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Abstract

:

Surface antigens are commonly used in flow cytometry assays for the diagnosis of multiple myeloma (MM). Some of these are directly involved in MM pathogenesis or interactions with the microenvironment, but most are used for either diagnostic or prognostic purposes. In a previous study, we showed that in-vitro, CD24-positive plasma cells exhibit a less tumorigenic phenotype. Here, we assessed the prognostic importance of CD24 expression in patients newly diagnosed with MM as it correlates to their clinical course. Immunophenotyping by flow cytometry of 124 patients uniformly treated by a bortezomib-based protocol was performed. The expression of CD24, CD117, CD19, CD45, and CD56 in bone marrow PCs was tested for correlations to clinical parameters. None of the CD markers correlated with the response rates to first-line therapy. However, patients with elevated CD24+ expression on their PCs at diagnosis had a significantly longer PFS (p = 0.002) and OS (p = 0.044). In contrast, the expression of CD117, CD56, or CD45 was found to have no prognostic value; CD19 expression was inversely correlated with PFS alone (p < 0.001) and not with OS. Thus, elevated CD24 expression on PCs appears to be strongly correlated with survival and can be used as a single-surface antigenic prognostic factor in MM.






Keywords:


multiple myeloma; prognosis; CD24; multiparameter flow cytometry












1. Introduction


Multiple myeloma (MM) is characterized by a neoplastic proliferation of clonal plasma cells (PCs). These clonal PCs produce immunoglobulins and cause typical end organ damage such as anemia, kidney failure, lytic bone lesions, and hypercalcemia [1,2,3]. Over the last two decades, important progress has been made in understanding the pathophysiology of MM. This has enabled significant advances in our ability to treat patients with MM using novel agents that can prolong life expectancy and quality of life. Nevertheless, MM remains a largely incurable disease [4,5]. Most patients with MM have an asymptomatic pre-malignant state of monoclonal gammopathy of unknown significance (MGUS) and/or smoldering MM (SMM). However, many go undetected until active disease is apparent [1]. Various factors influence malignant transformation, including primary genetic events, clonal evolution dependent on secondary genetic events, bone marrow microenvironment (BMM) changes, and the failure of the immune system to eradicate the malignant clone [6].



The BMM milieu is composed of different components, including, most notably, cellular elements such as osteoblasts and dendritic cells; the extracellular matrix, including collagen, proteoglycans, and hemonectin; and soluble elements such as cytokines, growth factors, and adhesion molecules. The BMM sustains a close interaction with the hematopoietic stem cells (HSCs) and provides the necessary support for hematopoiesis. In addition, the BMM is an essential part of the malignant transformation to MM through a variety of interactions with the malignant PCs [7]. One of the factors that is known to interact with the BMM is CD24.



CD24 is a glycoprotein typically found on the membrane surface. It is thought to stimulate cell adhesion to the BM extracellular matrix [8]. It acts as a differentiation marker on B-cell progenitors, and its expression decreases once lymphocytes enter the germinal center and undergo terminal differentiation [9]. High CD24 expression in breast, prostate, pancreas, ovary, colorectal, and bladder tumors was shown to be correlated with metastatic disease and poor prognosis [10]. The important role of CD24 protein expression in MM in vitro was confirmed by our group. CD24+ MM PCs were characterized by a less tumorigenic phenotype than CD24− MM PCs [11]. Previous publications have shown that CD24 mRNA expression is correlated with good prognosis [12]. To the best of our knowledge, no studies have examined the role of CD24 in primary amyloidosis (AL).



Multiparameter flow cytometry (MFC) immunophenotyping remains the mainstay in the diagnosis and monitoring of PC dyscrasias. Aside from its crucial role in diagnosis, MFC plays a significant role in monitoring responses to treatment and assessing minimal residual disease (MRD) status [13]. At diagnosis, a few specific surface antigens measured by MFC can identify the pathogenic clone and further stratify it. Some markers, such as CD19, CD117, CD45, and CD56, were found to have prognostic significance [14,15,16,17,18,19].



Taken together, we hypothesized that CD24 expression, as measured by flow cytometry on PCs of patients newly diagnosed with MM, would have significant prognostic value.




2. Materials and Methods


2.1. Patient Samples


The clinical data of 124 patients newly diagnosed with multiple myeloma (MM) or primary amyloidosis (AL) at Hadassah Medical Center, Jerusalem, Israel and treated between September 2011 and June 2017 were retrospectively collected. To be eligible, patients had to be uniformly receiving first-line bortezomib-based treatment for at least one cycle. For purposes of uniformity, patients treated with other regimens were excluded.



To determine the expression patterns relative to disease stage measurements, the BM of patients was examined and analyzed during their routine follow-up visits. This cohort was separate from the prognostication cohort. The collection of patient data for both cohorts was approved by the local Institutional Review Board.




2.2. Data Collection


The clinical data included baseline patient and disease characteristics at diagnosis, treatment protocol, response to treatment, and long-term outcomes, which were defined as progression-free survival (PFS) and overall survival (OS). The diagnoses of MM and AL were based on the International Myeloma Working Group criteria for the diagnosis of MM [2]. High-risk cytogenetics were considered based on the presence of del (17p) and/or translocation t (4;14) and/or translocation t (14;16) following the R-ISS criteria [20]. All patients with AL were tissue-proven by positive Congo-red stain and immunohistochemistry typing. Further electron microscopy immunogold typing was utilized in 7 out of 19 patients. Response assessment was performed according to the International Myeloma Working Group [21] and AL consensus statement criteria [22].




2.3. Immunophenotyping of the Samples


Sample analysis was performed using 4-color staining with a FACScalibur (BD Bioscience, Palo Alto, CA, USA). For each sample, antibodies were added to 75 µL of whole BM (FITC/PE/PerCP/APC) in the following combinations: 1. (CD38/CD117/CD45/CD19), 2. (CD38/CD24/CD45/CD56), and 3. (CD38/CD81/CD45)/CD56). All antibodies were purchased from Beckman Coulters. After adding the antibodies, the test tubes were placed for 20 min at 4 °C in the FACS. Erythrocytes were lysed by incubating the samples with 2 mL of lysing solution (BD Bioscience) for 5 min at room temperature. Next, the cells were pelleted by centrifugation for 4 min at 1500 RPMI. The cells were re-suspended and 300 µL of phosphate-buffered saline was added to each test tube. Samples were acquired using the FACScalibur flow cytometer and CellQuest pro program (BD Bioscience). PCs were gated according to their side scatter and high expression of CD38. A minimum of 3000 CD38+ BM cells were acquired. Myeloma PCs were differentiated from normal PCs based on the previously described work of Paiva et al. [23] and in line with the recommendations of the European Myeloma Network for cell expression of CD117, CD19, CD45, and CD56 [24].




