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Abstract

:

Simple Summary


Patients with chronic lymphocytic leukemia who develop Richter’s Syndrome have a poor prognosis. Traditional chemo-immunotherapy approaches yield poor response rates and increase toxicity. Novel, non-myelosuppressive regimens are needed to improve outcomes and reduce toxicity. Here, we present our experience administering the novel chemotherapy-free combination of obinutuzumab, high-dose methylprednisolone, and lenalidomide for patients with Richter’s Syndrome.




Abstract


Background: For patients with Richter’s Syndrome (RS), a durable response is rarely achieved with standard therapies. Significant efforts have focused on the development of novel treatments with reduced toxicity. We describe our experience using the novel combination of obinutuzumab, high-dose methylprednisolone (HDMP) and lenalidomide (len) in patients with RS. Patients and Methods: Eligible patients included adults with biopsy-proven RS. Patients received obinutuzumab 1000 mg × 8 doses. All patients received HDMP 1000 mg/m2 on days 1–5 of cycles 1–4. Patients were administered len PO daily, starting at a dose of 5 mg. Starting on C2D1, the dose increased every 2 weeks in 5 mg increments to a maximum of 25 mg PO daily. Results: Seven patients were treated. The median dose of len was 10 mg and the median number of cycles of treatment completed was 2. The most common grade 3/4 adverse events were neutropenia (29%) and pulmonary embolism (29%). The overall response rate for the entire cohort was 43% (95% CI, 10–82%). All patients who achieved a response underwent consolidative autologous or allogeneic stem cell transplant and remain in remission to date. Conclusions: The combination of obinutuzumab, HDMP, and len is a well-tolerated, outpatient regimen that could serve as a bridge to transplantation, or as palliation for transplant-ineligible patients with RS.
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1. Introduction


The treatment for patients with chronic lymphocytic leukemia has undergone a dramatic shift over the past two decades with the emergence of therapies that target B-cell receptor (BCR) signaling pathways [1]. Specifically, Bruton tyrosine kinase inhibitors (BTKi) as well B-cell lymphoma-2 inhibitors (BCL-2i) have led to dramatic increases in patient survival, as well as improved tolerability of treatment [1]. These novel therapies have also help reduced disease-related complications of immunodeficiency and infection [2]. However, despite improvements in CLL-directed therapies and survival, neither the administration of BTKi or BCL-2i appear to mitigate the risk of histological transformation to aggressive lymphoma (Richter’s Syndrome) [3,4,5]. Richter’s Syndrome (RS) represents a transformation for CLL, typically into diffuse large B-cell lymphoma (DLBCL) or, rarely, into classic Hodgkin lymphoma (cHL) or plasmablastic lymphoma [6]. Historically, in the era of chemo-immunotherapy, up to 20% of previously treated CLL patients will undergo RS during their disease, with an incidence of 0.5% in untreated patients per year and 1% per year in treated patients. The median overall survival (OS) is dismal, ranging from 3–11 months, even with traditional chemo-immunotherapy approaches [7]. In the era of novel agents, the reported incidence of RS has not significantly changed, varying between 3% to 20%, irrespective of treatment modality (BCL2i vs. BTKi vs. combination therapy) [3,4,5] It does appear that RS may occur earlier when patients are receiving kinase inhibitors, and less often when administered as front-line treatment versus in the relapsed/refractory (R/R) setting [8].



The molecular mechanism that causes RS to occur in CLL are not clearly understood, but the vast majority (≥80%) are clonally related [9]. Furthermore, molecular biomarkers demonstrate that RS DLBCL frequently harbor high-risk mutations in TP53 (~60%), NOTCH1 (~30%), and MYC (~50%) [10]. These mutations contribute to treatment resistance. Standard R-CHOP chemo-immunotherapy as a first-line therapy for RT has demonstrated response rates of 50% to 60%, however these responses are short, with poor OS ranging only from 15 to 21 months [7]. Intensification to R-EPOCH, R-DHAP or R-hyper-CVAD has not resulted in improved OS, but with increased toxicity [11,12,13]. Consolidation approaches with either autologous or allogeneic stem cell transplantation have demonstrated improved 3-year survival rates [14]. However, these studies are limited because most patients with RS will not achieve a good enough response in order to undergo consolidation transplant. Furthermore, as CLL is a disease of the elderly, many patients will either be too old or have significant co-morbidities by the time they are diagnosed with RS such that they will not be eligible to undergo consolidative transplant treatment strategies [15]. Thus, treatment strategies that improve responses, and with a favorable toxicity profile, are urgently required for this high-risk patient population. We previously reported a case series of two patients with RS who were successfully treated with the novel chemotherapy free-regimen of obinutuzumab, high-dose methylprednisolone (HDMP), and lenalidomide (len), achieving complete remissions (CRs) and subsequently undergoing allogeneic stem cell transplant [16]. Given the exciting preliminary results, we now go on to report the combined follow-up results of the initial case series and subsequent phase 1 clinical trial of the novel combination of obinutuzumab, HDMP, and len for the treatment of patients with RS.




