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Background: We aimed to study the clinicopathologic and immunohistochemical (IHC) (CD117, c-Myc, and p53) characteristics, and
overall survival of primary and secondary breast angiosarcoma (BAS). Methods: This was a retrospective study of BAS cases diagnosed
between 1997 and 2020 at our institution. Hematoxylin and eosin-stained slides were reviewed for tumor morphology, margin status,
and lymph node metastasis. CD117, p53, D2-40, CD31, and c-Myc IHC stains were performed on 11 viable tissue blocks. Additional
clinical information was obtained from the electronic medical records. Results: Seventeen patients with BAS were identified. Of these, five
(29%) were primary and 12 (71%) were secondary BAS, respectively. The median age at diagnosis for primary BAS was 36 years. The medi-
an age at diagnosis for secondary BAS was 67 years. The median time to secondary BAS development following radiotherapy was 6.5
years (range, 2 to 12 years). There was no significant difference between primary and secondary BAS in several histopathologic parame-
ters examined, including histologic grade, necrosis, mitotic count, lymph node metastasis, and positive tumor margins. There was also no
difference in CD117, p53, D2-40, CD31, and c-Myc expression by IHC between primary and secondary BAS. During a median follow-
up of 21 months, primary BAS had two (40%) reported deaths and secondary BAS had three (25%) reported deaths. However, this dif-
ference in survival between both groups was not statistically significant (hazard ratio, 0.51; 95% confidence interval, 0.09 to 3.28; p=
.450). Conclusions: BAS is a rare and aggressive disease. No histologic, IHC (CD117, c-Myc, and p53), or survival differences were
identified between primary and secondary BAS in this study.
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Breast sarcomas are a heterogeneous group of tumors, with an
annual incidence of 4.6 cases per million year and account for
about 1% of all breast malignancies and < 5% of all soft tissue
sarcomas [1]. Within this cohort, angiosarcoma represents the
most common histological subtype with high recurrence rates and
an overall poor prognosis [2]. Breast angiosarcoma (BAS) can be
divided into two main types: primary BAS developing de novo
and secondary BAS developing as a consequence of previous breast
cancer treatment (e.g., ptior postoperative radiotherapy and/or
long-lasting lymphedema after treatment for breast cancer known
as Stewart-Treves syndrome) [3]. Primary BAS is a malignant vas-
cular neoplasm that arises within the breast parenchyma, while
secondary BAS often arises at the site of previous radiotherapy in
the skin/cutaneous tissue and might invade the breast parenchy-
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ma secondarily [4]. These tumors tend to involve the dermis of
the skin and can be misdiagnosed as other benign clinical entities
[5]. Primary BAS has been observed in women between the ages
of 3050 years who present with poorly defined palpable masses,
fullness or swelling in the breast [6]. Secondary BAS, on the other
hand, presents in older women as painless bruising that is fre-
quently multifocal but, can also present with a mass which is often
neglected because of its seemingly innocent appearance [6]. Di-
agnosing BAS on imaging may be problematic as mammogram
and ultrasound do not have pathognomonic characteristics as may
be seen with adenocarcinoma and other nodules [6]. However,
there is some evidence that mammographic findings might raise
suspicion for this diagnosis [7] and some studies have demon-
strated the ability of magnetic resonance imaging to identify pat-
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terns of malignancy in BAS [6].

The genetic and molecular alterations in BAS are still poorly
understood due to its rarity and limited number of cases. Muta-
tion of the TP53 gene which is a tumor suppressor gene, results in
malfunctioning of DNA damage repair pathways, cell-cycle arrest,
chromatin remodeling, and apoptosis [8]. MYC proto-oncogene—
the human cellular homolog of the v-myc oncogene of avian
myelocytomatosis retrovirus MC29—which is located on chro-
mosome 8 (8q24.12-q24.13)—is found to act as a strong tran-
scription factor, implicated in the control of cell differentiation
and apoptosis [9]. Induction of this transcription factor promotes
cell proliferation and transformation [10]. MYC amplification
is observed frequently in solid malignancies of different histoge-
netic origin [11-13]. The KIT gene encodes for a tyrosine kinase
growth factor receptor stem cell factor, c-kit (CD117) protein and
is constitutionally expressed in hematopoietic stem cells, mast
cells, germ cells, melanocytes, certain basal epithelial cells, lu-
minal epithelium of breast, and the interstitial cells of Cajal of the
gastrointestinal tract [14]. Some reports suggest a genetic pre-
disposition leading to the development of post-radiation (sec-
ondary) angiosarcoma, such as a mutation in the TP53, ATM,
or KIT gene [15-17]. MYC amplifications have also been reported
in post-radiation (secondary) BAS, but not in primary BAS [18].
However, the limited number of patients in each analysis has
made general conclusions difficult [19]. Immunohistochemistry
(IHC) as a laboratory technique is used to determine the differen-
tial expression of proteins in tissues. c-Myc, p53, and CD117 ex-
pression by IHC has been infrequently described in primary and
secondary BAS. W, therefore, investigated the expression of these
antibodies and their prognostic significance on viable tissue
blocks within our patient cohort. Additionally, markers of lym-
phovascular differentiation including CD31, and D2-40 were also
performed.

