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Abstract
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]BACKGROUND
Primary intimal sarcoma of the pulmonary artery is a rare malignant tumor originating from the pulmonary artery, which has a low incidence rate and is easily misdiagnosed as pulmonary embolism. There is no standard protocol for the treatment of primary intimal sarcoma of the pulmonary artery.

CASE SUMMARY
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]This study reports a patient with primary intimal sarcoma of the pulmonary artery who was admitted to our hospital in 2017. The clinical characteristics, diagnosis, treatment and outcome of the patient were retrospectively analyzed. The patient was a Chinese Han male aged 44 years. He had three consecutive episodes of syncope, and was thus admitted to a local hospital. Computed tomography pulmonary angiography showed multiple lesions with abnormal densities in the pulmonary trunk, left pulmonary artery, mediastinum and pericardium, which were consistent with recurrence after tumor resection. He underwent surgery, and was pathologically diagnosed with intimal sarcoma of the pulmonary artery. He relapsed 3 mo after surgery, and apatinib was administered. His condition was stable after 4 mo, with tolerable and controllable adverse reactions. He subsequently died 19 mo after surgery.

CONCLUSION
Primary intimal sarcoma of the pulmonary artery has no specific clinical or imaging manifestations. The diagnosis of this disease depends on histopathology and immunohistochemistry, and has a poor clinical prognosis. Surgical treatment is currently a favorable option for primary intimal sarcoma of the pulmonary artery, and targeted therapy may provide new insights for the development of effective treatment methods.
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[bookmark: OLE_LINK22]Core tip: Primary intimal sarcoma of the pulmonary artery is a rare malignant tumor. Herein, we present the case of a 44-year-old man who showed multiple lesions with abnormal densities in the pulmonary trunk, left pulmonary artery, mediastinum and pericardium on computed tomography pulmonary angiography, which were consistent with disease recurrence. Three months after surgery, disease relapse was reported, and the patient was given apatinib. The patient’s condition was stable after 4 mo, with tolerable and controllable adverse reactions. The patient subsequently died 19 mo after surgery.

INTRODUCTION
Primary intimal sarcoma of the pulmonary artery is a rare malignant mesenchymal tumor occurring in the aortic system. The tumor originates from the vascular wall, which gradually grows inwards to block the lumen and outwards to invade the vascular wall, and/or detaches to form tumor thrombi that spread to surrounding or distant organs. Moreover, in the clinic, primary intimal sarcoma of the pulmonary artery has often been misdiagnosed as chronic pulmonary thromboembolism (CPTE), and the diagnosis is always difficult, therefore frequently leading to delayed treatment[1]. In this study, we report a patient who was first misdiagnosed with CPTE, and later pathologically diagnosed with primary intimal sarcoma of the pulmonary artery. The patient subsequently died. The relevant literature was also reviewed.
[bookmark: _Hlk26436192]
CASE PRESENTATION
Chief complaints
The patient was a Chinese Han male aged 44 years. On May 12, 2017, he was admitted to the Department of Cardiac Surgery, Qianfoshan Hospital, Shandong Province, China, due to recurrent transient syncope for 1 d.

History of present illness
The patient had transient loss of consciousness while working at home. He woke up after a few minutes, without speech and physical dysfunction. After three consecutive episodes of syncope that day, the patient was admitted to a local hospital, where Color Doppler sonography indicated tricuspid insufficiency and pulmonary hypertension (medium-to-severe). The patient was then transferred to our hospital for further diagnosis and treatment.

History of past illness
The patient has no history of past illness.

Personal and family history
In terms of family history, the patient’s mother had hypertension, his father died due to pulmonary embolism, and his sister and brother were physically healthy. A family history of tumors was denied.

Physical examination upon admission
Physical examination indicated consciousness, engorgement of the jugular vein, the patient was capable of cooperating with physical examination, increased cardiac boundary, II-III/6 grade systolic murmurs under the xiphoid process, P2 hyperthyroidism, normal liver and spleen, and mild edema in the lower limbs.

Laboratory examinations
No abnormalities in coagulation parameters were observed, with normal D-dimer and normal tumor indicators. No abnormalities were noted during routine blood tests, routine urine tests and urinary sediment examination, routine fecal tests and occult blood test, blood biochemistry, immune indices, and infection indices.

