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Tafasitamab plus lenalidomide in relapsed or refractory diffuse large B-cell lymphoma (L-MIND): a multicentre, prospective, single-arm, phase 2 study

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Summary Background

Patients with relapsed or refractory diffuse large B-cell lymphoma (DLBCL) ineligible for autologous stem-cell transplantation (ASCT) have poor outcomes and limited treatment options.

Tafasitamab (MOR208) is an Fc-enhanced humanised anti-CD19 monoclonal antibody that showed preclinical and single-agent activity in patients with relapsed or refractory B-cell malignancies. Preclinical data suggested that tafasitamab may act synergistically with lenalidomide. This study aimed to assess the antitumour activity and safety of tafasitamab plus lenalidomide in patients with relapsed or refractory DLBCL ineligible for ASCT.

Methods

In this open-label, single-arm, multicentre, phase 2 study (L-MIND; NCT02399085), patients (>18 years) with histologically confirmed DLBCL, who relapsed or were refractory after 1-3 systemic regimens (with at least one anti-CD20 therapy), and not candidates for high-dose chemotherapy and subsequent ASCT, Eastern Cooperative Oncology Group performance status of 0-2, and had measurable disease at baseline were recruited from 35 centres in 10 countries. Patients received co-administered tafasitamab (12 mg/kg) and lenalidomide (25 mg/day) intravenously for up to 12 cycles (28 days each), followed by tafasitamab monotherapy (in patients with stable disease or better) until disease progression. The primary endpoint was objective response rate (centrally assessed). Efficacy analyses are based on all patients who received at least one dose of both tafasitamab and lenalidomide; safety analyses were based on those who received at least one dose of either study medication. Recruitment is complete, and the trial is in follow-up.

Findings
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Between January 18, 2016 and November 15, 2017, 156 patients were screened; 81 were enrolled and received at least one dose of either study medication, and 80 received at least one dose of both tafasitamab and lenalidomide. Median follow-up was 13•2 months (IQR, 7 •3-20•4) as of data cut-off November 30, 2018. The objective response rate was 60% (95% confidence interval [CI], 48-71); 34/80 (43%; 95% CI, 32-54) had a complete response and 14/80 (18%;

95% CI, 10-28) had a partial response. The most common treatment-emergent adverse event grade 3 or higher were neutropenia (39/81 [48%]), thrombocytopenia (14/81 [17%]), febrile neutropenia (10/81 [12%]). Adverse events reduced in frequency and severity during the tafasitamab monotherapy phase compared with the lenalidomide combination phase. Serious adverse events (SAEs) occurred in 41/81 (51%) patients. The most frequently reported SAEs (in ≥2 patients) were pneumonia (five [6%]), febrile neutropenia (five [6%]), pulmonary embolism (three [4%]), bronchitis (two [3%]), atrial fibrillation (two [3%]), and congestive cardiac failure (two [3%]).

Interpretation

Tafasitamab in combination with lenalidomide was well tolerated and resulted in high complete response rates in patients with relapsed or refractory DLBCL ineligible for ASCT, and may represent a new therapeutic option in this setting.

Funding

Funded by MorphoSys AG; L-MIND ClinicalTrials.gov number NCT02399085

Word count: 436/300

Research in context

Evidence before this study

With the aim of gaining a greater understanding of the current treatment landscape for diffuse large B-cell lymphoma (DLBCL), we searched PubMed for reports published in English from Jan 1, 2017, to Dec 31, 2019, using the terms "treatment guidelines" AND ("recurrent" OR "relapsed"

OR "previously treated") AND ("diffuse large B-cell lymphoma" OR "diffuse large B cell lymphoma" or "DLBCL"). Current treatment options for patients with relapsed or refractory diffuse large B-cell lymphoma (DLBCL) are usually some form of platinum-based salvage chemotherapy followed by high-dose chemotherapy and autologous stem-cell transplantation (ASCT), which many patients are ineligible for due to comorbid conditions and/or age. Such therapies are associated with significant toxicities. There is no standard of care for patients with relapsed or refractory DLBCL who are ineligible for high-dose chemotherapy and ASCT, representing an unmet medical need. Novel therapeutic approaches are being developed to address this.

We also searched PubMed for reports published in English from Jan 1, 2017, to Dec 31, 2019, using the terms "antibody" AND ("recurrent" OR "relapsed" OR "previously treated") AND ("B cell" OR "B-cell") AND "lymphoma". We did similar searches in PubMed, adding the terms, ("CD19" OR "CD-19") OR ("anti-CD19" OR "anti CD-19") OR ("diffuse large B-cell lymphoma"

