
Secondary breast angiosarcoma after a primary diagnosis of 
breast cancer: a retrospective analysis of the Surveillance, 
Epidemiology, and End Results (SEER) database

Bonny Chau, MPH1,2, Elizabeth T. Loggers, MD/PhD1,2, Lee D. Cranmer, MD/PhD1,2, 
Harveshp Mogal, MD1,2, Jeremy M. Sharib, MD1,2, Edward Y. Kim, MD1,2, Stephanie K. 
Schaub, MD1,2, Kelly G. Paulson, MD3, Hannah M. Linden, MD1,2, Jennifer M. Specht, MD1,2, 
Janice N. Kim, MD1,2, Sara H. Javid, MD1,2, Michael J. Wagner, MD1,2

1University of Washington, Seattle, 825 Eastlake Avenue E, Seattle, WA USA 98109

2Fred Hutchinson Cancer Center, 825 Eastlake Avenue E, Seattle, WA USA 98109

3Swedish Cancer Institute, 1221 Madison St, Seattle, WA USA 98104

Abstract

Objectives: Angiosarcoma is a rare complication of breast conserving therapy. This study 

evaluated the change in incidence between 1992–2016 of secondary breast angiosarcoma (SBA) in 

patients with a history of breast cancer and the impact of management strategies for the original 

breast carcinoma on angiosarcoma treatment.

Methods: Breast cancer and angiosarcoma cases were abstracted from the Surveillance, 

Epidemiology, and End Result (SEER) database. SBA were defined as angiosarcomas located 

in the breast occurring after a prior breast cancer diagnosis. Primary breast angiosarcomas 

(PBA) were defined as an angiosarcoma diagnosis listed as “one primary only”. Incidence 

rates were estimated using a proportion of US total population. Survival was analyzed by the 

Kaplan-Meier method and Cox proportional hazard models were used to assess the association of 

clinicopathological characteristics on overall survival (OS).

Results: Between 1992–2016, 193 cases of SBA were reported in the SEER dataset in patients 

with a prior history of breast cancer. The incidence of breast angiosarcoma in patients with a prior 

diagnosis of breast cancer increased three-fold from about 10 cases per 100,000 person-years to 

about 30 cases per 100,000 person-years over this same period (p=0.0037). For treatment of SBA 

(n=193), almost all (95%) had surgery. 9% received radiation (compared to 35% of patients with 

PBA, p <0.001) and 23% received chemotherapy (versus 45% for PBA, p=0.11).
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Conclusions: We demonstrate an increasing incidence of SBA over the study period. These data 

can help inform shared decision-making for optimal management of locoregional breast cancer 

and raise awareness of secondary angiosarcoma.

Keywords

Angiosarcoma; breast sarcoma; breast cancer; SEER; breast conserving therapy

INTRODUCTION:

Breast-conserving therapy, consisting of partial mastectomy (or lumpectomy) and radiation, 

is a cornerstone of management for locoregional breast cancer. Early-stage breast cancer is 

in many cases curable, but secondary cancers can be an infrequent, but serious, consequence 

of breast cancer treatment. Radiation-induced angiosarcomas can occur with an incidence 

of about 1 in 1000 patients at ten years.[1] A large retrospective cohort study confirmed 

radiation as a major risk factor; it also identified comorbidities of hypertension and diabetes 

as potential non-treatment risk factors for future angiosarcoma in patients treated for breast 

cancer.[2]

Further, for patients treated with axillary lymph node dissection, extremity and chest 

wall lymphedema are a known potential adverse outcome which may also increase 

the risk of secondary angiosarcoma (Stewart-Treves Syndrome).[3] Although the likely 

causative mechanism of oncogenesis is different, both radiation and lymphedema-associated 

angiosarcomas are characterized by MYC amplification, suggesting related pathogenetic 

mechanisms.[4, 5]

In spite of advances in our understanding of the molecular drivers of angiosarcoma[6–

10], the optimal treatment strategy for secondary angiosarcoma of the breast remains 

undefined.[11] Management is often based on ad hoc multidisciplinary discussion with 

little prospective data to guide treatment planning. We therefore assessed the incidence 

of angiosarcoma after treatment for breast cancer over time and sought to identify if the 

management of patients with secondary breast angiosarcoma (SBA) is impacted by the 

antecedent management strategy for a patient’s original breast carcinoma.