The primary aim of this study is to describe the clinicopatho-
logic characteristics and results of c-Myc, p53, CD117, CD31,
and D2-40 expression by IHC in BAS. The secondary aim of our
study is to describe the overall survival (OS) of BAS in our pa-

Table 1. Antibody characteristics
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tient population, defined as time from first diagnosis of BAS to
death or date of last follow-up.

MATERIALS AND METHODS

We retrospectively reviewed our database to identify patients
diagnosed with primary and secondary BAS between January
1997 and February 2020. Study inclusion criteria included a prior
diagnosis of BAS. Cases were categorized as primary BAS if they
had no prior history of breast cancer or secondary BAS following
post-radiation therapy for a prior breast cancer. Two surgical pa-
thologists with expertise in breast pathology (RAF and SB) and
EA reviewed pathology records including histologic slides to con-
firm the diagnosis of BAS. Additionally, IHC staining for CD117,
p53, ¢-Myc, CD31, and D2-40 was performed on eleven 4-micron
thick paraffin-embedded tissue sections. The slides were dried at
62°C and counterstained with Mayer’s hematoxylin and bluing
reagent. Appropriate positive and negative controls were employed
throughout. The antibody incubation and detection were per-
formed on an autostainer (Ventana Bench Mark UltraView, Uni-
versal DAB kit, Ventana Medical Systems, Tucson, AZ, USA).
Table 1 summarizes the clones, dilutions, incubation times, and
sources for the antibodies used. CD117 immunoreactivity was
interpreted as positive with the presence of uniform cytoplasmic
(or membranous) staining in the tumor cells. For p53, the immu-
noreactivity scoring was counted as the percentage of nuclear
staining per 10 high-power fields (HPF), in several areas, regard-
less of the staining intensity [20]. A 20% cutoff value for detec-
tion of positive nuclear reactivity was selected for p53 antibody
as previously described [21,22]. Strong nuclear staining in greater
than 50% of the tumor cells was interpreted as positive for c-Myc
and a negative result was represented by faint staining in a small
percentage of cells (less than 50%) [23]. CD31 and D2-40 were
both interpreted as positive with membranous (and cytoplasmic)
staining in the tumor cells. Histologic parameters reviewed include
tumor size, tumor grade, mitotic count (number of mitoses per
10 HPF, using a 40 x objective and a 10 x ocular lens; field size

Antibody Clone Dilution Vendor Retrieval (HIER) (min) ~ Antibody incubation (min)
c-kit (CD117) Rabbit polyclonal 1:250 Dako CC1: 36 60
p53 DO-7 mouse monoclonal RTU Ventana Medical Systems CC1: 36 32
c-Myc Y69 (rabbit) RTU Ventana Medical Systems CC1:64 32
CD31 JC70 (mouse) RTU Cell Marque CC1: 36 40
D2-40 (podoplanin) D2-40 (mouse) RTU Cell Marque CC1: 36 32

HIER, heat-induced epitope retrieval; RTU, ready to use reagent.
CC1 is Ventana Medical Systems retrieval solution, RTU, at pH 8.0.
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0.25 mm’), necrosis, lymphovascular invasion, lymph node me-
tastasis, and margin status. Tumors were histologically graded as
low, intermediate, or high [24,25]. Low-grade tumors contain
open, anastomosing vascular channels that proliferate within der-
mis, subcutaneous tissue or breast tissue [26]. A single layer of flat
endothelial cells which may be hyperchromatic with small nucle-
oli line these channels, which dissect through the stroma, caus-
ing distortion but little destruction of the preexisting lobules and
ducts, with the absence of solid/spindle cell foci, blood lakes, and
necrosis [26]. Intermediate-grade angiosarcoma differs from low-
grade by containing additional cellular foci of papillary forma-
tions and/or solid/spindle cell proliferation with slightly increased
mitoses [26]. High-grade angiosarcoma contains tumor lined by
malignant endothelial cells with prominent cytologic atypia. En-
dothelial tufting and papillary formations are present, with con-
spicuous solid and spindle cell areas mostly devoid of vascular
formations [26]. In addition, mitoses may be brisk especially in
more cellular or solid areas and areas of hemorrhage, known as
“blood lakes” and necrosis are also prominent [26]. Additional
clinical data, including demography, tumor laterality, time to
development of secondary breast angiosarcoma, comorbidities
including obesity, diabetes, hypertension, and smoking history,
treatment received and OS were obtained from the electronic medi-
cal record.