2.4. Statistical Analysis


Kaplan–Meier survival analysis, with the log rank test for the comparison of survival curves, was applied to assess the effect of the categorical variables on overall survival and progression-free survival. The effects of the quantitative variables on overall survival and progression-free survival were tested using the Cox regression model. The Cox regression model was also used as the multivariate model for simultaneously testing the effects of several variables on overall survival and progression-free survival. This model was applied using the stepwise, forward, likelihood ratio method. The comparison of quantitative variables for three or more independent groups was carried out by applying the Kruskal–Wallis (K–W) non-parametric ANOVA test. Pairwise comparisons (post hoc tests) following the K–W test were performed using the Mann–Whitney non-parametric test with the Bonferroni correction of the significance level. Non-parametric tests were implemented because of the small sample sizes and non-normal distributions of the variables in some of the groups. All tests were two-tailed, and a p-value of 0.05 or less was considered statistically significant.





3. Results


The expression patterns of CD19, CD56, CD117, CD45, and CD24 on the PCs in the BM of patients’ samples at the different clonal evolutionary stages of MM development are presented in Figure 1A–E. As shown, the patterns were different for each marker. Whereas the CD56 and CD117 levels increased between the MGUS and MM diagnosis and then remained stable during further active disease evolution, the opposite was observed for the CD45 pattern. CD24 expression levels were generally lower than the other CDs on PCs during the evolutionary development of the cells and were similar to the pattern seen for the early B-cell marker CD19 (Figure 1F). Unlike CD19, CD24 levels were elevated in the progressive disease stage. Thus, these results suggest that each marker has its own independent dynamics.



The main cohort of 124 patients was assessed for prognostic purposes. Their baseline characteristics, separated according to CD24+/− and AL/MM, are summarized in Table 1.



There was a higher prevalence of affected males (60.5%) than females (39.5%), and the median age was 62.5 years (range 30–89). Of all patients, 105 (84.7%) were diagnosed with MM and 19 (15.3%) with AL. Almost all (96%) of the patients were receiving cyclophosphamide, bortezomib, and dexamethasone (VCD) as the induction treatment. The remaining patients (4%) were treated with a bortezomib, thalidomide, and dexamethasone (VTD) regimen. Forty-six percent were treated with autologous stem cell transplantation (ASCT) as consolidation. There were no correlations between any of the CD expression levels and the patients’ baseline characteristics (not shown). There were no differences between patients with MM and AL for any of the CD expression levels, or for OS or PFS (Table 2 and Table 3, and Supplementary Materials Figure S1).



Note that there were no statistical differences between the patients with MM and AL for any of the analyses; all were treated by a similar bortezomib-based protocol. Moreover, all outcomes were similar in both groups of patients. Therefore, to enhance the statistical power of the cohort, results are presented separately in the results presented in the next sections. However, when drawing conclusions, they are treated as one group.



Most patients responded to the first-line bortezomib-based treatment. The overall response rate (ORR) was 86.3%, with a very good partial remission (VGPR) rate of 37.7% and a complete remission (CR) rate of 18.5%. No correlation was found between the depth of the response and any of the CD expression levels analyzed, including CD24 (not shown).



At the median follow-up of 62.2 months (range: 0.4–142.0 months), the median PFS of all patients was 27.5 months (range 0.4–123.1). PFS was significantly correlated with CD24 levels above 5% on PCs at diagnosis in the MM group of patients (p = 0.021). In the patients with AL, the trend was clear, with a p-value of 0.077. For patients with MM, CD19 was significant as well, with a p-value of 0.019. None of the other CDs were significant, and no trends emerged (Supplementary Materials Figures S3 and S5). When combining the patients with AL and MM, an expression of CD24 levels above 5% on PCs at diagnosis was significant, with a median PFS of 36.2 months as compared to 22.8 months in those with lower expression levels (p = 0.002). CD19 expression was inversely correlated with a PFS of 21.1 months as compared to 35.0 months in those with lower expression levels (p = 0.004) (Figure 2).



This was also observed when assessing the correlation between CD expression levels as continuous variables and PFS. In the MM group, CD24 and CD19 were significantly correlated to PFS (p = 0.005 for CD24 and p < 0.001 for CD19). In the AL group, neither CD24 nor any of the other CDs were significant. When pooling the patients with MM and AL, both CD24 and CD19 expression levels were found to be significantly correlated with PFS, with a hazard ratio (HR) of 0.975 (p = 0.002) and 1.025 (p < 0.001), respectively (Table 4).



None of the other markers, i.e., CD56, CD117, or CD45, showed expression levels that correlated as continuous variables or at the 5% cutoff on PCs with PFS.



The median OS of all patients was 83.5 months (range 0.4–142.1 months). As shown in Supplementary Materials Figures S4 and S6, within the MM group, none of the CDs correlated significantly with OS at a cutoff level of 5%. However, CD24 levels >5% showed a trend towards a better OS (p = 0.089). AL PC CD24 levels >5% were significantly correlated with a better OS (p = 0.017), as were CD56 levels above 5% in this patient group (p = 0.039). When pooling the MM and AL cohorts, the only CD reaching near-statistical significance at the 5% cutoff that correlated with OS was CD24 expression on the PCs (p = 0.059) with a median OS of 107.5 months as compared to 65.4 months in those with lower expression levels (Figure 3).



Furthermore, when assessing the correlation between CD expression levels as continuous variables to OS, no CD expression reached significance in the MM or the AL groups separately. However, when pooling both cohorts, CD24 was the only CD that correlated significantly with OS (p = 0.04); HR 0.979 (Table 5).



