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                                                            Alisertib inhibits aurora A kinase (AAK), a serine/threonine kinases required for mitotic entry, chromosome alignment, centrosome maturation and separation, and spindle assembly checkpoint.1 As a single agent, alisertib can produce an overall response rate (ORR) of 27% in patients with relapsed refractory aggressive B-cell and T-cell non-Hodgkin lymphomas (NHL), ranging between 33% and 50% in patients with peripheral T-cell lymphoma (PTCL).32 However, the majority of responses are partial and short-lasting, and when compared in a randomized phase 3 trial to investigate the choice of pralatrexate, romidepsin, or gemcitabine, no superiority was observed.4
Romidepsin is a class I histone deacetylase (HDAC) inhibitor, which was approved by the Food and Drug Administration (FDA) in 2011 for the treatment of relapsed/refractory PTCL.5 In patients with relapsed/refractory PTCL, single agent romidepsin was associated with an ORR of 25-38%, a complete remission (CR) rate of 15-18%, and a median response duration of 9-28 months.86
While AAK regulates mitosis through its action at the G2-M transition point, HDAC induce G1-S transition, supporting the combination of inhibitors affecting both targets. In addition, HDAC inhibitors can degrade AAK and aurora B kinase (ABK) and can modify kinetochore assembly through hyperacetylation of pericentromeric histones, providing further pre-clinical rational for their combination with AAK inhibitors.109 In preclinical models of Hodgkin lymphomas (HL) and B-cell NHL, HDAC inhibitors have shown to induce transcriptional and post-transcriptional changes, including repression of C-Myc and C-Myc-responsive micro RNAs, that create a pro-apoptotic environment sensitizing cells to AAK inhibitors. In addition, in pre-clinical models of T-cell NHL, these two classes have shown synergistic activity secondary to cytokinesis failure.1211
Here we report a phase 1 clinical trial combining romidepsin and alisertib in patients with relapsed/refractory aggressive B-cell and T-cell lymphoma.
This open-label single institute phase I study was conducted at the MD Anderson Cancer Center in Houston, in accordance with the principles of the Declaration of Helsinki, and approved by the institutional review board. The primary objective of the study was to assess the safety profile of romidepsin and alisertib combination therapy and to determine the maximum tolerated dose (MTD). Secondary objectives included ORR and CR rate. This phase 1 trial is registered at clinicaltrials gov. identifier: 0189701.
Patients with histologically confirmed HL, Burkitt’s lymphoma, diffuse large-B cell lymphoma or peripheral T-cell lymphoma, relapsed or refractory after at least one line of systemic treatment, were eligible for this study. Patients with low-grade B-cell lymphoma were not included in the study. Patients should have at least one measurable disease site ≥ 1.5 cm, Eastern Cooperative Oncology Group (ECOG) performance status ≤2, age ≥ 18 years, and adequate hematological, renal and hepatic function. Patients were excluded from the study if they had central nervous involvement.
Romidepsin and alisertib were given at eight different dose levels, the schedule is outlined in the Online Supplementary Table.
Toxicity was graded using the Common Terminology Criteria for Adverse Events, version 4.0. Dose limiting toxicity (DLT) was assessed during cycle 1: non-hematologic DLT was defined as any grade 3 or 4 toxicity attributed to study drugs that could not be controlled or prevented by supportive care; DLT for hematologic toxicity was defined as grade 4 neutropenia or thrombocytopenia lasting longer than 14 days. A standard “3+3” design was used to determine the MTD. The patients were assessed for response after every even numbered cycle using disease-specific response criteria.
Progression-free survival (PFS) was calculated from the date of study entry to the date of progression, death of any cause or the last follow-up. Overall survival (OS) was calculated from the date of study entry to the date of death of any cause or the last follow-up.
Twenty-five patients were included in the study. The baseline characteristics are shown in Table 1.
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Table 1.Patient baseline characteristics.
Three patients were enrolled at each of the eight dose levels. One additional patient was enrolled at dose level 4 because one patient decided to discontinue treatment before the DLT assessment window was completed. Of interest, all patients with classic HL were enrolled at dose level > 4. The median time on study was two months (range, 1-8 months); the median number of delivered cycles was two (range, 1-8) and the median interval between cycles was four weeks (range, 3-9 weeks).
Twenty-four (96%) patients have discontinued treatment; the reasons for the study discontinuation were: progression (N=19; 79%), completion of treatment (N=2; 9%), indication for stem cell transplantation (SCT) (N=1; 4%), patient’s choice (N=1; 4%), and toxicity (atrial fibrillation; N=1; 4%).
No DLTs have been observed. Grade 3 or higher toxicities are shown in Table 2.
[image: ]

Table 2.Grade 3-4 toxicity.
