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Introduction

Multiple myeloma (MM) is considered an incurable hematological neoplasm. For transplant-eligible patients, initial treatment includes an induction phase followed by an autologous stem cell transplantation (ASCT). Despite the introduction of several drugs in the past years, relapses still occur. Nevertheless, some patients achieve sustained responses after successful induction treatment and ASCT.



Methods

We retrospectively evaluated all patients diagnosed with MM in our institution who underwent induction treatment and ASCT between 1990 and 2015. The subset of patients who achieved a sustained response (any degree) for 5 or more years after ASCT without further treatment or signs of progression were distinguished as “long-term responders” (LTRs). In the non-LTR group, a cohort referred to as “prolonged responders” (PLRs) showed sustained response of at least 5 years after ASCT but eventually relapsed. We collected and analyzed clinical and laboratory data.



Results

Two hundred and fifty patients were diagnosed with MM and received induction treatment and ASCT at our institution in the study period. Among them, 54 (21.6%) patients met the criteria for LTR. Some diagnostic features such as a younger age, female gender, ECOG performance status of 0, lower International Staging System (ISS) stage, lower bone marrow plasma cell infiltration, and lower serum levels of calcium, C-reactive protein, and lactate dehydrogenase (LDH) were found to be more prevalent in LTR. Female gender, an ECOG performance status of 0, a localized Durie-Salmon stage, an ISS of I–II, the absence of bone disease, and an LDH within normal range were also predictive of longer progression-free survival (PFS) and overall survival (OS) in the whole cohort. The depth of the response achieved after induction and ASCT as well as the administration of an IMID-based maintenance regimen may play a role in the differences observed on PFS between cohorts. A detectable M-protein with a monoclonal gammopathy of undetermined significance (MGUS)-like behavior was detected in one-third of LTR after ASCT. Although relapses continue to occur in patients who achieve a 5-year treatment-free period after ASCT, a plateau is observed in the survival curves at approximately 21 years of follow-up.
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Introduction

The treatment of multiple myeloma (MM) has significantly evolved in the past decades, from polychemotherapy and the introduction of high-dose melphalan and autologous stem cell transplantation (ASCT), to the success of novel drugs such as proteasome inhibitors (PIs), immunomodulatory agents (IMIDs), monoclonal antibodies, and the recent advent of immunotherapy (1, 2). Despite these therapeutic improvements, MM remains virtually incurable, with a progressively shorter duration of response to each consecutive line of treatment (3, 4). However, some studies have reported a subset of ASCT-eligible patients who remain untreated for years after ASCT (5, 6), sometimes referred to as “operational cure”. Thus, a few questions arise regarding the chance of cure in these patients, as well as the possibility to detect predictive features that may help clinicians identify these patients.

Certain clinical and laboratory features at diagnosis have been reported to be more likely found in patients who did not require further treatment after ASCT such as a younger age, a lower ECOG (Eastern Cooperative Oncology Group) performance status, a higher hemoglobin and creatinine clearance, a lower ISS stage, and a lower number of high-risk cytogenetic abnormalities. Moreover, the achievement of complete response (CR) after ASCT has been associated with an improved survival in this disease (7–9).

After an induction therapy with novel drugs followed by ASCT, the option of adding some consolidation cycles and, particularly, maintenance therapy with low-dose anti-myeloma drugs arose, with the aim of lengthening time to relapse. A recent prospective, randomized, phase III clinical trial did not demonstrate an improvement of progression-free survival (PFS) or overall survival (OS) with the addition of consolidation therapy (10). However, maintenance with lenalidomide has been associated with significant PFS and OS improvement in several clinical trials for newly diagnosed MM patients (11, 12) and it is nowadays standard clinical practice worldwide.

In terms of bone disease, 18F-Fluorodeoxyglucose (FDG) positron emission tomography (PET) combined with computed tomography (CT) can accurately and sensitively detect MM bone lesions and extramedullary disease, estimating tumor metabolic activity and monitoring response to treatment (13). However, bone lytic lesions found in CT images alone are not always indicative of disease activity since residual lesions can frequently be found in treatment responders. Thus, the most important benefit of 18F-FDG PET/CT is its capability to accurately assess the burden of the disease and to differentiate between metabolically active and inactive bone lesions (14, 15).

Furthermore, some MM patients develop an oligoclonal humoral response after treatment with the emergence of a serum M-protein with an isotype that is different from the one found at diagnosis, called serum oligoclonal band (OB). Some studies have suggested that the presence of OB is associated with a favorable outcome (16, 17).

The aim of the present study is to describe the characteristics and outcome of newly diagnosed MM patients of a single institution who have not required further treatment after induction therapy and ASCT, and to compare them with the group of MM patients who experience relapse or refractoriness receiving the same therapy during the same period of time. We also evaluated the depth of response at different time points, the prognostic impact of lytic lesions after treatment, and the presence of OB and T cell clonality in LTR.



Materials and Methods


Patient Cohorts

In the present study, we included patients with newly diagnosed MM at our institution between 1990 and 2015 who were eligible for ASCT. Of these, we selected the patients who were alive and without further line of treatment for MM at least 5 years after ASCT, regardless of the response achieved. Consequently, patients who progressed and required treatment at any time during follow-up were discarded. The remaining patients were denominated long-term responders (LTRs). In the non-LTR group, some patients achieved a prolonged response (>5 years) but eventually relapsed. This subgroup was labeled prolonged responders (PLRs) and was considered for certain analyses. Patients who received consolidation or maintenance therapy according to local protocols were also analyzed.

Sample collection and clinical record review were performed after informed written consent in accordance with the Declaration of Helsinki. The study protocol was approved by the Institutional Review Board of Hospital Clinic of Barcelona. Patients were diagnosed according to standard International Myeloma Working Group (IMWG) criteria (18). Clinical and laboratory data were collected from medical reports in our institution, registered, and analyzed.

A subset of LTRs were referred for a 18F-FDG PET/CT radiologic evaluation of the bone disease status years after treatment. The median time between ASCT and PET/CT was 97 months. Baseline whole PET/CT images from skull to toe were acquired 60 min after intravenous administration of 3.7 MBq/kg of 18F-FDG, by means of hybrid PET/CT equipment (Biograph mCT TrueV, Siemens Medical Solutions USA, Inc.), including 8–10 beds (2 min per bed). All patients underwent low-dose CT for attenuation correction.

