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Abstract
BACKGROUND
T-lymphoblastic lymphoma (T-LBL), a neoplasm of immature T-cell precursors or lymphoblasts, is a clinically aggressive disease. In general, patients with T-LBL have a poor prognosis and often have high-risk clinical features, such as mediastinal masses, central nervous system infiltration, or other indications of high tumor burden; however, extensive thrombi are not common.

CASE SUMMARY
A 27-year-old woman presented to the Department of General Surgery with cervical lymph node enlargement accompanied by cough, wheezing, and palpitation for 3 mo. A complete blood count showed a white blood cell count of 1.6 × 109/L, a hemoglobin concentration of 135 g/L, and a platelet count of 175 × 109/L. A biopsy sample of the lymph node mass indicated T-cell lymphoblastic lymphoma, and the bone marrow immunophenotype indicated early T-cell precursor acute lymphoblastic leukemia (ETP-ALL). Abdominal and chest enhanced computed tomography showed thrombi in the superior vena cava, inferior vena cava, right hepatic vein, azygos vein, and right atrium. The ultrasonic cardiogram showed a thrombus in the right atrium of 5.23 cm × 4.21 cm. The patient was first treated with low-dose dexamethasone and low-molecular-weight heparin followed by 2 cycles of chemotherapy. Then, the ultrasonic cardiogram showed that thrombus in the right atrium had disappeared and the patient had achieved complete cytological remission. The maintenance therapy of the patient included chidamide 30 mg/wk, and she survived for 6 mo.

CONCLUSION
The incidence of venous thromboembolism is high in lymphoma; however, extensive thrombi with heart thrombosis is rare. Chemotherapy is the major method of treatment for lymphoma with thrombosis. We successfully treated a patient with T-LBL complicated by extensive thrombi, including a large right atrial thrombus, with combined chemotherapy containing liposomal doxorubicin, and the patient achieved complete remission. Maintenance therapy with chidamide was also effective.
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Core Tip: T-lymphoblastic lymphoma (T-LBL), a neoplasm of immature T-cell precursors or lymphoblasts, is a clinically aggressive disease. We present herein, a rare case of T-cell lymphoblastic lymphoma with extensive thrombi and cardiac thrombosis. This case highlights the ultimate importance of monitoring changes in embolus size and whether the embolus falls off during the treatment to avoid potentially serious multi-organ thrombosis complications. In addition, this case also confirmed that pegylated liposomal doxorubicin and chidamide are safe and effective in the treatment of T-LBL/leukemia.


INTRODUCTION
T-lymphoblastic lymphoma (T-LBL) is a rare and aggressive precursor T-cell tumor that can affect the bone marrow (BM) or blood or present as a tissue-based mass involving the thymus, lymph nodes, or extranodal sites. T-LBL mainly occurs in adolescents and young adults[1]. The etiology of T-LBL is still unclear and may be caused by biological, physical, and chemical factors, and changes in molecular genetics may also be related to its occurrence. At present, there is no standard treatment for T-LBL; however, CHOP(adriamycin, cyclophosphamide, vincristine, prednisone), hyper-CVAD(methotrexate, cytarabine, prednisone), or chemotherapy regimens for childhood acute lymphoblastic leukemia are commonly used in the clinic[2-4]. The application of autologous hematopoietic stem cell transplantation (auto-HSCT) or allogeneic HSCT (allo-HSCT) in the treatment of T-LBL patients is still controversial[5,6].

CASE PRESENTATION
Chief complaints
The patient was a 27-year-old female who, 1 mo after giving birth, was admitted to the hospital because of cervical lymph node enlargement accompanied by cough, wheezing, and palpitation for 3 mo.

History of present illness
She was diagnosed with T-LBL at another hospital.

Personal and family history
She has no special personal and family history.

Physical examination
The physical examination revealed moderate anemia. A scattered, red maculopapular rash with ulcers visible on the surface was present on the patient’s chest. There were no skin rashes, bleeding spots, or ecchymosis on the skin of the rest of the body. Bilateral enlarged lymph nodes were palpable in the neck area, the largest one located on the right, approximately 3 cm × 5 cm in size, with tenderness to touch and clear boundaries in relation to the surrounding tissue but without fusion. The other superficial lymph nodes were not palpable. There was no tenderness in the sternum, and the rest of the physical examination was unremarkable.

Laboratory examinations
Right cervical lymph node biopsy: Non-Hodgkin's lymphoma, immunohistochemistry as follows: TDT+, BCL-2+, CD79a+, CD5 part+, CD7+, CD99+, CD3-, CD20-, CD10-, CD23-, CD34 (endothelium+), CD1a-, CD2-, CD4-, CD8-, PAX-5(-), and Ki67(70+).

