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Angioimmunoblastic T-cell lymphoma (AITL) is a kind of peripheral T-cell lymphomas (PTCLs) with a highly invasive feature. At present, patients are often treated with CHOP or CHOP-like regimens which is of poor prognosis whilst having high recurrence rate. Once the patient fails to achieve remission or relapse after the first-line treatment, many salvage chemotherapy regimens are always ineffective, and the long-term survival will be difficult to achieve for them. In this circumstance, more effective therapy methods are needed. In this study, two patients with relapsed/refractory AITL were treated with the CAOLD regimen [cyclophosphamide 400 mg/m2 qd d1, cytarabine 30 mg/m2 qd d1–d4, vindesine 2 mg/m2 qd d1, pegaspargase (PEG-ASP) 2,500 IU/m2 qd d2, dexamethasone 7.5 mg/m2 qd d1–d5], and long-term remission was achieved after chemotherapy. One is still alive after achieving complete remission (CR) after two cycles of chemotherapy, who has been followed up for 82 months. Besides, another patient achieved partial remission (PR) after the first course of chemotherapy. Then, CR was obtained after four courses of consolidation chemotherapy. The patient has been followed up for 63 months and is still alive. Both of them achieved long-time survival. These two successful cases demonstrated that the CAOLD regimen can be a better choice for relapsed/refractory AITL and offers hope of breakthrough in this medical field.
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Introduction

Angioimmunoblastic T-cell lymphoma (AITL) accounts for 1%–2% of non-Hodgkin’s lymphoma and 18.5% of peripheral T-cell lymphomas (PTCLs) (1), which includes hemolytic anemia, systemic lymphadenopathy, B symptoms, and hepatosplenomegaly as its main clinical manifestations (2). Besides, aggregation of atypia small lymphocytes around endothelial microvascular, active proliferation of eosinophils and plasma cells, and expression of CXCL13 and PD-1 in malignant cells are the main pathological features of AITL (3). The NCCN Guidelines suggest that all patients with AITL should participate in clinical trials, indicating that there is no definite treatment plan for AITL currently. CHOP (cyclophosphamide, adriamycin, vincristine, prednisone) and CHOPE (CHOP plus etoposide) were often selected as first-line chemotherapy in most of the AITL cases. The prognosis of AITL is poor as many cases relapsed after complete remission (CR) (4). Moreover, the recurrence rate of AITL is about 56%, and the median survival period takes 36 months, while the survival rate reaches 36% in the past 5 years (3). Nowadays, various targeted therapeutic drugs combined with chemotherapy were still in the clinical trial stage for relapsed/refractory AITL, such as alemtuzumab, belinostat, romidepsin, and bortezomib. Thus, the second-line treatment also brings us great challenges.

We found that L-Asp may take effect on AITL after consulting relevant data and literature, whether it was a single drug treatment or combined with other regimens. Asparaginase is an enzyme preparation from Escherichia coli, which can hydrolyze asparagine in serum into aspartic acid and ammonia. Additionally, asparagine is an essential amino acid for cells synthesizing proteins and for proliferation. In general, normal cells can synthesize asparagine, but this function does not work in tumor cells. Therefore, we used asparaginase combined with cyclophosphamide, cytarabine, vindesine, and dexamethasone for these two patients with relapsed/refractory AITL, and finally it implies a good therapeutic effect.



Case Presentation

The two patients were diagnosed as AITL by pathological examination. The disease stage was determined according to the Ann Arbor classification (5), and the International Prognostic Index was also calculated (6).