OBs were defined as previously described (16) as the presence of a serum and/or urine immunofixation (IF) monoclonal spike that was different from the original myeloma protein either in their heavy and/or light chains, as well as a different IF migration pattern.



Flow Cytometry Analysis

T-cell clonal expansion was detected using TCR Vβ repertoire analysis by means of an IOTest Beta Mark TCR V Kit (Beckman Coulter, Brea, CA, USA). Relative frequencies of 24 Vβ T cell receptor families were analyzed in CD4+ and CD8+ T cells by flow cytometry in the peripheral blood of 17 recipients of ASCT from the LTR cohort. TCR Vβ panels included antibodies against CD3 (clone UCHT1), CD4 (clone 13B8.2), and CD8 (clone T8) (Beckman Coulter). Cells were acquired on a BD FACSCanto II cytometer and data were analyzed with FlowJo Software v.10 (BD Biosciences, San Jose, CA, USA).



Statistical Analyses

Statistical analyses were performed with SPSS Statistics Data Editor v.25 (IBM Corp., Armonk, NY, USA). Chi-square or Fisher’s test were applied for categorical variables, and the Student’s t-test and Mann–Whitney U test were used for numerical variables when appropriate. Post hoc and planned comparison procedures for interpreting chi-square contingency table test results and the Bonferroni adjustment were also applied when appropriate (19). Survival was analyzed using Mantel–Cox and proportional hazard regression models, including pairwise comparisons. A p-value less than 0.05 was considered statistically significant.




Results


Clinical Features at Diagnosis

A total of 250 patients were diagnosed with MM and treated with ASCT as first-line treatment in our institution between 1990 and 2015. Of these, 11 patients (4.4%) died without relapse and 1 patient was lost to follow-up within the 5 years after ASCT; for this reason, these 12 patients were excluded from the analysis. The causes of death were infection (n = 8), toxicity (n = 2), and a cranial hemorrhage related to arterial hypertension (n = 1). Twenty-three patients achieved a prolonged response (>5 years) but eventually relapsed (PLR). From the remaining 238 patients, 54 (21.6% of n = 250) were found to meet the criteria of LTR and 184 were considered to be non-LTR.

The median follow-up after ASCT for the whole cohort was 78 months (range 4–321) and 141 months (61–321) for LTR. The mean time from diagnosis to ASCT was 8 months in the LTR cohort and 9 months in the non-LTR cohort.

The main characteristics of the patients at diagnosis in the LTR and non-LTR groups are shown in Table 1. A younger age, female sex, a lower International Staging System (ISS), an ECOG performance status of 0, a lower proportion of bone marrow (BM) plasma cells (PCs) by morphology in the BM aspirate, a lower C-reactive protein, lower calcium levels, and an LDH within normal range were more frequently found in the LTR cohort, compared with the non-LTR group (Table 1). The proportion of patients with a localized Durie-Salmon (DS) stage and the mean albumin levels were also higher in the LTR group, but not reaching statistical significance (DS p = 0.081; albumin p = 0.051). The same features were compared between the LTR cohort (n = 54) and the PLR cohort (n = 23) and the proportion of patients with an ECOG performance status of 0 was 50% vs. 9.1% (p = 0.01), respectively, being the only variable retaining statistical significance (Table 1 Supplementary Material).


Table 1 | Main characteristics of long-term responders (LTR) vs. non-LTR.





Differences in Response to Treatment

The responses achieved prior to ASCT in LTR vs. non-LTR were as follows: complete response (CR) 27.8% vs. 12%, very good partial response (VGPR) 13% vs. 9.8%, partial response (PR) 51.9% vs. 55.2%, minimal response (MR) 7.4% vs. 10.4%, stable disease (SD) 0 vs. 2.2%, and progressive disease (PD) 0 vs. 10.4% (Figure 1A). The achievement of any degree of response to the first line of induction treatment was higher in the LTR group [90.7% vs. 72.8% (p = 0.006)]. Of note, a bortezomib-containing regimen was received by 55% LTR vs. 29% non-LTR (p < 0.001) and a lenalidomide-containing regimen was received by 21% LTR vs. 3% non-LTR (p < 0.001). None of the patients received anti-CD38 antibody, such as daratumumab, in first-line treatment for historical reasons.




Figure 1 | (A) Responses obtained prior to autologous stem cell transplantation (ASCT), after 3 months of ASCT and global best response obtained after ASCT with or without consolidation and maintenance therapy in long-term responders (LTR) and non-LTR. (B) Proportion of patients receiving each treatment-based maintenance in LTR and non-LTR. All percentages were rounded to the closest absolute number when > 10. CR, complete response; IF, immunofixation; IMID, immunomodulatory drugs; MR, minimal response; PD, progressive disease; PI, proteasome inhibitors; PR, partial response; SD, stable disease; VGPR, very good partial response.



The responses achieved at 3 months from ASCT in LTR vs. non-LTR were CR with negative IF in 67.9% vs. 29.7% (p < 0.001), VGPR 11.4% vs. 15.9%, PR 20.8% vs. 43.4% (p = 0.0027), MR 0 vs. 4.4%, SD 0 vs. 1.1%, and PD 0 vs. 5.5% (Figure 1A).

In this cohort of 238 patients, due to the period of time in which they were diagnosed and treated, only 5.9% received consolidation treatment (LTR 18.5% vs. non-LTR 2.2%; p < 0.001). All patients received a bortezomib-, lenalidomide-, and dexamethasone-based scheme of consolidation. Maintenance was administered to 38.6% of patients (LTR 57.4% vs. non-LTR 33%; p = 0.001). From the patients who received maintenance in each group, an interferon alpha-2b-based scheme was administered to 42% LTR vs. 78% non-LTR; IMID-based in 29% (LTR) vs. 11.9% (non-LTR), PI-based in 6.4% (LTR) vs. 0 (non-LTR), and a combination of PI and IMID in 22.6% (LTR) vs. 10.2% (non-LTR) (Figure 1B). The main reason for ending maintenance therapy in the non-LTR group was disease progression (58%) followed by drug toxicity (33%), while end of treatment by protocol (59%) was the main reason in the LTR group, also followed by drug toxicity (30%).