The revised international scoring system (R-ISS), which is the standard method for newly diagnosed patient prognostication in MM, was found to correlate with both PFS and OS (HR = 1.917 with a CI of 1.074–3.425, p = 0.028, and HR = 2.041 with a CI of 1.003–4.156, p = 0.049, respectively). We conducted two multivariate Cox regression analyses. The first included the R-ISS and CD24, and showed that the latter did not retain its significance as an OS predictor (p = 0.13), although there was a statistical trend towards significance when the R-ISS and CD24 PFS were assessed (p = 0.06; HR = 0.984 with a CI of 0.967–1.001). The second analysis included all variables that were found to be significant in the univariate analysis (Table 6).



The multivariate analysis indicated that two R-ISS components (B2M and cytogenetics), in addition to high calcium levels and older age, were significant. The performance of autologous stem cell transplantation (ASCT) did not correlate with OS (Supplementary Materials Figure S2; p-value = 0.262), but when dividing the patients into groups based on who went through ASCT and who did not, a CD24+ status showed a longer PFS (Supplementary Materials Figures S7–S10; p-value = 0.012). Other parameters, such as LDH levels, (p-value = 0.115), hemoglobin levels (p-value = 0.288), the presence of lytic lesions (p-value = 0.425), and the presence of PC in bone marrow (0.506), were not found to be significant. When including CD24 levels with all the other significant univariate markers as part of the equation, the p-value was 0.383 (HR = 1.011 with a CI of 0.986–1.037).



These parameters were not included in the final multivariate Cox regression analysis since the R-ISS is the acceptable validated standard method for newly diagnosed patient prognostication utilized in everyday practice.




4. Discussion


Although MM is an incurable disease, survival has greatly increased; however, it varies significantly across patients. Methods for classifying prognosis are important at the time of diagnosis and change mostly as a result of progress in available treatments. Although the new standard of risk assessment at diagnosis of active disease is the R-ISS, other modalities such as flow cytometry may contribute to individual patient assessment. This study evaluated the prognostic significance of CD24 expression on PCs in newly diagnosed patients treated uniformly with first-line bortezomib-based therapy.



Multiparameter flow cytometry (MFC) is used in all types of PC disorders for monitoring the malignant load of PCs at diagnosis and for the detection of minimal residual disease (MRD) after therapy [24,25,26]. The phenotypically normal versus aberrant PC ratio, as characterized by MFC at diagnosis, is associated with better OS and PFS [13,27]. There is a relative consensus as to which surface molecules, measured together by flow cytometry, can best identify the pathogenic clone and further stratify it [24,28]. Typically, CD38, CD138, and CD45 are the best backbone markers for the identification of all BM PCs. CD45 is a tyrosine phosphatase which nevertheless has elicited some debate as to its prognostic value. The largest study investigating its role showed it was correlated with the aggressiveness of the tumor and that higher levels correlated with a negative prognostic value [14]. CD117 is a receptor tyrosine kinase that is normally expressed by hematopoietic progenitors in the BM but is absent during B-cell maturation. It is associated with favorable outcomes [17]. The over-expression of CD19, which is part of the B-cell receptor, and CD81, which regulates CD19, were shown to be independent negative prognostic markers [18,29]. CD56 is a membrane glycoprotein expressed on MM cells but not on normal PCs. A lack of CD56 at diagnosis was found to be correlated with poorer prognosis [15,16,19]. However, other studies have not only failed to replicate these findings but also reported contradictory results [30]. Other molecules have been described but are only utilized with next-generation eight- or more-colored MFC [31,32]. The current study focused on the role of CD24 as a prognostic MFC marker at diagnosis.



We first analyzed CD levels during the different stages of disease evolution and found CD24 to be weakly expressed during the MGUS/SMM stages but up-regulated in the relapsed/resistant stages of disease. Consistent with the claim that CD24 plays a major role in solid tumor metastasis [33], this suggests that MM may lose its stromal dependence as the disease evolves [34,35].



Next, the expression of CD24 on the PCs of the 124 newly diagnosed and uniformly treated cohort of patients with MM and AL was analyzed. None of the CD expression levels assessed, including CD24, correlated with patient baseline characteristics or depth of response to first-line therapy. However, CD24 expression strongly and significantly correlated with both PFS and OS. Regardless of whether we used the multivariate Cox regression analysis and the R-ISS as the standard risk-assessment paradigm for newly diagnosed patients or other significant clinical variables, CD24 did not retain significance as an OS predictor. However, it did exhibit a statistical trend when testing the R-ISS and CD24 for PFS. R-ISS remains a strong predictor and is well-validated [20] but nevertheless has its limitations. R-ISS was developed from data obtained in 11 international, multicenter clinical trials. These clinical trials excluded patients with severe renal dysfunction or with poor performance status, [36] who represent a significant percentage of patients with MM. Furthermore, the tests to calculate the R-ISS (i.e., FISH) are expensive and not universally available [37]. Other known prognostic factors were not included in the R-ISS algorithm [38,39]. In this respect, MFC CD24 remains an important additional modality for assessing prognosis in the patient newly diagnosed with MM. However, it is important to remember that MFC is not a mandatory part of the diagnosis of MM, and that MFC CD24 is not a part of the routinely used or recommended antigen panel used for diagnosis of MM and other plasma cell disorders.



Notably, CD24 levels were the only surface antigen found here to correlate with PFS and OS, although other antigens were previously found to have prognostic significance not seen in the current study. This may be attributed to the relatively small number of patients analyzed. Note as well that previous studies were conducted prior to the era of novel agents, and these prognostic markers may not be as relevant today. These results are in line with our laboratory data showing that CD24+ cells have a less proliferative phenotype [11] and also in line with our previous publication showing that CD24 mRNA expression correlated with good prognosis [12]. Although it examined a smaller series, one study found inverse CD24 correlations with prognosis but provided no data as to which treatments they were exposed to [40].



In contrast, the expression of CD117, CD56, and CD45 exhibited no prognostic value. CD19 expression was inversely correlated with PFS, with a HR of 1.025 (p < 0.001), but no significant correlation with OS was found. This is in line with CD19 levels previously reported as having a negative predictive value in MM and highlights the differences between CD19 and CD24 [29]. While both are early markers that are largely lost by the time of terminal differentiation of B cells to PCs, their functional role is different, as is their phenotypic role in the tumorigenic process. While CD19 was hypothesized to be a marker of the MM stem cell [41], CD24 takes part, as mentioned above, in the regulation of the critical interaction with the BMM [11,42].



