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Purpose

Peripheral T-cell lymphoma (PTCL) is a rare and heterogenous hematologic malignancy with poor prognosis especially in elderly and frail patients who are not eligible for intensive treatment. The resulting palliative setting necessitates tolerable but effective schedules for outpatient treatment. TEPIP is a locally developed, all-oral low-dose regimen comprising trofosfamide, etoposide, procarbazine, idarubicin, and prednisolone.





Methods

In this observational retrospective, single-center study, the safety and efficacy of TEPIP was evaluated in 12 patients (pts.) with PTCL treated at the University Medical Center Regensburg between 2010 and 2022. The endpoints were overall response rate (ORR) and overall survival (OS), and adverse events were individually reported according to the Common Terminology Criteria for Adverse Events (CTCAE) criteria.





Results

The enrolled cohort was characterized by advanced age (median 70 years), extensive disease (100% Ann Arbor ≥stage 3), and poor prognosis (75% high/high-intermediate international prognostic index). The most common subtype was angioimmunoblastic T-cell lymphoma (8/12), and 11/12 patients had relapsed or refractory disease at TEPIP onset with a median of 1.5 prior treatment regimens. After a median of 2.5 TEPIP cycles (total of 83 cycles), the ORR was 42% (complete remission 25%), and the OS reached a median of 185 days. Any grade of adverse event (AE) occurred in 8/12 patients, with four patients showing AE ≥CTCAE grade 3 (33%), and the AEs were mainly non-hematological.





Conclusion

TEPIP demonstrated competitive efficacy with a tolerable safety profile in a highly palliative cohort of patients with difficult-to-treat PTCL. The all-oral application, which makes outpatient treatment possible, is particularly noteworthy.
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Introduction

We recently reported promising safety and efficacy data of the locally developed all-oral, low-dose chemotherapy regimen TEPIP (trofosfamide, etoposide, procarbazine, idarubicin, prednisolone) in relapsed/refractory (R/R) high-grade B cell lymphoma contributing to quality of life by enabling outpatient treatment in a palliative setting (1). Peripheral T-cell lymphomas (PTCL) represent a further rare and heterogenous group of non-Hodgkin lymphoma (2) which is also lacking in effective treatment options in the palliation of patients (pt.) in a R/R state. PTCL with its most common subtypes PTCL not otherwise specified (PTCL-NOS), angioimmunoblastic T-cell lymphoma (AITL), and anaplastic large cell lymphoma (ALCL) (3) exhibit a more aggressive pathobiology as compared with B cell lymphoma showing a dismal overall survival (OS) (4–6).

The established first-line treatment consists of an anthracycline-based multi-agent chemotherapy CHOP backbone (cyclophosphamide, doxorubicin, vincristine, and prednisolone) followed by consolidative high-dose chemotherapy and autologous stem cell transplantation (ASCT) in responding and transplant-eligible patients if considered appropriate. In younger (<60 years) patients, CHOP might be complemented by etoposide to improve event-free survival and progression-free survival (PFS) (7, 8). A recent therapy adjustment was made under the impact of the phase III ECHELON-2 study, which demonstrated a significant improvement of overall response rate (ORR), PFS, and OS in combination with the anti-CD30 antibody brentuximab-vedotin (i.e., BV-CHP) and resulted in the approval for CD30+ PTCL (US Food and Drug Administration) and ALCL (European Medicines Agency (EMA)), respectively (9). Despite all efforts to optimize upfront therapy, the rates of primary refractory and relapsed patients with poor prognosis remain high at up to 70% (10–12), and salvage chemotherapy with consecutive allogeneic stem cell transplantation might be the only option for durable disease control in this high-risk constellation.

In frail and transplant-ineligible patients receiving dose-attenuated CHOP, the 2-year PFS (37%) and OS (47%) are disappointing (13), and the treatment of R/R PTCL in this vulnerable cohort remains challenging. A retrospective analysis from the COMPLETE registry has demonstrated the superiority of a single agent to combination chemotherapy in R/R PTCL (14). The FDA-approved [but not EMA-approved] single-agent therapy antifolate pralatrexate and the histone-deacetylase inhibitors romidepsin and belinostat have shown moderate ORR of approximately 30% and tolerable safety profiles (15–17). Furthermore, special attention is paid to recent studies investigating the efficacy of hypomethylating agents in PTCL with mutations in epigenetic regulators (e.g., TET2), which have yielded promising results (18, 19) and justified the initiation of further studies.

While conventional chemotherapies aim for a maximally tolerated dose, metronomic regimens combine low-dose agents to overcome therapy resistance and reduce toxicity while targeting both the tumor cells and the tumor-promoting microenvironment (20–23). To the best of our knowledge, only a few groups have focused on suchlike regimens in PTCL, however with partially encouraging results (24–27).

In aggregate, we would like to raise awareness for the all-oral, prolonged low-dose chemotherapy regimen TEPIP (trofosfamide, etoposide, procarbazine, idarubicin, prednisolone) as an effective therapeutic option in patients suffering from R/R PTCL with special emphasis on the use in outpatient setting.





Methods

In this retrospective single-center study, we analyzed the efficacy and safety of the all-oral, low-dose chemotherapy TEPIP administered in 12 patients at the University Medical Center Regensburg (UKR) between 2010/01/01 and 2022/12/31. All patients were treated on a compassionate-use basis. We identified the cohort by an in-clinic, medical file database query using the term “TEPIP” and considered only T-cell lymphomas, excluding mixed histopathologies (e.g., NK/T-cell lymphoma). Due to the retrospectivity and the outpatient drug administration, clinical parameters and histologic diagnoses were obtained from medical reports, resulting in a partially limited data set. The analysis was approved by the local Ethics Committee (reference number: 23- 3250-104) and performed in compliance with the current Declaration of Helsinki. All cases analyzed were pseudonymized, and patients who were alive gave written informed consent for publication.




