RapioLoGy CASE REPORTS 19 (2024) 3888-3894

Available online at www.sciencedirect.com

ScienceDirect RADIOLOGY

CASE
REPORTS

journal homepage: www.elsevier.com/locate/radcr

Case Report
Radiation-associated breast angiosarcoma after
strut-adjusted volume implant brachytherapy "~

Chidi T. Nwachukwu, MD*, Tara Henrichsen, MD

Mayo Clinic Department of Radiology, 200 First St. SW, Rochester, MN 55905, USA

ARTICLE INFO ABSTRACT

Article history: Angiosarcoma is a rare malignancy that may classically occur in the post-treatment breast.
Received 4 May 2024 Radiation and post-treatment edema have been identified in the literature as causative risk
Accepted 26 May 2024 factors. Modern treatment innovations have provided patients with more targeted radiation

therapy and more conservative surgical options, which may individually limit exposure to
these risk factors. Advanced treatment options are also able to provide superior cosmetic

Keywords: outcomes that can positively impact patient quality of life. Despite the ability for modern
Breast treatment options to mitigate post-treatment morbidities, there is still long-term risk to
Angiosarcoma the patient of developing treatment-related pathologies, such as breast angiosarcoma. Here
Brachytherapy we present a patient who underwent lumpectomy and received targeted brachytherapy
Radiation through a strut-adjusted volume implant device to her lumpectomy site. Her initial post-
MRI treatment course was mildly complicated by localized breast lymphedema, which resolved
PET/CT and left the patient with favorable cosmetic results. She developed treatment-associated

breast angiosarcoma after initial breast conservation therapy was completed approximately
6 and a half years prior. Her presenting physical exam and imaging findings are portrayed
with a comprehensive discussion of the commonly described presenting clinical features
and imaging findings of breast angiosarcoma. Factors related to radiation treatment plan-
ning and use of the strut-adjusted volume implant device are also discussed. Comparisons
between primary and secondary breast angiosarcoma are made, and a review of treatment
options is given.
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breast malignancies [1,2]. Primary and secondary angiosarco-
mas can occur within the breast with secondary breast an-
giosarcoma more classically associated with radiation, edema,
Angiosarcoma is a rare vascular soft tissue tumor originat- poor prognostic outcomes, and recurrence. In applicable post-
ing from vascular endothelium and reﬂecting less than 1% of treatment settings’ secondary breast angiosarcoma may be

Introduction

* Acknowledgments: The authors thank Desiree Lanzino, PhD, and Sonia Watson, PhD, for their help in editing and formatting the
manuscript.
** Competing Interests: The authors declare that they have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.

* Corresponding author.

E-mail address: nwachukwu.chidi@mayo.edu (C.T. Nwachukwu).

https://doi.org/10.1016/j.radcr.2024.05.081
1930-0433/© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.radcr.2024.05.081
http://www.sciencedirect.com/science/journal/19300433
http://www.elsevier.com/locate/radcr
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:nwachukwu.chidi@mayo.edu
https://doi.org/10.1016/j.radcr.2024.05.081
http://creativecommons.org/licenses/by-nc-nd/4.0/

RADIOLOGY CASE REPORTS 19 (2024) 3888-3894

3889

referred to as radiation-associated breast angiosarcoma. Ad-
vancements in the diagnosis and treatment of primary breast
malignancy have expanded the characteristically older pa-
tient base more commonly provided with treatment options,
including breast conservation therapy, which increases the
population at-risk for post-treatment-induced pathologies.
Popular innovations in radiation therapy, such as accelerated
partial breast irradiation (APBI), have sought to enhance post-
treatment cosmesis while minimizing post-treatment risks
in contrast to whole breast irradiation (WBI), by allowing
higher dose treatment to smaller breast tissue volumes over
a shorter treatment regimen period. APBI can be delivered
through application of a strut-adjusted volume implant (SAVI)
brachytherapy device to target the treatment dose to the ex-
cisional site. Here we present a patient who developed sec-
ondary breast angiosarcoma after undergoing APBI adminis-
tered via SAVI to her lumpectomy site. Awareness of the in-
creasing application of these contemporary techniques in the
expanded treatment of primary breast malignancy calls to
recognition the probable associated risks of radiation-induced
sarcoma.