Patient 1

A 63-year-old woman was hospitalized in her local hospital due to chest distress and shortness of breath. The result of chest CT test showed that her right hilar space was occupied by unknown substances, accompanied by mediastinal lymph node enlargement and bilateral pleural effusion. Moreover, abnormal increase of FDG metabolism in extensive lymph nodes, spleen, and right lobe of the liver was found via PET-CT. These were considered as malignant lesions. However, biopsy of the lymph nodes in the left neck and armpit showed reactive hyperplasia. In order to further clarify the diagnosis, the patient transferred to our hospital in October 2014. We found that the patient had a low respiratory sound in both lungs, and the chest CT examination showed bilateral pleural effusion. The left axillary pathological tissue of the patient was examined by pathological experts, thus confirming the pathological diagnosis. The result of the immunohistochemistry included the proliferative heterotypic lymphocytes CD3(+++), CD2(+++), CD5(+++), CD4(+++), BCL-6(++), CXCL13(++), minority CD10(+), and Ki-67 (30%); proliferative immunoblast CD30(+) and CD15(+); plasmocyte CD138(+), IgG(+), and IgG4(−); minority T-cell CD7(+),CD8(+), and GrB(+); residual lymphoid follicles CD20(++), CD21(++), BCL-2(++), and CD38(++); histocyte CD68(+); and proliferative vascular endothelial cells CD34(+). The pathological experts agreed that the pathological characteristics and immunohistochemistry of the left axillary lymph nodes were consistent with AITL and EBER(+). Moreover, the cytological and pathological examination of pleural effusion was also consistent with AITL. Combined with the symptoms, signs, and examination results of the patient, AITL was comprehensively diagnosed (Ann Arbor classification was stage IV, IPI 3). The first cycle of chemotherapy by CHOPE (cyclophosphamide, doxorubicin, vincristine, prednisone, etoposide) was given in October 2014, and partial remission (PR) was evaluated after chemotherapy. Then, after two cycles of CHOPE consolidation, the chest CT was re-examined, and progression of the disease was indicated. In January 2015, she received chemotherapy by CAOLD regimens. The patient refused to get examined by PET-CT and CR was achieved after two cycles of CAOLD by CT (Figure 1). There were no obvious side effects during the treatment and the patient was consolidated with another three cycles of treatment. The physical condition of this selected case has been monitored throughout 82 months by our team and she is alive so far.




Figure 1 | The chest CT images of patient 1. (A) The chest CT before CHOPE (bilateral axillary, mediastinum, bilateral hilar, and bilateral cervical lymphonodus were enlarged); (B) the chest CT after three cycles of CHOPE, before CAOLD (mediastinal and hilar lymphonodus enlarged again; the size of axillary lymphonodus was the same as before); (C) the chest CT after two cycles of CAOLD (mediastinal and hilar lymphonodus were significantly reduced); (D) the chest CT after five cycles of CAOLD (mediastinal and hilar enlarged lymphonodus almost disappeared).





Patient 2

A 76-year-old male, who had a 1-month history of recurrent fever, received treatment in our hospital in 2016. At that time, his enlarged lymph nodes can be touched evidently behind the ear, neck, supraclavicular, and axillary. Moreover, many lymph nodes in the right neck were swollen on ultrasound examination with the largest being the size of 3.2 * 1.2 cm. Subsequently, the lymph nodes were surgically removed, and as a result, the pathological features and immunohistochemical results are consistent with AITL and EBER(+). The result of the immunohistochemistry was composed of tumor cell LCA(+++), CD2(+++), CD3(+++), CD5(+++), CD7(+++), CD4(+++), CD8(+), CD20(−), CXCL-13(−), PD-1(++), minority CD10(+), BCL-2(++), BLC-6(+++), ALK(−), P53(−), and Ki-67 (40%) and immunoblastic CD30(+) and EMA(+). Moreover, transabdominal ultrasound showed enlargement of the liver and spleen, while bone marrow puncture showed no involvement in bone marrow morphology. On the other hand, it was notable that the IgM of the EB virus antibody in the plasma was 46 U/ml (normal range should be 0–20 U/ml), the nucleic acid quantification of the EB virus (plasma) was 3,410 copies (normal level should be less than 1,000 copies), and the nucleic acid quantification of the EB virus (PBMC) was 2,894,000 copies (normal level should be lower than 1,000 copies). From this perspective, combining with the result of PET-CT, it can be seen that lymphoma invaded extensively the lymph nodes and spleen. Taking into consideration the symptoms, signs, and examination results of the patient, AITL was comprehensively diagnosed (Ann Arbor classification as stage IV, IPI 3). Thereafter, he received GEMOX chemotherapy (gemcitabine and oxaliplatin) on April 21, 2016. After three cycles of chemotherapy, progressive enlargement of cervical lymph nodes was developed and PET-CT indicated the progression of lymphoma. In this case, the CAOLD chemotherapy was given on July 2016. Specifically, he achieved CR after four cycles of chemotherapy, which was evaluated by PET-CT (Figure 2). In the end, the EB virus in the blood turned negative, and the size of the spleen returned to normal. It is worth noting that during the first, third, and fifth cycles of chemotherapy, the patient had developed severe neutrophil deficiency, followed by bacterial infection, which was easily cured by antibiotics. The treatment was stopped after six cycles of chemotherapy. This patient has been followed up for 63 months and he is still alive so far with CR.




