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Abstract 

Pulmonary vein leiomyosarcoma is extremely rare and has a poor prognosis. Surgical resec-

tion with a wide margin seems to offer the only chance of cure. The role of adjuvant therapy 

is controversial, and the exact efficacy of chemotherapy has not been observed. In this re-

port, we present an 18-year-old male patient with pulmonary vein leiomyosarcoma in whom 

the use of paclitaxel (PAX) proved to be effective. Because the tumor originated from the left 

superior pulmonary vein and diffused into the left atrial wall and the junction of the right 

superior pulmonary vein and left atrium, the en bloc excision of the tumor was impossible. 

The first-line chemotherapy, including ifosfamide, doxorubicin, and dacarbazine, in conjuga-

tion with radiation therapy could not demonstrate any effect on the tumor size. However, the 

following PAX-containing regimen provided complete regression of the tumor. After PAX-

based high-dose chemotherapy with autologous peripheral blood stem cell transplantation, 

the patient showed complete remission for 2 years. Although he suffered metastatic recur-

rences and died 4 years after the onset of symptoms, our patient’s clinical course clearly re-

veals the efficacy of PAX. © 2017 The Author(s) 
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Introduction 

Primary tumors of the great vessels are very rare, and most of the tumors are sarcomas. 
Among them, primary pulmonary vein leiomyosarcoma is extremely rare and has a poor 
prognosis [1, 2]. Not much is known about the best therapeutic modality for primary pulmo-
nary vein leiomyosarcoma. Surgical excision with a wide margin is the only mainstay of cura-
tive treatment, and the role of chemotherapy and radiation therapy is controversial [2]. 
Here, we report a case with pulmonary vein leiomyosarcoma, wherein the use of paclitaxel 
(PAX) proved to be effective.  

Case Presentation 

An 18-year-old male patient was hospitalized because of a 1-week history of cough, fe-
ver, and shortness of breath. Both past medical history and family history were unremarka-
ble. He was diagnosed with pneumonia, but antibiotics did not improve his condition, and he 
needed oxygen inhalation for respiratory distress. One week later, a cardiovascular examina-
tion revealed 2/6 diastolic murmur over the apex and a transthoracic echocardiogram re-
vealed a left atrial mass. He was emergently referred to our hospital. A chest radiograph 
revealed cardiomegaly and pulmonary vascular congestion. A transthoracic echocardiogram 
showed a large left atrial mass occluding the mitral inflow. A thoracic computed tomography 
presented a left atrial mass but no other tumors elsewhere (Fig. 1). Soon after admission, his 
condition rapidly deteriorated after massive hemoptysis to necessitate mechanical ventila-
tion and percutaneous cardiopulmonary support. The patient underwent an emergent sur-
gery under a putative diagnosis of left atrium myxoma. Median sternotomy, aortic-bicaval 
cannulation, and standard cardiopulmonary bypass were performed. Through a right inter-
atrial groove incision, a large pedunculated hard mass occupying the left atrium was excised; 
the pedicle was traced to the left superior pulmonary vein. The cardiac surgeons indicated 
that the tumor might have originated from the left superior pulmonary vein near the left 
atrium and may have directly invaded the atrial wall to the junction of the right superior 
pulmonary vein and left atrium. Although the mass was removed as much as possible, the en 
bloc removal of the tumor, with both superior pulmonary veins and their corresponding 
pulmonary lobes and atrial wall, could not be performed. 

Histologically, the tumor comprised pleomorphic cells with bizarre nuclei and some 
spindle cells with blunt-ended nuclei. In addition, multinucleated giant cells and occasional 
coagulative necrosis (<50% in the examined area) were observed. Besides, mitotic figures 
were also found with a frequency of 5–7 per 10 high-power fields. The immunohistochemi-
cal staining with the proliferation marker Ki-67 revealed a proliferation index of 50%. While 
the tumor cells were α-smooth muscle actin, h-caldesmon, desmin, and vimentin positive, 
epithelial membrane antigen, keratin, CD34, and factor VIII were negative (Fig. 2). Hence, the 
diagnosis of leiomyosarcoma was determined.  

