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The therapeutic outcomes of clinical trials for incorporating anti-CD38 monoclonal 
antibodies (including isatuximab and daratumumab) into the bortezomib/lenalidomide/
dexamethasone (VRd) triplet therapy backbone as the first-line treatment for newly 
diagnosed multiple myeloma (NDMM) have demonstrated significant improved efficacies. 
From a safety perspective, the addition of anti-CD38 monoclonal antibodies into the 
triplet therapies did not raise additional safety concerns. Based on the promising results, 
the National Comprehensive Cancer Network (NCCN) Guidelines Version 1.2025 had 
updated the quadruplet therapy incorporating anti-CD38 monoclonal antibodies with 
VRd-based therapies as the primary therapy for both transplantation-eligible and 
transplantation-ineligible NDMM patients. Thus, a panel of experts in hematology and 
oncology with extensive experience in the treatment of NDMM was convened in 2024 to 
develop consensus recommendations based on recent evidence from pivotal clinical trials 
and real-world practices, providing clear guidance for optimizing treatment strategies in 
both transplantation-eligible and transplantation-ineligible patients. The main topics 
identified for discussion and recommendation were: (i) the benefits and indications for 
quadruplet therapy for NDMM; (ii) the optimization of quadruplet therapy strategies; (iii) 
the management and monitoring of potential adverse events for quadruplet therapy, and 
(iv) the impact of quadruplet regimens on tandem stem cell transplantation and 
maintenance treatment. Recommendations were then presented to the entire panel for 
further discussion and amendment before voting. This manuscript presents the 
recommendations developed, including findings from the expert panel discussions, 
consensus recommendations and a summary of evidence supporting each 
recommendation. 

INTRODUCTION 

The treatment of newly diagnosed multiple myeloma 
(NDMM) has undergone significant advancements in recent 

years, driven by the development of novel therapeutic regi
mens that offer deeper and more durable responses. Among 
these, the VRd regimen (bortezomib, lenalidomide, and 
dexamethasone) has emerged as a cornerstone in both 
transplantation-eligible and transplantation-ineligible pa
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tient populations. Over the past decade, triplet therapy reg
imens have firmly established their therapeutic efficacy, 
with adverse events (AEs) that are relatively predictable in 
clinical practice. However, despite its widespread use, lim
itations persist in terms of efficacy and tolerability. The 
SWOG S0777 trial, a key study evaluating the VRd regimen, 
reported a median progression-free survival (PFS) of 41 
months, with 23% of patients discontinuing treatment due 
to AEs.1,2 Moreover, 33% of patients experienced grade 3 or 
higher peripheral neuropathy, significantly impacting their 
quality of life and ability to continue long-term treatment. 
These challenges highlight the need for optimizing first-
line treatment strategies to improve patient outcomes 
without compromising tolerability. 
Peripheral neuropathy, in particular, remains a critical 

barrier to the continued use of bortezomib in the VRd reg
imen, often requiring dose reductions or even discontinu
ation of treatment.3 This leads to suboptimal therapeutic 
outcomes and an unmet need for optimizing first-line treat
ment strategies to enhance efficacy while reducing toxicity. 
The development of anti-CD38 monoclonal antibodies, in
cluding isatuximab and daratumumab, has offered addi
tional options to address the challenges in the triplet ther
apy. These anti-CD38 monoclonal antibodies have 
demonstrated significant efficacies in multiple clinical tri
als, with manageable AE profiles, making them valuable 
additions to the VRd backbone. These quadruplet treat
ment combinations aim to enhance the depth of response, 
achieve minimal residual disease (MRD) negativity more 
consistently, and extend PFS and overall survival (OS) be
yond what is typically seen with triplet therapies. 
Quadruplet regimens have demonstrated their potential 

to reshape the treatment paradigm for NDMM in both 
transplantation eligible and ineligible patients. In the IM
ROZ trial, which enrolled transplant-ineligible patients, 
isatuximab combined with VRd (Isa-VRd) showed superior 
efficacy compared to VRd alone, with higher rates of sus
tained MRD negativity and a substantial reduction in the 
risk of disease progression or death.4 Similarly, the 
PERSEUS trial, which evaluated the combination of daratu
mumab with VRd (D-VRd) for both induction therapy be
fore autologous stem cell transplantation (ASCT) and con
solidation therapy, further reinforced the value of 
incorporating monoclonal antibodies into the VRd back
bone as first-line treatment, demonstrating a significant 
improved survival outcomes and MRD negativity rates.5 

These findings suggest that quadruplet regimens may offer 
a more effective alternative to triplet therapies which has 
been demonstrated across all subgroups. The integration of 
anti-CD38 antibodies into the well-established triplet ther
apies also aligns with existing clinical workflows and drug 
availability. 
The concept of MRD negativity has gained prominence 

as a critical endpoint in multiple myeloma treatment, with 
accumulating evidence suggesting that it is a reliable pre
dictor of long-term outcomes, including PFS and OS.6,7 The 
ability to consistently achieve this outcome has become a 
central goal of modern myeloma therapy, particularly in the 
context of optimizing long-term disease management and 

reducing relapse rates. Given the growing importance of 
achieving sustained MRD negativity, the addition of mono
clonal antibodies in first-line therapy—such as Isa-VRd and 
D-VRd—has shown significant advantages over the triplet 
therapies. Furthermore, because of the established safety 
profiles, the integration of anti-CD38 antibodies into the 
widely used triplet treatments does not significantly alter 
the protocol, which lowers the barrier for clinicians to 
adopt quadruplet therapy in clinical practice. 
This consensus paper seeks to explore the evolving role 

of quadruplet therapies in the management of both trans
plantation-eligible and transplantation-ineligible NDMM, 
focusing on their ability to deepen treatment responses, 
achieve sustained MRD negativity, and improve survival 
outcomes while managing toxicity. By incorporating evi
dence from pivotal clinical trials and expert opinions, this 
consensus aims to provide clear, evidence-based guidance 
on the integration of quadruplet regimens into standard 
clinical practice for NDMM. As the treatment landscape 
continues to evolve, understanding the benefits and chal
lenges of these newer regimens will be key to optimizing 
patient care and outcomes. 

MATERIALS AND METHODS 

A modified Delphi consensus process was employed to gen
erate statements regarding the use of anti-CD38 mono
clonal antibody quadruplet therapy in the treatment of 
NDMM. The Delphi method is a well-established consen
sus-based approach for reviewing evidence and synthesiz
ing expert opinion to inform clinical decision-making.8 The 
modified Delphi process in this consensus involved anony
mous online voting and in-person meetings by a panel of 
experts. A 70% agreement threshold was set for consensus 
generation.9 The goal of the panel was to develop consen
sus recommendations based on recent evidence from piv
otal clinical trials and real-world practices, providing clear 
guidance for optimizing treatment strategies in both trans
plantation-eligible and transplantation-ineligible patients. 
Panelists were selected based on their active participation 
in clinical trials and contributions to the multiple myeloma 
field, ensuring a diverse range of perspectives. An indepen
dent planning committee conducted the selection process, 
separate from funding bodies, further enhancing the cred
ibility of the panel’s findings. Finally, 16 hematology and 
oncology experts from the Asia-Pacific region with exten
sive experience treating NDMM participated in the consen
sus development. All experts consented to their participa
tion in the development of this consensus statement. 
The consensus development process involved a system

atic review of the literature. A structured search focusing 
on peer-reviewed studies was conducted. The Grading of 
Recommendations Assessment, Development and Evalua
tion (GRADE) system was used to rate the quality of evi
dence and the strength of recommendations.10 The quality 
of evidence was rated High (A), Moderate (B), Low, or very 
low (C) according to the design and limitations of the stud
ies, whereas the strength of recommendations was rated 
either Strong (1) or Weak (2) based on the benefits and 
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harms of the intervention. Key clinical trials were priori
tized due to their significant contributions to understand
ing the efficacy and safety of quadruplet regimens, par
ticularly those incorporating isatuximab or daratumumab 
with triplet regimens. In addition to clinical trials, relevant 
guidelines from authoritative bodies such as the National 
Comprehensive Cancer Network (NCCN) Guidelines and In
ternational Myeloma Working Group (IMWG) were re
viewed to ensure that the recommendations were in line 
with current clinical practice. 
A research steering committee jointly reviewed the in

formation and results of the systematic literature review 
and formulated eight statements for the initial online vot
ing round. These statements encompassed four domains: 
(i) the benefits and indications for quadruplet therapy in 
NDMM; (ii) the optimization of quadruplet therapy strate
gies; (iii) the management and monitoring of potential AEs 
for quadruplet therapy, and (iv) the impact of quadruplet 
therapies on tandem stem cell transplantation and main
tenance treatment. In October 2024, experts anonymously 
voted on the statements, expressing their agreement or dis
agreement and suggesting revisions. An in-person meeting 
was held in November 2024 to discuss the online voting 
results and finalize the statements. In December 2024, all 
participating experts jointly reviewed the consensus docu
ment, which underwent multiple rounds of revisions before 
finalization. 