BM cytology and flow cytometry: A large number of abnormal lymphocytes were found, and the immunophenotype was CD34-, CD117p+, CD38+, HLA-DR-, CD13dim, CD33-, CD123 slightly positive, CD22p+, Ccd3+, CD3-, CD5- , CD7+, CD8-, CD4-, CD2-, MPO+, which indicated ETP-ALL (Figure 1).

Mutation detection: No abnormalities were found regarding mutations of thrombophilia or in the next-generation sequencing (NGS) for T-cell lymphoma. Whole-genome exon sequencing showed that, among the sequences analyzed, 51% had PLA2G7 mutations, 49% had NOTCH2 mutations, 45% had TTN mutations, 43% had PIK3CA mutations, 46% had CCND3 mutations, and 50% had NF1 mutations (Figure 2).

Imaging examinations
[bookmark: _Hlk54004097]Chest enhanced computed tomography (CT) and ultrasonic cardiogram showed extensive thrombi and heart thrombosis (Figure 3).

MULTIDISCIPLINARY EXPERT CONSULTATION
A multidisciplinary team (MDT) was assembled immediately after admission, and the suggestion of the consultation was as follows: First, extensive thrombi and cardiac thrombosis indicated cancer thrombosis, but the possibility of thrombus shedding was relatively small. It was suggested that anticoagulation and thrombolysis should be carried out on the basis of active treatment of the primary disease, and the coagulation function and hemogram should be closely monitored. Second, at that time, the patient had no indication for operation, such as circulatory disturbance or tricuspid complete obstruction, but emergency surgery could be performed at any time if the condition changed, or surgical treatment can be decided according to the patient's specific conditions after the control of the primary disease.

FINAL DIAGNOSIS
The final diagnosis of the presented case is T-cell lymphoblastic lymphoma with extensive thrombosis and cardiac thrombosis caused by lymphoma.

TREATMENT
The patient was treated with low-dose dexamethasone and low-molecular-weight heparin in the first 3 d (July 16, 2018 to July 19, 2018), and then we went through the first circle of chemotherapy in sequence, including pegaspargase 3750 IU × 1 d, cyclophosphamide 1.2 g × 1 d, pegylated liposomal doxorubicin (PLD) 20 mg × 3 d, vindesine 4 mg × 1 d, and dexamethasone 10 mg × 7 d. A detailed treatment schedule is shown in Table 1. During the treatment, we closely monitored the patient's vital signs, routine blood test results, coagulation function, and cardiac ultrasound.

OUTCOME AND FOLLOW-UP
After chemotherapy, the lowest neutrophil count was 0.04 × 109/L, and agranulocytosis with recurrent fever occurred. The body temperature returned to normal after the combination of cefoperazone, sulbactam, and vancomycin. On the 11th day of treatment (July 27, 2018), cardiac ultrasound showed that the embolus in the right atrium had reduced in size to 42 mm × 38 mm, and on the 30th day (August 15, 2018), it had reduced in size to 25 mm × 13 mm. On the 20th day after the first cycle chemotherapy, BM cytology showed that immature lymphocytes accounted for 4%, the cell shape was irregular, and pseudopodia were easily seen. The examination of minimal residual disease (MRD) showed that CD45dim, TDT-, CD99+, CD10+, Ccd3+, CD5-, and CD7+ cells occupied 5.21% of nuclear cells and were abnormal T lymphocytes, which was significantly lower than that before chemotherapy.
Then, we gave the patient the second cycle of chemotherapy, including pegaspargase 3750 IU × 1 d, cyclophosphamide 1.2 g × 1 d, PLD 20 mg × 3 d, vindesine 4 mg × 1 d, dexamethasone 10 mg × 7 d, and methotrexate 2 g × 1 d. On the 45th day (August 30, 2018) after therapy, cardiac ultrasound showed that the embolus in the right atrium had reduced in size to 18 mm × 15 mm. All results of the accessory examination are shown in Table 2.
Unfortunately, the patient developed left limb weakness with nausea and progressive aggravation after the activity on September 3, 2018. Physical examination of the patient revealed paralysis of the left upper and lower limbs and decreased muscle tension of the left upper and lower limbs, weak tendon reflex, grade 0 muscle strength of the left upper limb, grade II muscle strength of the left lower limb, and negative pathological findings. The original right atrium mass was not found in an emergency cardiac ultrasound. CT angiography of cephalic and cervical tissue revealed a large area of low-density shadow in the right parietal lobe, which was considered a cerebral infarction. Combined with the patient's medical history, clinical symptoms, and the results of the abovementioned auxiliary examinations, it was considered that the original right atrial embolus had dislodged and had led to cerebral infarction. Subsequently, thrombolytic therapy and neurotrophic therapy were performed. Repeated epileptic seizures occurred on September 4, 2018 and were treated with sedation and antiepileptics. A cranial CT on September 6, 2018 found low-density patches with slightly higher density on the right frontal and parietal lobes. On contrast-enhanced scans, slight enhancement could be seen, indicating the possibility of cerebral infarction with a small amount of hemorrhage. After nutritional nerve treatment and supportive treatment, such as hemostasis, the limb function of the patient improved. Subsequently, the patient was transferred to the rehabilitation department to continue the rehabilitative treatment for limb function. Finally, the patient's limb function basically recovered, and she could take care of herself.
Our follow-up treatment plan for this patient was high-dose chemotherapy and stem cell transplantation, but the patient refused. Later, the patient insisted on oral chidamide 30 mg 2/wk for maintenance treatment, and she survived over 6 mo.