Chemotherapy regimen

TEPIP was administered as an all-oral chemotherapy regimen (Figure 1), allowing a fully outpatient treatment, and comprised of trophosphamide at 50 mg (1-1-1, abs. 150 mg), etoposide at 50 mg (1–0–0), procarbazine at 100 mg (1-0-0), and prednisolone at 100 mg (1-0-0) on days 1 to 10, which was shortened to 7 days in case of numerous pre-treatments (equal to or more than two lines of therapy) or advanced age (biological age ≥65 years) as necessary in the majority of our cohort. On days 8 to 10 and 5 to 7, respectively, a daily single dose at 10 mg was added. The course was repeated every 28 days provided that the leukocyte count exceeded 3,000/µl and continued until disease progression or the occurrence of adverse events. All patients treated with TEPIP received sulfamethoxazole-trimethoprim and acyclovir as prophylactic therapies for infections. Antifungal agents or additional antibiotics, such as quinolones, were just initiated in case of suspected infections. Apart from an appropriate antiemesis (e.g., metoclopramide), no specific supportive therapy (e.g., granulocyte-colony-stimulating factor) was administered.




Figure 1 | Trofosfamide, etoposide, procarbazine, idarubicin, and prednisolone schedules. (A) A full-dose, 10-day or (B) a dose-reduced, 7-day protocol was applied depending on the patient’s performance status and expected toxicity tolerance. TRO, trofosfamide; ETO, etoposide; PRC, procarbazine; IDA, idarubicin; PDN, prednisolone; DEX, dexamethasone; x, administration; hyphen, no administration.







Disease classification and response assessment

At first diagnosis and TEPIP onset, lymphoma disease was staged according to the Ann Arbor criteria. All patients underwent bone marrow biopsy. Prognosis as assessed by the use of the International Prognostic Index (IPI) score is reported. Response assessment was conducted as clinically indicated without fixed schedules, as most patients were treated in an outpatient, palliative setting. Therefore, response was reported as the best response documented by reports of CT or PET-CT imaging according to the 2014 Lugano criteria (28). For patients treated in recent years, staging was performed with PET-CT imaging (patients 3, 4, 10, 11, and 12). Prior to 2020, CT imaging was the standard for response assessment.





Adverse event assessment

Toxicities are listed as reported by outpatient reports and graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.





Statistical analysis

Analyses were performed using PRISM 5 (GraphPad, San Diego, CA, USA) and SPSS 28 (IBM, Armonk, NY, USA). The ORR was defined as the sum of patients acquiring complete (CR) or partial remission (PR). Survival was analyzed as OS covering the period between the onset of TEPIP treatment and the patient’s death or the end of the observation period (2022/12/31), respectively. PFS was calculated as the difference between the onset of TEPIP treatment and the diagnosis of relapse or patient’s death, whereas duration of response (DOR) was defined as the period between a primarily recorded response and the subsequent progression of disease in responding patients. The endpoints OS and PFS (median and estimated OS/PFS at 6 and 12 months ± standard error) were depicted as Kaplan–Meier curves.






Results




Patient characteristics and response to TEPIP therapy

In total, 12 adult patients (five female and seven male) with histologically confirmed PTCL were treated at our medical center on a compassionate-use basis with the all-oral low-dose chemotherapy regimen TEPIP based on the daily application of low-dose trofosfamide, etoposide, procarbazine, idarubicin, and prednisolone (Figure 1). The baseline patient characteristics, including previous lines of therapy, are depicted in Table 1. The median age was 70 years (range, 43–84). AITL represented the most common T-cell lymphoma subtype (8 pt.). Prior to TEPIP initiation, all patients presented with stage 3 or higher according to the Ann Arbor classification accompanied by IPI scores predominantly at the high-intermediary level. A total of 11 patients were subjected to TEPIP treatment after having failed up to four different lines of therapy, including ASCT (1 pt.) and experimental checkpoint blockade with nivolumab (1 pt.). Only one patient did not receive any treatment before starting TEPIP. The clinical responses to TEPIP are documented in Table 2, and individual clinical courses are shown in Figure 2. Each patient underwent on average (median) of 2.5 cycles (range, 1 to 24) of TEPIP treatment, and a total of 83 cycles was applied. The median OS was 185 days (± 64.4 days, n = 11), and the median PFS amounted to 114 days (± 45.0 days, n = 12) (Figure 3). The overall response rate (CR + PR) was 42%, and the median duration of response was 10 months (range, 1–35 months). Three patients, including a heavily pretreated patient relapsing from high-dose chemotherapy and subsequent autologous stem cell transplantation (pt. 11), achieved complete remission (25%) in response to TEPIP treatment. At the time of this writing (February 2023), one patient (pt. 3) is still in complete remission despite the discontinuation of TEPIP treatment, while relapse was observed in the other complete responders after 10 months (patient 10) and 25 months (pt. 11), respectively. Remarkably, re-initiation of TEPIP treatment could re-induce complete remission in patient 11. Thereafter, TEPIP had to be permanently stopped due to pancytopenia originating from arising secondary acute myeloid leukemia, which necessitated switching to 5-azacitidine treatment. Moreover, two patients displayed transient partial remissions of their T-cell lymphoma lesions, and stable disease could be observed in two additional patients. Approximately half of all patients were primary refractory to TEPIP treatment. Those patients failing TEPIP treatment were either switched to best supportive care treatment or were continued on individual protocols as depicted in Table 2. In summary, the all-oral TEPIP treatment conducted in an outpatient setting harbors the potential for durable remissions in heavily pretreated patients with advanced T-cell lymphoma.


Table 1 | Characteristics of T-cell lymphoma patients.




Table 2 | Response to trofosfamide, etoposide, procarbazine, idarubicin, and prednisolone (TEPIP) therapy.






Figure 2 | Treatment and response of the included patients during the treatment course as depicted by a swimmer plot.






Figure 3 | Kaplan–Meier curves of (A) overall survival (n = 10) and (B) progression-free survival (n = 11). The area between the dotted lines represents the standard error.







Analysis of the versatile therapeutic potential of TEPIP in patients with PTCL based on five clinical courses

Out of the 12 patients with PTCL treated at our center, the clinical courses of five patients (patient ID numbers 3, 5, 10, 11, and 12 according to Tables 1 and 2) particularly emphasize the versatile therapeutic potential of TEPIP in PTCL patients.




