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Background

Maintenance treatment after autologous bone marrow transplantation in multiple myeloma improves the outcome of patients. We designed a phase II clinical trial to evaluate the treatment with IL2 and zoledronate after autologous bone marrow transplantation in myeloma patients.



Methods

Patients with a histologically proven diagnosis of multiple myeloma become eligible if achieved a very good partial remission in bone marrow samples after 3 months from autologous bone marrow transplantation. IL2 was administered from day 1 to 7. In the first cycle, the daily dose was 2 × 106 IU, whereas, in subsequent ones the IL2 dose was progressively escalated, with +25% increases at each cycle, until evidence of toxicity or up to 8 × 106 IU. Four mg of zoledronic acid were infused on day 2. Flow cytometry analysis of γδ-lymphocytes was performed at days 1 and 8 of treatment cycles.



Results

Forty-four patients have been enrolled between 2013 and 2016. The median time to progression was 22.5 months (95% CI 9.7–35.2). A complete remission with a negative immunofixation was obtained in 18% of patients and correlated with a significantly longer time to progression (p = 0.015). Treatment was well tolerated without G3 or 4 toxicities. After a week of treatment with IL2 and zoledronate, γδ lymphocytes, Vγ9δ2, CD57+, effector, late effector, and memory γδ increased but in subsequent cycles, there was a progressive reduction of this expansion.



Conclusions

The maintenance treatment with IL2 and Zoledronate has a modest activity in myeloma patients after autologous bone marrow transplantation.
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Introduction

Multiple myeloma is still a deadly disease despite relevant progress in therapy. The combination of chemotherapy with proteasome inhibitors, immunomodulatory drugs, and newly therapeutic antibodies have improved patients’ prognosis. Maintenance has been evaluated to extend duration of response in treated patients and clinical trials have begun with interferon schedule (1) followed by the more promising thalidomide (2–4) and recently lenalidomide (5–7). The activation of the immune system against residual myeloma cells is the rationale of these maintenance studies. Previously, our group has demonstrated the anti-myeloma activity of oligoclonal γδ T-cells after reduced intensity allogeneic transplantation in multiple myeloma. These results suggest a possible role of γδ lymphocytes in the eradication of the disease (8).

In vitro, bisphosphonates interfere with mevalonate metabolism inducing the exposition of its metabolites and modified proteins, such as CD277, on the cell surface. The treatment with bisphosphonates and IL2 can expand γδ lymphocytes and in particular the sub population harboring the Vγ9δ2 T-cell receptor (TCR) that recognize mevalonate metabolites in an MHC independent manner (9). Expanded γδ T-cells retain their ability to lysate several kinds of cancer cells lines (10). Ex vivo γδ lymphocytes, expanded with IL2 and bisphosphonates, efficiently kill myeloma plasma cells in vitro (11). IL2 and a synthetic agonist (posphostym) can expand, by one hundred-fold, γδ T-cells which retain an efficient and stable ability to kill plasma cell lines and primary human myeloma cells (12). Interestingly, γδ lymphocytes from myeloma patients do not differ from those of healthy donors in the ability to kill cancer cells in vitro (13). Conversely, γδ lymphocytes have an impaired cell function when obtained from patients with advanced cancers (14).

Zoledronic acid is routinely used in myeloma patients to reduce skeletal related events including fracture, pain, the necessity of radiotherapy, and hypercalcemia (15). IL2 with or without thalidomide has been evaluated for the treatment of advanced cancer in order to enhance NK activity (16). Moreover, the reinfusion of autologous IL2 activated lymphocytes has been successfully evaluated in myeloma mouse models (17). IL2 has been evaluated after autologous bone marrow transplantation to reduce minimal residual disease in lymphoproliferative disorder (18) suggesting the possibility to reach a prolonged and sustained remission in a percentage of patients.

Therefore, we decided to design a phase II clinical trial to assess the efficacy of the maintenance treatment with IL2 and zoledronate in myeloma patients after autologous bone marrow transplantation. In order to reduce the inter patient variability we decided to restrict the study to patients in very good partial remission (VGPR) after transplantation. The use of low doses of IL2 and zoledronic acid is feasible in HIV patients where increases γδ T-cells are reported (19). The maintenance treatment with lenalidomide after bone marrow transplantation is currently the standard of care in myeloma patients but when this trial has been designed data were not available yet.



Methods


Study Design and Participants

We designed this multicenter, single arm, phase II clinical trial in order to evaluate the maintenance treatment with IL2 and zoledronate after autologous bone marrow transplantation in patients with multiple myeloma. Patients were enrolled in the hematology units of Pisa University Hospital and Parma University Hospital after the signature of a written informed consent. The trial was conducted in accordance with the Declaration of Helsinki and in compliance with good clinical practice. The ethical boards of our institutions approved the protocol that was registered in the clinical trials information network of the Italian national observatory (EUDRACT N° 2013-001188-22).

Patients, aged between 18 and 70 years, with a histologically proven diagnosis of multiple myeloma become eligible if achieved a VGPR in bone marrow samples after 3 months from autologous transplantation, according to international myeloma working group criteria (20). Exclusion criteria include Eastern Cooperative Oncology Group performance status >2, a creatinine clearance <30 ml/min, serum calcium <8 or >12 mg/dl, osteonecrosis of the jaw, ongoing phlogosis of dental roots, and history of autoimmune or bone disorders such as Paget’s disease.