OR "diffuse large B cell lymphoma" or "DLBCL"). The CD19 antigen, which is expressed broadly across the B-cell lineage and in virtually all types of DLBCL, is as an important therapeutic target of interest as evidenced by the recent emergence and regulatory approval of CD19directed chimeric antigen receptor (CAR)-T therapies. Prior approaches with CD19-directed antibodies (either naked antibody or antibody-drug conjugate) were not successful due to insufficient activity and associated toxicities. [START_REF] Trnĕny | A phase ii multicenter study of the anti-CD19 antibody drug conjugate coltuximab ravtansine (SAR3419) in patients with relapsed or refractory diffuse large B-cell lymphoma previously treated with rituximab-based immunotherapy[END_REF][START_REF] Ohmachi | A multicenter phase I study of inebilizumab, a humanized anti-CD19 monoclonal antibody, in Japanese patients with relapsed or refractory B-cell lymphoma and multiple myeloma[END_REF][START_REF] Kahl | A phase I study of ADCT-402 (loncastuximab tesirine), a novel pyrrolobenzodiazepine-based antibody-drug conjugate, in relapsed/ refractory B-cell non-Hodgkin lymphoma[END_REF][START_REF] Ryan | Therapeutic potential of SGN-CD19B, a PBD-based anti-CD19 drug conjugate, for treatment of B-cell malignancies[END_REF] Tafasitamab (MOR208), an Fc-enhanced (increased affinity for Fc gamma receptors through the introduction of two amino acid modifications within the Fc region), humanised anti-CD19 monoclonal antibody in combination with the immunomodulatory agent lenalidomide led to increased antitumour effects, both in vitro and in vivo. The combination has potential for a synergistic activity in the treatment of DLBCL.

Added value of this study

In a patient population with high median age, eventually carrying multiple comorbidities and ineligible for high-dose chemotherapy or ASCT, tafasitamab in combination with lenalidomide followed by tafasitamab until progression, was well tolerated and demonstrated promising clinical activity. Durable responses with prolonged overall survival were observed in a significant proportion of patients, including those who were refractory to their prior therapies, such as CD20-directed immunochemotherapy.

Implications of the available evidence

The CD19 CAR-T therapies were recently approved in patients who have failed two or more prior systemic therapies. However, they have important limitations preventing a broad application: those are associated with manufacturing challenges, high cost of delivery, significant toxicities, and need for patient referral to specialised treatment centres. Polatuzumab in combination with bendamustine and rituximab represents another recently approved option providing an encouraging progression-free survival, but associated with several hematological toxicities.

Tafasitamab in combination with lenalidomide is a novel approach that may offer a potentially effective, well-tolerated, immunomodulatory treatment option for patients with relapsed or refractory DLBCL ineligible for salvage chemotherapy followed by HDC and ASCT.

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin's lymphoma. [START_REF] Teras | US lymphoid malignancy statistics by World Health Organization subtypes[END_REF] Since the introduction of the anti-CD20 antibody rituximab, approximately 50-70% of patients may achieve cure with initial standard-of-care immunochemotherapy. [START_REF] Coiffier | Diffuse large B-cell lymphoma: R-CHOP failure-what to do?[END_REF] For patients who are refractory to or relapse after frontline therapy, prognosis is poor. [START_REF] Hitz | Outcome of patients with primary refractory diffuse large B cell lymphoma after R-CHOP treatment[END_REF] Salvage chemotherapy followed by high-dose chemotherapy (HDC) and autologous stem-cell transplantation (ASCT) has limited benefit in this setting and is associated with significant toxicities. [START_REF] Gisselbrecht | Salvage regimens with autologous transplantation for relapsed large B-cell lymphoma in the rituximab era[END_REF] Moreover, most patients are ineligible for this approach and have even fewer treatment options. [START_REF] Hitz | Outcome of patients with primary refractory diffuse large B cell lymphoma after R-CHOP treatment[END_REF] Recent therapeutic advances, such as chimeric antigen receptor (CAR) Tcell therapy and the antibody-drug conjugate polatuzumab vedotin, have the potential to improve patient outcomes. [START_REF] Schuster | Tisagenlecleucel in Adult Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF][START_REF] Neelapu | Axicabtagene Ciloleucel CAR T-Cell Therapy in Refractory Large B-Cell Lymphoma[END_REF][START_REF] Sehn | Polatuzumab Vedotin in Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF] Despite these advances, there remains a significant need to provide effective and tolerable treatment options for patients with relapsed or refractory DLBCL, in particular those ineligible for ASCT. [START_REF] Salles | Treatment of aggressive B-cell non-Hodgkin lymphoma beyond frontline therapy in patients not eligible for stem cell transplantation: a structured review[END_REF] CD19 is broadly and homogeneously expressed across B-cell malignancies, and enhances Bcell receptor signaling and tumour cell proliferation. [START_REF] Olejniczak | A quantitative exploration of surface antigen expression in common B-cell malignancies using flow cytometry[END_REF][START_REF] Poe | A c-Myc and surface CD19 signaling amplification loop promotes B cell lymphoma development and progression in mice[END_REF] Tafasitamab (MOR208, previously XmAb5574) is an Fc-enhanced (increased affinity for Fc gamma receptors through the introduction of two amino acid modifications within the Fc region), [START_REF] Horton | Potent in vitro and in vivo activity of an Fcengineered anti-CD19 monoclonal antibody against lymphoma and leukemia[END_REF] humanised anti-CD19 monoclonal antibody, which mediates antibody-dependent cellular cytotoxicity and antibodydependent cellular phagocytosis, and exerts direct cytotoxicity. [START_REF] Horton | Potent in vitro and in vivo activity of an Fcengineered anti-CD19 monoclonal antibody against lymphoma and leukemia[END_REF][START_REF] Awan | CD19 targeting of chronic lymphocytic leukemia with a novel Fc-domain-engineered monoclonal antibody[END_REF] Preclinical studies have shown potent in vitro and in vivo activity of tafasitamab in lymphoma and leukemia models. [START_REF] Horton | Potent in vitro and in vivo activity of an Fcengineered anti-CD19 monoclonal antibody against lymphoma and leukemia[END_REF][START_REF] Awan | CD19 targeting of chronic lymphocytic leukemia with a novel Fc-domain-engineered monoclonal antibody[END_REF] Single-agent tafasitamab was well tolerated and demonstrated encouraging activity in patients with relapsed or refractory B-cell malignancies, with several patients achieving durable responses. [START_REF] Jurczak | Phase IIa study of the CD19 antibody MOR208 in patients with relapsed or refractory B-cell non-Hodgkin's lymphoma[END_REF] Lenalidomide has direct anti-neoplastic activity, and stimulates natural killer (NK)cell proliferation and activation. [START_REF] Gribben | Mechanisms of Action of Lenalidomide in B-Cell Non-Hodgkin Lymphoma[END_REF] In addition, lenalidomide enhances NK cell-meditated, antibody-dependent cellular cytotoxicity with tafasitamab in vitro. [START_REF] Awan | CD19 targeting of chronic lymphocytic leukemia with a novel Fc-domain-engineered monoclonal antibody[END_REF] When considering the outcomes of single-agent lenalidomide and tafasitamab in patients with relapsed or refractory DLBCL, we hypothesize that the combination of these two drugs has synergistic potential. [START_REF] Jurczak | Phase IIa study of the CD19 antibody MOR208 in patients with relapsed or refractory B-cell non-Hodgkin's lymphoma[END_REF][START_REF] Czuczman | A Phase 2/3 Multicenter, Randomized, Open-Label Study to Compare the Efficacy and Safety of Lenalidomide Versus Investigator's Choice in Patients with Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF][START_REF] Witzig | An international phase II trial of single-agent lenalidomide for relapsed or refractory aggressive B-cell non-Hodgkin's lymphoma[END_REF] Here, we report the results of the primary analysis of the phase 2 L-MIND study of tafasitamab in combination with lenalidomide in patients with relapsed or refractory DLBCL ineligible for ASCT.

