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INTRODUCTION:  Angiosarcoma  is a rare soft  tissue  malignancy  of  endothelial  cells,  generally  associated
with  a poor  prognosis.  Due  to its  rarity,  randomized  trials  are difficult  to conduct  and  a consensus  on
the  treatment  of  angiosarcoma  has  not  been  reached.  The role,  efficacy,  and timing  of  chemotherapy  in
AS treatment  remain  uncertain,  and as  stated,  no  large-scale  trials  have  been  able  to  establish  definitive
recommendations.
CASE  DESCRIPTIONS:  Here  we  describe  the  successful  use  of chemotherapy  followed  by  radiation  for
a case  of lower  extremity  angiosarcoma,  and a case  of  breast  angiosarcoma  treated  with  neoadjuvant
chemotherapy  followed  by surgical  resection.  Systemic  therapy  consisted  of weekly doxorubicin,  pacli-
taxel,  and  cisplatin.  This  regimen  resulted  in  a full  clinical  remission  in  the  first  patient  and  a  pathologic
complete  response  in  the  second.
DISCUSSION:  These  cases  suggest  that  the  use  of  the  doxorubicin,  cisplatin  and  paclitaxel  combination
could  be  an  effective  alternative  to radical  surgical  excision  in  extremity  sarcomas,  and  an  effective
adjuvant  treatment  to mastectomy  in  cutaneous  radiation-associated  angiosarcoma  of  the  breast  due
to  their  independent  efficacy  against  angiosarcoma.  A  randomized  trial  utilizing  neoadjuvant  combined

doxorubicin,  paclitaxel  and  cisplatin  followed  by  either  surgery  or radiation,  with  endpoints  assessing
pathologic  and  overall  response  as well  as  progression  free  survival  is warranted  based  on  these  cases.
CONCLUSION:  The  role  of neoadjuvant  chemotherapy  in  the treatment  of angiosarcoma  should  be  recon-
sidered  considering  its ability  to  provide  important  prognostic  information  and  improve  the  likelihood
of  curative  surgery.

©  2020  The  Authors.  Published  by  Elsevier  Ltd  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
 artic
access

. Introduction

Angiosarcoma (AS), a malignant proliferation of vascular or lym-
hatic endothelial cells, develops in approximately 1 per million
atients and comprises only 2 % of all soft tissue sarcomas [1–3].

t can occur in any soft-tissue structure, with approximately 15 %
eveloping in the extremity and 20 % developing in the breast [2].
S can be further subcategorized into those which arise de novo,
uch as primary breast or soft tissue AS, and those which arise due
o secondary factors. Secondary angiosarcoma has a long-known
ssociation with both prior radiation therapy (RT) and chronic
ymphedema, also referred to as Stewart-Treves syndrome. The

ncidence of radiation-associated AS of the breast has been esti-

ated as less than one percent amongst patients receiving RT as
art of breast conserving treatment [18]. Chronic lymphedema has
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been shown to be an even more rarely associated risk factor for the
development of AS [21].

The overall survival observed across all types of AS is approx-
imately 40 % [25]. Despite the increasingly favorable prognosis
observed in other cancers of the breast over recent decades, the 5-
year overall survival in AS is still estimated to be 40–50 % [4,5]. As
AS is a rare tumor, randomized clinical trials are commonly not fea-
sible and a consensus on treatment guidelines for AS has not been
established. Surgical intervention remains the mainstay of man-
agement; local wide excision or amputation is often required for AS
of the extremity, while mastectomy is often indicated in AS of the
breast. For those with AS of the breast, 68 % of patients receive mas-
tectomy or partial mastectomy alone. An estimated 17 % of breast
AS patients receive adjuvant radiation therapy and only 6 % receive
chemotherapy [5]. The role, efficacy, and timing of chemotherapy in
AS treatment remain uncertain, and as stated, no large-scale trials

have been able to establish definitive recommendations. Here we
present two  cases which were successfully treated with a weekly
doxorubicin, paclitaxel, and cisplatin-based regimen. The success
of the regimen in a case of lower extremity AS led to its subsequent
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ig. 1. (a) AS of the left lower extremity at first presentation. (b) AS of the left low
resentation. (d) MRI  after chemotherapy.

uccessful use as neoadjuvant therapy in AS of the breast. These
ases are reported in accordance with SCARE criteria [26].