2. Materials and Methods


2.1. Eligibility Criteria


Three patients with RS were initially treated as a case series with a combination of obinutuzumab, HDMP, and len. After the results demonstrated preliminary efficacy, a phase 1 open-label and non-randomized clinical trial was developed. To be eligible to enroll in the study, subjects had to 18 years or older, with an Eastern Cooperative Oncology Group (ECOG) performance status between 0–2. Subjects were required to have a histological diagnosis of RS to be enrolled. Prior treatment specifically for RS was not required, and subjects could have had prior treatment for either CLL, RS or both. Subjects had to have had measurable disease as defined as an FDG-avid lesion, lymph node greater than 1.5 cm in greatest diameter, or clonal large B-cells in peripheral blood or bone marrow. Patients with positive Hepatitis B and C serology were allowed in the study if they had negative viral PCR testing. Subjects had to have adequate organ function to enroll in the study as defined as follows:



Total bilirubin < 3 × the upper limit of normal (ULN);



AST or ALT ≤ 2.5 × ULN; and



Creatinine clearance > 30 mL/min as calculated using the Cockcroft-Gault Formula.



Adequate baseline bone marrow function: Platelets ≥ 30,000 cells/mm3; Absolute neutrophil count > 750 cells/ uL, unless due to infiltration of bone marrow by CLL or RS cells. Growth factors or transfusions were permitted to meet treatment parameters.



Lastly, as subjects would be administered len there were specific len-related inclusion criteria. Subjects were required to take anti-thrombotic prophylaxis with either aspirin, warfarin, low-molecular weight heparin, or equivalent. All study patients had to register to participate in the REVLIMID REMS® program, and be willing and able to comply with the requirements of REMS, including pregnancy testing and contraceptive use.



The study was approved by the institutional review board at the University of California San Diego (HRPP#161265). Each patient provided written informed consent. The study was conducted in accordance with the recommendations of Good Clinical Practice and the Declaration of Helsinki. The study was registered at ClinicalTrials.gov (accessed on 28 November 2022) (NCT03113695).




2.2. Study Design


This was a phase 1 open-label and non-randomized clinical trial. The primary objective of the study was to determine the safety and tolerability of the combination of obinutuzumab, HDMP, and len in patients with RS. The primary endpoint of the study was the rate of dose-limiting toxicities (DLTs) from the combination. All patients were assigned to the same dose, including a maximum len dose of 25 mg PO daily. There was no inter-patient len-dose escalation, but there was an intra-patient dose ramp-up, starting at a 5 mg dose. Previous studies in CLL have shown that not all patients tolerate or require the full 25 mg dose [17]. Therefore, the maximum tolerated dose of len in this regimen was not the primary endpoint of the study. Secondary endpoints included the overall response rate (ORR), progression-free survival (PFS), and OS at 12 months and 24 months after the start of treatment. Other secondary endpoints included the percentage of patients that were able to receive a subsequent stem cell transplant.



All patients received obinutuzumab 1000 mg × 8 doses (for cycle 1, the first dose is split on day 1 as 100 mg and on day 2 as 900 mg; then 1000 mg on days 8 and 15). On subsequent cycles, 1000 mg of obinutuzumab was administered on day 1 of each cycle. All patients received HDMP 1000 mg/m2 on days 1–5 of cycles 1–4. Patients were administered len PO daily. The starting dose of len was 5 mg PO daily. Starting on C2D1, the dose increased every 2 weeks in 5 mg increments to a maximum of 25 mg PO daily in the absence of ongoing grade 3 or higher neutropenia or thrombocytopenia. Patients continued len until disease progression, unacceptable toxicity, or subsequent therapy (including stem cell transplant). All cycles were 28 days. Per protocol, patients could stop study treatment to receive consolidation stem cell transplant prior to completing 6 cycles of treatment (Table 1).



Adverse events (AEs) were monitored throughout therapy, but dose-limiting toxicity (DLT) determination was based on events during cycles 1 through 3. A DLT was defined as a grade 3 nonhematologic toxicity, or any grade ≥ 3 hematologic toxicities lasting longer than 7 days except for lymphopenia. Reversible grade 3 infusion reactions were also not considered DLTs. Non-hematologic adverse events were evaluated based on CTCAE4 criteria. Hematologic adverse events were evaluated based on iwCLL criteria [18]. As this was a hypothesis-testing study for safety, no formal sample size or power calculations were made, and the sample size was not based on power or Type I error levels. A sample size of 10 patients was selected as a preliminary assessment of safety and antitumor activity. If 0 to 1 DLTs were observed in the first 3 subjects, 3 additional subjects would be enrolled. If 0 to 1 DLTs were observed in the first 6 subjects, we would proceed to phase II of the study. If ≥2 DLTs were observed, the study would be stopped.




2.3. Patient Evaluation


All patients who received any amount of obinutuzumab, HDMP, and len were included in the response analysis. Response and progression were evaluated by Lugano response criteria for non-Hodgkin’s Lymphoma [19]. Additionally, for patients with concurrent measurable CLL, response assessment was also assessed by iwCLL criteria [18]. Restaging laboratory, bone marrow biopsies, and radiographic studies were assessed 28 days following completion of treatment.





3. Results


3.1. Patient Characteristics


A total of seven patients were treated (three off-label and four on the phase 1 clinical trial). Overall, the median age of the patients who were treated was 68 years (range, 54–74). For six of the patients the histological subtype of transformation was DLBCL, while for one patient it was cHL. The median Rai stage was two (range, 1–4). Most patients had high-risk cytogenetics, including: Trisomy 12 in 43% of patients, del17p in 43% of patients, complex cytogenetic abnormalities in 57% of patients, and del11q in 57% of patients. Unmutated IGHV was identified in 29% of patients. The median time to transformation was 66 months (range, 0–423). The median number of prior CLL treatments was 1 (range, 0–8). Three patients were previously treated with a novel kinase inhibitor. The median CLL-IPI score was 4 (range, 4–10) At the time of transformation, 71% of the patients had advanced stage disease from their RS. Zero patients had double/triple HIT lymphoma, and one patient had a double expresser lymphoma. All patients were found to be negative for Epstein Barr-Virus at the time of RS. The median number of previous RS treatments was zero, (range, 0–2). Most patients had either intermediate or high-risk disease by Richter’s Prognostic score (intermediate = 3, high-risk = 2) [20] (Table 2).



