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Abstract

Aim: Accurate diagnosis of tumor thrombus and distinguishing benign thrombus from tumor thrombus avoid unnecessary anticoagulant treatment of oncological patients and it is important for patient management. In this retrospective study, we aimed to demonstrate the role of FDG-PET/CT imaging for distinction of benign thrombus from tumor thrombus.

Materials and Methods: FDG-PET/CT imaging performed for staging, restaging and treatment response in oncological patients with thrombus were evaluated for accurate diagnosis of tumor thrombus and distinguishing benign thrombus from tumor thrombus by the examination of maximum standard uptake value (SUVmax). PET-CT imaging were evaluated both with visual assessment and increased metabolic activity. PET-CT findings were confirmed by clinical, radiological follow-up and biopsy in some cases.

Results: PET-CT imaging findings of a total of 37 patients with suspected tumor thrombus (25 men, 12 women, mean age: 53.62-range: 8-82) were evaluated, retrospectively. Tumor thrombus in 11 segments in 8 patients (9 linear, 2 focal) and benign thrombus in 45 regions in the other 29 patients were reported in the evaluation of a total of 56 thrombi region in 37 patients on visual analysis and according to the increased metabolic activity. The most common region of thrombosis was defined as vena cava inferior. SUVmax values ranged from 7.91 to 20 (mean: 12.8) in 8 tumor thrombus patients. Compared to mediastinal region increased metabolic activity was not detected in none of the 29 patients with benign thrombus and these patients were treated with anticoagulant agents.

Conclusion: As a conclusion, FDG PET-CT imaging may be useful in oncological patients when radiological imaging findings are suspicious for tumor thrombus.
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Introduction

Thrombosis because of venous thromboembolism (VTE) or tumor thrombosis (TT) is generally more common in oncological patients compared with nononcological patients. Tumor thrombus is a very rare but serious complication of solid tumors. The correct distinction of VTE and TT in oncological patients is critically important for patient management. VTE is cured with anticoagulant treatment. Accurate diagnosis of tumor thrombus and distinguishing benign thrombus from tumor thrombus provides selection of appropriate therapy. Radiological imaging procedures such as ultrasonography (US), contrast-enhanced computed tomography (CECT), magnetic resonance imaging (MR) finds out thrombus insidentally. However, differantial diagnosis is mostly difficult with these modalities. Fluorodeoxyglucose (FDG)- Positron Emission Tomography/Computed Tomography (PET-CT) is a proven procedure in staging, restaging, diagnosis and treatment response in oncological patients.This retrospective study was designed to investigate the clinical role of PET/CT for accurate diagnosis of tumor thrombus and distinguishing benign thrombus from tumor thrombus to avoid unnecessary anticoagulant treatment of oncological patients.

Materials and Methods

Patients

We retrospectively reviewed all FDG PET/CT examinations between August 2014-April 2017 at Mersin University Hospital, and included all oncology-nononcology cases with FDG-avid tumor thrombosis and benign thrombus in the report. A total of 37 patients with tumor thrombus and benign thrombus were included. Informed concept was taken from all patients. PET-CT findings were confirmed by clinical-radiological follow-up at least six months and biopsy in some cases. Histopathology in one tumor thrombus patient and follow-up information after PET/CT scanning served as the standards of reference.

Imaging Protocol

All patients with blood glucose levels < 200 mg/dl and fasted for at least 6 h before an FDG injection of 370-555 MBq (10-15 mCi). PET/CT scans were obtained 60 min after injection using an integrated scanner (GE Discovery PET/CT 610, US). A whole-body CT scan was performed without intravenous contrast administration with 130 kV, 50 mAs, a pitch of 1.5, a section thickness of 5mm, and a field of view of 70cm. A PET scan was performed immediately after an unenhanced CT scan, and acquired from the skull base to the upper thigh or foot with a 3-min acquisition per bed position using a three-dimensional acquisition mode. PET images were reconstructed iteratively by applying CT data for attenuation correction, and co-registrated images were interpreted.

Image Analysis

FDG-PET/CT imaging performed for staging, restaging and treatment response in oncological patients with thrombus were evaluated for accurate diagnosis of tumor thrombus and distinguishing benign thrombus from tumor thrombus by the examination of maximum standard uptake value (SUVmax). PET-CT images were evaluated both with visual assessment and increased metabolic activity in thrombus region. PET-CT images were evaluated both with visual assessment and increased metabolic activity by two experienced Nuclear Medicine physician. PET/CT images were viewed in the coronal, axial, and sagittal sections. The diagnosis of tumor trombus was based on FDG-avid solid masses inside the vessels in patients with known malignancy. The SUVmax was calculated. SUVmax of thrombus lesions were calculated on PET/CT by using region of interest (ROI) included at least two- thirds of the lesions. Partial volume effect was minimized by this way. The regions were drawn by generating sphere circles. The quantitative uptake values of FDG (SUVmax) in the ROIs were semiautomatically calculated using workstations (GE).

