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Abstract

:

The benefit of associating anti-CD38 monoclonal antibodies to proteasome inhibitor (PI)/immunomodulatory agent (IA) and dexamethasone in the treatment of patients with relapsed or refractory multiple myeloma (MM) remains unclear. PubMed, Embase, and Cochrane Library databases were searched for randomized controlled trials that investigated the addition of anti-CD38 monoclonal antibodies to a therapy composed of PI/IA and dexamethasone versus PI/IA and dexamethasone alone for treating relapsed or refractory MM. Hazard ratios (HRs) or risk ratios (RRs) were computed for binary endpoints, with 95% confidence intervals (CIs). Six studies comprising 2191 patients were included. Anti-CD38 monoclonal antibody significantly improved progression-free survival (HR 0.52; 95% CI 0.43–0.61; p < 0.001) and overall survival (HR 0.72; 95% CI 0.63–0.83; p < 0.001). There was a significant increase in hematological adverse events, such as neutropenia (RR 1.41; 95% CI 1.26–1.58; p < 0.01) and thrombocytopenia (RR 1.14; 95% CI 1.02–1.27; p = 0.02), in the group treated with anti-CD38 monoclonal antibody. Also, there was a significant increase in non-hematological adverse events, such as dyspnea (RR 1.72; 95% CI 1.38–2.13; p < 0.01) and pneumonia (RR 1.34; 95% CI 1.13–1.59; p < 0.01), in the group treated with anti-CD38 monoclonal antibody. In conclusion, the incorporation of an anti-CD38 monoclonal antibody demonstrated a promising prospect for reshaping the established MM treatment paradigms.
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1. Introduction


Multiple myeloma (MM) is a neoplasm characterized by the clonal expansion of malignant plasma cells (PCs) in the bone marrow (BM) [1,2,3,4]. The onset of MM occurs with the asymptomatic pre-malignant proliferation of PCs, which comprises monoclonal gammopathy of undetermined significance (MGUS) and smoldering myeloma (SMM) [5,6,7,8,9]. MGUS comprises patients with serum M-protein levels (<3 g/dL) and monoclonal PC in the BM (<10%), while patients with serum M-protein levels (≥3 g/dL) and/or PC in the BM (≥10%) are classified as MM [7,10,11]. In addition, the diagnosis should consider end-organ damage resulting from the serum M-spike and/or monoclonal PC in the BM [12,13].



MM accounts for 1% of all cancers and is the second most common hematologic neoplasm in the world, representing 30,000 new cases per year, with an estimated incidence of 5 cases per 100,000 [14,15,16]. The implementation of emerging therapies has increased the overall survival of patients with MM since the 21st century [17,18,19]. Before 2000, the average survival for MM was only 12 months, whereas after 2000, it increased to 24 months [20,21,22].



MM remains incurable, and most patients undergo several lines of treatment, with the choice relying on exposure and previous response [20,23,24,25]. Currently, clinical treatment options include proteasome inhibitors, immunomodulatory agents, steroids, alkylating agents, and monoclonal antibodies, often combined with autologous stem cell transplantation in eligible patients [12,26,27,28]. The need for new therapeutic approaches for relapsed or refractory MM has generated monoclonal antibodies targeting CD38, including daratumumab and isatuximab [29,30,31,32,33].



Thus, this meta-analysis of phase III randomized controlled trials (RCTs) aimed to clarify the benefit of treatment with anti-CD38 monoclonal antibodies combined with proteasome inhibitors or immunomodulatory agents for patients with relapsed or refractory MM.




2. Materials and Methods


2.1. Protocol and Registration


This research followed the recommendations outlined by the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (Tables S1 and S2) [34]. The protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO) with the registration number CRD42024507495.




2.2. Eligibility Criteria


Included studies must have met the following eligibility criteria: (1) phase III RCTs; (2) enrolling adult patients (≥18 years) with documented relapsed or refractory MM; (3) treatment regimens with dexamethasone and immunomodulatory agent/proteasome inhibitor for intervention and control groups and an anti-CD38 humanized IgG1-κ monoclonal antibody for the intervention group only; and (4) Eastern Cooperative Oncology Group (ECOG) performance status score of 0, 1, or 2. Studies with no outcomes of interest, overlapping populations, or non-randomized clinical trials were excluded. The eligibility criteria for each of the RCTs included in this systematic review and meta-analysis are detailed in Table S3.



