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Radiation Therapy for Angiosarcoma
The 35-year University of Florida Experience
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Background and Purpose: We sought to identify prognostic factors
and successful therapeutic approaches when treating angiosarcoma
with radiotherapy.

Materials and Methods: From 1974 to 2009, 41 patients with an-
giosarcoma were treated with radiotherapy. The median patient age
was 67 years. Sixteen angiosarcomas were radiation induced. Tumor
sites included the head and the neck in 22 patients, breast in 14, and
other sites in five. Thirty-one patients were treated with both surgery
and radiotherapy (12 preoperatively and 19 postoperatively) and 10
patients were treated with radiotherapy alone. The median radiotherapy
dose was 60 Gy (range, 37.5 to 76 Gy).

Results: The 5-year local control and overall survival rates were 64%
and 54%, respectively. Median follow-up was 3.7 years. Of the 23
patients who relapsed, 15 had a local failure. Predictors of 5-year local
control were nonscalp primary location, tumor size of <5 cm, radia-
tion-induced tumors, and combined-modality local therapy. Predictors
of S-year overall survival were nonscalp location and a tumor size of
<5cm. The patients with the best outcomes were treated with surgery
and radiotherapy 3 times daily for angiosarcoma that developed after
breast-conserving therapy.

Conclusions: For angiosarcomas treated with radiotherapy, outcome
varies widely and is impacted by tumor site, size, and resectability. In
amenable sites, aggressive treatment with resection and hyper-
fractionated radiotherapy may offer the best prognosis.
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Angiosarcoma is a rare malignant tumor of endovascular
Orl%ll’l that comprises less than 2% of all soft tissue sar-
comas. ~ Patients often present with an enlar%mtig painless,
cutaneous red to purple color lesion (Fig. 1).2 Common
locations include the head and the neck, the extremities, and
the breast.>>¢51%-15:16 e novo angiosarcoma typically occurs
in older men,>7 81011131517 whereas secondary angiosarcoma
is seen in patients with a history of prior irradiation'® or
chronic lymphedema ?>-6:1%-11-13:1718 Reoardless of origin, the
histology of these tumors is usuall}/ intermediate to high grade,
and the prognosis is poor.> The tumors are frequently
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multifocal and often spread transdermally to a greater extent
than detectable on clinical examination.*®!1713:1319 Eor this
reason, angiosarcomas tend to recur locally and metastasize
early,> 10131718 o5t frequently to the lungs and the liv-
er. 58101116 gtandard treatment has historically been wide-
margin surgical resection alone,>®'*!” although recognized
poor outcomes and recent advances in radiation therapy have
promoted more aggressive combined-modality treatment with
surgery and radiation.

Most studies addressing the treatment of angiosarcoma
have been limited by small patient populations and a ther-
apeutic focus on surgery alone. Only the most recent series of
angiosarcomas have explored the value of combined-modality
local therapy with both surgery and radiation.”'*'*' Studies
reporting outcomes after definitive radiotherapy for un-
resectable tumors are even rarer. Furthermore, few stud-
jes®!!!® have addressed the potential biological differences
and treatment outcomes of de novo versus radiation-induced
angiosarcomas.

In this retrospective review, we update our experience
treating patients with radiation therapy for angiosarcoma. The
purpose of this study was to identify potential prognostic
factors and to determine the optimal therapeutic approach.

MATERIALS AND METHODS

Patient and Tumor Characteristics

Patient information was retrospectively collected and
evaluated for research purposes under the direction of a pro-
tocol approved by the University of Florida Institutional Re-
view Board. Forty-six patients with histologically proven
angiosarcoma treated with radiotherapy at the University of
Florida between 1974 and 2009 were identified. Five patients
treated with palliative intent were excluded from further
analysis. The median patient age was 67 years (range, 21 to
87y). Patient and tumor characteristics are summarized
in Table 1. All but 1 scalp angiosarcoma were of cutaneous
origin. All 14 tumors of the breast were radiation-induced
angiosarcomas after breast-conserving therapy.

Depending on patient presentation and treatment era,
workup included chest radiograph, computed tomography,
magnetic resonance imaging, and/or angiograph. Tumor size
was determined based on the largest documented size from
physical examination, radiological studies, or pathologic
specimen when available.