In terms of global response between LTR vs. non-LTR after induction therapy, ASCT, and consolidation/maintenance, if received, a CR was observed in 81.1% vs. 37.2% (p < 0.001), VGPR 11.4% vs. 14.2%, PR 7.5% vs. 38.3% (p < 0.001), MR 0 vs. 3.8%, SD 0 vs. 1%, and PD 0 vs. 5.5% (Figure 1A). Of note, 18.9% of LTR did not achieve a CR with negative IF. Thus, as much as one-third (n = 18) of LTR had a detectable serum monoclonal (M) protein of the same isotype than at diagnosis over the evolution of the disease, either as a result of a PR or VGPR after maintenance or due to a serological relapse after achieving response. None of these patients developed CRAB symptoms or required treatment during follow-up.

When comparing the LTR and the PLR cohorts, no statistically significant differences were seen in terms of response prior to ASCT, at 3 months from ASCT or after maintenance, although there was a trend towards deeper responses in the LTR cohort (Figure 1A Supplementary Material). Maintenance was administered in 57% (LTR) vs. 59% (PLR), with no significant differences in the regimens used (Figure 1B Supplementary Material).



Survival Analysis

The median PFS for the whole cohort of 250 patients (including patients who died without relapse within 5 years after ASCT) was 42 months (95% CI: 36.7–47.3), with a median OS of 110 months (95% CI: 90.6–129.5) (Figure 2A). A landmark analysis was performed to determine median PFS and OS of the PLR cohort vs. the LTR cohort, considering time 0 as a landmark time set at 5 years after ASCT (Figure 2B). As expected, median PFS was 191 (LTR) vs. 24 (PLR) months (p < 0.0001), due to the definition of each cohort. The 9 events observed in the LTR cohort corresponded to 9 deaths due to the following causes: 4 second primary malignancies (breast, colon, therapy-related acute myeloid leukemia, and unknown origin), 1 sepsis, 1 meningitis, 1 traumatic brain injury, 1 ischemic stroke, and 1 suspected wild-type transthyretin cardiomyopathy while remaining in CR of the MM. Median OS was 191 (LTR) vs. 116 (PLR) months (p = 0.027).




Figure 2 | (A) Progression-free (PFS) and overall survival (OS) of the complete cohort of n = 250 patients. (B) Progression-free (PFS) and overall survival (OS) of the prolonged response (PLR) cohort (dark blue) and long-term responders (LTR) cohort (green). Time 0 refers to a landmark time set at 5 years after transplant. (C) PFS and OS in the whole cohort (n = 250) according to different variables at the time of diagnosis: Eastern Cooperative Oncology Group (ECOG) = 0 vs. ECOG > 0 performance status, normal vs. high dehydrogenase lactate (LDH), sex, localized vs. advanced Durie-Salmon (DS) stage, International Staging System (ISS), and the presence of bone disease. (D) PFS and OS from ASCT according to the presence or absence of oligoclonal bands at response evaluation. DS Stages I and II were considered localized DS stage and DS stage III was considered advanced stage.



Some baseline characteristics of MM were found to be predictive of survival in the whole cohort (n = 250) of patients (Table 2; Figure 2C). In the group of patients who remained untreated 5 years after ASCT, which included the LTR and the PLR cohorts, the landmark analysis showed that the median PFS in female patients was longer, with a trend towards statistical significance (p = 0.063), although no differences were found in terms of OS (Figure 2 Supplementary Material).


Table 2 | Survival data according to different characteristics at diagnosis.





Imaging Analysis With 18F-FDG PET/CT

In our cohort of patients, 16 out of 54 LTRs were referred for 18F-FDG PET/CT. Thirteen out of 16 (81%) LTRs with 18F-FDG PET/CT showed lytic bone lesions in CT images. None of these lesions showed FDG uptake in the PET images, so they were classified as inactive lesions. In these patients, CT images showed patterns that are characteristic of residual chronic lesions, such as sclerotic bone margins and fat replacement of the lesion. CT images from MM patients will continue to show these residual lesions for a long period, but they can be classified as inactive lesions when there is no significant FDG uptake in PET images (Figure 3).




Figure 3 | (A) Axial fused positron emission tomography/computed tomography (PET/CT) image demonstrates a large sacral lytic bone lesion, with no significant fluorodeoxyglucose (FDG) uptake. Findings are consistent with inactive lesion. (B) Axial CT image shows characteristics of residual bone lesion: sclerotic margins and fat content. Note that the few oval dense spots inside the lesion are the sacral roots passing through the lytic area. Findings are consistent with a chronic residual lesion.





Presence of Oligoclonal Bands and T Cell Clonality in LTR

We then evaluated whether T-cell clonal expansion could also be involved in the achievement of a sustained remission. For that purpose, relative frequencies of 24 Vβ T cell receptor (TCR) families were analyzed in CD4+ and CD8+ T cells by flow cytometry in peripheral blood samples of 17 out of the 54 patients in the LTR group. As expected, the Vβ TCR repertoire in CD8+ T cells showed higher diversity in the number of over-represented TCR Vβ compared to CD4+ T cells (Figure 4A). All the patients studied showed at least one TCR Vβ overrepresented in CD8+ T cells (Figure 4B), suggesting an enrichment compared to the general population.




Figure 4 | Analysis of T-cell clonality in long-term responders (LTR). (A) Frequencies of CD8+ and CD4+ T cells expressing each Vβ TCR subset measured by flow cytometry. Each dot represents one measurement; only values greater than normal values are depicted. (B) Number of Vβ TCR per patient. (C) TCR Vβ subsets in CD8+ T cells from patients with and without oligoclonal bands (OB).