Case 1 (pt. 3)

A 72-year-old female patient presented with progressive localized axillary lymphadenopathy to our department. After a diagnosis of AITL, treatment with 6x CHOP-14 helped her achieve complete remission, but it had to be repeated due to relapse at 27 months later. After a further six cycles, a long-lasting (6.5 years) CR was observed. Thereafter, the patient suffered again from stage IVA [disseminated lymph nodes (LN), 1% to 2% bone marrow (BM) infiltration] relapse of the known AITL, which was molecularly characterized as ALK1-negative, TP53/17p del-negative, and TET2-positive. Due to the advanced patient age, a palliative treatment with all-oral TEPIP without idarubicin (q4w, d1-7) was initiated. After 4 months, a CR was observed despite dose reductions (trofosfamide, prednisolone, and procarbazine) and a stretched cycle duration from 4 to 6 weeks due to limited tolerability (fatigue). TEPIP was discontinued after 23 months due to multiple cutaneous squamous cell carcinomas with persistent complete remission. Until the end of the observational period (31-Dec-2022), no relapse has occurred.

Conclusion: Patient case 1 demonstrates a durable response to TEPIP treatment in an elderly and frail patient, which allowed dose adjustment to achieve individual treatment tolerability.





Case 2 (pt. 5)

A 45-year-old male patient presented with a liver-infiltrating stage IVB AITL (additional BM infiltration) and simultaneous EBV-positive DLBCL. During the first-line treatment with 5x R-CHOEP, the patient experienced several severe adverse events, and a CT scan and bone marrow puncture before the planned sixth course showed a massive progression of AITL. However, no persisting evidence of DLBCL was found. Therapy was rotated to the salvage regimen DHAP in the intention of later high-dose (HD) chemotherapy and ASCT. A pneumogenic sepsis interrupted the treatment course, resulting in another rapid progression. As a consequence, TEPIP treatment (without idarubicin) was initiated, which achieved prompt and impressive PR (resolved liver and minimal pulmonary manifestation). After a second course, the patient developed pancytopenia that necessitated a protracted recovery period, which led to progression and death due to failure of lymphoma-infiltrated organs.

Conclusion: Patient case 2 identifies TEPIP as a treatment option in refractory AITL, however, at the expense of potentially serious adverse events such as life-threatening cytopenia.





Case 3 (pt. 10)

A 67-year-old female patient was referred to the Department of Dermatology at the University Hospital Regensburg with pruritus, eczema, and subcutaneous nodules turning out to be a stage IVAE follicular T-cell lymphoma (aberrant co-expression of CD79a) with cutaneous and disseminated LN manifestation coupled with simultaneous EBV and CD30+ B cell proliferation. After 6x (R-)CHOEP, a CR was achieved; however, within 3 months, a very early relapse occurred. The patient was enrolled and randomized into the experimental arm (nivolumab, gemcitabine, and oxaliplatin) of the NIVEAU trial (29) but suffered from distinct PD after an initial mixed response. As a third-line treatment, MTX weekly was administered, however without any response. Finally, treatment was rotated to TEPIP, and the patient developed CR which lasted for 10 months. During this period, no relevant adverse events occurred. Upon progression, the patient underwent involved site radiation and belinostat treatment followed by short episodes of bendamustine and brentuximab-vedotin treatment, but no further response was achieved.

Conclusion: Patient case 3 demonstrates a long-lasting response without adverse events by TEPIP in a heavily pre-treated and refractory patient with follicular T-cell lymphoma in nodal and extranodal lesions.





Case 4 (pt. 11)

A 66-year-old male patient with a history of prostatectomy due to prostate carcinoma and with a persistent single osteoblastic osseous metastasis (left os ilium) presented to our department with a first diagnosis of stage III AITL with exclusive lymph node manifestation. After five courses of CHOP, peripheral blood stem cell (PBSC) apheresis between each course of DHAP and DHAC was performed. At the timepoint of HD chemotherapy (BEAM) and ASCT, the patient was in complete remission. Within 6 months upon ASCT, early relapse occurred, and despite two courses of salvage treatment with gemcitabine and oxaliplatin, the disease progressed. The PSMA-PET result confirmed a stable disease (M1 oss.) of prostate carcinoma. Due to AITL progression, treatment was rotated to all-oral TEPIP (q4w, d1-7), and complete and durable remission (24 months) was achieved within two courses (Figure 4). Finally, treatment was terminated due to long-lasting CR after 2 years. Within the following 3 months, the patient relapsed with lymphoma infiltration of the skin, lymph nodes, and bone marrow (stage IV). At the same timepoint, a myelodysplastic neoplasm (MDS-RS-MLD) was incidentally diagnosed. TEPIP was re-initiated in five-weekly courses, resulting in a renewed very good PR within 3 months (Figure 4). Due to MDS-related cytopenia, TEPIP was replaced with 5-azacitidine. However, the patient died due to progression to AML at 5 months later.




Figure 4 | Clinical course of two exemplary patients (pt. 11: upper panels; pt. 12 lower panels) as assessed by radiological imaging. Depicted are the treatment responses at the indicated timepoints. Computed tomography and positron emission tomography were utilized. Green bars denote time on trofosfamide, etoposide, procarbazine, idarubicin, and prednisolone treatment. Red arrows and dotted circles indicate lymphoma manifestations.



Conclusion: Patient case 4 illustrates TEPIP as a safe and potent treatment option in AITL even after ASCT and with concomitant metastasized prostate carcinoma. In addition, it underpins its ability to reinduce remission after relapse.





Case 5 (pt. 12)

A 66-year-old pre-diseased (CVD, s/p esophagogastric junctional adenocarcinoma) male patient presented with stage IV A ALK-negative, CD30-positive ALCL with lymph node, cutaneous, and pulmonary manifestations, and treatment was initiated with BV-CHP. Between courses 2 and 3, PBSC apheresis was performed. After six courses, only PR was achieved, and within a further 2 months of watchful waiting, the disease distinctly progressed with new liver, spleen, and testicular manifestations. Due to a reduced general condition and his medical history, an intensive salvage or high-dose regimen was discarded, and low-dose TEPIP was administered (q4w, d1-7). After two courses, a PR was observed (Figure 4). However, the patient developed neurologic symptoms (e.g., amnesic aphasia) which later turned out to be a symptom of transient ischemic attack/stroke. After the interruption of treatment, the patient rapidly relapsed within 3 months and passed away.