The question we sought to answer was as follows: How effective is the addition of anti-CD38 monoclonal antibody to dexamethasone and immunomodulatory agent/proteasome inhibitor therapy for the treatment of patients with relapsed or refractory MM?




2.3. Search Strategy


PubMed, Embase, and Cochrane Library were searched on 29 January 2024. The search strategies utilized for each database are summarized in detail in Table S4.



To identify potentially relevant future studies, we checked the references of the included articles and systematic reviews in the literature. Additionally, we set up alerts in each database to notify us of new publications related to the topic of interest. The studies found in the databases and in the references of the articles were incorporated into the reference management software (Rayyan) [35]. Two reviewers (F.A.K. and V.M.S.) selected the studies found in the databases individually. Discordances in selection were solved by a general agreement between three authors (F.A.K., V.M.S., and F.C.A.d.M.).




2.4. Data Extraction


To summarize the main findings, two authors (A.d.O.M.L. and V.K.T.S.) independently collected the data extracted from the included articles. The following baseline characteristics were extracted: (1) sample size; (2) age; (3) sex; (4) race; (5) ECOG status; (6) disease stage according to the International Staging System; and (7) type of measurable MM (IgG or non-IgG).



The ensuing outcomes of interest were extracted: (1) progression-free survival (PFS), defined as the time elapsed from patient randomization to the occurrence of death from any cause or disease progression; (2) overall survival (OS), defined as the length of time, counted from the start of treatment, that patients are still alive; and (3) adverse events, defined as an untoward medical occurrence related to a treatment. These were evaluated according to the Common Terminology Criteria for Adverse Events, version 5.0 [36].




2.5. Endpoints and Subgroup Analysis


The outcomes of interest were (1) PFS; (2) OS; patients with any grade and, in another analysis, grade ≥ 3 of (3) anemia; (4) febrile neutropenia; (5) lymphopenia; (6) neutropenia; (7) thrombocytopenia; (8) arthralgia; (9) asthenia; (10) back pain; (11) bronchitis; (12) constipation; (13) cough; (14) diarrhea; (15) dyspnea; (16) fatigue; (17) hypertension; (18) insomnia; (19) nausea; (20) peripheral edema; (21) pneumonia; (22) pyrexia; and (23) upper respiratory tract infection.




2.6. Risk of Bias Assessment


To assess the quality of individual randomized studies, the Cochrane risk of bias tool for randomized trials (RoB-2) was used [37]. A score of low, high, or unclear risk of bias was assigned to each trial across five domains: (1) randomization process; (2) deviations from intended interventions; (3) missing outcomes; (4) measurement of outcomes; and (5) selection of reported results. To further examine the possibility of publication bias, funnel-plot analyses were employed. Two authors (V.K.T.S. and F.C.A.d.M.) performed an independent evaluation of the risk of bias for all included RCTs and any disagreements were resolved by consensus.




2.7. Statistical Analysis


Hazard ratios (HRs) or risk ratios (RRs) were computed for binary outcomes, with 95% confidence intervals (CIs). Cochran Q-test and I2 statistics were utilized to evaluate heterogeneity; p values < 0.10 and I2 > 25% were indicative of a statistically significant heterogeneity between the included RCTs [38]. The Sidik–Jonkman estimator was used to determine the Tau2 variance between studies [39]. For all endpoints, DerSimonian and Laird random effect models were used [40]. To assess publication bias, contour-enhanced funnel plots were visually inspected and assessed using Egger’s regression asymmetry [41]. The statistical analyses were executed through the R Software version 4.3.





3. Results


3.1. Search Results and Characteristics of Included Studies


The selection was described in a PRISMA flow diagram (Figure 1). A total of 2047 references were found in the systematic search. After the elimination of identical references and the evaluation according to the content in the title and abstract, 20 studies were deemed fit for the full-text reading, which encompassed a thorough evaluation of the inclusion and exclusion criteria. Out of these, six RCTs were included, comprising a total of 2191 patients [42,43,44,45,46,47].