RESULTS 

CHAPTER 1: BENEFITS AND INDICATIONS OF 
QUADRUPLET THERAPY FOR NDMM 

IS ANTI-CD38-BASED QUADRUPLET THERAPY 
SUITABLE AS A FIRST-LINE TREATMENT FOR 
TRANSPLANTATION-INELIGIBLE NDMM 
PATIENTS? 

STATEMENT 

Anti-CD38-based quadruplet therapy is suitable for trans
plantation-ineligible NDMM patients (A1). 

DISCUSSION 

Transplantation-ineligible patients with NDMM often face 
limited treatment options due to age or comorbidities, 
making it essential to identify regimens that balance ef
ficacy with tolerability. Traditional triplet therapies have 
shown significant improvements in survival, but the addi
tion of monoclonal antibodies has the potential to further 
enhance treatment outcomes.11‑14 

Isa-VRd, a combination of isatuximab, bortezomib, 
lenalidomide, and dexamethasone, is the only approved 
quadruplet regimen with a Category 1 recommendation for 
patients <80 years old who are not frail from the NCCN 
Guidelines Version 1.2025. The IMROZ study provides ro
bust evidence supporting isatuximab in combination with 
VRd, abbreviated as Isa-VRd, as a first-line treatment for 
transplantation-ineligible patients with NDMM.4 This mul

ticenter, phase III trial enrolled 446 patients (265 in the Isa-
VRd group and 181 in the VRd group), with a median age 
of 72 years and a median follow-up period of 59.7 months. 
The study demonstrated a significant 40% reduction in the 
risk of disease progression or death in the Isa-VRd group 
compared to VRd alone, and that the estimated PFS at 5 
years was significantly longer in the Isa-VRd group com
pared to the VRd group (63.2% vs. 45.2%, hazard ratio [HR] 
for disease progression or death: 0.60; 98.5% CI: 0.41–0.88; 
P<0.001), indicating a substantial survival benefit. Further
more, patients receiving Isa-VRd exhibited a notable im
provement in rates of complete response (CR) or better 
(74.7% vs. 64.1%, P=0.01) and higher rates of MRD (55.5% 
vs. 40.9%, odds ratio [OR] 1.8 [95% CI: 1.23–2.65], P=0.003) 
at a sensitivity threshold of 10−5, underscoring the depth of 
response achieved with this quadruplet regimen. 
In addition to efficacy, the safety profile in the IMROZ 

study was consistent with that in the phase III GMMG-HD7 
study of Isa-VRd, in which patients eligible for transplan
tation were enrolled.15 The incidence of serious AEs (SAEs) 
during treatment and incidence of AEs leading to discon
tinuation remained comparable in the two groups. This 
favorable safety profile, combined with the efficacy data, 
makes Isa-VRd a well-tolerated and effective option as a 
first-line therapy for transplantation-ineligible patients. 
The IMROZ study provides strong evidence for Isa-VRd 

in transplantation-ineligible patients. Building on these re
sults, the BENEFIT study adds further clarity by comparing 
Isa-VRd to Isa-Rd in a population aged 65–79 years, with 
a focus on transplantation-ineligible patients.16 This phase 
III trial enrolled 270 patients, with a median follow-up of 
23.5 months. A significant improvement in MRD negativity 
rates (sensitivity threshold of 10−5) was observed in the Isa-
VRd group (53%, 95% CI: 44–61) compared to the Isa-Rd 
group (26%, 95% CI: 19–34) (OR 3.16 [95% CI: 1.89–5.28]; 
P<0.0001), underscoring the advantage of adding borte
zomib to Isa-Rd. Additionally, rates of CR or better were 
substantially higher at 18 months in the Isa-VRd group 
(58% vs. 33%, OR 2.97 [95% CI: 2–5], P<0.0001), as was 
the MRD negativity rate and CR or better (37% vs. 17%, 
P=0.0003). The result further emphasized the depth of re
sponse with the quadruplet regimen. However, with a me
dian follow-up of 23.5 months, PFS and overall survival 
(OS) data are still immature. 
In addition to Isa-VRd, another anti-CD38-based 

quadruplet therapy, D-VRd, demonstrated superior efficacy 
compared to VRd in NDMM patients whose transplants 
were not planned as initial therapy in the phase III 
CEPHEUS trial.17 This latter study enrolled 395 interme
diate, fit, transplantation-ineligible, or transplantation-de
ferred patients with a median age of 70 years. Results 
showed that the MRD negativity rate (10⁻⁵) was 61% in the 
D-VRd arm, compared to 39% in the VRd arm, represent
ing a 22% increase in overall MRD negativity with the dara
tumumab-based quadruplet therapy. Among patients who 
achieved CR or better, the rate of sustained MRD negativ
ity at 12 months was also significantly higher in the D-VRd 
arm compared to the VRd arm, at 48.7% and 26.3%, re
spectively. With a median follow-up of 58.7 months, PFS 

Consensus Guidelines and Recommendations for The CD38 Monoclonal Antibody-based Quadruplet Thera…

Clinical Hematology International 3



had not been reached in the D-VRd arm, compared to 52.6 
months in the VRd arm. At 54 months, PFS was 68.1% and 
49.5% in the D-VRd and VRd arms, respectively, with a sta
tistically significant HR of 0.57. 
Patients with high-risk NDMM, particularly those with 

adverse cytogenetic features such as del17p, t(4;14), 
t(14;16), and 1q21 amplifications, represent a subset that 
historically experiences inferior outcomes. The Phase 3 AL
CYONE study: Patients were randomized to receive up to 
nine cycles of either D-VMP or VMP alone. ORR was 90.9% 
and 73.9%, ≥ CR rate was 46% and 25% in D-VMP group 
versus VMP, respectively. PFS was 37.3 months and 19.7 
months, OS was 82.7 months vs 53.6 months in the two 
groups, respectively.18 Patients with these abnormalities 
exhibit worse prognoses, making deeper responses and 
MRD negativity particularly critical in this subset. Address
ing the needs of this population requires potent, durable 
therapies capable of achieving deep remissions. 
The GMMG-CONCEPT study, in which 26 transplanta

tion-ineligible, high-risk NDMM patients were enrolled, 
showed that 54.2% of transplantation-ineligible patients 
achieved MRD negativity after consolidation therapy with 
Isa-KRd (KRd: carfilzomib, lenalidomide, and dexametha
sone).19 Additionally, 46.2% of transplantation-ineligible 
patients maintained MRD negativity for over a year, indi
cating the durability of response in high-risk patients. No
tably, median PFS had not been reached at a follow-up of 
33 months in transplantation-ineligible patients, suggest
ing that Isa-KRd may offer prolonged disease control in this 
difficult-to-treat population. The NCCN Guidelines Version 
1.2025 have also included the Isa-KRd regimen as a recom
mended option for use in certain circumstances (Category 
2B) for NDMM patients who are ineligible for transplant. 

CONCLUSION 

The results of IMROZ, BENEFIT, and GMMG-CONCEPT, 
along with those of the CEPHEUS and ALCYONE trials, 
highlight the critical role of the quadruplet regimen con
taining anti-CD38 in optimizing outcomes for NDMM pa
tients who are ineligible for transplant. 

LEVEL OF CONSENSUS 

85.7% (12) agree; 14.3% (2) neutral. 
Total: 14 voters. 

ARE CD38 MONOCLONAL ANTIBODIES PLUS 
VRD/KRD SUITABLE AS FIRST-LINE 
TREATMENTS FOR TRANSPLANTATION-
ELIGIBLE NDMM PATIENTS? 

STATEMENT 

CD38 monoclonal antibodies plus VRd/KRd are suitable as a 
first-line treatment for transplantation-eligible NDMM pa
tients (A1). 

DISCUSSION 

For patients with NDMM who are eligible for transplant, 
maximizing the depth of response before high-dose 

chemotherapy and autologous stem cell transplantation 
(ASCT) is critical for long-term disease control. Quadruplet 
therapies incorporating monoclonal antibodies offer the 
possibility of achieving deeper responses compared to tra
ditional triplet regimens.5,20 In the NCCN Guidelines Ver
sion 1.2025, the D-VRd regimen has been updated from 
an “other recommended option” to the only preferred reg
imen for NDMM patients eligible for transplant. Addition
ally, Isa-VRd has been added as an “other recommended 
option.” 
For transplantation-eligible patients, adding isatuximab 

to VRd or KRd regimens has demonstrated significant ben
efits. The GMMG-HD7 study, which included 660 trans
plantation-eligible patients with a median age of 59 years, 
investigated the addition of isatuximab to VRd.15 Median 
follow-up periods were 125 days (interquartile range [IQR] 
125–131) and 125 days (IQR 125–132) in Isa-VRd and VRd 
groups, respectively. The study reported a significant in
crease in MRD negativity rates (at a sensitivity threshold 
of 10−5) following induction therapy, with 50% of patients 
in the Isa-VRd group achieving MRD negativity compared 
to 36% in the VRd group (OR 1.82 [95% CI: 1.33–2.48], 
P=0.00017). From a safety perspective, addition of isatux
imab to VRd did not lead to new safety signals. In both 
treatment groups, the rates of discontinuation due to AEs 
were low. On the other hand, neutropenia was more fre
quently seen in the Isa-VRd group, which has also been ob
served in other phase III trials of isatuximab combination 
therapy in relapsed or refractory multiple myeloma pa
tients.19,21,22 These findings suggest that Isa-VRd can in
duce promising responses before transplant without com
promising patient safety, enhancing the efficacy of 
subsequent treatments such as high-dose melphalan and 
ASCT. 
Another example of quadruplet therapies incorporating 

isatuximab is the IsKia study, which involved 302 trans
plantation-eligible NDMM patients (151 patients in both 
the Isa-KRd and KRd groups), further validated the efficacy 
of isatuximab.23 The addition of isatuximab significantly 
improved MRD negativity rates at several treatment stages. 
After consolidation, the MRD negativity rates at a sensitiv
ity threshold of 10−5 were 77% in the Isa-KRd group com
pared to 67% in the KRd group (OR 2.29, P=0.049), whereas 
the MRD negativity rates at a sensitivity threshold of 10⁻6 

were 67% in the Isa-KRd group compared to 48% in the 
KRd group (OR 2.29, P<0.001). After induction, MRD neg
ativity rates (10⁻5) were 45% in the Isa-KRd group com
pared to 26% in the KRd group (OR 2.34, P<0.001), and 
were 27% versus 14% at a sensitivity threshold of 10⁻6 