Conclusion: Patient case 5 demonstrates the therapeutic option of TEPIP in ALCL when treatment with ALK inhibitors is not reasonable or possible.






Safety and toxicity profile of TEPIP therapy

Adverse events emergent to TEPIP were observed in eight patients (4/8 CTCAE ≥grade 3) as documented in Table 3. Treatment-related deaths did not occur. One patient (pt. 11) died from concomitant secondary acute myeloid leukemia arising from myelodysplastic syndrome. The development of MDS/secondary acute myeloid leukemia was rated to be most likely attributed to multiple previous therapies including high-dose chemotherapy; nevertheless, a causal relation between MDS/AML and TEPIP is also possible. Grade 4 toxicity was only observed in one patient developing severe leukopenia, which improved after the discontinuation of TEPIP therapy. The most frequent toxicities overall were fatigue, thrombopenia, and elevated levels of liver transaminases, with the latter two additionally representing the most frequent grade 3 toxicities. In four patients, TEPIP was permanently ceased: the reasons were hepatotoxicity (pt. 5 and 6), cytopenia (pt. 5 and 6), and renal toxicity (pt. 7) coupled with insufficient responses to therapy, whereas one patient (pt. 12) developed neurological toxicity manifesting itself as amnesic aphasia. Nevertheless, this patient suffered from long-standing atrial fibrillation and pronounced atherosclerosis, which could have crucially contributed to the occurrence of neurological toxicity. Furthermore, dose reductions of trofosfamide owing to intolerable fatigue (pt. 3 and 11) or dysuria (pt. 2) were required in three patients, while dose reduction of etoposide and idarubicin due to fatigue was necessary in one patient (pt. 11). After the dose modifications, increase of treatment intervals, or discontinuation of TEPIP treatment, almost all toxicities appeared to be at least partially reversible. One patient (pt. 3) developed cutaneous squamous cell carcinoma (cSCC) lesions on both arms, prompting the cessation of TEPIP therapy to boost wound healing after the surgical removal of cSCC. In summary, TEPIP treatment is associated with a tolerable safety profile qualifying for use in an outpatient setting.


Table 3 | Treatment-emergent adverse events.








Discussion

Treatment of T-cell lymphoma in elderly and frail patients poses a challenge to clinicians. While first-line treatment with age-adjusted, dose-attenuated multi-agent chemotherapy (e.g., miniCHOP) yields disappointing therapeutic success with only low PFS and OS rates (13), the next-line options are limited as the respective patients are not eligible for intensive salvage treatment, HD chemotherapy, or stem cell transplantation. As a result, there is medical need for palliative regimens considering the necessity of effective low-dose approaches while meeting many patients’ request for outpatient concepts.

In the study presented here, we show data from an elderly (median, 70 years) cohort of 12 patients with PTCL being under treatment with an all-oral, low-dose chemotherapy regimen TEPIP at the Department of Hematology of the University Medical Center Regensburg over the past decade. TEPIP comprises four oral chemotherapeutic drugs (trofosfamide, etoposide, procarbazine, and idarubicin) plus steroids (prednisolone or dexamethasone), each of which has been proven effective in the treatment of non-Hodgkin lymphoma disease (7, 27, 30–33). The majority of the cohort is characterized by poor prognosis with high-intermediate or high IPI scores and extensive disease (Ann Arbor stage III or IV) at TEPIP onset. Treatment with the TEPIP regimen followed a median of 1.5 prior treatment lines (range, 0–4), and a median of 2.5 TEPIP courses was applied. An ORR of 42% was achieved; however, an equally large group of patients experienced primary treatment failure. Overall survival reached a median of 6.2 months (185 days) with one patient still being alive in sustained complete remission. Anecdotal observations of responding patients (as demonstrated in the brief patient cases) highlight the potential benefit of TEPIP treatment in complex everyday settings, such as frail patients with relapse, refractory disease in various PTCL subtypes, and patients with a concurrent solid malignancy. Remarkably, several patient cases have shown rapid relapse after the interruption or discontinuation of therapy, but partial remission was achieved at least in one case by resuming TEPIP therapy.

All but one patient received TEPIP at a relapsed or refractory stage, which historically has a dismal prognosis. Mak et al. reported a median OS in R/R PTCL of 5.5 months (11), which was still confirmed 5 years later and more favorable only in a selected patient cohort with unimpaired performance status who were receiving salvage chemotherapy (12). This is particularly important for elderly patients who are not eligible for intensive first-line (and next-line) treatment due to their increased susceptibility to chemo-associated toxicities and, as a result, are more often likely to have primary refractory or relapsed diseases as reflected by the reported 2-year PFS of 37% (13). FDA-approved single-agent R/R treatment strategies like anti-folate pralatrexate or HDAC inhibitors romidepsin and belinostat have shown ORR of 25% to 29% and DOR of 10 to 17 months (15–17), not exceeding the ORR observed with TEPIP treatment. Better ORR could be achieved with the antibody–toxin conjugate brentuximab–vedotin (BV). However, studies required CD30 positivity or an ALCL phenotype (34, 35), which, in turn, limits the availability to a selected patient population. Additionally, most novel drugs are administered intravenously and require close monitoring of side effects or through in-patient treatment. Furthermore, promising results demonstrating the efficacy of hypomethylating agents (HMA) in PTCL with mutations in epigenetic regulators (e.g., DNTM3A, TET2, and IDH2) have been obtained in smaller studies (18, 36), raising hope for precise, molecularly tailored treatment regimens. In this context, oral HMA preparations, in particular, represent a promising approach for future outpatient strategies and are the subject of current trials (NCT04747236 and NCT03161223). However, robust data are still pending, and the potential role in a therapeutic sequence remains unclear. As of now, neither HDAC inhibitors nor HMA has received approval from the EMA for use in T-cell lymphoma. Thus, the second-line treatment of elderly/frail patients with R/R PTCL requires a broad therapeutic repertoire to enable individual treatment. Cox and colleagues have recently shown that the all-oral chemotherapy regimen DEVEC (prednisolone, etoposide, vinorelbine, and cyclophosphamide) achieves impressive ORR/CR (66%/25%) and OS (13 months) with a tolerable rate of adverse events in an elderly cohort of R/R PTCL with poor prognosis (IPI ≥3: 75%) (24). The outperformance in terms of ORR and OS despite a comparable cohort might be at least partially explained by a higher median number of therapy courses in the DEVEC (median, 8.5 courses) compared with our study (median, 2.5 courses), underscoring the highly palliative intention to treat in the TEPIP cohort. Furthermore, DEVEC was administered in a metronomic manner, potentially leading to differential, pleiotropic pharmacodynamics (37, 38). In recognition of the outstanding DEVEC results, a metronomic application of TEPIP with lower doses, more regular administration, and reduced drug-free brakes (39, 40) should be evaluated in future studies. There are few other reports of low-dose, all-oral treatment regimens in PTCL (25–27), emphasizing the need for more outpatient options in advanced palliative settings that provide a decentralized treatment approach, particularly for rural areas. Importantly, oral HMA and TEPIP may even pose an appropriate palliative first-line therapy for PTCL in elderly/frail patients in case of rejection of intravenous chemotherapy, which requires regular intravenous access and presentation to specialized oncological facilities. For patients declining systemic therapy in favor of best supportive care, all-oral therapy with TEPIP might be discussed in the first line.