Patient baseline characteristics were summarized by median
(range) and frequency (%) for continuous and categorical variables,
respectively. Group comparisons were performed by Fisher exact
tests for categorical variables and Wilcoxon rank-sum tests for con-
tinuous variables. The distribution of OS was graphically described
using Kaplan-Meier curve along with a median and 95% confi-
dence interval (CI). The median follow-up time was estimated
using the reverse Kaplan-Meier method. A log-rank test was used
to compare Kaplan-Meier curves between groups. When a cate-
gorical variable has more than two levels, a global log-rank p-value
was calculated using likelihood ratio tests. Due to the small sample
size, Cox proportional regression analyses were limited to univari-
able analyses. Firth Cox regression models were used to reduce bias
in maximum likelihood estimation caused by rare events. The
proportional hazard assumption was verified based on Schoen-
feld residuals, and no violation was found except for positive mar-
gins and tumor site that were further confirmed using restricted
mean survival time.

RESULTS
Seventeen women with a diagnosis of BAS were identified and
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of these, 12 (71%) were Caucasians and five (29%) were Black/
African Americans (AA). Primary BAS was seen in five cases (29%)
and secondary BAS was seen in 12 cases (71%), respectively. In
terms of race and its association with disease occurrence, secondary
BAS was more common in both Caucasian and Black/AA women.
However, the impact of race on disease occurrence was not statis-
tically significant (p >.99). The median age at diagnosis for pri-
mary BAS was 36 years (range, 23 to 71 years) and the median
age at diagnosis for secondary BAS was 67 years (range, 33 to 76
years). However, this difference in age was not statistically signifi-
cant (p =.246).

Right-sided tumors were more common (80%) in women
with primary BAS, compared with women with secondary BAS
in which left-sided tumors were more common (58%). However,
this difference in tumor laterality was not statistically significant
(p =-294). Multifocal tumors were observed in one case of pri-
mary BAS (20%) and three cases of secondary BAS (25%) (p >
99). Skin involvement was present in seven secondary BAS cases
(58%); however, there was no involvement of the skin in any of
the primary BAS cases (p = .044). Positive margins were seen in
two cases (40%) of primary BAS and six cases (50%) of secondary
BAS. However, this difference was not statistically significant (p >
99). For the remaining cases with negative tumor margins, the
median tumor size for primary BAS was 2 c¢m (range, 0.5 to 28
cm) and the median tumor size for secondary BAS was 0.95 cm
(range, 0.4 to 2.5 cm). However, this difference in tumor size be-
tween both groups was not statistically significant (p=.437).

The tumors were graded into low (Fig. 1A, B: primary BAS;
Fig. 1C, D: secondary BAS), intermediate (Fig. 2A, B: primary
BAS) and high grade (Fig. 3A, B: primary BAS; Fig. 3C, D: sec-
ondary BAS) based on previously defined histologic criteria [24,25].
However, we found no difference in histologic grade between pri-
mary and secondary BAS (p =.087). Other histologic parameters
examined include presence of tumor necrosis, lymph node me-
tastasis, and mitotic count (categorized into > 10/10 HPF and
< 10/10 HPF). There was no difference between primary and sec-
ondary BAS with regard to tumor necrosis (p =.538), lymph node
metastasis (p = .191), and mitotic count (p=.593).

Additional clinical characteristics evaluated from our patient
population include the incidence of obesity (body mass index >30),
hypertension, smoking, diabetes, and the treacment received for
their BAS diagnosis. We observed that patients with secondary
BAS appear to have more concurrent clinical comorbidities; how-
ever, these findings were not statistically significant when com-
pared with patients with primary BAS (obesity: p=.117; hypet-
tension: p =.102; smoking: p >.99; diabetes: p=.338). In line with
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Fig. 1. Low-grade breast angiosarcoma (BAS). (A) Primary BAS with dilated and anastomosing vascular channels lined by flat endothelial
cells infiltrating into the breast parenchyma. A focus of atypical ductal hyperplasia is also seen. (B) Higher magnification of previous image. (C)
Secondary BAS with dilated and anastomosing vascular channels lined by flat endothelial cells. (D) Higher magnification of previous image.

