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Recurrent radiation-associated leiomyosarcoma after
postoperative radiotherapy for breast invasive ductal carcinoma:
a case report and literature review
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Abstract: Radiation-associated leiomyosarcoma has a poor prognosis. Fewer than 20 cases of radiation-
associated leiomyosarcoma of the breast have been reported in the literature to date. We report the first case
of recurrent radiation-associated leiomyosarcoma after invasive ductal carcinoma postoperative radiotherapy.
A 45-year-old female patient with no familial history of cancer underwent breast-conserving surgery (BCS)
and dissection of axillary lymph nodes for invasive ductal carcinoma in the right upper outer region in 2014.
After the operation, she received adjuvant chemotherapy followed by radiotherapy and endocrine therapy.
She came to our institution for a lump in the right breast radiation region in 2019. Ultrasonography revealed
an oval mass, with ill-defined borders, irregular margins, and speculation at 6 o’clock direction of the right
breast, approximately 2.5 cm from the nipple. Ultimately, excisional biopsy established the pathological
diagnosis of leiomyosarcoma. The female then underwent simple mastectomy of the right breast. The
patient received no radiation or chemotherapy after the simple mastectomy. After 13 months of follow-up, a
lump was found in the right chest wall and axillary levels of the radiation region. Excisional biopsy confirmed
the pathological diagnosis of leiomyosarcoma. This rare case indicated that simple mastectomy seemed to be

inadequate treatment for radiation-associated leiomyosarcoma.
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Introduction for 8% of RAS patients (2). There is a long period between
Approximately half of patients with malignant cancer RT fmd RAS .development, ranging from 3 to 20.3 yfears ®-

. . . . RT is the main cause of RAS, and TP53 gene mutations are
receive radiotherapy (RT) as part of their oncologic

treatment (1). Although postoperative RT is well recognized another risk factor. Breast cancer patients with pathogenic

to increase the overall survival (OS) rate of cancer patients,
it may also lead to secondary malignancies due to the
carcinogenic effect of ionizing radiation (2). Radiation-
associated sarcomas (RAS), also known as radiation-induced
sarcomas (RIS), are a rare type of secondary malignancy
following RT, and occur in <1% of patients treated with
RT (2,3). Radiation-associated leiomyosarcoma accounts
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variants of TP53 have shorter intervals of RAS after
radiotherapy (occasionally 2-3 years) than patients with no
pathogenic variants (usually approximately 9-15 years) (5).
The most common symptom of RAS is a painless mass.
Therefore, this disease is easy to misdiagnose. Although
recurrent sarcomas are common, recurrent radiation-

associated leiomyosarcoma of the breast after breast
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Figure 1 Ultrasound images. (A) Ultrasonography showing an oval, hypoechoic mass, 1.0 cm x 0.7 cm in size, with ill-defined borders

and irregular margins, and speculation at 6 o’clock direction of the right breast; (B) power Doppler US showing rich blood flow inside the

tumour, and arterial blood flow was detected.

cancer radiotherapy has not been reported. In this case
report, we present a case of recurrent radiation-associated
leiomyosarcoma arising in the irradiated region after breast
cancer radiotherapy for invasive ductal carcinoma. We
present the following case in accordance with the CARE
reporting checklist (available at http://dx.doi.org/10.21037/
apm-20-2561).