In our study, treatment-emergent adverse events (TE-AE) CTCAE ≥ grade 3 were observed in 33% of patients, with one grade 4 (leukopenia) but no fatal TE-AE. Relevant infectious disease only occurred in one patient, which is most likely due to the recommended dose adjustments in case of cytopenia. As this was performed according to the physician’s choice, reliable numeric statements unfortunately are not available. One patient with long-term TEPIP treatment (pt. 3) developed multiple cSCC, which was classified as possibly related to treatment. However, a retrospective analysis of the patient’s previous circumstances (e.g., sun exposure) was not possible. Another patient (pt. 11) died from MDS/AML 5 months after re-discontinuation of TEPIP, which occurred concurrently with PTCL relapse after an initial complete response and prolonged 2 years of TEPIP treatment (Figure 1). TEPIP includes alkylating agents (procarbazine and trofosfamid) and topoisomerase II inhibitors (etoposide and idarubicin), which are known to cause secondary MDS and AML in a group of patients after the treatment of hematologic malignancies (41, 42). Thus, we recognize a potentially therapy-related event. However, one must consider the four prior treatment regimens, including high-dose BEAM, in this patient. Furthermore, in the recently reported cohort of patients with DLBCL treated with TEPIP, no patient suffered from secondary malignancies (1). Hypothetically, an additional potentially contributing factor to the occurrence of MDS and AML in the cohort of patients with PTCL treated with TEPIP might derive from potential clones with pre-lymphomatous TET2 and DNMT3A mutations. Those genetical alterations are frequently present in patients diagnosed with AITL, and AITL per se is associated with a certain co-occurrence of myeloid neoplasias (43). Nonetheless, we recommend that the maintenance of therapy be regularly and carefully reviewed. Notably, the same patient started TEPIP while suffering from an osseous metastasized prostate carcinoma which has not been progressing despite a long-term treatment. In summary, compared with previous palliative treatment regimens (15–17, 34), the safety profile of TEPIP is tolerable and manageable. Due to retrospectivity and the outpatient setting, additional unreported events cannot be completely excluded.

The rapid relapse after discontinuation in patient 4 with a subsequent re-induction of remission stirs the question for TEPIP maintenance therapy. A limiting factor for continuous therapy is set by the cumulative dose of idarubicin to prevent anthracycline-associated cardiomyopathy. Thereafter, TEPP without idarubicin could pose a backbone for long-lasting maintenance. In clinical practice, we advocate the continuation of TEPIP/TEPP therapy past remission induction until disease progression or the occurrence of unacceptable toxicity.

We are aware of the limitations of the study derived from the small, heterogenous cohort, a partially incomplete data set due to the palliative outpatient setting, retrospectivity without a control group as well as the short median duration of TEPIP treatment, which negatively affect the explanatory power of our results. R/R PTCL is a rare disease, and the clinical courses of the reported cohort span more than a decade (2010–2022), partially explaining the incomplete histopathologic reports (examination of molecular profiles or antigen expression) that may impact treatment decisions today. Additionally, the currently available treatment guidelines were published after the first patients were treated. All patients included in this study were treated individually and independently on a compassionate-use basis. Hence, individual treatment regimens differ, compromising the direct comparability of patients as well as the generation of pooled analyses for common outcome parameters, such as overall survival and progression-free survival. Moreover, no fixed and pre-established parameters for the evaluation of safety and efficacy are present. Thus, the direct comparability of patients is compromised.

In conclusion, the TEPIP regimen presented is a treatment option for patients with R/R PTCL that is both effective and well tolerated, with a focus on the quality of life in advanced palliative settings. We encourage the initiation of controlled clinical trials to prospectively evaluate TEPIP and gain further experience.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors without undue reservation.





Ethics statement

The analysis was approved by the University of Regensburg (reference number: 23-3250-104) and performed in compliance with the current Declaration of Helsinki. All cases analyzed were pseudonymized, and patients who were alive gave written informed consent for publication.





Author contributions

MF, DCH, BZ, FL, SM, WH, MV, AR and DH treated the patients. MF, DCH and DH analyzed the data and wrote the manuscript. All authors contributed to the article and approved the submitted version.





Funding

This study incorporated funding by the Deutsche Forschungsgemeinschaft (German Research Foundation) to DCH (grant 324392634-TRR221) and by the Else-Kröner Fresenius Foundation to DCH.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Fante, MA, Felsenstein, M, Mayer, S, Gerken, M, Klinkhammer-Schalke, M, Herr, W, et al. All-oral low-dose chemotherapy TEPIP is effective and well-tolerated in Relapsed/Refractory patients with aggressive b-cell lymphoma. Front Oncol (2022) 12:852987. doi: 10.3389/fonc.2022.852987

2. Swerdlow, SH, Campo, E, Pileri, SA, Harris, NL, Stein, H, Siebert, R, et al. The 2016 revision of the world health organization classification of lymphoid neoplasms. Blood (2016) 127:2375–90. doi: 10.1182/blood-2016-01-643569

3. Vose, J, Armitage, J, and Weisenburger, D. International peripheral T-cell and natural killer/T-cell lymphoma study: pathology findings and clinical outcomes. J Clin Oncol (2008) 26:4124–30. doi: 10.1200/JCO.2008.16.4558