All but 2 patients with radiation-induced angiosarcomas
were previously treated with breast-conserving surgery and
radiation. One developed a 2-cm angiosarcoma of the neck
after 10 radiation treatments of unknown dose to the entire
head and neck for impetigo in 1941, 64 years before devel-
oping angiosarcoma. The other patient developed a 1-cm
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TABLE 1. Patient and Tumor Characteristics

Characteristic No. Patients (N=41)
Sex

Male 18

Female 23
Tumor site

Scalp 9

Other head and neck 13

Breast 14

Extremity/other* 5
Tumor size (cm)

<5 29

>5 12
Tumor type

De novo 25

Radiation-induced 16
Tumor grade

High/intermediate 30

Low 11

*Deep shoulder, abdomen, bone, and retroperitoneum (deep soft tissues of
the pelvis).

angiosarcoma of the neck 4 years after receiving a dose of
68.4 Gy to the bilateral neck and mediastinum for metastatic
papillary thyroid cancer.

Treatment Characteristics

Treatment was individualized based on tumor size, site,
resectability, grade, patient performance status, and prior
therapy. Treatment characteristics are summarized in Table 2.

The median radiation dose for all patients was 60 Gy
(range, 37.5 to 76 Gy) given at 1.8 to 2.0Gy once a day
(N=16), 1.2 to 1.5 Gy 2 times a day (N=7), or 1.0 Gy 3 times
a day (N=18). Eleven of the 13 patients treated to a dose of
60 Gy had radiation-induced angiosarcoma of the breast. The
patient treated to only 37.5 Gy received preoperative radio-
therapy before a left hip disarticulation to facilitate wide sur-
gical margins. Ten patients with unresectable tumors were
treated with radiotherapy alone. Two patients received dox-
orubicin-based chemotherapy. Thirteen of 16 patients with
radiation-induced angiosarcoma were treated with hyper-
fractionated and accelerated radiotherapy (HART) of 1Gy
given 3 times a day to a total dose of 60 Gy and surgery, as
previously described.?® If feasible, the treatment was pre-
operative and the reirradiated tissue was subsequently resected

TABLE 2. Treatment Characteristics

Characteristic No. Patients (N=41)
Treatment Modality
Surgery +RT 31
RT alone 10
RT dose
<60 Gy 10
> 60 Gy 31
RT fractionation
QD 16
BID 7
TID 18
Margin status (n=31)
Marginal/biopsy 13
Wide 18

BID indicates twice daily; QD, once daily; RT, radiotherapy; TID, three
times daily.

© 2012 Lippincott Williams & Wilkins

to theoretically minimize the risk of late fibrotic skin compli-
cations. The two patients with secondary angiosarcomas of the
neck mentioned above were treated to 72 Gy at 1.8 Gy per
fraction once daily and to 67.2 Gy at 1.2 Gy per fraction twice
daily, respectively.

Statistics

SAS and JMP software were used for all statistical cal-
culations (SAS Institute, Cary, NC). Estimates of freedom
from selected endpoints were achieved with the Kaplan-Meier
product limit method.?' The log-rank test statistic provided
evidence of statistical significance between the strata of se-
lected prognostic factors. The event for overall survival was
defined as death from any cause. The event for local control
was failure at the primary site. Although confounding factors
are likely to be present, a valid multivariate analysis could not
be performed due to the small sample size. Complications were
retrospectively graded using the National Cancer Institute’s
Common Terminology Criteria for Adverse Events (CTCAE)
grading system, version 4.0.%>

RESULTS

Overall Survival

The S5-year actuarial overall survival rate was 54%
(Fig. 2). The median follow-up for all patients was 3.7 years
calculated from the date of diagnosis (range, 0.2 to 28.6y). The
median follow-up among survivors was 5.1 years (range, 3 to
21.6y). A univariate analysis showed that nonscalp tumor site
(Fig. 3) and tumor size <5cm (Fig. 4) were associated with
a statistically significant improvement in overall survival
(Table 3). All but 1 of the patients with angiosarcoma of the
scalp ultimately died of the disease. Of the 31 patients treated
surgically in combination with radiotherapy, resection with
wide surgical margins was also a statistically significant pre-
dictor of 5-year overall survival (P=0.0238). Patients with
radiation-induced tumor types had a trend toward an improved
overall survival rate at 5 years when compared with those with
de novo angiosarcoma (P =0.0668).