Fig. 2. Intermediate-grade primary breast angiosarcoma. (A) Anastomosing vascular channels lined by endothelial cells displaying mild to
moderate cytologic atypia, with increased cellularity and tufting. (B) Higher magnification of previous image.

published literature, CD117 (Fig. 4A: primary BAS; Fig. 4B: sec-
ondary BAS), p53 (Fig. 5: secondary BAS), c-Myc (Fig. 6A: pri-
mary BAS; Fig. 6B: secondary BAS), CD31 (Fig. 7A: primary
BAS; Fig. 7B: secondary BAS), and D240 (Fig. 7C: primary BAS;
Fig. 7D: secondary BAS) THC stains were performed on 11 (3 pri-
mary and 8 secondary BAS) viable tissue blocks. Although there
was no significant difference in the expression of CD117 (p>.99),
P53 (p=.236), D240 (p>.99), CD31 (p>.99), and c-Myc (p >
.99) between primary and secondary BAS, it’'s noteworthy that
P53 was only expressed in secondary BAS cases, and lacked ex-
pression in the primary BAS cases evaluated. Furthermore, c-Myc

https://doi.org/10.4132/jptm.2022.08.31

showed expression in both primary and secondary BAS cases. Ta-
ble 2 summarizes the IHC pattern of expression in both primary
and secondary BAS. All patients with BAS were managed with
wide local excision or mastectomy. Two patients with secondary
BAS received additional chemotherapy and one patient with
primary BAS received additional chemotherapy and radiotherapy.
However, there was no difference between patients who were
treated with surgery alone and those who received additional treat-
ments (p=.353). Table 3 summarizes the clinicopathologic char-
acteristics, comorbidities, and treatment received by BAS type,

respectively.
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Fig. 3. High grade breast angiosarcoma (BAS). (A) Primary BAS showing vascular channels lined by malignant spindled to ovoid cells with
prominent cytologic atypia, increased cellularity and solid areas. (B) Higher magnification of previous image. A mitotic figure is also seen. (C)
Secondary BAS showing vascular channels with mostly solid spindled to ovoid malignant cells with prominent cytologic atypia and increased

cellularity. (D) Higher magnification of previous image.

Fig. 4. CD117. (A) Primary breast angiosarcoma (BAS) showing CD117 cytoplasmic immunoreactivity on immunohistochemistry (IHC). (B)
Secondary BAS showing CD117 cytoplasmic immunoreactivity on IHC.

The median time to development of secondary BAS following
radiation therapy was 6.5 years (range, 2 to 12 years). The pres-
ence of tumor necrosis had an adverse effect on OS in BAS and this
observation was statistically significant (p =.034). However, other
histologic variables, including tumor size (p =.307), tumor grade
(global p =.638), mitotic count (p=.075), lymph node metastasis
(p=.278), and positive margin status (p =.998) had no significant
effect on OS in BAS. Factors such as age at diagnosis (p = .845),
race (p =.787) and type of BAS primary vs. secondary (p =.450)
all had no significant effect on OS. Additionally, comorbid char-

https://jpatholtm.org/

acteristics including obesity (p =.063), hypertension (p =.990),
smoking (p=.551), and diabetes (p = .548) also had no significant
impact on OS in BAS. There was also no difference in OS between
patients who were treated with surgery alone and those who were
treated with surgery and chemotherapy or radiotherapy (p=.671).
By IHC, CD117 (p=.676), p53 (p =.847), D2-40 (p =.960),
and ¢-Myc (p =.847) all had no significant effect on OS in BAS.
The median follow-up period for both primary and secondary
BAS was 21 months. The Kaplan-Meier curve of OS suggests that
patients with primary BAS may have worse outcomes compared
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with patients with secondary BAS; however, this finding was not
statistically significant (hazard ratio [HR], 0.51; 95% CI, 0.09
to 3.28; p = .450) (Fig. 8). Kaplan-Meier curve also shows no
difference in OS between Caucasian and Black/AA women (Fig.
9). Tumors with mitoses > 10/10 HPF also appear to have worse
OS on the Kaplan-Meier curve; however, this finding was not sta-
tistically significant (Fig. 10). Additionally, Kaplan-Meier evalu-
ation of OS, also shows worse OS for tumors with positive mar-
gins (Fig. 11), necrosis (Fig. 12), and histologic high grade (Fig.
13). However, these observations were all not statistically sig-

Fig. 5. Secondary breast angiosarcoma showing p53 nuclear im-
munoreactivity on immunohistochemistry. nificant. By IHC, the Kaplan-Meier evaluation of OS shows that

Fig. 6. c-Myc immunohistochemistry (IHC). (A) Primary breast angiosarcoma (BAS) showing c-Myc nuclear immunoreactivity on IHC. (B)
Secondary BAS showing c-Myc nuclear immunoreactivity on IHC.