Procedures

After the autologous bone marrow transplantation, patients that achieve a VGPR receive a maintenance treatment with subcutaneous IL-2 (Proleukin, Novartis) and intravenous zoledronic acid (Zometa, Novartis). IL2 was administered from day 1 to day 7 and in the first cycle the daily dose was 2 × 106 IU. In subsequent cycles, the IL2 dose was progressively escalated, with +25% increases at each cycle, until evidence of toxicity or up to 8 × 106 IU. Four mg of zoledronic acid in 100 ml of normal saline were infused on day 2. All patients received 500 mg calcium supplement and 400 IU of vitamin D daily. This schedule was repeated every 28 days until evidence of laboratory or instrumental signs of disease progression in two subsequent evaluations.



Outcomes

Clinical evaluation was repeated every cycle. Response was evaluated according to international myeloma working group uniform response criteria (20). Response was assessed with blood tests every three cycles, with a biopsy of the bone marrow every six cycles and with 18fluorodesoxyglucose positron emission tomography annually or at the appearance of symptoms suggestive for disease progression. Adverse events were graded according to NCI-CTCAE v4.0.



Blood Samples and Flow Cytometry Analysis

Peripheral Blood was collected in 5 ml EDTA tubes at cycles: 1, 2, 3, 6, 9, and 12. Blood samples were taken at day 1 of each cycle before the administration of IL2 and at day 8. The phenotype of T-cells was evaluated with the following monoclonal antibodies: CD57-FITC, PE‐γδ TCR, CD3 Per-Cp, CD45RA PE-Cy7, CD45RO, CD45APC-Cy7, CD27 V500, CD25 PE-Cy7, CD4 FITC, CD69 Per-Cp, CD3 V500, CD127 PE, CD56 APC, CD8 V500 (Becton Dickinson, San Jose, CA, USA). Corresponding irrelevant isotype‐matched mouse monoclonal antibodies were used as negative controls. Briefly, 100 μl of peripheral blood are incubated for 20 min with the respective monoclonal antibodies (7 μl for FITC and PE, 5 μl for the other fluorochromes). Then 2 ml of lysant (NH4Cl) were added for erythrocyte lysis and then centrifuged at 2.1 rpm for 5’. The resulting pellet, after removal of the supernatant, was re-suspended with 1 ml of PBS. Finally, 30 × 104 total events or 10 × 104 events in the lymphocyte gate were acquired on a FacsCanto II, equipped with three lasers (violet 405 nm, blue 488 nm, and red 633 nm) and analyzed with FacsDiva software (BD Bioscience, Erembodegem, Belgium).



Statistical Analysis

The primary endpoint of the trial was the absence of disease progression after 1 year. Secondary endpoints were time to progression (TTP), progression free survival (PFS), overall survival (OS), and the toxicity profile of the treatment. Simon’s optimal two-stage design for phase II clinical trial was applied to calculate the sample size that minimizes the expected number of patients to be accrued. The sample size was calculated on a error = 0.05, b error = 0.20 assumption. P0 (clinically uninteresting true no progressive disease rate at the first re-evaluation) and P1 (sufficiently promising true no progressive disease rate after 1 year from the beginning of the treatment) were set at 75 and 90%, respectively. In the first step, at least 16 out of 20 enrolled patients without evidence of disease progression were required to continue to the second step. The trial was considered positive if 36 out 43 patients did not experience disease progression after 1 year from the beginning of the treatment.

TTP was calculated from the first day of treatment until documented disease progression; patients who did not experience disease progression were censored. PFS was calculated from the first day of treatment until documented disease progression or death; alive patients who did not experience disease progression were censored. OS was calculated from the first day of treatment until death for any causes; alive patients were censored. Kaplan-Meier curves were generated using SPSS v21.

The absolute number of γδ T-cells was calculated multiplying the number of peripheral lymphocytes/ml for the CD3+ fraction of γδ+ cells at the flow cytometer. Subpopulations of γδ and CD3 were calculated according to flow cytometer fractioning. The comparison between the number of cells at day 1 and day 8 of each cycle was performed using a paired T-test. The ratio between the number of cells at day 8 and day 1 defined the percentage of variation of cells during IL2 administration. The percentage of variation between cycles was tested using one-way ANOVA for pair data repeated measures with Dunnett’s post hoc tests comparing cycle 1 with each other. Statistical analysis of flow cytometry was performed using GraphPad Prism 7 (GraphPad Software, La Jolla, CA, USA). Tests were considered significant if p < 0.05.




Results

Forty-four patients with diagnosis of multiple myeloma have been enrolled between November 2013 and November 2016. Patients’ characteristics are summarized in Table 1. After the initial diagnosis of multiple myeloma all patients received four cycles of bortezomib, thalidomide, and dexamethasone (VTD) followed by autologous bone marrow transplant. The transplantation was performed after a median of 9 months from the date of diagnosis. All patients enrolled in this trial obtained a VGPR and started the maintaining regimen after a median of 5 months from the day of the transplantation (range 3–9 months).


Table 1 | Patients’ characteristics.



The median number of administered cycles was 12 (range 2–27) and 57% of patients was still on treatment at the end of the first year. The maximum tolerated dose of IL2 was 4 × 106 IU in all patients but one who received 3 × 106 IU. Twelve patients discontinued the treatment without evidence of disease progression because of consent withdrawal after an extensive number of cycles.

At the time of data analysis, October 2019, 33 patients experienced disease progression with a median TTP of 22.5 months (95% CI 9.7–35.2 months; Figure 1A). PFS was identical to TTP since none of the patients died without evidence of disease progression. After 1 year from the beginning of the maintenance, 73% of patients did not experience disease progression. A complete remission with a negative immunofixation was obtained in 18% of patients (8/44) of which four maintained the response at the time of data analysis. Patients who reached negative immunofixation during maintenance treatment experienced a significantly longer TTP (LogRank p = 0.015: Figure 1B). With a median follow up of 48.8 months, 10 patients died. The cause of death was disease progression in all the patients. The median OS was not reached, with 95% of patients alive after 1 year from the beginning of maintenance treatment and 89% after the 2nd year (Figure 1C). The median PFS from the autologous transplant was 28.3 months (95% CI 16.4–40.2; Figure 1D).