METHODS STUDY DESIGN AND PARTICIPANTS

This study was approved by study sites' institutional review boards and conducted in accordance with the International Conference on Harmonisation Good Clinical Practice guidelines and the Declaration of Helsinki. All patients provided written informed consent.

Employees of MorphoSys AG designed this study. All authors interpreted the results and agree on accountability for all study aspects, including accuracy, integrity, and protocol adherence. All authors contributed to study design or conduct, data analyses, or manuscript writing.

This open-label, single-arm, multicentre, phase 2 study enrolled patients from 35 sites (appendix page 2) in ten countries. Follow-up to assess safety, duration of response, and survival is ongoing.

Patients (>18 years) with histologically confirmed DLBCL (including transformed indolent lymphoma with a subsequent DLBCL relapse); who relapsed after or were refractory to at least one, but no more than three systemic regimens (with at least one anti-CD20 therapy); and who were not candidates for high-dose chemotherapy and subsequent ASCT were eligible.

Relapsed disease was defined as the appearance of any new lesions or increase by ≥50% of previously involved sites from nadir, according to the International Working Group response criteria, after the most recent systemic therapy. Refractory disease was defined as progression, as per International Working Group response criteria, and/or, showing a response of less than a partial response (PR) or disease recurrence/progression within <6 months from the completion of first-line therapy, or less than a PR to the most recently administered systemic therapy.

Those considered ineligible for high-dose chemotherapy and subsequent ASCT included:

patients of high age (>70 years), patients with organ dysfunction or comorbidities precluding the use of high-dose chemotherapy/ASCT on the basis of unacceptable risk of treatment, patients who had failed prior ASCT, patients who did not respond to salvage therapy, patients who refused ASCT, or patients who were unable to receive ASCT due to an inability to successfully collect peripheral blood stem-cells. Additional inclusion criteria were adequate organ function, Eastern Cooperative Oncology Group performance status of 0-2, and measurable disease at baseline. Patients must also have had: an absolute neutrophil count ≥1•5 × 10 9 /L (unless secondary to bone marrow involvement by DLBCL as demonstrated by recent bone marrow aspiration and bone marrow biopsy); a platelet count of ≥90 × 10 9 /L (unless secondary to bone marrow involvement by DLBCL as demonstrated by recent bone marrow aspiration and bone marrow biopsy); a total serum bilirubin ≤2•5 × upper limit of normal (ULN) unless secondary to Gilbert's syndrome or documented liver involvement by lymphoma (patients with Gilbert's syndrome or documented liver involvement by lymphoma may be included if their total bilirubin was ≤5 × ULN); an alanine transaminase, aspartate aminotransferase and alkaline phosphatase ≤3 × ULN or <5 × ULN in cases of documented liver involvement; a serum creatinine clearance of ≥60 mL/minute either measured or calculated using a standard Cockcroft and Gault formula.