CD24 is a heat-stable, 27-amino-acid-long molecule with a lipid-like structure that binds to the membrane by a glycosylphosphotadylinositol (GPI) anchor. It is thought to function as an adhesion molecule and stimulates cell adhesion [8]. We studied the role of CD24 in the MM PC clones and its relationship with the microenvironment. We found that CD24+ MM cells, as a result of complex interactions with the BMM, migrate less, create fewer colonies, and are considerably more apoptotic as compared with CD24− MM cells; thus, they are less tumorigenic [11]. Even though MM tumor cells, in general, have a high affinity for the BM, the ability of the disease to progress and evolve is tightly connected to interactions between the tumor cells and the BMM. These interactions, including the ones connected to CD24, enable the cells to thrive, migrate out of the BM, and at times develop resistance to anti-tumor therapy [42]. In contrast, Gao et al. described CD24 as a MM-initiating cell marker and found CD24+ cells to have high clonogenic features. However, their experiments did not take the BM stromal cells interactions with MM into consideration [40].



In malignancies, CD24 is found on a variety of solid human tumors. It is believed to play a central role in maintaining cancer cell growth, spreading motility and invasiveness in solid tumors, and its high expression correlates with shorter survival [9,33].



To the best of our knowledge, there are no data on CD24 in AL. The fact that AL, like MM, is a plasma cell disorder treated by similar protocols may lead to a better understanding of the common mechanisms implemented by CD24 that affect the prognosis in AL. We included both groups of patients, although each disease has its own course; however, as shown here, CD expression levels correlated in a similar manner in both, and when pooled, they yielded higher statistical significance. In fact, all the CD levels in the separate cohorts behaved similarly, attesting to the similarities between MM and AL.



Aside from its prognostic role, CD24 may be a target for new treatments. There are advances in its targeting in ovarian and pancreatic cancers, glioblastoma, and other solid tumors, but minimally in hematologic diseases [43]. Overdevest et al. were the first to study IgG1 mAb mouse anti-human CD24 for the treatment of human bladder cancer cells in mice in 2011; they showed a reduction in tumor growth and metastasis [44]. In MM, Gao et al. used IgG2a mAb mouse anti-human CD24 to treat myeloma cells in immunodeficient mice and showed the inhibition of multiple myeloma cell growth and the prevention of tumor progression [40]. The research in this area is still preliminary. This study has several limitations of note. As is typical of retrospective studies, there were some missing data, and not all sequential patients treated had a full flow cytometry analysis at diagnosis. Patients treated with other induction protocols were excluded. Moreover, the study included patients diagnosed from 2011 to 2017. During this time period, treatment paradigms changed, and newer agents were added to the relapsing armament of patient care. This primarily influenced the OS data. Another limitation has to do with the use of four-colored flow cytometry in this study and not the more accurate eight multi-colored flow cytometry [21]; also relevant is the fact that immunogold or mass spectrometry was limited to selected patients. However, the latter point may be advantageous for centers not utilizing next-generation flow.



Overall, however, we found CD24 to be the only antigen measured by MFC with prognostic significance for PFS and OS in patients newly diagnosed with MM and treated in the era of novel agents. Elevated CD24 expression correlated with better prognosis. This finding, combined with the known and validated prognostic factors, can provide a more extensive specific prognostic assessment profile of individual patients.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm11102913/s1, Figure S1: Correlation between OS in MM and AL; Figure S2: Correlation between OS and ASCT; Figure S3: PFS in MM in correlation to CD levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs; Figure S4: OS in MM in correlation to CD levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs; Figure S5: PFS in AL in correlation to CD levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs; Figure S6: OS in AL in correlation to CD levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs; Figure S7: OS in patients who did not went through ASCT in correlation to CD 24 levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs; Figure S8: OS in patients who went through ASCT in correlation to CD 24 levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs; Figure S9: PFS in patients who went through ASCT in correlation to CD 24 levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs; Figure S10: PFS in patients who went through ASCT in correlation to CD 24 levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs.





Author Contributions


Conceptualization, N.G.E.-Z., M.E.G. and M.P.; methodology, M.P. and L.H.; formal analysis, A.S. and B.N.; investigation, L.H. and N.G.E.-Z.; resources, E.L.; writing—original draft preparation, N.G.E.-Z.; writing—review and editing, M.E.G., A.S., E.L. and B.N.; visualization, M.P.; supervision, M.E.G.; project administration, N.G.E.-Z. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of the Hadassah Medical Center (code: 0620-11-HMO, 18 May 2012).




Informed Consent Statement


Patient consent was waived by the local IRB since this was a retrospective cohort study. For purposes of CD24 expression in different disease states, informed consent was obtained.




Data Availability Statement


Data supporting the results can be obtained from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Rajkumar, S.V. Multiple myeloma: 2020 update on diagnosis, risk-stratification and management. Am. J. Hematol. 2020, 95, 548–567. [Google Scholar] [CrossRef]

	



Rajkumar, S.V.; Dimopoulos, M.A.; Palumbo, A.; Blade, J.; Merlini, G.; Mateos, M.-V.; Kumar, S.; Hillengass, J.; Kastritis, E.; Richardson, P.; et al. International Myeloma Working Group updated criteria for the diagnosis of multiple myeloma. Lancet Oncol. 2014, 15, e538–e548. [Google Scholar] [CrossRef]

	



Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [Google Scholar] [CrossRef]

	



Rajkumar, S.V. Multiple myeloma: Every year a new standard? Hematol. Oncol. 2019, 37, 62–65. [Google Scholar] [CrossRef]

	



Minnie, S.A.; Hill, G. Immunotherapy of multiple myeloma. J. Clin. Investig. 2020, 130, 1565–1575. [Google Scholar] [CrossRef]

	



Manier, S.; Salem, K.Z.; Park, J.; Landau, D.A.; Getz, G.; Ghobrial, I.M. Genomic complexity of multiple myeloma and its clinical implications. Nat. Rev. Clin. Oncol. 2017, 14, 100–113. [Google Scholar] [CrossRef]

	



Giannakoulas, N.; Ntanasis-Stathopoulos, I.; Terpos, E. The Role of Marrow Microenvironment in the Growth and Development of Malignant Plasma Cells in Multiple Myeloma. Int. J. Mol. Sci. 2021, 22, 4462. [Google Scholar] [CrossRef]

	



