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                                                            Natural killer (NK) cells are involved in immune surveillance of various malignancies, including multiple myeloma (MM).1 IPH2101 is a fully human monoclonal antibody that blocks HLA-C binding KIR2D receptors (KIR2DL/DS-1, -2 -3) expressed on the surface of NK-cells, enhancing their cytotoxicity against HLA class I mediated tumor targets by preventing inhibitory KIR signaling. In vitro studies confirm that IPH2101 enhances NK-cell killing of MM-cell lines,2 while data from KIR ligand-mismatched allogeneic stem cell transplants (SCT)3 and infusions of KIR ligand-mismatched allogeneic NK cells prior to autologous SCT4 suggest a potential therapeutic benefit. Since deteriorated NK-cell function tends to occur in later clinical stages of MM,5 we hypothesized that smoldering multiple myeloma (SMM) may be a unique time point for NK-cell based interventions prior to evasion of host immune system by tumor cells.
We conducted a 2-stage phase II clinical trial in SMM patients (Table 1)6–9 by administering IPH2101 at 1 mg/kg intravenously every other month for 6 cycles. A total of 9 SMM patients were enrolled onto the first stage of the study at the National Institutes of Health (NIH) Clinical Center between December 2010 and May 2011. After completion of the first stage, the study was terminated due to lack of patients meeting the defined primary objective (50% decline in M-protein). Clinical response rates during the first 6 cycles of IPH2101 yielded 1 of 9 (11%) patients with minimal response (MR: >25% and <50% decrease in M-protein), 6 of 9 (66%) patients with stable disease (SD), 1 of 9 (11%) with biochemical progression (BP), and 1 of 9 (11%) patients with clinical progression to symptomatic MM. During the follow-up period (median follow up 32 months, range 8–37), 2 additional patients (ns. #5 and #9) progressed to symptomatic MM within 3–6 months after IPH2101 infusions had stopped. IPH2101 infusions were well tolerated with no grade 3 or 4 toxicities reported.
The most common toxicities included: constitutional, i.e. chills, fever (11% grade 1, 22% grade 2); gastrointestinal (GI)-related, i.e. diarrhea, nausea, abdominal discomfort (22% grade 1); liver function test elevation, i.e. increases in ALT, AST (11% grade 2); fatigue (11% grade 1); and creatinine increase (11% grade 1).
[image: ]

Table 1.Patients’ characteristics and results. This phase II clinical trial was open for SMM patients (serum M-protein ≥ 3 g/dL and/or bone marrow plasma cells ≥ 10% and absence of end organ damage). The study was planned as a single arm Simon 2-stage design where the first 9 patients were enrolled and monthly responses evaluated after receiving 6 cycles of IPH2101. A cycle was defined as being completed 2 months after the last IPH2101 infusion. If 3 or more patients achieved a 50% reduction in M-protein, the study was designed to go into a second stage to enroll a total of 21 patients. After completion of the first stage interim analysis, the study was terminated due to the lack of patients meeting the defined primary objective (50% decline in M-protein). Current disease status reported after median follow up of 32 months (range 8–37). Clinical progressive disease to MM was based on the IMW criteria for MM.6 In addition to standard criteria for progressive disease, patients were monitored for biochemical progression (asymptomatic, ≥25% M-protein increase from baseline and an absolute increase of M-protein of 0.75 g/dL demonstrated on two separate occasions). Patients #2, 3, 4, 6, 7, and 8 remain asymptomatic with SMM. Patient #6 (MR) demonstrated a 33% decline of base-line M-protein and a 50% decline in CD138+ plasma cells compared to baseline. Of note, the patient suffered an asthma flare requiring a brief course of systemic steroids (50 mg of prednisone for 14 days during cycle 4). Given the sustained response for 6 months and objective decline in M-protein and CD138+ bone marrow plasma cells, the patient received an additional 6 cycles of IPH2101. This patient continues to have no evidence of clinical symptomatic MM, however his subsequent treatment with IPH2101 was again confounded by another short course of steroids for arthritis. Patient #4 with biochemical progression remains asymptomatic with SMM. Patient #1 had clinical progression and was treated for newly diagnosed MM. Patients 5 and 9 had clinical progression during the follow up period and were treated for newly diagnosed MM. The median baseline (pre-treatment) absolute KIR2D SP NK cell counts were compared in patients who had stable disease (SD) or a minimal response (MR) (13.8 cells/mL) versus those who had progressive disease (PD) or biochemical progression (BP) (14.6 cells/mL) during the trial or at follow up with no difference found between the two groups using a Mann-Whitney test (P=0.56) (Figure not shown).
