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‘ W) Check for updates‘

First report of proton beam therapy for breast angiosarcoma from the

prospective PCG registry

Cameron S. Thorpe®, Joshua R. Niska?, Daniel C. Brunnhoelzl®, Lisa A. McGee?, Christy M. Kesslering®,

William F. Hartsell and Carlos E. Vargas®

Department of Radiation Oncology, Mayo Clinic, Phoenix, AZ, USA; PCreighton University School of Medicine at St. Joseph’s Hospital and
Medical Center, Phoenix, AZ, USA; “Northwestern Medicine Chicago Proton Center, Warrenville, IL, USA

Angiosarcoma is a rare neoplasm of the vascular endothe-
lium. Breast angiosarcoma can present de novo or as a sec-
ondary malignancy after treatment for breast cancer.
Postsurgical lymphedema [1] and prior radiotherapy (RT) [2]
have both been associated with secondary angiosarcoma.
Incidence of secondary angiosarcoma after breast cancer is 1
per 100,000 person-years without prior RT versus 7 per
100,000 person-years with prior RT [2]. Angiosarcoma is an
aggressive malignancy, but secondary angiosarcoma after RT
may be more indolent than primary angiosarcoma [3,4].
However, five-year survival has remained poor at 27-48% [5].

Due to its extreme rarity, the optimal treatment for sec-
ondary angiosarcoma is unknown. Surgery with wide margins
is the mainstay of therapy [5,6]. However, surgery alone may
be insufficient, with up to 90% local recurrence even after
aggressive surgery [5-8]. Resection of all previously irradiated
skin [9] and soft tissue [10] of the thoracic wall may improve
local control. Chemotherapy has an unclear role [5,6] but
may improve local control [11] and overall recurrence [12].
Paclitaxel has shown response in both metastatic or unresect-
able angiosarcoma [13] and secondary breast angiosarcoma
[14]. Targeted therapies, such as bevacizumab [15] and sora-
fenib [16], have been the focus of recent studies. Radiation
for angiosarcoma has faced a lack of enthusiasm given that
many patients have prior RT and that the prior RT may have
contributed to angiosarcoma development. However, multi-
modality therapy including RT has resulted in the best pub-
lished outcomes, with reduced recurrence rates [6,17-21] and
potential survival benefit [4,12]. To our knowledge, there are
no reports in the literature on proton beam therapy (PBT) for
breast angiosarcoma.

The proton collaborative group (PCG) REG001-09 trial is an
IRB-approved, multi-institutional prospective registry of
patients treated with PBT. We present four patients identified
from the registry who received PBT for breast angiosarcoma.
One patient had primary breast angiosarcoma. Three patients
had secondary breast angiosarcoma in the context of prior
breast conserving surgery and RT (60.8Gy) for -early
stage breast cancer (Table 1). Median time from prior RT
to secondary angiosarcoma was 88 months (82-154).

After angiosarcoma diagnosis, all four patients had mastec-
tomy including removal of skin and nipple with negative mar-
gins (minimum 19mm). Immediate reconstruction with
latissimus dorsi myocutaneous flap was performed in one
patient. One patient received neoadjuvant paclitaxel and had
negative axillary lymph node dissection. Another patient also
had pectoralis muscle resected at time of mastectomy and
received adjuvant doxorubicin-ifosfamide. Median angiosar-
coma tumor size was 65.5mm (47-110).

After mastectomy for angiosarcoma, all patients received
postmastectomy PBT to the chest wall (Table S1; Image 1).
One patient received regional nodal irradiation. Median total
dose was 60.1 Gy (48.8-61.1). Mean lung dose ranged from 2.
9Gy to 10.3Gy. Percentage of the total lung volume receiv-
ing greater than 5Gy and greater than 20 Gy ranged from
16.7% to 35.9% and 4.3% to 21.3%, respectively. Mean heart
dose was less than 2Gy for all patients. Percentage of the
heart receiving greater than 20Gy was less than 2% for all
patients. Skin max dose ranged from 60.5 Gy to 66.4 Gy.

Median follow-up after surgery and PBT is 11 months
(2-24) (Table 2). PBT was well-tolerated. Each patient had
grade 2 acute dermatitis. One patient had grade 2 acute
breast pain. No patients had grade 3 or greater events.
However, one patient elected to stop treatment after receiv-
ing adjuvant doxorubicin-ifosfamide and 48.8Gy out of
60.8 Gy planned dose. This patient cited grade 2 dermatitis
as the reason for stopping treatment. There have been no
recurrences, local or distant. All patients are alive.