MATERIALS AND METHODS:

We queried the Surveillance, Epidemiology, and End Result (SEER) database (data source: 

SEER 18 Regs Custom Data (with additional treatment fields), Nov 2018 Sub (1975–2016 

varying) - Linked To County Attributes - Total U.S., 1969–2017 Counties) and identified 

cases of angiosarcoma arising in the breast, either as a primary cancer or as a second 

diagnosis after a history of a separate breast cancer[12]. We first identified a group of 

potential cases that had multiple diagnosis entries and identical SEER patient ID. For this 

study, we defined SBA as an angiosarcoma diagnosis located on the breast with a prior 

breast cancer diagnosis. We defined primary breast angiosarcomas (PBA) as cases with an 

angiosarcoma diagnosis and were listed as “one primary only”. Patients with incomplete 

survival follow up, distant or missing SEER stage, and for PBA, cases diagnosed prior to 

year 1992 were excluded.
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Mastectomy was defined for cases from 1992–1997 as any type of full mastectomy with 

surgery SEER code 30–70 and 90 and for cases from 1998–2016 SEER codes 30–80. Breast 

conservation surgery was defined for cases 1992–1997 SEER code 10, 20 or 80 and for 

cases 1998–2016 as any SEER code considered partial mastectomy, excisional biopsy, or 

lumpectomy (surgery SEER codes 20–24). To assess the involvement of axillary lymph node 

dissection in primary breast cancer surgery treatment, cases diagnosed between 1973–1997 

with surgery code “10” and those diagnosed 1998 or later with surgery codes “22, 23, 24, 

40, 41, 42, 45” were designated as no lymph node dissection. For cases with indications 

of lymph node dissection the surgery codes for years 1973–1997 were “20 and 50” and for 

years 1998 and later the surgery codes were “51 and 52”.

Incidence rate was calculated based on the projected total US population[13] with the total 

population at risk considered 27.8% of the total US population as defined by SEER[14]. 

Logistic regression and chi-square tests (with either Pearson’s or Fischer’s test for statistical 

significance) were used to compare categorical data. Cox proportional hazard models, and 

log-rank tests were used to assess the impact of clinical characteristics on overall survival 

(OS). A value of alpha<0.05 was designated for determination of statistical significance. 

Analyses were performed in Stata (versions 12 and 17.0. College Station, Texas: StataCorp 

LLC), GraphPad Prism (v7.03 La Jolla California USA) and Microsoft Excel (Microsoft 

Corporation: Redmond, WA).

Between 1992–2016, 193 cases of SBA were reported in the SEER dataset[12] in patients 

with a prior history of breast cancer; 145 cases of PBA were reported in patients without 

a prior history of breast cancer. In the same period, 1,081,311 cases of locoregional breast 

carcinoma (AYA site recode/WHO 2008= “8.4 carcinoma of breast”) were reported.

RESULTS:

The total US population incidence of a locoregional SBA increased from 0.0027 cases per 

100,000 person years in 1995 to 0.014 cases per 100,000 person years in 2016, compared 

to a stable incidence of around 0.01 cases of PBA per 100,000 person years (Fig. 1A, B). 

The incidence of breast angiosarcoma in patients with a prior diagnosis of breast cancer, a 

more clinically significant measure, increased three-fold from about 10 cases per 100,000 

person years to about 30 cases per 100,000 person years over this same period (p=0.0037, 

Fig. 1C). 92% of the patients were Caucasian. All were female. The median age at diagnosis 

was 75 years (range 40–94, Supplemental Table 1). The median interval between breast 

cancer and angiosarcoma diagnoses was 8 years (IQR: 6, 10). The interval between primary 

breast cancer diagnosis and secondary angiosarcoma diagnosis appears to be decreasing over 

time (Supplemental Table 2). 93 (48%) of patients had local disease at presentation, and 

100 (52%) had regional disease. 4 (2%) had known lymph node involvement at diagnosis 

(Supplemental Table 1). The median age at diagnosis of the original breast cancer in patients 

that later developed a secondary breast angiosarcoma is 65 years, and the median age of 

diagnosis of all loco-regional breast cancer patients is 61.

Noting the increasing incidence of SBA, we assessed the proportion of patients receiving 

radiation and breast conserving surgery or mastectomy over time for the primary breast 
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carcinoma. Utilization of radiation and breast conservation surgery increased over time, 

especially in the early 1990s (Figure 1D, E). Most (89.8%) patients diagnosed with breast 

carcinoma prior to 1996 who later developed SBA had lymph node dissection for the 

primary breast carcinoma, while 11.8% of those diagnosed 1996 or later had lymph node 

dissection (Supplemental Table 3). Among patients who later developed SBA, there did not 

appear to be a clear pattern in likelihood of receiving prior radiation for the breast carcinoma 

by time period (Supplemental Table 4).

