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Objective

To explore the prognostic significance of the stage at which a minimal residual disease (MRD)-negative status is achieved for patients with newly diagnosed multiple myeloma (NDMM) who received autologous hematopoietic stem cell transplantation (ASCT).



Cases and Methods

A retrospective analysis of 186 NDMM patients who received “induction therapy-ASCT-maintenance therapy” in our center and achieved an MRD-negative status was performed. Patients were divided into three groups, A (induction therapy), B (3 months after ASCT), and C (maintenance therapy), according to the stage at which an MRD-negative status was achieved.



Results

The median time to progression (TTP) of 186 patients was not reached; the median overall survival (OS) was 113.8 months. The median TTP of the patients in three groups was not reached (P=0.013), and the median OS of the patients in three groups was not reached, not reached, and 71.2 months, respectively (P=0.026). Among patients with standard-risk cytogenetics, the median TTP of those in all three groups was not reached (P=0.121), and the median OS of the patients in three groups was not reached, not reached, and 99.6 months, respectively (P=0.091). Among patients with high-risk cytogenetics, the median TTP of those in three groups was not reached, 53.9 months, and 35.8 months (P=0.060), and the median OS was not reached, 71.2 months, and 60.2 months, respectively (P=0.625). Among patients with R-ISS stage I-II, the median TTP of those in three groups was not reached (P=0.174), and the median OS of the patients in three groups was not reached, not reached, and 99.6 months, respectively (P=0.186). Among the 29 patients with R-ISS stage III, the median TTP of those in the 3 groups were unreached, unreached, and 35.1 months (P<0.001), and the median OS was unreached, unreached, and 48.5 months, respectively (P=0.020). In all enrolled patients, the stage of reaching MRD-negative was an independent prognostic factor for TTP, rather than a prognostic factor for OS. The stage of reaching MRD-negative in patients with R-ISS III was an independent prognostic factor for OS.



Conclusion

For the same patients who are MRD-negative, the prognoses of those who achieve an MRD-negative status at different groups are different. The stage at which an MRD-negative status is achieved can predict the prognosis of patients with R-ISS stage III.
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Introduction

Multiple myeloma (MM) is a hematologic malignancy characterized by the accumulation of malignant plasma cells, renal insufficiency, hypercalcemia, anemia, and bone destruction. In the past two decades, the availability of new drugs and autologous hematopoietic stem cell transplantation (ASCT) for MM has led to significantly improved long-term outcomes (1). “Induction therapy-autologous hematopoietic stem cell transplantation-maintenance therapy” has become the preferred treatment option for MM patients eligible for ASCT (1, 2).

Minimal residual disease (MRD) assessment by multiparameter flow cytometry (MFC) on bone marrow is a sensitive strategy to accurately measure the response (3–6). At the end of each treatment stage, traditional efficacy and MRD need to be evaluated (1). Patients who are MRD-negative have a better prognosis (2, 3, 7). Regardless of the stage at which an MRD-negative status is achieved, the lower the MRD level detected with a highly sensitive technique is, the longer the progression-free survival (PFS) and overall survival (OS) periods (4, 8). The pretransplantation MRD level was an independent prognostic factor for event-free survival (EFS) and OS (9). MRD status by MFC at day 100 or 365 after ASCT was the most important independent prognostic factor for PFS and OS (3, 10). These findings demonstrate the clinical importance of MRD evaluation, and the MRD-negative status has become the goal of current treatment, and it has also become the endpoint of many clinical trials (11, 12).

However, previous studies were mostly based on the prognostic significance of MRD results at a single time point. It is believed that regardless of which stage the MRD is negative, the prognosis is better than that of the positive ones (4, 8). A few studies combined multiple MRD results at different time points to predict the prognosis of MM, and as our previous study found, patients with a sustained negative MRD status lasting for at least 24 months had a better prognosis (13). For MRD-negative patients, it is not clear whether there is a difference in clinical features and prognosis after reaching an MRD-negative status at different stages, especially for high-risk cytogenetics patients. To clarify this issue, we conducted a retrospective clinical study.