The median number of cycles administered was two (range, 1–5). Three patients completed at least four cycles of treatment. The median dose of len was 10 mg (range, 5–20 mg). Reasons for treatment cessation prior to completion of all planned 6 cycles included: two (29%) patients for disease progression, three (43%) patients to proceed for consolidative stem cell transplant, and two (29%) patients who had stable disease but changed therapy as decided by the treating physician. With a median follow-up of 92 months, the median PFS was 5 months (range, 1–6.5); and the median OS was 17 months (range, 2.4–104.9) (Table 3).




3.2. AEs


Of the four patients enrolled in the clinical trial, only one patient had a DLT with grade 3 pulmonary embolism; this was incidentally found despite appropriate anti-thrombotic prophylaxis. Another patient also developed a pulmonary embolism in the setting of grade 3 thrombocytopenia and grade 3 gastrointestinal hemorrhage. This did not allow for the use of anti-thrombotic prophylaxis and, despite severe thrombocytopenia, ultimately developed a pulmonary embolism. The same patient also developed grade 3 infectious complications in the setting of neutropenia. Grade 3/4 hematologic AEs were infrequent, with 29% developing grade 3/4 neutropenia and only 14% developing grade 3/4 anemia and thrombocytopenia. Interestingly, rates of grade 1/2 hematological toxicity were also low, with only 29% of patients developing grade 1/2 neutropenia, anemia, or thrombocytopenia. The most common AE was fatigue, which occurred in 57% of patients. Infectious complications occurred in 29% of patients. Overall, there was a low incidence of grade 3/4 AEs (Table 4).




3.3. Efficacy


All patients were evaluated for efficacy. The ORR for the entire cohort was 43% (95% CI, 10–82%). Two patients achieved a CR; one with DLBCL and one with cHL. One patient had a partial response (PR). Two patients achieved stable disease (SD), and two patients had overt disease progression (Table 3). Of the three patients who achieved a response, all three went on to receive consolidative stem cell transplant. Two received allogeneic stem cell transplants and one received an autologous stem cell transplant. Both patients who underwent allogeneic stem cell transplant received a conditioning regimen of fludarabine, melphalan and anti-thymocyte globulin followed by a matched unrelated-donor transplant. The one patient who underwent an autologous stem cell transplant received carmustine, etoposide, cytarabine, and melphalan (BEAM) conditioning. The patient who underwent autologous stem cell collection after completion of len-based treatment for RS had successful stem cell mobilization and collection prior to transplant. The dose of len was not predictive of response in the three patients who did respond, with responses seen at doses of 5 mg, 15 mg, and 20 mg. Interestingly, one of the patients who was removed from the treatment at the physician’s discretion, remained on len at a dose of 10 mg daily and had pembrolizumab added to their treatment regimen, achieving a partial remission that was durable for >1 year. At the time of the last follow-up, all three patients that had undergone either autologous or allogeneic stem cell transplant are currently alive and disease-free.





4. Discussion


We report the combined results of a three-patient case series and a phase 1 clinical trial of the treatment combination of obinutuzumab, HDMP, and len for patients with RS. We chose to investigate this combination for patients with RS for several important reasons. One of the main challenges for patients with RS is that it frequently arises in the background of systemic CLL. Thus, effective treatment for RS requires treatment for the aggressive lymphoma while attempting to treat the underlying CLL or, at a minimum, not exacerbate complications related to CLL. Furthermore, patients with CLL have limited myeloid reserves, and are at increased risk of infections [18]. Moreover, patients with RS frequency harbor TP53 mutations, which contribute to chemo-immunotherapy resistance. Thus, traditional approaches to RS that have included R-CHOP-based chemo-immunotherapy are limited as they only exacerbate immunodeficiency, and do not adequately treat the underlying disease [7]. We have previously demonstrated the addition of HDMP to an anti-CD20 monoclonal antibody is an effective non-myelosuppressive treatment combination for patients with CLL [21,22]. Len is an active agent in both DLBCL and CLL [23,24]. Preclinical research has demonstrated that len impairs proliferation of malignant B-cells via a cereblon/p21-dependent mechanism independent of a functional p53.1 [25]. Both HDMP and obinutuzumab also target malignant B-cells through a p53-independent manner. This provided rationale for our approach to combine obinutuzumab, HDMP, and len for patients with RS as a means to effectively treat both RS and CLL, while minimizing myeloid toxicity and infectious risks.



