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Philadelphia chromosome positive (Ph+) in T-lineage acute lymphoproliferative tumors is a rare event in both children and adults. In particular, it has not been reported in T-cell lymphoblastic lymphoma(T-LBL) yet. Here, we describe a patient with Ph+ T-LBL for both cytogenetic abnormality and BCR-ABL1 fusion transcript. Moreover, we review the published cases of Ph+ T-cell acute lymphoblastic leukemia (T-ALL) in the literature and summarize their clinical characteristics, management, and prognosis.
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Introduction

Ph+ is the most common cytogenetic abnormality in chronic myeloid leukemia (CML) as well as in a subset of B-lineage acute lymphoblastic leukemias (B-ALL), occurring in about 95 and 30–40% of adult cases, respectively (1, 2). In addition, it can be detected in 2–5% of children with B-ALL and in rare cases of B-lineage lymphoma and acute myelogenous leukemia (AML) (3–8). In several cases, Ph+ may appear in leukemia cells during the course of the disease (9–11). Its presence is an important poor prognostic indicator in children as well as in adults (6, 12, 13), which is associated with short-term of complete remission (CR) and high rate of relapse. Actually, it has been reported that leukemogenesis in Ph+ malignancies is a multi-step process which is characterized by an aggressive presentation and a poor outcome, particularly in T-lineage disorders (2).

T-LBL is a rare and aggressive neoplasm of precursor lymphoblast that occurs predominantly in adolescents and young adults. It is characterized by multiple enlarged lymph nodes and proliferation of immature T lymphoblasts (14, 15). Currently, the most common cytogenetic abnormalities in T-LBL appear in the 14q11–13 region, the site of the T cell receptor (TCR)-alpha (TRA) and TCR-delta (TRD) genes (16).

Here we presented an extremely rare case of T-LBL. To our knowledge, this is the first report of de novo T-LBL with Ph+. In addition, T-ALL accompanied by Ph+ is also a rare event, in which the clinical relevance and the role in leukemogenesis of this translocation are currently unclear. Accordingly, we review the reported cases with Ph+ T-ALL in this article.



Case Report

A 46-year-old male with past medical history of hypertension presented with two-month history of cervical adenopathy. His family members had no history of genetic diseases and similar diseases. Physical examination revealed bilateral multiple enlarged lymph nodes in his neck and axillae. The largest lymph node was located in the left side of the neck (3.0 cm * 3.0 cm), which was firm, fixed, and non-tender.

On admission, his complete blood count and metabolic panel were normal. Positron emission tomography (PET) showed the presence of fluorodeoxyglucose avid uptake in multiple parts, including the posterior peritoneum, pelvis, groin, bilateral submaxillary, cervical, and axillary lymph nodes, along with a similar uptake in the 6th anterior rib on the right and the left iliac bone, which was considered as likely lymphoma infiltration. In addition, there was no mediastinal mass or involvement of the central nervous system (CNS) in this patient at diagnosis. The biopsy of the left cervical lymph node (biopsy was completed in other hospital before admission) showed diffuse infiltration with TdT-positive lymphoblasts expressing CD3, BCL2, MYC, and Ki-67. Myeloperoxidase (MPO) and CD20 were negative. Bone marrow (BM) aspiration and flow cytometry analysis revealed a 15.5 and 22% infiltration of immature T-lineage lymphoblastic cells, respectively. Immunophenotype showed a T-lineage phenotype (CD7, CD34, cCD3, CD5), which was similar to that of the lymph node tissue (Figure 1). TCR beta (TRB), TRD, TCR gamma (TRG), immunoglobulin heavy (IgH), light chains kappa (IgK), and lambda (IgL) rearrangement were negative. Cytogenetic analysis was implemented with R-banding showed a noncomplex karyotype: 46XY, (9:22) (q34;q11) [1]/46, XY, [19] (Figure 2), and fluorescence in situ hybridization (FISH) confirmed the presence of a translocation of 9q34 (ABL1) to 22q11 (BCR) in 18% of the nuclei (300 nuclei were analyzed) (Figure 3). Multiplex polymerase chain reaction (PCR) showed the e1a2 BCR-ABL1 fusion transcript. Next-generation sequencing (NGS) revealed DNA methyltransferase 3 alpha (DNMT3A c.2645G>C p.Arg882Pro, mutation rate is 2.3%) and mediator complex subunit 12 (MED12 c.4278G>A p.Trp1426, mutation rate is 4.3%) gene mutation. Diagnosis of T-cell lymphoblastic lymphoma was made based on his clinical presentation, histological and immunological evaluation of lymph node specimens and bone marrow. He was in stage IV according to the Ann Arbor system.