For treatment of SBA (n=193), almost all (95%) had surgery. 9% (n=17) received radiation 

(compared to 35% (n=51) of patients with PBA, p <0.001) and 23% (n=44) received 

chemotherapy (versus 45% (n=31) for PBA, p = 0.11).

To determine if the treatment modalities utilized for the primary breast cancer impacted 

treatment for the SBA, we compared the treatment modalities used for each cancer. 118 

(61%) patients had surgery and radiation for the primary breast cancer, 39 (20%) had 

surgery, radiation, and chemotherapy, and 20 (10%) had surgery alone. 13 (7%) had surgery 

and chemotherapy and 3 (2%) had no reported treatment for their breast cancer. Most 

surgeries (94%) for the original breast carcinoma were breast conserving surgeries, while 

most surgeries (88%) for the SBA were mastectomies (Supplemental Fig. 1). Receipt of 

radiation therapy for treatment of a SBA was not associated with prior receipt of radiation 

therapy for breast cancer (p=0.744 Fischer’s exact test; Supplemental Table 5).

The median OS for patients with locoregional SBA was 43 months (95% CI: 32–66 months). 

1-, 5-, and 10-year OS were 82% (95% CI: 75%-86%), 45% (95% CI: 37%-53%), and 

28% (95% CI: 20%-37%). Increasing age, tumor size, tumor grade, and SEER stage were 

associated with worse OS in univariable analyses (Table 1). The median OS for patients 

with PBA was 69 months (95% CI: 41-NR). 1-, 5-, and 10-year OS were 89% (95% CI: 

83%-93%), 52% (95% CI: 43%-60%), and 47% (95% CI: 37%-55%). Increasing tumor size, 

tumor grade, lymph node involvement, and SEER stage were associated with worse OS 

(Table 1). Multivariable models were not done due to the relatively small sample sizes.

DISCUSSION:

In this registry-based analysis, we observed that SBA cases, while still extremely rare, 

appear to be increasing over time in patients previously treated for a primary locoregional 

breast cancer. This may be due to a rise in frequency of breast-conserving radiation therapy, 

as well as increased breast cancer screening and an associated growth in diagnosis of 

early-stage breast cancers. We suspect that the true rate of angiosarcoma after locoregional 

breast cancer treatment may be even higher than what we report due to our focus on patients 

with locoregional breast angiosarcomas and exclusion of cases with metastatic disease at 

presentation. We also excluded those tumors coded in SEER as being in the chest wall or 

extremity, which may have excluded some angiosarcomas arising in the skin or chest wall 

post-mastectomy and contributed to the finding that the majority of patients in our study had 

previously undergone breast conserving surgery rather than mastectomy for their primary 

breast cancer. In contrast, the incidence of PBA appears stable.

Chau et al. Page 4

Am J Clin Oncol. Author manuscript; available in PMC 2024 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Treatment modalities utilized for the primary breast cancer appeared to impact treatment 

planning for a potential secondary angiosarcoma; patients with SBA were less likely to 

receive radiation therapy as part of their angiosarcoma treatment versus those with a 

PBA. Surgery remains the mainstay of treatment for locoregional SBA. Neither radiation 

nor chemotherapy was associated with OS, and any potential benefit for these modalities 

remains undefined based on these data. The lack of certain outcomes from SEER prevents 

consideration of other potential outcomes of interest, such as local relapse-free survival. The 

survival data presented here can inform and serve as a benchmark for future studies of SBA.

A separate large retrospective cohort analysis recently defined the incidence rate of 

secondary sarcomas that arise after breast cancer treatment[2], but did not address the 

metrics of how those sarcomas were treated. It has been suggested that patients with SBA 

may have inferior outcomes versus those with primary breast angiosarcoma, possibly due 

to a more advanced age and more aggressive tumor biology at presentation.[15] Another 

potential explanation for this finding is that treatment options may be more limited in 

patients who have already undergone treatment with radiation or chemotherapy for a 

primary breast cancer in the same anatomic site as the secondary angiosarcoma due to 

cumulative effects of prior cancer therapy. This may be especially true in the limited use of 

radiotherapy for secondary angiosarcoma.

Current recommendations for surgical management of breast angiosarcoma arising in a 

previously irradiated field call for removal of all radiated skin.[16, 17] Even with this 

aggressive surgical management, local recurrence rates are high with a median local 

recurrence free survival of 18 months.[18] For this reason, retrospective data suggests 

that reirradiation can be considered on an individualized basis in the neoadjuvant or 

adjuvant setting, with an informed discussion with regard to the potential for increased 

risk of treatment-related morbidity due to higher cumulative doses of radiotherapy.[19, 20] 

Although termed breast sarcomas, most secondary angiosarcomas that result from prior 

radiation are cutaneous and likely arise from more “benign” radiation induced vascular 

neoplasms.[21] Our data highlight the importance of educating patients who have completed 

treatment for breast cancer about continued screening and skin exams, even many years after 

they have completed treatment. In this dataset, angiosarcoma was identified as long as 27 

(median 8 years, mean 8.29) years after primary breast cancer therapy.