Local Control

The S-year actuarial local control rate was 64% (Fig. 2).
A univariate analysis of local control indicated that pa-
tients with nonscalp tumors (P=0.0246), tumor size <5cm
(P=0.0159), radiation-induced tumor type (P=0.0033), and

FIGURE 1. An example of cutaneous angiosarcoma of the ab-
domen in a patient treated at our institution.
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FIGURE 2. Local control and overall survival rates at 5 years after
radiotherapy for 41 patients treated with curative intent.

combined-modality treatment with surgery and radiotherapy
(P=0.0011) had superior local control at 5 years (Table 3).

Tumor Site

All but 1 patient with angiosarcoma of the scalp experi-
enced disease recurrence, including 5 patients with local re-
currences (Table 4). Four of these 5 local recurrences were
located within the radiation field despite aggressive high-dose
radiotherapy (> 70 Gy).

Tumor Size

All but 1 patient with a head and neck tumor >5cm in
diameter experienced a local recurrence, regardless of the
treatment approach. The patient with durable local control at
5 years had a 10-cm tumor of the right maxillary region of the
face with penetration into the bone and was treated to 70 Gy at
1.8 Gy per fraction once daily after subtotal right maxillectomy
with wide margins.

Tumor Type

Nine of the 14 patients with radiation-induced angio-
sarcoma after breast-conserving therapy remain free of re-
currence at a median of 5.1 years (range, 3 to 10.6y; Table 4).
Eight of these 9 patients were treated with HART and surgery.
The ninth patient with local control received a total dose of
49.5 Gy at 1.5 Gy per fraction twice daily for 17 days followed
by surgery with positive microscopic margins. In total, 7 of the
9 patients with local control received an RO resection. One

100
79
= 807 %
R 69%
] i *y
5 60 by . """" Scalp
E = = Other head & neck
7 L Breast
= 409 H
s R - Other
2 20%
LTIy
S e
......... P‘=D.1’JZ‘64
° 1 4 5

Years

FIGURE 3. Overall survival rates by primary site at 5 years after
radiotherapy in 41 patients treated with curative intent.
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FIGURE 4. Overall survival rates by tumor size at 5 years after
radiotherapy in 41 patients treated with curative intent.

patient had a nodal recurrence in the contralateral axilla 18
months after preoperative HART and modified radical mas-
tectomy with positive microscopic margins. The recurrence
was successfully salvaged by means of HART to the contra-
lateral axillary lymph nodes and axillary lymph node dis-
section, and the patient has remained disease free for the past
7.5 years.

The patient with secondary angiosarcoma after radio-
therapy to the entire head and neck 64 years earlier remained
disease free for more than 9 years before passing away of
intercurrent disease. The other patient with a 1-cm angio-
sarcoma of the neck 4 years after prior radiotherapy experi-
enced distant recurrence to the L4 spine and died of
complications 6 months after the initial diagnosis of angio-
sarcoma. Using our approach, no patients treated for radiation-
induced angiosarcoma developed CTCAE grade 3 or worse
complications despite a high cumulative life dose of radiation.

Treatment Modality

Of the 10 patients treated with radiotherapy alone, § ex-
perienced local progression at a median of 16 months and
eventually died of their disease. One survivor had angio-
sarcoma of the nose treated to 50.4 Gy at 1.8 Gy per fraction
once daily followed by a 20 Gy implant boost for a total dose
of 70.4 Gy. The second patient with ongoing local control after
treatment with radiotherapy alone had angiosarcoma of the
right shoulder treated to 70 Gy at 1.8 Gy per fraction once
daily. Overall, 2 of the 4 patients treated with radiotherapy
alone to a dose > 70 Gy had local control, whereas all 6 pa-
tients treated with radiotherapy alone to a dose <70 Gy expe-
rienced local progression (Table 4).

Patterns of Failure

The first site of treatment failure was isolated local re-
currence in 11 patients, whereas 4 patients had local or re-
gional recurrence in conjunction with distant metastases
(Table 4). One patient had a regional recurrence alone and 7
patients had distant metastases alone. Local or regional re-
currence was not routinely evaluated after the development of
distant disease due to rapid patient decline.