. Case report 1

A 59-year-old woman with type 2 diabetes mellitus and long-
tanding lower extremity edema was referred to our institution for
reatment of a T2aN0M1 AS of the left lower extremity. Biopsy at an
utside institution demonstrated neoplastic cells with strong dif-
use expression of CD31 and pleomorphic spindle cell proliferation

ithin the deep dermis. There was extensive cutaneous involve-
ent with large purple bullae which extended from the medial
alleolus to the anterior medial aspect of the knee. MRI  imaging

howed skin thickening with edema with focal areas of infiltrative
bnormal signal and nodular enhancement isolated to the subcu-
aneous fat.

Due to the extent of the malignancy, definitive surgical inter-
ention for curative intent would have required amputation, which
ould have impeded quality of life and was declined by the

atient. Radiotherapy was not practical due to the extent of dis-
ase, the large radiation field, and underlying vascular insufficiency.
ystemic chemotherapy, which consisted of weekly doxorubicin
0 mg/m2 given as a continuous infusion for 18 h on day 1; cis-
latin 30 mg/m2 on day 2 and paclitaxel 100 mg/m2 IV over 3 h on
ay 2 was selected as the initial treatment. This was  given weekly

or 3 weeks, every 28 days for 3 cycles. The patient experienced

ild side effects which included generalized fatigue and nausea,

s well as an episode of acute kidney injury after cycle 1. Car-
oplatin was substituted for cisplatin during cycle two  because
f renal insufficiency. However, cisplatin was again given during
tremity after chemotherapy. (c) MRI  of left lower extremity angiosarcoma at first

cycle 3. Six months after diagnosis, repeat MRI  showed marked
improvement after chemotherapy with decreased skin thickening
and edema, and resolution of the deep enhancing nodules. After a
disease-free interval of seven months, two  new nodules appeared
on the medial and lateral aspects of her left foot. Biopsy confirmed
localized AS recurrence. The lesions were treated with radiation
therapy totaling 30 fractions and 90 Grays. Six, 21-day cycles of
single agent paclitaxel 80 mg/m2 on days 1, 8 and 15 were added
for systemic anti-angiogenic therapy after the completion of radi-
ation therapy. The patient developed peripheral neuropathy as a
result of the paclitaxel regimen but otherwise tolerated the treat-
ment well. Screening MRI  has been conducted every three months
which revealed no concerning findings. There was no evidence of
subsequent clinical or radiographic recurrence three years after her
diagnosis (Fig. 1).

3. Case report 2

A 64-year-old Caucasian female with type 2 diabetes mellitus
presented to her breast surgeon with new areas of patchy ery-
thema and ecchymosis on the inferior, medial quadrant of her left
breast which had been present for several days. Her medical history
was significant for bilateral breast cancer six years prior: a grade II,
HER2-positive, ER/PR negative breast cancer in the left breast and a
grade III ER/PR positive ductal carcinoma in situ in the right breast.
Treatment had included bilateral partial mastectomies performed

through reduction mammoplasties, adjuvant chemotherapy, and
sequential whole breast radiation therapy. A breast cancer surveil-
lance visit only one month revealed no significant findings on
either mammography or clinical breast exam. On physical exam,
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ig. 2. (a) AS of the left, medial breast, prior to chemotherapy. (b) Post bilateral, in
reast AS at first presentation. (d) MRI  after neoadjuvant chemotherapy.

he erythematous changes were irregularly margined, associated
ith both a thickening of the overlying skin and two  dark purple,
ell circumscribed bullae-like areas within the confines of a tattoo.
ltrasound of the area revealed no collection or underlying mass. A
unch biopsy was performed, and immunohistochemistry demon-
trated positive staining for CD31, CD34, factor VIII, and vimentin,
upporting the diagnosis of breast angiosarcoma. During the next
eek, additional lesions appeared involving the medial right breast.
n MRI  of the breasts showed avidly enhancing skin thickening and
odularity bilaterally, measuring 8 mm in thickness in the medial

eft breast and 4 mm in the medial, lower quadrant of the right
reast.

