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The present study aimed to develop two survival risk scores (RS) for overall survival (OS, SRSKRd/EloRd) and progression-free survival (PFS, PRSKRd/EloRd) in 919 relapsed/refractory multiple myeloma (RRMM) patients who received carfilzomib, lenalidomide, and dexamethasone (KRd)/elotuzumab, lenalidomide, and dexamethasone (EloRd). The median OS was 35.4 months, with no significant difference between the KRd arm versus the EloRd arm. In the multivariate analysis, advanced ISS (HR = 1.31; P = 0.025), interval diagnosis–therapy (HR = 1.46; P = 0.001), number of previous lines of therapies (HR = 1.96; P < 0.0001), older age (HR = 1.72; P < 0.0001), and prior lenalidomide exposure (HR = 1.30; P = 0.026) remained independently associated with death. The median PFS was 20.3 months, with no difference between the two strategies. The multivariate model identified a significant progression/death risk increase for ISS III (HR = 1.37; P = 0.002), >3 previous lines of therapies (HR = 1.67; P < 0.0001), older age (HR = 1.64; P < 0.0001), and prior lenalidomide exposure (HR = 1.35; P = 0.003). Three risk SRSKRd/EloRd categories were generated: low-risk (134 cases, 16.5%), intermediate-risk (467 cases, 57.3%), and high-risk categories (213 cases, 26.2%). The 1- and 2-year OS probability rates were 92.3% and 83.8% for the low-risk (HR = 1, reference category), 81.1% and 60.6% (HR = 2.73; P < 0.0001) for the intermediate-risk, and 65.5% and 42.5% (HR = 4.91; P < 0.0001) for the high-risk groups, respectively. Notably, unlike the low-risk group, which did not cross the median timeline, the OS median values were 36.6 and 18.6 months for the intermediate- and high-risk cases, respectively. Similarly, three PRSKRd/EloRd risk categories were engendered. Based on such grouping, 338 (41.5%) cases were allocated in the low-, 248 (30.5%) in the intermediate-, and 228 (28.0%) in the high-risk groups. The 1- and 2-year PFS probability rates were 71.4% and 54.5% for the low-risk (HR = 1, reference category), 68.9% and 43.7% (HR = 1.95; P < 0.0001) for the intermediate-risk, and 48.0% and 27.1% (HR = 3.73; P < 0.0001) for the high-risk groups, respectively. The PFS median values were 29.0, 21.0, and 11.7 months for the low-, intermediate-, and high-risk cases. This analysis showed 2.7- and 4.9-fold increased risk of death for the intermediate- and high-risk cases treated with KRd/EloRd as salvage therapy. The combined progression/death risks of the two categories were increased 1.3- and 2.2-fold compared to the low-risk group. In conclusion, SRSKRd/EloRd and PRSKRd/EloRd may represent accessible and globally applicable models in daily clinical practice and ultimately represent a prognostic tool for RRMM patients who received KRd or EloRd.
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Introduction

With the introduction of novel agents in clinical practice, such as immunomodulatory drugs (IMIDs), proteasome inhibitors (PIs), and more recently monoclonal antibodies (MoAbs), the survival of multiple myeloma (MM) patients dramatically improved in the last decade (1). However, despite unquestionable progress, patients ultimately relapse, possibly developing cross-drug resistance, with a high chance of a reduced response duration to successive lines of therapies (2–6). Nevertheless, through the accessibility of various distinctive classes of approved drugs, differently combined in doublet, triplet, or even quadruplet regimens and integrated, when appropriate, with autologous stem-cell transplantation (ASCT) procedure (7–10), myeloma treatment has changed drastically. The regimen selection mainly depends on many patient- (i.e., age, fitness status, number of exposure and refractoriness to previous therapies) (11) and neoplastic cell- (i.e., cytogenetics) (12) associated characteristics.

The three-drug combinations are definitively superior in improving outcome indicators compared to doublet treatments, hence representing the new standard of care for relapsed/refractory multiple myeloma (RRMM) (13, 14). Moreover, the peculiar mechanism of action of IMiDs, i.e., their immunomodulatory effects through the induction of NK cell activation and boosted ADCC activity (15), indicated IMiD-based protocols as intriguing backbone doublets to be integrated, in triplet regimens, with the second-class proteasome inhibitor carfilzomib (KRd) (16, 17), or with two primary monoclonal antibodies, recognizing the signaling lymphocytic activation molecule F7 (SLAMF7) (elotuzumab, EloRd) (18, 19) or CD38 (daratumumab) (20, 21).

