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Abstract

BACKGROUND—The purpose of the study was to describe the clinicopathologic characteristics
and clinical outcomes of patients with primary breast angiosarcoma.

METHODS—The institutional database was searched to identify breast angiosarcoma patients
seen between 1965 and 2002. Survival outcomes were estimated by the Kaplan-Meier method.
The log-rank test was used to compare groups. Cox proportional hazards models were used for
multivariate analysis.

RESULTS—In all, 69 patients were identified. Median follow-up was 40 months (range, 0-413
months). Median age was 46. Median tumor size at diagnosis was 5.5 cm. Thirteen (18.8%)
patients received prior radiation for invasive breast carcinoma. Most patients underwent total
mastectomy with (41%) or without (45%) axillary dissection. Regional metastasis to axillary
lymph nodes was rare. There were 38 recurrences and 27 deaths. The 5-year overall (OS) and
recurrence-free survival (RFS) rates were 61% (95% confidence interval [Cl], 49%-76%) and
44% (95% ClI, 33%-58%) with estimated medians of 100 and 37 months, respectively. In Cox
proportional hazards models, OS and RFS were significantly associated only with T size and not
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with patient age, prior radiation, or chemotherapy administration. Of 29 patients treated with
chemotherapy at recurrence, there were 4 complete and 10 partial responses (48%) with an
anthracycline-ifosfamide or gemcitabine-taxane combination.

CONCLUSIONS—Breast angiosarcoma is frequently advanced at diagnosis and has a tendency
for local-regional recurrence. A significant number of responses to chemotherapy was observed in
the metastatic setting. These data suggest that a multidisciplinary therapeutic approach should be
employed in high-risk patients with large primary tumors.
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Primary soft tissue breast sarcomas are malignant tumors arising from the connective tissue
within the breast. They can arise de novo (primary) or as a consequence of treatment of an
epithelial breast cancer (secondary).1=® Breast sarcomas are rare tumors that account for less
than 1% of all breast malignancies.® In data compiled from the Surveillance, Epidemiology,
and End Results (SEER) Program of the National Cancer Institute, the annual incidence of
breast sarcomas was 4.6 cases per million women.” As with other nonbreast soft-tissue
sarcomas, primary breast sarcomas are histologically heterogeneous. In general,
fibrosarcomas, angiosarcomas, malignant fibrous histiocytomas (MFH), phyllodes tumor,
and myxoid/round cell liposarcomas comprise the major histologic subtypes.®

Although the etiology of most soft-tissue sarcomas remains unknown, angiosarcoma of the
breast has increasingly been associated with prior use of breast external beam radiation
therapy and with lymphedema that occurs after surgery with or without radiation treatment
for primary breast cancer.®-14 The SEER program data compiled by the National Cancer
Institute included more than 194,000 women who were treated for breast carcinoma. Among
patients in the radiotherapy cohort, the relative risk of developing angiosarcoma was 15.9.%

Because of the rarity of breast angiosarcoma, only small series of patients have been
reported. To date the largest single-center series from a single institution described 55
patients of breast angiosarcoma.1® The aim of our retrospective review was to expand our
series of breast angiosarcomas in order to study the behavior, clinical features, and outcome
of this rare disease, as well as the impact of prior radiation therapy on the clinical features of
angiosarcoma of the breast.

MATERIALS AND METHODS

This retrospective study included the 69 patients with primary angiosarcoma of the breast
who were evaluated at M. D. Anderson Cancer Center between 1965 and 2002. Histological
diagnosis was made by core-needle biopsy or excisional biopsy of the breast tumor. All
pathologic specimens were reviewed by dedicated breast and sarcoma pathologists at M. D.
Anderson. The histologic type of all tumors was defined according to the World Health
Organization's classification system. The Institutional Review Board of M. D. Anderson
approved the retrospective review of the medical records for the purposes of this report.
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Patient characteristics and treatments received were tabulated or described by their median
and range, as appropriate. Characteristics were compared between groups with and without
prior radiation therapy with the chi-squared test, Fisher exact test, or the Wilcoxon rank sum
test, as appropriate. Overall survival (OS) was measured from the date of surgery to the date
of last follow-up. Recurrence-free survival (RFS) was measured from the date of surgery to
the date of disease recurrence or last follow-up. Patients who died before experiencing a
disease recurrence were considered censored at their date of death. Locoregional recurrence
was measured from the date of surgery to the date of locoregional recurrence. Patients who
experienced distant disease recurrence were considered censored at their recurrence date and
patients who died before experiencing a disease recurrence were considered censored at
their date of death. Median follow-up was calculated as the median observation time among
all patients. Survival outcomes were estimated by the Kaplan-Meier method and the log-
rank statistic was used to compare groups. Cox proportional hazards models were fit to
determine the association between continuous characteristics and survival outcomes and also
to explore the association between prior radiation therapy and survival outcomes after
adjustment for other characteristics. P-values less than 0.05 were considered statistically
significant. Analyses were performed with S-plus 7.0 (Insightful, Seattle Wash) software.