Due to the bilateral presentation of the angiosarcoma, disease
xtent within medial locations, and the rapidity of its growth,
emoval of involved skin by surgical resection would require bilat-
ral mastectomies including en bloc resection of a wide area of skin
ver the sternum. Primary closure of the defect would not be possi-
le, and the magnitude of the procedure would place the patient at
ignificant risk of post-operative complications and poor healing,
elaying any adjuvant treatment. After consultations and presenta-
ion at multidisciplinary tumor board, neoadjuvant chemotherapy
ith the same agents chosen for case report 1 was elected. Two

ycles of neoadjuvant chemotherapy consisted of IV doxorubicin
0 mg/m2 given over 18 h weekly for three weeks on days 1, 8,
nd 15, IV paclitaxel 100 mg/m2 and IV cisplatin 30 mg/m2 infused
eekly for three weeks on days 2, 9 and 16. Her chemotherapeu-

ic course was complicated by neutropenia requiring one dose of
oxorubicin to be withheld, as well as myalgias, nausea and anemia.

All skin changes of the left and right breasts resolved, and a post-
reatment MRI  demonstrated only minimal residual enhancement.
he patient then underwent bilateral, in -continuity mastectomies
nd resection of the suprasternal tissue with VAC closure of the
entral defect. Histopathology revealed no residual cancer – a
athologic complete response. The initial plan was for delayed flap

losure, however, the area contracted down to a small defect. Sat-
sfactory closure was achieved with a split-thickness skin graft.
he patient remains recurrence free two years from the date of
iagnosis (Fig. 2).
inuity mastectomies with resection of the suprasternal tissue. (c) MRI  of bilateral

4. Discussion

Angiosarcoma is an aggressive, heterogeneous disease for which
there is a lack of consensus on treatment, making prognosis dif-
ficult to predict. AS has historically been viewed as a primarily
surgical disease, and resection with negative margins remains
the standard of treatment [6]. Adjuvant radiotherapy has been
shown to moderately improve the recurrence free interval [7].
Only small, retrospective studies have evaluated the benefit of
adjuvant chemotherapy, with any conclusions limited by small
sample size. Meta-analysis of these studies has demonstrated no
decrease in AS recurrence with chemotherapy, though a few studies
have reported a benefit after surgical resection with negative mar-
gins [8]. Current National Comprehensive Cancer Network (NCCN)
guidelines recommend consideration of preoperative chemother-
apy only for advanced (stage IIIA-B) disease, which is based on
low-level evidence [22]. These two cases demonstrate dramatic,
successful treatment with a novel chemotherapy regimen, which
was used as definitive treatment in case 1 and as neoadjuvant treat-
ment in case 2.

The first line chemotherapeutic treatments for angiosarcoma
have been standard sarcoma anthracycline-based regimens, com-
bined with alkylating agents such as ifosfamide in the metastatic
setting. Angiosarcoma sensitivity to anthracyclines, such as dox-
orubicin, has been shown to be similar to that of other soft tissue
sarcomas, with 25 % of AS patients showing a complete or par-
tial response [9]. However, unlike other soft tissue sarcomas, AS
has also been shown to be highly sensitive to taxanes. Paclitaxel
has been shown to be particularly effective in the treatment of
advanced angiosarcoma [10,11]. The role of platinum-based alky-
lating agents such as cisplatin has not been established. It has
been used off-label, in conjunction with doxorubicin for both sar-
comas of the bone and soft tissue and was shown to be more
effective than single agent doxorubicin in these tumors [12]. A

