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Abstract: 18F-fluorodeoxyglucose ([18F]-FDG) positron emission tomography/computed tomog-
raphy (PET/CT) is a useful functional image technique to evaluate the disease extent in many
cancers, as well as differentiate benign disease from malignant metastasis. We report the case of
a 49-year-old woman with breast cancer and suspected lung metastasis by conventional images.
After FDG-PET/CT demonstrating faint, or even no FDG uptake in bilateral pulmonary nodules,
accompanied with obvious uterine fibroids, benign metastasizing leiomyoma (BML) of the lung
was included in a differential diagnosis and finally confirmed by surgical pathology. FDG PET/CT
showed its value in the diagnosis of BML in the breast cancer patient who was misleading as lung
metastasis during outpatient follow-up.
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1. Introduction

Benign metastasizing leiomyoma (BML) of lung is a rare disease and may be misdiag-
nosed with another disease, including malignancy [1]. When the pulmonary nodules are
found accidentally in women with breast cancer, metastatic disease should be considered
first because the lung is a common metastatic site in breast cancer [2]. However, distinguish-
ing the benign etiology from malignant metastasis by conventional anatomical imaging
is challenging [3]. Whole-body 18F-fluorodeoxyglucose ([18F]-FDG) positron emission
tomography/computed tomography (PET/CT) is especially advantageous to help differ-
entiate benign and malignant pulmonary lesions in breast cancer patients and provide
whole-body information to rule out other occult disease. Herein, we report a case with a his-
tory of breast cancer presented in multiple nodules in the both lungs during regular follow
up, which showed slight- and non-FDG-uptake by FDG PET/CT. The pathological results
of the pulmonary nodule confirmed the diagnosis of benign metastasizing leiomyoma.

2. Case

Our case was a 49-year-old woman with a history of invasive ductal carcinoma of
the left breast, pT1aN1a, cM0, estrogen receptor (ER)-positive; progesterone receptor (PR)-
positive; human epidermal growth factor receptor 2 (Her2)-negative. She underwent
left nipple-sparing mastectomy and adjuvant chemotherapy with epirubicin, cyclophos-
phamide and docetaxel. One year after the treatment, her chest radiography and CT
revealed multiple bilateral pulmonary nodules, suspected breast cancer with pulmonary
metastasis. An [18F]-FDG PET/CT scan was performed for tumor restaging (Figure 1). The
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maximum intensity projection image and fused PET/CT showed faint and non-FDG avid
nodules in the lungs with the maximum size being 1.7 cm over the right lower lobe, and a
maximum standardized uptake value (SUVmax) of 1.3. Additionally, a large mass about
19 × 16 cm2 in size arising from the uterus with calcified spots occupying the abdominal
cavity depicting mild FDG uptake was observed, with an SUVmax 2.2, suggestive of
uterine fibroids. Benign metastasizing leiomyomas (BML) in the lung were first impressed.
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stains showed positive expressions for alpha-smooth actin, caldesmon, ER and PR, nega-
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Figure 1. Whole-body [18F]-FDG PET/CT scan. The (a) maximum intensity projection image and the (b) coronal view,
(c) sagittal view, (d–i) axial view of fused PET/CT showed faint and non-FDG avid nodules in the lungs (shown by arrows).
(j) Coronal view of chest part, attenuation correction CT revealed multiple nodules (shown by arrows) with maximum
size of 1.7 cm over the right lower lobe, and maximum standardized uptake value (SUVmax) of 1.3. (b,c) and (k) Coronal
view of abdominal part, attenuation correction CT showed a huge mass about 19 × 16 cm2 in size arising from uterus with
calcified spots occupying the abdominal cavity depicting mild FDG uptake, SUVmax 2.2 (shown by asterisk).

Video-assisted thoracic surgery with a wedge resection of the right lower lobe was
performed for pathological confirmation, which revealed one whitish firm solid tumor
measuring 1.5 × 1.5 × 1.5 cm3 in size (Figure 2). Microscopically (Figure 3), the sections
showed pictures of leiomyoma of the pulmonary tissue, characterized by a well-defined
nodular lesion composed of smooth muscle proliferation. Immunohistochemistry (IHC)
stains showed positive expressions for alpha-smooth actin, caldesmon, ER and PR, negative
expressions for proto-oncogene c-kit (CD117) and paired box gene 8 (PAX-8). Positive
expression for thyroid transcription factor-1 (TTF-1) was noted only on pneumocytes. The
final diagnosis was uterine leiomyoma with pulmonary metastasis.
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Figure 2. Intraoperative photography. The (a) tumor in the right lower lobe of lung showed (b) 
whitish firm solid tumor measuring 1.5 × 1.5 × 1.5 cm3 in size. 