Case presentation

A 45-year-old female patient with no familial history of
cancer underwent breast-conserving surgery (BCS) and
dissection of axillary lymph nodes of the right breast upper
outer region on March 4, 2014. Postoperative histopathology
revealed an invasive ductal carcinoma 2.5 cm x 2.0 cm in
size, with approximately 1-cm margins. The 18 axillary
lymph nodes proved to be tumour free, as were the resection
margins. Immunohistochemistry demonstrated that estrogen
and progesterone receptors were positive (ER+/PR+), HER2
receptor was positive (HER2 3+), and the Ki67 staining
positive rates were approximately 80%. Therefore, the
patient was classified as having luminal B subtype breast
cancer. According to the UICC-pTNM classification, the
clinicopathological class was stage ITA. Based on the above
characteristics, the patient received adjuvant chemotherapy
with fluorouracil-epirubicin-cyclophosphamide followed by
docetaxel (FEC-T) plus human HER2-targeted therapy with
trastuzumab for one year. After 6 cycles of chemotherapy,
she received RT at 50 Gy in 25 fractions to the whole right
breast, followed by 10 Gy in 5 fractions as a boost to the
lumpectomy cavity. The clinical target volumes (CTVs) of
the patient included the total right glandular breast tissue: the
dorsal border was the outer rim of the ribs; the ventral border
was 5 mm under the skin surface; the cranial border extended
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to the level of the caudal edge of the sternoclavicular joint;
the caudal border was 2 cm below of the lower edge of the
breast; the medial border extended to the sternal stem edge,
no further than the midline of the sternum; and the lateral
border extended to the right midaxillary line. Endocrine
therapy began at the same time after chemotherapy, initially
with tamoxifen for 2 years followed by conversion to letrozole
until now due to bilateral oophorectomy for increased
ovarian cysts in 2017. After breast surgery, the patient came
regularly for postoperative screening. Physical examination,
blood biochemistry, tumour markers, and colour ultrasound
of the breast and lymph nodes were performed every
3 months. Mammography, chest computed tomography (CT),
abdominal CT, bone scan and brain magnetic resonance
imaging (MRI) were performed every 12 months. No
recurrence was found for more than 5 years.

However, a lump was found located at the 6 o’clock
position in the right breast on July 21, 2019. Physical
examination revealed a firm mass, 1.0 cm x 0.6 cm in size
with an ill-circumscribed and painless mass, located in
the radiation area. There was no nipple dimpling and no
palpable axillary lymph node to indicate metastasis. Other
results in her general physical examination were normal.
Ultrasonography (Figure 14) found an oval, hypoechoic mass,
1.0 cm x 0.7 cm in size, with ill-defined borders and irregular
margins, and speculation at 6 o’clock direction of the
right breast, approximately 2.5 cm from the nipple. Power
Doppler US (Figure 1B) showed arterial blood flow inside
the tumour, which was assessed as category 5. Biochemical
blood examination, including tumour markers, revealed
no abnormalities. Therefore, it was necessary to perform
excisional biopsy. Postoperative histopathology (Figure 2)
revealed a 1.0 cm x 0.8 cm tumour with typical spindle cells
arranged as long fascicles in a collagenous background. The
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tumour was well defined, well encapsulated, and composed of
binucleated and multinucleated cells. Immunohistochemistry
(Figure 3) demonstrated that the tumour cells were positive
for SMA, calsdesmon, b-catenin, desmin, and Ki67 (30%),
but negative for CK, CAMS.2, GATA-3, P63, and S-100,
supporting the diagnosis of leiomyosarcoma. The patient
was then submitted to simple mastectomy of the right breast
with approximately 3-cm margins, including the nipple,
areola, breast gland and fascia of the pectoralis major muscle.
Postoperative pathology showed that all margins were
negative.

The patient received no radiation or chemotherapy
after the simple mastectomy, but she came to our hospital

Figure 2 Histopathology revealed typical spindle cells arranged as
long fascicles in a collagenous background. The tumour was well
defined, well encapsulated, and composed of a pack of binucleated

and multinucleated cells.
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for postoperative screening regularly. After 13 months of
follow-up, a painless lump was found located in the right
chest wall of the radiation region and axillary levels. The
patient underwent ultrasonography (Figure 4A4), which
revealed a hypoechoic mass with a clear boundary and
heterogeneous echo. The lump was located subcutaneously
in the right chest wall and was approximately 0.3 cm x
0.2 c¢m in size, approximately 0.1 cm away from the body
surface. Power Doppler US (Figure 4B) showed that arterial
blood flow inside the tumour. Finally, excisional biopsy
confirmed the pathological diagnosis of leiomyosarcoma on
August 17, 2020. The patient was so disappointed with the
recurrence of radiation-associated leiomyosarcoma that she
refused to undergo a second extended surgical resection.
The timeline is shown in Figure 5.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patient.