A strength of this study is its use of a large national database (SEER) and matched diagnoses 

of primary breast cancer with secondary breast angiosarcoma. Weaknesses include the 

retrospective nature of the study and lack of specific dates or details of treatment such as 

specific chemotherapies or type of radiotherapy, and lack of potential underlying genetic risk 

mutations (e.g. BRCA1/2 mutation status) of the patients. Despite the large dataset, there 

are still relatively few cases of this very rare event. However, we observed that secondary 

angiosarcoma is increasing in incidence. These data can help inform shared decision making 

for optimal management of locoregional breast cancer and raise awareness of this rare but 

impactful event.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
A) Number of primary (PBA) and secondary (SBA) breast angiosarcoma cases in SEER by 

year of diagnosis B) Incidence rate over time of primary and secondary breast angiosarcoma. 

The rate of increase of SBA cases was significantly different from that of PBA (p = 0.003). 

Data presented with best fit line (linear regression, SBA, R square = 0.549, F 24.4; PBA, 

R square = 0.0568, F = 1.21. C) Incidence rate in patients with a primary breast cancer 

of developing a secondary breast angiosarcoma (R square 0.312, F 10.4, p=0.0037). D) 
Percent of patients with breast carcinoma receiving radiation E) Of patients who had surgery 

for breast carcinoma, percent who had breast conservation surgery. Abbreviations: PBA, 
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Primary breast angiosarcoma; SBA, secondary breast angiosarcoma. Dotted line = 95% 

confidence interval.
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Table 1.

Univariable Cox analysis of factors associated with angiosarcoma overall survival. Abbreviations: PBA, 

Primary breast angiosarcoma; SBA, secondary breast angiosarcoma.

SBA PBA

Characteristics HR (95%CI), p-value HR (95%CI), p-value

Race

White referent referent

Black 0.97 (0.40–2.39), 0.953 1.50 (0.65–3.48), 0.346

Other (American Indian/ AK Native, Asian/ Pacific Islander) 0.85 (0.31–2.31), 0.746 0.86 (0.39–1.88), 0.698

Age at Diagnosis

Continuous 1.05 (1.03–1.06), <0.001 1.01 (1.00–1.02), 0.054

Size

Continuous 1.00 (1.00–1.01), 0.036 1.01 (1.01–1.01), <0.001

Tumor Grade

I 0.32 (0.11–0.89), 0.030 0.37 (0.17–0.78), 0.010

II 0.83 (0.44–1.59), 0.582 0.35 (0.17–0.70), 0.003

III 0.92 (0.56–1.49), 0.730 1.09 (0.58–2.05), 0.972

IV referent referent

Missing 0.79 (0.49–1.28), 0.340 0.39 (0.15–0.98), 0.046

Lymph node involvement

Negative referent referent

Positive 2.14 (0.67–6.82), 0.197 3.29 (1.30–8.30), 0.012

Unknown 1.52 (0.90–2.56), 0.120 1.19 (0.58–2.41), 0.637

Tumor Stage

Local referent referent

Regional 1.92 (1.31–2.82), 0.001 3.15 (1.84–5.40), <0.001

Primary Site

Nipple 2.11 (0.76–5.83), 0.152 n/a

Central portion of breast 1.46 (0.76–2.79), 0.252 0.78 (0.18–3.30), 0.736

Upper-inner quadrant of breast 0.84 (0.21–3.46), 0.815 0.35 (0.12–1.01), 0.052

Lower- inner quadrant of breast 1.62 (0.64–4.05), 0.306 0.37 (0.11–1.23), 0.104

Upper- outer quadrant of breast 0.47 (0.19–1.18), 0.107 0.55 (0.25–1.22), 0.140

Lower- outer quadrant of breast 1.11 (0.45–2.78), 0.820 0.33 (0.04–2.42), 0.275

Overlapping lesion of breast 1.42 (0.87–2.30), 0.161 1.06 (0.62–1.82), 0.831

Breast, NOS referent referent

Radiation

No/Unknown referent referent

Yes 0.72 (0.35–1.48), 0.374 1.21 (0.74–1.96), 0.445

Chemotherapy

No/Unknown referent referent

Yes 0.76 (0.47–1.21), 0.240 1.14 (0.68–1.90), 0.627
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