(OR 2.36, P=0.004). This benefit was maintained post-trans
plant, where 64% of Isa-KRd patients achieved MRD neg
ativity (10⁻5) compared to 49% in the KRd group (OR 
1.93, P=0.006), and were 52% versus 27% at a sensitivity 
threshold of 10⁻6 (OR 3.01, P<0.001). These profound MRD 
responses underscore the ability of Isa-KRd to provide 
durable disease control. 
Moreover, Isa-KRd has shown promise in overcoming the 

challenges associated with high-risk disease.19 The IsKia 
study addressed the efficacy of Isa-KRd in high-risk NDMM, 
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revealing that MRD negativity rates were comparable across 
high-risk and standard-risk patients.23 Specifically, MRD 
negativity rates of the Isa-KRd group at a sensitivity 
threshold of 10-5 were 76% in high-risk patients and 77% 
in double-hit patients, closely mirroring the rates seen in 
standard-risk patients (79%). In comparison, the KRd group 
demonstrated a notable decline in MRD negativity in high-
risk (58%) and double-hit (53%) patients, which were infe
rior to the one in standard-risk patients (70%), highlight
ing Isa-KRd’s ability to achieve deeper responses in those 
with aggressive disease. Similarly, the GMMG-CONCEPT 
study which included 99 transplantation-eligible, high-risk 
NDMM patients, further reinforces Isa-KRd’s role in this 
population.19 The interim analysis showed that 67.7% of 
transplantation-eligible patients achieved MRD negativity 
after consolidation therapy. Moreover, 62.6% of transplan
tation-eligible patients maintained MRD negativity for over 
a year, and that the median PFS had not been reached at a 
follow-up of 44 months in these patients, suggesting that 
Isa-KRd may offer prolonged disease control in this diffi
cult-to-treat population. 
These findings underscore the efficacy of Isa-KRd in 

achieving sustained responses across various high-risk sub
groups. Its ability to deliver high MRD negativity rates, re
gardless of transplant eligibility, highlights its potency as 
a first-line treatment option for high-risk NDMM. Addi
tionally, the safety profile of Isa-KRd remained favorable, 
with a toxicity profile similar to that in previous reports.19,
23 Common AEs such as hematologic toxicities (e.g., neu
tropenia and thrombocytopenia) were manageable and the 
safety profile was similar to that seen in the KRd group. 
Given the high MRD negativity rates across various sub
groups and its efficacy in maintaining these responses, Isa-
KRd is emerging as a highly effective regimen for high-risk 
NDMM, regardless of transplant eligibility. Its tolerability 
and safety profile further support its use in a broad patient 
population, providing a potent option for achieving long-
term disease control in high-risk individuals. 
Compared to isatuximab-based quadruplet therapies, 

daratumumab-based quadruplet regimens had demon
strated significant efficacy in transplantation-eligible 
NDMM patients through multiple controlled clinical stud
ies. The phase III PERSEUS trial demonstrated that the 
combination of daratumumab with VRd (D-VRd), improves 
PFS, and rate of CR or better, as well as MRD negativity 
compared to the VRd group.24 The D-VRd group demon
strated significantly higher rates of CR or better (87.9% vs. 
70.1%, P < 0.001) and MRD negativity (75.2% vs. 47.5%, P < 
0.001) compared to the VRd group. At a median follow-up 
of 47.5 months, the estimated 48-month PFS was 84.3% in 
the D-VRd group and 67.7% in the VRd group, with a sta
tistically significant HR of 0.42. Moreover, the benefits of 
daratumumab were consistent across various patient sub
groups, including those with International Staging System 
stage III disease or high cytogenetic risk. Regarding safety, 
the proportion of patients experiencing grade 3-4 AEs was 
91.5% in the D-VRd group, higher than the 85.6% observed 
in the VRd group. The most common grade 3 or higher 
AEs were hematologic abnormalities, including neutrope

nia (62.1% in the D-VRd group vs. 51.0% in the VRd group) 
and thrombocytopenia (29.1% vs. 17.3%, respectively). The 
incidence of SAEs was also higher in the D-VRd group 
(57.0%) compared to the VRd group (49.3%). However, the 
treatment discontinuation rate due to AEs was lower in the 
D-VRd group (8.8%) than in the VRd group (21.3%). Over
all, the safety profile was consistent with the known safety 
profiles of daratumumab and of VRd in this patient pop
ulation. Besides the PERSEUS study, the phase III CAS
SIOPEIA trial showed that adding daratumumab to borte
zomib, thalidomide, and dexamethasone (D-VTd) improved 
MRD negativity rates (64% vs. 44%, P<0.0001).20 The GRIF
FIN study also demonstrated enhanced MRD negativity 
(64% vs. 30%) with D-VRd in transplantation-eligible pa
tients.5 In the final analysis of the GRIFFIN study, at a 
median follow-up of 49.6 months (IQR 47.4–52.1), D-VRd 
demonstrated superior efficacy, significantly improving the 
rate of stringent complete response (67% (67 of 100) vs. 
48% (47 of 98); odds ratio 2.18 (95% CI: 1.22–3.89), p = 
0.0079). The 4-year PFS was 87.2% (95% CI: 77.9–92.8) with 
D-VRd, compared to 70.0% (95% CI: 55.9–80.3) with VRd. 
The risk of disease progression or death was significantly 
reduced with D-RVd, with a hazard ratio (HR) of 0.45 (95% 
CI: 0.21–0.95, p = 0.032).25 Based on the impressive ben
efits, with manageable increased toxicities, the Dara-VRd 
regimen has been included in the NCCN Guidelines Version 
1.2025 for primary treatment of transplant-eligible NDMM. 
On the other hand, results from the phase II MASTER 

trial, which evaluated D-KRd in patients with NDMM with 
enrichment for HRCAs.26 MRD negativity (10–5) rates were 
comparable across different risk group: 78% in patients 
with no HRCAs, 86% in patients with one HRCA and 79% in 
patients with two or more HRCAs. The 3-year PFS among 
patients with no, one, or two or more chromosome abnor
malities were 88% (95% CI: 78–95), 79% (95% CI: 67–88), 
and 50% (95% CI: 30–70), respectively. A post hoc analysis 
of patients with high-risk cytogenetic abnormalities in the 
MASTERS and GRIFFIN studies were performed.27 At the 
median follow-up (MASTER: 31.1 months; GRIFFIN: 49.6 
months for randomized patients), minimal residual disease 
(MRD) negativity rates, as assessed by next-generation se
quencing (10⁻⁵), were 80.0%, 86.4%, and 83.3% for pa
tients with 0, 1, or ≥2 high-risk cytogenetic abnormalities 
(HRCAs) treated with D-KRd, and 76.1%, 55.9%, and 61.5% 
for those treated with D-RVd. Progression-free survival 
(PFS) was comparable between studies and was superior 
in patients with 0 or 1 HRCA compared to those with ≥2 
HRCAs. The 36-month PFS rates were 89.9%, 86.2%, and 
52.4% for D-KRd, and 96.7%, 90.5%, and 53.5% for D-RVd. 
Similarly, findings from the GMMG-CONCEPT and IsKia tri
als suggest that isatuximab may also offer robust disease 
control in high-risk NDMM patients, as evidenced by Isa-
KRd demonstrating sustained MRD negativity (10⁻⁵ and 
10⁻⁶) in high-risk subgroups.19,23 

CONCLUSION 

The findings in these pivotal trials emphasize that anti-
CD38 monoclonal antibody-based quadruplet regimens sig
nificantly improve outcomes across transplantation-eligi
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ble and -ineligible populations. In addition, anti-CD38 
monoclonal antibodies may offer superior efficacy in high-
risk NDMM, further supporting the growing role of quadru
plet therapies in NDMM management. 

LEVEL OF CONSENSUS 

92.9% (13) agree; 7.1% (1) neutral. 
Total: 14 voters. 

CHAPTER 2: OPTIMIZATION OF TREATMENT 
STRATEGY 

HOW CAN TREATMENT STRATEGIES BE 
OPTIMIZED FOR NDMM TO MAXIMIZE 
OUTCOMES? 