A total of 1162 patients with relapsed or refractory MM were randomized to receive anti-CD38 monoclonal antibodies and 1029 patients were assigned to the control group. The majority of patients had an ECOG performance status score of 0 (770 patients) and 811 patients had an ECOG ≥ 1. Regarding the type of measurable MM, 979 were IgG positive and 641 were non-IgG. The median age ranged from 28.0 to 90.0 years. Baseline patient and study characteristics are summarized in Table 1 and Table S5.




3.2. Results Based on Outcome


3.2.1. Progression-Free Survival


PFS was evaluated in six RCTs, comprising a total of 2191 patients. Anti-CD38 monoclonal antibodies significantly improved PFS compared to the control group (HR 0.52, 95% CI 0.43–0.61; p < 0.001; I2 = 57%; Figure 2).




3.2.2. Overall Survival


OS was evaluated in four RCTs, comprising a total of 1562 patients. Anti-CD38 monoclonal antibodies significantly improved OS compared to the control group (HR 0.72, 95% CI 0.63–0.83; p < 0.001; I2 = 31%; Figure 3).




3.2.3. Adverse Events


Anti-CD38 monoclonal antibodies increased any grade of arthralgia (RR 1.69, 95% CI 1.07–2.69; p = 0.03; I2 = 70%; Figure S1B), back pain (RR 1.38, 95% CI 1.05–1.82; p = 0.02; I2 = 47%; Figure S1D), bronchitis (RR 1.89, 95% CI 1.30–2.75; p < 0.01; I2 = 59%; Figure S1E), cough (RR 2.19, 95% CI 1.77–2.70; p < 0.01; I2 = 0%; Figure S1G), diarrhea (RR 1.41, 95% CI 1.23–1.63; p < 0.01; I2 = 21%; Figure S1H), dyspnea (RR 1.72, 95% CI 1.38–2.13; p < 0.01; I2 = 0%; Figure S1I), febrile neutropenia (RR 2.83, 95% CI 1.65–4.87; p < 0.01; I2 = 0%; Figure S1K), nausea (RR 1.55, 95% CI 1.23–1.95; p < 0.01; I2 = 0%; Figure S1O), neutropenia (RR 1.41, 95% CI 1.26–1.58; p < 0.01; I2 = 26%; Figure S1P), peripheral edema (RR 1.70, 95% CI 1.27–2.28; p < 0.01; I2 = 27%; Figure S1Q), pneumonia (RR 1.34, 95% CI 1.13–1.59; p < 0.01; I2 = 0%; Figure S1R), pyrexia (RR 1.63, 95% CI 1.33–1.99; p < 0.01; I2 = 0%; Figure S1S), thrombocytopenia (RR 1.14, 95% CI 1.02–1.27; p = 0.02; I2 = 50%; Figure S1T), and upper respiratory tract infection (RR 1.64, 95% CI 1.43–1.89; p < 0.01; I2 = 0%; Figure S1U).



There was no significant difference between groups in any grade of anemia (RR 0.99, 95% CI 0.90–1.09; p = 0.83; I2 = 46%; Figure S1A), asthenia (RR 1.00, 95% CI 0.81–1.24; p = 0.97; I2 = 17%; Figure S1C), constipation (RR 1.01, 95% CI 0.71–1.43; p = 0.96; I2 = 68%; Figure S1F), fatigue (RR 1.36, 95% CI 0.97–1.91; p = 0.08; I2 = 76%; Figure S1J), hypertension (RR 2.38, 95% CI 0.81–6.99; p = 0.11; I2 = 86%; Figure S1L), insomnia (RR 1.20, 95% CI 0.99–1.45; p = 0.07; I2 = 0%; Figure S1M), and lymphopenia (RR 1.62, 95% CI 0.96–2.74; p = 0.07; I2 = 73%; Figure S1N). These results are summarized in Table 2.