Figure 2 | The PET-CT images of patient 2. (A) PET-CT before chemotherapy (systemic multiple lymphadenopathy with FDG hypermetabolism); (B) PET-CT after three cycles of GEMOX, before CAOLD (multiple enlarged lymphonodus, abnormally high-glucose metabolism, some new lesions, such as left anterior ear, right parotid gland, bilateral oropharynx, and parapharyngeal); (C) PET-CT after four cycles of CAOLD (the enlarged lymphonodus and glucose metabolism disappeared).






Discussion

AITL is a kind of malignant lymphoma and lymph node biopsy is required for the diagnosis of AITL. Currently, the treatment of AITL is still diversified. CHOP or CHOP-like regimens have always been the first-line chemotherapy. The total OR and CR rate of the patients treated with CHOP are 70% to 79% and 35% to 39%, respectively (7–9). However, the recurrence rate is still high (8). The data of each center shows that the 5-year progression-free survival (PFS) rate of patients treated with CHOP is only 18%–20% (10). In a retrospective study of 199 patients with PTCL in British Columbia Cancer Agency (9), the CR rate of the patients with AITL treated with the CHOP regimen was 70%; however, the 5-year overall survival (OS) and PFS were 36% and 13%, respectively. Although patients treated with the CHOP regimen achieved a high remission rate, their recurrence rate is high and the level of PFS is low. Other first-line chemotherapy options include CHOPE and dose-adjusted EPOCH. In a prospective study, CHOP and CHOPE were compared on 28 AITL younger patients (11). The 3-year EFS rate in the CHOPE group was significantly higher than that in the CHOP group (67.5% vs. 50%). Nevertheless, there was no difference in terms of the 3-year OS rate. Other drugs combined with CHOP, such as alemtuzumab (12), belinostat (13), romidepsin (14), and bortezomib (15), improved the CR rate to a certain extent, while the side effects also increased. In addition, the combination of brentuximab vedotin (BV) and CHP has been recommended as the first-line treatment. Brentuximab vedotin is a CD30 antibody drug conjugate. CD30 is generally expressed in systemic anaplastic large cell lymphoma. It is also partially expressed in PTCL, among which 43%–63% of AITL patients expressed CD30 (16). In a phase 3 global trial that is double-blinded and randomized (17), the 5-year PFS and OS in the BV plus CHP group were significantly better than those in the CHOP group, and there were no significant differences in adverse effects between the two groups. However, most of the above new drugs are still in clinical trials and have not been widely used in the clinic; hence, there is no recommended standard chemotherapy for refractory/relapsed AITL patients.

L-asparaginase has been demonstrated to have an excellent effect in in vitro anti-NK-cell lymphoma activity (18). In an international phase II study of the L-asparaginase-containing regimen SMILE (19), an ORR of 79% was observed in relapsed and refractory patients with advanced-stage disease. Based on these encouraging results, another international study examined the use of SMILE with sandwiched radiotherapy in 29 stage I/II patients (20). After the initial two to three cycles of SMILE, the ORR and CR rate were 86.2 and 69%. Thus, L-asparaginase is very important for nasal NK/T-cell lymphoma. Also, few reports have shown that asparaginase can be effective on PTCL. A retrospective study analyzed 102 patients with incipient PTCL who received L-asparaginase (administered as 6,000 U/m2/day, for 7 days) with or without multidrug chemotherapy regimens. Patients who received L-asparaginase containing multidrug chemotherapy had higher OR rate than those who received L-asparaginase-free ones (83.3% vs. 61.7%, P = 0.016), particularly those at phase III/IV (82.4% vs. 54.0%, P = 0.007) and with an International Prognostic Index (IPI) score of ≥2 (82.1% vs. 50.0%, P = 0.006) (21). It shows that asparaginase containing multidrug chemotherapy regimen in incipient PTCL showed a better short-term effect and controllable adverse effects. Tsutomu et al. presented a relapsed patient with Epstein–Barr virus (EBV)-positive cytotoxic PTCL-NOS, who was successfully treated using L-ASP alone. L-ASP treatment was initiated at 6,000 U/m2 on days 1, 3, 5, 10, and 12 together with prednisolone at a dose of 1 mg/kg. Although he developed grade 2 liver dysfunction and grade 2 coagulopathy, the patient achieved CR (22). In view of these studies, we added sufficient dosage of asparaginase to the CAOLD protocol.