The results of our report demonstrate that the regimen was well-tolerated and found to have clinical activity for patients with RS. No new safety signals were observed with the regimen; however, two patients were diagnosed with pulmonary embolism. This is an important potential side effect of treatment with len-based regimens, and while aspirin was administered for most patients as anti-thrombotic prophylaxis, if the regimen is used in the future, anti-thrombotic prophylaxis with a direct oral anticoagulant or enoxaparin may be more appropriate. Overall, the incidence of hematological toxicity and infectious complications was lower compared to traditional chemo-immunotherapy approaches for patients with RS. The incidence of grade 3/4 neutropenia was 29%, with only one patient developing febrile neutropenia. By comparison, the incidence of grade 3/4 neutropenia in elderly patients treated with R-CHOP is as high as 50%, with approximately 30% of patients developing grade 3/4 infectious complications and 50% requiring IV antibiotic administration. For patients treated with the more intensive regimens R-EPOCH, R-DHAP or R-hyper-CVAD, the rates of hematologic and infectious complications are even higher [7,12,13]. Comparing the safety of the obinutuzumab, HDMP, and len combination to other len-based regimens demonstrates a similar toxicity profile. Len plus rituximab has been investigated in patients with CLL, with approximately 48% (72% grade 3/4) developing neutropenia and 28% developing infectious complications. The incidence of anemia was 24% (21% grade 3/4) and that of thrombocytopenia 16% (16.7% grade 3/4) [23]. Recently, the L-MIND study investigated len in combination with the anti-CD19 monoclonal antibody tafasitamab for patients with R/R DLBCL; again, thew hematologic and infectious side-effect profile seen was similar to that for the combination of obinutuzumab, HDMP, and len [26].



Our study added HDMP to the backbone of obinutuzumab and len, a doublet that has demonstrated clinical efficacy in patients with aggressive B-cell lymphomas. Although the number of patients treated with our regimen is small, the clinical activity was encouraging, with 3 patients achieving a response (ORR 43%), and two patients achieving SD (SD 29%). All 3 patients who achieved a response were able to proceed to either allogeneic or autologous stem cell transplant and remain in remission to date. This compares favorably to reported len-based regimens for patients with aggressive B-cell lymphoma. Single-agent len was initially studied in patients with RS, and found to have an ORR of 0% [27]. Len and rituximab (R2) in patients with R/R DLBCL has demonstrated ORR of approximately 30–35%, with a median PFS of approximately 3.7 months [24]. In the L-MIND study, len plus tafasitamab yielded ORR of 57.5% with a CRR of 40%. The median duration of response was 43.9 months. This study included patients with transformed lymphoma, however, the subgroup analysis of response for these patients has not yet been published [26].



Preclinical data have demonstrated that len is a potent enhancer of NK cell-mediated and monocyte-mediated tumor-cell antibody-dependent cellular cytotoxicity. It also enhances interferon-gamma production via Fc-gamma receptor-mediated signaling in response to IgG [28]. This may explain the activity of our regimen, compared to the poor response to single-agent len for patients with RS. Moreover, Nurse-Like Cells, which are similar to M2 macrophages, have potent immunosuppressive functions, facilitating treatment resistance in patients with CLL. In vitro studies have demonstrated that both len and HDMP can mitigate the protective activity of Nurse-Like Cells on leukemia cells. Thus, the synergistic effects of len and HDMP on the tumor micro-environment may help facilitate a better response to immunotherapy [29,30]. The principal effect of len on the tumor micro-environment, as opposed to a direct cytotoxic effect, may explain why responses were seen at a doses of 5 mg, 15 mg and 20 mg.



Len-based regimens have been found to be particularly effective in transformed lymphomas. In a retrospective study of 62 patients with aggressive lymphomas treated with len-based regimens, Rodgers et al. demonstrated that for patients with transformed follicular lymphoma, the ORR was 63%, with a median PFS of 24 months. This was significantly better then de-novo DLBCL, which has an ORR of 43.5% and median PFS of 4.6 months with len-based regimens [31]. This was also found in a subset analysis of the NHL-003 study of len monotherapy where 23 patients with transformed FL were found to have an ORR of 57% with a median PFS of 7.7 months [32]. Len-based regimens may be more efficacious for patients with transformed lymphomas, such as RS, because of the well-established clinical efficacy of len for patients with indolent lymphoma including CLL [33,34]. This may explain why we saw improved clinical activity of our combination.



Our study has several limitations. First, the results reported are the combined findings of an initial case series and then a phase 1 clinical trial that closed early secondary to slow accrual. Second, we were not able to perform clonality testing between RS and CLL at the time of diagnosis: however, most RS cases (≥80%) are clonally related, and thus it would fair to assume that most of our patients in our study had clonally related RS [9]. Furthermore, RS is typically EBV-negative, and all patients in our study were EBV-negative [9]. Lastly, by Richter’s prognostic score, most patients were either intermediate or high-risk, consistent with a high-risk patient population with a poor prognosis [20] Third, our regimen was designed such that len dosing was escalated during each cycle, with a starting dose of 5 mg. This is because patients with CLL can develop tumor flare, tumor lysis syndrome, as well as worsening myelosuppression when starting at higher doses. However, the typical starting dose of len when treating patients with DLBCL is 25 mg. By starting at a lower dose of len, some patients may progress prior to escalating to a therapeutic dose of len. Nevertheless, responses were seen at doses as low as 5 mg.To improve efficacy, future studies that investigate len for patients with RS could consider starting at a higher starting dose, with the understanding that this may increase toxicity.




5. Conclusions


Richter’s Syndrome (RS) represents a transformation of CLL, typically into diffuse large B-cell lymphoma (DLBCL) or, rarely, into classic Hodgkin lymphoma (cHL) or plasmablastic lymphoma, with an overall poor prognosis. We performed a phase 1 clinical trial of obinutuzumab, HDMP, and len for patients with RS that demonstrated clinical activity without any unexpected safety signals. Three patients were able to undergo either allogeneic or autologous stem cell transplantation and currently remain in remission. Further investigation into len based treatment approaches is warranted for patients with RS.