Due to restrictive inclusion and exclusion criteria, the clinical features of cases registered in clinical trials generally do not fully match those of patients treated in clinical practice. Indeed, research in harmonizing clinical trial results with the outcomes highlighted in the real-world scenario is an appropriate scientific approach deserving additional investigation and constant updates. In this respect, the relatively extended follow-up of the two most popular triplets in the RRMM setting, i.e., KRd and EloRD, allowed us to analyze several real-life landscapes (22–27).

Although many prognostic scores to stratify newly diagnosed MM patients have been proposed, such as the Revised International Staging System (R-ISS) (12), which allows segregating cases according to serum markers (albumin, β2-microglobulin, lactate dehydrogenase) and cytogenetic abnormalities detected by fluorescence in-situ hybridization, there are few data in the literature regarding the prognostic tools applicable to RRMM patients exposed to specific treatments.

The present study aimed to develop two weighted, multivariate risk scores (RS) for overall survival (OS, SRSKRd/EloRd) and progression-free survival (PFS, PRSKRd/EloRd) by integrating several parameters in an independent real-life cohort of 919 RRMM patients who received KRd or EloRd salvage therapy outside of clinical trials.



Materials and Methods


Patients

For the aim of this retrospective analysis, the updated clinical data of five independent retrospective cohorts of RRMM patients partially included in previous papers (22–29), outside of clinical trials between December 2015 and December 2018, were collected. The five databases were merged into a single meta-database. Twenty other unpublished cases were also integrated. A Consolidated Standards Of Reporting Trials (CONSORT) diagram encompassing the enrollment phases of the real-world cases is depicted in Supplementary Figure 1.

EloRd and KRd patients were treated according to marketing approval (29). The refractoriness designates disease in patients who achieve a minor response (MR) or better and either become non-responsive while undergoing salvage therapy or who progress within 60 days of the last treatment (30).

The study was approved by institutional ethics committees according to the principles of the Declaration of Helsinki.



Statistical Analysis

Data are expressed as absolute numbers and percentages or median and range.

Progression-free survival (PFS) was calculated from KRd/EloRd time to disease progression or death (event) or last follow-up (censoring). Overall survival (OS) was measured from the start of KRd or EloRd treatment until death from any cause. OS or PFS was censored at the last date of patient follow-up. The relationship between risk factors and the outcome variables was investigated by univariate and multiple Cox regression analyses. On univariate Cox regression analyses, the tested covariates for progression or death included age, gender, prior exposure to autologous stem cell transplant (ASCT) as well as to lenalidomide, lactate dehydrogenase (LDH), disease status at KRd/EloRd start, number of previous lines of therapies, and International Staging System (ISS) stage (31). All univariate correlates of progression/death or death for any cause were jointly introduced into the same multiple Cox regression model. Data were expressed as hazard ratio (HR), 95% confidence interval (CI), and P-value.

Time-to-event outcomes, i.e., PFS and OS, were calculated by the Kaplan–Meier method, and P <0.05 defined the statistical significance. The predictive cutoff value of age (optimal threshold) for discriminating patients who progressed or died or died for any cause from those without these outcomes was identified by the receiver operating characteristic (ROC) curve analysis. The prognostic value of the two risk prediction rules and other biomarkers/risk factors was assessed by calculating the area under the ROC curve (AUC).

We estimated differences in the relationship between individual independent risk factors and PFS or OS, utilizing the bScore as previously described (32) since literature data indicate that such an approach is superior to the risk ratio-based scoring system in predicting mortality (32). In detail, bScore was calculated by deriving a weight for each prognostic variable using each regression coefficient (b). The regression coefficients of the independent prognostic factors were preliminarily summed up. Then they were divided by this sum and multiplied by 100, thus deriving a weight for each predictive variable ranging from 0 (in unexposed patients) to a given percentage (in exposed individuals), the latter being proportional to the weight of each regression coefficient over the sum of the regression coefficients. These weights were summed up individually, thus deriving a score interpretable in a prognostic scale ranging from 0% (for patients unexposed to all risk factors) to 100% (for patients exposed to all risk factors). The agreement between the risk stratification provided by SRSKRd/EloRd and PRSKRd/EloRd was investigated by weighted kappa statistics. Kappa results are interpreted as follows: values ≤0 as indicating no agreement and 0.01–0.20 as none to slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial, and 0.81–1.00 as almost perfect agreement. P-value <0.05 was considered significant.