Anti-CD38 monoclonal antibodies increased grade ≥ 3 of diarrhea (RR 1.95, 95% CI 1.10–3.47; p = 0.02; I2 = 25%; Figure S2H), dyspnea (RR 5.32, 95% CI 2.39–11.84; p < 0.01; I2 = 0%; Figure S2I), fatigue (RR 1.86, 95% CI 1.19–2.91; p < 0.01; I2 = 0%; Figure S2J), febrile neutropenia (RR 2.83, 95% CI 1.65–4.87; p < 0.01; I2 = 0%; Figure S2K), lymphopenia (RR 2.13, 95% CI 1.24–3.64; p < 0.01; I2 = 57%; Figure S2N), neutropenia (RR 1.64, 95% CI 1.33–2.01; p < 0.01; I2 = 58%; Figure S2P), pneumonia (RR 1.31, 95% CI 1.06–1.63; p = 0.01; I2 = 0%; Figure S2R), thrombocytopenia (RR 1.25, 95% CI 1.08–1.44; p < 0.01; I2 = 0%; Figure S2T), and upper respiratory tract infection (RR 1.97, 95% CI 1.02–3.79; p = 0.04; I2 = 7%; Figure S2U).



However, there was no significant difference in grade ≥ 3 of anemia (RR 1.00, 95% CI 0.81–1.24; p = 0.99; I2 = 18%; Figure S2A), arthralgia (RR 1.62, 95% CI 0.65–4.04; p = 0.30; I2 = 0%; Figure S2B), asthenia (RR 1.08, 95% CI 0.52–2.22; p = 0.84; I2 = 30%; Figure S2C), back pain (RR 1.98, 95% CI 0.97–4.04; p = 0.06; I2 = 0%; Figure S2D), bronchitis (RR 1.78, 95% CI 0.83–3.84; p = 0.14; I2 = 15%; Figure S2E), constipation (RR 0.88, 95% CI 0.10–7.90; p = 0.91; I2 = 43%; Figure S2F), cough (RR 0.52, 95% CI 0.02–14.73; p = 0.70; I2 = 57%; Figure S2G), hypertension (RR 2.94, 95% CI 0.62–13.96; p = 0.18; I2 = 84%; Figure S2L), insomnia (RR 1.30, 95% CI 0.62–2.71; p = 0.48; I2 = 0%; Figure S2M), nausea (RR 3.31, 95% CI 0.81–13.56; p = 0.10; I2 = 0%; Figure S2O), peripheral edema (RR 1.25, 95% CI 0.36–4.27; p = 0.73; I2 = 0%; Figure S2Q), and pyrexia (RR 1.47, 95% CI 0.73–2.98; p = 0.28; I2 = 0%; Figure S2S). These results are summarized in Table 3.




3.2.4. Sensitivity Analysis and Quality Assessment


We executed a leave-one-out sensitivity analysis for PFS and OS outcomes. The outcomes showed stability, without changes in significance with the removal of each individual study. However, there was a significant reduction in heterogeneity among studies with the removal of Lepus et al., from I2 = 31% to I2 = 0% for OS, and a reduction from I2 = 57% to I2 = 28% for PFS. The leave-one-out sensitivity analysis plots are detailed in Figure S3.



The individual quality assessment of each study included in the meta-analysis is depicted in Figure 4. The six studies included had a low risk of bias in all five domains of Rob 2, which represents a high quality of RCTs included in the analysis. As shown in Figures S4 and S5, the funnel plots of PFS and OS outcomes present a symmetrical distribution of similar-weight studies, indicating no evidence of significant publication bias and a lower variance among the studies included.






4. Discussion


In this systematic review and meta-analysis involving six RCTs and 2191 patients, we compared dexamethasone and immunomodulatory agent/proteasome inhibitor for both intervention and control groups and an anti-CD38 humanized IgG1-κ monoclonal antibody intervention for Relapsed or Refractory Multiple Myeloma. The main results of the pooled analyses were as follows: (1) PFS was better in patients in the anti-CD38 group; (2) OS showed a significant difference in favor of the anti-CD38 group; and (3) adverse events grade ≥ 3 such as neutropenia, thrombocytopenia, diarrhea, dyspnea, and pneumonia occurred in a significantly higher proportion of patients in the anti-CD38 group compared to the control.



CD38 is a type II transmembrane protein that is involved in cellular calcium signaling, lymphocyte activation, and the migration of these immune cells [43]. In the normal state, CD38 expression is low, while in MM it is remarkably high in plasma cells [44]. Thus, the use of targeted therapies such as daratumumab is justified due to the inhibition of tumor growth by binding to the CD38 glycoprotein with high affinity, with the activation of immune-mediated molecular mechanisms [47]. Its use in clinical practice is currently approved by the European Medicines Agency (EMA) and the US Food and Drug Administration (FDA) as a standard single treatment or in combination with other anti-tumor therapies for MM [43].