Fig. 7. (A) Primary breast angiosarcoma (BAS) showing CD31 membranous immunoreactivity on immunohistochemistry (HC). (B) Second-
ary breast angiosarcoma showing CD31 membranous immunoreactivity on IHC. (C) Primary BAS showing D2-40 membranous immunore-
activity on IHC. (D) Secondary BAS showing D2-40 membranous immunoreactivity on IHC.
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Table 2. Immunohistochemical profile

Table 3. Patient characteristics according to BAS type

; Total Primary BAS ~ Secondary BAS 5 . Total  Primary BAS Secondary p-
veitElole (n=11) (n=3) =g  Pvaue itz e (=17)  (=5)  BAS(n=12) value"
CD117 >.99 Age at diagnosis (yr) 66 (23-76) 36(23-71) 67(33-76) .246

Positive 7 (63.6) 2 (66.7) 5 (62.5) Race >.99

Negative 4(36.4) 1(33.9 3(37.9) Caucasian 12(70.6)  4(80.0) 8(66.7)

P53 236 African American 5(29.4) 1(20.0) 4(33.3)

Positive 4(36.4) 0 4(80.0) Tumor size (cm) 1.1(0.4-28) 2(0.5-28) 0.95(0.4-2.5) 437

Negative 7 (63.6) 3(100) 4 (50.0) Missing 8 2 6
D_fjo. . >99 Tumor grade .087

Nos't'tv,e ‘71 ggj; f Eggg 2 Egig Low 6353 2400 4333

egative ! . . .
cosi > E‘terrumedlate g(;;g) ? (gg? 8(66.7

Posiive 11 (100) 3(100) 8 (100) 9 , ©29 11200 (66.7)

Negative 0 0 0 Tumor necrosis .538
C-MYG - 99 Yes 4(235)  2(40.0) 2(16.7)

Positive 8(72.7) 2(66.7) 6(75.0) No 13(r6.5)  3(60.00  10(833)

Negatve  3(27.9) 1(33.3) 2 (25.0) Mitotic count 593
BAS, breast angiosarcoma. >10/10 HPF 7(41.2) 3(60.0) 4(33.3
sFisher exact test. <1010 HPF 10(68.8)  2(40.0) 8(66.7)

Lymph node metastasis 191
1.00 J=— Median OS (95% Cl, yr) Yes 3(17.6) 2(40.0) 1(8.9)
: I == Primary BAS (Ref.): 1.25 (1.25-NR) No 14(82.4)  3(60.0) 1191.7)
Secondary BAS: NR (1.67-NR) Positive margins > .09
0751 Yes 8(47.1)  2(40.0) 6 (50.0
No 9(52.9)  3(60.0) 6 (50.0)
» Tumor site 294
O 050+ Right 9(52.9)  4(80.0) 5(41.7)
Left 8(47.1)  1(20.0) 7(58.3)
0.5 | Multifocal tumors >.99
' Yes 4235  1(200) 3(25.0)
HR=0.51 (95% Cl, 0.09-3.28); p=.450 No 13(76.5)  4(80.0) 9(75.0)
0.00 T T T T T Skin involved 044
0 1 2 34 5 Yes 7412 0 7(583)
Years from diagnosis No 10688 5 (100) 5(41.7)
Nso. at risk . 1 1 ] 0 Obesity a7
]
1 . 3 3 ’ 0 Yes 12(706) 2(400)  10(83.3)
No 5(9.4)  3(60.0) 2(16.7)
Fig. 8. Kaplan-Meier curves of overall survival (OS) by type of Hypertension 102
breast angiosarcoma (BAS). ClI, confidence interval; NR, not Yes 6353 0 6 (50.0)
reached; HR, hazard ratio. No 11647)  5(100) 6(50.0)
Smoking >.99
CD117 positive (Fig. 14) and c-Myc positive (Fig. 15) tumors Yes 4(235) 1(20.0) 3(25.0)
all behave worse than their negative counterparts, respectively; No 13(76.5)  4(80.0) 9(75.0)
however, these observations were not statistically significant. Diabetes 338
Table 4 summarizes the univariable Cox proportional hazard re- ves 7(41.9 100 6(00)
. . . . .. No 10 (58.8 4 (80.0 6 (50.0
gression analyses of risk factors associated with OS. Additional , %88 800 1500

i o ] Treatment received .363
patient and tumor characteristics are presented in the Supple- Surgery only 14(824) 4800 10(833)
mentary Table S1. Surgery+chemotherapy 2 (11.8) 0 2(16.7)

Surgery +radiation + 1(6.9 1(20.0) 0
chemotherapy

DISCUSSION
Our study is unique because we describe a single academic med-
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Values are presented as median (range) or number (%).
BAS, breast angiosarcoma; HPF, high-power field.
eFisher exact test or Wilcox rank-sum test as appropriate.
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1,00 Jomme Median OS (95% Cl, yr)
.00 4+ == Caucasian (Ref.): NR (1.25-NR)
African American: NR (1.67-NR)
0.75 1
I
@ d
O 0.50 T
0.25
HR=1.26 (95% Cl, 0.21-6.55); p=.787
0.00 T T T T T
0 1 2 3 4 5
Years from diagnosis
No. at risk
- 12 7 2 2 1 0
5 3 2 2 2 0

Fig. 9. Kaplan-Meier curves of overall survival (OS) by race. Cl,
confidence interval; NR, not reached; HR, hazard ratio.