In the LTR group, 71.2% of patients presented OB in the 3-month follow-up after ASCT, compared to 28.7% in the non-LTR (p < 0.0001). When considering separately the 3 cohorts, OBs were observed in 71.2% of LTR, 47.6% of PLR, and 26% of non-LTR (PLR vs. non-LTR p = 0.041; PLR vs. LTR p = 0.057). OBs were associated with a longer PFS (p < 0.001) and OS (0.007) in the cohort of patients with response evaluation after ASCT, and no differences were observed in the landmark analysis performed at 5 years from ASCT including LTR and PLR. Accordingly, in the cohort selected for TCR analysis, 11 out of 17 patients (65%) showed an OB in the serum immunofixation. Among these patients with an oligoclonal humoral immune response, the most frequent overrepresented TCRs were Vβ 8 and 13.1 (Figure 4C). In contrast, TCR Vβ 13.2 was higher in patients who did not show OBs. Taken together, our data showed that T-cell clonality may play a role in achieving sustained responses after ASCT.




Discussion

In this study, 22% of patients treated with induction therapy and ASCT after MM diagnosis in a single institution were found to meet the criteria for LTR. Several features were more prevalent in the LTR group, compared to the non-LTR. In terms of survival, an ECOG performance status of 0, a less advanced stage (by DS stage or ISS of I–II), the absence of bone disease, and an LDH within normal range were predictive of longer PFS and OS in the whole cohort of 250 patients. While a younger age and a normal ECOG performance status seem to be related to a better general condition of the patient and a higher probability of undergoing ASCT, both a lower DS stage and a lower ISS stage, the absence of bone disease, a lower proportion of BM PC, and lower levels of calcium, C-reactive protein, and LDH may be ultimately related to a less aggressive disease.

Interestingly, in this cohort, a higher proportion of LTR were women, with sex being predictive of a longer PFS and OS. Previous studies have not reported statistically significant differences regarding sex in MM patients who achieve prolonged PFS, although study designs were not absolutely comparable (5, 20).

High-risk (HR) cytogenetic abnormalities were found in 20% (LTR) vs. 15% (non-LTR) of the patients with available cytogenetic data [HR was established according to the IMWG definition (21)]. This is inconsistent with the reported data that suggest that HR abnormalities confer a worse prognosis, with more aggressive disease, lower response to conventional treatment, and shorter duration (22). However, this study is limited by the fact that the cytogenetic data of this cohort were evaluable only in a fraction of patients (38%), and that many of the results were obtained from conventional cytogenetics and not CD138-isolated cells using fluorescence in situ hybridization (FISH) testing. However, it is true that some LTRs are carrying out HR cytogenetic risk, confirming the heterogeneity of the prognosis in patients with HR in some series, with some of them surviving as standard cytogenetic risk. The exact proportion of these patients and the long-term impact of each cytogenetic abnormality to achieve LTR status should be explored prospectively.

The depth of the response achieved prior to ASCT, after ASCT, and after maintenance, when administered, was significantly higher in the LTR group, which is consistent with previous observations (23). In this study, only a minority of patients had a high-sensitivity minimal residual disease evaluation, since it was not systematically performed throughout the study period. Although the majority of patients in the LTR group achieved a CR with negative IF after ASCT or consolidation/maintenance therapy, 19% remained IF-positive or presented some amount of M protein in the serum. Also, some low-grade relapses with reappearance of the serum M protein were observed in the LTR group, with no symptoms or need for further treatment. This is consistent with the previous observations reported by several studies (9, 20, 24), in line with the idea that, after treatment, some patients may have a relapse with an MGUS-like behavior. Even in the PLR cohort, relapses were reported up to 96 months (8 years) after ASCT; a plateau is observed in the PFS and OS curves of the whole cohort after 21 years of follow-up, suggesting a potential cure for a proportion of patients with MM.

Due to the period in which this cohort of patients was diagnosed and treated, medical management was not homogeneous over time. As mentioned before, a PI- and IMID-based induction regimen was more frequently administered to the LTR cohort. Moreover, consolidation and maintenance were more frequently administered in the LTR group. Also, a higher proportion of non-LTR received interferon alfa-2b as maintenance therapy, while single PIs, IMIDs, or a combination of both were more frequently received as maintenance therapy by LTR, although no statistically significant differences were observed. The differences in the management of these patients together with the favorable results reported with lenalidomide maintenance may be responsible for the better outcomes in LTR.

No significantly different features were observed between LTR and PLR but ECOG performance status at diagnosis, and no differences were observed in terms of depth of response prior to or after ASCT. Also, the percentage of patients receiving maintenance therapy was similar in both groups. Even though no statistical differences were detected, the regimen used for maintenance was slightly different, with more interferon alfa-2b-based therapy and less IMID-based therapy in the PLR cohort; this may have played a role in the lower duration of response in this group.

18F-FDG PET/CT imaging combines whole-body functional imaging with PET and morphologic imaging with CT in a single study (25). The role of 18F-FDG PET/CT in MM has achieved a highly significant level of evidence (15), being included in the International Myeloma Working Group (IMWG) (26) recommendations.

Bartel et al. stated that the number of PET-positive focal lesions at staging, the presence of PET-positive extramedullary disease at staging, and the suppression of FDG uptake after induction are associated with overall and event-free survival (27, 28). Zamagni et al. concluded that PET/CT involvement at diagnosis and after novel agent-based induction and subsequent ASCT is a reliable predictor of prognosis (29). However, the recommendation to perform an 18F-FDG PET/CT after ASCT is not as clear-cut in clinical practice. The interpretation of post-induction PET data is challenging to hematologists (27). A study by Hillner et al. (30) showed that among 18 different types of malignancies, 18F-FDG PET/CT had the highest effect on the management of patients with MM, resulting in a change in the treatment strategy in 49% of cases.

18F-FDG PET/CT discerns vital from non-vital osteolytic bone lesions, differentiating active myeloma from inactive lesions. Osteolytic lesions in MM hardly heal completely, even after many years, as we can observe in our series. In comparison, the role of CT and MRI after bone marrow transplant is more limited because non-vital osteolytic bone lesions may persist for years in patients who have achieved a CR (25), although the presence of fat replacement within the lesion and the appearance of sclerotic margins in CT images are strongly suggestive of inactivity.