Figure 1 | Kaplan Meier survival curves. (A) Time to progression of maintenance treatment with IL2 and zoledronate after autologous bone marrow transplantation in multiple myeloma patients who achieve a very good partial remission. (B) Time to progression in patients who achieve a negativization of immunofixation (dotted line) or not. (C) Overall survival of maintenance treatment with IL2 and zoledronate after autologous bone marrow transplantation in multiple myeloma patients who achieve a very good partial remission. (D) Progression free survival after bone marrow transplantation (BMT) in patients who achieve a very good partial remission and received maintenance treatment with IL2 and zoledronate.



Treatment was well tolerated without G3 or 4 toxicities (Table 2); toxicity is summarized in Table 1. None of the patients discontinued the treatment because of toxicity neither requested delays of drug administration.


Table 2 | Treatment toxicity.




Evaluation of γδ Lymphocytes in Peripheral Blood and Bone Marrow

In in-vitro models, the treatment with zoledronate and IL2 expands γδ lymphocytes. Bisphosphonates interfere with mevalonate metabolisms and induce the expression of endogenous mevalonate metabolites on the surface of target cells. TCR of γδ T-cells can recognize endogenous mevalonate metabolites in an MHC independent manner (11). We demonstrated the ability of expanded γδ T-cells to kill myeloma and melanoma cell lines in vitro (8). Therefore, we evaluated the presence and variation of γδ lymphocytes before and during the treatment with IL-2 and zoledronate in peripheral blood and bone marrow.

In peripheral blood, the median number of γδ lymphocytes was 18 cells/μl before the beginning of the treatment (range 2–356). The median number of γδ lymphocytes significantly increased after 8 days of treatment with IL2+zoledronate, with a median of 43 γδ T-cells/μl (range 2–382; paired T test p = 0.0001; Figure 2A).




Figure 2 | (A) Average with standard deviation of the number of γδ lymphocytes before the beginning and after 8 days of treatment at cycles: 1, 2, 3, 6, 9, and 12. (B) Ratio between the number of γδ lymphocytes at day 8 and day 1 of cycle 1 for each patient. (C) Time to progression of patients with a high and low (dotted line) percentage of γδ lymphocytes (according to the median value) in bone marrow before the beginning of the maintenance treatment. (D) Average with standard deviation of the number of CD3+ Treg lymphocytes before the beginning and after 8 days of treatment at cycles: 1, 3, and 6. Stars indicate statistically significant differences.



During the first cycle of treatment, we observed an increase of γδ T-cells in 39 patients (day8/day1 ratio 2.09, range 1.02–11.39) and a decrease in 5 patients (ratio 0.80, range 0.55–0.94; Figure 2B). A significant difference between γδ T-cells at day 1 vs day 8 was observed at the 2nd and 3rd and 6th cycles (pair t-test p = 0.004, p = 0.311, and p = 0.0237, respectively) but not at the 9th and 12th. The ability to expand γδ T-cells by the treatment progressively reduces with subsequent cycles. Comparing the ratio between γδ T-cells at day 8 and day 1 for each cycle, we observed an overall significant difference (one-way ANOVA P < 0.0001) and with Dunnett’s post hoc test, we observed a significant difference between cycle 1 and cycles 3, 6, 9, and 12 but not with cycle 2.

In the bone marrow, the average percentage of γδ was 7% of CD3+ cells before the treatment (range 0.3–47%). After six cycles of therapy the average percentage of γδ/CD3 increases to 10% (range 0.8–72%) but this difference was not statistically significant.

Patients with a higher number of γδ T-cells in the bone marrow before the treatment (above the median number of 3.3%) had a worse TTP with a median of 42.3 (95% CI 23.9–60.7) vs 22.5 months (95% CI 13.1–31.9; LogRank p = 0.015; Figure 2C). There was a trend for a correlation between the number of γδ T-cells in the bone marrow and the negativization of immunofixation (Fisher exact test p = 0.052).

The median number of T regulatory lymphocytes (Treg) before the beginning of the treatment was 15 cells/μl (range 5–405). After 8 days of treatment, the median number of Treg significantly increased to 74 cells/μl (range 9–644; paired T-test p < 0.001). This increment did not evanish at the subsequent cycles and was even more remarkable at the 3rd and 6th (Figure 2D). Comparing the ratio between Treg at day 8 and day 1 for each cycle with one-way ANOVA, we did not observe a significant difference (F = 1.121 and p = 0.3294; Figure 3A).




Figure 3 | (A) Average with standard deviation of the number of effector (CD45RO−CD27−) γδ lymphocytes before the beginning and after 8 days of treatment at cycles: 1, 3, and 6. (B) Average with standard deviation of the number of late effector (CD45RO+CD27−) γδ lymphocytes before the beginning and after 8 days of treatment at cycles: 1, 3, and 6. (C) Average with standard deviation of the number of memory (CD45RO−CD27+) γδ lymphocytes before the beginning and after 8 days of treatment at cycles: 1, 3, and 6. (D) Time to progression of patients with a high and low (dotted line) number of memory γδ lymphocytes (according to their median number) in bone marrow before the beginning of the maintenance treatment. (E) Average with standard deviation of the number of naïve (CD45RO−CD27−) γδ lymphocytes before the beginning and after 8 days of treatment at cycles: 1, 3, and 6. (F) Average with standard deviation of the number of Vγ9δ2 lymphocytes before the beginning and after 8 days of treatment at cycles: 1, 3, and 6. Stars indicate statistically significant differences.