Twenty-four patients were evaluable for response and one patient opted to withdraw from the study after four weeks. The ORR in the entire cohort was 28% (7 of 25) based on intent-to-treat analysis, up to 71% (5 out of 7) when limited to patients with cHL. Three patients achieved CR (12%)(two with cHL and one with mycosis fungoides), four (16%) partial remission (PR) (one with a double hit diffuse large B-cell lymphoma (DLBCL) and three with cHL), and five (20%) stable disease (SD).
Twenty-one patients were evaluable for response by imaging studies, while three patients had clinical progression before imaging. Four patients stopped treatment only after one cycle because of clinical progression (N=3) and patient’s consent withdrawal (N=1). Twelve patients had a decrease in tumor burden by imaging studies (Figure 1A). Only one (5%) patient (with mycosis fungoides, who had achieved SD) proceeded to allogeneic SCT after 3 months of treatment.
[image: ]

Figure 1.Response and survival. (A) Waterfall plot showing the best response in tumor size from baseline. (B) Swimmer plot showing progression-free survival. DLBCL: diffuse large B-cell lymphoma; PTCL: peripheral T cell lymphoma; HL: Hodgkin lymphoma; BL: Burkitt lymphoma; DH: double hit; tFL: transformed follicular lymphoma; tMZL: transformed marginal zone lymphoma; RS: Richter Syndrome; CR: complete remission; PR: partial remission; SD: stable disease; PD: progressive disease; PFS: progression-free survival
After a median follow-up of 5 months (range, 1-46 months), 23 (92%) patients have progressed, one after allogeneic SCT. The longest PFS (> 6 months) was observed in two patients with heavily pretreated cHL (21 months and 7 months), two patients with PTCL (one with angioimmunoblastic T-cell lymphoma and one with mycosis fungoides; 11 months and 9 months) and one patient with Epstein-Barr virus-related DLBCL (of interest, with a component of PTCL NOS; 7 months)(Figure 1B).
At the most recent follow-up (data cut-off 02/01/2018), 11 (44%) patients had died, all of disease progression, and the median OS was 12 months (range, 1-46 months).
Alisertib has been investigated as a single agent for the treatment of patients with relapsed/refractory B-cell and T-cell NHL in two separate phase 2 studies, at the dose of 50 mg twice daily for seven days in 21-day cycles; grade (G)3-4 myelosuppression was observed in 24-63% of cases, and G3-4 infections in 13-14% of cases.32 Romidespin has been investigated as a single agent for the treatment of patients with relapsed T-cell lymphoma in two separate phase 2 studies, administered as a 4-hour infusion on days 1, 8, and 15 of a 28-day cycle with a starting dose of 14 mg/m; G3-4 myelosuppression was reported in 6-32% of patients, and G3-4 infectious complications in 2-19% of cases.86 In this study, alisertib was investigated at a dose ranging between 20 and 40 mg twice daily, with various schedules, while romidepsin was investigated at a dose ranging between 8 and 12 mg/m, on a day 1, 8 or day 2, 9, 16 schedule. Despite the study population including heavily-pretreated patients, G3-4 myelosuppression was observed in 24-40% of cases and G3-4 infections in 24% of cases. No DLT was observed, the median time between cycles was 4 weeks, and only one patient interrupted treatment as a consequence of toxicity. Future phase 1/2 studies investigating a full dose of romidepsin (14 mg/m) and alisertib (50 mg BID) in patients with HL may help to further identify the recommended phase 2 dose for this regimen.
In two separate phase 2 studies conducted in patients with relapsed/refractory B-cell and T-cell NHL, alisertib was associated with an ORR of 27-30% and a CR rate of 7-10%, almost exclusively reported in PTCL.32 Similarly, in two separate phase 2 studies conducted in patients with relapsed/refractory PTCL, single agent romidepsin produced an ORR of 25-38% and a CR rate of 15-18%.86 In our study, the combination of alisertib and romidepsin resulted in an ORR of 28% and a CR rate of 12%, not comparing favorably to previous experiences with the single agents. In fact, 56% of patients included in this study had a diagnosis of relapsed/refractory B-cell NHL, and two separate phase 2 trials (the results of one of these had not yet been published at the time of the study design) have reported significant myelosuppression and limited ORR (< 20%) for these patients, not supporting further clinical evaluation of this agent in patients with relapsed/refractory B-cell NHL.132 Of interest, pre-clinical models suggesting synergy of alisertib and romidepsin on cytokinesis failure was not observed in B cells, but only in T cells.12
The achievement of CR or PR in five out of seven patients with heavily pre-treated cHL (all having failed chemotherapy, brentuximab vedotin, PD-1 inhibitors and/or SCT) observed with this combination is promising. In pre-clinical models, HDAC inhibitors have shown to enhance HL cell killing mediated by AAK inhibitors.11 In addition, clinical activity has been observed for HDAC inhibitors in patients with relapsed/refractory cHL, while the clinical activity of AAK inhibitors in cHL has not been previously described.1514
In conclusion, the combination of alisertib and romidepsin is a safe regimen for patients with relapsed/refractory lymphomas. Further exploration in a phase 2 study including patients with relapsed/refractory cHL is warranted.
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