Imaging examinations
X-ray revealed reduced and sparse texture in the lung, full pulmonary artery, and right atrial enlargement, with a cardiothoracic ratio of 0.56. Electrocardiography (ECG) showed incomplete right bundle branch block. In addition, ECG revealed an irregular echogenic mass in the aortic-pulmonary junction, masses in the left and right pulmonary arteries, significantly enlarged right atrium, moderate-to-severe tricuspid insufficiency, and pulmonary hypertension (moderate), with a pulmonary artery pressure of 56 mmHg. Computed tomography pulmonary angiography (CTPA) examination showed visible low-density masses and filling defects (with a computed tomography value of approximately 50 HU) in the distal segment of the right ventricular outflow tract, main pulmonary artery, and left and right pulmonary arteries, as well as almost complete occlusion of the corresponding arterial lumen (Figure 1). Brain CT showed no obvious abnormalities.

FINAL DIAGNOSIS
Based on these findings, prior to surgery, the patient was diagnosed with CPTE, tricuspid insufficiency (moderate-to-severe), and pulmonary hypertension. The pulmonary artery was almost fully occluded, and the recurrent syncope was possibly related to the large amount of thrombosis in the lung.

TREATMENT
On May 16, 2017, the patient received surgical treatment, under general anesthesia and extracorporeal circulation (to avoid the risk of sudden death). During surgery, a median sternotomy was first performed. Extracorporeal circulation was established through the ascending aorta and the superior and inferior vena cava, and cold blood cardioplegia was perfused through the aortic root. The pulmonary artery was longitudinally cut via the anterior wall of the pulmonary artery. Through this incision, a huge tumor was observed in the pulmonary artery lumen (Figure 2A), which seemed to be semi-translucent, with a wide pedicle and intact adventitia. The pulmonary artery lumen was incompletely occluded, but showed severe stenosis (up to 90%). The pulmonary endarterium was carefully stripped, and the tumor was completely removed. The full-thickness of the pulmonary artery wall was resected from the pedicle island (0.5 cm × 0.5 cm). After washing, the longitudinal incision of the pulmonary artery was closed by a continuous reciprocating suture with 4/0 slide wire, followed by contraction of the tricuspid annulus using DeVega annuloplasty.
Postoperative pathology indicated a mucinous spindle cell tumor (Figure 2B), which was consistent with the diagnosis of intimal sarcoma of the pulmonary artery. Moreover, immunohistochemical staining showed smooth muscle actin (SMA) (+), FLI-1 (+), CD34 blood vessels (+), and broad-spectrum CK (-). The Ki-67 positive rate was approximately 40%. The patient was discharged 12 d after surgery, and no longer received treatment due to personal reasons. At the end of August 2017, pulmonary artery CTPA showed multiple lesions with abnormal densities in the pulmonary trunk, left pulmonary artery, mediastinum and pericardium (Figure 3), which were consistent with recurrence after tumor resection. In early September 2017, the patient was administered targeted drug therapy with oral apatinib (500 mg, qd), and developed tolerable adverse reactions. After two months of drug therapy, CTPA suggested multiple abnormalities in the pulmonary trunk, left pulmonary artery, left atrium and mediastinum (Figure 4). Some of the lesions were smaller compared with those measured previously, and the patient’s condition had improved. After another 2 mo of medication, CTPA revealed enlarged multiple abnormalities in the pulmonary trunk, left pulmonary artery, left atrium, mediastinum and left ventricle (Figure 5), indicating disease progression. The patient subsequently underwent chemotherapy with vinorelbine combined with cisplatin, gemcitabine and other regimens, during which time apatinib (250 mg, qd) was administered intermittently. However, a poor curative effect was observed. CT demonstrated that the pulmonary sarcoma had grown.

OUTCOME AND FOLLOW-UP
The patient died 19 mo after surgery.