1.00 4= -I
0.75 1
%)
O 0.50
Median OS (95% Cl, yr)
025 | == <10/10 HPF (Ref): NR
’ >10/10 HPF: 1.67 (1.25-NR)
HR=4.86 (95% Cl, 0.86-49.67); p=.075
000 T T T T T
0 1 2 3 4 5
Years from diagnosis
No. at risk
== 10 5 4 4 3 0
7 5 0 0 0 0

Fig. 10. Kaplan-Meier curves of overall survival (OS) by mitotic
count. Cl, confidence interval; NR, not reached; HPF, high-power
field; HR, hazard ratio.

ical center’s experience with primary and secondary BAS spanning
over 2 decades. Our findings emphasize the rarity of these tumors
and presents information that describes the similarities and dif-
ferences between primary and secondary BAS, including clinico-
pathologic and THC characteristics, which only very few studies
have hitherto described. The rarity of this disease indeed pre-
cludes any prospective study and poses significant challenges in its
diagnosis, treatment, and research [4]. Results from our patient
population shows that secondary BAS occurs at a higher frequency
than primary BAS and this finding is in agreement with other
studies [1,2,4]. The higher incidence of secondary BAS may be

https://doi.org/10.4132/jptm.2022.08.31
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1.00 - Median OS (95% Cl, yr)
' | == Negative margins (Ref.): NR (1.25-NR)
Positive margins: 1.67 (1.67-NR)
0.75 1
[95)
O 0.50
0.25
HR=1.00 (95% Cl, 0.17-5.13); p=.998
OOO T T T T T
0 1 2 3 4 5
Years from diagnosis
No. at risk
- 9 6 3 3 3 0
8 4 1 1 0 0

Fig. 11. Kaplan-Meier curves of overall survival (OS) by positive
margins. Cl, confidence interval; NR, not reached; HR, hazard ratio.

1.00 A+
0.75 1 Median OS (95% Cl, yr)
) == Tumor necrosis absent (Ref.): NR
Tumor necrosis present: 1.46 (1.25-NR)
N
O 050
0.25
HR=6.24 (95% Cl, 1.14-62.76); p=.034
0.00 T T T T T
0 1 2 3 4 5
Years from diagnosis
No. at risk
- 13 6 4 4 3 0
4 4 0 0 0 0

Fig. 12. Kaplan-Meier curves of overall survival (OS) by tumor ne-
crosis. Cl, confidence interval; NR, not reached; HR, hazard ratio.

explained by the fact that more women with breast cancer are seek-
ing breast-conserving surgeries with adjuvant radiotherapy, which
may put them at risk of developing secondary BAS. Although we
found no significant difference in age distribution between both
groups of patients, it is remarkable to note that patients with
primary BAS are much younger (median age, 36 years) than pa-
tients with secondary BAS (median age, 67 years). This observa-
tion is important, as breast cancer is known to be more common
in older women. Therefore, for younger patients with BAS, this
diagnosis may be missed, especially if it is misclassified as other
benign skin pathologies. Our findings are similar to what has been
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1.00-z-~[-1---

0.75 1

Median OS (95% Cl, yr)
== Low: NR (0.42-NR)
Intermediate: 1.25 (1.25-NR)
-+ High: 1.67 (1.67-NR)

(O]

0.50 +

HR (95% Cl)
Low: Ref.
Intermediate: 3.33 (0.24-50.45); p=.343

0.00 High: 1.52 (1.25-15.79): p=0.659 Global p=.638

0.25

0 1 2 3 4 5
Years from diagnosis

No. at risk
= 6 3 2 2 2 0
2 2 0 0 0 0
== 9 5 2 2 1 0

Fig. 13. Kaplan-Meier curves of overall survival (OS) by tumor
grade. Cl, confidence interval; NR, not reached; HR, hazard ratio.

Median OS (95% Cl, yr)

1.00 == —~ CD117 negative (Ref: NR (0.42-NR)
CD117 positive: 1.67 (1.25-NR)
0.75 -
%)
O 0.50
0.25 1
HR=1.55 (95% Cl, 0.20-17.50); p=.676
0.00
0 1 2 3 4 5
Years from diagnosis
No. at risk
= 4 3 3 3 3 0
7 4 1 1 0 0

Fig. 14. Kaplan-Meier curves of overall survival (OS) by CD117. Cl,
confidence interval; NR, not reached; HR, hazard ratio.

