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Abstract

Patients diagnosed with breast cancer who have been treated with breast conserving surgery and radiation therapy
have an increased risk of developing radiation-associated angiosarcoma of the breast. With the increased use of
breast conserving surgery and radiation therapy in the management of breast cancer, greater awareness and under-
standing of the disease is required. This review describes the epidemiology, etiology, clinical presentation, imaging
features, differential diagnosis, and histopathological features of radiation-associated angiosarcoma of the breast.
Multimodality imaging includes mammography, ultrasound, and magnetic resonance imaging. Moreover, we high-
light key clinical practice points for radiologists regarding identification and management of the disease.
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breast) or it may arise secondary disease yields poor prognosis with

Introduction

to a biological insult (secondary significant metastatic potential.®

Angiosarcomas are malig-
nant tumors that originate from
endothelial cells lining vascular
channels. They are a rare histologic
subtype of soft-tissue sarcomas and
they represent only 1 to 2% of all
soft-tissue sarcomas.! The breast is
a common tissue in which angiosar-
coma may arise. Angiosarcoma of
the breast may arise spontaneously
(primary angiosarcoma of the

angiosarcoma of the breast), such
as radiation therapy (radiation-as-
sociated angiosarcoma of the breast
[RAAS], Box 1).2*

In recent years, RAAS has be-
come increasingly reported and it
has been suggested to be associated
with the increased use of breast
conserving surgery and radiation
therapy in the management of
breast cancer.>® Diagnosis of the

As such, radiologists’ ability to
appropriately recognize RAAS is
integral. We provide a compre-
hensive review of RAAS as well as
a multimodality imaging review
of the disease.

Epidemiology

Risk and incidence

Studies have demonstrated that
patients diagnosed with breast
cancer who are treated with breast
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conserving surgery and radiation
therapy have an increased risk of
developing RAAS as compared to
those patients who did not receive
radiation therapy.® Large popu-
lation-based studies utilizing the

Surveillance, Epidemiology, and

26 Supplement to Applied Radiology January / February 2024



Radiation-associated Angiosarcoma of the Breast

LEADERS ON THE HORIZON

Box 1. Definition of radiation-associated malignancy.

Criteria developed by Cahan and Woodward (1948) and further adapted by Arlen et al (1971) provides specifications for a malignancy to
be considered as radiation-associated.*”“® This criteria includes that: (1) the malignancy must have arisen in a previously irradiated field;
(2) the latency period between which the malignancy arose and the radiation therapy occurred is at least 3 years; and (3) the malignancy
possesses histological distinction from the primary malignancy.“”-4¢

Table 1. Summary of studies reporting the incidence of angiosarcoma of the breast after breast conserving surgery
and radiation therapy for the treatment of breast cancer.

REFERENCE YEARS DURING POPULATION NUMBER OF CASES OF NUMBER OF CASES REPORTED INCIDENCE
WHICH DATA WAS STUDIED BREAST CANCER TREATED  OF ANGIOSARCOMA OF ANGIOSARCOMA
COLLECTED WITH RADIATION THERAPY

Strobbe et al. 1987 to 1995 Netherlands 16 500 21 0.16%°

(1998) (8 years)

Marchal et al. 1975 to 1996 France* 18 115 9 0.05%

(1999) (21 years)

West et al. (2005) 1989 to 1997 California, USA** 423 4 1.11%"
(8 years)

Fodor et al. (2006) 1996 to 2004 Hungary** 6729 8 0.14%°
(8 years)

Bentley et al. 1993 to 2017 British Columbia, 41094 22 0.05%

(2020) (25 years) Canada

aIncidence calculated on assumption that 6% of the cohort did not receive radiation and an 85% 5-year survival, ° Incidence calculated on assumption of
85% 5-year survival, *data reported from 11 of 20 national cancer centers, **data reported from a single center.