Variation of γδ Lymphocytes Subpopulations

CD45RO−CD27− positivity defines the T cells effector phenotype. The median number of CD45RO−CD27− γδ T-cells before the treatment was 1 cells/μl (range 0–118). After 8 days of the first cycle, the median number of CD45RO−CD27− γδ T-cells increased to 5 cells/μl (paired T-test p = 0.0015; Figure 3A). The ratio between day8/day1 had a median value of ratio 6.02, 2.38, and 1.09 at the 1st, 2nd, and 6th cycle (One-way ANOVA p < 0.0001 with significant post hoc Dunnett’s test comparing cycle 1 vs 3 and 1 vs 6).

CD45RO+CD27− defines the late effector phenotype. The median number of CD45RO+CD27− γδ-cells before the treatment was 10/μl (range 1–223). After 8 days of the first cycle, the median number of CD45RO+CD27− γδ-lymphocytes increases to 14/μl (range 0–377; median ratio day8/day1 = 1.48; paired T-test p = 0.0242). There was not a significant increase in CD45RO+CD27− between day 1 and day 8 at the 3rd and 6th cycle (Figure 3B). The One-way ANOVA between cycles 1, 3, and 6 of day8/day1 ratio was not significant.

CD45RO−CD27+ defines the memory phenotype. The median number of CD45RO−CD27+ γδ T-cells before the treatment was 2/μl (range 0–36). After 8 days of the first cycle, the median number of CD45RO−CD27+ γδ T-cells increases to 5.14/μl (range 1–83; median ratio day8/day1 = 2.87; paired T-test p = 0.0090). The increase of CD45RO−CD27+ γδ T-cells at day 8 compared to day 1 was reduced in the subsequent cycles being the median ratio (day8/day1) 1.7 at the third cycle and 1.66 at 6th cycle (One-way ANOVA p < 0.0120 with significant post hoc Dunnett’s test comparing cycle 1 vs cycle 3 and cycle 1 vs cycle 6; Figure 3C). The patients with lower (below the median) expansion of CD45RO−CD27+ γδ T-cells at cycle 1 had a better TTP (median TTP 37.6; 95% CI 27.8–47.4 vs 19.9; 95% CI: 9.2–30.6; LogRank p = 0/027; Figure 3D).

CD45RA+CD27+ defines the naive phenotype. The treatment with IL2 and zoledronate did not significantly increase the number CD45RA+CD27+ γδ T-cells between day 1 and day 8 of cycles 1, 3, and 6 and the one-way ANOVA between cycles was not statistically significant (Figure 3E).

The median number of Vγ9δ2 lymphocytes before the treatment was 2 cells/μl (range 0–58). After 8 days of treatment the median number increases to 9 cells/μl (0–152; paired T-test p = 0.0004). The increase was not significant at cycles 3 and 6 (Figure 3F). There was a significant difference between the ratio (day8/day1) of Vγ9δ2 cells between cycles (one-way ANOVA p = 0.0070); with Dunnett’s post hoc test we observed a significant difference between cycle 1 vs 3 and 1 vs 6.

The median number of CD57+ before the treatment was 9 cells/μl (range 0–176). After 8 days of treatment the median number increases to 17 cells/μl (1–299; paired T-test p = 0.0289). The increase at day 8 vs day 1 was not significant at the 3rd and 6th cycle (Figure 4A). There was a significant difference between the ratio (day8/day1) of CD57+ cells between cycles (one-way ANOVA P = 0.0242); with Dunnett’s post hoc test we observed a significant difference between cycle 1 vs 3 and 1 vs 6. Patients with a lower increase of CD57+ cells at the first cycle (under the median value of 1.66) had a trend for a better TTP with a median of 32.9 (95% CI 26.0–39.8) vs 20.7 months (95% CI 7.1–34.3; LogRank p = 0.113; Figure 4B).




Figure 4 | (A) Average with standard deviation of the number of CD57+ γδ lymphocytes before the beginning and after 8 days of treatment at cycles: 1, 3, and 6. (B) Time to progression of patients with a high and low (dotted line) number of CD57+ γδ lymphocytes (according to their median number) in bone marrow before the beginning of the maintenance treatment. Stars indicate statistically significant differences.






Discussion

Our schedule of IL2 and zoledronate is feasible in myeloma patients after autologous bone marrow transplantation and results in a median TTP of 22.5 months in patients that achieved VGPR. IL2 and zoledronate expand γδ lymphocytes in peripheral blood at the first cycles but the effect reduces with subsequent administrations.

Lenalidomide has become the standard maintenance treatment after bone marrow transplantation in multiple myeloma. Indeed, a significant increase of PFS from 23 to 41 months was observed in patients treated with lenalidomide compared to placebo (6). We observed a median PFS of 28.3 months from the autologous transplantation. In subsequent update of CALGB Alliance trial, the benefit was achieved for OS in lenalidomide arm compared to placebo: 113.8 vs 84.1 months, respectively, despite the crossover of treatment (7). The placebo arm could represent an interesting reference for our study but lenalidomide trial includes all kinds of response, whereas our trial accrued only patients with VGPR.

Recently, a phase III trial demonstrated the superiority of ixazomib maintenance treatment after autologous stem cell transplantation in multiple myeloma with a median PFS of 26.5 vs 21.3 months (21). In our trial, eight patients (18%) obtained a negativization of the immunofixation during the maintenance treatment that was started at least after 3 months from the autologous transplantation suggesting an antitumor activity of the treatment. A slow clearance of the monoclonal protein can be responsible of delayed improvement of patients’ response after transplantation even without maintenance, but it usually occurs in the early months after transplant and only in a small percentage of patients. The median TTP was not reached in patients with negativization of the immunofixation, 75% of patients did not progress after 2 years from the beginning of the maintenance treatment. Adverse events, in particular fever, were manageable if IL-2 dose was limited to 4 × 106 IU. Our results do not support the use of IL2/zoledronate such as standard maintenance treatment for patients with multiple myeloma that achieve VGPR after autologous bone marrow transplantation. Currently, lenalidomide remains the standard of care but patients are not definitively cured and more effective treatments are urgently needed for myeloma patients.