Materials and Methods


Research and Design

Patients with newly diagnosed multiple myeloma (NDMM) who received “induction therapy-ASCT-maintenance therapy” at the First Affiliated Hospital of Sun Yat-sen University between January 2007 and January 2021 were evaluated for inclusion in our retrospective study. Patients were divided into three groups, A (induction therapy), B (3 months after ASCT), and C (maintenance therapy), according to the stage at which an MRD-negative status was achieved. The clinical characteristics and prognoses of patients in the three stages were compared. All patients met the International Myeloma Working Group (IMWG) diagnostic criteria, and a total of 186 patients were analyzed (2). The inclusion criteria were as follows: 1) NDMM with complete clinical data; 2) received induction therapy-ASCT maintenance treatment, and 3) curative effect was evaluated and MRD was negative. The exclusion criteria were as follows: 1) past tumor history or diagnosis of combined tumors; 2) severe complications that may affect treatment or survival; 3) received double ASCT; 4) all MRD detection results were positive, and 5) discontinued treatment at any stage. It should be pointed out that for patients with rapid progression after treatment, if they achieved MRD-negative before, they were included in the analysis, otherwise they were excluded. In this study, those with 17p-, t(4;14) or t(14;16) were allocated to the high-risk cytogenetics group, and those without the abovementioned cytogenetic changes were allocated to the standard-risk cytogenetics group (1).



Sample Size Estimation

In this study, the patients were divided into three groups. The prognosis of the three groups of patients in different stages was compared, and the observed events were progression and death. The Kaplan-Meier survival curve was used to analyze the prognostic characteristics and the Log-Rank test was used. The study design conformed to the 3-rank vs. outcome event chi-square test model. The Df is set to 2, 1-β is set to 0.8, α is set to 0.05, w is set to 0.25 (medium effect size), and the sample size n=155 is calculated. When the test reaches the expected statistical significance, the ideal statistical test power can be achieved when the number of valid study cases is more than 155 cases.



Treatment Plan

Induction therapy comprised a regimen containing bortezomib or lenalidomide. Some patients were treated with a regimen containing bortezomib and lenalidomide at the same time, with a median induction of 4 (1–12) courses. The mobilizing regimen was cyclophosphamide (CTX 3 g/m2, iv drip d1) + granulocyte colony-stimulating factor (G-CSF, 300 μg, ih QD from d2) or G-CSF alone (G-CSF, 300 μg, ih QD d1–5). The pretreatment regimen was high-dose melphalan (melphalan 200 mg/m2, reduction in renal insufficiency) or CVB (CTX 50 mg/kg, iv drip, QD -3 d~-2 d; etoposide 10 mg/kg, iv drip, QD, -5 d~-4 d; busulfan 0.8 mg/kg, iv, q6h, -8 d~-6 d). The following numbers of collected cells were required: MNCs>2.0×108/kg and CD34+ cells>2.0×106/kg. Maintenance treatment was started as soon as the blood cells recovered after transplantation. Proteasome inhibitors, immunomodulators, interferon, glucocorticoids, and Daratumumab were applied individually or in combination for maintenance treatment.



Efficacy Evaluation

The IMWG 2016 efficacy standard was used to evaluate efficacy (2). The abovementioned efficacy evaluation was performed after induction chemotherapy, every 3 months in the first year after ASCT, and every six months after 1 year. At the same time, flow cytometry was used for MRD detection in the bone marrow. The antibody marker of flow cytometry MRD was CD38/CD45/CD19/CD20/CD56/CD54/CD138/cκ/cλ. The number of cells detected was 1×106, the detection of ≥20 abnormal phenotype plasma cells was considered positive, and the limit of quantification (LOD) was 2×10-5 to 10-5.



Follow-Up

Follow-up was conducted by telephone. All patients were followed up until January 31, 2021.



Statistical Analysis

Sample size was estimated by G*Power version 3.0 (Heinrich-Heine-Universität Düsseldorf, Düsseldorf, German). Statistical analyses were carried out using SPSS 26.0 software (SPSS, Chicago, IL, US) and GraphPad Prism (version 9.0; GraphPad Software, La Jolla, California). Baseline characteristics were evaluated using descriptive statistical analysis: frequency distributions (n, %) are presented for categorical variables and compared using the chi-squared test. The median (range) is presented for continuous variables and compared using a nonparametric test, only age was a continuous variable in our study. Time to progression (TTP) was calculated from the start of treatment to disease progression or the last follow-up, and overall survival (OS) was calculated from the start of treatment until death or the last follow-up. The Kaplan-Meier method was used to analyze the survival of patients who achieved an MRD-negative status at different stages. P<0.05 indicated that the difference was statistically significant.