Exclusion criteria included any other histological type of lymphoma; a history of 'double/triple-hit' DLBCL if already known; prior treatment with anti-CD19 therapy or immunomodulatory drugs such as thalidomide or lenalidomide; or primary refractory DLBCL, defined as no response to, or progression during or within 6 months of frontline therapy; prior history of malignancies other than DLBCL, unless disease-free for ≥5 years; seropositivity for hepatitis B and/or C, and seropositivity for or history of HIV; central nervous system (CNS) lymphoma involvement; history or evidence of clinically significant cardiovascular, CNS and/or other systemic disease that would preclude or compromise study participation. Prior to a protocol amendment (introduced in June 2016), only patients who relapsed within 3 months of a prior anti-CD20containing regimen were defined as primary refractory and excluded. [START_REF] Tarella | Rate of Primary Refractory Disease in B and T-Cell Non-Hodgkin's Lymphoma: Correlation with Long-Term Survival[END_REF] Thus, patients having relapsed or progressed between 3 and 6 months of frontline therapy were recruited before the protocol amendment, and considered as primary-refractory patients as per B-cell lymphoma National Comprehensive Cancer Network guidelines. [START_REF]NCCN Clinical Practice Guidelines in Oncology: B-Cell Lymphomas[END_REF] Central pathology review

(immunohistochemistry [Hans' algorithm] and gene expression profiling [NanoString]) were performed retrospectively.

PROCEDURES

Treatment comprised co-administration of tafasitamab and lenalidomide for up to 12 cycles (28 days each), followed by tafasitamab monotherapy (in patients with stable disease or better) until disease progression. Tafasitamab was administered intravenously at a dose of 12 mg/kg, over approximately 2 hours. For cycles 1-3, tafasitamab was administered weekly on days 1, 8, 15, and 22; an additional loading dose was administered on day 4 of cycle 1. From cycle 4, tafasitamab was administered every 14 days, [START_REF] Jurczak | Phase IIa study of the CD19 antibody MOR208 in patients with relapsed or refractory B-cell non-Hodgkin's lymphoma[END_REF] Patients could be withdrawn from the study due to adverse events, abnormal laboratory values, abnormal test procedure results, protocol violation, patient withdrawal of consent, loss to followup, administrative problems, radiologically confirmed disease progression, and withdrawal of a patient at the specific request of the sponsor. All adverse events were recorded at each visit.

OUTCOMES

The primary endpoint was objective response rate, defined as complete response plus partial response, as assessed by an independent review committee, according to the 2007 International Working Group response criteria for malignant lymphoma. [START_REF] Cheson | Revised response criteria for malignant lymphoma[END_REF] 

STATISTICAL ANALYSIS

months of follow-up. Efficacy analyses are based on the full analysis set comprising all patients who received at least one dose of both tafasitamab and lenalidomide; safety analyses were based on those who received at least one dose of either study medication. Patients without adequate post-baseline assessement were considered as non-evaluable in the overall response analysis. Earlier studies of tafasitamab and lenalidomide were used to calculate assumptions on response rates for the purpose of sample size calculation. [START_REF] Witzig | An international phase II trial of single-agent lenalidomide for relapsed or refractory aggressive B-cell non-Hodgkin's lymphoma[END_REF][START_REF] Wang | Oral lenalidomide with rituximab in relapsed or refractory diffuse large cell, follicular and transformed lymphoma: a phase II clinical trial[END_REF] Sample size was determined assuming that combination treatment could improve the objective response rate from 20%

(monotherapy) to 35% (combination therapy). Applying an exact binomial test with a two-sided significance level of 5% and a power of 85%, the estimated sample size was 73 patients.

Assuming a drop-out rate of 10%, a total sample size of 80 patients was estimated. There was no interim analysis. For both primary and secondary outcomes, descriptive statistics were used to summarise response rates and safety. Progression-free survival, overall survival and duration of response were analysed using the Kaplan-Meier method, and 95% CIs for the median calculated accordingly. The median follow-up time for PFS and OS was calculated using the reverse Kaplan-Meier method. Statistical analysis was performed using SAS ® Software version 9•4 or above (SAS Institute, Cary, NC). This study is registered with ClinicalTrials.gov, number NCT02399085.

ROLE OF THE FUNDING SOURCE

The study sponsor participated in the study design, data collection, analysis, interpretation, and writing of the report. All authors had full access to all study data and the corresponding author had final responsibility for the decision to submit for publication.

RESULTS

The data cut-off for primary analysis was November months. Two patients from this study subsequently received consolidation with stem cell transplant, one patient each with ASCT and allogeneic stem-cell transplantation, respectively.

One additional patient subsequently received CD19 CAR-T therapy after disease progression in this study, achieved a complete response and was in remission at the time of this report.

Seven patients had a c-MYC translocation that was identified during central pathology review: Treatment-emergent adverse events of any grade occurred in 81 (100%) patients. The most common adverse event (all grades) and the most common grade 3 or higher adverse event was neutropaenia, occurring in 40/81 (49%) and 39/81 (48%) patients, respectively (table 3).

Neutropaenia was managed by granulocyte colony-stimulating factor in 36/81 (44%) patients, and the majority (81% with grade 3/4 neutropaenia) recovered to baseline levels within 1 week.

The next most common grade 3 or higher events were thrombocytopaenia (14/81 [17%] patients), febrile neutropaenia (ten/81 [12%]), leukopenia (seven/81 [9%]), anaemia (six/81

[7%]), and pneumonia (five/81 [6%]; table 3; appendix page 19-21). The majority of nonhaematologic adverse events were grades 1 and 2; diarrhea was the most common, occurring in 27/51 (33%) patients (nine/81 [11%] with grade 2 and one/81 [1%] with grade 3), and with a median duration of 8 days. Twenty-nine/81 (36%) patients experienced different types of rash, most of which were grade 2 or lower (appendix page 21): seven/81 (9%) patients experienced a (non-serious) rash of grade 3, in three patients classified as allergic dermatitis, and in one patient each as maculopapular rash, erythematous rash, pruritus, and psoriasis (appendix page 21). All of these patients with grade 3 rash recovered between 2 and 40 days after event onset, but one patient with allergic dermatitis recovered with sequelae 45 days after event onset (both study drugs were discontinued). In one patient with psoriasis, lenalidomide was discontinued due to the event, and in two patients with allergic dermatitis, lenalidomide was temporarily interrupted due to the event. Infusion-related reactions (all grade 1) were observed in five/81 (6%) patients. All occurred once during the first infusion and no discontinuation of infusion was required.