It is known that IL2 expand peripheral blood and tumor infiltrating T lymphocytes in vitro and in vivo. We observed an increase of γδ lymphocytes after a week of treatment with IL2 and zoledronate. This expansion includes several subpopulations of γδ lymphocytes: Vγ9δ2, CD57, effector (CD45−CD27−), late effector (CD45+CD27−) and memory (CD45−CD27+) but not naïve (CD45+CD27+) phenotypes. In the subsequent cycles, there was a progressive reduction in the ability of IL2 to expand γδ lymphocytes becoming not significant after the 6th cycle. This reduction was also evident for Vγ9δ2, CD57+, effector, late effector, and memory γδ lymphocytes. A significant increment of CD3+Treg was observed at the first and subsequent cycles. Indeed, IL2 receptor is transiently expressed on the surface of lymphocytes when an antigen is recognized and help the differentiation into effector and memory T-cells. IL2 receptor is expressed also on γδ lymphocytes, and IL2 and IL15 induce the cytotoxic type 1 phenotype that produces INF-γ (22, 23). The treatment with IL2 and IL15 is not sufficient for the activation of peripheral blood γδ lymphocytes but necessitate of the activation of TCR (24, 25).

Our and other groups demonstrated that IL2 in presence of zoledronate can expand γδ lymphocytes in vitro. Zoledronate, interfering with mevalonate metabolisms, induces the expression of phospho-antigens such as isopentyl pyrophosphate. These antigens can be recognized in an MHC independent manner by the TCR of γδ T-cells and especially those with Vγ9δ2 rearrangements (9, 26). Phospho-antigens produce a direct activation of TCR but the understanding of how Vγ9δ2 are activated by phospho-antigens has remained a matter of speculation (27). It is known that CD277 is implicated in this process. CD277 is a surface molecule that belongs to the B7 superfamily of costimulatory proteins. Data supports the hypothesis that phospho-antigens induce CD277 secondary modifications such as joint spatial and conformational changes (27). It has been recently shown that γδ-TCR recognizes BTN2A1 and a second ligand followed by a third step involving CD277, which serves as a coactivator and interact with another receptor in a 2-receptor, 3-ligand model (28). Moreover, a large variation in antitumor reactivity of Vγ9δ2 cell clones obtained from the same or different healthy donors has been shown and only a small fraction of these clones was strongly reactive against cancer cells (39.) A highly heterogenous Vγ9δ2 T cell repertoire, with many different functional profiles and affinities of individual receptors, provides a possible explanation for the disappointing results obtained in these years using in vitro and in vivo γδ expanded lymphocytes for the treatment of hematological and solid malignancies (27). Interestingly, γδ T-cells are able to inhibit osteoclasts proliferation and restore activity of mature osteoclasts in chronic inflammatory diseases such as rheumatoid arthritis via interferon-γ production (26). This activity could contribute to myeloma control both by inhibiting osteolysis and inducing modification in bone marrow microenvironment. Moreover, increased doses of IL2, given at subsequent cycles, could contribute to the reduced ability to expand γδ T-cells in further administration. This may suggest that low doses of IL2 should be preferred for administration.

On the contrary, Treg constitutively express IL2 receptor and therefore remain sensitive to IL2 stimulation in subsequent cycles (29). Myeloma cells possibly contribute to the expansion of Treg in vivo (30). The repeated expansions of Treg could hypothetically reduce the anti-tumor activity of the treatment. However, reduced numbers of Treg carrying an impaired suppressor function have been described (31) in myeloma patients. Recently, an increase of highly reactive circulating Treg has been shown in lenalidomide treated patients (32, 33). Considering the positive results of lenalidomide maintenance in multiple myeloma the role of Treg in this setting needs to be further evaluated.

Our results suggest a role of γδ T-cells in the immune control of multiple myeloma and are consistent with our previous articles showing an increased presence of Vγ9δ2 lymphocytes in patients responding to allogeneic bone marrow transplantation (8). Several other immune cells could contribute to the anti-myeloma activity of IL2 and zoledronate treatment and our data cannot exclude their importance. Our focus on γδ T-cells depends on in vitro evidences of anti-myeloma activity of γδ lymphocytes that represents the rationale of this clinical trial. Patients with a lower number of γδ T-cells in the bone marrow before the maintenance treatment had a better TTP compared to those with a higher presence. Recent evidences suggest that bone marrow γδ T-cells from multiple myeloma patients are five times less cytotoxic than cells from healthy donors because of PD1 expression is induced on lymphocytes and PD-L1 in the cells of microenvironment (34). The anergy of γδ T-cells has been recently shown in B chronic lymphocytic leukemia. The reduced cytotoxicity appears to be related to the granzyme reduced secretion in effector memory cells largely expressed in chronic lymphocytic leukemia derived γδ T-cells (35). The addition of immune checkpoint inhibitors to myeloma derived γδ T-cells restore their anti-tumor activity (36).