Case

Patient presentation

The patient initially presented for treatment of invasive ductal
carcinoma of the left breast. The primary tumor was discov-
ered upon diagnostic characterization of an inner left breast
asymmetry noted on an outside facility screening mammo-
gram. The initial primary tumor was highly estrogen and pro-
gesterone receptor positive and HER-2/Neu negative without
angiolymphatic invasion. Excisional margins were negative.
Adjuvant high-dose radiation brachytherapy was initiated
soon after diagnosis, and treatment planning actively mini-
mized skin dose. The patient completed a regimen of 3 frac-
tions that were delivered with the SAVI mini device. The ini-
tial post-treatment course was mildly complicated by asymp-
tomatic left breast lymphedema for which a compression
brassiere was recommended. Early post-treatment diagnos-
tic imaging demonstrated expected post-treatment edema.
Favorable symmetry, healing, and overall cosmesis were re-
ported by the patient during post-treatment follow up visits
with radiation oncology.

Approximately 6 and half years after initial treatment
and presentation, the patient reported progressive left breast
“bruising” and discomfort, worsening over the course of
months. Diagnostic breast imaging demonstrated skin thick-
ening and edema (Fig. 1). Biopsy was performed at an outside
facility and pathology was designated as benign and reflec-
tive of fibrosis and lymphohistiocytic infiltrate. Left breast skin
punch biopsy was soon after performed, and pathologic find-
ings were consistent with high-grade angiosarcoma. PET/CT
and breast MRI were performed for further assessment of lo-
cal and possible distant disease. MRI assessment depicted en-
hancing left breast skin thickening with nodular enhance-
ment just deep to the skin findings, and mild non-mass en-
hancement extending to the site of prior lumpectomy (Fig. 2).

Fig. 1 - Mammogram mediolateral oblique (MLO) view of
the left breast. Study was performed for assessment of skin
changes noted years after initial breast conservation
therapy. Note trabecular thickening and overall increased
breast density. Skin thickening predominantly distributed
over the anterior breast.

PET/CT demonstrated avid uptake within the thickened left
breast skin (Fig. 3). The patient resumed multidisciplinary care
with a treatment plan consisting of chemotherapy followed by
radiation and subsequent surgery.

Discussion

Background

Though more common than primary, secondary breast an-
giosarcoma occurs rarely after breast conservation therapy
(BCT) as a result of treatment-associated radiation and lym-
phedema; however, increasing frequency has been reported as
a consequence of increasing incidence of BCT utilization for
management of primary breast malignancy [3-6]. In contrast
though, the frequency of lymphangiosarcoma in the setting
of chronic lymphedema, also known as Stewart-Treves syn-
drome, after axillary dissection and radical mastectomy has
declined because of rising implementation of BCT [7].

As primary breast malignancies treated with breast conser-
vation more commonly occur in older women, they are also
the more common demographic for developing secondary
breast angiosarcoma [1,5,8]. And with increasing early detec-
tion, more patients are diagnosed with primary breast malig-
nancy and undergo BCT, leading to increased radiation expo-
sure and instances of post-treatment edema [8]. This logic has
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Fig. 2 - Bilateral breast MRI post-contrast subtraction Maximum Intensity Projection (MIP) (A). Axial post-contrast
subtraction MRI images (B and C). Images depict asymmetric peripheral left breast enhancement with nodular
enhancement just deep to thickened skin (arrows and B arrowhead). Note non-mass enhancement extending from the
thickened, enhancing skin to the site of prior lumpectomy (C arrowhead).
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Fig. 3 - PET/CT 3D Maximum Intensity Projection (MIP) (A). Axial PET/CT (B and C). Images depict asymmetric left breast
uptake and focal inner left breast avidity better appreciated on 3D MIP. Fluorodeoxyglucose (FDG)-avid left breast skin
thickening (arrows) and mild avidity extending to the site of prior lumpectomy (C arrowhead).

been used to explain the rising incidence of this still rare tu-
mor, which continues to compose less than 1% of breast ma-
lignancies [1,2]. A retrospective clinicopathologic review per-
formed by Fodor et al. assessing patients of mean age 72, pre-
viously diagnosed with and conservatively treated for primary
breast malignancy, demonstrated a mean post-BCT latency
period of 6 to 7 years prior to clinical onset of post-treatment
angiosarcoma with an estimated incidence of 0.14% [4]. A sys-
tematic review performed by Soto et al. found a median age at
diagnosis of 71 with a latency period ranging from 0.5 to 14.9
years and a median latency of 6.0 years [8].