In addition, isatuximab is an IgG1 monoclonal antibody responsible for the enzymatic regulation of CD38, and treatment with this agent is justified because it induces caspase-dependent apoptosis and can act synergistically by invigorating T cells and natural killer cells [43]. Although similar to daratumab, the mechanisms of action of these two drugs differ because they have different target epitopes [46]. Furthermore, isatuximab can induce cell death directly, whereas daratumab requires additional antitumor combinations; therefore, its treatment is based on the kinergic effect of the combined protocols [46,47].



The mechanism of action of anti-CD38 monoclonal antibodies is important for the treatment of MM because they act on specific receptors (Fc) for antibodies, which are very expressed in this disease [26,48,49]. Their use for treating MM is justified mainly due to complement-dependent cytotoxicity (CDC), in which the binding of C1q complex to the Fc tail of the therapeutic antibody initiates the complement cascade and causes the generation of the membrane attack complex [50,51,52,53]. This leads to the deposition of complement factors on the membrane, triggering the engulfment and destruction of tumor cells by phagocytes, which is further elevated by the synergy with increased expression of Fcγ receptors [53,54,55].



Other Fc-dependent cellular mechanisms include antibody-dependent cytotoxicity (ADCC) and antibody-dependent cellular phagocytosis (ADCP) [56]. ADCC mainly involves natural killer (NK) cells, which recognize tumor cells and then release cytotoxic granules such as perforin and granzymes, which induce the death of target cells [57,58,59]. On the other hand, ADCP involves the phagocytosis of cells by macrophages, which recognize the target cells by antibodies bound to the surface of the tumor cells; thus, this marking by Fc receptors leads to the destruction of these cells [60,61,62]. The combination of these mechanisms, ADC and ADCP, plays a crucial role in the efficacy of daratumumab and isatuximab, although the latter can also induce cell death by direct mechanisms that are independent of Fc [63,64,65].



Our findings provide compelling evidence that incorporating anti-CD38 therapy into the treatment regimen of multiple myeloma (MM) patients significantly improves PFS. The analysis revealed an HR of 0.5, indicating a 50% reduction in the risk of disease progression for patients receiving anti-CD38 treatment compared to those who did not. This is statistically significant, with a p-value of less than 0.01, highlighting the robust nature of this benefit. These results are particularly encouraging when compared to the outcomes of other emerging therapies for MM. In the KarMMa trial, a phase 2 study investigating the efficacy and safety of idecabtagene vicleucel, a chimeric antigen receptor (CAR) T-cell therapy targeting B-cell maturation antigen (BCMA), notable results were observed. The trial enrolled heavily pretreated patients with relapsed and refractory myeloma, who had received at least three prior treatment regimens. Among the 128 patients who received CART-cell, the median progression-free survival was 8.8 months (95% confidence interval, 5.6 to 11.6), indicating a substantial benefit in delaying disease progression. This stands in stark contrast to the substantial PFS benefit observed in our study with anti-CD38 therapy [66].



Our study also revealed a significant improvement in OS for patients treated with anti-CD38 monoclonal antibodies. The analysis yielded an HR of 0.72, indicating a 28% reduction in the mortality risk for patients receiving this therapy compared to the control group. This finding holds strong statistical significance with a p-value of less than 0.01, emphasizing the positive impact of anti-CD38 treatment on patient longevity. The observed benefit in OS aligns with the results of the KarMMa trial, which investigated the efficacy and safety of idecabtagene vicleucel (ide-cel, also known as bb2121), a chimeric antigen receptor (CAR) T-cell therapy targeting B-cell maturation antigen (BCMA). In the KarMMa trial, the Kaplan–Meier estimated median overall survival was 19.4 months (95% CI, 18.2 could not be estimated), with an overall survival of 78% at 12 months. These data underscore the promising potential of anti-CD38 therapy in improving overall survival outcomes for patients with refractory and relapsed myeloma [66].



