A New Salvage Regimen for Aggressive Lymphomas Based on Gemcitabine, Rituximab, and Oxaliplatin followed by Lenalidomide (GROC-Rev)
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MicroAbstract 
No optimal salvage therapy for relapsed/refractory aggressive histological types of non-Hodgkin lymphoma exists. We explored a combination of single-agent lenalidomide following gemcitabine, rituximab, oxaliplatin combination (“GROC-Rev”) in 33 patients. We observed a response rate of 61% (39% complete response rate) and 3-year overall survival of 47%, superior to previous experience. GROC-Rev is a new salvage regimen with encouraging results.  


[bookmark: _Hlk525454670]Abstract 
Background: Our objective was to evaluate the impact of lenalidomide in patients with aggressive lymphoma who attained <  complete response (CR) or as maintenance after CR following GROC salvage chemotherapy.
Methods: Patients with relapsed/refractory non-Hodgkin lymphoma received up to 6 GROC courses: rituximab (IV 375 mg/m2) day 1, oxaliplatin (IV 100 mg/m²; 2 hours), gemcitabine (IV 1250 mg/m2 IV; 30 min) on day 2, and pegfilgrastim (6 mg SC) on day 3. Patients switched to lenalidomide if they didn’t achieve a PR after their second GROC course, or attained <CR after 6 courses. 
Results: In 33 patients, overall response was 61% (CR=39%). Of 17 patients with PRs who continued to 6 courses, 10 (59%) attained CR and 7 PR as maximum response; of these 7, 1 died before lenalidomide, 1 achieved CR on lenalidomide (17%), and 2 a further PR (33%). Of 16 failing to respond to GROC after their second course, 2 died before lenalidomide, 2 had CR (14%) and 1 PR (7%) following lenalidomide. Overall survival and progression-free survival were 47% and 33% at 2 years. Grade 3-4 adverse events included neutropenia/thrombocytopenia/anemia (n = 5), neutropenic infection (n = 3), urinary tract infection (n = 3), pneumonia (n = 2), cellulitis (n = 2) and seizure (n = 1). Eight patients went on to receive transplant.
Conclusion: GROC-Rev is an effective and well-tolerated salvage regimen consisting of chemotherapy followed by lenalidomide maintenance in patients with R/R NHL. Simultaneous administration of these agents is worth exploring in future study.
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Introduction 
An unmet need exists for an optimal salvage regimen for relapsed/refractory (R/R) aggressive non-Hodgkin lymphoma (NHL), as the prognosis of patients who fail to respond to current salvage therapies is poor. Chemotherapy agents with known activity against relapsed aggressive lymphomas were combined to create the Gemcitabine, Rituximab and Oxaliplatin Combo (GROC) regimen. Investigators from three independent studies evaluating this combination of agents reported overall response (OR) rates ranging from 43% to 83%, complete response (CR) rates from 34% to 50%, 2-year overall survival (OS) from 33% to 67%, and 2-year progression-free survival (PFS) from 29% to 43%.1-3 We chose to further develop this salvage GROC regimen based on its favorable hematological tolerance and relatively high response rate for a salvage regimen.1 
At the time of this study conception in 2009, lenalidomide had just been shown to be active in relapsed lymphoma, including aggressive B cell NHL.4 Subsequent studies found similar results with lenalidomide having significant activity against diffuse large B cell lymphoma (DLBCL).5,6 Although the exact mechanism of action of lenalidomide is unknown, it has been shown to possess anti-angiogenic activity through inhibition of basic fibroblast growth factor (bFGF), vascular endothelial growth factor, and tumor necrosis factor-alphainduced endothelial cell migration.7 In addition, lenalidomide has a variety of immunomodulatory effects such as stimulating T-cell proliferation and interleukin (IL)-2, IL-10, and interferon (IFN)-gamma production; inhibiting IL-1β and IL-6 production; and modulating IL-12 production.8 Increases in T-cell proliferation with lenalidomide also lead to a rise in IL-2 and IFN-gamma secretion. These circulating cytokines augment natural killer cell number, function, and activity.9,10 Lenalidomide has also been shown to target the tumor cell and its microenvironment, overcoming classical cytotoxic drug resistance.11
Given lenalidomide’s favorable single-agent activity, novel mechanism of action, and good clinical tolerance, we have attempted to devise a new salvage regimen that would improve the CR rate by transitioning patients with R/R aggressive B-cell NHL from GROC to lenalidomide depending on their response level with GROC. This approach would allow us to isolate the contribution of single-agent lenalidomide to the rest of the regimen. This combination of cytotoxic chemotherapy with lenalidomide was designated as GROC-Rev. It utilizes lenalidomide as a single agent as both an induction therapy for those failing to achieve a CR following GROC, as well as maintenance for patients who achieved CR with 6 courses of GROC.