End Results (SEER) database have
reported the incidence rate of
RAAS to be 7.6 per 100 000 person
years.” Five studies have estimated
the incidence proportion of RAAS,
with the incidence proportion
reported varying from 0.05% to
1.11% (Table 1).*'2 While certain
studies have demonstrated an
increased number of cases of RAAS
over time, the incidence proportion
of RAAS reported over time has not
increased.!>'

Etiology

The etiology of RAAS remains
poorly understood. Genome insta-
bility arising from DNA damage
and direct tumor induction arising
from radiation therapy through mu-
tations of relevant cancer-related
genes are thought to be central to
pathogenesis.'* Prolonged cellular
stimulation during tissue repair
associated with radiation-induced
ischemic changes may also have a
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role in the development of dis-
ease. Malignant transformation of
pre-existing primary benign lesions
after radiation therapy has also
been proposed.’*?

The risk of RAAS in BRCA 1/2
patients has also been evaluated.
Deficiencies in the DNA repair
mechanisms of these patients have
been hypothesized to increase ra-
diosensitivity and susceptibility to
carcinogenesis in surviving cells.*
Kadouri et al (2013) observed a high
frequency of BRCA 1/2 mutations
among patients diagnosed with
RAAS.' Nonetheless, while a two-
fold increased risk of RAAS among
BRCA 1/2 carriers was estimated,
given the rarity of the disease
this increased risk was not found
to be significant as compared to
patients without the mutation.*
BRCA 1/2 mutations should thus
not be considered in the decision
to pursue treatment with radiation
therapy, and they ought not to pre-
clude its use.’

The use of chemotherapy has not
been identified as a risk factor for
the diagnosis of RAAS. A systematic
review of radiation-associated sarco-
mas completed by Sheth et al (2012)
did not find any association between
the use of chemotherapy and the
development of the disease.™

Clinical Presentation

Radiation Latency

Huang and Mackillop (2001)
demonstrated that the risk of devel-
oping RAAS is increased within 10
years after radiation therapy, with
peak risk being between 5 and 10
years after radiation therapy.® Most
studies have reported a median
radiation latency, defined as the
interval between radiation thera-
py and the development of RAAS,
of approximately 7 years.*131217-19
Nonetheless, radiation latency may
vary greatly, with a range of 11
months to 24 years being reported.”
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Table 2. Summary of multimodal imaging findings of RAAS.

IMAGING MODALITY

Ultrasonography

SUMMARY OF IMAGING FINDINGS

present.

A hypoechoic, hyperechoic or heterogeneous mass
with or without posterior acoustic shadowing may be

IMPORTANT NOTES

Imaging findings are nonspecific.

Patients with the disease may or may not have imaging

findings on ultrasonography.

cutaneous nodules, and parenchymal masses as well as

associated findings of pectoralis muscle involvement or
lymphadenopathy may be observed.

Hyperintense skin thickening on T2 imaging may be
observed as well as hypointense, heterogenous, and
hyperintense lesions may also be identified.

Mammography Post-treatment changes following radiation therapy may Imaging findings are nonspecific.
be observed. Post-radiation therapy changes may obscure imaging
An ill-defined, non-calcified mass or focal asymmetry findings of the disease.
may be observed if the breast parenchyma is involved. Patients with the disease may or may not have imaging
findings on mammography.
MRI Skin thickening, nipple involvement, skin enhancement,  MRI is superior to ultrasonography and mammography in

the evaluation of RAAS.

28

Age at Presentation

RAAS generally presents in older
women. The median age at presen-
tation is 70 years, with a range of 36
to 92 years being reported.?

Clinical Features

The clinical presentation of
RAAS varies. RAAS most often af-
fects the dermis, though the disease
may also occasionally affect the
breast parenchyma.?® Skin changes
are often nonspecific and may
include discoloration, bruising,
nodularity, induration, thickening,
fibrosis, telangiectasia, and/or
bleeding of the skin. Discoloration
associated with RAAS is often
described as faint purple, blue, or
black or a bruise-like change in the
skin. *? A palpable lesion under-
lying skin changes may also be
present.’® While skin changes are
most often localized to the vicinity
of the previous surgical site or site
of radiation therapy, there may also
be diffuse involvement of the breast
or adjacent area.® Thorough clinical
assessment is imperative to avoid
the omission of satellite lesions,
which are oftentimes identified.”
Given the nonspecific nature of the
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clinical presentation of the disease,
diagnosis is often challenging, as
skin changes or lesions may be
easily mistaken for radiodermatitis,
trauma, or another cutaneous le-
sion.** Of the 21 patients observed
by Strobbe et al (1998), 6 patients
were reported to have delays in
appropriate diagnosis, which was
attributed to unfamiliarity with the
disease.® Documentation of skin
changes identified by clinicians or
by technologists during image ac-
quisition is thus integral to ensure
appropriate diagnosis.