Although angiosarcoma has been reported in patients
treated with surgical management alone without radiation,
radiation-induced parenchymal change has been proposed
as a pathogenic contributor given the co-occurrence of an-
giosarcoma in patients given radiotherapy [3,4]. It has been
hypothesized that multifactorial post-treatment contributors
to breast edema and fibrosis occurring with either surgery
or radiotherapy create lymphangiogenic microenvironments
which foment tumor development and progression [3,4,9].
Radiation treatment and chronic lymphedema are accepted
independent factors reported to contribute to the develop-
ment of secondary angiosarcoma [3,5,8,7]. Increased risk has
been described in patients with genetic mutations associated
with increased risk of primary breast malignancy, providing

additional factors for treatment consideration and patient
discussion [10].

Secondary breast angiosarcoma usually originates within
the dermis, rarely developing within the breast parenchyma
proper [3]. Systematic low, intermediate, and high grading can
be applied to pathologic findings with reported prognostic im-
plications most unfavorable for high-grade tumors, which oc-
curs with higher frequency in cases of secondary breast an-
giosarcoma [1,7]. Pathologic findings of low-grade angiosar-
coma may resemble atypical post-radiation vascular lesions
and may result in a dilemma of pathologic concordance [7].

Clinical presentation

Initial concerning findings suggesting tumor proliferation
usually originate within the dermis, as opposed to primary
breast angiosarcoma, which more frequently originates
within the breast parenchyma proper [5,11]. Commonly
reported presenting findings consist of blue, black, purple,
or red skin nodules or ulcerations, though patients may
display concomitant progressive edema and skin thickening
[3,4,12]. Ecchymosis, erythema, and violaceous macules and
papules have been described as presenting findings [11,13].
Skin changes and discoloration may be mistaken for bruis-
ing or hematoma, so careful correlation for recent trauma



3892

RADIOLOGY CASE REPORTS 19 (2024) 3888-3894

is necessary, though trauma may in turn call attention to
skin findings consistent with intradermal tumor [5-7,14,15].
Concerning early findings can also occur in the chest wall
within the radiation field [7].

The presence of multiple skin lesions at presentation is
associated with lower 2-year survival rates, and the overall
number of lesions has been a reported predictor of overall sur-
vival [4]. To mitigate these risks post-BCT skin surveillance is a
recommended component of patient management [4]. In the
presence of questionable persistent skin changes, the clini-
cal history of BCT may be the deciding factor inciting further
follow-up and performance of cutaneous punch biopsy to ac-
quire confirmatory histology, even prior to imaging acquisi-
tion [13-15]. After surgical excisional biopsy, data supports cu-
taneous punch biopsy as a slightly superior mechanism for
pathologic diagnosis over core needle biopsy [14].

Importantly, additional pathologies which may confound
the diagnosis of post-treatment angiosarcoma should be rec-
ognized. Perioperative breast cellulitis, presenting as ery-
thema and edema, may occur prior to radiation therapy
and may also demonstrate post-radiation relapse or de-
velop after seroma aspiration [4]. Radiodermatitis is a com-
monly encountered acute to subacute progressive prodrome
of radiation-induced skin toxicity usually encountered within
weeks to months of radiotherapy, following an expected pro-
gression that conforms to established grading paradigms. Pri-
mary angiosarcoma is overall extremely rare but may present
within the breast, more commonly originating from the breast
parenchyma and usually affecting younger patients with
dense breasts, possibly presenting as a palpable mass [3,5].
Atypical vascular lesions are benign lymphovascular tumors
that may appear after radiation treatment and may resemble
low-grade angiosarcoma clinically and pathologically [7].

Imaging

Mammography may display asymmetries or trabecular and
skin thickening as accompanying imaging findings consistent
with edema; nonspecific findings may be misinterpreted as
expected post-treatment changes [5,6,11]. Skin and trabecu-
lar thickening producing increased breast density should di-
minish within 2 years post-radiation so that reappearance of
these findings or findings within a site separate from lumpec-
tomy but still within the radiation field should raise con-
cern for interval pathology [11]. In younger patients present-
ing with dense fibroglandular tissue, sonography may be a
fruitful supplement to indicate an underlying intraparenchy-
mal mass. Sonographic presentation may range from hyper-
vascular circumscribed or indistinct hyperechoic to hypoe-
choic masses, with cases of mixed echogenicity and lack of
a discrete mass described [3,5]. Intradermal disease may only
reveal skin thickening, which may generally be expected in
post-treatment patients [5]. Contrast-enhanced mammogra-
phy may similarly depict skin and trabecular thickening with
mass or non-mass enhancement, though skin enhancement
may prompt concern for underlying vasoformative neoplasm
[16].Initial diagnosis can be challenging in spite of appropriate
imaging [8].