A higher expansion of memory γδ lymphocytes (CD45RO−CD27+) was observed in patients with a worse TTP. Cytotoxic T lymphocytes with the effector phenotype (CD45RO−CD27−) are the killer of cancer cells. In acute infections, after the clearance of antigens, effector T-cells rapidly undergo apoptosis and only a subpopulation of cytotoxic memory cells survive. Memory lymphocytes are further divided in central memory and effector memory subsets, according to the expression of two homing molecules: CD62L and CCR7 (37). Effector memory cells exhibit rapid effector function, readily differentiating into highly cytotoxic effector cells (38). In contrast, central memory T-cells are less differentiated, have increased proliferative potential and acquire effector functions less rapidly. In patients with a higher number of memory γδ before treatment, there was a significant lower number of effector γδ lymphocytes (Fisher exact test p < 0.0001). A more prominent expansion of memory γδ lymphocytes was observed in patients with a higher basal number of memory γδ T-cells (chi-square p = 0.041). A prominent expansion of memory γδ lymphocytes upon IL2 stimulation could suggest the absence of antigens. Since myeloma tumor cells were still present, neither a correlation with negativization of immunofixation was observed, an inhibition of anti-tumor response could be conceivable. Also CD57+ γδ lymphocytes were expanded by IL2 zoledronate treatment in vivo. Patients with a higher basal number (cycle 1 day 1) of CD57+ γδ cells had a higher expansion of these cells (chi-square p = 0.001). A higher expansion of CD57+ γδ lymphocytes correlated with a worse TTP. Indeed, CD57+ identified the exhaust phenotype of effector T-cells with a reduced cytotoxicity. This further supports the idea that γδ lymphocytes can exert antitumor activity and suggests the presence of an inhibition of this phenomenon in multiple myeloma patients. Indeed, it is known that myeloma cells actively remodel the bone marrow microenvironment to establish a protective niche to evade immune control and promote cell growth (39).

In conclusion, our results suggest that IL2 and zoledronate may have activity against myeloma possibly through the activation of γδ lymphocytes. The treatment is feasible in terms of adverse events but is challenging for the patients for the numerous access to the hospital. The clinical benefit observed in terms of TTP does not support the use of maintenance treatment with IL2/zoledronate such as treatment options in myeloma patients after autologous bone marrow transplantation, especially after that lenalidomide has become the stranded of care.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by the ethics committee of Pisa. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

GB was a study coordinator, wrote the paper, and managee the patients. RF and IP were study coordinators and wrote the paper. LN and BP recruited the patients. NG was a study coordinator. RM conducted the statistical analysis. GC and SG performed the laboratory tests and managed the patients. All authors contributed to the article and approved the submitted version.



Funding

This trial has been funded with a grant from the Italian Ministry of Health: “GR-2009-1546047.”



References

1. Attal, M, Harousseau, JL, Stoppa, AM, Sotto, JJ, Fuzibet, JG, Rossi, JF, et al. A prospective, randomized trial of autologous bone marrow transplantation and chemotherapy in multiple myeloma. Intergroupe Francais du Myelome. New Engl J Med (1996) 335(2):91–7. doi: 10.1056/NEJM199607113350204

2. Yakoub-Agha, I, Moreau, P, Leyvraz, S, Berthou, C, Payen, C, Dumontet, C, et al. Thalidomide in patients with advanced multiple myeloma. Hematol J Off J Eur Haematol Assoc (2000) 1(3):186–9. doi: 10.1038/sj/thj/6200031

3. Barlogie, B, Tricot, G, Anaissie, E, Shaughnessy, J, Rasmussen, E, van Rhee, F, et al. Thalidomide and hematopoietic-cell transplantation for multiple myeloma. New Engl J Med (2006) 354(10):1021–30. doi: 10.1056/NEJMoa053583

4. Morgan, GJ, Gregory, WM, Davies, FE, Bell, SE, Szubert, AJ, Brown, JM, et al. The role of maintenance thalidomide therapy in multiple myeloma: MRC Myeloma IX results and meta-analysis. Blood (2012) 119(1):7–15. doi: 10.1182/blood-2011-06-357038

5. McCarthy, PL, Owzar, K, Hofmeister, CC, Hurd, DD, Hassoun, H, Richardson, PG, et al. Lenalidomide after stem-cell transplantation for multiple myeloma. New Engl J Med (2012) 366(19):1770–81. doi: 10.1056/NEJMoa1114083

6. Attal, M, Lauwers-Cances, V, Marit, G, Caillot, D, Moreau, P, Facon, T, et al. Lenalidomide maintenance after stem-cell transplantation for multiple myeloma. New Engl J Med (2012) 366(19):1782–91. doi: 10.1056/NEJMoa1114138

7. Holstein, SA, Jung, SH, Richardson, PG, Hofmeister, CC, Hurd, DD, Hassoun, H, et al. Updated analysis of CALGB (Alliance) 100104 assessing lenalidomide versus placebo maintenance after single autologous stem-cell transplantation for multiple myeloma: a randomised, double-blind, phase 3 trial. Lancet Haematol (2017) 4(9):e431–e42. doi: 10.1016/S2352-3026(17)30140-0

8. Galimberti, S, Benedetti, E, Morabito, F, Petrini, I, Battolla, B, Papineschi, F, et al. Different gamma/delta T clones sustain GVM and GVH effects in multiple myeloma patients after non-myeloablative transplantation. Leukemia Res (2006) 30(5):529–35. doi: 10.1016/j.leukres.2005.09.004

9. Petrini, I, Pacini, S, Petrini, M, Fazzi, R, Trombi, L, and Galimberti, S. Mesenchymal cells inhibit expansion but not cytotoxicity exerted by gamma-delta T cells. Eur J Clin Invest (2009) 39(9):813–8. doi: 10.1111/j.1365-2362.2009.02171.x

10. Uchida, R, Ashihara, E, Sato, K, Kimura, S, Kuroda, J, Takeuchi, M, et al. Gamma delta T cells kill myeloma cells by sensing mevalonate metabolites and ICAM-1 molecules on cell surface. Biochem Biophys Res Commun (2007) 354(2):613–8. doi: 10.1016/j.bbrc.2007.01.031

