter H, Hackl A, Pakisch B, et al.
Treatment of vascular soft tissue sarcomas with razoxane. vindesine, and
radiation. Int J Radiat Oncol Biol Phys (2009) 74(1):187–91. doi:10.1016/j.
ijrobp.2008.06.1492
100. Gambini D, Visintin R, Locatelli E, Galassi B, Bareggi C, Runza L, et al.
Paclitaxel-dependent prolonged and persistent complete remission four
years from first recurrence of secondary breast angiosarcoma. Tumori (2009)
95(6):828–31.
101. Nagano T, Yamada Y, Ikeda T, Kanki H, Kamo T, Nishigori C. Docetaxel:
a therapeutic option in the treatment of cutaneous angiosarcoma: report
of 9 patients. Cancer (2007) 110(3):648–51. doi:10.1002/cncr.22822
102. Sarcoma Meta-Analysis Collaboration. Adjuvant chemotherapy for localised
resectable soft tissue sarcoma in adults. Cochrane Database Syst Rev (2000)
4:CD001419. doi:10.1002/14651858.CD001419
103. DeMartelaere SL, Roberts D, Burgess MA, Morrison WH, Pisters PW,
Sturgis EM, et al. Neoadjuvant chemotherapy-specific and overall treatment outcomes in patients with cutaneous angiosarcoma of the face with
periorbital involvement. Head Neck (2008) 30(5):639–46. doi:10.1002/
hed.20757
104. Amo Y, Masuzawa M, Hamada Y, Katsuoka K. Serum concentrations of
vascular endothelial growth factor in angiosarcomas with and without
p53 gene mutation. Acta Derm Venereol (2002) 82(5):373–4. doi:10.1080/
000155502320624122
105. Arbiser JL, Larsson H, Claesson-Welsh L, Bai X, LaMontagne K, Weiss SW,
et al. Overexpression of VEGF 121 in immortalized endothelial cells causes
conversion to slowly growing angiosarcoma and high level expression of
the VEGF receptors VEGFR-1 and VEGFR-2 in vivo. Am J Pathol (2000)
156(4):1469–76. doi:10.1016/S0002-9440(10)65015-8
106. Hasenstein JR, Kasmerchak K, Buehler D, Hafez GR, Cleary K, Moody JS,
et al. Efficacy of Tie2 receptor antagonism in angiosarcoma. Neoplasia (2012)
14(2):131–40. doi:10.1593/neo.111770
107. Agulnik M, Yarber JL, Okuno SH, von Mehren M, Jovanovic BD,
Brockstein BE, et al. An open-label, multicenter, phase II study of beva
cizumab for the treatment of angiosarcoma and epithelioid hemangioendotheliomas. Ann Oncol (2013) 24(1):257–63. doi:10.1093/annonc/
mds237

Frontiers in Oncology | www.frontiersin.org

108. Koontz BF, Miles EF, Rubio MA, Madden JF, Fisher SR, Scher RL, et al.
Preoperative radiotherapy and bevacizumab for angiosarcoma of the head
and neck: two case studies. Head Neck (2008) 30(2):262–6. doi:10.1002/
hed.20674
109. Ray-Coquard I, Italiano A, Bompas E, Le Cesne A, Robin YM, Chevreau C,
et al. Sorafenib for patients with advanced angiosarcoma: a phase II Trial from
the French Sarcoma Group (GSF/GETO). Oncologist (2012) 17(2):260–6.
doi:10.1634/theoncologist.2011-0237
110. van der Graaf WT, Blay JY, Chawla SP, Kim DW, Bui-Nguyen B, Casali PG,
et al. Pazopanib for metastatic soft-tissue sarcoma (PALETTE): a randomised, double-blind, placebo-controlled phase 3 trial. Lancet (2012)
379(9829):1879–86. doi:10.1016/S0140-6736(12)60651-5
111. Maki RG, D’Adamo DR, Keohan ML, Saulle M, Schuetze SM, Undevia SD,
et al. Phase II study of sorafenib in patients with metastatic or recurrent
sarcomas. J Clin Oncol (2009) 27(19):3133–40. doi:10.1200/JCO.2008.
20.4495
112. Ogata D, Yanagisawa H, Suzuki K, Oashi K, Yamazaki N, Tsuchida T.
Pazopanib treatment slows progression and stabilizes disease in patients with
taxane-resistant cutaneous angiosarcoma. Med Oncol (2016) 33(10):116.
doi:10.1007/s12032-016-0831-z
113. Kitamura S, Yanagi T, Inamura Y, Hata H, Imafuku K, Yoshino K, et al.
Pazopanib does not bring remarkable improvement in patients with angiosarcoma. J Dermatol (2017) 44(1):64–7. doi:10.1111/1346-8138.13558
114. Jordan MA, Kamath K, Manna T, Okouneva T, Miller HP, Davis C, et al.
The primary antimitotic mechanism of action of the synthetic halichondrin
E7389 is suppression of microtubule growth. Mol Cancer Ther (2005)
4(7):1086–95. doi:10.1158/1535-7163.MCT-04-0345
115. Schöffski P, Chawla S, Maki RG, Italiano A, Gelderblom H, Choy E, et al.
Eribulin versus dacarbazine in previously treated patients with advanced
liposarcoma or leiomyosarcoma: a randomised, open-label, multicentre,
phase 3 trial. Lancet (2016) 387(10028):1629–37. doi:10.1016/S0140-6736(15)
01283-0
116. Jordan MA, Wilson L. Microtubules as a target for anticancer drugs. Nat Rev
Cancer (2004) 4(4):253–65. doi:10.1038/nrc1317
117. Wada N, Uchi H, Furue M. Case of angiosarcoma of the scalp success
fully controlled by eribulin. J Dermatol (2018) 45(1):116–7. doi:10.1111/
1346-8138.13775
118. Hodi FS, Chesney J, Pavlick AC, Robert C, Grossmann KF, McDermott DF,
et al. Combined nivolumab and ipilimumab versus ipilimumab alone in
patients with advanced melanoma: 2-year overall survival outcomes in a
multicentre, randomised, controlled, phase 2 trial. Lancet Oncol (2016)
17(11):1558–68. doi:10.1016/S1470-2045(16)30366-7
119. Rizvi NA, Mazières J, Planchard D, Stinchcombe TE, Dy GK, Antonia SJ,
et al. Activity and safety of nivolumab, an anti-PD-1 immune checkpoint
inhibitor, for patients with advanced, refractory squamous non-small-cell
lung cancer (CheckMate 063): a phase 2, single-arm trial. Lancet Oncol
(2015) 16(3):257–65. doi:10.1016/S1470-2045(15)70054-9
120. Honda Y, Otsuka A, Ono S, Yamamoto Y, Seidel JA, Morita S, et al. Infiltration
of PD-1-positive cells in combination with tumor site PD-L1 expression is
a positive prognostic factor in cutaneous angiosarcoma. Oncoimmunology
(2017) 6(1):e1253657. doi:10.1080/2162402X.2016.1253657
Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Copyright © 2018 Fujisawa, Yoshino, Fujimura, Nakamura, Okiyama, Ishitsuka,
Watanabe and Fujimoto. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner are credited and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use, distribution or reproduction
is permitted which does not comply with these terms.

11

March 2018 | Volume 8 | Article 46