Breast MRI may depict tumor extent and assist in surgi-
cal planning for resection of local disease but rarely demon-

strates a distinct mass [4,5]. If a mass is evident, then char-
acteristic features involve gross signal heterogeneity encom-
passing predominant T1 hypointensity and T2 hyperinten-
sity, though hemorrhage and venous lake formation in higher-
grade tumors may confer areas of T1 hyperintensity; higher
grade tumors also more aptly display rapid enhancement and
washout kinetics [5,11]. MRI signal characteristics may also
be attributed to necrosis and cystic degeneration, and inter-
mittent hemorrhage may result in a visualized hemosiderin
ring [6]. Cross-sectional imaging may demonstrate enhancing
skin nodules within the thickened, enhancing dermis consis-
tent with dermally based disease [5,14]. Nodular dermal en-
hancement alone may be the only pertinent MRI finding with
suspected presence of neoplasia confirmed after surgical ex-
cision [17]. Multicentric disease with relatively large tumors is
also commonly encountered and can be further characterized
with cross-sectional imaging [5]. FDG avidity has been demon-
strated with angiosarcomas, allowing for supplemental stag-
ing with 8F-FDG PET [5].

Radiotherapy considerations

Radiotherapy techniques have evolved to deliver high doses
more accurately to targeted volumes; however, proposed
dose-related risks including post-treatment radiation-
induced sarcoma have been described [18]. Volumetric
modulation arc therapy (VMAT) in the administration of
radiotherapy can increase radiation exposure to surrounding
normal tissue by increasing the dose per delivered fraction,
though this advanced technique of intensity-modulated radi-
ation therapy (IMRT) may allow for specific volumetric tumor
targeting in an effort to reduce surrounding dose [19,18]. APBI,
which may be performed via a SAVI brachytherapy device (a
form of air-filled single-entry brachytherapy delivery) may be
delivered utilizing VMAT techniques of IMRT delivery with
shorter overall treatment regimens when compared with
WBI. The goal of APBI is focused exposure to the target site
and a relatively narrow margin of bordering tissue as opposed
to the whole breast in WBI, which allows for higher dose
delivery to the target volume over a shorter time period.
APBI is a common option for radiotherapy in patients with
early local malignancy amenable to conservative resection
and may be delivered via three primary brachytherapy meth-
ods: interstitial implants, liquid-filled single-entry devices, or
air-filled single entry devices [20]. The SAVI brachytherapy de-
vice can be directly inserted into an excisional site, such as
the lumpectomy bed, for direct radiotherapy administration
at exact points within the operative site in an effort to fur-
ther reduce dose to site adjacent normal tissue [21,22]. Supe-
rior cosmesis and quality of life compared to WBI, with min-
imal to no instances of fat necrosis or other persistent breast
changes, have been recounted with SAVI usage [19,22].
Treatment criteria and dosimetric guidelines for SAVI
delivery of APBI, such as limits to maximum acceptable skin
dose, can vary by institution, and dose to the excisional site
may be necessarily sacrificed to reduce skin dose [23]. Treat-
ment planning considerations, including small breast volume,
small excisional sites with small treatment target volumes,
and short target to skin distance, may act as exclusionary
criteria when considering treatment strategies [24]. Breast
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mobility between treatments may also contribute to dose
exposure to variable volumes of normal surrounding tissue,
but favorable non-target organ doses have been reported [24].
It has been proposed that these techniques slightly increase
the risk of secondary malignancy in treated patients with
specific consideration for radiation-induced sarcoma devel-
opment at 15 to 20 years within areas receiving doses of 10 to
15 Gy [18].

Management and treatment

The high-grade propensity of post-BCT secondary breast an-
giosarcoma contributes to a habitually poorer prognosis com-
pared to primary breast angiosarcoma [2,18]. Current treat-
ment options for radiation-induced breast angiosarcomas are
limited, as these tumors commonly are not amenable to surgi-
cal or chemotherapeutic management or further radiotherapy
[4].

Axillary-sparing total mastectomy is a proposed pri-
mary management option, unless evident pathologic lym-
phadenopathy is present [3,25]. Axillary nodes are usu-
ally nonpathologic in appearance, as distant hematogenous
metastasis is more characteristic, but lymph node metasta-
sis may occur in a few patients [6,26-28]. Unfavorable axillary
status has been described as a primary poor prognostic in-
dicator and is considered stage IV disease by the American
Joint Committee On Cancer, warranting axillary assessment
[27]. Sentinel lymph node biopsy and axillary dissection com-
bined with mastectomy have been reported as surgical man-
agement components of treatment planning [29].