DISCUSSION
Lymphoblastic lymphoma (LBL) is a rare disease accounting for approximately 8% of all lymphoid malignancies[7]. In recent years, gene expression profiling, NGS, and whole exome sequencing (WES) studies have revealed other differences between T-ALL and T-LBL. Several studies, including the cooperative GRAALL study group, reported that in T-LBL adult patients, the prognosis of these patients was associated with the NOTCH1, FBXW7, N/K-RAS, and PTEN genes[8-10].
[bookmark: _Hlk61964571]In this patient, we performed chromosome karyotyping and NGS of T-cell lymphoma and thrombophilia, but there was no positive finding. Surprisingly, WES found several abnormal gene mutations, including PLA2G7, NOTCH2, TTN, PIK3CA, CCND3 and NF1, although these mutations are not directly related to T-LBL in published reports. The platelet activating factor acetylhydrolase (PLA2G7) gene encodes lipoprotein-associated phospholipase A2 (Lp-PLA2) and is a potent pro- and anti-inflammatory molecule that has been implicated in multiple inflammatory disease processes[11]. Lp-PLA2 represents a potential cardiovascular risk marker, given its correlations with coronary disease and stroke[12]. Using Ingenuity Pathway Analysis software for pathway enrichment analysis, it was found that the PLA2G7 gene may participate in thrombosis through the hepatic fibrosis signaling pathway, the PPAR (peroxisome proliferator-activated receptor)signaling pathway, the AMPK(AMP-activated protein kinase) signaling pathway, or the nuclear factor-kappa beta signaling pathway, and the specific mechanism needs further study. Although the detected sites (PLA2G7: NM_005084:exon10:c.T896A:p.M299K) were not previously reported in COSMIC and related literature, we still believe that the presence of this mutation was associated with the clinical manifestations of massive venous thrombosis and atrial thrombosis in this patient. Notch2 is expressed in many cell types of most lineages in the hematolymphoid compartment and has specific roles in the differentiation and function of various immune cells[13]. In 2015, Neumann M provided a comprehensive mutation study of 81 adult T-ALL patients to identify new targets to improve the understanding of treatment objectives[14]. In this study, the NOTCH pathway was affected in approximately 60% of all T-ALL patients, including mutations in Notch receptor 2 (NOTCH2). In 2017, Doerrenberg et al[15] performed exome sequencing of three infant cases. One of the three infant patients had a heterozygous NOTCH2 mutation, which was predicted as deleterious as it causes an amino acid change from phenylalanine to valine in the extracellular EGF-like domain in the NOTCH2 protein, which is needed for Ca2+-dependent ligand binding. Therefore, it is reasonable to believe that the NOTCH2 mutation is related to the clinical prognosis of this patient. PIK3CA has been found to be oncogenic, and it has been implicated that gene amplification of PIK3CA contributes to the pathogenesis of DLBCL and mantle cell lymphoma[16]. Although no previous articles have reported that this gene is associated with T-LBL, we believe that the discovery of this mutation by whole-exome sequencing may provide a new research direction for the phenotype and prognostic indicators of gene mutations in subsequent T-LBL patients. D-type cyclins form complexes (CCND3) that have been reported to promote cell cycle progression. Although cyclin D functions appear largely tissue-specific, it has been demonstrated that cyclin D3 has unique functions in lymphocyte development and cannot be replaced by cyclin D2[17]. Recently, Liu et al[18] used integrated genomic analysis of 264 T-ALL cases, and their results showed that 83.7% of the cases had mutations in genes encoding cell cycle progression regulators and/or tumor suppressors. The targets of repeated mutations were CDKN2A/CDKN2B (78.4%), CDKN1B (12.9%), RB1 (9.5%) and CCND3 (6.1%). This means that CCND3 can be used as a potential prognostic indicator of T-ALL/T-LBL and can be widely used in clinical practice, but the specific relationship with the prognosis of T-ALL/T-LBL is not yet clear. Neurofibromin 1 (NF1) is a tumor suppressor gene encoding a Ras GTPase that negatively regulates Ras signaling pathways, and the codeletion of NF1 and p120 RasGAP in T cells results in the development of T-cell acute lymphoblastic leukemia[19]. Recent studies have also shown that normal NF1 expression impairs CD1d-mediated NKT-cell activation and antitumor activity against T-cell lymphoma[20]. Therefore, it is reasonable to believe that the NF1 gene mutation detected in this patient is closely related to the occurrence and development of the disease. A TTN mutation, which has not been reported to be associated with T-cell lymphoma or T-ALL, was also detected in this patient.
Unlike other patients with T-LBL, this patient had extensive thrombi and cardiac thrombosis, which, as we mentioned earlier, may be associated with the PLA2G7 mutation. In the choice of clinical treatment, we treated the patient with low-molecular-weight heparin for thrombolytic therapy and low-dose dexamethasone for lightening the tumor load in the first 3 d, and then we administered the first cycle of chemotherapy.
Cardiac involvement by malignant lymphoma is a very rare condition; therefore, since the patient's right atrial thrombosis may have endangered her life at any time, was it necessary to carry out surgical intervention in a timely manner? A MDT was assembled immediately after admission, and cardiac surgery experts decided that the patient had no indication for surgery and suggested that thrombolytic therapy should be carried out first. Combining the results of immunohistochemistry and flow immunotyping, we chose the modified Peg + CHOP regimen for chemotherapy. After the above chemotherapy regimen, the thrombus in the right atrium of the patient was progressively reduced. Although the patient had a temporary cerebral infarction and limb hemiplegia after treatment, the patient recovered well after active thrombolytic therapy.
It is worth mentioning that we used an unconventional chemotherapy regimen containing PLD in this patient and achieved satisfactory results. As early as 2007, Professor Pulini reported the results of a prospective phase II clinical trial of PLD in advanced/refractory primary cutaneous T-cell lymphoma[21] and obtained encouraging results. They observed overall and complete response rates of 84.2% and 42.1% (with no significant differences between stage I-IIA and IIB-IV patients) and 11% grade III/IV toxicity. According to the latest NCCN guidelines[22], the preferred regimen is dose-adjusted EPOCH, hyper-CVAD, Brentuximab vedotin + CHP, or participation in a clinical trial. Considering that the patient had a large heart thrombus and poor heart tolerance, the cardiotoxicity caused by doxorubicin in the CHOP regimen may not have been well tolerated. Previous studies have confirmed that PLD offers an additional strategy for limiting cardiotoxicity that allows localized penetration of the anthracycline molecule selectively through the impaired vasculature, thereby concentrating the delivery of the agent to the tumor. Additionally, the overall peak plasma concentration to which the heart is exposed is reduced with PLD[23]. In 2015, a clinical study of PLD replaced conventional doxorubicin in standard R-CHOP chemotherapy for elderly diffuse large B-cell lymphoma patients who had additional cardiac risk factors[24]. The results showed that only 3/79 patients (4%) had more than 3-level cardiac events, and the 5-year event-free survival rate and the overall survival rate were estimated to be 52% and 70%, respectively. In 2015, Zhou et al[25] also indicated that the RCDOP regimen offers similar oncological efficacy when weighed against the standard R-CHOP regimen in elderly DLBCL patients, and it might be a safer treatment for elderly DLBCL patients who have additional risk factors for cardiac diseases. After a review of previous literature, we found that PLD can replace anthracycline in standard R-CHOP regimen, which can reduce cardiac toxicity and improve disease remission rate; therefore, we administered this patient P-CDOD chemotherapy. The specific scheme was pegaspargase 3750 IU × 1 d, cyclophosphamide 1.2 g × 1 d, PLD 20 mg × 3 d, vindesine 4 mg × 1 d, and dexamethasone 10 mg × 7 d. The follow-up curative effect evaluation also confirmed that PLD had lower cardiotoxicity, better tolerance, and better clinical remission than standard R-CHOP therapy.
According to our treatment plan, we suggested that patient should undergo HSCT to consolidate the efficacy and improve the long-term survival rate, but she refused to receive chemotherapy after two cycles of combined chemotherapy. Chidamide, a class I histone deacetylase subtype benzamide inhibitor, exerts effects in T-cell tumors through various mechanisms[26,27]. Chidamide monotherapy for refractory/relapsed PTCL has demonstrated efficacy and tolerable side effects[28,29]. In addition, according to the research results of Wei Guan's team, all six ETP-LBL/ALL patients showed clinical response to chemotherapy, including chidamide, indicating a promising salvage treatment option for refractory or relapsed ETP-LBL/ALL[30], and the regimens containing chidamide were active and well tolerated in refractory and relapsed T-LBL/ALL. Therefore, we suggested that the patient take chidamide 30 mg 2 times/wk orally for maintenance treatment, and she survived over 6 mo. Unfortunately, the patient was lost to follow-up after 6 mo, and we failed to obtain a follow-up efficacy evaluation. However, the successful treatment of this patient still suggests that clinicians can consider chemotherapy including PLD and chidamide in T-LBL patients with high-risk cardiotoxicity.