Data analysis was performed using STATA for Windows v.9, College Station, TX: StataCorp LLC and SPSS Statistics v.21, IBM, Chicago, Illinois.




Results


Patients’ Characteristics

Nine hundred and nineteen RRMM patients received treatment with KRd or EloRd in a real-world scenario. Patients’ characteristics, detected before the KRd/EloRd start, are depicted in Table 1. At KRd/EloRd start, the median age was 67 years (range 33–91). Half of the cases were women. ISS stratification information was available in 814 cases (88.6%); 237 cases (29.1%) were allocated in ISS stage III, 31.8% in ISS stage II, and 39.1% in ISS stage I. Many cytogenetic analyses were missing in this cohort, reflecting the non-routine attitude in performing this test in the real-world scenario. The available cases were 297 cases (32.5%), and less than one-quarter of them presented unfavorable cytogenetic abnormalities [i.e., t(4;14), t(14;16), or del(17p)]. Abnormal LDH serum level was detected in 407/786 available cases (51.8%). The median number of prior lines of therapy was 1 (range 1–11), with 53.9% of patients receiving KRd/EloRd after 1 line of therapy; 36.1% of the entire cohort was already exposed to lenalidomide (Table 1). Three hundred and forty cases received a previous ASCT. Finally, refractoriness to the last therapy was detected in 27% of the cases.


Table 1 | Clinical features of 919 relapsed/refractory multiple myeloma (RRMM) patients treated with carfilzomib, lenalidomide, and dexamethasone (KRd) or elotuzumab, lenalidomide, and dexamethasone (EloRd) as salvage regimens in a real-life setting.





Overall Survival

After a median follow-up of 18 months, 372 patients died. The median OS of the entire cohort was 35.4 months (95% CI 31.4–39.3), with no significant difference between the KRd arm versus the EloRd arm (Supplementary Figure 2). Univariate analyses showed that the interval diagnosis–therapy >3.5 years reduced the death risk by 23% (HR = 0.77, 95% CI 0.63–0.95, P = 0.015). Conversely, refractoriness status at KRd/EloRd start (HR = 1.25, 95% CI 1.01–1.55, P = 0.048), prior exposure to lenalidomide (HR = 1.25, 95% CI 1.02–1.54, P = 0.036), ISS III (HR = 1.48, 95% CI 1.18–1.86, P < 0.001), age >65.5 years as detected by ROC curve analysis (Supplementary Figure 3) (HR = 1.69, 95% CI 1.3–2.1, P < 0.001), and >3 previous lines of therapies (HR = 2.07, 95% CI 1.58–2.70, P < 0.001) were significantly associated with a higher risk to die. Previous ASCT was not significantly associated with OS [HR 1.1 (95% CI 0.9–1.36), P = 0.3].

When all variables showing a significant impact on OS were jointly introduced into the same multivariate model, fitted in 814 out of 919 patients (i.e., 88.6%), advanced ISS (HR = 1.31, 95% CI 1.03–1.65, P = 0.025), interval diagnosis–therapy (HR = 1.46, 95% CI 1.16–1.84, P = 0.001), number of previous lines of therapies (HR = 1.96, 95% CI 1.44–2.66, P < 0.001), age (HR = 1.72, 95% CI 1.36–2.18, P < 0.001), and prior lenalidomide exposure (HR = 1.30, 95% CI 1.03–1.65, P = 0.026) remained independently associated with death. Conversely, disease status at therapy start failed to maintain its independent prognostic role after the multiple data adjustment.



Progression-Free Survival

The median PFS for the overall population was 20.3 months (95% CI 18.2–22.4) with no significant impact of the two therapeutic strategies (Supplementary Figure 4). At Cox univariate analysis for PFS, we analyzed all nine variables considered for OS. Four of them remained significantly associated with a higher risk of progression or death, i.e., prior exposure to lenalidomide (HR = 1.40, 95% CI 1.17–1.67, P < 0.001), ISS III (HR = 1.47, 95% CI 1.20–1.79, P < 0.001), age >65.9 years as identified by ROC curve analysis (Supplementary Figure 5) (HR = 1.55, 95% CI 1.29–1.87, P < 0.001), and >3 previous lines of therapies (HR = 2.10, 95% CI 1.67–2.67, P < 0.001) were significantly associated with a higher progression/death risk. Previous ASCT was not significantly associated with PFS [HR 1.07 (95% CI 0.9–1.28), P = 0.43].