In the present study, we observed a better prognosis associated to the emergence of OB. Molecular studies have demonstrated a non-clonal related origin of plasma cells in MM patients in complete remission with OB; it can result from a higher tumor reduction with a stronger immune reconstitution. We also observed that T-cell clonal expansion may be involved in the achievement of sustained remission. Characterization of the TCR repertoire in LTR revealed a higher involvement of the CD8+ T cells compared to CD4+ T cells, which is consistent with immunological studies in myeloma patients achieving long-term disease control showing increased frequencies of CD8+ T cells (31). This demonstrates that oligoclonal expanded CD8+ T cells are key to disease control in myeloma (32). Indeed, all the patients studied (n = 17/17) showed at least one overrepresented TCR Vβ in CD8+ T cells. Accordingly, Bryant et al. reported that 100% (n = 19/19) of the long-term-survivor (LTS) MM patients showed at least one TCR Vβ over-represented in CD3+ T cells (33), including Vβ 13.1, which we found increased in patients with oligoclonal humoral immune response. Taken together, our data showed that T-cell clonality may play a role in achieving a sustained remission.

In conclusion, the data reported from this cohort of patients with MM highlight that almost 22% of patients treated with induction and ASCT can achieve the LTR status; some characteristics at diagnosis may be predictive of better outcomes and PI- or IMID-based schemes of induction plus IMID-based maintenance regimens may play a role in the differences observed. Also, some LTRs have a detectable M-protein with no need for MM treatment, with an MGUS-like behavior that should be recognized in order to avoid overtreatment. Finally, even though relapses have been detected in patients with prolonged responses up to 8 years from ASCT, a plateau is observed in the survival curves.



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 Comitè d’Ètica d’Investigació (CEIm), Hospital Clinic de Barcelona. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions

AO-C, JS-P, XS, LR, JB, and CL participated in conception and design of the work. AO-C, JS-P, EL, and DM participated in the writing of the manuscript. AO-C, JS-P, EL, AB, PM, and XS provided data and figures. NT, RJ, LR-L, and MC collaborated with data collection. AO-C, DM, AB, PM, and CF performed data analysis and interpretation. MC, LR, JB, and CL revised the article. All the authors gave final approval of the version to be published.



Funding

This work has been supported in part by grants from the Instituto de Salud Carlos III, Spanish Ministry of Health (FIS PI18/00775, PI19/00669, ICI19/00025, and a complementary grant for CONCORD-023; co-funded by the European Union) as well as from Asociación Española Contra el Cancer (AECC) LABAE21971FERN. AOC received funding from the resident award “Ajut Clínic-La Pedrera” 2019 (Hospital Clínic de Barcelona).



Acknowledgments

The authors thank all the staff members of the Hematology, Pathology, Nephrology, and Radiology Departments, the Amyloidosis and Myeloma Unit of Hospital Clinic of Barcelona involved in the treatment of the patients, as well as Esther Bladé for her support as data manager.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2022.936993/full#supplementary-material



Abbreviations

ASCT, autologous stem cell transplantation; BM, bone marrow; CI, confidence interval; CR, complete response; CT, computed tomography; DS, Durie-Salmon; ECOG, Eastern Cooperative Oncology Group; FDG, fluorodeoxyglucose; FISH, fluorescence in situ hybridization; HR, high risk; IF, immunofixation; IMIDs, immunomodulatory agents; IMWG, International Myeloma Working Group; IFN, interferon alpha-2b; ISS, International Staging System; LDH, lactate dehydrogenase; LTR, long-term responder; M, monoclonal; MGUS, monoclonal gammopathy of undetermined significance; MM, multiple myeloma; MR, minimal response; OB, oligoclonal band; OS, overall survival; PC, plasma cell; PD, progressive disease; PET, positron emission tomography; PFS, progression-free survival; PIs, proteasome inhibitors; PR, partial response; PLR, prolonged responder; SD, stable disease; VGPR, very good partial response.



References

1. Harousseau, J-L, and Moreau, P. Autologous Hematopoietic Stem-Cell Transplantation for Multiple Myeloma. New Engl J Med (2009) 360:2645–54. doi: 10.1056/NEJMct0805626

2. Dimopoulos, MA, Moreau, P, Terpos, E, Mateos, MV, Zweegman, S, Cook, G, et al. Multiple Myeloma: EHA-ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up†. Ann Oncol (2021) 32:309–22. doi: 10.1016/j.annonc.2020.11.014

3. Kumar, SK, Therneau, TM, Gertz, MA, Lacy, MQ, Dispenzieri, A, Rajkumar, SV, et al. Clinical Course of Patients With Relapsed Multiple Myeloma. Mayo Clinic Proc (2004) 79:867–74. doi: 10.4065/79.7.867

4. Rodríguez-Lobato, LG, Pereira, A, Fernández de Larrea, C, Cibeira, MT, Tovar, N, Jiménez-Segura, R, et al. Real-World Data on Survival Improvement in Patients With Multiple Myeloma Treated at a Single Institution Over a 45-Year Period. Br J Haematol (2022) 196:649–59. doi: 10.1111/bjh.17888

5. Terpos, E, Ntanasis-Stathopoulos, I, Roussou, M, Kanellias, N, Fotiou, D, Migkou, M, et al. Long PFS of More Than 7 Years is Achieved in 9% of Myeloma Patients in the Era of Conventional Chemotherapy and of First-Generation Novel Anti-Myeloma Agents: A Single-Center Experience Over 20-Year Period. Ann Hematol (2020) 99:1257–64. doi: 10.1007/s00277-020-04060-z

6. Martino, M, Postorino, M, Gallo, GA, Messina, G, Neri, S, Piro, E, et al. Long-Term Results in Multiple Myeloma After High-Dose Melphalan and Autologous Transplantation According to Response Categories in the Era of Old Drugs. Clin Lymphoma Myeloma Leukemia (2014) 14:148–54. doi: 10.1016/j.clml.2013.11.009

7. Lahuerta, JJ, Mateos, MV, Martínez-López, J, Rosiñol, L, Sureda, A, de la Rubia, J, et al. Influence of Pre- and Post-Transplantation Responses on Outcome of Patients With Multiple Myeloma: Sequential Improvement of Response and Achievement of Complete Response Are Associated With Longer Survival. J Clin Oncol (2008) 26:5775–82. doi: 10.1200/JCO.2008.17.9721

8. Martinez-Lopez, J, Blade, J, Mateos, M-V, Grande, C, Alegre, A, García-Laraña, J, et al. Long-Term Prognostic Significance of Response in Multiple Myeloma After Stem Cell Transplantation. Blood (2011) 118:529–34. doi: 10.1182/blood-2011-01-332320