Author Contributions


Conceptualization, B.M.H., M.Y.C. and T.J.K.; methodology, B.M.H., M.Y.C. and T.J.K.; formal analysis, B.M.H., M.Y.C. and T.J.K.; investigation, B.M.H., M.Y.C. and T.J.K.; data curation, B.M.H.; writing—original draft preparation, B.M.H.; writing—review and editing, M.Y.C. and T.J.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Genetech, Inc. (South San Francisco, CA, USA).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of UC San Diego (HRPP#161265; 10 November 2019).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Acknowledgments


The authors would like to thank the patients who participated in this research.




Conflicts of Interest


B.H. has received research funding from Oncternal Therapeutics. He is an institutional principal investigator for Aztrazeneca. He serves on Scientific Advisory Boards for Epizyme, Beigene, and TG therapeutics. M.C. has received research funding and/or served as an advisor to Geron corporation, TG Therapeutics, Onceternal Therapeutics, Merck, Abbvie/Pharmacyclics. T.J.K. has received research funding and/or has served as an advisor to Ascerta/AstraZeneca, Celgene, Genentech/Roche, Gilead, Janssen, Loxo Oncology, Octernal Therapeutics, Pharmacyclics/AbbVie, TG Therapeutics, VelosBio, and Verastem. Cirmtuzumab was developed by T.J.K. and licensed by the University of California to Oncternal Therapeutics, Inc., which has provided stock/options to the university and T.J.K. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Kipps, T.J.; Choi, M.Y. Targeted Therapy in Chronic Lymphocytic Leukemia. Cancer J. 2019, 25, 378–385. [Google Scholar] [CrossRef] [PubMed]

	



Solman, I.G.; Blum, L.K.; Hoh, H.Y.; Kipps, T.J.; Burger, J.A.; Barrientos, J.C.; O’Brien, S.; Mulligan, S.P.; Kay, N.E.; Hillmen, P.; et al. Ibrutinib restores immune cell numbers and function in first-line and relapsed/refractory chronic lymphocytic leukemia. Leuk. Res. 2020, 97, 106432. [Google Scholar] [CrossRef]

	



Farooqui, M.Z.; Valdez, J.; Martyr, S.; Aue, G.; Saba, N.; Niemann, C.U.; Herman, S.E.; Tian, X.; Marti, G.; Soto, S.; et al. Ibrutinib for previously untreated and relapsed or refractory chronic lymphocytic leukaemia with TP53 aberrations: A phase 2, single-arm trial. Lancet Oncol. 2015, 16, 169–176. [Google Scholar] [CrossRef] [PubMed]

	



Mato, A.R.; Nabhan, C.; Barr, P.M.; Ujjani, C.S.; Hill, B.T.; Lamanna, N.; Skarbnik, A.P.; Howlett, C.; Pu, J.J.; Sehgal, A.R.; et al. Outcomes of CLL patients treated with sequential kinase inhibitor therapy: A real world experience. Blood 2016, 128, 2199–2205. [Google Scholar] [CrossRef]

	



Roberts, A.W.; Davids, M.S.; Pagel, J.M.; Kahl, B.S.; Puvvada, S.D.; Gerecitano, J.F.; Kipps, T.J.; Anderson, M.A.; Brown, J.R.; Gressick, L.; et al. Targeting BCL2 with Venetoclax in Relapsed Chronic Lymphocytic Leukemia. N. Engl. J. Med. 2016, 374, 311–322. [Google Scholar] [CrossRef] [PubMed]

	



Swerdlow, S.H.; Campo, E.; Pileri, S.A.; Harris, N.L.; Stein, H.; Siebert, R.; Advani, R.; Ghielmini, M.; Salles, G.A.; Zelenetz, A.D.; et al. The 2016 revision of the World Health Organization classification of lymphoid neoplasms. Blood 2016, 127, 2375–2390. [Google Scholar] [CrossRef]

	



Langerbeins, P.; Busch, R.; Anheier, N.; Durig, J.; Bergmann, M.; Goebeler, M.E.; Hurtz, H.J.; Stauch, M.B.; Stilgenbauer, S.; Dohner, H.; et al. Poor efficacy and tolerability of R-CHOP in relapsed/refractory chronic lymphocytic leukemia and Richter transformation. Am. J. Hematol. 2014, 89, E239–E243. [Google Scholar] [CrossRef]

	



Anderson, M.A.; Tam, C.; Lew, T.E.; Juneja, S.; Juneja, M.; Westerman, D.; Wall, M.; Lade, S.; Gorelik, A.; Huang, D.C.S.; et al. Clinicopathological features and outcomes of progression of CLL on the BCL2 inhibitor venetoclax. Blood 2017, 129, 3362–3370. [Google Scholar] [CrossRef]

	



Mao, Z.; Quintanilla-Martinez, L.; Raffeld, M.; Richter, M.; Krugmann, J.; Burek, C.; Hartmann, E.; Rudiger, T.; Jaffe, E.S.; Muller-Hermelink, H.K.; et al. IgVH mutational status and clonality analysis of Richter’s transformation: Diffuse large B-cell lymphoma and Hodgkin lymphoma in association with B-cell chronic lymphocytic leukemia (B-CLL) represent 2 different pathways of disease evolution. Am. J. Surg. Pathol. 2007, 31, 1605–1614. [Google Scholar] [CrossRef]

	