Results


Characteristics of the Included Patients

This study reviewed 293 patients, 45 of whom were excluded due to a lack of MRD monitoring, 1 of whom was excluded due to having combined malignant tumors, 15 of whom received double ASCT, and 46 of whom had persistent MRD-positive results. Ultimately, 186 patients achieved an MRD-negative status, as shown in Figure 1.




Figure 1 | Patients included in this study.



The basic data of the enrolled patients are shown in Table 1. A comparison of the baseline information of patients in the three groups (A-C) is shown in Table 2. There was no significant difference in basic data between the groups (P>0.05).


Table 1 | Baseline information of the 186 NDMM patients at disease onset.




Table 2 | Comparison of basic clinical information from three groups of patients.





Treatment Process and Efficacy Evaluation

A total of 178 patients received a bortezomib-containing regimen for induction therapy, 19 patients were treated with a lenalidomide-containing regimen for induction therapy, and 11 patients were treated with a bortezomib- and lenalidomide-containing regimen for induction therapy. Eighty patients (43.0%) achieved complete response (CR) after induction therapy, 81 (43.5%) achieved very good partial response (VGPR), 21 (11.3%) achieved partial response (PR), and 4 (2.2%) did not achieve PR. Seventy-three patients (39.2%) achieved an MRD-negative status after induction therapy, and another 113 patients (60.8%) remained MRD positive at this stage. A total of 180 patients received high-dose CTX+G-CSF for peripheral blood stem cell mobilization, and 15 patients failed after the first mobilization; of these patients, peripheral blood stem cells were successfully collected in 5 after receiving the same protocol again, peripheral blood + bone marrow stem cells were collected in 4 after receiving the same protocol again, and peripheral blood + bone marrow stem cells were collected after mobilization with G-CSF monotherapy in 6. Another 6 patients were mobilized with G-CSF (300 µg/d, d1–5) to collect bone marrow stem cells. 102 patients received CVB pretreatment; 69 patients received high-dose melphalan pretreatment, and 15 patients received a reduced-dose Mel regimen due to renal insufficiency[100mg/m2 (n=3), 120mg/m2 (n=1), 140mg/m2 (n=10), 150mg/m2 (n=1)]. The median count of CD34+ cells was 3.06 (0.13–17.8)×106/kg, the median reconstruction time of granulocytes was 10 d, and the median reconstruction time of megakaryocytes was 11 d. Maintenance therapy with bortezomib + thalidomide + dexamethasone after ASCT (n=1); Bortezomib+Dexamethasone (n=11); Daratumumab (n=1); Thalidomide (n=121); Interferon (n=31); lenalidomide (n=17); Ixazomib (n=4). Forty-two patients (22.6%) achieved an MRD-negative status after transplantation. The best curative effect after maintenance treatment was CR in 163 patients (87.6%), VGPR in 22 patients (11.8%), and PR in 1 patient (0.5%). Seventy-one patients (38.2%) achieved an MRD-negative status after maintenance treatment.



Survival in All Patients

The median follow-up time was 67.6 (9.3–154.9) months. The median TTP of 186 patients was not reached, and the median OS was 113.0 months. Of the 73 patients who achieved an MRD-negative status after induction, 8 progressed during the follow-up period, 11 died, and neither TTP nor OS was reached; of the 42 patients who achieved an MRD-negative status after ASCT, 9 progressed and 13 died. The TTP and OS were not reached. Among the 71 patients who achieved an MRD-negative status after maintenance, 25 progressed, and 28 died. The TTP was not reached, and OS was 71.2 months. As shown in Figure 2, there were differences in TTP and OS between the groups (P values were 0.013 and 0.026, respectively).




Figure 2 | TTP (A) and OS (B) for all patients included. TTP (C) and OS (D) for patients who achieved an MRD-negative status at different stages. The Group A, Group B, and Group C represent achieving an MRD-negative status after induction therapy, ASCT, and maintenance therapy, respectively (the same below).