Serious adverse events (SAEs) occurred in 41/81 (51%) patients. In total, 20/81 (25%) patients discontinued treatment with one or both study drugs due to adverse events during the study (appendix page 22). Seven (9%) patients experienced an adverse event of special interest (defined by the protocol): three with tumour flares (one each at grades 1-3), one with grade 2 basal cell carcinoma, and three with grade 3 allergic dermatitis.

Thirty/81 (37%) deaths were recorded; eight occurred during study treatment and 22 posttreatment. Twenty-three deaths were related to lymphoma progression and seven were unrelated to disease progression. Treatment-emergent adverse events leading to death occurred in four of 30 patients: sudden death, respiratory failure, cerebrovascular accident, and worsening of progressive multifocal leukoencephalopathy (appendix page 8). The latter patient had neurological symptoms prior to initiation of protocol treatment, and died 68 days after the end of treatment. The investigators did not consider any of these four treatment-emergent adverse events to be related to study treatment. Three of the 30 deaths, unrelated to disease progression, occurred during the post-treatment period and were reported as intracerebral haemorrhage, lung oedema due to cardiac failure, and pneumonia. The population in this study was notable for being considered ineligible for ASCT and its older age (median 72 years). This study also included a substantial proportion of patients belonging to subgroups known for poor prognosis, in particular those refractory to prior therapies; tafasitamab and lenalidomide had similar activity in patients with or without refractory disease, whether refractory to their last prior therapy or to rituximab, or having a history of primary refractory DLBCL. Encouraging responses were reported in patients with GCB DLBCL. Given that single-agent lenalidomide is historically less active in the GCB subgroup, [START_REF] Czuczman | A Phase 2/3 Multicenter, Randomized, Open-Label Study to Compare the Efficacy and Safety of Lenalidomide Versus Investigator's Choice in Patients with Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF][START_REF] Witzig | An international phase II trial of single-agent lenalidomide for relapsed or refractory aggressive B-cell non-Hodgkin's lymphoma[END_REF][START_REF] Witzig | A comprehensive review of lenalidomide therapy for B-cell non-Hodgkin lymphoma[END_REF] these results suggest a greater activity and synergy of the tafasitamab-plus-lenalidomide combination, irrespective of the cell of origin. However, a more complete interpretation is limited as cell of origin was unknown for 27% of patients and gene expression profiling results were not evaluable for 60% of patients, due to insufficient tumour tissue.

Based on their single-agent safety profiles, no new safety signals were identified for either agent or the combination during this study. [START_REF] Horton | Potent in vitro and in vivo activity of an Fcengineered anti-CD19 monoclonal antibody against lymphoma and leukemia[END_REF][START_REF] Awan | CD19 targeting of chronic lymphocytic leukemia with a novel Fc-domain-engineered monoclonal antibody[END_REF][START_REF] Czuczman | A Phase 2/3 Multicenter, Randomized, Open-Label Study to Compare the Efficacy and Safety of Lenalidomide Versus Investigator's Choice in Patients with Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF][START_REF] Witzig | An international phase II trial of single-agent lenalidomide for relapsed or refractory aggressive B-cell non-Hodgkin's lymphoma[END_REF][START_REF] Witzig | A comprehensive review of lenalidomide therapy for B-cell non-Hodgkin lymphoma[END_REF][START_REF] Wiernik | Lenalidomide monotherapy in relapsed or refractory aggressive non-Hodgkin's lymphoma[END_REF][START_REF] Rodgers | Outcomes of lenalidomide in diffuse large Bcell (DLBCL) and high-grade NHL (HGBCL): A single-center retrospective analysis[END_REF][START_REF] Broccoli | Lenalidomide in Pretreated Patients with Diffuse Large B-Cell Lymphoma: An Italian Observational Multicenter Retrospective Study in Daily Clinical Practice[END_REF] The study treatments were generally well tolerated in this elderly and pretreated population. The majority of events were manageable; neutropenia was common, although short in duration and responsive to supportive treatment.