Imaging Features

Imaging features of RAAS are
summarized in Table 2.

Mammography

Mammography findings of RAAS
are nonspecific. Often only post-treat-
ment changes after radiation therapy
may be seen mammographically,
including skin thickening, skin retrac-
tion, and architectural distortion
(Figure 1).>**?* These post-treatment
changes may obscure other mam-
mographic findings of the disease.?
If the breast parenchyma is involved,

an ill-defined, non-calcified mass or
focal asymmetry of the breast may be
observed (Figure 2).” Mammographic
imaging has also been reported to be
negative despite skin changes being
observed clinically.>%

Ultrasonography

Ultrasound may serve as a useful
initial screening modality at sites of
previous radiation therapy or previ-
ous tumor localization. Ultrasound
may also provide temporal compar-
ison if patients develop clinically
significant findings at the site of
previous radiation therapy, such as
skin nodularity or thickening.?

Ultrasound imaging findings of
RAAS are generally nonspecific.
Ultrasound may demonstrate a hy-
poechoic, hyperechoic, or heteroge-
neous mass with or without acoustic
shadowing. Color Doppler flow-
metry may be useful if enhanced
vascularity is observed (Figure
3).2% Of the 6 patients observed by
Chikarmane et al (2015), 3 patients
underwent ultrasound imaging,
which revealed skin thickening and
non-specific post-radiation therapy
skin changes and underlying
irregular masses.?
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Figure 1. (A) Baseline mediolateral oblique view mammogram of the left breast in a 65-year-old female with a prior history of invasive breast
cancer treated with partial mastectomy, sentinel lymph node biopsy, and radiation therapy demonstrated post-therapy changes (arrow). (B)
Two years later, mild skin thickening of the inferior breast was observed (arrow). (C) Three years later, the skin thickening was noted to have
substantially increased (arrow). (D) Histology revealed high-grade RAAS. Irregular sheets of oval and polygonal atypical cells showing numerous
mitoses lacking vascular channel formation were observed (arrows).
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Figure 2. An 82-year-old female with a previous history of left-sided invasive breast cancer Magnetic Resonance Imaging
managed with partial mastectomy, radiotherapy, and tamoxifen 10 years prior who presented with
a lump in the areolar region of the left breast. Mammographic craniocaudal (A) and mediolateral
oblique (B) views demonstrated a 2cm focal asymmetry. (C) Ultrasound of the retro-areolar region (MRI) may be utilized as a sur-
demonstrated an ill-defined mixed echogenicity mass with minimal internal vascularity. veillance modality in patients at

Magnetic resonance imaging

high risk for disease recurrence

or development of subsequent
disease after radiation therapy. The
non-specific findings on ultra-
sonography and potential false
negatives on mammography make
MRI an exceptionally valuable
imaging modality in the evaluation
of RAAS.’ Cutaneous findings, such
as skin thickening, skin enhance-
ment, and cutaneous nodules, may
be evaluated by MRI. MRI also
enables visualization of nipple
involvement, parenchymal masses,
pectoralis muscle involvement, and
lymphadenopathy (Figure 4). More-
over, MRI may assist in identifying
residual disease after excisional
biopsy and may also guide surgical
and treatment planning.*?

MRI findings of 16 patients with
RAAS were reported by Chikar-
mane et al (2015).2 All patients
demonstrated T2 hyperintense skin
thickening, while approximately
50% of patients were observed to
have discrete lesions with vary-
ing intensities and heterogeneity.
Four patients had a parenchymal
mass, of which all were likewise
identified on mammography and
3 were picked up on ultrasonog-
raphy. Fast initial and washout
delayed phase kinetics on contrast
enhanced T1 images of cutaneous
and intraparenchymal masses were
further investigated.”? Sanders et al
(2006) described the MRI findings
of two cases of angiosarcoma of
the breast.*® A nodule in the skin
adjacent to a lumpectomy scar
with fast initial and plateau delayed
phase kinetics was observed in 1
patient while cutaneous enhance-
ment at the lumpectomy scar
with fast initial and delayed phase
washout kinetics was observed in

another patient.®

30 Supplement to Applied Radiology January / February 2024



Radiation-associated Angiosarcoma of the Breast

LEADERS ON THE HORIZON

Figure 3. A 57-year-old female with previous history of left-sided breast cancer treated with breast conserving surgery and radiation therapy 9
years prior who presented with skin thickening and discoloration of the left breast. Ultrasound images of the left breast at the 12 o’clock position
demonstrated a circumscribed heterogenous, hypoechoic mass with minimally irregular margins (A) and positive color Doppler flow (B).