Aigner, S.; Sthoeger, Z.M.; Fogel, M.; Weber, E.; Zarn, J.; Ruppert, M.; Zeller, Y.; Vestweber, D.; Stahel, R.; Sammar, M.; et al. CD24, a Mucin-Type Glycoprotein, Is a Ligand for P-Selectin on Human Tumor Cells. Blood 1997, 89, 3385–3395. [Google Scholar] [CrossRef]

	



Zhao, X.; Wang, W. CD24, A Review of its Role in Tumor Diagnosis, Progression and Therapy. Curr. Gene Ther. 2020, 20, 109–126. [Google Scholar] [CrossRef]

	



Duex, J.E.; Owens, C.; Chauca-Diaz, A.; Dancik, G.M.; Vanderlinden, L.A.; Ghosh, D.; Leivo, M.Z.; Hansel, D.E.; Theodorescu, D. Nuclear CD24 Drives Tumor Growth and Is Predictive of Poor Patient Prognosis. Cancer Res. 2017, 77, 4858–4867. [Google Scholar] [CrossRef]

	



Gilad, N.; Zukerman, H.; Pick, M.; Gatt, M.E. The role of CD24 in multiple myeloma tumorigenicity and effects of the microenvironment on its expression. Oncotarget 2019, 10, 5480–5491. [Google Scholar] [CrossRef] [PubMed]

	



Alaterre, E.; Raimbault, S.; Goldschmidt, H.; Bouhya, S.; Requirand, G.; Robert, N.; Boireau, S.; Seckinger, A.; Hose, D.; Klein, B.; et al. CD24, CD27, CD36 and CD302 gene expression for outcome prediction in patients with multiple myeloma. Oncotarget 2017, 8, 98931–98944. [Google Scholar] [CrossRef] [PubMed]

	



Jelínek, T.; Bezdekova, R.; Zátopková, M.; Burgos, L.; Simicek, M.; Sevcikova, T.; Paiva, B.; Hajek, R. Current applications of multiparameter flow cytometry in plasma cell disorders. Blood Cancer J. 2017, 7, e617. [Google Scholar] [CrossRef] [PubMed]

	



Gonsalves, W.I.; Timm, M.M.; Rajkumar, S.; Morice, W.G.; Dispenzieri, A.; Buadi, F.K.; Lacy, M.Q.; Dingli, D.; Leung, N.; Kapoor, P.; et al. The prognostic significance of CD45 expression by clonal bone marrow plasma cells in patients with newly diagnosed multiple myeloma. Leuk. Res. 2016, 44, 32–39. [Google Scholar] [CrossRef] [PubMed]

	



ElMenshawy, N.; Farag, N.A.; Atia, D.M.; Abousamra, N.; Shahin, D.; Fawzi, E.; Ghazi, H.; El-Kott, A.F.; Eissa, M. Prognostic Relevance of Concordant Expression CD69 and CD56 in Response to Bortezomib Combination Therapy in Multiple Myeloma Patients. Cancer Investig. 2021, 39, 777–782. [Google Scholar] [CrossRef]

	



Koumpis, E.; Tassi, I.; Malea, T.; Papathanasiou, K.; Papakonstantinou, I.; Serpanou, A.; Tsolas, E.; Kapsali, E.; Vassilakopoulos, T.P.; Papoudou-Bai, A.; et al. CD56 expression in multiple myeloma: Correlation with poor prognostic markers but no effect on outcome. Pathol.-Res. Pract. 2021, 225, 153567. [Google Scholar] [CrossRef]

	



Schmidt-Hieber, M.; Perez-Andres, M.; Paiva, B.; Flores-Montero, J.; Perez, J.J.; Gutierrez, N.C.; Vidriales, M.-B.; Matarraz, S.; Miguel, J.F.S.; Orfao, A. CD117 expression in gammopathies is associated with an altered maturation of the myeloid and lymphoid hematopoietic cell compartments and favorable disease features. Haematologica 2010, 96, 328–332. [Google Scholar] [CrossRef]

	



Paiva, B.; Gutiérrez, N.-C.; Chen, X.; Vídriales, M.-B.; Montalbán, M.Á.; Rosiñol, L.; Oriol, A.; Martínez-López, J.; Mateos, M.-V.; López-Corral, L.; et al. Clinical significance of CD81 expression by clonal plasma cells in high-risk smoldering and symptomatic multiple myeloma patients. Leukemia 2012, 26, 1862–1869. [Google Scholar] [CrossRef]

	



Yoshida, T.; Ri, M.; Kinoshita, S.; Narita, T.; Totani, H.; Ashour, R.; Ito, A.; Kusumoto, S.; Ishida, T.; Komatsu, H.; et al. Low expression of neural cell adhesion molecule, CD56, is associated with low efficacy of bortezomib plus dexamethasone therapy in multiple myeloma. PLoS ONE 2018, 13, e0196780. [Google Scholar] [CrossRef]

	



Palumbo, A.; Avet-Loiseau, H.; Oliva, S.; Lokhorst, H.M.; Goldschmidt, H.; Rosinol, L.; Richardson, P.; Caltagirone, S.; Lahuerta, J.J.; Facon, T.; et al. Revised International Staging System for Multiple Myeloma: A Report from International Myeloma Working Group. J. Clin. Oncol. 2015, 33, 2863–2869. [Google Scholar] [CrossRef]

	



Kumar, S.; Paiva, B.; Anderson, K.C.; Durie, B.; Landgren, O.; Moreau, P.; Munshi, N.; Lonial, S.; Bladé, J.; Mateos, M.-V.; et al. International Myeloma Working Group consensus criteria for response and minimal residual disease assessment in multiple myeloma. Lancet Oncol. 2016, 17, e328–e346. [Google Scholar] [CrossRef]

	



Comenzo, R.L.; Reece, D.; Palladini, G.; Seldin, D.; Sanchorawala, V.; Landau, H.; Falk, R.; Wells, K.; Solomon, A.; Wechalekar, A.; et al. Consensus guidelines for the conduct and reporting of clinical trials in systemic light-chain amyloidosis. Leukemia 2012, 26, 2317–2325. [Google Scholar] [CrossRef] [PubMed]

	