Patients and Methods
Study design
This study is a non-randomized, pilot phase 2 study (clinicaltrials.gov NCT01307592). The protocol was designed according to the general ethical principles of the Declaration of Helsinki and was approved by an institutional review board. Patients were recruited from one site in Puerto Rico, with the first patient entering the study in September 2010. Informed consent was obtained for all patients prior to participation in the study. Lenalidomide was supplied at no charge to study participants by Celgene Corporation through its RevAssist® program. The conduct of the trial was also financially supported by Celgene Corporation.
Prior to starting treatment, routine staging procedures were performed which included history, physical examination, complete blood count, serum lactate dehydrogenase (LDH), serum beta-2 microglobulin, complete metabolic panel (glucose, urea, creatinine, calcium, phosphate albumin, hepatic enzymes, bilirubin, and total protein), and bone-marrow biopsy. Baseline imaging studies included baseline CTs and whenever feasible, PET-CT. 

Study Participants
Patients 18 years or older with aggressive R/R NHL and an Eastern Cooperative Oncology Group (ECOG) performance status of ≤ 3 were eligible. Refractory was defined as patients who did not respond to prior therapy (primary refractory) and those whose best response was a PR after at least 4 courses of front-line chemotherapy. Aggressive histologies included follicular large cell, diffuse large B cell, peripheral T cell, transformed lymphomas, lymphoblastic lymphomas, and Burkitt, as well as Burkitt-like lymphomas (currently B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma and Burkitt lymphoma). Patients could not have had more than 4 previous chemotherapy regimens, including stem cell or bone marrow transplant BMT. All previous cancer therapy had to have been discontinued at least 2 weeks prior to study treatment. Unless an abnormal result was due to lymphoma, patients were required to have an absolute neutrophil count  1,000 /mm³, platelet count  100,000 /mm³, creatinine clearance ≥30 mL/min by Cockroft-Gault formula, total bilirubin 1.5 x ULN, AST (SGOT) and ALT (SGPT)  2 x upper limit of normal or  5 x ULN, if hepatic metastases were present. Normal renal, hepatic, and hematologic functions were also required; abnormalities due to lymphoma were allowed. Women had to have a negative pregnancy test and commit to use two concomitant forms of birth control (and men use a latex condom) if sexually active.
Patients were excluded if they had a history of or concurrent cancer (except treated cervix or breast in situ carcinoma, treated squamous or basal cell skin cancer, or any other surgically cured malignancy resulting in 5 disease-free years); human immunodeficiency virus; active hepatitis B or C; inadequate bone marrow and organ function; CNS lymphoma involvement; known allergy to platinum (or its derivatives); previous gemcitabine, oxaliplatin, or lenalidomide treatment; or concurrent use of other anti-cancer treatments. Concomitant use of other anti-cancer therapies was not permitted during the study.