11. Gober, HJ, Kistowska, M, Angman, L, Jeno, P, Mori, L, and De Libero, G. Human T cell receptor gammadelta cells recognize endogenous mevalonate metabolites in tumor cells. J Exp Med (2003) 197(2):163–8. doi: 10.1084/jem.20021500

12. Burjanadze, M, Condomines, M, Reme, T, Quittet, P, Latry, P, Lugagne, C, et al. In vitro expansion of gamma delta T cells with anti-myeloma cell activity by Phosphostim and IL-2 in patients with multiple myeloma. Br J Haematol (2007) 139(2):206–16. doi: 10.1111/j.1365-2141.2007.06754.x

13. Knight, A, Mackinnon, S, and Lowdell, MW. Human Vdelta1 gamma-delta T cells exert potent specific cytotoxicity against primary multiple myeloma cells. Cytotherapy (2012) 14(9):1110–8. doi: 10.3109/14653249.2012.700766

14. Petrini, I, Pacini, S, Galimberti, S, Taddei, MR, Romanini, A, and Petrini, M. Impaired function of gamma-delta lymphocytes in melanoma patients. Eur J Clin Invest (2011) 41(11):1186–94. doi: 10.1111/j.1365-2362.2011.02524.x

15. Dhillon, S, and Lyseng-Williamson, KA. Zoledronic acid : a review of its use in the management of bone metastases of malignancy. Drugs (2008) 68(4):507–34. doi: 10.2165/00003495-200868040-00010

16. Amato, RJ, Malya, R, and Rawat, A. Phase II study of combination thalidomide/interleukin-2 therapy plus granulocyte macrophage-colony stimulating factor in patients with metastatic renal cell carcinoma. Am J Clin Oncol (2008) 31(3):237–43. doi: 10.1097/COC.0b013e31815e4505

17. Alici, E, Konstantinidis, KV, Sutlu, T, Aints, A, Gahrton, G, Ljunggren, HG, et al. Anti-myeloma activity of endogenous and adoptively transferred activated natural killer cells in experimental multiple myeloma model. Exp Hematol (2007) 35(12):1839–46. doi: 10.1016/j.exphem.2007.08.006

18. Robinson, N, Benyunes, MC, Thompson, JA, York, A, Petersdorf, S, Press, O, et al. Interleukin-2 after autologous stem cell transplantation for hematologic malignancy: a phase I/II study. Bone Marrow Transplant (1997) 19(5):435–42. doi: 10.1038/sj.bmt.1700687

19. Poccia, F, Gioia, C, Martini, F, Sacchi, A, Piacentini, P, Tempestilli, M, et al. Zoledronic acid and interleukin-2 treatment improves immunocompetence in HIV-infected persons by activating Vgamma9Vdelta2 T cells. Aids (2009) 23(5):555–65. doi: 10.1097/QAD.0b013e3283244619

20. Durie, BG, Harousseau, JL, Miguel, JS, Blade, J, Barlogie, B, Anderson, K, et al. International uniform response criteria for multiple myeloma. Leukemia (2006) 20(9):1467–73. doi: 10.1038/sj.leu.2404284

21. Dimopoulos, MA, Gay, F, Schjesvold, F, Beksac, M, Hajek, R, Weisel, KC, et al. Oral ixazomib maintenance following autologous stem cell transplantation (TOURMALINE-MM3): a double-blind, randomised, placebo-controlled phase 3 trial. Lancet (2019) 393(10168):253–64. doi: 10.1016/S0140-6736(18)33003-4

22. Ribot, JC, Ribeiro, ST, Correia, DV, Sousa, AE, and Silva-Santos, B. Human gammadelta thymocytes are functionally immature and differentiate into cytotoxic type 1 effector T cells upon IL-2/IL-15 signaling. J Immunol (2014) 192(5):2237–43. doi: 10.4049/jimmunol.1303119

23. Yamaguchi, T, Suzuki, Y, Katakura, R, Ebina, T, Yokoyama, J, and Fujimiya, Y. Interleukin-15 effectively potentiates the in vitro tumor-specific activity and proliferation of peripheral blood gammadeltaT cells isolated from glioblastoma patients. Cancer Immunol Immunotherapy CII (1998) 47(2):97–103. doi: 10.1007/s002620050509

24. Garcia, VE, Jullien, D, Song, M, Uyemura, K, Shuai, K, Morita, CT, et al. IL-15 enhances the response of human gamma delta T cells to nonpeptide [correction of nonpetide] microbial antigens. J Immunol (1998) 160(9):4322–9.

25. Li, H, and Pauza, CD. HIV envelope-mediated, CCR5/alpha4beta7-dependent killing of CD4-negative gammadelta T cells which are lost during progression to AIDS. Blood (2011) 118(22):5824–31. doi: 10.1182/blood-2011-05-356535

26. Pappalardo, A, and Thompson, K. Activated gammadelta T cells inhibit osteoclast differentiation and resorptive activity in vitro. Clin Exp Immunol (2013) 174(2):281–91. doi: 10.1111/cei.12165

27. Vyborova, A, Beringer, DX, Fasci, D, Karaiskaki, F, van Diest, E, Kramer, L, et al. γ9δ2T cell diversity and the receptor interface with tumor cells. J Clin Investigations (2020) 130(9):4637–51. doi: 10.1172/JCI132489

28. Sebestyen, Z, Prinz, I, Déchanet-Merville, J, Silva-Santos, B, and Kuball, J. Translating gammadelta (γδ) T cells and their receptors into cancer cell therapies. Nat Rev Drug Discovery (2020) 19(3):169–84. doi: 10.1038/s41573-019-0038-z

29. Chinen, T, Kannan, AK, Levine, AG, Fan, X, Klein, U, Zheng, Y, et al. An essential role for the IL-2 receptor in Treg cell function. Nat Immunol (2016) 17(11):1322–33. doi: 10.1038/ni.3540