Differential Diagnosis

Radiologists must be aware that
RAAS should be included in the
differential diagnosis for any skin
changes or parenchymal mass
in the setting of prior radiation
therapy. Decreased prominence
of skin thickening and breast den-
sity within 2 years after radiation
therapy have been reported to be
in keeping with the natural course
of breast changes following breast
conserving surgery and radiation
therapy.?*'* Radiologists should be
aware of the possibility of recurrent
breast carcinoma, inflammatory
breast cancer, or mastitis in any
patient where an increase in skin
thickening or breast density is
present years after decreased prom-
inence of these findings. When
such findings are accompanied
by associated skin discoloration,
breast edema, raised skin nodules,
papules and/or vesicles, RAAS must
be considered in the differential
diagnosis.??*** Observable skin
changes or parenchymal masses
in a quadrant of the breast distinct
from the patient’s initial tumour
site may further suggest a diag-
nosis of RAAS.?
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RAAS ought to also be differen-
tiated from angiosarcoma asso-
ciated with chronic lymphedema
(also known as Stewart-Treves
syndrome). While RAAS occurs in
the ipsilateral breast or chest wall
thereafter radiation therapy, angio-
sarcoma associated with chronic
lymphedema occurs in the ipsilat-
eral lymphedematous extremity
after radical mastectomy for the
treatment of breast cancer.>*

Diagnosing RAAS
Process

Similar to other neoplasms,
diagnosis of RAAS is guided by
history and physical examination
of the patient, which catalyze
appropriate imaging and subse-
quent histologic confirmation of
the disease by tissue diagnosis. For
tumors which have a propensity
for cutaneous involvement, such as
RAAS, skin biopsy may be sufficient
for diagnosis though deeper lesions
require other techniques.* Though
fine needle aspiration (FNA) may
identify RAAS, core needle biopsy
is preferred because of the risk of
false negative results secondary
to potential inadequate sample

volume for appropriate histologic
or immunohistochemical evalua-
tion. Of the patients evaluated by
Marchal et al (1999), FNA was found
to be rarely conclusive.” As such,

a negative FNA is insufficient to
rule out a diagnosis of RAAS in the
setting of clinical suspicion for the
disease. Should the results of FNA
be negative and clinical suspicion
for the disease be maintained, core
needle biopsy is recommended

to obtain an appropriate tissue
diagnosis.®*38

Pathologic and Histologic Features

Tumors may vary significantly in
size, with most averaging between
5to 7 cm. They may be either
circumscribed or have infiltrating
borders. Areas of hemorrhage may
be present. Multifocality is com-
mon at the time of presentation and
patients may present with extensive
involvement of the breast.*

The histologic features of RAAS
are similar to those of primary
angiosarcoma of the breast.®
However, while nuclear grade
usually corresponds to differenti-
ation in primary angiosarcoma of
the breast, RAAS generally exhibits
poorly differentiated nuclei with
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Figure 4. A 79-year-old female with a history of right-sided breast cancer treated with breast conserving surgery, axillary lymph node dissection,
and radiation therapy 8 years prior who presented with a painful lump as well as dimpling and contour deformity of the right breast adjacent to
the nipple. Mammographic craniocaudal (A) and mediolateral oblique (B) views demonstrated diffuse skin thickening, architectural distortion,
and nipple retraction. Ultrasound image (C) demonstrated thickened edematous retroareolar tissue with no distinct mass. Axial T1 (D), T2

fat sat (E), T1 fat sat post-gadolinium subtraction (F), and angiomap (G) MRI images confirmed marked enlargement of the right nipple with
edematous patchy involvement and abnormal enhancement extending to the upper outer quadrant of the right breast to the level of the prior
surgical scar. Axial CT image (H) demonstrated the right breast being enlarged with increased density in the central breast deep to the nipple with
enhancement.
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Table 3. Histologic differential diagnosis of RAAS by tumor grade.