Multimodality therapy including RT appears to provide
the best results for breast angiosarcoma. Despite aggressive
surgery, local control and overall survival remain poor [5,6].
More aggressive surgery [9,10] and chemotherapy
[5,6,11,12] may improve outcomes. Radiation has been
added to surgery to improve control [6,17-21] and may
even prolong survival [4,12]. Potential RT regimens have
been associated with frequent grade 3 acute toxicity.
Hyperthermia and RT [20] resulted in grade 3 or greater
acute dermatitis in 31%. Hyperfractionated RT with or with-
out surgery [18] has also been reported to cause frequent
grade 3 acute dermatitis.
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Table 1. Patient characteristics.

Patient Number 1 2 3 4

Age (years) 30 58 74 60

BMI (kg/m?) 27.7 317 27.5 29.4
ECOG PS 0 0 0 0
Tobacco history Current smoker Prior smoker Prior smoker None
Prior breast cancer

AJCC stage (seventh edition) No prior breast cancer Stage IA Stage 1A Stage IA
Surgical management No prior breast cancer Lumpectomy Lumpectomy Lumpectomy
Adjuvant RT No prior breast cancer 60.8 Gy 60.8 Gy Dose unknown
Angiosarcoma

Latency after prior RT (months) No prior RT 82 88 154
Tumor size (mm) 69 62 47 110
Grade 3 1 3 3
Surgical management Mastectomy Mastectomy Mastectomy Mastectomy
Axillary management ALND None None None
Margins Negative Negative Negative Negative
Reconstruction No No LDMF No
Systemic therapy Paclitaxel (NA) None None Doxorubicin-Ifosfamide (A)

BMI: body mass index; ECOG PS: Eastern Cooperative Oncology Group Performance Status; AJCC: American Joint Committee on Cancer; RT: radio-
therapy; ALND: axillary lymph node dissection; LDMF: latissimus dorsi myocutaneous flap; NA: neoadjuvant; A: adjuvant.

Table 2. Outcomes and toxicities after proton beam therapy for
angiosarcoma.

Patient number 1 2 3 4
Follow-up (months) 6 24 15 2
Status Alive Alive Alive Alive
Local recurrence No No No No
Acute toxicity (all grade 2) Dermatitis, pain Dermatitis Dermatitis Dermatitis
Late toxicity None None None None
Any toxicity > grade 2 None None None None

Proton beam therapy has emerged as a new approach to
minimize excess dose and to decrease toxicity across many
disease sites [22-24]. PBT decreases dose to the heart and
lungs compared to conventional photon RT in breast cancer
[25], as demonstrated by the minimal heart dose among our
four patients. Furthermore, compared to conventional photon
RT, PBT minimizes dose to surrounding tissue and decreases
the rate of secondary malignancies following adjuvant RT for
thymomas [26]. These potential benefits may be even more
important in secondary breast angiosarcoma, as the sur-
rounding tissues are at increased risk due to prior RT and
have already demonstrated the capacity to develop second-
ary malignancy.

Breast angiosarcoma is likely to become more common as
survival for breast cancer patients continues to improve.
Multimodality therapy including RT appears to provide the
best outcomes for these patients. PBT has potential benefits
in this context. This is the first report of PBT for breast angio-
sarcoma. At this early follow-up, PBT was well-tolerated and
effective. Further studies are needed to identify the optimal
treatment and to define the role of PBT for breast
angiosarcoma.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This research did not receive any specific grant from funding agencies in
the public, commercial, or not-for-profit sectors. The authors are solely
responsible for the content of the manuscript.

References

(1

[8]

9

[10]

(1]

[12]

[13]

[14]

[15]

Stewart FW, Treves N. Lymphangiosarcoma in postmastectomy
lymphedema; a report of six cases in elephantiasis chirurgica.
Cancer. 1948;1:64-81.

Mery CM, George S, Bertagnolli MM, et al. Secondary sarcomas
after radiotherapy for breast cancer: sustained risk and poor sur-
vival. Cancer. 2009;115:4055-4063.

Brenn T, Fletcher CD. Radiation-associated cutaneous atypical vas-
cular lesions and angiosarcoma: clinicopathologic analysis of 42
cases. Am J Surg Pathol. 2005;29:983-996.

Buehler D, Rice SR, Moody JS, et al. Angiosarcoma outcomes and
prognostic factors: a 25-year single institution experience. Am J
Clin Oncol. 2014;37:473-479.

Sheth GR, Cranmer LD, Smith BD, et al. Radiation-induced sar-
coma of the breast: a systematic review. Oncologist. 2012;17:
405-418.