9. Lehners, N, Becker, N, Benner, A, Pritsch, M, Löpprich, M, Mai, EK, et al. Analysis of Long-Term Survival in Multiple Myeloma After First-Line Autologous Stem Cell Transplantation: Impact of Clinical Risk Factors and Sustained Response. Cancer Med (2018) 7:307–16. doi: 10.1002/cam4.1283

10. Stadtmauer, EA, Pasquini, MC, Blackwell, B, Hari, P, Bashey, A, Devine, S, et al. Autologous Transplantation, Consolidation, and Maintenance Therapy in Multiple Myeloma: Results of the BMT CTN 0702 Trial. J Clin Oncol (2019) 37:589–97. doi: 10.1200/JCO.18.00685

11. Nooka, AK, Kaufman, JL, Muppidi, S, Langston, A, Heffner, LT, Gleason, C, et al. Consolidation and Maintenance Therapy With Lenalidomide, Bortezomib and Dexamethasone (RVD) in High-Risk Myeloma Patients. Leukemia (2014) 28:690–3. doi: 10.1038/leu.2013.335

12. McCarthy, PL, Holstein, SA, Petrucci, MT, Richardson, PG, Hulin, C, Tosi, P, et al. Lenalidomide Maintenance After Autologous Stem-Cell Transplantation in Newly Diagnosed Multiple Myeloma: A Meta-Analysis. J Clin Oncol (2017) 35:3279–89. doi: 10.1200/JCO.2017.72.6679

13. Zamagni, E, Nanni, C, Dozza, L, Carlier, T, Bailly, C, Tacchetti, P, et al. Standardization of 18F-FDG–PET/CT According to Deauville Criteria for Metabolic Complete Response Definition in Newly Diagnosed Multiple Myeloma. J Clin Oncol (2020) 39:116–25. doi: 10.1200/JCO.20.00386

14. Cavo, M, Terpos, E, Nanni, C, Moreau, P, Lentzsch, S, Zweegman, S, et al. Role of 18F-FDG PET/CT in the Diagnosis and Management of Multiple Myeloma and Other Plasma Cell Disorders: A Consensus Statement by the International Myeloma Working Group. Lancet Oncol (2017) 18:e206–17. doi: 10.1016/S1470-2045(17)30189-4

15. Matteucci, F, Paganelli, G, Martinelli, G, and Cerchione, C. PET/CT in Multiple Myeloma: Beyond FDG. Front Oncol (2021) 10:622501. doi: 10.3389/fonc.2020.622501

16. Tovar, N, de Larrea, CFernández, Aróstegui, JI, Cibeira, MT, Rosiñol, L, Rovira, M, et al. Natural History and Prognostic Impact of Oligoclonal Humoral Response in Patients With Multiple Myeloma After Autologous Stem Cell Transplantation: Long-Term Results From a Single Institution. Haematologica (2013) 98:1142–6. doi: 10.3324/haematol.2013.084350

17. Schmitz, MF, Otten, HG, Franssen, LE, van Dorp, S, Strooisma, T, Lokhorst, HM, et al. Secondary Monoclonal Gammopathy of Undetermined Significance After Allogeneic Stem Cell Transplantation in Multiple Myeloma. Haematologica (2014) 99:1846–53. doi: 10.3324/haematol.2014.111104

18. Kumar, S, Paiva, B, Anderson, KC, Durie, B, Landgren, O, Moreau, P, et al. International Myeloma Working Group Consensus Criteria for Response and Minimal Residual Disease Assessment in Multiple Myeloma. Lancet Oncol (2016) 17:e328–46. doi: 10.1016/S1470-2045(16)30206-6.

19. Beasley, TM, and Schumacker, RE. Multiple Regression Approach to Analyzing Contingency Tables: Post Hoc and Planned Comparison Procedures. J Exp Educ (1995) 64:79–93. doi: 10.1080/00220973.1995.9943797

20. Paquin, A, Visram, A, Kumar, SK, Gertz, MA, Cantwell, H, Buadi, FK, et al. Characteristics of Exceptional Responders to Autologous Stem Cell Transplantation in Multiple Myeloma. Blood Cancer J (2020) 10:87. doi: 10.1038/s41408-020-00353-8

21. Fonseca, R, Bergsagel, PL, Drach, J, Shaughnessy, J, Gutierrez, N, Stewart, AK, et al. International Myeloma Working Group Molecular Classification of Multiple Myeloma: Spotlight Review. Leukemia (2009) 23:2210–21. doi: 10.1038/leu.2009.174

22. van de Donk, NWCJ, Pawlyn, C, and Yong, KL. Multiple Myeloma. Lancet (2021) 397:410–27. doi: 10.1016/S0140-6736(21)00135-5

23. Lahuerta, J-J, Paiva, B, Vidriales, M-B, Cordón, L, Cedena, M-T, Puig, N, et al. Depth of Response in Multiple Myeloma: A Pooled Analysis of Three PETHEMA/GEM Clinical Trials. J Clin Oncol (2017) 35:2900–10. doi: 10.1200/JCO.2016.69.2517

24. Zhan, F, Barlogie, B, Arzoumanian, V, Huang, Y, Williams, DR, Hollmig, K, et al. Gene-Expression Signature of Benign Monoclonal Gammopathy Evident in Multiple Myeloma is Linked to Good Prognosis. Blood (2006) 109:1692–700. doi: 10.1182/blood-2006-07-037077

25. Mihailovic, J, and Goldsmith, SJ. Multiple Myeloma: 18f-FDG-PET/CT and Diagnostic Imaging. Semin Nucl Med (2015) 45:16–31. doi: 10.1053/j.semnuclmed.2014.08.002

26. Rajkumar, SV, Dimopoulos, MA, Palumbo, A, Blade, J, Merlini, G, Mateos, M-V, et al. International Myeloma Working Group Updated Criteria for the Diagnosis of Multiple Myeloma. Lancet Oncol (2014) 15:e538–48. doi: 10.1016/S1470-2045(14)70442-5