DISCUSSION
Intimal sarcoma of the pulmonary artery is a very rare malignant mesenchymal tumor, and always occurs in the aortic wall of the pulmonary circulation. According to the World Health Organization Classification of Tumors, intimal sarcoma mainly originates from the blood vessel lumen, which then blocks the lumen and produces tumorous emboli, leading to serious clinical symptoms and even peripheral organ embolism[2]. The average age of disease onset is 50 years (ranging from 13 to 86 years)[3], and only one child of 2 years with this disease has been reported[4]. Pulmonary artery sarcoma is more commonly found in women, with a male to female ratio of 1:1.3[5]. However, Cox et al[6] showed no significant difference in disease incidence related to gender. Intimal sarcoma of the pulmonary artery mainly involves the proximal end of blood vessels, and is often located in the pulmonary trunk (80%), the right or left pulmonary artery (50%-70%), or both (40%). Moreover, approximately 20% of cases have extrathoracic malignant metastasis, involving the lungs, kidneys, lymph nodes, brain, and skin. In 1990, Kruger et al[7] reviewed a total of 93 cases with pulmonary artery sarcoma, and 60% of these cases were diagnosed by autopsy. In 1997, Cox et al[6] reported 42 cases of pulmonary artery sarcoma, and 90% were diagnosed before death. The actual incidence of intimal sarcoma is unclear, and may be underestimated due to its resemblance to CPTE[8]. Moreover, the etiology and risk factors of this tumor have not yet been fully elucidated. It has been shown that the CDK4 gene mutation may have a role in the pathogenesis of the disease[9].
Diagnosis of intimal sarcoma of the pulmonary artery is difficult and often delayed due to concealed and/or non-specific symptoms. Common symptoms include dyspnea, chest or back pain, cough, hemoptysis, weight loss, fatigue, syncope, and fever. In rare cases, embolism derived from a pulmonary valve sarcoma may have manifestations similar to chronic thromboembolic pulmonary hypertension[10]. Moreover, there may be systemic symptoms, such as weight loss, fever or anorexia, severe dyspnea, and right-sided heart failure[11]. Vascular symptoms are mainly the result of thrombosis or severe arterial stenosis, only when the lumen is compressed or invaded. In the present study, the patient had clinical symptoms very similar to those of CPTE. In general, a patient may be asymptomatic for a long time before symptoms appear, while the tumor progresses, gradually blocking the pulmonary artery. When the patient reports obvious symptoms, the disease has already progressed to the late stage, which causes great difficulties in disease diagnosis and treatment, often leading to misdiagnosis (as chronic embolic diseases).
The results of laboratory examinations are often non-specific, including an accelerated erythrocyte sedimentation rate, thrombocytopenia, erythrocytosis, and disseminated intravascular coagulation. ECG mainly shows pressure overload in the right ventricle, right ventricular hypertrophy, and T-wave variation in the ST segment, which are non-specific. Color Doppler echocardiography mainly shows right ventricular enlargement, pulmonary hypertension, and tricuspid regurgitation. In the present case, in addition to right ventricular enlargement and pulmonary hypertension, slight low-density shadows were also observed in the pulmonary trunk, and in the left and right branches, which increased the possibility of pulmonary embolism. Therefore, ultrasound examination is able to detect pulmonary artery obstruction in some patients; however, the cause is impossible to determine. Considering the high incidence of common clinical diseases, patients are often diagnosed with pulmonary embolism, while intimal sarcoma of the pulmonary artery would be excluded due to its low incidence.
CTPA is the main method used to detect pulmonary artery tumors, which can timely identify occupying lesions in the pulmonary artery, although the nature of the lesion is difficult to determine. According to clinical experience, if the pulmonary artery obstruction images show invasion into the lumen wall and extravascular adjacent structures, or the lesion involves the pulmonary valve and the right ventricular outflow tract (presented as lobulation and/or separation), the possibility of pulmonary artery tumor should be highly suspected[12]. In the case reported herein, the CT images were consistent with the above-mentioned manifestations. Moreover, pulmonary angiography can provide enough clues for the diagnosis of pulmonary artery sarcoma, typically manifested as an obstruction in the pulmonary trunk, reciprocating motion of the obstructive shadow or a small and thin distal end of the pulmonary artery, cutting off the surrounding blood vessels[13]. However, pulmonary angiography is prone to causing trauma and increases the risk of pulmonary emboli, and is thus not preferable in clinical application. Furthermore, medical imaging plays a critical role in the detection of pulmonary artery lesions. However, it is still difficult to distinguish tumor occlusion from pulmonary vascular embolism.
At present, autopsy and postoperative histopathological examination are considered the gold standard for the diagnosis of intimal sarcoma of the pulmonary artery, and the oncologic histological pattern under microscopy ranges from intermittent undifferentiated round cells to spiral-shaped spindle cells[14]. Histopathological examinations have revealed that the majority of primary intimal sarcomas of the pulmonary artery are poorly differentiated or undifferentiated malignant spindle cell sarcomas, with different characteristics related to fibroblasts or myofibroblasts. Moreover, there are marked differences in the atypia of neoplastic cells, mitotic figures, and necrosis among cases, in which obvious mucosal degeneration or epithelium-like neoplastic cells are observed in some tumors. Based on immunohistochemical staining, intimal sarcoma has diffuse expression of vimentin, and commonly includes SMA, CD34, osteopontin, and CD31[15]. Moreover, epithelium-derived markers, histiocyte-derived and neuroendocrine markers are all negatively expressed. Cases with the above-mentioned manifestations would be diagnosed with mesenchymal tumors. Some cases may have differentiations, such as leiomyosarcoma, angiosarcoma, and osteosarcoma. In the case presented herein, postoperative pathology indicated a mucus-like spindle cell tumor, and immunohistochemical staining revealed SMA (+), FLI-1 (+), and CD34 blood vessels (+), which were in accordance with the diagnosis of intimal sarcoma of the pulmonary artery.
At present, it is generally believed that surgical resection is a favorable treatment option for intimal sarcoma of the pulmonary artery, which can prolong the survival period[3]. It has been reported that after surgical resection, the survival period can range from a few weeks to more than 10 years[16]. However, there is no consensus on the impact of surgery combined with radiotherapy and chemotherapy, on patient overall survival rate[17]. Chemotherapy is an option for patients with focal sarcoma which cannot be resected or has relapsed[18]. Manso et al[19] reported 3 cases of primary pulmonary artery sarcoma, who underwent surgery and chemotherapy (anthracyclines and ifosfamide), with different outcomes. Palliative chemotherapy with anthracyclines and ifosfamide has been shown to be the typical treatment strategy for advanced diseases, with response rates of approximately 50%[19]. It has been shown that vinorelbine is a better option in terms of tolerance.
Growth, invasion and metastasis of malignant tumors are closely associated with tumor angiogenesis, and anti-angiogenesis represents an important treatment method. Apatinib mesylate is a vascular endothelial growth factor receptor-2 (VEGFR-2) inhibitor, which has been independently developed in China. In the present study, the patient did not receive any treatment 3 mo after surgery. Thereafter, he started targeted therapy with apatinib following relapse, and the patient’s condition improved after drug administration for 2 mo. The patient’s condition was stable for 4 mo, and adverse effects were well tolerated during apatinib therapy. The reasons for selecting apatinib were as follows: (1) A pharmacodynamics study showed that apatinib can inhibit tumor angiogenesis by inhibiting the activity of VEGFR-2 tyrosine kinase and blocking signal transduction of VEGF after binding to the receptor[20]. Considering the mechanism of action of apatinib on tumor cells, it may have acceptable efficacy in the treatment of intimal sarcoma of the pulmonary artery; (2) There is no standard protocol for the treatment of primary intimal sarcoma of the pulmonary artery. At present, the feasibility of apatinib for the treatment of advanced sarcoma has been confirmed[21], exhibiting appropriate clinical application potential; and (3) As a highly effective and low-toxic anti-tumor angiogenesis drug, apatinib is highly convenient due to oral administration, which would be easily accepted by the patient.
Primary intimal sarcoma of the pulmonary artery is strongly invasive, and has a very poor prognosis and high relapse rate if treatment is delayed. Tumors may transfer to the brain, pancreas, adrenal glands, and lungs. The life expectancy after symptom onset ranges from 12 to 18 mo, while the 1- and 2-year survival rates are 22% and 7%, respectively. The median survival period for patients who are unable to undergo surgery due to disease progression (progressive right heart failure) is only 6 wk, which could be prolonged to up to 3 years in patients receiving surgery[8].