Figure 1 | (A) Flow cytometry analysis of the patient. It shows approximately 22% infiltration of immature T-lineage lymphoblastic cells. Immunophenotype presented CD7, CD34, cCD3, CD5 are positive. (B) The immunophenotype of the flow cytometry showed CD79a, MPO are negative.






Figure 2 | The picture of cytogenetic analysis with R-banding.






Figure 3 | Fluorescence in-situ hybridization(FISH) showed location of the probes. One green BCR signal, one red ABL signal and two yellow fusion signals: BCR-ABL and ABL-BCR indicating the presence of BCR-ABL translocation in the lymphoblasts.



The patient received initial induction with hyper CVAD regimen: hyper-fractionated cyclophosphamide (CTX) given 300 mg/m2 intravenously over 2 h every 12 h for 6 doses on days 1 to 3 with 600 mg/m2 Mesna per day intravenously via continuous infusion on days 1 to 3 beginning 1 h prior to CTX and completed by 12 h after the last dose of CTX; 2.5 mg/m2 vincristine intravenously on days 4 and 11; 50 mg/m2 doxorubicin intravenously over 24 h via central venous catheter on day 4; and 40 mg dexamethasone daily intravenously on days 1 to 4 and days 11 to 14 (17–23). In addition, dasatinib 100 mg daily was started as soon as cytogenetic analysis and FISH examination verified the existence of Ph chromosome. Complete hematological and cytogenetic remission was achieved after the induction chemotherapy, but nested real time-polymerase chain reaction (RT-PCR) was still positive for the BCR-ABL1 (ela2) transcript. The enlarged lymph nodes located at groins and posterior peritoneal resolved, but adenopathy still existed in the cervical and axillary regions after the induction chemotherapy. Later, the patient achieved complete molecular remission (CMR) after the first consolidation therapy. Meanwhile, the patient underwent CNS prophylaxis with the triple intrathecal therapy (methotrexate, cytarabine, dexamethasone). He then underwent an allogeneic hematopoietic stem cell transplantation (allo-HSCT) from a HLA-haploidentical daughter with the improved TBI/CY conditioning regimen (total body irradiation 8 Gy on days −8 to −6, 2g/m2 cytarabine intravenously over 3 h on day −5, CTX was given 1.8 g/m2 intravenously over 3 h on days −4 to −3 with 600 mg/m2 Mesna per day intravenously via continuous infusion on days −4 to −3 beginning 1 h prior to CTX and completed by 12 h after the last dose of CTX). There were no major complications, and he is currently alive in continuous CMR 2 years after allo-HSCT.



Discussion

Ph+ has always been considered as a poor prognostic factor of patients with ALL and is treated with intensive therapy to achieve remission. This patient is, to our knowledge, the first case of de novo T-LBL with Ph+. Although there are differences between the T-LBL and T-ALL in gene expression and immunophenotypes, their clinical characteristics and response to chemotherapy or HSCT are very similar. Subsequently, we reviewed and summarized the clinical characteristics, additional cytogenetic abnormalities, therapeutic regimens, and outcome of reported cases of Ph+ T-ALL. Currently, a total of 30 cases were reported (Table 1). Specifically, it appears to be male-predominant with 25 males and 5 females. 13 cases were children with a median age of 8 years old (range from 5 to 17), while 17 cases were adults with a median age of 47 years old (range from 18 to 72). There were seven cases presented with an anterior mediastinal mass on X-ray or computed tomography (CT). Almost all cases were found to have the Ph+ at the initial diagnosis except for three cases, in which Ph+ was detected when the disease relapsed. Moreover, according to our literature review, BCR-ABL1 fusion transcripts were analyzed in 21 cases. The most common BCR-ABL1 fusion gene type was minor breakpoint transcript (m-bcr) which presented in 18 cases. One patient had two types of BCR-ABL1 transcripts. The majority of patients achieved CR following induction chemotherapy. Five patients received treatment of combination of chemotherapy and TKIs. 10 cases with or without CR1 underwent HSCT. The overall prognosis was dismal. Only nine patients were alive until the last follow-up, and 15 patients were reported dead with a median survival of 7 months (range from 0.1 to 60). However, induction chemotherapy with a combination of hyper-CVAD and TKIs may prolong the CR duration and survival in some patients.