Paiva, B.; Vidriales, M.-B.; Mateo, G.; Pérez, J.J.; Montalbán, M.A.; Sureda, A.; Montejano, L.; Gutiérrez, N.C.; de Coca, A.G.; Heras, N.D.L.; et al. The persistence of immunophenotypically normal residual bone marrow plasma cells at diagnosis identifies a good prognostic subgroup of symptomatic multiple myeloma patients. Blood 2009, 114, 4369–4372. [Google Scholar] [CrossRef] [PubMed]

	



Caers, J.; Garderet, L.; Kortüm, K.M.; O’Dwyer, M.E.; Van De Donk, N.W.; Binder, M.; Dold, S.M.; Gay, F.; Corre, J.; Beguin, Y.; et al. European Myeloma Network recommendations on tools for the diagnosis and monitoring of multiple myeloma: What to use and when. Haematologica 2018, 103, 1772–1784. [Google Scholar] [CrossRef]

	



Rawstron, A.C.; Orfao, A.; Beksac, M.; Bezdickova, L.; Brooimans, R.A.; Bumbea, H.; Dalva, K.; Fuhler, G.; Gratama, J.; Hose, D.; et al. Report of the European Myeloma Network on multiparametric flow cytometry in multiple myeloma and related disorders. Haematologica 2008, 93, 431–438. [Google Scholar] [CrossRef]

	



Flores-Montero, J.; De Tute, R.; Paiva, B.D.L.; Perez, J.J.; Böttcher, S.; Wind, H.; Sanoja, L.; Puig, N.; Lecrevisse, Q.; Vidriales, M.-B.; et al. Immunophenotype of normal vs. myeloma plasma cells: Toward antibody panel specifications for MRD detection in multiple myeloma. Cytom. Part B Clin. Cytom. 2015, 90, 61–72. [Google Scholar] [CrossRef]

	



Paiva, B.D.L.; Vidriales, M.-B.; Pérez, J.J.; Mateo, G.; Montalbán, M.A.; Mateos, M.V.; Bladé, J.; Lahuerta, J.J.; Orfao, A.; Miguel, J.F.S. Multiparameter flow cytometry quantification of bone marrow plasma cells at diagnosis provides more prognostic information than morphological assessment in myeloma patients. Haematologica 2009, 94, 1599–1602. [Google Scholar] [CrossRef]

	



Paiva, B.D.L.; Almeida, J.; Pérez-Andrés, M.; Mateo, G.; López, A.; Rasillo, A.; Vídriales, M.-B.; López-Berges, M.-C.; Miguel, J.F.S.; Orfao, A. Utility of flow cytometry immunophenotyping in multiple myeloma and other clonal plasma cell-related disorders. Cytom. Part B Clin. Cytom. 2010, 78, 239–252. [Google Scholar] [CrossRef]

	



Mateo, G.; Montalbán, M.A.; Vidriales, M.-B.; Lahuerta, J.J.; Mateos, M.V.; Gutierrez, N.; Rosiñol, L.; Montejano, L.; Bladé, J.; Martínez, R.; et al. Prognostic Value of Immunophenotyping in Multiple Myeloma: A Study by the PETHEMA/GEM Cooperative Study Groups on Patients Uniformly Treated with High-Dose Therapy. J. Clin. Oncol. 2008, 26, 2737–2744. [Google Scholar] [CrossRef]

	



Ngo, N.-T.; Brodie, C.; Giles, C.; Horncastle, D.; Klammer, M.; Lampert, I.A.; Rahemtulla, A.; Naresh, K.N. The significance of tumour cell immunophenotype in myeloma and its impact on clinical outcome. J. Clin. Pathol. 2009, 62, 1009–1015. [Google Scholar] [CrossRef]

	



Murray, M.E.; Gavile, C.M.; Nair, J.R.; Koorella, C.; Carlson, L.M.; Buac, D.; Utley, A.; Chesi, M.; Bergsagel, P.L.; Boise, L.; et al. CD28-mediated pro-survival signaling induces chemotherapeutic resistance in multiple myeloma. Blood 2014, 123, 3770–3779. [Google Scholar] [CrossRef] [PubMed]

	



Bataille, R.; Jégo, G.; Robillard, N.; Barillé-Nion, S.; Harousseau, J.-L.; Moreau, P.; Amiot, M.; Pellat-Deceunynck, C. The Phenotype of Normal, Reactive and Malignant Plasma Cells. Identification of “Many and Multiple Myelomas” and of New Targets for Myeloma Therapy. Haematologica 2006, 91, 1234–1240. [Google Scholar] [PubMed]

	



Kristiansen, G.; Schlüns, K.; Yongwei, Y.; Denkert, C.; Dietel, M.; Petersen, I. CD24 is an independent prognostic marker of survival in nonsmall cell lung cancer patients. Br. J. Cancer 2003, 88, 231–236. [Google Scholar] [CrossRef] [PubMed]

	



Ria, R.; Vacca, A. Bone Marrow Stromal Cells-Induced Drug Resistance in Multiple Myeloma. Int. J. Mol. Sci. 2020, 21, 613. [Google Scholar] [CrossRef]

	



Heider, M.; Nickel, K.; Högner, M.; Bassermann, F. Multiple Myeloma: Molecular Pathogenesis and Disease Evolution. Oncol. Res. Treat. 2021, 44, 672–681. [Google Scholar] [CrossRef]

	



Kastritis, E.; Terpos, E.; Roussou, M.; Gavriatopoulou, M.; Migkou, M.; Eleutherakis-Papaiakovou, E.; Fotiou, D.; Ziogas, D.; Panagiotidis, I.; Kafantari, E.; et al. Evaluation of the Revised International Staging System in an independent cohort of unselected patients with multiple myeloma. Haematologica 2016, 102, 593–599. [Google Scholar] [CrossRef]

	



Kapoor, R.; Kumar, R.; Dubey, A.P. Risk Stratification in Multiple Myeloma in Indian Settings. Indian J. Hematol. Blood Transfus. 2019, 36, 464–472. [Google Scholar] [CrossRef]

	



Ziogas, D.C.; Dimopoulos, M.A.; Kastritis, E. Prognostic factors for multiple myeloma in the era of novel therapies. Expert Rev. Hematol. 2018, 11, 863–879. [Google Scholar] [CrossRef]

	



Barwick, B.G.; Neri, P.; Bahlis, N.J.; Nooka, A.K.; Dhodapkar, M.V.; Jaye, D.L.; Hofmeister, C.C.; Kaufman, J.L.; Gupta, V.A.; Auclair, D.; et al. Multiple myeloma immunoglobulin lambda translocations portend poor prognosis. Nat. Commun. 2019, 10, 1911. [Google Scholar] [CrossRef]