Discussion

Primary leiomyosarcoma of the breast accounts for
<0.0006% of all breast malignancies, and fewer than 80 cases
have been reported in the literature to date (6). Additionally,
fewer than 20 cases of radiation-associated leiomyosarcoma
of the breast have been reported in the literature to date.
Here we report the first case of recurrent radiation-associated

Figure 3 (A) Immunohistochemical features. Immunohistochemistry demonstrated the tumour cells were positive for SMA, (B) calsdesmon,

(C) B-catenin, (D) desmin, (E) Ki67 (30%).
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Figure 4 Ultrasound images. (A) Ultrasonography showing a hypoechoic mass with a clear boundary and heterogeneous echo (circle),

located subcutaneously in the right chest wall and was approximately 0.3 cm x 0.2 c¢m in size, approximately 0.1 cm away from the body

surface. (B) Power Doppler US showing rich blood flow inside the tumor, and arterial blood flow was detected.
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Figure 5 Timeline. The information of the patient with secondary leiomyosarcoma after breast cancer radiotherapy. FEC-T, fluorouracil-

epirubicin-cyclophosphamide followed by docetaxel; BCS, breast-conserving surgery.

leiomyosarcoma following invasive ductal carcinoma.
Radiation-associated leiomyosarcoma is a rare type of RAS
that accounts for 8% of RAS patients (2). RAS originates
from mesenchymal tissue. It accounts for up to 5% of
sarcomas but occurs in less than 1% of patients treated
with RT (2,7). Radiation exposure among TP53 mutation
carriers seems to increase the rate of second cancers. Studies
have reported that the incidence of RAS in patients with
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pathogenic germline pathogenicity of TP53 is 16-33% (5).
With the increased use of RT and multidisciplinary therapy
to improve the OS of patients with malignant tumours, the
incidence of RAS is increasing (8). The current universally
used diagnostic criteria of RAS were defined by Cahan et al.:
(D) histologic confirmation of a sarcoma; (II) tumour arising
within or adjacent to a previously irradiated field; and (III)
evidence of an initial non-malignancy, or a malignant tumour
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different from secondary sarcoma (9).

Leiomyosarcoma usually arises in the uterus, abdominal
and urologic viscera, and the walls of large and small
blood vessels (10). Leiomyosarcoma of the breast is
relatively rare. It may originate from the smooth muscle
around the nipple-areola or blood vessels (11,12). The
transformation of myoepithelial cells and myofibroblasts
may be another possible origin (13,14). Radiation-associated
leiomyosarcoma is too rare to conclusively describe the
clinical features, diagnosis, and treatment characteristics.
Here, we summarize the characteristics of RAS, as
radiation-associated leiomyosarcoma accounts for 8% of
RAS patients. The most common symptom of patients
diagnosed with RAS is a painless mass. RAS usually occurs
in women. The most common primary malignancy is
breast carcinoma (55%), including invasive carcinoma and
ductal carcinoma iz siru. In a previous study, 13 sarcomas
were located in the breast, while others were located in the
chest wall, sternum, supraclavicular area, scapula, and axilla
among 35 RAS cases (4). In this case report, the patient
developed radiation-associated leiomyosarcoma in the
breast and chest wall.

Radiation dose and field are important factors in the
development of RAS. RAS has occurred occasionally after
a median dose of 50-55 Gy in 25-27 fractions in the whole
breast, followed by a 10-26 Gy boost to the tumour or
tumour bed when necessary (4,15,16). In our case, the
female patient’s clinical and treatment characteristics were
consistent with those of a previous study. She received RT
at 50 Gy to the whole right breast, followed by a 10 Gy
boost to the lumpectomy cavity. Her primary symptom was
a painless mass, and the latency period was 5 years.

A definitive diagnosis of leiomyosarcoma depends on
histopathology combined with immunohistochemical
staining. Typical histological features of circumscription
include high cellularity and fusiform spindle cells with
blunt-ended nuclei (17). In leiomyosarcoma, tumour cells
are immunoreactive for SMA, vimentin and desmin and
negative for the epithelial marker S-100 and growth factor
receptors (18,19). In our case, the strong expression of SMA,
in addition to the typical cellular morphology, indicates the
smooth muscle origin of this tumour. Core needle biopsy
(CNB) and excisional biopsy are recommended to diagnose
leiomyosarcoma. However, excisional biopsy may have
lower false negative rate in diagnosis, because CNB may
not puncture malignant transformation tissue. Hayashi et 4/.
reported a case, in which CNB of the lump suggested
atrophic mammary glands. After 3 months, Re-CNB was

© Annals of Palliative Medicine. All rights reserved.