In the multivariate analysis, all the variables mentioned above also maintained their independent association with death risk. Specifically, the model identified a significant increased progression/death risk for ISS III (HR = 1.37, 95% CI 1.12–1.67, P = 0.002), >3 previous lines of therapies (HR = 1.67, 95% CI 1.29–2.16, P < 0.0001), age >65.9 (HR = 1.64, 95% CI 1.34–1.99, P < 0.0001), and prior lenalidomide exposure (HR = 1.35, 95% CI 1.11–1.64, P = 0.003).



Prognostic Survival Scoring Systems

Utilizing the above detailed prognostic models, we derived a survival risk score for OS (SRSKRd/EloRd) and PFS (PRSKRd/EloRd). The regression coefficient in predicting mortality (29, 30) has been used to assign weights to variables independently associated with death or progression/death. The calculations of death and progression/death risk scores to be assigned on an individual basis are described in Supplementary Tables 1, 2, respectively. These weights were summed up on an individual basis. Thus, a prognostic scale ranging from 0% (for patients unexposed to all risk factors) to 100% (for patients exposed to all risk factors) was identified in 814 cases. OS (Supplementary Figure 6) and PFS (Supplementary Figure 7) Kaplan–Meier curves were generated based on grouping cases by prognostic scale quartile. For OS, since the second quartile showed no significant difference with the third one, the two curves were gathered. Three risk categories were generated (Figure 1): low-risk (risk score < 25%), intermediate-risk (risk score ranging from 25% to 75%), and high-risk categories (risk score > 75%). Based on such stratification, 134 (16.5%) cases were allocated in the low-, 467 (57.3%) in the intermediate-, and 213 (26.2%) in the high-risk groups. The 1- and 2-year OS probability rates were 92.3% and 83.8% for the low-risk (HR = 1, reference category), 81.1% and 60.6% (HR = 2.73, 95% CI 1.73–4.28, P < 0.0001) for the intermediate-risk, and 65.5% and 42.5% (HR = 4.91, 95% CI 3.01–7.79, P < 0.0001) for the high-risk groups, respectively (Figure 1). Notably, different from the low-risk group, which did not cross the median timeline, the estimated median OS values were 36.6 ( ± 2.76 standard error of the mean) and 18.6 ( ± 1.93 standard error of the mean) months for the intermediate- and high-risk cases, respectively (Figure 1).




Figure 1 | Overall survival (OS) of the retrospective relapsed/refractory (RR) multiple myeloma cases treated with KRd or EloRd clustered in low- (1st quartile, 134 cases), intermediate- (2nd–3rd quartiles, 467 cases), and high-risk categories (4th quartile, 213 cases), by the five-factor risk model. This analysis was carried out in 814 cases treated with KRd (559 cases) or EloRd (255 cases) in which all the five variables were available.



A similar procedure was followed for PFS. For PFS, since the second quartile showed no significant difference with the first one (Supplementary Figure 7), the two curves were clustered together. Again, three risk categories were generated (Figure 2): low-risk (risk score < 50%), intermediate-risk (risk score ranging from 50% to 75%), and high-risk categories (risk score > 75%). Based on such grouping, 338 (41.5%) cases were allocated in the low-, 248 (30.5%) in the intermediate-, and 228 (28.0%) in the high-risk groups. The 1- and 2-year PFS probability rates were 71.4% and 54.5% for the low-risk (HR = 1, reference category), 68.9% and 43.7% (HR = 1.95, 95% CI 1.40–2.72, P < 0.0001) for the intermediate-risk, and 48.0% and 27.1% (HR = 3.73, 95% CI 2.64–5.26, P < 0.0001) for the high-risk groups, respectively (Figure 2). The estimated median PFS values were 29.0 ( ± 3.70 standard error of the mean), 21.0 ( ± 1.52 standard error of the mean), and 11.7 ( ± 0.89 standard error of the mean) months for the low-, intermediate-, and high-risk cases, respectively (Figure 2).




Figure 2 | Progression-free survival (PFS) of the retrospective relapsed/refractory (RR) multiple myeloma cases treated with KRd or EloRd clustered in low- (1st and 2nd quartiles, 338 cases), intermediate- (2nd–3rd quartiles, 248 cases), high-risk categories (4th quartile, 228 cases), by the four-factor risk model. This analysis was carried out in 814 cases treated with KRd (559 cases) or EloRd (255 cases) in which all the five variables were available.