Survival in Patients With Different Cytogenetics

Among the 124 patients with standard-risk cytogenetics, the median TTP was not reached, and the median OS was 113.8 months. Among the 54 patients who achieved an MRD-negative status after induction, 7 progressed during the follow-up period, and 7 died. The median TTP and median OS were not reached. Among the 24 patients who achieved an MRD-negative status after ASCT, 3 progressed, and 8 died. The median TTP and median OS were not reached. Among the 46 patients who achieved an MRD-negative status after maintenance, 13 progressed, and 13 died. The median TTP was not reached, and the median OS was 99.6 months. There was no difference in TTP or OS between the groups (as shown in Figure 3, P values were 0.121 and 0.091, respectively). Among the 38 patients with high-risk cytogenetics, among the 16 who achieved an MRD-negative statusafter induction, 1 progressed during the follow-up period, and 3 died. The median TTP and median OS were not reached. Among the 10 patients who achieved an MRD-negative status after ASCT, 3 progressed, and 3 died. The median TTP was 53.9 months, and the median OS was 71.2 months. Among the 12 patients who achieved an MRD-negative status after maintenance, 7 progressed, and 7 died. The median TTP was 35.8 months, and the median OS was 60.2 months. There was no difference in TTP or OS between the groups (as shown in Figure 4, P values were 0.060 and 0.624, respectively).




Figure 3 | TTP (A) and OS (B) for patients with standard-risk cytogenetics and TTP (C) and OS (D) for patients who achieved an MRD-negative status at different stages. SR, standard-risk cytogenetics.






Figure 4 | TTP (A) and OS (B) for patients with high-risk cytogenetics and TTP (C) and OS (D) for patients who achieved an MRD-negative status at different stages. HR, high-risk cytogenetics.





Survival in Patients With t(4;14), t(14;16), and 17p-

There were 26 patients with t(4;14). Among the 10 patients who achieved an MRD-negative status after induction, 1 progressed during the follow-up period, and 2 died. The median TTP and OS were not reached. Among the 5 patients who achieved an MRD-negative status after ASCT, 2 progressed, and 1 died. The median TTP was 52.6 months, and the median OS was 80.1 months. Among the 11 patients who achieved an MRD-negative status after maintenance, 6 progressed, and 6 died. The median TTP was 35.8 months, and the median OS was 56.2 months. There was no difference in TTP or OS between the groups (P values were 0.324 and 0.345, respectively). There were 6 patients with t(14;16), and none of them progressed during the follow-up period. One patient died, and he achieved an MRD-negative status after ASCT. There was no difference in TTP (P>0.999) or OS (P=0.607) between the groups. There were 12 patients with 17p-; among the 5 patients who achieved an MRD-negative status after induction, none progressed, and one died. The median TTP and OS were not reached. Among the 4 patients who achieved an MRD-negative status after ASCT, 1 progressed, and 1 died. The median TTP was not reached, and the median OS was 62.9 months. Of the 3 patients who achieved an MRD-negative status after maintenance, 2 progressed, and 2 died. The median TTP was 47.0 months, and the median OS was 95.5 months. There was no significant difference in TTP or OS between the groups (P values ​​were 0.337 and 0.997, respectively). There was no difference in TTP or OS among those who achieved an MRD-negative status at different stages among the three types of patients with high-risk cytogenetics, as shown in Figure 5.




Figure 5 | Comparison of TTP (A, C, E) and OS (B, D, F) in patients with t(4;14), t(14;16), and 17p- who achieved an MRD-negative status at different stages.





Survival in Patients With Different R-ISS Stage

Among the 157 patients with R-ISS stage I-II, the median TTP and OS were not reached. Among the 61 patients who achieved an MRD-negative status after induction, 7 progressed during the follow-up period, and 9 died. The median TTP and OS were not reached. Among the 35 patients who achieved an MRD-negative status after ASCT, 9 progressed, and 11 died. The median TTP and OS were not reached. Among the 61 patients who achieved an MRD-negative status after maintenance, 17 progressed, and 19 died. The median TTP was not reached, and the median OS was 99.6 months. There was no difference in TTP or OS between the groups (as shown in Figure 6, P values were 0.174 and 0.186, respectively). Among the 29 patients with R-ISS stage III, the median TTP was not reached, and the median OS was 61.1 months. Among the 12 patients who achieved an MRD-negative status after induction, 1 progressed during the follow-up period, and 2 died. The median TTP and OS were not reached. Among the 7 patients who achieved an MRD-negative status after ASCT, none progressed, and 2 died. The median TTP and OS were not reached. Among the 10 patients who achieved an MRD-negative status after maintenance, 8 progressed, and 9 died. The median TTP was 35.1 months, and the median OS was 48.5 months. As shown in Figure 7, there was a significant difference in TTP (Chi-square=15.691, P<0.001) and OS (Chi-square=7.776, P=0.020) between the groups.




Figure 6 | TTP (A) and OS (B) for patients with R-ISS stage I-II and TTP (C) and OS (D) for patients who achieved an MRD-negative status at different stages.