For patients with MM undergoing chemotherapy, treatment-related adverse events can significantly impact their well-being and quality of life, affecting their daily routines and emotional state [67,68]. Our meta-analysis suggests that while anti-CD38 monoclonal antibodies may be associated with an increased risk of severe lymphopenia, neutropenic infections, and thrombocytopenia, they also offer improved clinical efficacy in MM treatment. Notably, other serious non-hematological adverse events include diarrhea, dyspnea, and pneumonia. Nonetheless, considering the potential benefits to clinical outcomes, the further investigation and incorporation of anti-CD38 as a treatment option for MM may be warranted, with careful consideration of both the risks and benefits.



The main limitation of this meta-analysis is the high heterogeneity (I2 > 25%) present in most of the analyzed outcomes, such as progression-free survival and overall survival. This suggests that there may be significant differences between the populations included in the studies. However, despite this limitation, this meta-analysis was able to draw robust conclusions demonstrating the significant benefit of anti-CD38 for patients with relapsed or refractory MM.




5. Conclusions


This is the first meta-analysis of randomized clinical trials to evaluate the efficacy and safety of anti-CD38 therapy for the treatment of patients with relapsed or refractory multiple myeloma. Our results suggest that this therapy represents a potential treatment option, and its application in clinical practice should be encouraged.
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Figure 1. Flow diagram of the articles included in the meta-analysis. 
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Figure 2. Progression-free survival of patients with multiple myeloma treated with anti-CD38 monoclonal antibodies versus contro [42,43,44,45,46,47]. 
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Figure 3. Overall survival of patients with multiple myeloma treated with anti-CD38 monoclonal antibodies versus control [43,45,46,47]. 
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Figure 4. Critical appraisal of randomized controlled trials according to the Cochrane Collaboration tool for assessing risk of bias in randomized trials [42,43,44,45,46,47]. 
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Table 1. Design and characteristics of studies included in the meta-analysis.
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	Study
	Designs
	Sample Size
	Intervention
	Age †
	Sex

Male/Female
	Race
	ECOG Status, No (%)
	Prior Lines of Therapy
	International Staging System Disease Stage
	Type of Measurable MM

IgG/Non-IgG





	APOLLO, 2021 [42]
	RCT-phase III
	IG:151

CG:153
	IG: Daratumumab + polamalidomide + dexamethasone

CG: Pomalidomide + dexamethasone
	IG: 67 (42–86)

CG: 68 (35–90)
	IG: 79/72

CG: 82/71
	IG: White-135 (89%); Non-white-16 (11%)

CG: White-137 (90%); Non-white-16 (10%)
	IG: 0–91 (60%); ≥1–60 (40%);

CG: 0–77 (50%); ≥1–76 (50%)
	IG: 1–16 (11%); 2/3–114 (75%); ≥4–21 (14%)

CG: 1–18 (12%); 2/3–113 (74%); ≥4–22 (14%)
	IG: I-68 (45%); II-50 (33%); III-33 (22%)

CG: I-69 (45%); II-51 (33%); III-33 (22%)
	IG: IgG-62 (41%); Non-IgG-89 (59%)

CG: IgG-63 (41%); Non-IgG-90 (59%)



	CASTOR, 2023 [47]
	RCT-phase III
	IG:251

CG:247
	IG: Daratumumab + bortezomib + dexamethasone

CG: Bortezomib + dexamethasone
	Overall:64 (30–88)
	IG:137/114

CG:148/99
	IG: White-216 (86%); Non-white-35(14%)

CG: White-219 (88%); Non-white-28 (12%)
	IG: 0–106 (42%); ≥1–144 (58%);

Not reported: 1

CG: 0–116 (47%); ≥1–131 (53%)
	IG: 1–122 (48.6%); 2/3–107 (42.6%); ≥4–22 (9.2%)

CG: 1–113 (45.7%); 2/3–106 (42.9%); ≥4–28 (11.4%)
	IG: I-98 (39%); II-94 (37%); III-59 (24%)

CG: I-96 (39%); II-100 (40%); III-42 (21%)
	IG: IgG-125 (67%); Non-IgG-61 (33%); Unknown: 65

CG: IgG-138 (70%); Non-IgG-58 (30%); Unknown: 51



	ICARIA-MM, 2022 [43]
	RCT-phase III
	IG:154

CG:153
	IG: Isatuximab + pomalidomide + dexamethasone

CG: Pomalidomide + dexamethasone
	IG:68

CG:66
	IG:89/65

CG:70/83
	NA
	NA
	NA
	IG: I-64 (42%); II-53 (34%); III-34 (22%); Unknown-3 (2%)