STATEMENT 

For NDMM patients less than 80 years old who are not 
frail and those with mild renal impairment (e.g., estimated 
glomerular filtration rate [eGFR] between 60 and 89 mL/
min/1.73 m²), quadruplet therapy is the preferred regimen 
(A1). 

DISCUSSION 

In the phase III MAIA study, the combination of daratu
mumab, lenalidomide and dexamethasone (Dara-Rd) has 
demonstrated improved median PFS comparing to lenalido
mide and dexamethasone (Rd) group (median, 61.9 vs 34.4 
months; HR, 0.55; 95% CI, 0.45-0.67; P<0.0001), with com
parable safety profiles. Besides, the median overall survival 
was not reached in Dara-Rd group, while 65.5 months in 
patients in the Rd group (HR, 0.66; 95% CI, 0.53-0.83; 
P=0.0003). Besides, the overall response rate (ORR) was sig
nificantly higher for Dara-Rd compared to Rd (92.9% vs. 
81.6%; P < 0.0001), along with higher rates of MRD negativ
ity (32.1% vs. 11.1%; P < 0.0001) and sustained MRD neg
ativity for ≥12 months (18.8% vs. 4.1%; P < 0.0001).28,29 A 
subgroup analysis of the MAIA study by frailty status cat
egorized based on age, Charlson Comorbidity Index (CCI), 
and Eastern Cooperative Oncology Group (ECOG) perfor
mance status was performed. After a 36.4-month median 
follow-up, the triplet therapy Dara-Rd demonstrated not 
only a significant PFS benefit over Rd in transplantation-in
eligible NDMM patients, but also including those classified 
as frail (NR vs 30.4 months; HR, 0.62; 95% CI, 0.45–0.85; 
P =0.003). Dara-Rd achieved higher overall response rates 
(ORR) (87.2% vs. 78.1%, P = 0.0265) as well as higher ≥CR 
and MRD negativity rates (23.8% vs. 10.1%) compared to 
Rd in frail patients. Median time to ≥CR was also shorter 
with D-Rd versus Rd (10.6 vs 11.5 months). While grade 
3/4 adverse events were more frequent in the frail subgroup 
(94.6% with D-Rd vs. 89.2% with Rd), with neutropenia be
ing the most common (57.7% vs. 33.1%), the rate of treat
ment discontinuations due to AEs was lower with D-Rd 
compared to Rd (10.1% vs. 19.3%). Despite the higher inci
dence of adverse events, the overall safety profile of D-Rd 
remained manageable.30 Based on the MAIA results, Dara-
Rd has been listed as one of the preferred initial treat

ment regimens for transplantation-ineligible NDMM in the 
NCCN Guidelines Version 1.2025. 
The rapid development of quadruplet regimens has sig

nificantly broadened the treatment landscape for NDMM. 
Traditional triplet therapies have shown significant im
provements in survival; however, these advancements offer 
clinicians greater flexibility in tailoring treatment strate
gies to patient-specific characteristics, thereby optimizing 
therapeutic outcomes. Real-world evidence indicates that 
quadruplet regimens, especially those incorporating mon
oclonal antibodies, have become increasingly standard in 
clinical practice due to their ability to achieve deeper re
sponses and higher rates of MRD negativity.31 While tra
ditional doublet and triplet therapies remain effective, 
quadruplet regimens incorporating monoclonal antibodies 
like isatuximab or daratumumab have shown enhanced ef
ficacy, offering deeper responses and higher MRD negativ
ity rates.15,19,23,32 Importantly, this evolution in treatment 
allows even patients who were previously considered suit
able only for doublet or triplet therapy—such as older pa
tients or those with multiple comorbidities—to achieve bet
ter outcomes, as the tolerability of quadruplet regimens 
has improved. Here, we outline an optimization strategy, 
including the selection criteria for doublet, triplet, and 
quadruplet regimens, to guide clinical decision-making. 
Given the variability in patients’ health status, age, co

morbidities, and disease characteristics, choosing an ap
propriate regimen is crucial. Real-world data support the 
necessity of individualizing treatment plans and making 
dose adjustments in quadruplet regimens, particularly for 
older or frail patients.33 Importantly, as mentioned in the 
most updated NCCN guidelines: Multiple Myeloma (version 
1.2025), Isa-VRd is the preferred regimen for transplanta
tion-ineligible patients less than 80 years old who are not 
frail. This adaptability allows a broader range of patients to 
benefit from the enhanced efficacy of quadruplet therapy 
while minimizing toxicity. A comprehensive assessment of 
each patient’s fitness, cytogenetic risk, and treatment goals 
is necessary for optimizing therapy selection. The key pa
tient characteristics suitable for each regimen are summa
rized in Table 1 . 
Assessing patient fitness using validated tools, such as 

the IMWG frailty score, is recommended to identify those 
who may benefit most from intensive quadruplet regi
mens.34 The IMWG frailty score is considered as the gold 
standard and classifies patients into three categories: fit, 
intermediate fit, and frail, which helps predict mortality 
and the risk of toxicity in first-line treatment.35 In addition, 
renal impairment is a common issue in multiple myeloma. 
The IMWG has provided updated guidelines for the man
agement of multiple myeloma-related renal impairment.36 

Serum creatinine, eGFR, and free light chains are key mea
surements used to assess renal status. The eGFR is an indi
cator for kidney disease monitoring and management.37 In
corporating these objective assessments allows clinicians to 
balance treatment efficacy with potential toxicity, particu
larly in patients who were historically limited to less inten
sive regimens. In addition, for patients with impaired renal 
function (e.g., patients with eGFR < 30 mL/min/1.73 m2, or 

Consensus Guidelines and Recommendations for The CD38 Monoclonal Antibody-based Quadruplet Thera…

Clinical Hematology International 6



Table 1. Relation of patient characteristics for      
treatment regimens   

Regimen Patient Characteristics 

Doublet 
Therapy 

• Elderly patients (age ≥80) 
• Significant comorbidities or frailty 
• Limited tolerance to intensive 
therapy due to poor performance 
status 
• Severe renal impairment (e.g., severe 
reduction in eGFR) 

Triplet 
Therapy 

• Patients aged ≥80 with moderate 
fitness 
• Some comorbidities but manageable 
• High-risk cytogenetic abnormalities 
but unfit for quadruplet regimens 
• Moderate renal impairment (e.g., 
moderate reduction in eGFR) 

Quadruplet 
Therapy 

• Not frail patients (age < 80) 
• Transplantation-eligible or -ineligible 
with good performance status 
• High-risk cytogenetic abnormalities 
• Older patients with adequate fitness 
and manageable comorbidities 
• Mild renal impairment (e.g., mild 
reduction in eGFR) 

patients under dialysis), the immunomodulatory medica
tion lenalidomide may be substituted with thalidomide, po
malidomide, or cyclophosphamide. For patients with eGFR 
< 30 mL/min/1.73 m2, the daily use of lenalidomide should 
be further adjusted, as recommended by the NCCN guide
lines: Multiple Myeloma (version 1.2025). 
Quadruplet regimens, such as Isa-VRd, Isa-KRd, and D-

VRD, have demonstrated higher MRD negativity rates, im
proved PFS, and OS in both transplantation-eligible and 
transplantation-ineligible patients. For instance, the IM
ROZ trial reported a substantial improvement in the depth 
of response in patients treated with Isa-VRd.4 It is note
worthy that patients up to 80 years of age with a median 
age of 72 years, were included in IMROZ, and that 26.0% 
(69/265) of the Isa-VRd group were aged 75–80 years, sug
gesting that Isa-based quadruplet therapy can be beneficial 
even for very elderly (≥75 years) NDMM patients. Further
more, in the IMROZ trial, 29% of patients were classified 
as frail based on age, comorbidities, and Eastern Cooper
ative Oncology Group performance status, with 28% and 
32% in the Isa-VRd and VRd arms, respectively. Frail pa
tients treated with Isa-VRd had a median treatment du
ration of 31.5 months compared to 23.7 months for those 
on VRd. Isa-VRd significantly improved progression-free 
survival (PFS) in frail patients (HR=0.584; 95% CI: 
0.340–1.004; p=0.0516) and showed higher rates of com
plete response or better (61.6% vs 50.9%) and minimal 
residual disease negativity (50.7% vs 22.8%) compared to 
VRd. Safety outcomes were favorable, with fewer frail pa
tients discontinuing treatment in the Isa-VRd arm (29.2% 
vs 35.1%) and no increase in grade ≥3 infections. Similarly, 
the BENEFIT study which included transplantation-ineligi
ble patients aged 71-76 years, observed a significant im
provement in MRD negativity rates in the Isa-VRd group, 
further suggesting that novel quadruplet-based strategies 

may benefit the elderly population.16 Furthermore, the 
GMMG-CONCEPT study enrolled 26 transplantation-ineli
gible, high-risk NDMM patients with a median age of 74 
years (64–87) and demonstrated sustained MRD negativity 
after consolidation therapy and maintenance with Isa-
KRd.19 In CEPHEUS trial, 55.3% patients in D-VRd group 
are ≥70 years, elderly patients treated with D-VRd are more 
likely to achieved MRD negativity compared with VRd 
group (ORR, 2.06, 95% CI, 1.2-3.53). 64% patients in D-
VRd group are ECOG ≥1, patients treated with D-VRd are 
more likely to achieved MRD negativity compared with VRd 
(ORR, 2.88, 95% CI, 1.71-4.87). However, in the CEPHEUS 
trial, the frail patients were excluded during enrollment.38 