Figure 7 | TTP (A) and OS (B) for patients with R-ISS stage III and TTP (C) and OS (D) for patients who achieved an MRD-negative status at different stages.





Prognostic Value of The Stage Of Achieving MRD-Negative

COX regression analysis showed that in 186 patients enrolled, high-risk cytogenetics and the stage of reaching MRD-negative were independent prognostic factors for TTP. For patients who achieved MRD-negative after maintenance therapy, compared with those who achieved MRD-negative after induction therapy patients had a shorter TTP. Only age was an independent prognostic factor for OS, but the stage of reaching MRD-negative was not. However, patients who achieved MRD-negative after maintenance therapy had worse OS than those who achieved MRD-negative after induction therapy (Table 3, HR=2.409, P=0.025). For patients with R-ISS I-II, there was no prognosis factor for TTP. Age, creatinine, and HBsAg-positive were independent prognostic factors for OS, and the stage of reaching MRD-negative was not a prognostic factor for patients with R-ISS I-II. However, patients who achieved MRD-negative after maintenance therapy had worse OS than those who achieved MRD-negative after induction therapy (Table 4, HR=2.289, P=0.043). Univariate analysis showed that the stage of reaching MRD-negative was a risk factor for TTP. There was no prognosis factor for OS. Multivariate analysis showed that the stage of reaching MRD-negative was an independent prognostic factor for OS (P=0.039). Patients who achieved MRD-negative after maintenance therapy had worse OS than those who achieved MRD-negative after induction therapy (Table 5, HR=4.922, P=0.044).


Table 3 | Univariate and multivariate analyses of TTP and OS for enrolled patients.




Table 4 | Univariate and multivariate analyses of TTP and OS for patients with R-ISS I-II.




Table 5 | Univariate and multivariate analyses of TTP and OS for patients with R-ISS III.






Discussion

The detection of MRD has emerged as a significant tool in the management of MM since it has become viewed as highly important for evaluating the response and is strongly associated with PFS and OS (2, 6). However, it is not clear whether there are differences in clinical features and prognosis after reaching an MRD-negative status at different stages.

This study showed that for MM patients who received ASCT, the prognoses of those who achieved an MRD-negative status at different stages were different, and those who achieved an MRD-negative status after induction therapy had a better prognosis than those who achieved MRD-negative after maintenance. In most previous studies, MRD was detected 3 months after ASCT, and the test results were used as the basis for the efficacy evaluation and prognosis prediction (4, 7, 14). However, our research shows that there are differences in the prognoses of patients who achieve an MRD-negative status at different stages. This may be because patients who achieve an MRD-negative status in the initial stage are more sensitive to chemotherapeutics, and subsequent long-term treatment can fully consolidate the therapeutic effect (15). Multivariate analysis showed that in all enrolled patients, the stage of reaching MRD-negative was an independent prognostic factor for TTP, rather than a prognostic factor for OS. In R-ISS I-II patients, the stage of reaching MRD-negative does not predict prognosis. The stage of reaching MRD-negative in patients with R-ISS III was an independent prognostic factor for OS. Although this is not an independent prognostic factor for TTP but the patients who achieved MRD-negative after maintenance therapy had worse TTP. We found that, as in the previous Kaplan-Meier group comparison, patients who achieved MRD-negative after maintenance therapy appeared to have a worse prognosis than those who had MRD-negative after induction therapy.

In patients with high-risk cytogenetics, the stage at which an MRD-negative status is achieved does not affect the prognosis, and there is no difference in patients with standard-risk cytogenetics. In patients with t(4;14), t(14;16), and 17p-, there was no difference in the prognosis of those who achieved an MRD-negative status at different stages. We believe that under the conditions of this study, for patients with high-risk cytogenetics, regardless of the stage at which an MRD-negative is achieved, there is no longer a significant difference in OS. However, it seems that for patients with high-risk cytogenetics, there are certain differences in TTP among those who achieve an MRD-negative status in different stages (P=0.060). This may be because an MRD-negative status is a prognostic factor independent of cytogenetics (14). At present, studies have reported that an MRD-negative status can overcome the prognostic significance of poor cytogenetics, but some studies have reported that an MRD-negative status cannot overcome the prognostic impact of poor cytogenetics (7, 16–19). However, there is currently no research discussing whether the stage at which an MRD-negative status is achieved can predict the prognosis of patients with high-risk cytogenetics; therefore, we believe that our conclusions are worthy of further verification with larger-scale data.