Of note, the prognostic performance of the risk prediction rules for OS tended to be higher (P for trend = 0.05) according to the increase of previous lines of therapy. On the contrary, no difference in prognostic performance according to lines of therapy was found for the risk prediction rule for PFS (P for trend = 0.20). Of note, the two risk prediction rules had higher prognostic values for PFS (AUC: 66%) and OS (AUC: 65%) as compared to those of the other biomarkers/risk factors (PFS, AUC ranging from 54% to 62%; OS, AUC ranging from 53% to 61%) (Table 2).


Table 2 | Median survival time (and 95% CI), hazard ratio (and 95% CI), and area under the ROC curve of the proposed risk prediction rules, the components from which they were built and the markers that were excluded.



The concordance between the two scores is reported in Supplementary Table 3. The weighted kappa statistics between the risk classification provided by SRSKRd/EloRd and PRSKRd/EloRd was 48% (P < 0.001), indicating a moderate agreement between the two risk prediction rules.

Finally, a risk stratification derived by combining cases according to the risk categories of SRS and PRS (i.e., reference group, both SRS and PRS in the low-risk category; intermediate-risk group, SRS or PRS in the high-risk category; high-risk group, both SRS and PRS in the high-risk category) was performed. This analysis showed that patients with both SRS and PRS in the high-risk category had hazard ratios of progression/death and mortality that were 2.354 and 2.177 times higher, respectively, than those of the reference group and higher than those of the intermediate-risk group (Supplementary Figures 8, 9).



Impact of Cytogenetic Risk on Outcome

The FISH prognostic relevance, also emphasized by the R-ISS (12), encouraged us to perform an ancillary analysis in this small subgroup of patients. Univariate Cox analyses detected a significantly increased risk of death (HR = 2.80, 95% CI 1.82–4.30, P < 0.0001) and progression/death (HR = 2.60, 95% CI 1.83–3.71, P < 0.0001) for the cases that presented unfavorable cytogenetic abnormalities. When the five-factor SRSKRd/EloRd model and the four-factor PRSKRd/EloRd model were forced with FISH risk classification in two different multivariate analyses (Supplementary Table 4), cytogenetics maintained its independent negative prognostic role in predicting both death (HR = 2.68, 95% CI 1.72–4.20, P < 0.001) (Supplementary Table 4a) and progression/death (HR = 2.60, 95% CI 1.79–3.78, P < 0.001) (Supplementary Table 4b) likelihoods. Remarkably, also the five-factor SRSKRd/EloRd and the four-factor PRSKRd/EloRd scores were confirmed as independent predictors of OS and PFS in the statistical models including cytogenetic risk. Indeed, a dose–response increase of the hazard ratios of both mortality and progression/death was found in close parallelism with the rise of SRSKRd/EloRd and PRSKRd/EloRd (both P for trend < 0.001). The adjusted HRs of mortality in the intermediate- and high-risk categories were 2.48 (95% CI 0.89–6.86) and 5.62 (95% CI 2.0–15.8) times higher, respectively, than those in the low-risk category (reference group), and this was also true for progression/death (intermediate versus reference category, hazard ratio 1.17, 95% CI 0.78–1.76; high versus reference category, hazard ratio 2.42, 95% CI 1.63–3.59) (Supplementary Tables 4a,b). These results indicate that cytogenetic risk and the two risk scores (SRSKRd/EloRd and PRSKRd/EloRd) have a complementary role to predict OS and PFS in the study population.




Discussion

New-generation PIs, IMIs, with or without conventional chemotherapy, are covering the treatment landscape of RRMM (11). However, despite therapeutic algorithms, MM patients ultimately relapse. Risk stratification in a newly diagnosed MM, relying on preinduction characteristics, remains a crucial model both for patient counseling and the risk-adapted therapeutic strategy progress (33).

Nevertheless, few studies have been conducted with the aim of identifying prognostic factors for predicting clinical outcomes following specific treatments in the setting of RRMM patients. Recently, in a Chinese MM cohort involving RRMM patients treated with anti-BCMA CAR-T cell therapy, a Cox model based on extramedullary disease, light-chain MM, high-risk cytogenetics, and more than three therapeutic lines allowed the early identification of cases with poor PFS (34). A powerful emerging predictor is the minimal residual disease assessment (35). However, the risk stratification for RRMM patients treated with new combinations is missing and desirable to guide sequential therapy choices better.

In this retrospective real-world study, we exploit a scoring system to foresee outcomes in MM patients receiving the two most common triplets, KRd (16, 17) or EloRd (18, 19), as salvage therapy outside of clinical trials. Using readily accessible clinical data at the time of the two triplets’ start, these scores identified low-, intermediate-, and high-risk groups. The analyses showed 2.7- and 4.9-fold increased risk of death for the intermediate- and high-risk groups, respectively. Moreover, the progression risks after salvage therapy with the two triplets were 1.3 and 2.2 times higher for cases clustered in the intermediate- and high-risk groups, respectively.