Therefore, the safety and efficacy of daratumumab in 
quadruplet regimens for frail patients still require further 
investigation. Collectively, these studies support the appli
cation of quadruplet regimens with anti-CD38 monoclonal 
antibodies in the elderly NDMM population; whereas in 
frail patients, the tolerability and efficacy of the isatux
imab-based quadruplet regimen have been demonstrated in 
clinical trials. 
Apart from patients’ health status and age, comorbidi

ties and disease characteristics are also crucial in choosing 
an appropriate regimen. The improved tolerability of 
quadruplet regimens has broadened their applicability to 
patients who were once deemed unsuitable for intensive 
therapy. This includes not only older patients but also those 
with comorbidities who were historically managed with 
doublet or triplet therapies due to concerns about toxicity. 
Recent clinical data support the use of quadruplet regimens 
in these populations, offering them the potential for deeper 
remissions and prolonged disease control. For example, 
findings from the GMMG-CONCEPT, IsKia, MASTER, and 
GRIFFIN trials showed that anti-CD38 monoclonal antibod
ies may offer potential disease control in high-risk NDMM 
patients.19,23,27 

The optimal strategy involves a careful evaluation of 
patient characteristics, including age, fitness, cytogenetic 
risk factors, and individual treatment goals. Recent clinical 
data and real-world studies suggest a gradual shift towards 
using quadruplet therapies in NDMM patients who were 
previously considered unsuitable for intensive treatment, 
owing to improved tolerability and management of AEs.39 

Clinicians should aim to maximize efficacy while minimiz
ing toxicity, choosing quadruplet regimens for fit patients 
and those who can now tolerate these intensive therapies 
due to improved safety profiles. For older patients or those 
with high-risk cytogenetic abnormalities, dose modifica
tions and proactive management of AEs allow for a safer 
application of these advanced therapeutic regimens. In 
contrast, for patients with significant frailty or multiple co
morbidities who still might not tolerate intensive treat
ment, a doublet or triplet approach remains a viable option, 
with potential dose modifications to enhance tolerability. 
While quadruplet regimens offer deeper responses, they 

also come with potential limitations, including increased 
toxicity and cost. However, the recent improvements in 
the tolerability profile of quadruplet therapies have made 
them a viable option for a broader range of patients than 
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Figure 1. The proposed algorithms for newly      
diagnosed multiple myeloma.    
Anti-CD38, anti CD38 monoclonal antibodies; ASCT, autologous stem cell transplanta
tion; Cd, cyclophosphamide + dexamethasone; d, dexamethasone; Dara, daratumumab; 
IMWG, International Myeloma Working Group; Isa, isatuximab; Kd, carfilzomib + dex
amethasone; KRd, carfilzomib + lenalidomide + dexamethasone; Vd, bortezomib + dex
amethasone, VRd, bortezomib + lenalidomide + dexamethasone. 

previously considered. In summary, quadruplet regimens 
represent a transformative step forward in NDMM treat
ment, allowing for more tailored and effective therapeutic 
strategies. These regimens have not only shifted the treat
ment goal towards achieving MRD negativity but have also 
made it possible for older and frailer patients to benefit 
from deeper responses previously unattainable with dou
blet or triplet therapies. Ongoing monitoring and individu
alizing treatment plans, particularly in the context of real-
world patient diversity, are essential to ensure that patients 
achieve optimal outcomes while managing the potential 
risks associated with more intensive quadruplet regi
mens.33 The proposed algorithms for NDMM are shown in 
Figure 1 . 

CONCLUSION 

Patients under 80 years old with adequate health condition 
and manageable comorbidities are ideal candidates for the 
quadruplet regimens. For frail or comorbid patients, triplet 
or doublet therapies remain suitable alternatives. Person
alized treatment strategies, guided by frailty and renal as
sessments, are essential to maximize outcomes while min
imizing toxicity. These advancements mark a shift toward 
deeper, more durable responses and broader accessibility to 
intensive therapies in NDMM management. 

LEVEL OF CONSENSUS ON THAT QUADRUPLET THERAPY IS 
THE PREFERRED REGIMEN FOR NDMM PATIENTS LESS THAN 80 
YEARS OLD WHO ARE NOT FRAIL 

78.6% (11) agree; 21.4% (3) neutral. 
Total: 14 voters. 

LEVEL OF CONSENSUS ON THAT QUADRUPLET THERAPY IS 
PREFERRED FOR NDMM PATIENTS WITH MILD RENAL 
IMPAIRMENT (E.G., EGFR BETWEEN 60 AND 89 ML/MIN/1.73 M²) 

92.9% (13) agree; 7.1% (1) neutral. 
Total: 14 voters. 

CHAPTER 3: ADVERSE EVENT MONITORING 
AND MANAGEMENT 

WHAT ARE THE COMMON AES OF 
QUADRUPLET REGIMENS AND HOW SHOULD 
WE MANAGE THEM? 

STATEMENT 

Hematologic toxicities are among the most common AEs in 
patients undergoing quadruplet therapy. Management in
volving routine complete blood count (CBC) monitoring, 
dose adjustments, or granulocyte colony-stimulating factor 
(G-CSF) support are recommended (A1). 

DISCUSSION 

From a safety perspective, addition of isatuximab to VRd 
did not lead to new safety signals. Neutropenia was more 
frequently seen in the Isa-VRd group, which has also been 
observed in other phase III trials of isatuximab combination 
therapy in relapsed or refractory multiple myeloma pa
tients.19,21,22 Additionally, the safety profile of Isa-KRd re
mained favorable, with a toxicity profile similar to that in 
previous reports.19,23 Common AEs such as hematologic 
toxicities (e.g., neutropenia and thrombocytopenia) were 
manageable and the safety profile was similar to that seen 
in the KRd group. In parallel, daratumumab also demon
strated a similarly manageable safety profile in quadruplet 
regiments. Clinical data from the GRIFFIN and ALCYONE 
trials revealed a safety profile characterized by manageable 
AEs, with a profile of most frequently observed AEs, similar 
to isatuximab-based quadruplet therapy.5 

Building on these findings, the introduction of quadru
plet regimens like Isa-VRd, Isa-KRd, Dara-VRd and Dara-
KRd has redefined the management of NDMM. However, 
the use of these regimens is associated with a range of AEs 
that vary based on patient eligibility for transplant. Clini
cal trial data from the IMROZ, GMMG-HD7, GMMG-CON
CEPT, BENEFIT, GRIFFIN and ALCYONE studies offer valu
able insights into the incidence and management of these 
AEs across different patient populations. A recent meta-
analysis of phase II and phase III clinical trials comparing 
the risk of AEs between quadruplet and triplet regimens 
revealed that AEs were more frequent with the quadru
plet regimens but were predominately mild.40 Grade ≥3 AEs 
that were more common with quadruplet regimens were in
fections (relative risk [RR] 1.34; 95% CI: 1.17– 1.54) and 
thrombocytopenia (RR 1.39; 95% CI: 1.12–1.74).40 Notably, 
the analysis did not show an increased risk for anemia, neu
ropathy, or pneumonia at any grade. The approaches to 
managing the common AEs and the incidence observed in 
patients treated with quadruplet therapy in clinical trials 
are summarized in Table 2 . 
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Table 2. Common AEs and managements     

Adverse events Incidence Approach 

Neutropenia ≥ Grade 3 in transplantation-ineligible: 
28%-54.4%; 
≥ Grade 3 in transplantation-eligible: 
23.3%-62.1% 

Regular complete blood count (CBC) monitoring is 
essential. In cases of grade 3 or 4 neutropenia, dose 
modification or the administration of granulocyte colony-
stimulating factor (G-CSF) is recommended to preserve 
sufficient neutrophil levels and mitigate the risk of 
infection. 

Infections ≥ Grade 3 in transplantation-ineligible: 
22%-44.9%; 
≥ Grade 3 in transplantation-eligible: 
12%-35.3% 

The prophylactic administration of antibiotics, 
commencing at the induction phase, has been shown to 
decrease the occurrence of grade 3 or higher infections. 

Cardiovascular ≥ Grade 3 in transplantation-ineligible: 
8%-20%; 
≥ Grade 3 in transplantation-eligible: 2.1%-9% 

• Before initiating treatment, a baseline cardiac 
assessment should be performed, including 
echocardiography and cardiac biomarkers such as 
troponin and NT-proBNP. 
• During treatment, patients should be monitored for 
blood pressure, symptoms of dyspnea, chest pain, edema, 
or fatigue, to detect potential cardiac dysfunction. If 
cardiac dysfunction is suspected, further 
echocardiography should be performed. If the left 
ventricular ejection fraction (LVEF) decreases by more 
than 10% and falls below the normal range, treatment 
with angiotensin- converting enzyme (ACE) inhibitors or 
beta-blockers may be considered. 