Rossi, D.; Spina, V.; Deambrogi, C.; Rasi, S.; Laurenti, L.; Stamatopoulos, K.; Arcaini, L.; Lucioni, M.; Rocque, G.B.; Xu-Monette, Z.Y.; et al. The genetics of Richter syndrome reveals disease heterogeneity and predicts survival after transformation. Blood 2011, 117, 3391–3401. [Google Scholar] [CrossRef]

	



Rogers, K.A.; Huang, Y.; Ruppert, A.S.; Salem, G.; Stephens, D.M.; Heerema, N.A.; Andritsos, L.A.; Awan, F.T.; Byrd, J.C.; Flynn, J.M.; et al. A single-institution retrospective cohort study of first-line R-EPOCH chemoimmunotherapy for Richter syndrome demonstrating complex chronic lymphocytic leukaemia karyotype as an adverse prognostic factor. Br. J. Haematol. 2018, 180, 259–266. [Google Scholar] [CrossRef] [PubMed]

	



Tsimberidou, A.M.; Kantarjian, H.M.; Cortes, J.; Thomas, D.A.; Faderl, S.; Garcia-Manero, G.; Verstovsek, S.; Ferrajoli, A.; Wierda, W.; Alvarado, Y.; et al. Fractionated cyclophosphamide, vincristine, liposomal daunorubicin, and dexamethasone plus rituximab and granulocyte-macrophage-colony stimulating factor (GM-CSF) alternating with methotrexate and cytarabine plus rituximab and GM-CSF in patients with Richter syndrome or fludarabine-refractory chronic lymphocytic leukemia. Cancer 2003, 97, 1711–1720. [Google Scholar] [CrossRef] [PubMed]

	



Durot, E.; Michallet, A.S.; Lepretre, S.; Le, Q.H.; Leblond, V.; Delmer, A. Platinum and high-dose cytarabine-based regimens are efficient in ultra high/high-risk chronic lymphocytic leukemia and Richter’s syndrome: Results of a French retrospective multicenter study. Eur. J. Haematol. 2015, 95, 160–167. [Google Scholar] [CrossRef]

	



Cwynarski, K.; van Biezen, A.; de Wreede, L.; Stilgenbauer, S.; Bunjes, D.; Metzner, B.; Koza, V.; Mohty, M.; Remes, K.; Russell, N.; et al. Autologous and allogeneic stem-cell transplantation for transformed chronic lymphocytic leukemia (Richter’s syndrome): A retrospective analysis from the chronic lymphocytic leukemia subcommittee of the chronic leukemia working party and lymphoma working party of the European Group for Blood and Marrow Transplantation. J. Clin. Oncol. 2012, 30, 2211–2217. [Google Scholar] [CrossRef] [PubMed]

	



Dearden, C. Disease-specific complications of chronic lymphocytic leukemia. Hematol. Am. Soc. Hematol. Educ. Program 2008, 2008, 450–456. [Google Scholar] [CrossRef] [PubMed]

	



Amaya-Chanaga, C.I.; Choi, M.Y.; Kipps, T.J.; Castro, J.E. Obinutuzumab in combination with high-dose methylprednisolone and concurrent administration of lenalidomide. An effective non-chemotherapy regimen for the treatment of Richter’s Transformation. Leuk. Lymphoma 2015, 56, 1–166. [Google Scholar]

	



Ferrajoli, A.; Lee, B.N.; Schlette, E.J.; O’Brien, S.M.; Gao, H.; Wen, S.; Wierda, W.G.; Estrov, Z.; Faderl, S.; Cohen, E.N.; et al. Lenalidomide induces complete and partial remissions in patients with relapsed and refractory chronic lymphocytic leukemia. Blood 2008, 111, 5291–5297. [Google Scholar] [CrossRef]

	



Hallek, M.; Cheson, B.D.; Catovsky, D.; Caligaris-Cappio, F.; Dighiero, G.; Dohner, H.; Hillmen, P.; Keating, M.J.; Montserrat, E.; Rai, K.R.; et al. Guidelines for the diagnosis and treatment of chronic lymphocytic leukemia: A report from the International Workshop on Chronic Lymphocytic Leukemia updating the National Cancer Institute-Working Group 1996 guidelines. Blood 2008, 111, 5446–5456. [Google Scholar] [CrossRef]

	



Cheson, B.D.; Fisher, R.I.; Barrington, S.F.; Cavalli, F.; Schwartz, L.H.; Zucca, E.; Lister, T.A.; Alliance, A.L.; Lymphoma, G.; Eastern Cooperative Oncology, G.; et al. Recommendations for initial evaluation, staging, and response assessment of Hodgkin and non-Hodgkin lymphoma: The Lugano classification. J. Clin. Oncol. 2014, 32, 3059–3068. [Google Scholar] [CrossRef]

	



Abrisqueta, P.; Delgado, J.; Alcoceba, M.; Oliveira, A.C.; Loscertales, J.; Hernandez-Rivas, J.A.; Ferra, C.; Cordoba, R.; Yanez, L.; Medina, A.; et al. Clinical outcome and prognostic factors of patients with Richter syndrome: Real-world study of the Spanish Chronic Lymphocytic Leukemia Study Group (GELLC). Br. J. Haematol. 2020, 190, 854–863. [Google Scholar] [CrossRef]

	



Castro, J.E.; James, D.F.; Sandoval-Sus, J.D.; Jain, S.; Bole, J.; Rassenti, L.; Kipps, T.J. Rituximab in combination with high-dose methylprednisolone for the treatment of chronic lymphocytic leukemia. Leukemia 2009, 23, 1779–1789. [Google Scholar] [CrossRef] [PubMed]