Of the 23 recurrences, 2 patients were successfully sal-
vaged. One was the patient with a contralateral axillary nodal
recurrence whose salvage treatment was described above. The
other patient experienced a distant recurrence alone and re-
mains disease free 4 years after stereotactic body radiosurgery
for lung and adrenal metastases.

© 2012 Lippincott Williams & Wilkins
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TABLE 3. Univariate Analysis for Patients Treated With Curative Intent

Variable No. Patients 5- Year Overall 5- Year Local
Group (N=41) Survival (%) P Control (%) P
Tumor Site 0.0264 0.0246
Scalp 9 11 18
Other head and 13 69 60
neck
Breast 14 79 92
Extremity, 5 20 80
other
Tumor Size 0.0134 0.0159
<5cm 29 69 76
>5cm 12 17 26
Tumor Type 0.0668 0.0033
RT-induced 16 75 92
De novo 25 40 44
Tumor Grade 0.3265 0.4459
High/ 30 50 61
intermediate
Low 11 64 70
Treatment 0.7687 0.0011
Modality
Surgery + RT 31 55 78
RT Alone 10 50 30
RT Dose 0.1766 0.7037
<60 Gy 10 50 72
> 60 Gy 31 55 63
RT Fractionation 0.1800 0.4906
QD 16 56 60
BID 7 29 43
TID 18 61 74
Margin Status 0.0238 0.3095
(n=31)
Marginal / 13 31 59
Biopsy
Wide 18 72 87

BID indicates twice daily; QD, once daily; RT, radiotherapy; TID, three times daily.

Acute Treatment Toxicity and Complications

All 3 patients who experienced complications of CTCAE
grade 3 or worse had angiosarcoma of the head and the neck.
The male patient with angiosarcoma involving the floor of the
mouth and right base of the tongue experienced grade 4 mu-
cositis of the oral mucous membranes, resulting in pain that
interfered with oral intake and requiring admission for fluids
and hyperalimentation therapy. This acute toxicity resolved but
he developed severe trismus and fibrosis in the long term. A
65-year-old woman with angiosarcoma located on the left
upper eyelid received 50 Gy at 2 Gy per fraction once daily and
suffered from grade 3 radiation dermatitis of the periorbital
skin. A 79-year-old male patient with a large tumor on the left
parietal scalp received 70 Gy at 2 Gy per fraction once daily
and suffered from grade 3 tissue necrosis of the scalp area
surrounding the tumor bed, which eventually resolved.

DISCUSSION

Angiosarcomas are rare, aggressive tumors of vascular
origin that often present in the head and the neck, and carry a
poor prognosis, particularly when located on the scalp. Five-
year survival rates in the literature range from 12% to
35%. 21113171823 The (distinction between benign vascular
proliferation and low-grade angiosarcoma may be difficult and
diagnosis may be delayed until the clinical course displays an

© 2012 Lippincott Williams & Wilkins

abrupt acceleration of the disease process.> The mainstay of
the therapy has been surgery, but outcomes are poor after re-
section alone. For the past three decades, our institutional
policy has advocated both aggressive surgery and radiation for
angiosarcomas whenever feasible. The 5-year survival rate for
patients treated with curative intent was 54%. In particular, we
have experienced notable success in treating radiation-induced
angiosarcomas after breast-conserving therapy with HART
with or without surgery.?®** The predominant pattern of fail-
ure in our study and that of others™*'>:'®2% was local failure,
followed by distant metastases.

Tumor Site

In our series, patients with tumors originating on the scalp
had a particularly poor prognosis. Tumor site has been shown
in numerous other studies to be prognostically significant. In
one series,” patients with tumors of the extremity had the best
prognosis, possibly related to an increased likelihood of
com}z)lete resection. Morrison et al,12 Pawlik et al,13 and Sasaki
et al” have all shown significant reduction in overall survival
for patients with angiosarcoma of the scalp when compared
with other tumor locations.