Peripheral 
sensory 
neuropathy 

≥ Grade 3 in transplantation-ineligible: 
1.4%-27%; 
≥ Grade 3 in transplantation-eligible: 2.1-7% 

Regularly assess patients for symptoms of neuropathy and 
adjust the bortezomib dosing regimen as needed. 
Administering normal saline infusion and other supportive 
measures (such as the use of emollients) during 
bortezomib treatment may help prevent or alleviate 
neuropathy. For patients experiencing Grade 3 
neuropathy, consider pausing bortezomib therapy until 
symptoms improve. 

HEMATOLOGIC ABNORMALITIES 

Hematologic toxicities, including neutropenia, lymphope
nia, anemia, and thrombocytopenia, are among the most 
common AEs in patients undergoing quadruplet and triplet 
therapy. Data from the IMROZ trial, which focused on 
transplantation-ineligible patients, indicated that grade 3 
or 4 neutropenia occurred in 54.4% of patients treated with 
Isa-VRd.4 Similarly, the BENEFIT study, targeting older pa
tients aged 65–79 years, reported a high incidence of hema
tologic AEs, with grade 3 or 4 neutropenia affecting 40% of 
patients.32 Thrombocytopenia was also found with a higher 
incidence in the Isa-VRd group compared with the Isa-Rd 
group. In contrast, in the GMMG-HD7 trial, which included 
transplantation-eligible patients, the occurrence of hema
tologic abnormalities was somewhat lower, with grade 3 or 
4 neutropenia reported in 23% of patients receiving Isa-
VRd.15 This difference may be attributed to the younger 
(median age 59, range 54–64 years), generally healthier 
transplantation-eligible population, which often exhibits 
better tolerance to intensive therapy. Similarly, in daratu
mumab-based therapies, the ALCYONE trial targeting older 
patients aged over 65 years revealed that neutropenia was 
the most common grade 3 or 4 AE during treatment cycles 
(40% in the daratumumab plus bortezomib, melphalan, and 
prednisone (D-VMP) group and 39% in the VMP group).5 In 
the GRIFFIN study, grade 3 or 4 neutropenia was observed 
in the D-RVd arm with an occurrence of 41.1% among the 
grade 3 or 4 AEs.5 These findings demonstrated that hema

tological abnormalities are among the most common AEs in 
CD38-based quadruplet therapies. 
Management of hematologic toxicities involves routine 

CBC monitoring, particularly during the induction phase. 
For patients with grade 3 or 4 neutropenia, dose adjust
ments or G-CSF support is recommended to maintain ade
quate neutrophil counts and reduce the risk of infections.41 

While G-CSF prophylaxis is not routinely used in multiple 
myeloma, it is advised for patients undergoing regimens 
with a high (≥ 20%) risk of febrile neutropenia, those with 
intermediate risk (10–20%) who have additional factors 
(e.g., age > 65 years, frailty), or those on treatments with a 
neutropenia rate over 50% (e.g., lenalidomide-based com
binations).42 G-CSF may also be considered for patients 
with aggressive disease to prevent treatment delays or re
actively for those who develop neutropenia during therapy. 

INFECTIONS 

Increased infection rates are another concern in quadruplet 
regimens. In the ALCYONE trial, patients treated with D-
VMP experienced a higher rate (22%) of grade 3 or higher 
infections such as pneumonia, as compared to the VMP 
group (15%). A higher rate of infection was also reported in 
the D-RVd group compared to the RVd group in the GRIF
FIN trial. Similarly, in the IMROZ trial, the incidence of 
infections of grade 3 or higher was 44.9% in the Isa-VRd 
group compared to the VRd group (38.1%). It is shown that 
antibiotic prophylaxis starting at induction reduces the in
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cidence of infection of grade 3 or higher.4 Furthermore, in
fections were observed more frequently in the Isa-VRd reg
imen compared to the Isa-Rd (47% vs. 39%) in the BENEFIT 
trial.32 In the GMMG-HD7 trial, however, in which younger 
transplantation-eligible patients were included, the inci
dence of grade 3 or 4 infections was 12%.15 The data sug
gest that the addition of isatuximab to quadruplet reg
imens, such as Isa-VRd, is associated with an increased 
incidence of infections, particularly of grade 3 or higher, 
as observed in both the BENEFIT and IMROZ trials. How
ever, the reduced rate of severe infections in the GMMG-
HD7 trial, which included a younger, transplantation-eligi
ble population, indicates that patient age and fitness may 
play a significant role in infection risk. These findings un
derscore the importance of patient selection and prophy
lactic interventions, such as antibiotic prophylaxis starting 
at induction, to mitigate infection-related complications 
during treatment. 
The management of viral (e.g., herpes) and bacterial 

(e.g., Staphylococcus, Escherichia coli) infections are impor
tant for multiple myeloma patients on quadruplet regi
mens.43 To reduce infection risks, the IMWG recommends 
antibacterial, antifungal, and antiviral prophylaxis.44 Poly
clonal immunoglobulin (Ig) replacement may be considered 
for patients with IgG less than 400 mg/dL or specific anti
body failure.45 Antifungal prophylaxis should be used care
fully because of potential drug interactions, particularly 
with lenalidomide, whose exposure increases when com
bined with itraconazole, heightening toxicity risk.46 Moni
toring lenalidomide levels and creatinine clearance is rec
ommended. Although pomalidomide has fewer interaction 
concerns with inhibitors like ketoconazole, its use still re
quires oversight. Additionally, vaccination is advised as per 
guidelines from the European Myeloma Network (EMN), 
Centers for Disease Control, Infectious Diseases Society of 
America, and the NCCN to prevent infections.45,47 These 
tailored prophylactic strategies are key to managing in
fection risks in multiple myeloma patients undergoing 
quadruplet therapy. 

CARDIOVASCULAR AES 

When using Isa-KRd, particularly in the context of the 
GMMG-CONCEPT trial, cardiovascular toxicities were ob
served more frequently. In this trial, transplantation-eligi
ble patients experienced grade 3 or higher cardiovascular 
AEs at a rate of 2.1%, whereas 20% of transplantation-in
eligible patients experienced cardiovascular AEs of grade 
3 or higher,19 emphasizing the need for vigilant monitor
ing. The relatively high incidence of cardiovascular events 
in the transplantation-eligible cohort could be related to 
the use of carfilzomib, which has known associations with 
cardiovascular risk. Conversely, the BENEFIT study, which 
utilized bortezomib instead of carfilzomib, reported a lower 
incidence (8%) of cardiovascular AEs in the transplanta
tion-ineligible population.16 

Management strategies for cardiovascular AEs include 
pre-treatment cardiac evaluation with echocardiography 
and cardiac biomarkers (e.g., troponin, NT-proBNP) to es
tablish a baseline. During treatment, patients should be 

monitored for symptoms like dyspnea, chest pain, edema, 
or fatigue to detect potential cardiac dysfunction. Blood 
pressure should be assessed regularly, especially for pa
tients on Isa-KRd. If cardiac dysfunction is suspected, fur
ther echocardiography is recommended. A decline in left 
ventricular ejection fraction (LVEF >10% below normal) 
may require angiotensin-converting enzyme (ACE) in
hibitors or beta-blockers.48 For carfilzomib-related grade 
3 or higher cardiac AEs, the EMN advises suspending the 
drug, administering fluids, and considering a lower dose 
if therapy is restarted, along with regular cardiac moni
toring. Preventive measures include cardioprotective drugs 
such as ACE inhibitors (e.g., enalapril), angiotensin recep
tor blockers (e.g., candesartan), and specific beta-blockers 
(e.g., carvedilol). Transplantation-ineligible patients re
quire a conservative approach with frequent monitoring 
due to compounded cardiovascular risks.49‑51 

OTHER AES 

Hypogammaglobulinemia is another significant AE associ
ated with both daratumumab and isatuximab. In patients 
receiving daratumumab, hypogammaglobulinemia was 
linked to an increased risk of infections, necessitating close 
monitoring of IgG levels. Intravenous Ig (IVIG) replacement 
therapy may be considered for patients with severe IgG 
depletion or recurrent infections.45 CD38-based therapies 
have also been reported to be associated with infusion-re
lated reactions (IRRs). These reactions are typically mild 
and occur during the first infusion, presenting as symptoms 
such as fever, chills, and respiratory distress and are gener
ally manageable with pre-infusion medications. For exam
ple, in the GRIFFIN trial, IRRs occurred in 72.4% patients 
and were generally mild, with most patients experiencing 
them during their first infusion. Peripheral neuropathy is 
another concern, particularly with the use of bortezomib 
in regimens like Isa-VRd. In the context of peripheral neu
ropathy concerns that may lead to treatment discontinua
tion, adjusting the bortezomib dose from twice-weekly to 
once-weekly, with regular assessment for neuropathy can 
still make quadruplet therapy with Isa-VRd a viable op
tion. The BENEFIT study supports this approach, with sub
group analysis showing that Isa-VRd with a weekly borte
zomib schedule possessed consistent MRD improvement 
versus Isa-Rd across clinically relevant subgroups, includ
ing patients with International Staging System (ISS) stage 
III disease, with comorbidities, or high-risk cytogenetics.16 

This flexibility is especially relevant for patients at risk 
of adverse effects like peripheral neuropathy, as it helps 
mitigate those risks without compromising treatment out
comes. Gastrointestinal symptoms, including nausea and 
diarrhea, should be managed using supportive care mea
sures like antiemetics and adequate hydration. For regi
mens involving monoclonal antibodies such as isatuximab 
or daratumumab, infusion-related reactions are common, 
particularly during the initial administration. Close moni
toring during infusions is also essential to ensure early de
tection and management of any IRRs. 
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CONCLUSION 

Hematologic toxicities, particularly neutropenia and 
thrombocytopenia, are among the most frequent AEs in 
patients undergoing CD38-based quadruplet therapy for 
NDMM. Clinical data from trials highlight the prevalence 
of these AEs, with grade ≥3 neutropenia affecting up to 
62% of patients. These events are manageable with proac
tive strategies, including routine CBC monitoring, dose ad
justments, and the use of G-CSF to maintain adequate neu
trophil counts and reduce infection risks. While infections 
and thrombocytopenia also pose significant concerns, the 
careful application of preventive measures, such as antibi
otic prophylaxis and supportive care, ensures patient 
safety. 