Prior studies in similar patient populations have reported objective response rates of 25% for ibrutinib monotherapy, 29 28% for lenalidomide monotherapy, [START_REF] Czuczman | A Phase 2/3 Multicenter, Randomized, Open-Label Study to Compare the Efficacy and Safety of Lenalidomide Versus Investigator's Choice in Patients with Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF] and 33% for lenalidomide plus rituximab. [START_REF] Wang | Oral lenalidomide with rituximab in relapsed or refractory diffuse large cell, follicular and transformed lymphoma: a phase II clinical trial[END_REF] More recently, novel therapeutic options in patients with relapsed or refractory DLBCL have been approved. Trials with CAR T therapies have reported objective response rates of 52 to 82% but 89 to 95% of the patients experienced grade ≥3 adverse events. [START_REF] Schuster | Tisagenlecleucel in Adult Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF][START_REF] Neelapu | Axicabtagene Ciloleucel CAR T-Cell Therapy in Refractory Large B-Cell Lymphoma[END_REF] The most common adverse event of any grade was cytokine release syndrome (58-93%). Access and eligibility to CAR-T cell therapy remains a constraint for some patients. 9,10 Polatuzumab vedotin combined with bendamustine and rituximab demonstrated an objective response rate (at end of treatment) of 45%, a complete response rate of 40%, and a median progression-free survival of 9•5 months in 40 patients. [START_REF] Sehn | Polatuzumab Vedotin in Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF] Median overall survival was reached at 12•4 months (95% CI, 9•0-not evaluable) and only 7/40 patients (including one having received allogenic stem-cell transplantation) remained disease-free at ~20 months. [START_REF] Sehn | Polatuzumab Vedotin in Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF] In the polatuzumab combination treatment arm, 33% of patients discontinued all treatment due to adverse events, most commonly due to thrombocytopenia and neutropenia. [START_REF] Sehn | Polatuzumab Vedotin in Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF] One of the limitations of this study is its open-label, single-arm phase 2 design, precluding comparison of outcome measures with other existing therapeutic approaches or to single-agent lenalidomide. Due to the small proportion of primary refractory (19%) and double/triple hit lymphoma (3%) patients that were enrolled in this study, the results for these subgroups cannot be extrapolated wider to these patient populations who usually experience a poor outcome to routinely administered therapies. Also, approximately half of the patients received only one prior therapy line and were considered by investigators as transplant ineligible; however, they may have potentially been considered for ASCT, despite their older ages and underlying comorbidities. Finally, response rates favouring the patient subgroup with low or low-intermediate risk International Prognostic Index (IPI) score (0-2) indicates that the benefit of this combination in patients with intermediate-high or high-risk IPI score (3-5) needs to be further confirmed.

The L-MIND study indicates the benefit provided by the addition of tafasitamab to lenalidomide, given that single-agent lenalidomide has demonstrated objective response rates ranging from 28% to 35% in patients with relapsed or refractory aggressive non-Hodgkin's lymphoma (including DLBCL), [START_REF] Czuczman | A Phase 2/3 Multicenter, Randomized, Open-Label Study to Compare the Efficacy and Safety of Lenalidomide Versus Investigator's Choice in Patients with Relapsed or Refractory Diffuse Large B-Cell Lymphoma[END_REF][START_REF] Witzig | An international phase II trial of single-agent lenalidomide for relapsed or refractory aggressive B-cell non-Hodgkin's lymphoma[END_REF][START_REF] Wiernik | Lenalidomide monotherapy in relapsed or refractory aggressive non-Hodgkin's lymphoma[END_REF] and single-agent tafasitamab has demonstrated an objective response rate of 26% in relapsed or refractory DLBCL. [START_REF] Jurczak | Phase IIa study of the CD19 antibody MOR208 in patients with relapsed or refractory B-cell non-Hodgkin's lymphoma[END_REF] The greater activity in L-MIND is most likely based on the complementary mechanism of action of both agents and lenalidomide-mediated decreased activation threshold [START_REF] Lagrue | Lenalidomide augments actin remodeling and lowers NK-cell activation thresholds[END_REF] . The observed increase in NK-cell numbers during treatment may also be a contributing factor behind this synergy. CD19 appears to be a useful alternative target in patients who were not cured with prior anti-CD20-based immunochemotherapy, and a randomised phase 2/3 study is ongoing to explore the combination of tafasitamab with chemotherapy in patients previously exposed to rituximab (NCT02763319).

These trial data support the use of tafasitamab plus lenalidomide as an effective, well-tolerated, immunomodulatory treatment option for treatment of patients with relapsed or refractory DLBCL ineligible for ASCT. respiratory failure); a further 6 deaths were reported, however, these were classified as discontinued both drugs due to PD (5 patients; PD-related death) or discontinued both drugs due to AE (one patient; discontinued due to pulmonary embolism but died due to a cerebrovascular accident and thereby considered to have died "on treatment" as within 30 days post-treatment discontinuation).

DLBCL=diffuse large B-cell lymphoma. HBV=hepatitis B virus. REAL=Revised European American Lymphoma. WHO=World Health Organization. 

  on days 1 and 15 of each cycle. Premedication (as prophylaxis for infusion-related reactions for tafasitamab) comprised of antipyretics, histamine (H1 and H2) blockers, glucocorticoids and meperidine. Tafasitamab was interrupted for any grade 2-4 infusion-related reactions or other protocol-defined toxicities. Patients discontinued if they experienced a grade 4 infusion-related reaction. Patients self-administered lenalidomide orally, starting with 25 mg daily on days 1-21 of each 28-day cycle. A stepwise dose reduction (decrease by 5 mg/day in each step, only once per cycle, without re-escalation) of lenalidomide was performed in cases of protocol-defined toxicities. Central labroratory assessments were performed on day 1 (±2 days) of all cycles up until cycle 24. Tumour assessment was based on computerised tomography (CT) scans conducted after cycle 2, 4, 6,