Tumor Type

Radiation-induced angiosarcomas can develop in various
sites and have been reported to occur from 2 to 44 years after
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TABLE 4. Outcomes for Patients Treated With Definitive Radiotherapy With or Without Surgery (N=41)

Years to
Total Disease
Decade of Tumor  Tumor Dose Recurrence  Status at Last
Patient Treatment  Tumor Site Size (cm) Type Treatment (Gy) Fractionation (Site) Follow-up
1 1970s H&N (face) 2 P RT alone 65.2 QD 0.2 (L) DWD at 0.8y
2 1970s Extremity 4 P RT alone 70 QD N/A DID at 28.6y
(deep
shoulder)
3 1980s Other (deep 5 P Post-op 47 QD 0.6 (D) DWD at 0.6y
pelvis)
4 1980s H&N (scalp) 3 P Post-op 66.15  BID 0.6 (R+D) DWD at 1.3y
5 1980s H&N (floor of 4 P RT alone 75.6 TID 8.6 (L), 16.5(L) DWDat 17.2y
mouth)
6 1980s H&N (face) 10 P Post-op 70 QD N/A ANED at 21.6y
7 1980s H&N (upper 1.3 P Pre-op 50 QD N/A DID at 20.0y
eyelid)

8 1980s H&N (scalp) 9 P Post-op 76 TID 1.1 (L) DWD at 3.1y
9 1980s H&N (scalp) 3.5 P Pre-op 50 QD 0.4 (D) DWD at 0.6y
10 1980s H&N 4 P RT alone 45 QD 1.3 (L), 48 (D) DWDat6.3y
11 1990s H&N (scalp) 7 P Post-op 70.2 QD 1.1 (L) DWD at 1.37y
12 1990s H&N (face) 2 P RT alone 63 QD 3.6(L),94 (L) DWDat 103y
13 1990s H&N (scalp) 7.5 P RT alone 70 QD 1.4 (L+D) DWD at 1.6y
14 1990s H&N 2.5 P Post-op 66 BID 10.2 (L) DWD at 10.4y
15 1990s H&N (scalp) 7 P Pre-op 60 QD 0.6 (D) DWD at 0.7y
16 1990s H&N (scalp) 8 P Post-op 60 BID 2.0 (L+D) DWD at 2.3y

17 1990s H&N (neck) 2 RI Post-op 72 QD N/A DID at 9.6y
18 1990s Breast 3.5 RI Pre-op 50 BID N/A DID at 6.2y
19 1990s Breast 3 RI Pre-op 60 TID N/A ANED at 10.6y
20 1990s H&N (scalp) 4 P Post-op 72 BID 2.5 (L) DWD at 2.7y
21 1990s Extremity 5.8 P Pre-op 37.5 QD N/A DID at 0.8y
(femur)
22 1990s Breast 2.4 RI Post-op 60 TID 24 (R) ANED at 93y
23 2000s Extremity 22 P RT alone 59 TID 0.1 (L),04(L) DWDatl1.0y
(thigh)
24 2000s Breast 0.1 RI Post-op 60 TID N/A ANED at 6.2y
25 2000s Breast 7 RI Pre-op 60 TID N/A ANED at 5.5y
26 2000s H&N (nose) 0.5 P RT alone 70.4 QD N/A ANED at 5.7y
27 2000s Breast 0.1 RI Post-op 59 TID N/A ANED at 5.1y
28 2000s Breast 4 RI Pre-op 60 TID N/A ANED at 4.7y
29 2000s Breast 3 RI Post-op 60 TID N/A ANED at 4.3y
30 2000s H&N (nose) 0.5 P Post-op 54.12 QD N/A ANED at 5.1y
31 2000s Breast 1 RI Pre-op 60 TID 0.5 (D) ANED at 39y
32 2000s Breast 5 RI Post-op 60 TID N/A ANED at 4.0y
33 2000s Breast 10 RI Pre-op 60 TID 0.8 (D) DWD at 0.8y
34 2000s Breast 5 RI Post-op 60 TID 0.1 (D) DWD at 0.4y
35 2000s H&N (scalp) 1.2 P Post-op 64 QD N/A ANED at 3.7y
36 2000s Breast 1.7 RI Pre-op 60 TID N/A ANED at 3.0y
37 2000s Breast 0.1 RI Post-op 75 TID 1.6 (L) DWD at 2.3y
38 2000s H&N (face) 14.5 P RT alone 69 TID 1.6 (L) DWD at 24y
39 2000s H&N (nose) 0.5 P RT alone 64 BID 0.5 (L) DWD at 0.6y
40 2000s Other 23 P Pre-op 44.5 TID N/A DID at 0.2y
(abdomen)
41 2000s H&N (neck) 1 RI Post-op 67.2 BID 0.9 (D) DWD at 1.5y