LEVEL OF CONSENSUS 

100.0% (14) agree. 
Total: 14 voters. 

HOW DO QUADRUPLET REGIMENS IMPACT 
INFECTION SUSCEPTIBILITY AND WHAT 
PREVENTIVE MEASURES CAN WE TAKE? 

STATEMENT 

Quadruplet regimens may increase the infection suscepti
bility. Therefore, prophylactic antiviral (e.g., acyclovir or 
valacyclovir) and antibacterial agents (e.g., trimethoprim-
sulfamethoxazole), and vaccination against influenza and 
pneumococcal infections are advised prior to initiating 
quadruplet therapy (A1). 

DISCUSSION 

Quadruplet therapy regimens, while offering enhanced effi
cacy in treating NDMM, can significantly increase patients’ 
susceptibility to infections due to their immunosuppressive 
effects. The addition of monoclonal antibodies like isatux
imab or daratumumab further compounds this risk, as they 
target CD38 on plasma cells, leading to a reduction in nor
mal B-cell and plasma cell function. This immunomodu
latory action can result in lymphopenia and hypogamma
globulinemia, which diminish the body’s ability to fend off 
viral, bacterial, and fungal pathogens. 
In the previous isatuximab- and daratumumab-based 

quadruplet trials,4,11‑15 infections were one of the most 
frequently reported AEs. Patients undergoing quadruplet 
therapy particularly exhibited a higher incidence of viral re
activation as well as bacterial infections. Transplantation-
ineligible patients, often older and with more comorbidi
ties, were at an even greater risk, emphasizing the need for 
vigilant preventive measures and management strategies in 
these individuals. It is worth noting that patients receiv
ing anti-CD38 monoclonal antibody therapy are at height
ened risk of infection with varicella-zoster virus (VZV).52 

As mentioned in the NCCN guidelines: Prevention and 
Treatment of Cancer-Related Infections, Other infection 
concerns include Listeria, hepatitis B virus (HBV), cy
tomegalovirus (CMV), Pneumocystis jirovecii pneumonia 
(PJP) and Cryptococcus. The NCCN panel recommends an

tiviral prophylaxis, PJP prophylaxis, and monitoring for 
drug-induced neutropenia. The European Society of Clin
ical Microbiology and Infectious Diseases (ESCMID) study 
group also provides guidance on infectious risks in patients 
receiving CD38-directed therapies.52 

PREVENTIVE MEASURES 

Prophylactic antiviral (e.g., acyclovir or valacyclovir) and 
antibacterial agents (e.g., trimethoprim sulfamethoxazole) 
should be considered.53 Additionally, vaccination against 
influenza and pneumococcal infections is advised prior to 
initiating therapy. The ESCMID Study Group indicated that 
when feasible, clinicians should encourage seasonal in
fluenza vaccination in patients receiving quadruplet thera
pies.52 In addition to vaccinating the patients themselves, 
community immunization is strongly advocated, where 
close contacts, including family members living with the 
patient, are also vaccinated.54 The “cocoon vaccination 
strategy” reduces the overall risk of viral transmission to 
patients undergoing therapies that suppress immune func
tion. The multifaceted approach to mitigate the risk of in
fections is summarized in Table 3 . 

MANAGEMENT STRATEGIES 

Even with preventive measures, infections can occur. Early 
recognition and prompt intervention are key to minimizing 
complications. The relevant management strategies are 
summarized in Table 4 . 

CONCLUSION 

By implementing a comprehensive strategy that includes 
prophylaxis, vaccination, and regular monitoring, clini
cians can reduce the risk of infections in patients under
going quadruplet therapy and ensure timely management 
when infections do occur. This approach is particularly im
portant in transplantation-ineligible patients, who are of
ten at a higher risk of infection due to age, frailty, and 
more frequent comorbidities. For transplantation-eligible 
patients, maintaining a balance between aggressive therapy 
and vigilant infection control is crucial to maximize the 
benefits of quadruplet regimens while minimizing potential 
complications. In summary, clinicians are encouraged to 
review recent consensus recommendations from the EMN, 
ESCMID, and IMWG regarding infectious disease monitor
ing and management for NDMM patients receiving quadru
plet therapies. 

LEVEL OF CONSENSUS 

85.7% (12) agree; 14.3% (2) neutral. 
Total: 14 voters. 
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Table 3. Approaches for prophylaxis of infections      

Preventive 
Measures 

Approach 

Antiviral 
Prophylaxis 

• Prophylactic antiviral agents, such as acyclovir or valacyclovir, should be administered to prevent herpes zoster 
reactivation, which has been observed at higher rates in patients receiving isatuximab or daratumumab-based 
quadruplet therapies. 
• Prophylaxis should be continued throughout the course of therapy and for several months after its completion to 
reduce the risk of late-onset viral infections. 
• For patients with suspected CMV-related disease (eg, colitis, pneumonitis, hepatitis) or otherwise unexplained fever 
and/or cytopenias, the viral load of CMV should be monitored by PCR-based methods. 

Antibacterial 
Prophylaxis 

• For patients at high risk of Pneumocystis jirovecii pneumonia (PJP), such as those with significant neutropenia or 
lymphopenia, trimethoprim-sulfamethoxazole is recommended as a prophylactic measure. 
• In cases where patients cannot tolerate this regimen, alternatives like atovaquone or dapsone may be considered. 

Vaccinations • Vaccination is a critical component of infection prevention. Patients at higher risk of infection are advised to receive 
vaccines against influenza and pneumococcal infections prior to the initiation of quadruplet therapy. 
• Live vaccines should be avoided during treatment due to the compromised immune status of patients. In some cases, 
booster doses of inactivated vaccines may be warranted to enhance protective immunity. 

Immunoglobulin 
levels 
monitoring 

• Regular assessment of immunoglobulin (Ig) G level is essential, as hypogammaglobulinemia is common in patients 
receiving monoclonal antibody therapy. 
• In patients with recurrent infections and documented hypogammaglobulinemia, intravenous immunoglobulin (IVIG) 
replacement therapy should be considered to bolster their immune defenses.55 

Table 4. Early interventions for infections     

Management 
Strategies 

Approach 

Prompt 
Assessment 

• Patients undergoing quadruplet therapy should be educated to promptly report any signs of infection, such as 
fever, chills, or respiratory symptoms. 
• Clinicians should maintain a low threshold for initiating further diagnostic workups, including blood cultures, 
chest imaging, and evaluation of other potential infection sites, particularly in neutropenic patients. 

Early Initiation of 
Broad-Spectrum 
Antibiotics 

• In cases of suspected bacterial infection, early initiation of broad-spectrum antibiotics is crucial, especially in 
neutropenic patients who are at risk of rapid progression to severe infection or sepsis. 
• Antibiotic selection should be guided by local epidemiology and patient-specific factors, such as previous 
infections and antibiotic use. 

IVIG Replacement 
Therapy 

• For patients experiencing recurrent bacterial infections and with documented hypogammaglobulinemia, IVIG 
replacement therapy may be warranted to reduce infection risk and improve quality of life. 
• Regular monitoring of IgG levels is advised to determine the need for and the effectiveness of IVIG treatment. 

Antifungal 
Prophylaxis and 
Treatment 

• Although not as commonly required as antiviral and antibacterial prophylaxis, antifungal agents (e.g., fluconazole, 
posaconazole) may be considered in patients with prolonged neutropenia or those undergoing intensive 
chemotherapy. 
• Close monitoring for signs of fungal infections, such as persistent fever unresponsive to antibiotics, is also 
necessary. 

CHAPTER 4: SECOND ASCT AND 
MAINTENANCE TREATMENT 

WHAT ARE THE APPROPRIATE MAINTENANCE 
TREATMENT OPTIONS COMPATIBLE WITH THE 
QUADRUPLET THERAPY REGIMEN AMONG 
HIGH-RISK MULTIPLE MYELOMA (HRMM) 
PATIENTS? 