27. Nanni, C, Zamagni, E, Celli, M, Caroli, P, Ambrosini, V, Tacchetti, P, et al. The Value of 18F-FDG PET/CT After Autologous Stem Cell Transplantation (ASCT) in Patients Affected by Multiple Myeloma (MM): Experience With 77 Patients. Clin Nucl Med (2013) 38(2):e74–9. doi: 10.1097/RLU.0b013e318266cee2

28. Bartel, TB, Haessler, J, Brown, TLY, Shaughnessy, Jr.JD, van Rhee, F, Anaissie, E, et al. F18-Fluorodeoxyglucose Positron Emission Tomography in the Context of Other Imaging Techniques and Prognostic Factors in Multiple Myeloma. Blood (2009) 114:2068–76. doi: 10.1182/blood-2009-03-213280

29. Zamagni, E, Patriarca, F, Nanni, C, Zannetti, B, Englaro, E, Pezzi, A, et al. Prognostic Relevance of 18-F FDG PET/CT in Newly Diagnosed Multiple Myeloma Patients Treated With Up-Front Autologous Transplantation. Blood (2011) 118:5989–95. doi: 10.1182/blood-2011-06-361386

30. Hillner, BE, Siegel, BA, Shields, AF, Liu, D, Gareen, IF, Hunt, E, et al. Relationship Between Cancer Type and Impact of PET and PET/CT on Intended Management: Findings of the National Oncologic PET Registry. J Nucl Med (2008) 49:1928. doi: 10.2967/jnumed.108.056713

31. Pessoa de Magalhães, RJ, Vidriales, María-Belén, Paiva, B, Fernandez-Gimenez, C, García-Sanz, Ramón, Mateos, M-V, et al. Analysis of the Immune System of Multiple Myeloma Patients Achieving Long-Term Disease Control by Multidimensional Flow Cytometry. Haematologica (2013) 98:79–86. doi: 10.3324/haematol.2012.067272

32. Joshua, DE, Vuckovic, S, Favaloro, J, Lau, KHA, Yang, S, Bryant, CE, et al. Treg and Oligoclonal Expansion of Terminal Effector CD8+ T Cell as Key Players in Multiple Myeloma. Front Immunol (2021) 12:620596. doi: 10.3389/fimmu.2021.620596

33. Bryant, C, Suen, H, Brown, R, Yang, S, Favaloro, J, Aklilu, E, et al. Long-Term Survival in Multiple Myeloma is Associated With a Distinct Immunological Profile, Which Includes Proliferative Cytotoxic T-Cell Clones and a Favourable Treg/Th17 Balance. Blood Cancer J (2013) 3:e148–8. doi: 10.1038/bcj.2013.34




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.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Oliver-Caldes, Soler-Perromat, Lozano, Moreno, Bataller, Mozas, Garrote, Setoain, Aróstegui, Yagüe, Tovar, Jiménez, Rodríguez-Lobato, Cibeira, Rosiñol, Bladé, Juan and Fernández de Larrea. 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/fonc.2022.936993_cover.jpg
, frontiers ‘ Frontiers in Oncology

Long-Term Responders
After Autologous Stem Cell
Transplantation in Multiple Myeloma





OEBPS/Images/fonc-12-936993-g002.jpg
PFS

Median 42 months (36.7-47.3 C195%) 12|

os
Median 110 months (90.6-129.5 CI 95%)

2 “
i o
5
i ) o
2
=
S o
bt ) =250
0 - 0 B -
Months Months
PFS 0s
10 Median 191 vs. 24 months (CI 95%) 10/ Median 191 vs. 116 months (CI 95%)
Pp<0.0001 p=0.027
T o
i ) :
£ LTR cobort LTR codart
) ol
3 o ol ProloagedR cobort
il ProlongedR cobort o "
W wm m ow . w e ™
Months Months
ECOG=0
PFS 0s
& Median 92 vs. 34 months (C195%) Median 187 vs. 89 months (CI 95%)

H

[

Cumulative survival
£

p=0.001

Cumulative survival

o
Months

p=0.002

)
Months

2

Cumulative survival
e

2

e

Cunnlln:ro survival

1

PFS

Sex

Median 50 vs. 39 months (CI 95%)

=
Months

p=0.01

a5

c

2

Cumulative survival
4

H

os

Median 120 vs. 86 months (CT 95%)
Pp=0.049

o
Months

Durie-Salmon (DS) Staging System

PFS

Median 49 vs. 33 months (CI 95%)

»
Months

PFS

Pp=0.007

ISS

Median 50 vs. 43 vs. 33 months (CI 95%)

ISSI-ISSIINS

ISS I - ISS III p=0.008
ISS 1 ISS IINS (p=0.1)

-
Months

vk

2

14

Cumulative survival

4

oS

Median 152 vs. 70 months (CI 95%)
p<0.001

Advanced DS stage
=280
- - - -
Months
os
Median 130 vs. 123 vs. 58 moaths (CI 95%)
ISSI-ISSIINS

1SS 1~ ISS 11 p=0.0003
1SS I - ISS III p=0.0052

s

Bone disease
PFS os

Median 55 vs. 37 months (C195%)  '*
p=0.008

Median 151 vs. 90 moaths (CI 95%)
Pp=0.009

e

C—nlattg\v survival

- w280
Lot - . - -
Months Moaths
High LDH
PFS 0s
Median 46 vs. 22 months (CT 95%) Median 118 vs. 69 moaths (C1 95%)

p<0.0001 p-0.018

] 3
tu 39
] 2
o N
4 3
B £
¥ Tigh LOH
- - a-2%
. . - - - -
Moanths
D Oligoclonal bands
PFS os
" Median 74 vs. 26 months (C195%) 1 Median 151 vs. 85 months (C1 95%)
P<0.001 p=0.007
—w -
f. £
2 g
& Y
“ = Presest
Present L_
“ 8.
Absent
o Absent -
. - - - - . w - - -
Months Months






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Long-Term Responders After Autologous Stem Cell Transplantation in Multiple Myeloma

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patient Cohorts

          



          		

            Flow Cytometry Analysis

          



          		

            Statistical Analyses

          



        



        



        		

          Results

        

          		

            Clinical Features at Diagnosis

          



          		

            Differences in Response to Treatment

          



          		

            Survival Analysis

          



          		