Although the most common tools used for risk stratification in MM are the ISS (31) and, more recently, the R-ISS (12), none were explicitly generated for real-life cohorts of patients treated with salvage therapy with KRd/EloRd. In this respect, it was reasonable to consider that in addition to ISS, a more stringent focus on specific patient subgroups, such as those exposed to lenalidomide, would help improve prognosis.

Accordingly, age, previous lines of therapies, and prior lenalidomide exposure with the well-known ISS had represented the backbone of both SRSKRd/EloRd and PRSKRd/EloRd models. Moreover, refractoriness status at KRd/EloRd start was an additional variable in the prognostication clustering for OS.

In our analysis, older age was a critical concern since it surrogates comorbidities and worse fitness status (36). However, the use of age only could be reductive, and an adequate assessment of fitness status before treatment remains remarkably critical before planning salvage therapy in MM. Although the current physician’s effort is to reduce the risk of either over- or undertreating respectively unfit and fit patients, the routine application of frailty scores is objectively less applicable in some real-world hardworking clinical settings (37).

The RRMM treatment that had three or more previous lines of therapy, or exposed/refractory to lenalidomide, or refractory to prior therapy before the salvage, is becoming exceptionally challenging (11). In this respect, regimens containing daratumumab (38), isatuximab (39–41), or elotuzumab (42) could represent reasonable therapeutic options. Nevertheless, due to its exclusive many-sided mechanisms of action, daratumumab is increasingly used in treating RRMM and newly diagnosed cases. Alongside its efficacy and low-toxicity profile, daratumumab manageability is enhanced further with the subcutaneous formulation (43). However, the increasing use of daratumumab in the first line will shortly develop a new task in RRMM relapsing patients while on anti-CD38 treatment (44).

Unlike the ISS model, which uses two routine and inexpensive laboratory pieces (31), the R-ISS added cytogenetic analysis and LDH levels (12). This latter variable revealed a borderline significance in univariate analysis and was thus excluded from the final model. A substantial number of cytogenetic studies were lacking in this cohort, mirroring the scarce attitude in performing this assay in the real-world setting. The available cases were only 32.5%, with less than one-quarter presenting unfavorable cytogenetic abnormalities. Although with this limitation, we performed an ancillary analysis yet. Interestingly, SRSKRd/EloRd and PRSKRd/EloRd scores were confirmed as independent predictors of OS and PFS in the statistical models, including cytogenetic risk, indicating that cytogenetics and both our risk scores might have a complementary prognostic role in envisaging overall and progression-free survival in the study cohort. A limitation of our findings is the lack of external validation. Thus, our results need to be confirmed in an independent cohort of RRMM patients.

Furthermore, the validation of our new risk prediction score requires a clinical validation, i.e., a randomized trial testing whether a treatment strategy guided by our risk prediction rule preludes to a better prognosis as compared to a treatment strategy based on previous prognostic tools or standard of care.

Currently, in clinical practice, patients who relapse after KRd and EloRd receive a therapeutic regimen based on pomalidomide (isatuximab, pomalidomide, and dexamethasone or elotuzumab, pomalidomide, and dexamethasone) (38, 42), these approaches represent a promising therapeutic strategy for the standard risk category. If the results of this study will be confirmed in an external validation cohort, patients at high risk for both scores should be candidates for innovative therapies.

Remarkably, a feature triple-class-exposed or even refractory RRMM cohort is realistically expected, especially in developed countries. Thus, new standards of care, i.e., drugs targeting B-cell maturation antigen, chimeric antigen receptor T cells, antibody–drug conjugate, bispecific T-cell engager, and a bispecific antibody (45), will be hopefully incorporated into the RRMM treatment algorithm to dodge the next drug resistances.

At this point, the clinical and laboratory criteria utilized for building the score systems above cannot comprehensively capture the molecular and biological indicators underlying the resistance machinery of new treatments and, ultimately, the PFS and OS magnitude. In this respect, the use of different analytical methods to establish a comprehensive prognostic scoring system, including gene expression/mutation-derived risk scores and clinical prognostic signatures, is desirable to improve predictive precision and guide future clinical therapy (46, 47). Nevertheless, next-generation markers are far from their systematic utilization in RRMM real-world patients.
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