	



Castro, J.E.; Amaya-Chanaga, C.I.; Lujan, J.V.; Choi, M.Y.; McCarthy, C.; Kipps, T.J. Obinutuzumab (Gazyva) and High-Dose Methylprednisolone (HDMP) Combination for Patients with Chronic Lymphocytic Leukemia (CLL)—A Phase Ib/II Study. Blood 2017, 130, 1730. [Google Scholar]

	



Chavez, J.C.; Piris-Villaespesa, M.; Dalia, S.; Powers, J.; Turba, E.; Nodzon, L.; Komrokji, R.; Sokol, L.; Locke, F.L.; Lancet, J.; et al. Results of a phase II study of lenalidomide and rituximab for refractory/relapsed chronic lymphocytic leukemia. Leuk. Res. 2016, 47, 78–83. [Google Scholar] [CrossRef]

	



Wang, M.; Fowler, N.; Wagner-Bartak, N.; Feng, L.; Romaguera, J.; Neelapu, S.S.; Hagemeister, F.; Fanale, M.; Oki, Y.; Pro, B.; et al. Oral lenalidomide with rituximab in relapsed or refractory diffuse large cell, follicular and transformed lymphoma: A phase II clinical trial. Leukemia 2013, 27, 1902–1909. [Google Scholar] [CrossRef]

	



Fecteau, J.F.; Corral, L.G.; Ghia, E.M.; Gaidarova, S.; Futalan, D.; Bharati, I.S.; Cathers, B.; Schwaederle, M.; Cui, B.; Lopez-Girona, A.; et al. Lenalidomide inhibits the proliferation of CLL cells via a cereblon/p21(WAF1/Cip1)-dependent mechanism independent of functional p53. Blood 2014, 124, 1637–1644. [Google Scholar] [CrossRef]

	



Salles, G.; Duell, J.; Gonzalez Barca, E.; Tournilhac, O.; Jurczak, W.; Liberati, A.M.; Nagy, Z.; Obr, A.; Gaidano, G.; Andre, M.; et al. Tafasitamab plus lenalidomide in relapsed or refractory diffuse large B-cell lymphoma (L-MIND): A multicentre, prospective, single-arm, phase 2 study. Lancet Oncol. 2020, 21, 978–988. [Google Scholar] [CrossRef] [PubMed]

	



Visentin, A.; Imbergamo, S.; Scomazzon, E.; Pravato, S.; Frezzato, F.; Bonaldi, L.; Pizzi, M.; Vio, S.; Gregianin, M.; Burei, M.; et al. BCR kinase inhibitors, idelalisib and ibrutinib, are active and effective in Richter syndrome. Br. J. Haematol. 2019, 185, 193–197. [Google Scholar] [CrossRef] [PubMed]

	



Wu, L.; Adams, M.; Carter, T.; Chen, R.; Muller, G.; Stirling, D.; Schafer, P.; Bartlett, J.B. lenalidomide enhances natural killer cell and monocyte-mediated antibody-dependent cellular cytotoxicity of rituximab-treated CD20+ tumor cells. Clin. Cancer Res. 2008, 14, 4650–4657. [Google Scholar] [CrossRef] [PubMed]

	



Fiorcari, S.; Martinelli, S.; Bulgarelli, J.; Audrito, V.; Zucchini, P.; Colaci, E.; Potenza, L.; Narni, F.; Luppi, M.; Deaglio, S.; et al. Lenalidomide interferes with tumor-promoting properties of nurse-like cells in chronic lymphocytic leukemia. Haematologica 2015, 100, 253–262. [Google Scholar] [CrossRef]

	



Tsukada NKS, R.J.; Kipps, T.J. Combination Rituximab and Methylprednosolone Mitigate the Protective Activity of Nurse-Like Cells on Leukemia Cell Viability In Vitro. Blood 2001, 98, 40B–41B. [Google Scholar]

	



Rodgers, T.D.; Baran, A.; Reagan, P.M.; Casulo, C.; Zent, C.; Evans, A.; Burack, R.; Williams, A.M.; Friedberg, J.W.; Barr, P.M. Efficacy of lenalidomide in high-risk diffuse large B-cell lymphoma. Br. J. Haematol. 2020, 188, e33–e36. [Google Scholar] [CrossRef] [PubMed]

	



Czuczman, M.S.; Vose, J.M.; Witzig, T.E.; Zinzani, P.L.; Buckstein, R.; Polikoff, J.; Li, J.; Pietronigro, D.; Ervin-Haynes, A.; Reeder, C.B. The differential effect of lenalidomide monotherapy in patients with relapsed or refractory transformed non-Hodgkin lymphoma of distinct histological origin. Br. J. Haematol. 2011, 154, 477–481. [Google Scholar] [CrossRef] [PubMed]

	



Flowers, C.R.; Leonard, J.P.; Fowler, N.H. Lenalidomide in follicular lymphoma. Blood 2020, 135, 2133–2136. [Google Scholar] [CrossRef] [PubMed]

	



Itchaki, G.; Brown, J.R. Lenalidomide in the treatment of chronic lymphocytic leukemia. Expert Opin. Investig. Drugs 2017, 26, 633–650. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Treatment Protocol.






Table 1. Treatment Protocol.