RESULTS

We identified 69 patients with nonmetastatic (MO) angiosarcoma of the breast at diagnosis.
Table 1 shows the tabulation of patient characteristics and treatments received. All patients
were female, most were white (88%), and the median age at diagnosis was 46. The median
tumor size at diagnosis (pathology specimen) was 5.5 cm. Because of the histologic
diagnosis of angiosarcoma, most patients did not have estrogen (ER) or progesterone
receptor (PR) assayed. However, among 13 patients that did have ER or PR information,
most were negative (91.7%). Most patients (86%) received mastectomy with (n = 28) or
without (n = 31) axillary node dissection. Among patients that received axillary dissection,
the median number of nodes removed was 10 and only 2 patients had lymph nodes that were
pathologically positive for metastatic angiosarcoma. Fifteen (22%) patients received
neoadjuvant chemotherapy, 30 (44%) received adjuvant chemotherapy, 1 patient received
neoadjuvant radiotherapy, and 21 (31%) patients received adjuvant radiotherapy.

Thirteen (19%) patients had received prior breast radiation for carcinoma. The median
interval between initiation of radiotherapy and development of breast angiosarcoma was 7
years. Among patients with no prior radiotherapy the median age was 42 (range, 15-70), and
among those with prior radio-therapy the median age was 72 (range, 48-82, P <.0001). The
angiosarcoma tumor size at diagnosis was not significantly different between the 2 groups
defined by prior radiation therapy administration for invasive breast cancer. Those having
had prior breast irradiation for breast carcinoma did not receive adjuvant radiotherapy after
primary surgery for breast angiosarcoma, in contrast to those patients who had not received
prior breast radiation (0/13 vs 21/54, P = .01). Patients who had received prior radiation also
tended to undergo mastectomy for angiosarcoma more frequently than other patients (12/13
vs 47/56, P = .67) and were more likely to receive a taxane in the (neo)adjuvant setting,
although these associations did not achieve statistical significance.
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The median follow-up of all patients was 40 months (range, 0-413 months). Table 2 shows
the Kaplan-Meier estimates of OS and RFS as well as the univariable association of
administered chemotherapy and radiotherapy on survival rates (Figs. 1-3). Adjuvant
chemotherapy and adjuvant radiotherapy were included in this analysis, although these
treatment decisions have the potential to be biased by multiple factors (age and comorbid
conditions). The OS of all patients is shown in Table 2. Twenty-seven patients have died and
the median OS was 100 months. OS was not significantly associated with prior radiation in
this univariable analysis. Table 3 shows the results of the multivariate analysis for OS. The
axillary lymph node status was not included in this analysis because only 2 patients had
positive axillary lymph nodes. Adjuvant radiotherapy was not included in the model because
it was collinear with prior radiation. After adjustment for prior radiation, age at diagnosis,
and use of chemotherapy, tumor size remained significantly associated with OS (hazard ratio
[HR], 1.34, 95% CI (1.09, 1.65), P = .006). Age at diagnosis was not significantly associated
with OS (HR, 0.98, 95% CI (0.95, 1.02), P = .39).

RFS among all patients is shown in Table 2. Thirty-eight patients experienced a disease
recurrence and the median RFS was 37 months. The most common site of recurrence was
local-regional (52.6%) followed by liver (13.2%), bone (10.5%), and lung (10.5%). RFS was
not significantly associated with chemotherapy or radiotherapy administration (Table 2) or
with history of prior radiation therapy in the univariable analysis. In the multivariate
analysis (Table 3) prior radiation, use of chemotherapy, and age at diagnosis (HR, 0.97, 95%
Cl (0.94, 1.0), P =.09) were not significantly associated with RFS; tumor size remained
statistically significant (HR, 1.18, 95% CI (1.0, 1.39), P = .05). Of 5 patients who had
received prior radiation and who experienced a disease recurrence, all had a local-regional
recurrence. Among 33 patients who had not received prior radiation and who experienced a
disease recurrence 45.5% had a local-regional recurrence, 15.2% recurred in the liver, 12.1%
recurred in the bone, and 12.1% recurred in the lung. In a uni-variable analysis it was
determined that adjuvant radiation therapy administration was not significantly associated
with local-regional RFS (Table 2).

Finally, the responsiveness of metastatic angiosarcoma of the breast to first-line cytotoxic
chemo-therapy was examined retrospectively. Of 29 patients treated with a first-line
anthracycline-ifosfamide or gemcitabine-taxane chemotherapy combination at disease
recurrence, there were 4 complete and 10 partial responses (48% overall response rate)
determined from radiographic and/or clinical examinations that were documented in the
clinical records.