ANED indicates alive with no evidence of disease; BID, twice daily; D, distant; DID, died of intercurrent disease; DWD, died with disease; H&N, head and neck; L,

local; P, primary; QD, once daily; R, regional; RI, radiation-induced; TID, three times daily.

prior irradiation.®!%162627 These tumors most commonly
present in women 5 to 10 years after irradiation of the breast as
part of breast-conserving therapy.®'4162%27 However, the
overall incidence of postirradiation angiosarcoma is quite low,
ranging from 0.03% to 0.16%.%2

This study is unique in that the radiation-induced angio-
sarcomas showed a trend toward better overall survival com-
pared with de-novo tumors. Other studies contradict our
findings. Abraham et al® observed that patients who developed
angiosarcoma in radiation or lymphedema fields were far more

178 | www.amiclinicaloncology.com

prone to local and distant recurrence and death from the dis-
ease. Although radiotherapy was not used as treatment, Fury
et al® also showed a modest trend toward inferior median
survival in radiation-induced breast angiosarcoma treated with
surgery with or without chemotherapy (P=0.35). Our data
suggest that treating radiation-induced angiosarcoma after
breast-conserving therapy with a regimen of HART may offer
a real advantage for secondary angiosarcomas of the breast.
This may in fact be the key difference between our multisite
overall survival outcomes and other reports in the literature.

© 2012 Lippincott Williams & Wilkins
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Treatment Modality and Tumor Size

Our series highlights the importance of surgery whenever
feasible, preferably with wide margins. Several studies have
confirmed that resectability and the adequacy of surgical
mar%ins are important prognostic factors.>'*!"1??® Mark
et al” reported that only 9% of patients treated without surgery
were rendered disease free. Maddox et al'® suggested that
lower recurrence rates in the postmastectomy group in their
series was likely due to peripheral location, which increased
the likelihood of uninvolved surgical resection. In our series,
patients with tumors <5cm had better rates of both local
control and overall survival. Most studies have similarly shown
tumor size to be important for prognosis.z’lw”15 18

As mentioned above, the apparent prognostic significance
of site and size may likely relate to the ability to achieve wide
surgical margins.'®!'® Adequate surgical resection of the scalp
is rarely possible. Owing to the extensive vascularity and
lymphatic network of the scalp, angiosarcomas are frequently
large by the time a diagnosis is made, and achieving wide
surgical margins in these cases may be impossible. Therefore,
radiation therapy is frequently indicated as an adjuvant to
surgery.'>!7 Both Morrison et al'?> and Naka et al'® have
shown that patients who underwent surgery with wide margins
combined with radiotherapy or chemotherapy had the best
rates of survival. Although we found no significant improve-
ment in overall survival with surgery and radiotherapy versus
radiotherapy alone (55% vs. 50%; P=0.7687) in this small
series of patients, we continue to advocate for surgery when-
ever possible for scalp lesions.

Angiosarcomas are characterized by their diffuse radial
spread, often clinically undetectable,'""' so adequate radiation
margins are critical.'>!* For example, our typical preoperative
radiation treatment fields for radiation-induced breast angio-
sarcoma include a minimum of 8-cm to 10-cm margins around
the gross tumor volume.'* In addition, we advocate elective
irradiation of regional lymph nodes for most sites, even if they
are clinically uninvolved, due to an estimated 10% to 20% risk
of lymph node metastasis.”

Radiotherapy Dose

Congruent with other reports,™'* we were unable to show a
dose response in patients treated with a total radiation dose of
> 60 Gy. Mark et al® reported a local control rate of 25% at
doses <45Gy versus 68% when doses exceeded 50Gy
(P=0.002). As previously observed,” we primarily attribute this
phenomenon to selection bias as our patients receiving high-dose
radiation were far more likely to have de-novo, unresectable
tumors located on the scalp. Analysis of our small subset of
patients with unresectable tumors does provide preliminary
evidence that doses >70 Gy may be associated with an improved
local control when treating with radiotherapy alone.