            Imaging Analysis With 18F-FDG PET/CT

          



          		

            Presence of Oligoclonal Bands and T Cell Clonality in LTR

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Sex

Female vs. male

ECOG performance status scale
=0 vs. >0

Durie-Salmon Staging System
Localized vs. advanced

ISS

lvs. llvs.

lvs. Il

lvs. lll

hvs. 1l

Bone disease

Absent vs. present

LDH

Normal vs. elevated

BM plasma cells

%

Serum calcium levels

mg/di

PFS

Median (months) or Hazard ratio (95% CI)

50 vs. 39
92 vs. 34

49 vs. 33
50 vs. 43 vs. 33

55 vs. 37
46 vs. 22
1.007

1.232

p-value

0.01
0.001
0.007

NS
0.008
NS
0.008
<0.0001

0.028

0.018

os

Median (months) or Hazard ratio (95% CI)

120 vs. 86

187 vs. 89

152vs. 70
130 vs. 123 vs. 58

151 vs. 90

118 vs. 69

1.008

1.256

p-value

0.049
0.002
<0.001
NS
0.0003
0.0052
0.009
0.018
0.036

0.019

BM, bone marrow; ECOG, Eastern Cooperative Oncology Group; ISS, International Staging System; LDH, lactate dehydrogenase; NS, non-statistically significant; PFS, progression-free

survival: Pts, patients; OS, overall survival.





OEBPS/Images/fonc-12-936993-g001.jpg
Prior to 3 months After
ASCT after ASCT maintenance

100
90
80
70 == PD
60 == SD
50 == MR
== PR
40 e VGPR
30 " CR(-IF) == Interferon alfa-2b
=]
20 == PI
10 w= IMID and PI
0
IMID containing regimens:

22.1% (Non-LTR) vs 51.6% (LTR) p=0.004






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-936993-g004.jpg
A B
SMMFL  +MM#2  MM#3 o MME4 o MMHS = MMHG
CMMA7  SMMAS  CMMHO  °MMKI0 *MM¥IL  © MMKI2
SMMAI3  © MMHI4  © MMELS 16 © MM#17 6
~ =CD8+ ®CD4+
0 g s
2 . =
T2 . 4
F .
= g3
20 s
& IR J 8.
815 .o e B £
b S 1
ERU 4 * ' SEINE . z
. 0
3 H .0. % a4 |1 Patient# 2 5 7 815612144 9101117 1 3 1613
0—1Nm’—:qq—vu_nm—nn—:q‘qv‘chweqnﬂm
g8 aae SHGESTRS2R838R
n=0 021 11500102261222430111
VBTCR c VB8 VB13.1 VB13.2
25
=
T 2 L1 15 p=0.02 20 p=014 20 p=0.03
= .
P .
= 5
g 15 3 10 IR 154 o
C 10 b 10
S 2 s .
s 1 - 8 5 "
: ¢ 2 A ]
- - — - 04
R B P EREEEFEEREFEE R ET NoOB OB
g9 a






OEBPS/Images/fonc-12-936993-g003.jpg





OEBPS/Images/table1.jpg
Characteristics Non-LTR (n = 184) LTR (n = 54) p-value

Age at diagnosis

Median (range); years 55 (36-69) 52 (35-67) 0.033
Sex
Female (%)/Male (%) 42/58 57/43 0.043
Heavy chain isotype (%)
IgG 59 65 NS
IgA 23 20
Bence Jones 16 ik
IgD 16 1.9
Biclonal 0 1.9
Non-secretory 1.1 0
Light chain isotype
K %/A (%) 63/37 61/37 NS
Biclonal (%)/Non-secretory (%) 0.5/0 0/1.9
Previous gammopathy; (n); (%) 62;34 20;37 NS
MGUS 35;19 9,17
SM 23;13 6:11
Solitary plasmacytoma 42.2 5,9.5
Durie-Salmon stage
Localized (I-l1) (%)/Advanced (lll) (%) 50/50 63/37 NS
ISs
L (%)/11 (%)/11 (%) 42/35/23 60/30/9.4 0.034
ECOG (%)
0 18 50 <0.0001
1-2 74 48 NS
3-4 87 2.5 NS
Bone disease (%)
Osteolysis al 52 0.008
Extramedullary disease (%)
26 32 NS
Cytogenetic abnormalities (% of pts)' 47 (n = 31/66) 44 (n=11/25)° NS
Cytogenetic abnormalities (1)
t(11;14) 11 1
IgH translocation (unknown partner) 1 2
+1q 1 2
Deletion Rb 4 4
Other 10 2
High-risk cytogenetics
t(4;14) 4 2
t(14;16) 0 1
TP53 deletion 6 2
Serum M protein at diagnosis
Mean (g/L) 36 30 NS
Serum M protein > 30 g/L (% of pts) 60 a7 NS
Proteinuria
Mean (g/24 h) 18 13 NS
BM plasma cells at diagnosis
Median (%) 47 32 0.001
Creatinine
Mean (mg/dl) 1.50 1.25 NS
Calcium
Mean (mg/dl) 9.9 9.4 0.001*
Protein
Mean (g/L) 93.6 88.3 NS
Albumin
Mean (g/L) 38.1 40 NS
PCR
Mean (mg/dl) 1.96 0.48 0.001
2-microglobulin
Mean (mg/L) 4.6 37 NS
High LDH (%) 13 2.1 0.036
Blood counts
Mean hemoglobin (g/L) 1.4 k74 NS
Mean platelet count (x10%/mm?3) 227 2.37 NS

Numbers > 10 were rounded to the closest whole number in categorical variables.BM, bone marrow; ECOG, Eastern Cooperative Oncology Group; ISS, Intemational Staging System;
MGUS, monoclonal gammopathy of undetermined significance; LDH, lactate dehydrogenase; NS, non-statistically significant; PCR, C-reactive protein; Pts, patients; SM, smoldering
myeloma.

"Data from n = 91 patients.

2We observed 5 patients with 2 or more cytogenetic abnormalities with a total of n = 37 cytogenetic abnormalities.

3We observed 5 patients with 2 cytogenetic abnormalities.

“The diifference is not clinically significant.

The bold values refer to the ones that al statistically significant, which would be the values <0.05.