After the operation, he required the assistance of percutaneous cardiopulmonary sup-
port for 5 days and mechanical ventilation for 12 days. However, the remaining tumor grew 
rapidly during this interval. A transesophageal echocardiography revealed a mass, measur-
ing 1 × 1.5 cm in the left superior pulmonary vein 7 days after the operation, and the tumor 
grew up to occupying two-thirds of the left atrium at postoperative day 40. Because the cu-
rative en bloc excision of the tumor was impracticable, chemotherapy and combined radia-
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tion therapy (total amount of 60 Gy) were initiated at postoperative days 46 and 59, respec-
tively. 

One course of IFO/DOX: ifosfamide, 2.5 g/m2 × 5 days, doxorubicin, 20 mg/m2 × 2 days; 
2 courses of CYVADIC: cyclophosphamide, 1,200 mg/m2 × 1 day, vincristine, 1 mg/m2 × 2 
days, doxorubicin, 40 mg/m2 × 1 day, dacarbazine, 225 mg/m2 × 4 days; 1 course of MAID: 
ifosfamide, 2.5 g/m2 × 3 days with MESNA, doxorubicin, 20 mg/m2 × 3 days, dacarbazine, 
225 mg/m2 × 3 days; and selective tumor-specific intra-arterial infusion of melphalan (50 
mg) via internal thoracic artery could not achieve any response. For salvage chemotherapy, a 
PAX-containing regimen, ifosfamide, 1 g/m2 × 3 days, doxorubicin, 30 mg/m2 × 1 day, PAX, 
140 mg/m2 × 1 day (IFO/DOX/PAX), was initiated, and it achieved dramatic tumor regres-
sion (Fig. 3). The tumor almost disappeared after 2 courses with IFO/DOX/PAX. After 4 
courses of IFO/DOX/PAX, we conducted a tandem PAX-based high-dose chemotherapy 
(HDC) with autologous peripheral blood stem cell transplantation (PBSCT); the first HDC 
regimen comprised ifosfamide, 3 g/m2 × 3 days and PAX, 370 mg/m2 × 1 day, and the second 
comprised etoposide, 300 mg/m2 × 3 days, carboplatin, 400 mg/m2 × 3 days, and PAX, 420 
mg/m2 × 1 day, respectively. The patient achieved complete regression of the tumor.  

The patient enjoyed a sustained complete remission for 2 years after the therapy, but he 
suffered a brain metastasis followed by bone and pulmonary metastases. No local recurrence 
was noted. The lesions were refractory to chemotherapy, including PAX, and he underwent 
palliative surgery and radiation therapy. However, he died 4 years after the onset of symp-
toms and an autopsy was not allowed.  

Discussion 

Leiomyosarcoma of the pulmonary vein is very rare. Since its clinical presentation is 
nonspecific, early diagnosis is often difficult [2]. A magnetic resonance imaging and an 18F-
fluorodeoxyglucose positron emission tomography are reportedly useful in examining the 
characteristics and extent of cardiac tumors [3]. In addition, the usefulness of preoperative 
biopsy has been also reported [4]. In our case, the aggressive clinical course did not allow 
precise preoperative examinations for the tumor. Because the mean age of cardiac sarcomas 
was reported to be fourth to fifth decades [1, 2], a preoperative diagnosis of our patient was 
the left atrium myxoma.  

Owing to the difficulty of determining the site of a large tumor intraoperatively, and as 
left atrial leiomyosarcoma often diffuses into the pulmonary vein lumen, in some previously 
reported cases, pulmonary vein leiomyosarcoma has been doubted to be misinterpreted as 
left atrial leiomyosarcoma [5, 6]. We diagnosed our patient with leiomyosarcoma derived 
from the left superior pulmonary vein near the left atrium from the findings at operation and 
the growth pattern of the remaining tumor after the operation; however, we could not 
demonstrate histologically because the en bloc removal of the tumor was impossible.  