4. Teras, LR, DeSantis, CE, Cerhan, JR, Morton, LM, Jemal, A, and Flowers, CR. 2016 US Lymphoid malignancy statistics by world health organization subtypes. CA Cancer J Clin (2016) 66:443–59. doi: 10.3322/caac.21357

5. Abouyabis, AN, Shenoy, PJ, Sinha, R, Flowers, CR, and Lechowicz, MJ. A systematic review and meta-analysis of front-line anthracycline-based chemotherapy regimens for peripheral T-cell lymphoma. ISRN Hematol (2011) 2011:623924. doi: 10.5402/2011/623924

6. Gisselbrecht, C, Gaulard, P, Lepage, E, Coiffier, B, Brière, J, Haioun, C, et al. Prognostic significance of T-cell phenotype in aggressive non-hodgkin's lymphomas. groupe d'Etudes des lymphomes de l'Adulte (GELA). Blood (1998) 92:76–82.

7. Schmitz, N, Trümper, L, Ziepert, M, Nickelsen, M, Ho, AD, Metzner, B, et al. Treatment and prognosis of mature T-cell and NK-cell lymphoma: an analysis of patients with T-cell lymphoma treated in studies of the German high-grade non-Hodgkin lymphoma study group. Blood (2010) 116:3418–25. doi: 10.1182/blood-2010-02-270785

8. Ellin, F, Landström, J, Jerkeman, M, and Relander, T. Real-world data on prognostic factors and treatment in peripheral T-cell lymphomas: a study from the Swedish lymphoma registry. Blood (2014) 124:1570–7. doi: 10.1182/blood-2014-04-573089

9. Horwitz, S, O'Connor, OA, Pro, B, Illidge, T, Fanale, M, Advani, R, et al. Brentuximab vedotin with chemotherapy for CD30-positive peripheral T-cell lymphoma (ECHELON-2): a global, double-blind, randomised, phase 3 trial. Lancet (2019) 393:229–40. doi: 10.1016/S0140-6736(18)32984-2

10. Lansigan, F, Horwitz, SM, Pinter-Brown, LC, Rosen, ST, Pro, B, Hsi, ED, et al. Outcomes for relapsed and refractory peripheral T-cell lymphoma patients after front-line therapy from the COMPLETE registry. Acta Haematol (2020) 143:40–50. doi: 10.1159/000500666

11. Mak, V, Hamm, J, Chhanabhai, M, Shenkier, T, Klasa, R, Sehn, LH, et al. Survival of patients with peripheral T-cell lymphoma after first relapse or progression: spectrum of disease and rare long-term survivors. J Clin Oncol (2013) 31:1970–6. doi: 10.1200/JCO.2012.44.7524

12. Bellei, M, Foss, FM, Shustov, AR, Horwitz, SM, Marcheselli, L, Kim, WS, et al. The outcome of peripheral T-cell lymphoma patients failing first-line therapy: a report from the prospective, international T-cell project. Haematologica (2018) 103:1191–7. doi: 10.3324/haematol.2017.186577

13. Choi, E-J, Hong, JY, Yoon, DH, Kang, J, Park, C-S, Huh, J, et al. Treatment outcomes of dose-attenuated CHOP chemotherapy in elderly patients with peripheral T cell lymphoma. Blood Res (2017) 52:270–5. doi: 10.5045/br.2017.52.4.270

14. Stuver, RN, Khan, N, Schwartz, M, Acosta, M, Federico, M, Gisselbrecht, C, et al. Single agents vs combination chemotherapy in relapsed and refractory peripheral T-cell lymphoma: results from the comprehensive oncology measures for peripheral T-cell lymphoma treatment (COMPLETE) registry. Am J Hematol (2019) 94:641–9. doi: 10.1002/ajh.25463

15. O'Connor, OA, Pro, B, Pinter-Brown, L, Bartlett, N, Popplewell, L, Coiffier, B, et al. Pralatrexate in patients with relapsed or refractory peripheral T-cell lymphoma: results from the pivotal PROPEL study. J Clin Oncol (2011) 29:1182–9. doi: 10.1200/JCO.2010.29.9024

16. O'Connor, OA, Horwitz, S, Masszi, T, van Hoof, A, Brown, P, Doorduijn, J, et al. Belinostat in patients with relapsed or refractory peripheral T-cell lymphoma: results of the pivotal phase II BELIEF (CLN-19) study. J Clin Oncol (2015) 33:2492–9. doi: 10.1200/JCO.2014.59.2782

17. Coiffier, B, Pro, B, Prince, HM, Foss, F, Sokol, L, Greenwood, M, et al. Results from a pivotal, open-label, phase II study of romidepsin in relapsed or refractory peripheral T-cell lymphoma after prior systemic therapy. J Clin Oncol (2012) 30:631–6. doi: 10.1200/JCO.2011.37.4223

18. Lemonnier, F, Dupuis, J, Sujobert, P, Tournillhac, O, Cheminant, M, Sarkozy, C, et al. Treatment with 5-azacytidine induces a sustained response in patients with angioimmunoblastic T-cell lymphoma. Blood (2018) 132:2305–9. doi: 10.1182/blood-2018-04-840538

19. O'Connor, OA, Falchi, L, Lue, JK, Marchi, E, Kinahan, C, Sawas, A, et al. Oral 5-azacytidine and romidepsin exhibit marked activity in patients with PTCL: a multicenter phase 1 study. Blood (2019) 134:1395–405. doi: 10.1182/blood.2019001285

20. Kareva, I, Waxman, DJ, and Lakka Klement, G. Metronomic chemotherapy: an attractive alternative to maximum tolerated dose therapy that can activate anti-tumor immunity and minimize therapeutic resistance. Cancer Lett (2015) 358:100–6. doi: 10.1016/j.canlet.2014.12.039

21. Kerbel, RS. Inhibition of tumor angiogenesis as a strategy to circumvent acquired resistance to anti-cancer therapeutic agents. Bioessays (1991) 13:31–6. doi: 10.1002/bies.950130106

22. Klement, G, Baruchel, S, Rak, J, Man, S, Clark, K, Hicklin, DJ, et al. Continuous low-dose therapy with vinblastine and VEGF receptor-2 antibody induces sustained tumor regression without overt toxicity. J Clin Invest (2000) 105:R15–24. doi: 10.1172/JCI8829

23. Klement, G, Huang, P, Mayer, B, Green, SK, Man, S, Bohlen, P, et al. Differences in therapeutic indexes of combination metronomic chemotherapy and an anti-VEGFR-2 antibody in multidrug-resistant human breast cancer xenografts. Clin Cancer Res (2002) 8:221–32.