	



Gao, M.; Bai, H.; Jethava, Y.; Wu, Y.; Zhu, Y.; Yang, Y.; Xia, J.; Cao, H.; Franqui-Machin, R.; Nadiminti, K.; et al. Identification and Characterization of Tumor-Initiating Cells in Multiple Myeloma. JNCI J. Natl. Cancer Inst. 2019, 112, 507–515. [Google Scholar] [CrossRef]

	



Gao, M.; Kong, Y.; Yang, G.; Gao, L.; Shi, J. Multiple myeloma cancer stem cells. Oncotarget 2016, 7, 35466–35477. [Google Scholar] [CrossRef] [PubMed]

	



García-Ortiz, A.; Rodríguez-García, Y.; Encinas, J.; Maroto-Martín, E.; Castellano, E.; Teixidó, J.; Martínez-López, J. The Role of Tumor Microenvironment in Multiple Myeloma Development and Progression. Cancers 2021, 13, 217. [Google Scholar] [CrossRef] [PubMed]

	



Altevogt, P.; Sammar, M.; Hüser, L.; Kristiansen, G. Novel insights into the function of CD24: A driving force in cancer. Int. J. Cancer 2020, 148, 546–559. [Google Scholar] [CrossRef] [PubMed]

	



Overdevest, J.B.; Thomas, S.; Kristiansen, G.; Hansel, D.E.; Smith, S.C.; Theodorescu, D. CD24 Offers a Therapeutic Target for Control of Bladder Cancer Metastasis Based on a Requirement for Lung Colonization. Cancer Res. 2011, 71, 3802–3811. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 11 02913 g001 550] 





Figure 1. Flow cytometry level of CD expression on plasma cells at the different stages of MM development (A–E) and combined at diagnosis (F). Abbreviations—PC: plasma cells, MGUS: monoclonal gammopathy of undetermined significance, SMM: smoldering multiple myeloma, MM: multiple myeloma. 
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Figure 2. (A–E) Correlation of progression-free survival (PFS) to the CD levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs (red above 5%, blue below 5%). (F) A visual comparison between the different CDs, pooled (F). All lines represent the expression of CD above 5%. CD24-red, CD117-brown, CD19-blue, CD45-yellow, CD56-green. 
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Figure 3. (A–E) Correlation of overall survival (OS) to the CD levels measured by MFC at diagnosis, with a cutoff expression level of 5% on PCs (red above 5%, blue below 5%). (F) A visual comparison of the different CDs, pooled (F). All lines represent the expression of CD above 5%. CD24-red, CD117-brown, CD19-blue, CD45-yellow, CD56-green. 
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Table 1. Patient baseline characteristics at diagnosis for the main cohort.
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AL

	
MM

	
CD24+ (above 5%)

	
CD24− (5% and below)

	
Total






	
Gender

	
Male

	
9 (47.4%)

	
66 (62.9%)

	
19 (55.9%)

	
54 (62.1%)

	
75 (60.5%)




	
Female

	
10 (52.6%)

	
37.1 (37.5%)

	
15 (44.1%)

	
33 (37.9%)

	
49 (39.5%)




	
Median age at diagnosis (years, range)

	

	
68.5 (48–86)

	
62 (30–89)

	
64.5 (30–80)

	
63 (35–89)

	
62.5 (30–89)




	
M-protein (for MM patients)

	
IGG

	

	
54 (51.4%)

	
54 (43.5%)

	
18 (52.9%)

	
34 (39.1%)




	
IGA

	

	
19 (18.1%)

	
19 (15.3%)

	
3 (8.8%)

	
16 (18.4%)




	
LC only

	

	
30 (28.6%)

	
49 (39.5%)

	
13 (38.2%)

	
35 (40.2%)




	
Non-secretory

	

	
2 (1.9%)

	
2 (1.6%)

	
0

	
2 (2.3%)




	
Light chain

	
Kappa

	
8 (42.1%)

	
64 (61.5%)

	
72 (58.0%)

	
14 (41.2%)

	
55 (63.2%)




	
Lambda

	
11 (57.9%)

	
39 (37.5%)

	
50 (40.3%)

	
20 (58.8%)

	
30 (34.5%)




	
Non-secretory

	
0 (0%)

	
2 (1.9%)

	
2 (1.6%)

	
0

	
2 (2.3%)




	
R-Mayo stage (for AL patients)

	
1

	
4 (21.0%)

	

	

	

	




	
2

	
1 (5.3%)

	

	

	

	




	
3

	
7 (36.8%)

	

	

	

	




	
4

	
7 (36.8%)

	

	

	

	




	
R-ISS (for MM patients)

	
1

	

	
37 (35.2%)

	

	

	




	
2

	

	
36 (34.3%)

	

	

	




	
3

	

	
24 (22.9%)

	

	

	




	
Missing

	

	
8 (7.6%)

	

	

	




	
Organ involvement (for AL patients)

	
Heart

	
14 (73.7%)

	

	

	

	




	
Kidney

	
13 (68.4%)

	

	

	

	




	
Soft tissue

	
11 (57.9%)

	

	

	

	




	
PNS

	
11 (57.9%)

	

	

	

	




	
Liver

	
3 (15.8%)

	

	

	

	




	
GI

	
1 (5.3%)

	

	

	

	




	
Cytogenetics *

	
Standard risk

	

	
66 (62.9%)

	
26 (76.5%)

	
49 (56.3%)

	
78 (62.9%)




	
High risk

	

	
24 (22.9%)

	
4 (11.8%)

	
22 (25.3%)

	
26 (21.0%)




	
Missing

	

	
15 (14.3%)

	
4 (11.8%)

	
16 (18.4%)

	
20 (16.1%)




	
Calcium (above or below 11 mg/dL)

	
High

	
0 (0%)

	
7 (6.7%)

	
0

	
7 (8.0%)

	
7 (5.6%)




	
Normal

	
17 (89.5%)

	
96 (91.4%)

	
31 (91.2%)

	
79 (90.8%)

	
113 (91.1%)




	
Missing

	
2 (10.5%)

	
2 (1.9%)

	
3 (8.2%)

	
1 (1.1%)