Treatment Regimen
The GROC regimen consisted of 6 courses of rituximab at 375 mg/m2 on day 1, oxaliplatin at 100 mg/m² over 2 hours and gemcitabine at 1250 mg/m2 over 30 min on day 2, and pegfilgrastim at 6 mg subcutaneously given 24 hours after day 2 of chemotherapy. Treatment courses were repeated every 14 days if tolerated. Those with T-cell lymphoma were not given rituximab and received chemotherapy on day 1. All patients received the antiemetic ondansetron 8 mg IV 30 minutes prior to oxaliplatin, 8 mg orally every 8 hours for 2 days, and as needed thereafter. 
Patients were restaged with CT after the second course and if necessary after the fourth course of therapy. PET-CT scan was done after the sixth course. If patients had not achieved at least a partial response (PR) after the second course, cytotoxic chemotherapy was discontinued and patients were switched to lenalidomide. Patients who achieved a CR after 4 courses of GROC received 2 more cycles of GROC and if eligible, proceeded to bone marrow transplant (BMT). Those not eligible for BMT were maintained on lenalidomide for 2 years or until unacceptable toxicity or progressive disease occurred. After 6 courses, patients who achieved PR by PET and were not candidates for autologous stem cell transplant (ASCT), or CR but whom ASCT would be delayed due to insurance issues, were switched to lenalidomide until 3 weeks prior to ASCT. Those who developed progressive disease after or within 6 courses of GROC as well as those who had stable disease were also switched to lenalidomide.
Patients who had achieved a PR on GROC and later achieved a CR on lenalidomide were maintained on lenalidomide for 2 years unless they became candidates for ASCT, in which case they were allowed to proceed to transplant as soon as feasible. Those with a PR on GROC who achieved less than a CR on lenalidomide were also maintained on lenalidomide for up to 2 years unless they experienced unacceptable adverse events or progressive disease.
	Before receiving lenalidomide, patients could not have unresolved non-hematologic, related adverse events > grade 2, and were required to have an absolute neutrophil count 
≥ 1,000 /mm³, platelet count ≥ 75,000 /mm³, creatinine clearance ≥ 30 mL/min (estimated by the Cockcroft-Gault formula), total bilirubin ≤ 1.5 x ULN, and AST (SGOT) and ALT (SGPT) ≤ 2 x ULN (or ≤ 5 x ULN if hepatic metastases are present). Lenalidomide was given at a dose of 20 mg daily on days 1 to 14 and repeated every 21 days for those patients with a creatinine clearance of ≥ 60 mL/min by Cockroft-Gault formula. The lenalidomide dose was increased to 25 mg at the start of cycle 2 if no hematologic toxicities had occurred. Patients with a creatinine clearance of ≥ 30 mL/min but < 60 mL/min by Cockroft-Gault formula were treated with lenalidomide 5 mg once daily on days 1 to 21, every 28 days. Aspirin 81 mg daily was given as prophylaxis for deep venous thrombosis.

[bookmark: _Toc34725180]Study Endpoints
The primary endpoint was rate of conversion to CR after switching to lenalidomide in patients whose maximum response to GROC was a PR or <PR. Response criteria used for CR and PR were those delineated by Cheson et al.12 PET-CT scans were routinely used as an adjunct to assess response. Response rates with GROC-Rev were also analyzed according to various prognostic factors, including cell type of origin, International Prognostic Index (IPI), number of relapses prior to GROC-Rev, quality of response (CR, PR, or failure [F]), and length of response (> 12 months vs < 12 months) with front-line therapy.
[bookmark: _Hlk528855071][bookmark: _Toc34725181]Overall survival and safety of the combination were also secondary endpoints. The Kaplan–Meier method was used to estimate PFS and OS. PFS was defined as the time from the start of treatment until lymphoma progression or death regardless of cause. OS was defined as the time from the start of treatment until death. A data monitoring committee of independent reviewers was in place to review serious safety and lack of efficacy considerations.