Cytarabine is rare in chemotherapy regimens for peripheral T lymphoma. For example, the ESHAP regimen contains high-dose cytarabine. In this retrospective study, ESHAP (etoposide, methylprednisolone, high-dose Ara-C, and cisplatin) offers a long-term survival in some transplant ineligible patients with PTCLs who were chemosensitive with late relapse after frontline therapy (23). From January 2005 to April 2015, 33 patients with R/R PTCLs received ESHAP as first salvage regimen at Chiang Mai University Hospital. The overall response rate was 46% (CR 39%). The median duration of response was 18 months. Median second PFS and OS were 8.0 and 11.0 months, respectively. Patients having late relapse had more favorable OS than those having early relapsed or refractory disease with a median OS of 21, 17, and 3 months, respectively (P = 0.001). Patients achieving CR after ESHAP had significantly better median OS (39, 7, and 5 months, P < 0.0001) and second PFS (33, 2, and 2 months, P < 0.0001) than those achieving PR or having progressive disease. Grade 3–4 neutropenia (45.5%) and thrombocytopenia (33.4%) were common but manageable. It can be seen that high-dose cytarabine has a certain curative effect in R/R peripheral T-cell lymphoma.

The dosage of all drugs was selected according to the actual situation of the patients. Compared with the previous chemotherapy regimen, the biggest advantage of this regimen is the addition of asparaginase. So, a sufficient dosage of asparaginase (2,500 IU/m2) was given. The dosage of other drugs was reduced because of old age and poor physical condition. We reduced the original dosage of cyclophosphamide and dexamethasone almost by half, the dosage of cyclophosphamide was reduced from 750 to 400 mg/m2, and the dosage of dexamethasone was reduced from 15 mg/m2 (equivalent to 100 mg/m2 prednisone) to 7.5 mg/m2. The dosage of vindesine was also reduced from 3 to 2 mg/m2. Because we have added sufficient ASP on the basis of cyclophosphamide, vindesine, and dexamethasone, adding high-dose cytarabine may cause uncontrollable side effects. So, we decided to start with low-dose cytarabine (30 mg/m2) and gradually increase the dose. Our first concern of this scheme was its safety. We were also worried that it will not achieve effective therapeutic effect. However, when the CAOLD regimen was used in the first patient, the efficacy was significant, so we did not increase the dosage of other drugs. The duration of the free interval between cycles was 28 days. We still recommend a cycle every 21 days if the patient tolerated it well and has no obvious side effects. Simultaneously, there were no serious side effects. The main advantage of this choice is to increase a certain curative effect and avoid some uncontrollable side effects. This scheme should not be selected for patients with varying degrees of liver function injury before treatment or in previous treatment because of ASP. Because of the low incidence rate, there are still few large prospective studies on relapse/refractory AITL. Most clinicians chose a treatment plan according to clinical experience and the actual situation of the patients. In this study, we reported two patients with relapse/refractory AITL who were successfully treated with CAOLD. Both of them obtained long-term continuous CR, and no fatal side effect appeared. Its promising result provides a new method to treat patients with relapse/refractory AITL.

To sum up, these two successful cases showed that the CAOLD regimen may be a better choice for AITL, which provides the foundation for future large sample size clinical trial. Because of the low incidence rate of these two selected cases, our team was unable to collect further cases, so we were limited in making effective statistical significance as there should be more case samples to verify its effectiveness. Besides, basic research studies are also expected to explore the mechanism under the therapeutic effects.
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