Table 1 | Summary of the published cases of Ph chromosome positive in T-ALL.




Strikingly, it is worthwhile noting some special cases among these published documents. For instance, Ragg et al. (24) reported a case with Ph+ T-ALL and proposed hypothesis that BCR-ABL1 fusion may occur in early lymphoid progenitor. Monma et al. (25) reported the first case of bilineage T-ALL and AML with Ph+. They proposed the mechanism that both T and myeloid cells had BCR-ABL1 fusion gene and the same clonal rearrangement of the TCR gene may result from the original leukemic clone with the BCR-ABL1 fusion gene derived from the precursor T cells and transformed into myelomonoblasts. Abla et al. (26) represented a case of an adolescent, who presented with sudden onset pancytopenia and septic shock with multiorgan dysfunction and finally was diagnosed as T-ALL with BCR-ABL1 fusion transcript. However, the parvovirus B19 was detected in his BM by PCR analysis. They speculated that the fulminant presentation of ALL may be associated with parvovirus B19 infection. Miller et al. (10) documented a case of childhood T-ALL with late developing Ph+ at relapse whereas it was negative at the initial diagnosis in 1984. Despite intensive chemotherapy, the patient achieved partial remission (PR) and relapsed again 1 month later. He died 11 months after presentation because of leukemia progression. Consistently, Tchirkov et al. (9) also found a child of T-ALL who was discovered to have the BCR-ABL1 (b2a2) transcript at disease relapse. Despite achieving a second remission, the patient relapsed again 3 months later and died of leukemia progression 14 months after presentation. Rapidly elevated number of BCR-ABL1 transcripts at the second relapse and dismal outcome might reflect the close association between the BCR-ABL1-positive leukemic clone and progression of the disease. Both pediatric patients were found to have the Ph+ at the time of relapse, but the results were negative at the initial diagnosis. The disease progressed rapidly with poor response to the treatment. The late development of the Ph+ might reflect that leukemogenesis in Ph+ T-ALL is a multi-step process.

Accordingly, whether the BCR-ABL1 fusion in acute leukemia accompanied with T-cell characteristics derives from either CML with T-cell blastic phase (CML-BP) or de novo T-ALL remains controversial. In fact, the work of Preetesh et al. showed that it was about 0.01% patients had T-cell lymphoid CML-BP and approximately 1.3% patients with de novo Ph+ T-ALL (27). In addition, it’s really difficult to distinguish between T-cell lymphoid CML-BP vs de novo T-ALL. However, patients tend to be diagnosed with CML-BP when the following clinical traits present: history of prior CML, presence of non-ela2 BCR-ABL1 transcripts, adult age group, extramedullary disease, massive splenomegaly, presence of increased number of residual circulating granulocytic precursors, eosinophils and basophils, presence of major bcr-abl breakpoint transcript, absence of lymphoblastic leukemia in BM, and excellent response to chemotherapy with TKIs (27, 28).

Interestingly, Wei et al. reported a case presenting with lymphadenopathy two months after the diagnosis of Ph+ CML in the chronic phase. The biopsy of the lymph node indicated an extramedullary blast crisis resembling T-LBL. However, the bone marrow cytology and biopsy still revealed CML and did not show T-cell lymphoblasts. Finally, this patient was diagnosed as CML resembling T-LBL and achieved complete remission after treatment with dasatinib and systemic chemotherapy (hyper-CVAD) (29).