Including the present case, only 30 cases with leiomyosarcoma of the pulmonary veins 
have been reported to date [2, 7–12]. Owing to the scarcity of this disease, little is known 
about the optimal treatment modality of pulmonary vein leiomyosarcoma. A radical surgical 
resection with a wide margin seems to offer the only chance of cure. Although successful 
simultaneous removal of the corresponding lung with extensive resection of the tumor and 
atrial wall en bloc has been reported [5], the results of surgical treatment have been pallia-
tive in most cases because of the tumor relapses or metastases [2, 10]. While an adjuvant 
therapy is anticipated under these circumstances, the role of chemotherapy and radiation 
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therapy has not been elucidated. Concerning radiation therapy, leiomyosarcoma has been 
reported to show low radiosensitivity [2]. The benefits of chemotherapy are also unclear. In 
some cases, postoperative chemotherapy might prolong the survival [8, 10], but a possibility 
that the supposed efficacy of chemotherapy was coupled with surgical interventions should 
be taken into account because surgery alone might contribute to the prolongation of survival 
[5]. In addition to unknown efficacy, there have been no data on an optimal chemotherapy 
regimen. Doxorubicin, ifosfamide, etoposide, dacarbazine, vincristine, and cyclophospha-
mide have been used as in other soft tissue sarcomas, and there was no observed exact effi-
cacy of chemotherapy [2, 8, 10]. 

Our case clearly exhibits the efficacy of PAX. Initially, our patient underwent IFO/DOX 
followed by CYVADIC and MAID, in conjunction with radiation therapy, but these could not 
demonstrate any effect on the tumor size. Nevertheless, PAX-containing chemotherapy reg-
imen resulted in the disappearance of the tumor and sustained complete remission for 2 
years. Whether PAX only or its combination with ifosfamide and doxorubicin was effective 
could not be determined in our case. Generally, PAX is used in third-line chemotherapy in the 
treatment soft tissue sarcomas [13]. The use of PAX has been described only in 2 cases with 
pulmonary vein leiomyosarcoma for salvage chemotherapy, but with no efficacy [10, 14]. 
Although a further experience of PAX in cardiac leiomyosarcoma is needed, the clinical 
course of our patient indicated that PAX-containing chemotherapy, IFO/DOX/PAX, might be 
a candidate for the first-line chemotherapy for pulmonary vein leiomyosarcoma. 

Since our patient’s tumor had been highly sensitive to PAX, we conducted a tandem 
PAX-based HDC with PBSCT [15]. This is the first report of a patient with pulmonary vein 
leiomyosarcoma who underwent HDC with autologous PBSCT. He achieved sustained com-
plete remission for 2 years but suffered multiple metastatic recurrences. A further refine-
ment of the treatment strategy, including molecularly targeted agents, is needed [13]. 
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Fig. 1. Imaging studies at admission to our hospital. a Chest roentgenography showing mild cardiomegaly 

and severe pulmonary congestion. b Transthoracic echocardiogram showing the left atrial mass obstruct-

ing the mitral flow. c Plain thoracic computed tomography showing the left atrial mass.  
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Fig. 2. Microscopic findings of the tumor. a Hematoxylin and eosin-stained section showed pleomorphic 

tumors with bizarre nuclei. b Immunohistochemical analysis showing α-smooth muscle actin-positive 

tumor cells. 
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Fig. 3. Serial enhanced thoracic computed tomography during chemotherapy. a Before starting the chemo-

therapy. b After IFO/DOX, CYVADIC, MAID, and radiotherapy. The tumor size did not change. c After 1 

course of IFO/DOX/PAX, the tumor markedly regressed. d Before first HDC, the tumor almost disappeared. 
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