24. Cox, MC, Banchi, M, Pelliccia, S, Di Napoli, A, Marcheselli, L, Patti, C, et al. All-oral metronomic DEVEC schedule in elderly patients with peripheral T cell lymphoma. Cancer Chemother Pharmacol (2020) 86:841–6. doi: 10.1007/s00280-020-04172-3

25. Tucci, A, Cerqui, E, Ungari, M, Ferrari, S, Baushi, L, Facchetti, F, et al. Continuous oral cyclophosphamide and prednisolone as a valuable treatment option for peripheral T cell lymphoma. Br J Haematol (2011) 152:113–6. doi: 10.1111/j.1365-2141.2010.08367.x

26. Yuan, S, Yu, J, Haverkos, B, and Su, H. Remission of an extensively pre-treated relapsing/refractory ALK-positive anaplastic large cell lymphoma following metronomic therapy. Leuk Lymphoma (2016) 57:1194–6. doi: 10.3109/10428194.2015.1055484

27. Coleman, M, Martin, P, Ruan, J, Furman, R, Niesvizky, R, Elstrom, R, et al. Prednisone, etoposide, procarbazine, and cyclophosphamide (PEP-c) oral combination chemotherapy regimen for recurring/refractory lymphoma: low-dose metronomic, multidrug therapy. Cancer (2008) 112:2228–32. doi: 10.1002/cncr.23422

28. Cheson, BD, Fisher, RI, Barrington, SF, Cavalli, F, Schwartz, LH, Zucca, E, et al. Recommendations for initial evaluation, staging, and response assessment of Hodgkin and non-Hodgkin lymphoma: the lugano classification. JCO (2014) 32:3059–67. doi: 10.1200/JCO.2013.54.8800

29. Houot, R, Poeschel, V, Altmann, B, Angel, S, Thurner, L, Illmer, T, et al. Prolonged remissions after nivolumab plus Gemcitabine/Oxaliplatin in Relapsed/Refractory T-cell lymphoma. Hemasphere (2022) 6:e672. doi: 10.1097/HS9.0000000000000672

30. Wist, E, and Risberg, T. Trofosfamide in non-hodgkin's lymphoma. a phase II study. Acta Oncol (1991) 30:819–21. doi: 10.3109/02841869109091828

31. Andersson, PO, Braide, I, and Nilsson-Ehle, H. Trofosfamide as salvage therapy for anaplastic large cell lymphoma relapsing after high-dose chemotherapy. Leuk Lymphoma (2002) 43:2351–3. doi: 10.1080/1042819021000040053

32. Pasmantier, MW, Coleman, M, and Silver, RT. Chemotherapy of the non-hodgkin's lymphomas. Med Clin North Am (1976) 60:1043–52. doi: 10.1016/s0025-7125(16)31847-8

33. Xiong, Y-Y, Wang, J, Wang, L, Chen, J-B, Liu, L, Tang, X-Q, et al. Comparison of CEAC, BEAM and IEAC conditioning regimens followed by autologous stem cell transplantation in peripheral T-cell lymphoma patients. Sci Rep (2022) 12:14369. doi: 10.1038/s41598-022-18540-x

34. Pro, B, Advani, R, Brice, P, Bartlett, NL, Rosenblatt, JD, Illidge, T, et al. Brentuximab vedotin (SGN-35) in patients with relapsed or refractory systemic anaplastic large-cell lymphoma: results of a phase II study. J Clin Oncol (2012) 30:2190–6. doi: 10.1200/JCO.2011.38.0402

35. Younes, A, Bartlett, NL, Leonard, JP, Kennedy, DA, Lynch, CM, Sievers, EL, et al. Brentuximab vedotin (SGN-35) for relapsed CD30-positive lymphomas. N Engl J Med (2010) 363:1812–21. doi: 10.1056/NEJMoa1002965

36. Wong, J, Gruber, E, Maher, B, Waltham, M, Sabouri-Thompson, Z, Jong, I, et al. Integrated clinical and genomic evaluation of guadecitabine (SGI-110) in peripheral T-cell lymphoma. Leukemia (2022) 36:1654–65. doi: 10.1038/s41375-022-01571-8

37. André, N, Carré, M, and Pasquier, E. Metronomics: towards personalized chemotherapy? Nat Rev Clin Oncol (2014) 11:413–31. doi: 10.1038/nrclinonc.2014.89

38. André, N, Tsai, K, Carré, M, and Pasquier, E. Metronomic chemotherapy: direct targeting of cancer cells after all? Trends Cancer (2017) 3:319–25. doi: 10.1016/j.trecan.2017.03.011

39. Bocci, G, and Kerbel, RS. Pharmacokinetics of metronomic chemotherapy: a neglected but crucial aspect. Nat Rev Clin Oncol (2016) 13:659–73. doi: 10.1038/nrclinonc.2016.64

40. Kerbel, RS, and Kamen, BA. The anti-angiogenic basis of metronomic chemotherapy. Nat Rev Cancer (2004) 4:423–36. doi: 10.1038/nrc1369

41. Leone, G, Pagano, L, Ben-Yehuda, D, and Voso, MT. Therapy-related leukemia and myelodysplasia: susceptibility and incidence. Haematologica (2007) 92:1389–98. doi: 10.3324/haematol.11034

42. Eichenauer, DA, Thielen, I, Haverkamp, H, Franklin, J, Behringer, K, Halbsguth, T, et al. Therapy-related acute myeloid leukemia and myelodysplastic syndromes in patients with Hodgkin lymphoma: a report from the German Hodgkin study group. Blood (2014) 123:1658–64. doi: 10.1182/blood-2013-07-512657