Results
Patient Disposition and Demographics
Of 35 patients enrolled, 33 (94%) were evaluable (one withdrew consent and one was ineligible due to histological type). Median follow up of patients who remain alive was 29 months. Demographics of the patient population are summarized in Table 1. 
Response to GROC Before or After Switching to Lenalidomide
The best response to the protocol treatment at any point, before or after lenalidomide, was 61% and the CR rate 39% (Table 2). After two courses of GROC, response rate was 17/33 (52%) (Table 2). All 33 received further treatment with the intent to complete 6 courses of GROC-Rev, but their subsequent response rate dropped to 14/33 (42%) because 3 patients progressed before completing the sixth course (Table 2).  
Of the 17 of 33 who responded to the first 2 courses of GROC and continued for 6 courses, 7 had either < CR or progressed within the first 6 courses of GROC. The other 16 of 33 failed to respond to the first 2 GROC courses (Figure 1). Of the 7 of 17 patients whose best response was < CR or failure within or after 6 courses of GROC, 1 died before switching to lenalidomide and 6 were switched. Their OR rate was 50% (3/6), with 17% (1/6) achieving a CR and 33% (2/6) experiencing a PR (Figure 1 and Table 2). Of the 16 of 33 who failed to respond after the second GROC course, 2 died before receiving lenalidomide and 14 went on to be treated with lenalidomide (Figure 1). The OR rate of these 14 cases was 21% (3/14) with a CR rate of 14% and PR rate of 7% (Figure 1 and Table 2). Thus, a total of 20 patients received lenalidomide after either refractoriness to the first 2 courses of GROC (n=14) or response < CR within 6 courses of GROC (n=6) and were evaluable for the primary endpoint (Figure 1 and Table 2). 
After switching to lenalidomide following the sixth course of GROC, the OR increased from 14/33 (42%) to the best OR rate of 20/33 (61%) (Table 2). Three additional patients achieved a CR, raising the baseline CR rate from 30% (10/33) before lenalidomide to 39% (13/33) after lenalidomide (Table 2). In total, there were 20 patients who crossed over to lenalidomide because of failure to achieve CR; 6 of the 20 (30%) responded with at least a PR and 3 (15%) achieved a CR.
Response to GROC-Rev According to Prognostic Factors
The International Prognostic Index, number of relapses, response to first-line therapy and duration of response to first-line therapy are well known factors that have been associated with response to salvage therapy.13-15 Table 3 depicts the response rate according to each one of these factors. There were no significant differences for any of these factors in their correlation with response to GROC-Rev, although there was a trend for those who achieved a higher quality of response to front-line treatment to have a higher response rate. With regard to cell of origin, the vast majority of cases of diffuse large B-cell lymphoma (DLBCL) were of germinal center type and their OR rate was 60% and CR rate was 40%. The numbers of those with DLBCL of non-germinal center type or peripheral T-cell lymphoma (PTCL) were too few to assess a meaningful response rate.
Survival and Progression Free Survival
Overall survival and PFS of all 33 evaluable patients from this study and from historical controls treated with GROC are depicted in Figure 2. Patients treated with GROC-Rev in this study (Figure 2AB) had longer survival rates than patients historically treated with GROC (Figure 2CD). Two-year OS was 47% and PFS was 33% with GROC-Rev, and 3-year OS was 47% and PFS was 22%. Two-year OS was 25% and PFS was 19% for historical GROC controls and 3-year OS was 25% and 3-year PFS was 19%. 
Eight patients underwent stem cell transplantation. All of them received autologous stem cells but 2 later on received allogeneic transplant to treat myelodysplastic syndrome which had developed subsequent to the autologous transplant. Their survival is depicted in Figure 3.

Safety
Grade 3-4 adverse events included neutropenia/thrombocytopenia/anemia (n = 5), neutropenic infection (n = 3), urinary tract infection (n = 3), pneumonia (n = 2), cellulitis (n = 2) and seizure (n = 1). 