  Secondary endpoints included disease control rate (complete plus partial response plus stable disease), duration of response (the time between the initial time point of complete or partial response and the first date of recurrence of progressive disease), time to next treatment (the time from first dosing to the institution of next therapy for any reason), progression-free survival (the time between first dosing and lymphoma progression or death from any cause), overall survival (the time from first dosing until the date of death from any cause), time to progression (the time from the day of enrolment until documented lymphoma progression or death as a result of lymphoma), and incidence and severity of adverse events, as well as immunogenicity (presence of antitafasitamab antibodies), pharmacokinetics, B-, T-, and NK-cell measurements over time, and exploratory and diagnostic biomarker analyses (including gene expression profiling for cell of origin subtyping; CD19, CD20, BCL-2, and BCL-6 expression; CD16 expression on NK cells; antibody-dependent cellular cytotoxicity capacity; and evaluation of adverse events and objective response rate stratified by FcγRIIIa and FcγRIIa polymorphism).

  three achieved a complete response and one a partial response. Of these patients, one presented with 'double-hit' and another with 'triple hit' translocations, achieving a partial response (lasting 5•8 months) and a complete response (ongoing at 20•1 months), respectively.The median duration of exposure to study treatment was 9•3 months (range 0•2-32•1); median duration of exposure to combination treatment or lenalidomide was 6•2 months (range 0•1-12•5) and to tafasitamab monotherapy (following discontinuation of lenalidomide) was 4•1 months (range 0•1-20•8). Ten/81 (12%) patients discontinued the study (during the combination therapy) due to adverse events (figure1).

Figure 1 .

 1 Figure 1. L-MIND CONSORT diagram

Figure 2 .

 2 Figure 2. Patient outcomes (median 13•2 months of follow-up): A. Duration of response (full analysis set); B. Duration of response by best achieved response; C. Progression-free survival (full analysis set); D. Overall survival (full analysis set)

  

  

  

  30, 2018. The median observed follow-up was 13•2 months (interquartile range [IQR], 7•3-20•4) and minimum follow-up was 0•5 months.Between January 18, 2016 and November 15, 2017, a total of 156 patients were screened; 81 were enrolled and received at least one dose of either study medication (and evaluated for safety), and 80 received at least one dose of both tafasitamab and lenalidomide (evaluated for efficacy; one patient who received tafasitamab only was excluded from the efficacy analysis;

	In total, 30 (37%) patients successfully completed 12 cycles of tafasitamab and lenalidomide indolent lymphoma. All of these patients responded to the tafasitamab + lenalidomide treatment
	therapy and 28 (35%) were receiving tafasitamab monotherapy at data cut-off. Lenalidomide (two/81 patients [2%] had a complete response and five/81 had a partial response [6%]), and
	dose reductions are described in the supplementary appendix (appendix page 16). the two patients who had a complete response as best response were still in remission at data
	The independent review committee-assessed objective response rate was 60% (95% CI, 48-cut-off.
	71), with 34/80 (43%; 95% CI, 32-54) patients achieving a complete response and 14/80 (18%; Of the 48/80 patients (60%) achieving a response, the median duration of response was 21•7
	95% CI, 10-28) patients achieving a partial response (table 2). The overall concordance months (95% CI, 21•7 -not reached [NR]; event rate, 13/48 [27%]) and the 12-month duration
	between centrally and investigator-assessed (appendix page 17) objective response rate was of response rate was 71•6% (95% CI, 55•1-82•9; figure 2A). Among patients achieving a
	complete response (34/80 [42%]), the median duration of response was not reached (event
	rate, 3/34 [9%]; figure 2B); the 12-month and 18-month duration of response rate was 93•2%
	(95% CI, 75•4-98•3). For those patients achieving a partial response (14/80 [18%]), the median
	Analysis of objective response rate by patient baseline characteristics indicated high and
	consistent response rates across most subgroups (appendix page 9), including patients with
	one prior line of therapy and patients with a history of 2 or more prior therapies (28/40, 70% 3 months (95% CI,
	[95% CI, 54-83]; 20/40, 50% [34-66], respectively). Patients that were refractory to their last 11•5-21•2). Patients free from progression at 12 months (50•2% [95% CI, 37•9-61•2]) are
	therapy achieved approximately equivalent objective response rates when compared with estimated to remain progression-free at 18 months (45•8% [95% CI, 33•4-57•4]). Median
	patients without refractoriness to their last therapy (21/35, 60% [42-76]; 27/45, 60% [44-74], progression-free survival after discontinuation of lenalidomide was 12•7 months (95% CI, 2•3-
	information was missing for 22/81 (27%) patients by Hans' algorithm and was missing / not respectively). Additionally, patients with a history of primary refractory DLBCL achieved similar NR). Median time-to-progression was 16.2 months (95% CI, 7•4-NR; event rate, 35/80 [44%]).
	evaluable for 49/81 patients (60%) by the NanoString method, due to insufficient tumour tissue. objective response rates when compared with patients without non-primary refractory DLBCL Median time-to-next-treatment was 15.4 months (95% CI, 7•6-NR; event rate, 43/80 [54%]).
	Based on immunohistochemistry (Hans' algorithm), 38/81 (47%) patients were categorised as (9/15, 60% [32-84]; 39/65, 60% [47-72] respectively). Patients with a germinal center B-cell Twenty-nine of 80 patients (36%) died; median overall survival was not yet reached (median
	germinal centre B-cell-like (GCB), and 21/81 (26%) patients as non-GCB. By gene expression (GCB) phenotype DLBCL achieved slightly lower objective response rates (18/37, 49% [32-66]) follow-up was 19•6 months [95% CI, 15•3-21•9].; figure 2D); 73•7% (95% CI, 62•2-82•2) of
	profiling (NanoString method), 7/81 (9%) patients had GCB-DLBCL, 19/81 (24%) had ABC-when compared with patients with a non-GCB phenotype DLBCL (15/21, 71% [48-89]). patients were alive at 12 months and 63•6% (95% CI, 50•9-73•7) of patients were alive at 18
	DLBCL and 6/81 (7%) had unclassified cell of origin. Objective response rates by reasons for ASCT ineligibility are shown in the supplementary
	appendix (appendix page 18). In addition, seven patients had DLBCL arising from a prior