DISCUSSION

In our analysis of 69 patients with nonmetastatic angiosarcoma of the breast, the estimated
median overall and recurrence-free survival times were 100 and 37 months, respectively,
suggesting that the disease is aggressive despite the rarity of angiosarcoma metastasis to the
regional lymph nodes at diagnosis. We noted recurrent disease in 55% of patients after a
median follow-up of only 40 months. OS and RFS were significantly associated only with
primary tumor size on multivariate analysis, a finding consistent with other studies.® 16
Survival was not favorably associated with (neo)adjuvant chemotherapy or radiotherapy
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administration in our study. However, this is not conclusive evidence that breast
angiosarcoma is not a chemosensitive disease. The lack of a survival association with
(neo)adjuvant chemotherapy administration may be due to the retrospective nature of the
study, the relatively small number of patients, and to selection bias favoring chemotherapy
in those patients with greater burden of disease and/or poorly differentiated tumors. Indeed,
the responsiveness of metastatic breast angiosarcoma to combination cytotoxic
chemotherapy (48% overall response rate) suggests that it is likely to be a chemosensitive
disease, specifically in terms of anthracycline-ifosfamide and gemcitabine-taxane
combinations.

Angiosarcoma of the breast is a rare disease. The true incidence of angiosarcoma after
previous treatment for breast cancer is unknown but is thought to be exceedingly low. In a
case-control study Cozen et al.13 reviewed the incidence of angiosarcoma in women in Los
Angeles County with a history of invasive breast carcinoma. The odds ratio was 59 for
developing an upper extremity angiosarcoma and 11.6 for developing either a chest wall or
breast angiosarcoma. Marchal et al.14 surveyed the French Comprehensive Cancer Center
experience with angiosarcoma after breast-conserving therapy and reported an approximate
prevalence of 5 per 10,000. Another series reported that angiosarcoma constitutes more than
50% of all the sarcomas identified in patients previously treated with radiation therapy, but
only 20% of sarcomas identified in patients who have not been previously treated with
radiation therapy.®

In our study population, patients who had prior radiation-associated (secondary) breast
angiosarcoma were significantly older than those patients who had primary or de novo
tumors. The median interval between initiation of prior breast radiotherapy and the
development of breast angiosarcoma was 7 years in our study; a similar interval has been
reported in other series of breast sarcoma.1’-1° However, the median duration of
development of radiation-associated sarcomas in other soft-tissue sites has been reported to
be 10.3 to 14 years.20, 21 The multivariate model in our study suggested, after adjustment for
other characteristics, that patients who received prior radiotherapy had 2.71 times the risk of
death and 1.56 times the risk of disease recurrence compared with patients who had not
received prior radiotherapy, although this effect did not attain statistical significance, (Table
3).

Given the rarity of breast angiosarcoma and the retrospective nature of the analysis, this
study primarily is a descriptive one. However, a number of observations can be made. Breast
angiosarcoma is an aggressive disease with a tendency to local-regional recurrence. The
most significant feature at diagnosis associated with prognosis appears to be tumor size. The
apparent lack of a survival benefit from (neo)adjuvant chemotherapy or adjuvant radiation
therapy is likely to be the result of small sample size and patient selection bias. Given the
activity of cytotoxic chemotherapy in metastatic angiosarcoma of the breast, this therapeutic
modality should certainly be considered for patients with high-risk localized breast
angiosarcoma, and anthracycline-ifosfamide and gemcitabine-taxane chemotherapy
regimens appear to be highly active. Due to the propensity for local-regional failure in this
disease, local therapies should be a fully optimized component of the multi-disciplinary care
of this disease. There are certain features of radiation-related breast angiosarcoma that
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suggest it may have a different natural history to primary or de novo breast angiosarcoma
including older age at presentation and higher risk of systemic disease at presentation.1®
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Overall survival by any chemotherapy.
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Recurrence-free survival by any chemotherapy.
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Local recurrence-free survival by radiotherapy.
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TABLE 1
Patient and Tumor Characteristics
Characteristic N=69"no. %
Age Minimum 15
Median 46
Maximum 82
Race White 61 88.40
Black 3 4.30
Hispanic 4 5.80
Other 1 1.40
Site Right 36 52.20
Left 32 46.30
Bilateral 1 1.40
Tumor size (cm) Minimum 1
Median 55
Maximum 14
Tumor grade High 52 74.40
Low 17 25.60
T stage T1 24 49.20
T2 25 50.70
Lymph nodes dissection Yes 31 44.90
No 38 55.10
Lymph nodes Positive 2 6.5
Negative 29 93.5
Neoadjuvant chemotherapy  Yes 15 21.70
No 54 78.30
Adjuvant chemotherapy Yes 30 44.10
No 38 55.90
Adjuvant radiotherapy Yes 46 67.70
No 21 39.90
Previous radiotherapy Yes 13 18.80
No 56 81.20

*
Due to missing data for some patients, the total numbers do not always add up to 69.
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TABLE 3

Multivariable Model Results for Overall and Recurrence-Free Survival

Hazard ratio 95% CI P

Overall survival

Prior radiation (yes vs no) 271 0.39,18.86 .31

Age at diagnosis (continuous)  0.98 0.95, 1.02 .39

Tumor size (continuous) 1.34 1.09, 1.65 .006

Any chemotherapy (yes vsno)  0.67 0.22, 2.05 48
Recurrence-free survival

Prior radiation (yes vs no) 1.56 0.26,9.22 .63

Age at diagnosis (continuous)  0.97 0.94,1 .09

Tumor size (continuous) 1.18 1,1.39 .05

Any chemotherapy (yesvsno)  0.47 0.19,1.18 A1

Cl indicates confidence interval.
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