The benefit of mastectomy over conservative breast surgi-
cal management has been questioned, as a lack of statistically
significant comparative prognostic benefit has been shown [1].
Nevertheless, surgical management with the goal of resecting
the entire irradiated field with wide margins has been advo-
cated [10,14,17,29]. High incidences of recurrence after radical
mastectomy have been reported with short post-mastectomy
latency periods ranging from 1 to 5 months [4]. In spite of local
treatment efforts, skin graft recurrence has also been reported
within 1 year of attempted curative mastectomy [30]. Multiple
recurrences have been characteristic in contributing to the
overall high recurrence rate [2]. A multidisciplinary treatment
review of cases of radiation-associated breast angiosarcoma
performed by Guram et al. reported reduced recurrence in pa-
tients treated with a sarcoma-targeted multidisciplinary team
effort, with more patients attaining 3-year local recurrence-
free survival periods, suggesting additional factors may assist
in prolonging a recurrence-free treatment course [12].

The ability to perform complete surgical resection with
negative margins remains an important prognostic factor
in attempting to mitigate recurrence, though prognosis re-
mains poor [1,5,9,10,28]. Higher grade tumor, delayed diagno-
sis, larger size, and incomplete resection are reported poor
survival indictors [7,29]. Presence of distant metastasis has
been correlated with larger lesion size at presentation and
higher mortality, compelling '8F-FDG PET staging [11,28].

Prior radiation to the affected site may limit treatment
planning and role of repeat radiotherapy, though success-
ful prognoses have been reported with the use of hyperfrac-
tionated radiotherapy in patients presenting with secondary

post-radiation breast angiosarcoma [4,5]. Electrochemother-
apy as an adjunct has been reported to produce a favorable
response [3]. Hyperthermia utilization as a radiosensitizing
mechanism has been combined with accelerated radiother-
apy techniques with reported favorable results [29]. Antian-
giogenic agents which inhibit the effects of factors such as
vascular endothelial growth factor (VEGF) are also utilized for
treatment, though more data regarding pathogenesis is nec-
essary to refine more targeted therapies, as VEGF expression
is more commonly associated with lower grade tumors [3,10].

Conclusion

Secondary breast angiosarcoma is a rare malignancy present-
ing in older post-treatment patients with more likely higher
grade and locally advanced tumor at the time of presentation.
As components of radiation treatment planning, APBI deliv-
ered through a SAVI brachytherapy device can multifactorially
augment radiation exposure post-surgery through its ability
to deliver higher, more focused doses to less breast tissue vol-
ume than WBI, though more information on outcomes would
be beneficial. APBI techniques are capable of superior cosme-
sis and patient quality of life compared to WBI; however, our
case may demonstrate persistent post-radiation risks, includ-
ing radiation-induced angiosarcoma.

Poor prognosis can be mitigated to a degree by early
recognition, prompt tissue diagnosis, and complete resection,
though recurrence is likely. The high risk of recurrence and
mortality in addition to the morbidity risk associated with
attempted tumor burden control accentuate the necessity of
early prodrome recognition and patient diagnosis. Imaging
observations in patients presenting with clinical findings of
concern may be ambiguous and nonspecific and should not
hinder attempted tissue diagnosis through cutaneous punch
biopsy. Clinical surveillance of post-BCT patients is a criti-
cal component allowing for early diagnosis. Addressing post-
treatment lymphedema is also of note and is not only impor-
tant for patient quality of life but also relevant to mitigating
associated comorbidities.

In patients with intraparenchymal secondary breast an-
giosarcoma, initial imaging may more aptly demonstrate a
distinct breast mass or localized parenchymal pathology. Lo-
cal staging with dedicated breast MRI is central to treatment
planning by characterizing regional extent of disease 8F-FDG
PET assists in characterizing locoregional disease and iden-
tifying distant metastasis, which may be particularly char-
acteristic of locally extensive disease. Imaging contributions
play a vital role in characterizing disease extent for further
treatment planning, assisting in the feasibility of complete
resection.

Patient consent

The patient in this case report signed a consent form to
allow for her de-identified imaging and history to be used
for research purposes, including publication. She also has
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Minnesota Research Authorization consent to use her de-
identified information.
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