Limitations

Although this study represents one of the largest single-
institution experiences reporting outcomes after radiotherapy
for angiosarcoma, it has clear limitations. It is meant to be a
hypothesis-generating study. The observational nature of our
findings prohibited direct causal interpretation of the results
and the sample size limits the statistical validity of many de-
sired subset analyses. In addition, an inherent selection bias is
present in all retrospective studies, but with a relatively rare
disease such as angiosarcoma there is little randomized data
available. All of our patients had nonmetastatic disease and
were treated at a single institution, but our experience spans
decades during which imaging, chemotherapy, and RT methods

© 2012 Lippincott Williams & Wilkins

changed significantly. In addition, our patient population in-
cluded tumors of all locations, such as the head and the neck,
breast, and extremities. This mixed population may result in
difficulty in interpreting the prognostic factors as various tu-
mors often display a distinct behavior and pattern of spread.
The inability to perform a statistically valid multivariate
analysis on this small number of patients has limited the de-
tection of confounding factors such as site, size, or resect-
ability that influence the outcomes, particularly for the subset
of radiation-induced angiosarcomas.

Current Recommendations

In operable patients, we recommend aggressive surgical
resection followed by radiotherapy. In borderline resectable
cases, we advise preoperative radiation followed by resection.
Our dose recommendations include 45 to 50 Gy for undissected
subclinical disease, 60 to 65 Gy for a postoperative tumor bed
with positive microscopic margins, and 70 to 75 Gy for gross
disease. Patients irradiated for gross disease and those with ra-
diation-induced tumors should be considered for altered frac-
tionation. Given the favorable outcomes, we continue to offer
HART to a total dose of 60 Gy when radiation is used alone or
for patients with radiation-induced angiosarcoma after breast-
conserving therapy.®> We recommend 1.2 Gy given twice daily
to 50.4 or 1.5 Gy given twice daily to 45 Gy when radiation is
used preoperatively for nonbreast angiosarcoma. When feasible,
large radiation margins (>5 to 8 cm expansion on macroscopic
disease) are utilized to encompass the wide occult spread of
disease. For large tumors (>5 cm) and all tumors located on the
scalp, we also favor elective irradiation of regional lymph nodes
due to the high risk of lymphatic progression.

CONCLUSIONS

Owing to the high risk of local recurrence, multimodality
local therapy is critical to the management of most angio-
sarcomas. Our data illustrate that outcomes vary widely and
are impacted by tumor site, size, and resectability. More re-
search is needed to elucidate the biological differences be-
tween de-novo and radiation-induced angiosarcomas. Contrary
to other studies, our data suggest that angiosarcomas secondary
to prior radiation may have an improved prognosis, suggesting
an inherently unique biologic response to treatment.

ACKNOWLEDGMENTS

The authors thank the staff in the Research Office of the
University of Florida Department of Radiation Oncology for
their logistic support and help in the preparation of the
manuscript.

REFERENCES

1. Enzinger FM, Weiss SW. Malignant vascular tumors. In: Enzinger
FM, Weiss SW, eds. Soft Tissue Tumors. 3rd edition. St. Louis:
Mosby; 1995:641-677.

2. Mark RJ, Poen JC, Tran LM, et al. Angiosarcoma: a report of
sixty-seven patients and a review of the literature. Cancer.
1996;77:2400-2406.

3. Sasaki R, Soejima T, Kishi K, et al. Angiosarcoma treated with
radiotherapy: impact of tumor type and size on outcome. Int J
Radiat Oncol Biol Phys. 2002;52:1032-1040.

4. Ohguri T, Imada H, Nomoto S, et al. Angiosarcoma of the scalp
treated with curative radiotherapy plus recombinant interleukin-2
immunotherapy. Int J Radiat Oncol Biol Phys. 2005;61:1446—1453.

5. Koch M, Nielsen GP, Yoon SS. Malignant tumors of blood
vessels: angiosarcomas, hemangioendotheliomas, and hemangio-
perictyomas. J Surg Oncol. 2008;97:321-329.

www.amiclinicaloncology.com | 179



Scott et al

American Journal of Clinical Oncology * Volume 36, Number 2, April 2013

6.

. Morrison WH, Byers RM, Garden AS, et al

Abraham JA, Hornicek FJ, Kaufman AM, et al. Treatment and
outcome of 82 patients with angiosarcoma. Ann Surg Oncol.
2007;14:1953-1967.