30. Frassanito, MA, Ruggieri, S, Desantis, V, Di Marzo, L, Leone, P, Racanelli, V, et al. Myeloma cells act as tolerogenic antigen-presenting cells and induce regulatory T cells in vitro. Eur J Haematol (2015) 95(1):65–74. doi: 10.1111/ejh.12481

31. Gupta, R, Ganeshan, P, Hakim, M, Verma, R, Sharma, A, and Kumar, L. Significantly reduced regulatory T cell population in patients with untreated multiple myeloma. Leukemia Res (2011) 35(7):874–8. doi: 10.1016/j.leukres.2010.11.010

32. Prabhala, RH, Neri, P, Bae, JE, Tassone, P, Shammas, MA, Allam, CK, et al. Dysfunctional T regulatory cells in multiple myeloma. Blood (2006) 107(1):301–4. doi: 10.1182/blood-2005-08-3101

33. Fostier, K, Caers, J, Meuleman, N, Broos, K, Corthals, J, Thielemans, K, et al. Impact of lenalidomide maintenance on the immune environment of multiple myeloma patients with low tumor burden after autologous stem cell transplantation. Oncotarget (2018) 9(29):20476–89. doi: 10.18632/oncotarget.24944

34. Erexson, GL, Kligerman, AD, Halperin, EC, Honore, GM, and Allen, JW. Micronuclei in binucleated lymphocytes of mice following exposure to gamma radiation. Environ Mol mutagenesis (1989) 13(2):128–32. doi: 10.1002/em.2850130207

35. de Weerdt, I, Hofland, T, Lameris, R, Endstra, S, Jongejan, A, Moerland, PD, et al. Improving CLL Vgamma9Vdelta2-T-cell fitness for cellular therapy by ex vivo activation and ibrutinib. Blood (2018) 132(21):2260–72. doi: 10.1182/blood-2017-12-822569

36. Castella, B, Melaccio, A, Foglietta, M, Riganti, C, and Massaia, M. Vgamma9Vdelta2 T Cells as Strategic Weapons to Improve the Potency of Immune Checkpoint Blockade and Immune Interventions in Human Myeloma. Front Oncol (2018) 8:508. doi: 10.3389/fonc.2018.00508

37. Sallusto, F, Lenig, D, Forster, R, Lipp, M, and Lanzavecchia, A. Two subsets of memory T lymphocytes with distinct homing potentials and effector functions. Nature (1999) 401(6754):708–12. doi: 10.1038/44385

38. Bachmann, MF, Wolint, P, Schwarz, K, Jager, P, and Oxenius, A. Functional properties and lineage relationship of CD8+ T cell subsets identified by expression of IL-7 receptor alpha and CD62L. J Immunol (2005) 175(7):4686–96. doi: 10.4049/jimmunol.175.7.4686

39. Castella, B, Foglietta, M, Riganti, C, and Massaia, M. Vgamma9Vdelta2 T Cells in the Bone Marrow of Myeloma Patients: A Paradigm of Microenvironment-Induced Immune Suppression. Front Immunol (2018) 9:1492. doi: 10.3389/fimmu.2018.01492



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Fazzi, Petrini, Giuliani, Morganti, Carulli, Dalla Palma, Notarfranchi, Galimberti and Buda. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-11-573156-g004.jpg
5% 8 %8G8 8

“om
woms

Cum Surival

8

TR 4 % @ e n
Time To Progressicn (months)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Phase II Trial of Maintenance Treatment With IL2 and Zoledronate in Multiple Myeloma After Bone Marrow Transplantation: Biological and Clinical Results

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          EudraCT Number

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study Design and Participants

          



          		

            Procedures

          



          		

            Outcomes

          



          		

            Blood Samples and Flow Cytometry Analysis

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Evaluation of γδ Lymphocytes in Peripheral Blood and Bone Marrow

          



          		

            Variation of γδ Lymphocytes Subpopulations

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu.2020.573156_cover.jpg
, frontiers
in Immunology

Phase Il Trial of Maintenance
Treatment With IL2 and Zoledronate
in Multiple Myeloma After Bone
Marrow Transplantation: Biological
and Clinical Results





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Hematological
pAnemia

Neutropenia
Non-hematological
Fover

Fatigue

Atrvaga
Constipation
Neusea

Cutareous rush

@1(%)

3%
3%

2567%)
2567%)

5(11%)
2(5%)

62 (%)

8(18%

20 (45%)
40%)
5(11%

G3/4 (%)





OEBPS/Images/fimmu-11-573156-g002.jpg
.,...1..mmun||II|I||I|||||]MH

ik

8 8 ¥ ¥ %






OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-11-573156-g003.jpg
]Jﬁ iii

g..
‘i 1=






OEBPS/Images/table1.jpg
Patients a
Age Median 60 (range 39-73
sex

Mo 2 50%

Fomalo 2 50%
Stage

| 1 2%

" 6 14%

I8 0 0

A 26 50%

8 " 25%
1ss

1 15 2%

2 8 18%

3 21 50%
Cytogeneti isk

High sk 1 5%

‘Standard risk 19 5%
Immunogobuins

Kappa 2 5%

Lambda 5 1%

106 ES 75%

IgA 4 9%






OEBPS/Images/fimmu-11-573156-g001.jpg
A d
. B
o8] o
So
H
3
Eo.
3
02 o
o o
TR A % e % ® Tow & % e & e
Time To Progrossion (months) Time To Progression (months)
c °
b .
o8{ o8
o8]
ox
02 o
o o
) TR % ® @k @ R &

Saribiol bscaigd

Trearsbilie Pris ki ¢

e