[bookmark: _Hlk26436803]CONCLUSION
[bookmark: _Hlk25838001]The incidence of intimal sarcoma of the pulmonary artery is low, and its clinical manifestations are similar to those of CPTE. Moreover, the treatment of intimal sarcoma of the pulmonary artery can be delayed due to missed diagnosis and misdiagnosis. Therefore, disease history and physical signs, characteristics on medical imaging and histopathological examination should be combined to achieve an early diagnosis and improve diagnostic accuracy, thereby improving disease prognosis. In particular, for patients with low D-dimer levels who are diagnosed with CPTE, the possibility of intimal sarcoma of the pulmonary artery should be considered. However, at present, there is still no standard protocol for the treatment of primary intimal sarcoma of the pulmonary artery; therefore, a more effective treatment strategy is required to further improve patient quality of life and prolong survival time. In this case report, our findings showed that apatinib had potential therapeutic value for primary intimal sarcoma of the pulmonary artery, which may provide new insight for disease diagnosis and treatment. The results reported herein should be further assessed in future in-depth studies.
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Figure legends
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Figure 1 Preoperative computed tomography pulmonary angiography showed a significant filling defect in the pulmonary artery.
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Figure 2 Intimal sarcoma of the pulmonary artery. A: A giant pulmonary artery tumor was removed during surgery; B: Postoperative pathology showed intimal sarcoma of the pulmonary artery.
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Figure 3 Computed tomography pulmonary angiography of the pulmonary artery at 3 mo post-operation showed relapse of the pulmonary artery sarcoma.


[image: ]
Figure 4 Computed tomography pulmonary angiography of the pulmonary artery after 2 mo of apatinib administration showed improved clinical conditions.
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[bookmark: _GoBack]Figure 5 Computed tomography pulmonary angiography of the pulmonary artery after 4 mo of apatinib administration showed disease progression.
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