CG: I-51 (33%); II-56 (37%); III-26 (14.5%); Unknown-1 (0.6%)
	IG: IgG-102 (66%); Non-IgG-52 (34%)

CG: IgG-100 (65%); Non-IgG-53 (35%)



	IKEMA, 2023 [44]
	RCT-phase III
	IG:179

CG:123
	IG: Isatuximab + carfilzomib + dexamethasone

CG: Carfilzomib + dexamethasone
	IG:65 (37–86)

CG:63 (33–90)
	NA
	NA
	NA
	IG: 1–79 (44.1%); 2/3–97 (55.9%); ≥4–0

CG: 1–55 (44.7%); 2/3–66 (55.3%); ≥4–0
	IG: I-89 (49.7%); II-63 (35.2%); III-34 (22%); Unknown-3 (2%)

CG: I-71 (57.7%); II-31 (25.2%); III-20 (16.3%); Unknown-1 (0.8%)
	NA



	LEPUS, 2021 [45]
	RCT-phase III
	IG:141

CG:70
	IG: Daratumumab + bortezomib + dexamethasone

CG: Bortezomib + dexamethasone
	IG:61.0 (28–79)

CG:61.0 (43–82)
	IG:85/56

CG:42/28
	NA
	IG: 0–64 (45.4%); ≥1–77 (54.6%);

CG: 0–27 (38.6%); ≥1–43 (61.4%);
	IG: 1–41 (29.1%); 2/3–70 (49.6%); ≥4–30 (21.3%)

CG: 1–19 (27.1%); 2/3–33 (47.1%); ≥4–18 (25.7%)
	IG: I-72 (51.1%); II-45 (31.9%); III-24 (17%)

CG: I-34 (48.6%); II-22 (31.4%); III-14 (20%)
	IG: IgG-52 (36.9%); Non-IgG-89 (63.1%)

CG: IgG-28 (40%); Non-IgG-42 (60%)



	POLLUX, 2023 [46]
	RCT-phase III
	IG:286

CG:283
	IG: Daratumumab + lenalidomide + dexamethasone

CG: lenalidomide + dexamethasone
	IG:65.0 (34–89)

CG:65.0 (42–87)
	IG:173/113

CG:164/119
	IG:: White-207 (72.4)%); Non-white-79 (27.6%)

CG: White-186 (65.7%); Non-white-97 (34.3%)
	IG: 0–139 (48.6%); ≥1–147 (51.4%);

CG: 0–150 (53%); ≥1–133 (47%);
	IG: 1–149 (52%); 2/3–123 (43%); ≥4–14 (5%)

CG: 1–146 (51%); 2/3–118 (41.7%); ≥4–19 (7.3%)
	IG: I-137 (48%); II-93 (32.5%); III-56 (19.5%)

CG: I-140 (49.5%); II-86 (30.4%); III-57 (20.1%)
	G: IgG-151 (73.6%); Non-IgG-54 (26.4%); Unknown: 81

CG: IgG-158 (74.9%); Non-IgG-53 (25.1%); Unknown: 72







† Median (range). CG, control group; ECOG, Eastern Cooperative Oncology Group; IG, interventional group; MM, multiple myeloma; RCT, randomized controlled trial.













 





Table 2. Adverse events of any grade.






Table 2. Adverse events of any grade.