In patients with R-ISS I-II, the stage at which an MRD-negative status is achieved cannot predict the prognosis, but in patients with R-ISS stage III, the stage at which an MRD-negative status is achieved can predict the prognosis. Indeed, achieving undetectable MRD may also abrogate some adverse risk factors, such as R-ISS III (20). Patients who achieve an MRD-negative status after induction therapy have a better prognosis, especially compared with patients who achieve an MRD-negative status after maintenance treatment (21). We found that in high-risk cytogenetics patients, reaching an MRD-negative status cannot predict the prognosis, but it can be in R-ISS III patients. This may be because the R-ISS staging system is a new risk stratification algorithm with improved prognostic power compared with the individual chromosomal abnormality parameters (22). Achievement of an MRD-negative status is affected by both tumor burden and cytogenetics (11, 12). We speculate that for patients with R-ISS III, it is possible to improve long-term survival after ASCT by increasing the MRD negative rate before ASCT by adding induction chemotherapy and other methods (15, 23). We are convinced that the time has come to use it to adapt the treatment strategy to a dynamic risk (10, 20). The current guidelines recommend that patients with NDMM eligible for transplantation require 4–6 courses of induction chemotherapy (1). For patients with R-ISS stage III, it is possible to consider increasing the course of chemotherapy to achieve an MRD-negative status before ASCT to obtain a better prognosis. Although the baseline characteristics and treatment regimens of the patients enrolled in this study were inconsistent, multivariate analysis showed that induction therapy and maintenance therapy were never prognostic factors, so we believe that the conclusions of this study are still of some significance.

In previous studies, MRD results at a single time point were mainly used to predict the prognosis of patients, but an increasing number of studies have found that a single-time MRD test result does not necessarily well predict the prognosis of patients (4, 24). The prediction of prognosis requires multiple cycles and long-term monitoring of MRD. Therefore, at present, some studies are devoted to analyzing the prognostic significance of persistent MRD-negative results, and some studies are focusing on the clinical characteristics of MM patients with persistent MRD-positive results but can survive for a long time (13). Recent research has focused on new methods of MRD detection, such as next-generation flow cytometry, NGS, and liquid biopsy, which have attracted much attention (25–28). These new studies mainly improve the detection depth of MRD by upgrading the detection methods, thereby increasing its clinical value (26). We tested MRD with a popular 10-color flow cytometer and found that even if the stage at which an MRD-negative status was achieved was the same, patients who achieved an MRD-negative status at different stages had different prognostic characteristics. We can predict the prognosis of patients early according to the stage at which an MRD-negative status is achieved.

It should be noted that there were only 29 patients with R-ISS III in this study, which is lower than the ratio of R-ISS III in the population of MM patients because only patients with MRD-negative can be included in this study. After induction therapy-ASCT-maintenance therapy, it is more difficult for patients with R-ISS III to achieve MRD-negative. However, there were statistical differences in the TTP and OS of these 29 patients, the Chi-square was 15.691 and 7.776, respectively, and the 1-β values were both 100%, so the conclusion of the prognostic analysis in R-ISS III patients was established. However, this study was a retrospective clinical study. The clinical characteristics and the process of treatment in included patients were not very consistent, and the number of cases was limited. The conclusions drawn need to be verified in a larger prospective study.
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Characteristic n or Median Ratio (%)/Range
Age (years); Median (Range) 54 26-69
Sex (n)

Male 114 61.3

Female 72 38.7
Monoclonal protein type (n)

19G 88 47.3

IgA 49 26.3

19D 6 32

Light chain disease 43 231
R-ISS stage (n)

Il 167 84.4

1] 29 15.6
Hemoglobin (g/L) 96 44-173
Lactate dehydrogenase (U/L) 154 51-517
Bone marrow plasmacytosis (%) 21.0 0.5-85.0
Renal function stage (n)

A 153 82.3

B 33 17.7
Cytogenetic abnormality (n)

t(14;16) 6/162 37

t(4;14) 26/162 16.0

t(11;14) 16/162 9.9

del(13q) 54/163 33.1

del(17p) 12/152 7.9

1021 gain 54/148 36.5
Amyloidosis (n) 1 5.9
High-risk cytogenetics*(n) 38/162 23.5

*High-risk cytogenetics reference for t(d;14), t(14;16) and 17p-.
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*Compared to patients who achieved MRD-negative after induction therapy.
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