previously described, with primary BAS occurring in women ages
30-50 years [27] and, secondary BAS occurring in older women
(median age, 67 to 71 years) following a median of 10.5 years af-
ter radiotherapy for breast cancer [27-30]. In our study, however,
patients with secondary BAS appeared to develop the disease at
shorter latency times with a median time of 6.5 years. This find-
ing may be explained by the small sample size of our patient
population, which is not unexpected due to the rarity of this dis-
ease. In addition, it is unclear whether the finding of more con-
current comorbidities in patients with secondary BAS in our study
had any role to play in terms of disease latency, and thus leaves
room for further research. While our study showed that BAS was
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Fig. 15. Kaplan-Meier curves of overall survival (OS) by c-Myc. Cl,
confidence interval; NR, not reached; HR, hazard ratio.

more common in Caucasian women compared with Black/AA
women and is similar to what has been reported in another study
[1], it is important to emphasize that incidence by race had no
significant impact on the characteristics of BAS of the women in
this study.

We studied the histologic similarities and differences between
primary and secondary BAS. Following our review, we found no
significant difference between histologic parameters examined in
primary and secondary BAS. In other words, regardless of whether
a patient develops BAS de novo or following radiotherapy for a
previous breast cancer diagnosis, the histologic phenotypes are
ultimately the same. Similar to what we observed in our study,
no difference in tumor characteristics was found between primary
and secondary BAS in another study [1]. Of note is that differ-
entiating low-grade angiosarcoma from atypical post-radiation
vascular lesions (AVLs) may be difficult because they both repre-
sent the low-grade end of the morphologic spectrum of radiation-
associated vascular lesions [26]. Nonetheless, AVLs are typically
smaller, more supetficial, non-infiltrative, and fairly well circum-
scribed [31].

The immunostains performed as part of this study were selected
based on previous research on angiosarcoma in other regions of
the body and the breast, which have shown inconsistent findings.
Slightly more than half (28 of 50 [56%]) of the angiosarcomas
in one series showed CD117 positivity in the neoplastic endothe-
lial cells by THC, including post-radiation angiosarcoma [14].
CD117 expression by IHC was also seen in 25% of angiosarcoma
in another series [32] and showed weak staining by THC in two
of 14 primary BAS cases in another series [33]. Additionally,
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Table 4. Univariable Cox proportional hazard regression analyses
of risk factors associated with overall survival

Variable E‘,’fmf HRO5%C) P
o. valu

Age at diagnosis 517 1.01(0.96-1.07) .845
Race

Caucasian 312 Reference

African American 2/5 1.26 (0.21-6.55) .787
BAS type

Primary BAS 2/5 Reference

Secondary BAS 3/12  0.51(0.09-3.28) .450
Tumor size (cm) 3/9 1.04 (0.95-1.13) .307
Tumor grade .638°

Low 1/6 Reference

Intermediate 1/2  3.33(0.24-50.45) .343

High 3/9 1.52(0.25-15.79) .659
Tumor necrosis

No 118 Reference

Yes 4/4  6.24 (1.14-62.76) .034
Mitotic count

<10/10 HPF 110 Reference

>10/10 HPF 4/7  4.86(0.86-49.67) .075
Lymph node metastasis

No 3/14 Reference

Yes 2/3  2.61(0.42-14.00) .278
Positive margins

No 3/9 Reference

Yes 2/8 1.00 (0.17-5.13) .998
Tumor site

Left 2/8 Reference

Right 3/9 1.35(0.26-8.26) .719
Multifocal tumors

No 5/13 Reference

Yes 0/4  0.37(0.003-3.32) .439
Skin involved

No 3/10 Reference

Yes 2/7 0.78(0.13-4.14) .773
Obesity

No 3/5 Reference

Yes 2/12  0.20(0.03-1.10) .063
Hypertension

No 4/11 Reference

Yes 1/6 0.99 (0.10-5.40) .990
Smoking

No 5/13 Reference

Yes 0/4  0.45(0.003-4.04) .551
Diabetes

No 410 Reference

Yes 1/7 0.58 (0.06-3.17) .548
Treatment received

Surgery only 414 Reference

Surgery + chemotherapy/radiotherapy  1/3 1.52(0.15-8.29) .671
CD117

Negative 1/4 Reference

Positive 2/7  1.55(0.20-17.50) .676

(Continued)

https://doi.org/10.4132/jptm.2022.08.31

Primary and secondary breast angiosarcoma ¢ 351

Table 4. Continued

Variable E,V\le”t/ HR@5%C)
o. valu
p53
Negative 2/7 Reference
Positive 174 1.23(0.11-9.37) .847
D2-40
Negative 1/4 Reference
Positive 2/7  0.95(0.12-10.49) .960
c-Myc
Negative 1/3 Reference
Positive 2/8 0.82(0.11-9.04) .847

Event/n, the number of events and patients; HR, hazard ratio; Cl, confi-
dence interval; BAS, breast angiosarcoma; HPF, high-power field.
4Global p-value calculated by likelihood ratio test.