CONCLUSION
PLD and chidamide are safe and effective in the treatment of T-LBL/leukemia. The benefit of improving the CR(complete remission), ORR(objective response rate), or PFS(progression-free survival) needs to be further confirmed by prospective clinical trials, and future studies incorporating baseline cardiac risk assessments, long-term follow-up data, and biospecimen collection for correlative science should be undertaken. In the treatment of lymphoma patients with high-risk thrombosis complications, we must pay attention to the results of next-generation and whole-exome sequencing to check for the presence of thrombus-related gene mutations and to the prevention and treatment of thrombus shedding and other complications during treatment.
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Figure Legends
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Figure 1 Typical lymphoma cells were found in bone marrow cytology. Magnification of images was 100 × 10.
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Figure 2 Early T-cell precursor acute lymphoblastic leukemia was definitely diagnosed by flow immunotyping.
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Figure 3 Chest enhanced computed tomography and ultrasonic cardiogram showed extensive thrombi and heart thrombosis. A: Low-density filling defect in the superior vena cava; arrow indicate enlarged lymph nodes under the carina of the trachea; B: Low-density filling defect (arrow) at the proximal end of the inferior vena cava; C: Low-density filling defect (arrow) in right hepatic veins; D: Multiple swollen and fused lymph nodes in the anterior trachea; arrow indicates the low-density filling defect in the superior vena cava; E: Low-density filling defect (arrow) in the right atrium; note the lack of infiltration of adjacent structures; F: Cardiac thrombus (arrow) in the right atrium in echocardiography imaging.
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Table 1 Therapy course
	Date
	Low-molecular-weight heparin
	Pegaspargase
	Cyclophosphamide
	Pegylated liposomal doxorubicin
	Vindesine
	Dexamethasone
	Methotrexate
	Chidamide