In our case, the patient had no history of prior CML. He presented with multiple enlarged lymph nodes without any other symptoms, and the complete blood count was normal. BM aspiration and flow cytometry analysis revealed the infiltration of immature T-lineage lymphoblastic cells. FISH analysis showed the BCR-ABL1 fusion gene within the blastic tumor cell nuclei. Moreover, Raanani et al. described that none of the CML-BP cases tested by RT-PCR showed the m-bcr and a p190 fusion protein. In line with this point, Shailendra et al. proposed that none of the CML cases in T-cell lymphoblastic crisis showed bcr-abl involving the m-bcr by RT-PCR (28). Nevertheless, most patients with Ph+ ALL have breakpoints in the m-bcr (30). The result of RT-PCR in our case revealed m-bcr, which is inconsistent with the diagnosis of CML-BP. Furthermore, all cases of T-ALL showed medullary involvement with lymphoblastic leukemia while only in about half of the cases of CML-BP (30). Meanwhile, the lymph node biopsy, bone marrow cytology, and flow cytometry analysis also supported the diagnosis of T-LBL. Therefore, the diagnosis of de novo T-LBL is clear after excluding the extramedullary blast phase of CML. The good response to the treatment of our case supports the indication of combining chemotherapy with dasatinib for Ph+ T-LBL, but the long-term therapeutic effect is still under observation.

Also, it should be noted that Ph+ may be underestimated because the results of conventional karyotype of most patients were normal (31, 32). Therefore, FISH and molecular examination should be included in routine diagnostic process to detect the existence of BCR-ABL1 fusion so that we can figure out lineage-specific population and have a better understanding of the characteristic of the BCR-ABL1-positive leukemia subtypes. Moreover, the presence of additional cytogenetic abnormalities is common and can provide prognostic value (33).

Although intensive chemotherapy can improve remission, it can also cause severe complications, which shorten the remission duration (34). The outcome of patients with Ph+ ALL improved substantially with the introduction of the TKIs (35). Currently, plenty of evidence validated that imatinib-based regimens provided significantly enhanced CR (36–38). For older patients, the dose of induction therapy may be reduced due to side effects. The balance between benefits and adverse effects of the chemotherapy should be evaluated in the elderly patients (33). In addition, CNS prophylaxis should be administered during the treatment. Dombret et al. recapitulated that allo-HSCT in the first CR was the best treatment option in adults with Ph+ ALL currently (37). Chiaretti et al. reported a scheme based on imatinib plus steroids as induction followed by consolidation with HAM regimen (cytarabine, mitoxantrone and granulocyte colony-stimulating factor) chemotherapy plus imatinib with or without HSCT. The results showed 96% patients achieved CR with decreased deaths and reduced toxicity, which provide an effective and safe induction treatment for adult Ph+ ALL (39). Accordingly, it has been proposed that autologous hematopoietic cell transplantation (auto-HCT) can be a potential option for Ph+ ALL since the induction of TKIs and precise monitoring of the minimal residual disease (MRD) (40, 41). On the other hand, Daver et al. presented the results of the 13-year follow-up on their previous study of hyper-CVAD regimen and imatinib with Ph+ ALL. They confirmed the effectiveness of the above therapeutic avenue and proposed HSCT may not be beneficial to all patients with Ph+ ALL because the median overall survival was not significantly improved for patients who underwent transplantation. Nevertheless, they recommended regular monitoring of MRD and early consideration of allo-HSCT for patients with residual molecular disease at 3 months (42).

In addition, Cazzaniga et al. suggested that a better MRD response was associated with a more favorable outcome in patients in both good and poor risk groups. Accordingly, they proposed MRD monitoring might be beneficial to optimize the use of TKIs and help select patients who need allo-HSCT in CR (43). Molecular detections such as RT-PCR for BCR-ABL1 transcripts or TCR gene rearrangements or amplicon-based NGS of TCR seem to be more sensitive than traditional cytogenetic analysis (44, 45).

In summary, we described a case of T-LBL with Ph+ for the first time. This patient showed a favorable outcome after receiving chemotherapy with dasatinib followed by allo-HSCT, but the long-term efficacy is still under investigation. Moreover, much more work is needed to understand the clinical characteristics, underlying genetic lesions, response to treatment strategy and prognosis in Ph+ diseases, especially in T-ALL and T-LBL.
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