	
Adverse Events

	
Events/Total

Intervention

	
Events/Total

Control

	
RR

	
95% CI

	
p-Value






	
Hematological adverse events




	
Anemia

	
543/1144

	
434/1007

	
0.99

	
0.90–1.09

	
0.83




	
Febrile neutropenia

	
49/584

	
17/580

	
2.83

	
1.60–4.87

	
<0.01




	
Lymphopenia

	
155/815

	
73/736

	
1.62

	
0.96–2.74

	
0.07




	
Neutropenia

	
606/1144

	
376/1007

	
1.41

	
1.26–1.58

	
<0.01




	
Thrombocytopenia

	
607/1144

	
425/1007

	
1.14

	
1.02–1.27

	
0.02




	
Non-hematological adverse events




	
Arthralgia

	
180/855

	
101/789

	
1.69

	
1.07–2.69

	
0.03




	
Asthenia

	
181/1004

	
168/939

	
1.00

	
0.81–1.24

	
0.97




	
Back pain

	
205/855

	
135/789

	
1.38

	
1.05–1.82

	
0.02




	
Bronchitis

	
187/855

	
97/789

	
1.89

	
1.30–2.75

	
<0.01




	
Constipation

	
199/818

	
164/735

	
1.01

	
0.71–1.43

	
0.96




	
Cough

	
246/843

	
98/708

	
2.19

	
1.77–2.70

	
<0.01




	
Diarrhea

	
458/1144

	
281/1007

	
1.41

	
1.23–1.63

	
<0.01




	
Dyspnea

	
198/855

	
102/789

	
1.72

	
1.38–2.13

	
<0.01




	
Fatigue

	
303/1004

	
218/939

	
1.36

	
0.97–1.91

	
0.08




	
Hypertension

	
124/560

	
54/427

	
2.38

	
0.81–6.99

	
0.11




	
Insomnia

	
198/843

	
139/708

	
1.20

	
0.99–1.45

	
0.07




	
Nausea

	
147/678

	
94/667

	
1.55

	
1.23–1.95

	
<0.01




	
Peripheral edema

	
151/678

	
88/667

	
1.70

	
1.27–2.28

	
<0.01




	
Pneumonia

	
263/1144

	
175/1007

	
1.34

	
1.13–1.59

	
<0.01




	
Pyrexia

	
222/967

	
122/885

	
1.63

	
1.33–1.99

	
<0.01




	
Upper respiratory tract infection

	
423/1144

	
224/1007

	
1.64

	
1.43–1.89

	
<0.01











 





Table 3. Adverse events of grade ≥ 3.






Table 3. Adverse events of grade ≥ 3.





	
Adverse Events

	
Events/Total

Intervention

	
Events/Total

Control

	
RR

	
95% CI

	
p-Value






	
Hematological adverse events




	
Anemia

	
205/1144

	
173/1007

	
1.00

	
0.81–1.24

	
0.99




	
Febrile neutropenia

	
49/584

	
17/580

	
2.83

	
1.65–4.87

	
<0.01




	
Lymphopenia

	
121/815

	
43/736

	
2.13

	
1.24–3.64

	
<0.01




	
Neutropenia

	
455/1144

	
276/1007

	
1.64

	
1.33–2.01

	
<0.01




	
Thrombocytopenia

	
330/1144

	
225/1007

	
1.25

	
1.08–1.44

	
<0.01




	
Non-hematological adverse events




	
Arthralgia

	
15/855

	
7/789

	
1.62

	
0.65–4.04

	
0.30




	
Asthenia

	
29/1004

	
23/939

	
1.08

	
0.52–2.22

	
0.84




	
Back pain

	
23/855

	
11/789

	
1.98

	
0.97–4.04

	
0.06




	
Bronchitis

	
27/855

	
14/789

	
1.78

	
0.83–3.84

	
0.14




	
Constipation

	
4/818

	
4/735

	
0.88

	
0.10–7.90

	
0.91




	
Cough

	
1/843

	
2/708

	
0.52

	
0.02–14.73

	
0.70




	
Diarrhea

	
63/1144

	
25/1007

	
1.95

	
1.10–3.47

	
0.02




	
Dyspnea

	
42/855

	
7/789

	
5.32

	
2.39–11.84

	
<0.01




	
Fatigue

	
71/1004

	
46/939

	
1.86

	
1.19–2.91

	
<0.01




	
Hypertension

	
75/560

	
32/427

	
2.94

	
0.62–13.96

	
0.18




	
Insomnia

	
20/843

	
12/708

	
1.30

	
0.62–2.71

	
0.48




	
Nausea

	
8/678

	
2/667

	
3.31

	
0.81–13.56

	
0.10




	
Peripheral edema

	
6/678

	
4/667

	
1.25

	
0.36–4.27

	
0.73




	
Pneumonia

	
173/1144

	
117/1007

	
1.31

	
1.06–1.63

	
0.01




	
Pyrexia

	
19/967

	
12/885

	
1.47

	
0.73–2.98

	
0.28




	
Upper respiratory tract infection

	
44/1144

	
22/1007

	
1.97

	
1.02–3.79

	
0.04
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