doxorubicin, paclitaxel and cisplatin regimen has been previously
reported to produce a long-term remission of metastatic angiosar-
coma [13]. Doxorubicin has a relatively small therapeutic index,
with potentially severe side effects including cardiotoxicity and
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yelosuppression [14]. Paclitaxel has been shown to produce car-
iac disturbances such as transient asymptomatic bradycardia, as
ell as neutropenia, neuropathy and paresthesia [15]. However,

he cardiac toxicity of doxorubicin and paclitaxel used as combina-
ion therapy has been shown to be similar to that of doxorubicin
s single agent therapy [16]. Likewise, the extent of myelosuppres-
ion observed with doxorubicin and cisplatin combination therapy
s nearly equivalent to that of doxorubicin alone [12]. Due to the
xpression of vascular endothelial growth factor (VEGFR) in AS,
he VEGFR/VEGF pathway has also been proposed as a potential
herapeutic target. However, clinical trials have shown limited sur-
ival benefit of VEGFR/VEGF targeted therapies when compared to
urrent first line chemotherapeutic agents [23,24].

Only a small subset of studies has analyzed the effectiveness
f neoadjuvant chemotherapy in the AS population. One study of
5 cases of periorbital angiosarcoma suggested a promising sur-
ival benefit [17]. However, the quality and quantity of overall
vidence is lacking, and no large-scale trials have been conducted.
oth cases illustrated here were in patients with unresectable dis-
ase at diagnosis, which necessitated the use of chemotherapy
s initial therapy. For the patient in case 1, the extent of disease
ould have necessitated the loss of the limb and too large a field

or radiation due to the risk of significant toxicities. The extent
f disease in case 2 was also too widespread for surgical inter-
ention alone. The regimen of weekly doxorubicin, paclitaxel, and
isplatin produced a clinical complete response in both patients.
S is a rapidly growing malignancy and positive margins on resec-

ion are common. Thus, a systemic treatment that increases the
robability of margin negative resection warrants further study.

n a recent single institution review (Brigham and Women’s Hos-
ital, Dan-Farber Cancer Institute) of 33 patients with cutaneous
adiation-associated angiosarcoma of the breast, resection of all
rradiated skin trended toward better local recurrence-free sur-
ival (LRFS) and recurrence-free survival (RFS) [19]. A dramatic
eduction in size makes resection far more attainable and further
nsures negative margins, which has been proven to be one of the
ew factors that improves outcome [20]. Neoadjuvant chemother-
py provides important prognostic information and can improve
he likelihood of curative surgery. Our first case suggests that the
se of the doxorubicin, cisplatin and paclitaxel combination could
e an effective alternative to radical surgical excision in extrem-

ty sarcomas and an effective adjuvant treatment to mastectomy in
utaneous radiation-associated angiosarcoma of the breast due to
heir independent efficacy against AS.

Unfortunately, due to the rarity of AS and the diversity of tumor
ites, a randomized trial utilizing doxorubicin, paclitaxel and cis-
latin to assess overall response and progression free survival is
ot feasible. Therefore, an alternative means must be considered to
enerate additional evidence regarding the role of chemotherapy
n AS and specifically this regimen’s efficacy. In recent years, can-
er databases such as the National Cancer Database (NCDB) and the
urveillance, Epidemiology, and End Results (SEER) program have
reatly facilitated the analysis of treatment efficacy and patient out-
omes. While these databases provide some data on AS treatment,
hey fail to report what chemotherapeutic agents were utilized
r in what combination. In a number of other rare malignancies,
uch as adrenal cortical carcinoma and pleuropulmonary blastoma,
isease-specific databases have been successfully implemented
nd have provided extensive insight into tumor characteristics and
olecular targets [27,28]. We  advocate for the implementation of a

imilar, disease-specific, national registry of all patients diagnosed
ith AS. This would allow for a thorough evaluation of treatment

ethods and create a better understanding of the tumor’s response

o specific treatment regimens, including the chemotherapy regi-
en  utilized in our cases.
PEN  ACCESS
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