	
	Obinutuzumab
	HDMP
	Lenalidomide





	Dose Level -1
	1000 mg IV Days 1, 8, & 15
	1000 mg/m2 IV Days 1–5
	2.5 mg Daily



	Cycle 1
	1000 mg IV Days 1, 8, & 15
	1000 mg/m2 IV Days 1–5
	5 mg Daily



	Cycle 2
	1000 mg IV D1
	1000 mg/m2 IV Days 1–5
	D1 1 mg daily

D15 15 mg daily



	Cycle 3
	1000 mg IV D1
	1000 mg/m2 IV Days 1–5
	D1 20 mg daily

D15 25 mg daily



	Cycle 4
	1000 mg IV D1
	1000 mg/m2 IV Days 1–5
	25 mg daily



	Cycle 5
	1000 mg IV D1
	
	25 mg daily



	Cycle 6
	1000 mg IV D1
	
	25 mg daily



	Cycle 7+
	
	
	25 mg daily
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Table 2. Patient Characteristics.






Table 2. Patient Characteristics.















	
	Patient 1
	Patient 2
	Patient 3
	Patient 4
	Patient 5
	Patient 6
	Patient 7





	Age
	54
	71
	84
	73
	64
	61
	68



	Gender
	M
	F
	M
	F
	M
	F
	M



	ECOG
	0
	1
	1
	1
	0
	0
	2



	Rai Stage
	2
	1
	1
	2
	1
	2
	4



	Cytogenetic Abnormalities
	Del 11q & del 13q
	Del 13q
	Trisomy 12; Del 13q
	Trisomy 12
	Complex including Trisomy 12; del11q; del17p, del13q
	Complex including del11q; del13q; and del17p
	Complex including del13q and del17p



	IGHV Mutational Status
	Unmutated
	Mutated
	Mutated
	Mutated
	N/A
	Unmutated
	Mutated



	CLL-IPI
	4
	4
	5
	4
	N/A
	10
	8



	Transformation Histological Subtype
	DLBCL
	DLBCL
	DLBCL
	DLBCL
	cHL
	DLBCL
	DLBCL



	Time to Transformation
	48 months
	0 months
	423 Months
	84 months
	66 Months
	19 Months
	124 Months



	# Prior CLL Treatment
	2
	0
	1
	0
	1
	0
	7



	Previous Treatment with Kinase Inhibitor
	yes
	No
	Yes
	No
	No
	No
	Yes



	# of Treatment for RS
	2
	1
	0
	0
	0
	0
	0



	Lugano stage at time of Transformation
	IV
	III
	II
	II
	III
	IV
	IV



	Bone marrow involvement of RS
	Yes
	No
	No
	No
	No
	No
	Yes



	Double/Triple HIT
	No
	No
	No
	No
	No
	No
	No



	Double Expressor
	No
	No
	Yes
	No
	No
	No
	No



	Richter’s Prognostic Score
	Intermediate Risk
	Low-Risk
	Intermediate-Risk
	Low-Risk
	High-Risk
	Intermediate-Risk
	High-Risk







Abbreviations: ECOG = Eastern Cooperative Oncology Group; IGHV = Immunoglobulin Heavy Chain Variable; CLL = Chronic Lymphocytic Leukemia; IPI = International Prognostic Index; RS = Richter’s Syndrome; DLBCL = Diffuse Large B-cell Lymphoma; cHL = Classic Hodgkin’s Lymphoma.
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Table 3. Disposition of Patients.
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	Patient Number
	Number of Cycles of Treatment
	Highest Lenalidomide Dose
	Best Response
	Proceeded to Autologous/Allogeneic Stem Cell Transplant
	Reason for Stopping Treatment





	1
	2
	15 mg
	SD
	No
	Insufficient clinical response



	2
	2
	10 mg
	PD
	No
	PD



	3
	1
	5 mg
	SD
	No
	Insufficient clinical response



	4
	5
	15 mg
	PR
	Yes
	Autologous Stem Cell Transplant



	5
	5
	5 mg
	CR
	Yes
	Allogeneic Stem Cell Transplant



	6
	4
	20 mg
	CR
	Yes
	Allogeneic Stem Cell Transplant



	7
	2
	10 mg
	PD
	No
	PD
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Table 4. Adverse Events.






Table 4. Adverse Events.











	
	All Grades, %
	Grade 1/2, %
	Grade 3/4, %





	Neutropenia
	57
	29
	29



	Thrombocytopenia
	43
	29
	14



	Anemia
	43
	29
	14



	Insomnia
	43
	43
	0



	Fatigue
	57
	57
	0



	Dyspnea
	14
	14
	0



	Constipation
	29
	29
	0



	Headache
	29
	29
	0



	Weight Gain
	14
	14
	0



	Cramping
	29
	29
	0



	Bruising
	14
	14
	0



	Right Leg Pain
	14
	14
	0



	Weakness
	14
	14
	0



	Rash
	14
	14
	0



	Weight Loss
	43
	43
	0



	Hypokalemia
	14
	14
	0



	Mood Swings
	14
	14
	0



	Memory Loss
	14
	14
	0



	Dry Mouth
	14
	14
	0



	Pulmonary Embolism
	29
	0
	29



	Sinusitis
	14
	14
	0



	Edema
	29
	29
	0



	Hypertension
	14
	14
	0



	Loss of Bladder Control
	14
	14
	0



	Infection
	29
	14
	14



	Cough
	14
	14
	0



	Thrush
	14
	14
	0



	GERD
	14
	14
	0



	Diarrhea
	14
	14
	0



	Intra-abdominal Hemorrhage
	14
	0
	14
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