	July 16-July 19
	5000 U/d
	
	
	
	
	5 mg/d
	
	

	July 20-July 26
	
	3750 IU × 1 d
	1.2 g × 1 d
	20 mg/d × 3 d
	4 mg × 1 d
	10 mg/d × 7 d
	
	

	August 23-August 29
	
	3750 IU × 1 d
	1.0 g × 1 d
	20 mg/d × 3 d
	4 mg × 1 d
	10 mg/d × 7 d
	2 g × 1 d
	

	September 20
	
	
	
	
	30 mg 2/wk (follow up for half year)




Table 2 The table of accessory examination
	Date
	Echocardiography (cardiac thrombus in the right atrium)
	Bone marrow cytology
	Flow cytometry
	CTA of head
	CT of head

	July 16
	52.3 mm × 42.1 mm
	The abnormal lymphocytes accounted for 79%
	Abnormal T lymphoblasts accounted for 85.5%
	
	

	July 20
	50 mm × 42 mm
	
	
	
	

	July 27
	42 mm × 38 mm
	
	
	
	

	August 3
	35 mm × 28 mm
	
	
	
	

	August 9
	28 mm × 22 mm
	
	
	
	

	August 15
	25 mm × 13 mm
	
	
	
	

	August 22
	22.8 mm × 15 mm
	The abnormal lymphocytes accounted for 4%
	Abnormal T lymphoblasts accounted for 5.21%
	
	

	August 30
	18 mm × 15 mm
	
	
	
	

	September 3
	None
	
	
	A large area of low-density shadow in the right parietal lobe, which was considered a cerebral infarction
	

	September 6
	
	
	
	
	On the right frontal and parietal lobes, there were low-density patches with slightly higher density. On contrast-enhanced scans, slight enhancement could be seen, indicating the possibility of cerebral infarction with a small amount of hemorrhage


CT: Computed tomography; CTA: Computed tomography angiography.
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