figure

1

). The most common reasons for screen failure (figure

1

) were: 31/156 patients (20%) failed to meet laboratory criteria; 13/156 (8%) did not have protocol-defined relapsed and/or refractory disease or had an absence of measurable disease; and ten/156 (6%) had other histological types of lymphoma, primary refractory DLBCL inconsistent with the protocol, or a history of 'double/triple-hit' DLBCL. The median age of enrolled patients was 72 years (range, 41-86) and all patients received R-CHOP or equivalent anthracycline-containing immunochemotherapy prior to study entry (table

1

). Of note, 40/81 (49%) of patients had received only one prior line of therapy, 15/81 (19%) had progressed during or within 6 months after completion of their first line of therapy (thus classified as primary refractory) and 36/81 (44%) other patients were refractory to their last line of therapy (defined as lack of response or progression within 6 months of the last treatment cycle for latter lines of therapy). Cell of origin 88%. PET scans were performed in 30 of the 34 patients with a CT-assessed complete response and confirmed those results in all 30 cases. For the remaining four cases with CTassessed complete response, a confirmatory PET scan was not available. A disease control rate of 74% (95% CI, 63-83) was achieved in 59/80 patients. The median time to response (partial or complete response) was 2 months (range 1•7-16•8). duration of response was 4•4 months (95% CI, 2•0-9•1; event rate, 10/14 [71%]; figure

2B

). A subgroup analysis of the 12-month duration of response rate for important patient subgroups is shown in the supplementary appendix (appendix page 10). Thirty-nine of 80 patients (49%) experienced a PFS event (disease progression or death). Median progression-free survival was 12•1 months (95% CI, 5•7-NR; figure

2C

). Median follow-up for PFS was 17.

  ) and evaluation of adverse events and objective response rate stratified by FcγRIIIa and FcγRIIa polymorphism were incomplete and are not reported.DISCUSSIONIn this population of patients with relapsed or refractory DLBCL ineligible for stem-cell transplantation, combination treatment with tafasitamab and lenalidomide elicited an overall objective response in 60% of patients and a complete response in 43%. Furthermore, the responses were durable, with a median duration of response of 21•7 months. Among patients with a complete response, the 18-month duration of response rate was 93•2%. A high overall response rate was observed in the subgroup of patients with one prior therapy. With a median follow-up of 19•6 months, median overall survival had not yet been reached. In particular, 30/80 patients remain in remission at data cut-off for this report.

	cellular cytotoxicity capacity
	Upon discontinuation of lenalidomide (either cycle 13 onwards as per protocol or earlier in case
	of toxicities), the incidence and severity of treatment-emergent adverse events decreased under
	tafasitamab monotherapy; grade 3 or 4 neutropenia occurred in only 3/51 (6%) patients after
	lenalidomide discontinuation during this phase (appendix page 11). In total, adverse events of
	grade 3 or 4 were reported in 56/80 (70%) patients before lenalidomide discontinuation,
	compared with 15/51 (29%) patients after lenalidomide discontinuation.
	Levels of circulating B, T and NK cells were analysed from baseline until cycle 8, day 15
	(appendix page 12-14): B cell numbers decreased rapidly at day 8 of cycle 1, T cell numbers
	showed transient changes, and the numbers of NK cells were found to be higher in patients at
	day 15 of cycle 8. In 32 patients with samples available both at baseline and cycle 8, day 15,
	there was a slight increase in peripheral NK cell numbers, from 168 cells/µL (IQR, 59-237) at
	baseline to 203 cells at cycle 8, day 15 (range, 121-547; appendix page 15).
	In this study, tafasitamab demonstrated a pharmacokinetic profile consistent with earlier studies
	(data not shown). No clinically relevant treatment-emergent immunogenicity was observed. Due
	to limited sample availability, full assessment of exploratory and diagnostic biomarkers (CD19,
	CD20, BCL-2, and BCL-6 expression, CD16 expression on NK cells, antibody-dependent

Table 2 .

 2 Best objective response (per independent radiology/clinical review committee)

	Tafasitamab plus lenalidomide (N=80) †

*NE patients had no valid post-baseline response assessments.

† 

One patient received tafasitamab only. CI=confidence interval; CR=complete response; DCR=disease control rate; NE=not evaluable; ORR=objective response rate; PD=progressive disease; PET=positron emission tomography; PR=partial response; SD=stable disease.

and positron emission tomography (PET) which was mandatory at baseline and after cycle 12.

Prognostic Index; LDH=lactate dehydrogenase; R-CHOP=rituximab, cyclophosphamide, doxorubicin

hydrochloride, vincristine, prednisone.

Tafasitamab in relapsed/refractory DLBCL
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