8471

performed, which confirmed leiomyosarcoma (20).

The main treatment of RAS is complete excision of the
tumour. The National Comprehensive Cancer Network
(NCCN) recommends a resection margin of 2 mm for ductal
carcinoma iz situ and no ink on tumours for invasive breast
cancer. However, considering the recurrence pathology
and the malignant characteristics of leiomyosarcoma, wider
tumour margins of at least 2 cm are needed for conservative
breast treatment, and a resection margin of 3 cm is
preferred (6). Thijssens et al. reported that patients with RO
(microscopically negative) resection had a significantly better
survival rate than patients with R1 (microscopically positive),
R2 (macroscopically positive), or no resection (P<0.05) (8).
Dissection of axillary lymph nodes may not be necessary,
since axillary lymph node metastasis has never been reported
in the previous literature (21). Haematogenous dissemination
is the main route of metastasis. Simple and modified radical
mastectomy are the most common surgical methods (11).
However, our case indicated that simple mastectomy
was inadequate treatment for radiation-associated
leiomyosarcoma, since the tumour recurred in the chest wall.
Mito et al. shared their experiences in preventing the local
recurrence of radiation-associated breast angiosarcoma by
removing the irradiated tissue as much as possible, including
all or nearly all previously irradiated breast skin, with a
resection field that extends from the clavicle to at least 1 cm
below the inframammary crease and from mid-sternum to
the anterior border of the latissimus dorsi muscle (2). After a
second recurrence, the patient refused to undergo a second
extended surgical resection because the radical surgical
protocol was too aggressive. She insisted on continuous
observation and regular follow-up.

Although RT and chemotherapy are effective in select
cases, their association with improved a prognosis of RAS
has not been validated. In addition, breast re-irradiation
may increase the toxicity for higher cumulative lifetime
doses to critical organs, such as the lungs and heart. Re-
irradiation after radical adjuvant radiotherapy can be
considered only for selected patients after careful informed
consent. In our case report, the patient developed RAS after
radical adjuvant radiotherapy, suggesting possible TP53
gene mutations. Re-irradiation not only increases radiation-
related toxicities, such as rib fracture, radiation pneumonia
and soft tissue necrosis, but also increases the risk of
developing RAS again. In view of the patient in our case
report with RO resection and the lack of sufficient strong
evidence to support the effectiveness of chemotherapy
and RT for RAS patients, she received no radiation or
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chemotherapy after simple mastectomy in our institution.

Poor prognosis is associated with RAS from a historical
perspective. It is necessary for the patient to come regularly
for postoperative screening. Horton er a/. recommended
follow-up examinations with mammogram and chest
CT to be performed every 6 months in years 1-7 and
annually thereafter (6). Tumour grade, depth of infiltration
and achievement of margin-negative resection were the
3 main factors affecting tumour prognosis (22). Mito et al.
demonstrated that the 3-year OS rate after diagnosis of RAS
was 74% and that the 5-year OS rate after diagnosis of RAS
was 68%, revealing that the current survival rates were higher
than historically reported rates (2).

Conclusions

We report a globally rare case of recurrent radiation-
associated leiomyosarcoma after RT for breast cancer.
Unfortunately, genetic testing was not performed because
the patient’s tumour molecular type was luminal B, the
patient had no familial history of cancer, the patient was
45 years old at the time of the initial diagnosis, and there were
high self-paid expenses. There is a lack of strong evidence
to support the effectiveness of chemotherapy and RT for
RAS patients. Simple mastectomy is inadequate treatment
for radiation-associated leiomyosarcoma. Since BCS and
RT are standard treatments for breast cancer patients, it
is necessary to be aware of the possible development of
secondary leiomyosarcoma in the irradiated region. The
existing treatment options are inadequate for radiation-
associated leiomyosarcoma. Future studies may illustrate
the mechanisms, may improve OS or may even prevent the
development of RAS based on genetic susceptibility.
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