	
4 (3.2%)




	
Creatinine (above or below 2 mg/dL)

	
Normal

	
16 (84.2%)

	
86 (81.9%)

	
27 (79.4%)

	
72 (82.8%)

	
102 (82.3%)




	
High

	
2 (10.5%)

	
17 (16.2%)

	
5 (14.7%)

	
14 (16.1%)

	
19 (15.3%)




	
Missing

	
1 (5.3%)

	
2 (1.9%)

	
2 (5.9%)

	
1 (1.1%)

	
3 (2.4%)




	
Lytic lesions (for MM patients) **

	
Yes

	

	
66 (62.9%)

	
14 (41.2%)

	
41 (47.1%)

	
57 (46%)




	
No

	

	
39 (37.1%)

	
20 (58.8%)

	
46 (52.9%)

	
67 (54%)




	
Hemoglobin (above or below 10.5 g/dL)

	
Normal

	
14 (73.7%)

	
58 (55.2%)

	
25 (73.5%)

	
45 (51.7%)

	
72 (58.0%)




	
Low

	
4 (21.0%)

	
45 (42.9%)

	
7 (20.6%)

	
41 (47.1%)

	
49 (39.6%)




	
Missing

	
1 (5.3%)

	
2 (1.9%)

	
2 (5.9%)

	
1 (1.1%)

	
3 (2.4%)




	
Induction

regime

	
VCD

	
19 (100%)

	
100 (95.2%)

	
31 (91.2%)

	
85 (97.7%)

	
119 (96.0%)




	
VTD

	
0(0%)

	
5 (4.8%)

	
3 (8.8%)

	
2 (2.3%)

	
5 (4.0%)




	
ASCT

	
Yes

	
0 (0%)

	
57 (54.3%)

	
11 (32.4%)

	
44 (50.6%)

	
57 (46.0%)




	
No

	
19 (100%)

	
48 (45.7%)

	
23 (67.6%)

	
43 (49.4%)

	
67 (54.0%)








Abbreviations—MM: multiple myeloma, AL: amyloidosis, IGG: immunoglobulin G, IGA: immunoglobulin A, LC: light chain, R-Mayo: revised Mayo stage, R-ISS: revised International Staging System, PNS: peripheral nervous system, GI: gastro-intestinal, VCD: bortezomib, cyclophosphamide, and dexamethasone, VTD: bortezomib, thalidomide, and dexamethasone, ASCT: Autologous stem cell transplantation.* High-risk cytogenetics: presence of del (17p) and/or translocation t (4;14) and/or translocation t (14;16). ** As identified in CT/PET-CT or MRI.
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Table 2. Comparative prevalence of CDs in AL and MM (p value = NS for all variables).
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AL

	
MM




	
Median

	
Std. Deviation

	
Median

	
Std. Deviation






	
CD19 %

	
2.00

	
2.45

	
10.08

	
16.53




	
CD24 %

	
6.65

	
11.18

	
1.21

	
19.44




	
CD56 %

	
3.55

	
5.14

	
3.40

	
14.61




	
CD117 %

	
37.25

	
36.97

	
79.24

	
40.75




	
CD45 %

	
49.08

	
33.69

	
17.05

	
35.35




	
BM PC%

	
12.06

	
13.15

	
9.79

	
34.46








Abbreviations—AL: amyloidosis, MM: multiple myeloma, BM: bone marrow, PC: plasma cells. NS: non-significant.
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Table 3. Comparative significance values of CDs correlated to MM and AL.
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MM

	
AL




	

	
Hazard Ratio

	
Confidence Interval

	
p-Value

	
Hazard Ratio

	
Confidence Interval

	
p-Value






	
CD 24%

	
0.980

	
0.959–1.002

	
0.075

	
0.900

	
0.799–1.013

	
0.082




	
CD 19%

	
1.009

	
0.993–1.025

	
0.287

	
1.199

	
0.959–1.498

	
0.110




	
CD 56%

	
0.998

	
0.980–1.016

	
0.821

	
0.911

	
0.786–1.055

	
0.212




	
CD 45%

	
0.995

	
0.987–1.003

	
0.224

	
0.995

	
0.977–1.012

	
0.552




	
CD 117%

	
0.999

	
0.992–1.006

	
0.795

	
0.994

	
0.978–1.010

	
0.442




	
PC%

	
0.984

	
0.973–0.995

	
0.003

	
0.983

	
0.924–1.047

	
0.600
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Table 4. Correlations between the progression-free survival hazard ratio and CD expression levels as continuous variables.
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	CD
	Hazard Ratio
	Confidence Interval
	p-Value





	CD24
	0.975
	0.960–0.991
	p = 0.002



	CD19
	1.025
	1.014–1.037
	p < 0.001



	CD117
	1.001
	0.996–1.006
	p = 0.770



	CD56
	1.003
	0.990–1.016
	p = 0.641



	CD45
	1.004
	0.999–1.010
	p = 0.120
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Table 5. Correlation between overall survival hazard ratio and CD expression levels as continuous variables.
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	CD
	Hazard Ratio
	Confidence Interval
	p-Value





	CD24
	0.979
	0.958–0.999
	p = 0.044



	CD19
	1.007
	0.992–1.023
	p = 0.362



	CD117
	0.998
	0.992–1.005
	p = 0.601



	CD56
	0.982
	0.951–1.014
	p = 0.255



	CD45
	0.995
	0.988–1.003
	p = 0.203
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Table 6. Multivariate analysis showing the statistically significant factors correlating with poorer OS and CD24%.
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	Hazard Ratio
	Confidence Interval
	p-Value





	R-ISS
	1.917
	1.074–3.425
	p = 0.028



	High-risk cytogenetics *
	3.452
	1.719–6.9333
	p < 0.001



	High Β2M (mg/mL)
	1.000
	1.000–1.000
	p = 0.044



	Hypercalcemia **
	3.642
	1.637–8.105
	p = 0.002



	Older age
	1.047
	1.014–1.081
	p = 0.005



	CD24%
	1.011
	0.986–1.037
	p = 0.383







Abbreviations—OS: overall survival, R-ISS: revised International Staging System, Β2M: beta 2 microglubolin. * High-risk cytogenetics: presence of del (17p) and/or translocation t (4;14) and/or translocation t (14;16). ** Hypercalcemia: above 11 mg/dL.
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