multiple studies have shown conflicting p53 immunoreactivity
by IHC with one study reporting that p53 was expressed in pri-
mary angiosarcoma but not in secondary sarcoma [19], and an-
other study reporting no difference in p53 expression between
primary and secondary sarcomas [20]. Furthermore, MYC am-
plification and c-Myc overexpression were detected almost exclu-
sively in secondary angiosarcoma, compared with primary angio-
sarcoma [34]. In contrast, one study reported weak c-Myc staining
by IHC in two of nine cases of primary BAS in their series [33].
Following our review, we found no significant difference in expres-
sion of CD117 (p>.99), p53 (p=.236), D240 (p >.99), CD31 (p>
99), and c-Myc (p >.99) between primary and secondary BAS.
Our findings may be explained by the limited number of cases
in this study but leaves room for future research. It’s however,
noteworthy that p53 was only expressed in the secondary BAS
cases in our cohort, and was not expressed in the primary BAS cases
evaluated. In addition, c-Myc showed expression in both primary
and secondary BAS cases in our series.

Our study also compared comorbidities (hypertension, obesity,
diabetes mellitus, and smoking history) and the treatment received
between patients with primary and secondary BAS. Following our
review, we found that patients with secondary BAS had more con-
current comotbid conditions compared with patients with prima-
ry BAS. However, these findings were not statistically significant.
While these comorbid observations in patients with secondary
BAS may be explained by the fact that they are older and thus
more prone to chronic diseases, these findings may nonetheless
have prognostic implications and thus leave room for future re-
search.

The role of histologic characteristics in the prognostication and
outcome of BAS has not been fully validated. Our experience
shows that the presence of tumor necrosis is associated with worse
OS in BAS and this observation was statistically significant (p =
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.034). We, however found that other histologic parameters, in-
cluding tumor grade, mitotic count, lymph node metastasis, and
positive tumor margins had no significant effect on OS in BAS pa-
tients. Additionally, the expression of CD117 (p=.676), p33 (p=
.847), D2-40 (p = .960), and c-Myc (p = .847) all had no impact
on OS in BAS patients. While these findings are inconclusive due
to the limited number of patients in this study, additional studies
are needed to characterize the utility of these markers in BAS.

During a median follow-up of 21 months, primary BAS with
two (40%) reported deaths appears to have a worse OS compared
with secondary BAS with three (25%) reported deaths. However,
this difference in survival between primary and secondary BAS
was not statistically significant (HR, 0.51; 95% CI, 0.09 to 3.28;
p=.450). Our findings are consistent with what has been reported
in similar studies [1,35]. However, Yin et al. [4] found a nomi-
nal increased death risk in secondary BAS due to advanced clini-
copathologic features.

With no consensus management guidelines for BAS, treatment
includes a combination of wide local excision or mastectomy, with
or without chemotherapy and/or radiotherapy. In this study, all
patients with BAS were managed with wide local excision or
mastectomy. Two patients with secondary BAS received additional
chemotherapy and one patient with primary BAS received addi-
tional chemotherapy and radiotherapy. However, there was no
difference between patients who were treated with surgery alone
and those who received additional treatments (p =.35). One study
reported no survival benefit in patients treated with routine radi-
ation therapy in primary and secondary BAS, respectively [36].
Chemotherapy has been reported to be beneficial in high-grade
and metastatic settings [36]. Therefore, we suggest that the man-
agement of patients with BAS should be optimally selected, based
on their clinicopathologic characteristics.

Our study is not devoid of limitations. We recognize that find-
ings from this study are limited and may not be representative of
the general population due to the small sample size and its retro-
spective nature. We also acknowledge that our findings of no sta-
tistically significant differences between primary and secondary
BAS, are not conclusive due to the limited number of cases in our
cohort. However, this is not unusual because BAS remains a rare
disease with catastrophic outcomes, which limits the ability to
conduct a prospective study and include a larger study popula-
tion. Additionally, the median follow-up of less than 5 years is
obviously inadequate to establish prognosis in this rare disease.
However, our follow-up data is similar to the experiences of other
studies [26,27,35,37,38] and this is understandable due to the
rarity and adverse outcomes of this disease. Despite these limita-
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tions, our study highlights our experience from a tertiary health-
care center and provides additional information that is particularly
relevant to the natural history of this very rare disease. In addi-
tion, the study team has dedicated surgical pathologists with ex-
pertise in breast pathology (SB and RAF) whose review of avail-
able study materials were invaluable in the conduct of this study.
In summary, BAS is a rare and aggressive disease. On the basis
of our results, only the presence of tumor necrosis was associated
with worse OS in BAS. However, no histologic, immunohisto-
chemical (CD117, p53, and ¢-Myc) or survival differences were
identified between primary and secondary BAS in this study.
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