43. Odejide, O, Weigert, O, Lane, AA, Toscano, D, Lunning, MA, Kopp, N, et al. A targeted mutational landscape of angioimmunoblastic T-cell lymphoma. Blood (2014) 123:1293–6. doi: 10.1182/blood-2013-10-531509




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Fante, Harrer, Zartner, Lüke, Mayer, Menhart, Reichle, Herr, Vogelhuber and Heudobler. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1177330-g002.jpg
Patient ID

N~ OO o B~ W DN

X
X
8
9
10
11
12 *
6 12 18 24 30
months
B TEPIP treatment O CR [1SD

Il only supportive therapy APR @PD

* discontinuation due to TE-AESs

36 42

—» ONgoing response

—{ lost to follow-up






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        All-oral low-dose chemotherapy TEPIP is effective and well-tolerated in patients with peripheral T-cell lymphoma

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Chemotherapy regimen

          



          		

            Disease classification and response assessment

          



          		

            Adverse event assessment

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Patient characteristics and response to TEPIP therapy

          



          		

            Analysis of the versatile therapeutic potential of TEPIP in patients with PTCL based on five clinical courses

          

            		

              Case 1 (pt. 3)

            



            		

              Case 2 (pt. 5)

            



            		

              Case 3 (pt. 10)

            



            		

              Case 4 (pt. 11)

            



            		

              Case 5 (pt. 12)

            



          



          



          		

            Safety and toxicity profile of TEPIP therapy

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-13-1177330-g004.jpg
O ongoing TEPIP treatment






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Patient ID TEPIP cycles Best response® Subsequent therapy

(n) (DOR, months)
1 2 PD 77 BSC
2 16 ‘ SD (18) 704 BSC
3 15 CR (35+) . 1193* No treatment
4 2 PD 185 Gemcitabine/carboplatin/dexamethasone
5 2 ‘ PR (2) 82 BSC
6 1 ‘ PD NA? Cyclophosphamide/etoposid/procarbazine/prednisolone
7 3 PD 148 BSC
8 1 PD ‘ 42 BSC
9 4 SD (1) 134 Lomustin
10 11 CR (10) 558 Belinostat
11 24 CR (25) 218 5-Azacitidine
12 2 PR (1) 251 BSC
median 25 10 (DOR) 185

DOR, duration of response; PD, progressive disease; SD, stable disease; PR, partial remission; CR, complete remission; BSC, best supportive care; NA, not available.
“Response to TEPIP therapy.

"Overall survival of patients, (the symbol “*” signifies being still alive).

“Duration of response in the case of SD/PR/CR (the symbol “+” signifies an ongoing response).

9Overall survival not available because of loss to follow-up.
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Patient  Toxicity Response Outcome

ID

1 Fatigue 1 Temporary discontinuation of TEPIP Improvement

2 Thrombopenia 2 Temporary discontinuation of TEPIP Improvement
Dysuria 2 Dose reduction of trofosfamide and prednisolone Improvement

3 Fatigue 2 Dose reduction of trofosfamide and longer treatment Improvement

intervals of 6 weeks
Cutaneous squamous cell carcinoma Not Discontinuation of TEPIP Improvement after
applicable surgical excision

4 None & o =
Elevated liver transaminases g Discontinuation of TEPIP Resolution

5 Leukopenia 1 Discontinuation of TEPIP Improvement
Anemia 3 Discontinuation of TEPIP Improvement
Thrombopenia 3 Discontinuation of TEPIP Improvement
Elevated liver transaminases 3 Discontinuation of TEPIP Improvement

¢ Thrombopenia 3 Discontinuation of TEPIP Persistence

7 Infection (urinary) 3 Discontinuation of TEPIP Improvement
Elevated creatinine 3 Discontinuation of TEPIP Improvement

8 None w = "

9 None - - -

10 None - - %

I 11 Fatigue 2 Discontinuation of Idarubicin and dose reduction of Improvement
MDS-RS-MLD Not trofosfamide and etoposide Progression to AML
applicable | -
12 Neurological symptoms (word finding disorder) 3 Discontinuation of TEPIP Improvement

originating from stroke

*According to Common Terminology Criteria of Adverse Events Version 5 (2017).
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OEBPS/Images/table1.jpg
Patient ID Ann Arbor staging Pre-treatment

at 1st dx/TEPIP start

1 Male 70 AITL TA/IIA Low 6 x CHOP
4 x DHAC
2 Female 76 AITL IIIB/IIIA High-intermediate 6 x CHOP
3 Female 72 AITL TIIA/IVA Low-intermediate 12 x CHOP
4 Female 70 AITL TITA/IIIA Low-intermediate 6 x CHOP
5 Male 45 AITL IVA/IVA High-intermediate 5 x R-CHOEP
1 x DHAP
6 Male 79 PTCL-NOS IVAE/IVAE High-intermediate Prednisolone
Vincristine
3 x CHOP
7 Male 84 AITL -[IVA High None
8 Male 43 HSTL IVB/IVB High-intermediate 3 x CHOEP
1 x DHAP
Fludarabine
Alemtuzumab
9 Female 71 AITL IVB/IIIA High-intermediate 6 x CHOP
2 x DHAC
8 x BV
10 Female 67 FTCL IVAE/IVAE High-intermediate 6 x CHOEP
6 x N/Gem/Ox
MTX weekly
11 Male 66 AITL TIA/IIA High-intermediate 5 x CHOP
1 x DHAP/1 x DHAC
BEAM + ASCT
2 x Gem/Ox
12 Male 66 ALCL IVA/IVA High-intermediate 6 x BV-CHP

ATIL, angioimmunoblastic T-cell ymphoma; PTCL-NOS, peripheral T-cell lymphoma not otherwise specified; HSTL, hepatosplenic T-cell lymphoma; FTCL, follicular T-cell lymphoma; ALCL,
anaplastic large cell lymphoma; CHOEP, cyclophosphamide, doxorubicin, vincristine, etoposide, and prednisolone; DHAP/C, dexamethasone, cytarabine, cisplatin/carboplatin; BV, brentuximab
vedotin; N/Gem/Ox, nivolumab, gemcitabine, oxaliplatin; BEAM, BCNU, etoposide, cytarabine, and melphalan; ASCT, autologous stem cell transplantation; CHP, cyclophosphamide,
doxorubicin, and prednisolone.

At first diagnosis.