Monroe AT, Feigenberg SJ, Mendenhall NP. Angiosarcoma after
breast-conserving therapy. Cancer. 2003;97:1832-1840.

Jallali N, James S, Searle A, et al. Surgical management of radi-
ation-induced angiosarcoma after breast conservation therapy.
Am J Surg. 2012;203:156-161.

Seinen JM, Styring E, Verstappen V, et al. Radiation-associated
angiosarcoma after breast cancer: high recurrence rate and poor
survival despite surgical treatment with RO resection. Ann Surg
Oncol. 2012;19:2700-2706.

Morgan EA, Kozono DE, Wang Q, et al. Cutaneous radiation-asso-
ciated angiosarcoma of the breast: poor prognosis in a rare sec-
ondary malignancy. Ann Surg Oncol. 2012;19:3801-3808.

Styring E, Klasson S, Rydholm A, et al. Radiation-associated angio-
sarcoma after breast cancer: improved survival by excision of all
irradiated skin and soft tissue of the thoracic wall? A report of six
patients. Acta Oncol. 2015;54:1078-1080.

Torres KE, Ravi V, Kin K, et al. Long-term outcomes in patients
with radiation-associated angiosarcomas of the breast following
surgery and radiotherapy for breast cancer. Ann Surg Oncol.
2013;20:1267-1274.

Shen CJ, Parzuchowski AS, Kummerlowe MN, et al. Combined
modality therapy improves overall survival for angiosarcoma. Acta
Oncol. 2017;56:1235-1238.

Penel N, Bui BN, Bay JO, et al. Phase Il trial of weekly paclitaxel
for unresectable angiosarcoma: the ANGIOTAX study. J Clin
Oncol. 2008;26:5269-5274.

Perez-Ruiz E, Ribelles N, Sanchez-Munoz A, et al. Response to
paclitaxel in a radiotherapy-induced breast angiosarcoma. Acta
Oncol. 2009;48:1078-1079.

Agulnik M, Yarber JL, Okuno SH, et al. An open-label, multicenter,
phase Il study of bevacizumab for the treatment of angiosarcoma



[16]

[17]

(18]

[19]

[20]

[21]

and  epithelioid Ann Oncol.
2013;24:257-263.

Ray-Coquard |, Italiano A, Bompas E, et al. Sorafenib for
patients with advanced angiosarcoma: a phase Il trial from
the  French  Sarcoma  Group  (GSF/GETO).  Oncologist.
2012;17:260-266.

Ghareeb ER, Bhargava R, Vargo JA, et al. Primary and radiation-
induced breast angiosarcoma: clinicopathologic predictors of out-
comes and the impact of adjuvant radiation therapy. Am J Clin
Oncol. 2016;39:463-467.

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.

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

de Jong MA, Oldenborg S, Bing Oei S, et al. Reirradiation and
hyperthermia  for  radiation-associated  sarcoma.  Cancer.
2012;118:180-187.

Depla AL, Scharloo-Karels CH, de Jong MA, et al. Treatment and
prognostic factors of radiation-associated angiosarcoma (RAAS)

hemangioendotheliomas.

[22]

[23]

[24]

[25]

[26]

ACTA ONCOLOGICA 3

after primary breast cancer: a systematic review. Eur J Cancer.
2014;50:1779-1788.

Gunther JR, Rahman AR, Dong W, et al. Craniospinal irradiation
prior to stem cell transplant for hematologic malignancies with
CNS involvement: effectiveness and toxicity after photon or pro-
ton treatment. Pract Radiat Oncol. 2017;7:e401-e408.

Holliday EB, Kocak-Uzel E, Feng L, et al. Dosimetric advantages of
intensity-modulated proton therapy for oropharyngeal cancer
compared with intensity-modulated radiation: a case-matched
control analysis. Med Dosim. 2016;41:189-194.

MacDonald SM. Proton therapy for breast cancer: getting to the
heart of the matter. Int J Radiat Oncol Biol Phys. 2016;95:46-48.
Patel SA, Lu HM, Nyamwanda JA, et al. Postmastectomy radiation
therapy technique and cardiopulmonary sparing: a dosimetric
comparative analysis between photons and protons with free
breathing versus deep inspiration breath hold. Pract Radiat Oncol.
2017;7;e377-e384.

Vogel J, Lin L, Litzky LA, et al. Predicted Rate of Secondary
Malignancies Following Adjuvant Proton Versus Photon Radiation
Therapy for Thymoma. Int J Radiat Oncol Biol Phys. 2017;
99:427-433.



	First report of proton beam therapy for breast angiosarcoma from the prospective PCG registry
	Disclosure statement
	Funding
	References