Figure 2. Intraoperative photography. The (a) tumor in the right lower lobe of lung showed (b) whitish firm solid tumor
measuring 1.5 × 1.5 × 1.5 cm3 in size.
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oncogene c-kit (CD117) and (h) paired box gene 8 (PAX-8). Positive expression for (i) thyroid tran-
scription factor-1 (TTF-1) was noted only on pneumocytes. 
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Figure 3. Hematoxylin and eosin (H&E) and immunohistochemistry (IHC) stains of the specimen from the pulmonary
nodule. (a,b) H&E stains showed a well-defined nodular lesion composed of smooth muscle proliferation. IHC stains
showed positive expressions for (c) alpha-smooth actin, (d) caldesmon, (e) estrogen receptor and (f) progesterone receptor,
negative expressions for (g) proto-oncogene c-kit (CD117) and (h) paired box gene 8 (PAX-8). Positive expression for
(i) thyroid transcription factor-1 (TTF-1) was noted only on pneumocytes.

3. Discussion

Pulmonary nodules are seen in various pulmonary diseases, including tumor/metastasis,
tuberculosis and infection, but BML is infrequently considered as a candidate in the
differential diagnosis of such lesions.

BML is characterized by benign soft-tissue tumors which are strongly associated with
uterine leiomyoma and metastasize to other organs [1]. Distant metastasis may occur
anywhere, such as in the heart, skeletal muscle, lymph nodes, vascular channels, and
bones, but it is most seen to the lungs, and may be mistaken for other malignant metastatic
cancer. It is predominantly found in premenopausal women previously diagnosed with
uterine leiomyoma, even post operation of hysterectomy or myomectomy [4]. Nucci et al.
described consistent chromosomal aberrations (19q and 22q terminal deletions) in five BML
cases and significant genetic abnormalities were shared by both lesions from the uterus
and lungs [5]. Besides, some studies believed that smooth muscle cells were transferred by
blood vessels from the trauma of myomectomy or hysterectomy [6], while there was no
history of the abdominal operation in our case. Patients with pulmonary BML are usually
asymptomatic and it is discovered incidentally by chest image study. Clinical symptoms
may be presented due to the increased size or number of tumors. The standard treatment
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of BML is not established, nor completed. Hormone therapy and surgical intervention may
be the therapeutic plans [7–9].

Most BML showed non-FDG or mild-FDG uptake in FDG PET/CT [10,11], and few
instances of the disease revealed increased FDG uptake [12]. FDG PET/CT also showed
promise in differentiating BML from hypermetabolic malignant disease, such as leiomyosar-
coma or other metastatic tumor [13].

Most BML are generally known as slow-growing diseases. Barnaś et al. concluded that
the mean time from the previous gynecological surgery to BML diagnosis was 8.8 years in
161 case studies [7]. Kim et al. described the interval of the diagnosis of uterine leiomyoma
and BML in 11 case analyses as being between 1 year and 1 month to 19 years [9]. On the
other hand, Abu et al. reported a case with a history of uterine fibroid embolization, and
the chest CT study showed multiple pulmonary nodules with maximum sizes of 2.2 cm
2 years later. The nodules were not FDG avid in the following PET/CT study, and BML
was diagnosed with histological confirmation [13]. Most BML are asymptomatic, and
this might be the reason that increased the duration between the diagnosis of BML and
previous chest image study.

There are two case reports of pulmonary BML with breast cancer in Japan [14,15].
Ishibashi et al. reported a patient diagnosed with uterine myoma and breast cancer at the
age of 32, and multiple pulmonary nodules were noted at the age of 46. Kiyokawa et al.
reported the other 60-year-old postmenopausal patient with BML and uterine atypical
leiomyoma subsequently, and the surgery for breast cancer was performed 2 years before.
To our knowledge, the case we reported is the third case of benign metastasizing leiomyoma
of the lung in a breast cancer patient in the English literature, and the first case in which
FDG-PET findings are described.

For multiple pulmonary nodules incidentally seen in oncological patients, differential
diagnosis should include malignant neoplasm, and pathological confirmation is mandatory.
In the current case, our patient was also found to have huge uterine fibroids through whole-
body FDG PET/CT, which provided more information to make the optimal diagnosis, such
as BML.

4. Conclusions

When multiple hypometabolic pulmonary nodules are demonstrated in breast cancer
patients accompanying uterine fibroids on PET/CT or with a history of hysterectomy for
uterine myoma, BML should be included in the differential diagnosis.
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