Statistical Analysis

Statistical analysis was carried out with SPSS software (SPSS Inc., Chicago, Illinois, USA). A P value of less than 0.05 was considered statistically significant.
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Figure 1: MIP (Maximum Intensity Projection) image and axial fusion images demontrate left brachiosephalic vein TT with SUVmax: 19.45 in a recurrent laringeal cancer 42 year old male patient. v J



Results

FDG-PET/CT imaging performed for staging, restaging and treatment response in oncological patients and patients with suspected malignancy. A total of 37 patients with tumor thrombus and benign thrombus were included. Patients who had confirmed primary malignancies ( lung cancer in 7 patients, gastrointestinal and hepatobiliary malignancies in 13 patients, genitourinary malignancies in 8 patient, sarcoma in 2 patients, lymphoma in 1 patient, laringeal cancer in 2 patients or suspected malignancies in 4 patients) were undergone PET-CT imaging. The most common malignancy was lung cancer (Table 1). PET-CT imaging findings of a total of 37 patients with suspected tumor thrombus (25 men, 12 women, mean age: 53.62-range: 8-82) were evaluated retrospectively. Of the 37 patients 56 thrombus regions (45 benign and 11 malignant thrombus) were shown by PET-CT. A total of 8 (21.6 %) patients (7 M, 1 FM) with mean age 47.75 (Age Range: 8-69) were included in malignant thrombus group (Group I). A total of 29 (78.4 %) patients (14 M, 7 FM) were included in benign thrombus group (Group II). Two patients had more than one vessel, one of which had 3 and the other had 2 malign thrombus regions in group I. FDG uptake pattern was linear in 9 of the 11 segments and focal in 2 segments. (Figures 1-3) illustrates three demonstrative tumour thrombus patients’ PET-CT images. Tumor thrombus in 11 segments in 8 patients and benign thrombus in 45 regions in the other 29 patients were reported in the evaluation of a total of 56 thrombi region in 37 patients on visual analysis and according to the increased metabolic activity. Various vessels were affected. The most common region of thrombosis was defined as vena cava inferior. SUVmax values ranged from 7.91 to 20 (mean:12.8) in 8 tumor thrombus patients. Compared to mediastinal region increased metabolic activity was not detected in none of the 29 patients with benign thrombus and these patients were treated with anticoagulant agents.


Table 1: Suspected malignancy.
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Figure 2: Left main femoral artery (white arrow) biopsy proven focal TT (SUVmax:9.27) in a lung cancer 68 year old male patient.
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Figure 3: Coronal, sagittal and axial fusion images demontrate dilated VCI linear TT (SUVmax 16.88) with primary right RCC and widespread metastases in a 45 year old male patient.




Discussion

Differentiation of malignant tumor thrombus from benign VTE lesions is a critical issue in clinical practice due to the different threatment strategies. Conventional imaging modalities such as US, venography, CECT, and MRI are used routinely in such cases. However, differantial diagnosis is mostly difficult with these modalities. TT is mostly an insidental finding in CECT Tumor thrombus is rarely seen in solid tumors such as mostly in hepatocellular carcinoma (ca) and renal cell ca, followed by ovarian/testicular tumors, colon ca, pancreas ca, lung, breast, thyroid tumors, lymphomas, sarcomas, neuroendocrine tumors [1-16]. Maximum standardized uptake value (SUVmax) is semiquantitative parameter that reflect metabolic activity, but is not specific marker of malignancies. However, high FDG accumulation in a thrombus generally indiates a tumor thrombus. In a recent interesting image report from Sonavane SN et al, the authors reported the imaging findings of a patient with RCC where PET/CT not only ruled out locoregional adenopathy and distant metastases, but also distinguished tumor thrombi from benign thrombi in the same patient [16].

In a similar study in the literature for distinguishing benign and malignant tumor thrombus reported 71.4% sensitivity and specificity values of % 90 with SUVmax cut-off value of 3.63, while in another study cut-off value has been reported as 2.25 [14-16]. A recent study of 12 patients on the efficacy of FDG PET/CT for assessing the acuity of DVT found similar results with regards to BT with mean SUVmax of 2.41 [17]. FDG uptake pattern is not well established in TT. In the current study, we observed that both focal and mostly linear uptake pattern can be seen in TT. Our results are in line with literature with FDG uptake patern was linear in 9 of the 11 segments and focal in 2 segments. According to authors from a study by Ravina M et al. [18], these differences probably reflect variations in the intrathrombic density of neoplastic cells. The most common region of thrombosis was defined as vena cava inferior in line with literature. SUVmax values ranged from 7.91 to 20 (mean:12.8) in TT which was higher than that of VTE. SUV or Tumor/Liver SUV ratios per se are semiquantitative parameters that reflect metabolic activity, but are not specific markers of malignancies. Dual-time-point imaging (DTPI), which employs both early (first hour) and delayed scans (second hour or later) have been introduced to overcome the nonspesificity of PET. DTPI is acquisition of 2 PET scan one of which after 60 min. and second after 120-180 min. following FDG injection.

Malignant cells have upregulated GLUT transporter and hexokinase activity, trapping FDG [19,20]. If a malignant cell is present, the continued FDG uptake between early and late scans results in higher intensity of retained FDG. Inflammatory cells, which retain normal glucose-6-phosphatase activity, will have decreased signal. The different pattern of FDG uptake in malignant versus nonmalignant cells is lower glucose-6-phosphatase levels in cancerous tissue. Inflamatuar and infectious processes have different FDG uptake pattern because of higher level of glucose-6- phosphatase. As the uptake of 18F-FDG in malignancies is expected to increase over time DTPI could be potentially useful in partially overcoming the relatively low specificity of the SUVmax value.


Conclusion

The current study supports results from other small series regarding the usefulness of FDG PET-CT imaging in differentiation of TT from VTE. All linear and focal FDG uptake patterns with high SUVmax values were consistent with TT. Dual-time-point imaging as potential imaging protocol in differentiation of malignant lesions from benign lesions in larger series may be searched in further studies. As a conclusion, FDG PET-CT imaging may be useful in oncological patients with insidentally detected thrombus by conventional imaging or when radiological imaging findings are suspicious for tumor thrombus.
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