TUMOR GRADE HISTOLOGIC DIFFERENTIAL DIAGNOSIS

High grade Spindle cell carcinoma
Acantholytic variants of squamous cell carcinoma

Metaplastic carcinoma

Low grade and intermediate grade Benign vascular proliferations (hemangiomas, atypical vascular lesions)

Nonvascular stromal lesions (pseudoangiomatous stromal hyperplasia, benign papillary
endothelial hyperplasia (ie, Masson tumor*)

*Well-known mimic of low-grade angiosarcom

Figure 5. An 84-year-old-female with a history of RAAS treated
with mastectomy who experienced recurrence 6 years later
that was treated with wide local excision presenting with pain
and red discoloration at the lateral and superior portion of

the surgical scar. Axial contrast-enhanced CT of the chest (A)
demonstrated a rim-enhancing fluid collection and soft-tissue
lesion inseparable from the ribs with adjacent irregular skin
thickening. T2 MRI image (B) demonstrated hyperintense

skin thickening and an 8 mm nodule within the anterior fluid
component with no extension into the intrathoracic cavity.
18F-FDG PET image (C) demonstrated mild activity compatible
with a fluid collection. The skin thickening was demonstrated
to be markedly FDG-avid, compatible with malignancy.

vesicular chromatin, prominent
nucleoli, and mitotic activity, and
it is usually associated with high
grade lesions.™

Table 3 summarizes the his-
tologic differential diagnosis of
RAAS by tumor grade.™ There is a

January / February 2024

lack of consensus with respect to
the risk of developing angiosarco-
ma after the diagnosis of atypical
vascular lesions.'**"* While some
reports suggest these lesions to be
benign, others have documented
either subsequent progression

to angiosarcoma or the pres-
ence of angiosarcoma within the

same region.'**

Diagnosis of RAAS is confirmed
by means of immunohistochem-
istry staining with the following
being expressed: erythroblast
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the setting of prior radiation therapy.

of the disease.

is recommended for diagnosis.

Box 2. Clinical practice points for radiologists.

1. RAAS must be included in the differential diagnosis for any skin changes or breast parenchymal mass that is observed in

2. Imaging findings are often nonspecific, with MRI being superior to ultrasonography and mammography in the identification

3. A negative FNA is insufficient to rule out a diagnosis of RAAS if there is clinical suspicion of the disease. Core needle biopsy

transformation specific related
gene (transcription factor that
confirms vascular lineage), cluster
of differentiation 31 (platelet en-
dothelial cell adhesion molecule),
cluster of differentiation 34 (human
hematopoietic progenitor cell an-
tigen), factor VIII related antigen,
Myc protein, and tyrosine kinase
receptor KIT (cluster of differentia-
tion 117).20,24,42,43

Staging

Upon diagnosis of RAAS,; staging
with positron emission tomogra-
phy (PET) with fluorodeoxyglucose
(18F-FDG) may be completed
(Figure 5). Lesions with high max-
imum standardized uptake values
(SUV__) have been associated with
poor prognosis.*

The contralateral breast, chest
wall, lungs, liver, and skeleton are
frequent sites of metastases.>2%
Metastatic disease may be preceded
by one or more instances of
local recurrence.?

Conclusion

RAAS is a rare but important
complication of radiation therapy.
With the increased use of breast
conserving surgery and radiation
therapy in the management of
breast cancer, greater awareness
and understanding of the disease is
required. The clinical presentation
of RAAS is variable and appropri-
ate diagnosis is often challenging
as skin changes or lesions may be
easily mistaken for other entities.
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Ultrasound may serve as an initial
screening modality for the disease
but ultrasound findings are nonspe-
cific. Mammographic findings of
the disease are likewise nonspecific
and may be obscured by expect-

ed post-treatment changes after
radiation therapy. MRI is superior
to ultrasonography and mammog-
raphy in the evaluation of RAAS.
Radiologists must be aware of the
disease and its inclusion in the
differential diagnosis for any skin
changes or breast parenchymal
mass that is observed in the setting
of prior radiation therapy.
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