To exclude the possibility that the lack of clinical responses observed in this study was related to dysfunctional patient NK cells, we assessed their ability to recognize the gold standard NK-cell target K562. As shown in Figure 1A, degranulation by patient NK cells versus K562 targets was similar to that of healthy subjects. To evaluate whether clinical outcome was related to other NK-cell properties, we measured the absolute number of all NK cells and the number of NK that express KIR2D as their only HLA class I-binding inhibitory receptor (KIR2D single positive (SP) NK cells) (Table 1). It would be predicted that the latter NK-cell subset would be fully augmented against MM cells following KIR blockade with IPH2101. However, neither of these two parameters was found to be associated with disease outcome in our cohort (data not shown).
[image: ]

Figure 1.Evaluation of baseline NK cell function and proportion of ligand-bindable KIR2D+ NK-cells. (A) Evaluation of base-line NK cell function. Degranulation, as measured by CD107a expression, by peripheral blood NK cells isolated from patients with smoldering multiple myeloma or from healthy donors was assessed after co-culture with or without K562 cells. CD107a expression on CD56dim NK cells isolated from healthy donors (n=18) versus SMM patients (n=9) following co-culture with K562 cells. Error bars; max and min. Box; quartiles and median. (B) Proportion of ligand-bindable KIR2D+ NK cells per patient. Methodology of assay is described elsewhere.10,11 The proportion of ligand-bindable KIR2D+ NK cells was measured in peripheral blood prior to first infusion (pre-C1D1), one day after first infusion (C1D2) and then before each infusion of IPH2101 (n=8). Six (6) out of eight (8) patients show less than 50% ligand-bindable KIR2D+ NK-cells in peripheral blood throughout the trial. The following patients had missing data point assessment: patient #4 (pre-C6D1), patients #6 and #7 (pre-C5D1), and patient #8 (pre-C3D1 and -C6D1). No pre-treatment sample was obtained for patient #9.
Another factor that potentially impacts the efficacy of this antibody is how efficiently IPH2101 blocks KIR2D on NK cells. We, therefore, measured the proportion of free ligand-bindable KIR2D receptors throughout the trial using previously described methods.10,11 Ligand-bindable KIR2D expression was found to decrease to 0% in all 9 subjects 24 h after first infusion (Figure 1B). In 6 out of 8 patients, this level was maintained at less than 50% compared to baseline when measured prior to each subsequent IPH2101 infusion, suggesting that IPH2101 treatment was able to significantly reduce ligand-bindable KIR2D levels for up to 60 days following each infusion in most patients. Of the 2 patients with 50% or more ligand-bindable KIR2D, Patient #2 had SD and remains asymptomatic with SMM and Patient #5 had clinical progression during the follow-up period. Interestingly, Patient #1 who had clinical progression of disease while being treated with IPH2101 demonstrated 50% or more ligand-bindable KIR2D levels at all time points assessed while on study. These findings suggest base-line numbers of KIR2D expressing NK cells and the efficiency of KIR blockade does not predict clinical outcome in SMM following treatment with IPH2101, despite their having normal base-line NK-cell function.
Recent evidence from a randomized phase III study shows that early treatment with lenalidomide and dexamethasone improves time to progression and overall survival in high-risk SMM patients when compared to observation.12 Several studies are currently exploring platforms of therapy in SMM patients.13 We assessed the potential impact of treating ‘early myeloma’ using an immune-based strategy with IPH2101 in a patient cohort (n=9) that presumably had preserved NK-cell function. Our results show no patients (0 of 9) obtained a 50% reduction in M-protein concentration and the study did not continue to the second stage of enrollment due to lack of efficacy as defined by our criteria. One possible explanation for lack of clinical response may be that recognition of patient MM cells by NK cells is poor. However, we consider this explanation unlikely since NK-cell function was preserved in our cohort (Figure 1A) and previous reports have demonstrated that MM cells from patients with early myeloma14 have sufficient expression of ligands to activate NK-cell receptors. The observation that NK cells can kill MM cells following HLA class I blockade15 further supports the notion that NK cells are capable of recognizing MM cells. Using the previously described indirect method to measure ‘KIR occupancy’10,11 our data show IPH2101 infusions effectively decreased free KIR2D receptor levels on NK cells for up to eight weeks (Figure 1B). However, such methodology assumes that KIR2D surface levels on NK cells are maintained at a constant steady state before and after IPH2101 infusion. Recognizing this limitation, we proposed the term “ligand-bindable KIR2D expression” rather than the “KIR occupancy” used in previous publications. This terminology avoids the assumption that all reductions in NK-cell KIR2D expression occur as a consequence of IPH2101 antibody ‘occupying’ KIR2D, but rather could potentially be attributed to decreased expression of KIR2D molecules on NK cells (decreased production or loss of existing KIR2D receptors) or elimination of KIR2D expressing NK cells.
Although our study showed no clinical response to single agent IPH2101, we cannot exclude the possibility that KIR blockade given in combination with other agents (e.g. lenalidomide) to bolster NK-cell cytotoxicity or in the setting of adoptive transfer of allogeneic or ex vivo expanded autologous NK cells may generate clinically significant responses in future trials.
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