Discussion
In this study, lenalidomide was successfully used as a single agent following GROC, in a salvage regimen designated as GROC-Rev. Cytotoxic chemotherapy was discontinued for those who did not achieve a CR with GROC, and lenalidomide was given instead. The latter agent was also given as maintenance therapy in those who attained a CR with GROC. For our primary endpoint, we report 6 of 20 (30%) who had less than a CR as their best response with GROC who went on to respond after switching to single-agent lenalidomide (Table 2), and 3 of these 6 responders were CRs. Furthermore, we found 2-year OS and PFS to be the best of any salvage regimen we have used, and when utilized as a bridge to ASCT, GROC-Rev was associated with excellent survival (Figure 3).
Considering that lenalidomide was used as third-line salvage therapy, the fact that we observed responses to this drug as a single agent following resistance to GROC is noticeable. The OR rate to third-line lenalidomide was 6/20 (30%), slightly lower than the response rate to second-line GROC before crossing over to lenalidomide, which was 14/33 (42%). The CR rate to lenalidomide was 3/20 (15%) compared with the CR rate after 6 courses of GROC, which was 10/33 (30%). 
Patients who show primary refractoriness to chemotherapy, i.e. failure to respond at least with a PR at the outset of front-line chemotherapy, seldom if ever, attain a complete remission to salvage chemotherapy16. Those who achieve a PR as their best response to front-line therapy are also considered as having primary refractory disease but are sometimes referred to as partial responders with persistent disease. Their management is also challenging given their poor response to subsequent salvage chemotherapy17. In the setting of refractoriness to salvage therapy, as is the case with 20 patients in our study, the results can be expected to be even worse than for those refractory to front-line therapy.
In that context, our observed response to lenalidomide as a salvage single agent (3 of 14 responders) in cases with absolute initial refractoriness (i.e. no response at all to salvage GROC after 2 courses), and the additional 3 of 6 cases who responded to lenalidomide after having failed to achieve a CR after 6 courses of GROC (partial responders with persistent disease), is encouraging (Table 2). Such results are consistent with the unique mode of action of lenalidomide,18-22 which is quite different from that of cytotoxic chemotherapy. Although the number of cases in our series is relatively small, we observed a trend for the response rate to lenalidomide to be better in those who achieved a greater level of response to GROC. The OR rate was 50% (3/6) for those who achieved at least a PR with GROC prior to lenalidomide, in contrast to 21% (3/14) for those who failed to respond at all to the first 2 courses of GROC (Table 2). 
Besides quality of response to front-line therapy, other factors such as disease progression less than 12 months following front-line therapy, an IPI > 1, and number of relapses before receiving salvage therapy have been shown in the past to adversely affect response to salvage treatments13-15. Cell type of origin6 has also been shown to correlate with response to lenalidomide. Surprisingly, we failed to observe a statistically significant correlation between duration of response to first-line therapy and GROC-Rev response, and while there was a trend for longer survival for cases whose response to first-line therapy was > 12 months, short-duration responders to first-line therapy also benefitted, suggesting that in contrast to cytotoxic chemotherapy, biological therapy with lenalidomide appears to work independent of quality of response to first-line chemotherapy. Because we also failed to observe a clear-cut correlation between progression within 12 months of front-line therapy or with IPI response rate, we suggest that perhaps exposure to lenalidomide may have altered the natural history of relapsed aggressive NHL, thus modifying the traditional prognostic factors. Also of interest, is that even though the non-GCB DLBCL subtype is more sensitive to lenalidomide than the GCB DLBCL cell type, which is not considered to be as responsive to this drug,23-26 we observed that lenalidomide had activity against the GCB type DLBCL. 
GROC-Rev was conceived at a time when the vast majority of patients with B cell aggressive NHLs at the time of relapse had already received rituximab during first-line therapy. Patients treated with salvage regimens after having been previously exposed to rituximab are known to have an inferior prognosis.14 Thus, it is intriguing that the CR rate and 3-year OS with GROC-Rev, in patients treated during the post-rituximab era, were comparable to other regimens conceived prior to the rituximab era, such as dihydroxyacetone phosphate (DHAP)27 and etoposide/methylprednisolone/cytarabine/cisplatin (ESHAP)28 (Table 4). GROC-Rev response rate compared with those of rituximab/ifosfamide/carboplatin/etoposide (RICE)29 showed a trend for inferiority in CR rate (Table 4); however, patients treated with RICE were selected for younger age since the investigators’ goal was to perform ASCT in all cases after standard-dose therapy. Median age in this GROC-Rev study was 61 years versus 45 years in the RICE study, and only 21% of GROC-Revtreated patients were transplanted versus 74% of RICE-treated patients (Table 4).
 Of considerable interest is the fact that the myelosuppressive and renal toxicity of GROC-Rev, when compared with other classic salvage regimens, is considerably less (Table 4). Of concern are the two cases of myelodysplastic syndrome (MDS). However, both occurred following high-dose chemotherapy and ASCT, which are known to be associated with MDS. Whether lenalidomide contributed to this complication is impossible to tell. 
In summary, we show that patients who had < CR with GROC can respond to lenalidomide as used in the salvage regimen of GROC-Rev. In view of the single-agent activity of lenalidomide seen in our study, as well as maintenance with lenalidomide previously reported by Thieblemont et al,5 we believe that this salvage therapy consisting of chemotherapy and biological therapy followed by ASCT when possible, and maintenance lenalidomide is worth exploring in a larger study. 

Clinical Practice Points
Currently, no optimal salvage therapies for patients with aggressive lymphoma exist. Lenalidomide as a single agent has immunomodulatory effects and has been shown to be active against aggressive B cell non-Hodgkin lymphoma (NHL) and diffuse large B cell lymphoma. We switched 20 of 33 patients with relapsed/refractory NHL who had less than a complete response with gemcitabine, rituximab, oxaliplatin combination to lenalidomide alone (GROC-Rev). In these 20 patients, the overall response rate to lenalidomide was 30% (complete response 15%, partial response 15%), the 3-year overall survival rate was 47%, and the 3-year progression-free survival rate was 22%. GROC-Rev is a new and appealing salvage therapy with acceptable toxicity profile in this patient population.
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