. Mendenhall WM, Mendenhall CM, Werning JW, et al. Cutaneous

angiosarcoma. Am J Clin Oncol. 2006;29:524-528.

. Fury MG, Antonescu CR, Van Zee KJ, et al. A 14-year

retrospective review of angiosarcoma: clinical characteristics,
prognostic factors, and treatment outcomes with surgery and
chemotherapy. Cancer J. 2005;11:241-247.

. Vogt T, Hafner C, Bross K, et al. Antiangiogenetic therapy with

pioglitazone, rofecoxib, and metronomic trofosfamide in patients with
advanced malignant vascular tumors. Cancer. 2003;98:2251-2256.

. Fedok FG, Levin RJ, Maloney ME, et al. Angiosarcoma: current

review. Am J Otolaryngol. 1999;20:223-231.

. Holden CA, Spittle MF, Jones EW. Angiosarcoma of the face and

scalp, prognosis and treatment. Cancer. 1987;59:1046—1057.
Cutaneous
angiosarcoma of the head and neck: a therapeutic dilemma.
Cancer. 1995;76:319-327.

. Pawlik TM, Paulino AF, McGinn CJ, et al. Cutaneous angiosar-

coma of the scalp: a multidisciplinary approach. Cancer. 2003;98:
1716-1726.

. Monroe AT, Feigenberg SJ, Mendenhall NP. Angiosarcoma after

breast-conserving therapy. Cancer. 2003;97:1832—1840.

. Fata F, O’Reilly E, Ilson D, et al. Paclitaxel in the treatment of patients

with angiosarcoma of the scalp or face. Cancer. 1999;86:2034-2037.

. Cha C, Antonescu CR, Quan ML, et al. Long-term results with

resection of radiation-induced soft tissue sarcomas. Ann Surg.
2004;239:903-909.

. Hodgkinson DJ, Soule EH, Woods JE. Cutaneous angiosarcomas

of the head and neck. Cancer. 1979;44:1106-1113.

180 | www.amiclinicaloncology.com

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Maddox JC, Evans HL. Angiosarcoma of skin and soft tissue: a
study of forty-four cases. Cancer. 1981;48:1907-1921.

Naka N, Ohsawa M, Tomita Y, et al. Prognostic factors in
angiosarcoma: a multivariate analysis of fifty-five cases. J Surg
Oncol. 1996;61:170-176.

Palta M, Morris CG, Grobmyer SR, et al. Angiosarcoma after
breast-conserving therapy: long-term outcomes with hyperfractio-
nated radiotherapy. Cancer. 2010;116:1872—-1878.

Kaplan EL, Meier P. Nonparametric estimation from incomplete
observations. J Am Stat Assoc. 1958;53:457-481.

National Cancer Institute. Common Terminology Criteria for
Adverse Events (CTCAE) v4.0. Accessed: June 14, 2010.
URL: http://evs.nci.nih.gov/ftpl/CTCAE/CTCAE_4.03_2010-06-14_
QuickReference_5x7.pdf.

Aust MR, Olsen KD, Lewis JE, et al. Angiosarcomas of the head
and neck: clinical and pathologic characteristics. Ann Otol Rhinol
Laryngol. 1997;106:943-951.

Feigenberg SJ, Mendenhall NP, Reith JD, et al. Angiosar-
coma after breast-conserving therapy: experience with hyper-
fractionated radiotherapy. Int J Radiat Oncol Biol Phys. 2002;
52:620-626.

Lydiatt WM, Shaha AR, Shah JP. Angiosarcoma of the head
and neck. Am J Surg. 1994;168:451-454.

Hodgson NC, Bowen-Wells C, Moffat F, et al. Angiosarcomas
of the breast: a review of 70 cases. Am J Clin Oncol. 2007;30:
570-573.

Glazebrook KN, Magut MJ, Reynolds C. Angiosarcoma of the
breast. AJR Am J Roentgenol. 2008;190:533-538.

Karpeh MS Jr., Caldwell C, Gaynor JJ, et al. Vascular soft-tissue
sarcomas. An analysis of tumor-related mortality. Arch Surg.
1991;126:1474-1481.

© 2012 Lippincott Williams & Wilkins