STATEMENT 

For HRMM patients receiving anti-CD38-based quadruplet 
induction therapy combined with tandem ASCT, stem cell 
collection should ideally be planned before the fourth cycle, 
with early plerixafor administration for patients with poor 
stem cell mobilization. Additionally, lenalidomide remains 
the cornerstone of maintenance therapy following induc
tion and ASCT, and a more aggressive maintenance strategy 
involving lenalidomide plus anti-CD38 isatuximab or dara
tumumab may be considered in patients with high-risk cy

togenetic abnormalities or those who achieved MRD nega
tivity with their initial quadruplet therapy (B1). 

DISCUSSION 

The role of second ASCT and maintenance therapy remains 
a critical component of the treatment strategy for NDMM. 
As quadruplet regimens increasingly become the frontline 
standard of care, important questions emerge regarding 
their impact on subsequent ASCT success rates and the op
timal strategies for maintenance therapy. Quadruplet reg
imens, combining monoclonal antibodies such as daratu
mumab or isatuximab, with proteasome inhibitors, 
immunomodulatory drugs, and corticosteroids, are de
signed to achieve deeper responses, especially MRD neg
ativity, than traditional triplet regimens, setting the stage 
for successful subsequent treatments. This depth of re
sponse may improve the success rate of second ASCT, as 
patients with undetectable disease are less likely to expe
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rience rapid relapse, making them ideal candidates for an
other transplant if needed.56,57 

The efficacy of quadruplet regimens extends beyond just 
achieving MRD negativity; it also positively impacts PFS 
and OS.58 Clinical data from the Phase II IFM 2018-04 trial 
suggest that high-risk patients treated with quadruplet reg
imens such as D-VRd may obtain an improved MRD nega
tivity rate and retain the capacity for a second ASCT with 
stem cells successfully collected before the initiation of the 
fourth treatment cycle.59 These results underscore the role 
of quadruplet regimens in improving outcomes not only 
during the initial phases of treatment but also preserve the 
options for those who may require additional ASCT trans
plantation later in their disease course. 
Quadruplet therapies are generally well-tolerated, even 

in intensive settings, with manageable side effects such 
as neutropenia and thrombocytopenia. The tolerability of 
these regimens is a key factor in their ability to set the stage 
for a successful second ASCT, as patients who tolerate the 
initial regimen well and have their stem cells collected prior 
to the fourth treatment cycle are more likely to obtain a 
successful second transplant with MRD-negative outcomes. 
The success of a second ASCT, however, is not solely de

pendent on the prior induction regimen. Patient selection, 
remission duration, cytogenetic risk factors, and overall fit
ness must be carefully considered.60‑62 However, the sub
stantial benefit of a second transplant after a quadruplet 
therapy incorporating anti-CD38 antibodies may still be 
debatable, considering the MRD negativity rate were im
proved only slightly in the IFM 2018-04 trial.59,63 

MAINTENANCE TREATMENT OPTIONS 

Maintenance therapy following induction and ASCT is piv
otal. The NCCN Guidelines Version 1.2025 have removed all 
maintenance therapy options for NDMM patients ineligible 
for transplant. Instead, a continuous treatment strategy is 
recommended until disease progression, with adjustments 
to dosage and treatment intensity as needed based on pa
tient tolerance. For maintenance therapy in NDMM pa
tients who are eligible for transplant, lenalidomide remains 
the preferred treatment option. Additionally, the NCCN 
Guidelines Version 1.2025 have reclassified the KR and D-
R maintenance regimens from “useful in certain circum
stances” to “other recommended regimens.” In patients 
treated with quadruplet regimens, lenalidomide remains 
the cornerstone of maintenance therapy, given its well-es
tablished efficacy.64,65 In the phase III AURIGA trial, anti-
CD38 naïve post-transplant patients were randomized to 
receive either daratumumab plus lenalidomide (D-R) or 
lenalidomide (R) as maintenance treatment.66 In this study, 
a higher MRD negativity was achieved in the D-R main
tenance group, suggesting that incorporating anti-CD38 in 
the maintenance therapy could be beneficial. The subjects 
in the AURIGA trial had not been exposed to anti-CD38 
antibodies prior to enrollment. Moreover, daratumumab-
based maintenance therapy has also been demonstrated 
with improved PFS and MRD negativity as revealed in the 
CASSIOPEIA trial part 2.67 Maintenance therapy following 
the second ASCT involving anti-CD38 may be considered 

to prolong disease control and enhance PFS compared with 
observation group. Dose adjustments should be made as 
needed to manage any AEs, ensuring that the patient can 
maintain the therapy over the long term. The second part 
of the CASSIOPEIA trial did not include a direct head-to-
head comparison between daratumumab and lenalidomide 
monotherapy as maintenance therapy. Similarly, the phase 
II GRIFFIN trial reported favorable outcomes with D-L for 
maintenance therapy, but its findings are complicated by 
differences in the initial regimens used (quadruplet ther
apy versus triplet therapy). Consequently, the efficacy of 
daratumumab or D-R as maintenance therapy following a 
quadruplet regimen that includes anti-CD38 antibodies re
mains uncertain and requires further investigation to clar
ify its role in this context. In the NCCN Guidelines Version 
1.2025, other monotherapies and combination therapies for 
maintenance therapy are also included, including ixazomib 
(however, with more common Grade 3 AEs compared with 
placebo), bortezomib plus lenalidomide for high-risk 
myeloma, and carfilzomib plus lenalidomide for transplan
tation-eligible patients. Consequently, it should be ad
dressed that for maintenance therapy, lenalidomide is still 
the backbone for high cytogenetic NDMM. More evidences 
are still required for other potential maintenance therapies 
in patients received quadruplet therapy that includes anti-
CD38 antibodies. 

CONCLUSION 

In summary, quadruplet regimens have not only trans
formed frontline therapy for NDMM but also have the po
tential to influenced subsequent treatment strategies, in
cluding second ASCT and maintenance therapy. 
Lenalidomide is the cornerstone of maintenance therapy, 
with anti-CD38-based options showing potential in im
proving PFS and MRD negativity. Still, uncertain efficacies 
persist regarding anti-CD38-based maintenance post-
quadruplet therapy. A tailored approach that considers pa
tient-specific factors and the depth of response achieved 
during induction is crucial for optimizing outcomes in this 
evolving treatment landscape. 

LEVEL OF CONSENSUS ON THAT FOR HRMM PATIENTS 
RECEIVING ANTI-CD38-BASED QUADRUPLET INDUCTION 
THERAPY COMBINED WITH TANDEM ASCT, STEM CELL 
COLLECTION SHOULD IDEALLY BE PLANNED BEFORE THE 
FOURTH CYCLE, WITH EARLY PLERIXAFOR ADMINISTRATION 
FOR PATIENTS WITH POOR MOBILIZATION 

71.4% (10) agree; 21.4% (3) neutral; 7.1% (1) disagree. 
Total: 14 voters. 

LEVEL OF CONSENSUS ON THAT LENALIDOMIDE REMAINS THE 
CORNERSTONE OF MAINTENANCE THERAPY FOLLOWING 
INDUCTION AND ASCT, AND A MORE AGGRESSIVE 
MAINTENANCE STRATEGY INVOLVING LENALIDOMIDE PLUS 
ANTI-CD38 MAY BE CONSIDERED IN PATIENTS WITH HIGH-
RISK CYTOGENETIC ABNORMALITIES OR THOSE WHO 
ACHIEVED MRD NEGATIVITY WITH THEIR INITIAL 
QUADRUPLET THERAPY 

85.7% (12) agree; 14.3% (2) neutral. 
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Total: 14 voters. 

DISCUSSION 

The incorporation of quadruplet therapies, such as those 
incorporating anti-CD38 monoclonal antibodies (e.g., isat
uximab and daratumumab), into the frontline treatment of 
NDMM has gained consensus in recent years. The addition 
of anti-CD38 monoclonal antibodies into the traditional 
VRd-based regimens does not significantly alter the well-
established administration schedules or monitoring proto
cols, as the antibodies are administered alongside existing 
treatments. Additionally, monoclonal antibodies are gen
erally easy to handle for most oncology teams. For oncol
ogists already familiar with triplet therapies, the transi
tion to quadruplet therapy requires only a minimal learning 
curve while offering superior outcomes. The key benefit of 
these four-drug combinations is their ability to significantly 
increase the rates of MRD negativity, a highly reliable prog
nostic marker that correlates with improved PFS and OS, 
especially when compared to traditional VRd-based triplet 
regimens. 
Quadruplet regimens, particularly those evaluated in the 

IMROZ and PERSEUS trials, have demonstrated their ca
pacity to enhance MRD negativity rates across various pa
tient groups, including those with high-risk cytogenetic 
profiles. In the IMROZ trial, the addition of isatuximab to 
the VRd regimen resulted in MRD negativity rates of over 
55%, compared to 40.9% with VRd alone.4 This improve
ment translated into a 40% reduction in the risk of dis
ease progression or death, underscoring the importance of 
achieving deep responses early in treatment. Similarly, the 
GRIFFIN trial showed that daratumumab combined with 
VRd increased MRD negativity rates to 64%, further con
firming the synergistic effects of monoclonal antibodies 
when added to a VRd backbone.5 Furthermore, the safety 
of quadruplet regimens is also supported by the extensive 
clinical trial data. Common AEs, such as IRRs, are typically 
mild and manageable. Importantly, the addition of anti-
CD38 antibodies does not significantly exacerbate the long-
term toxicities associated with triplet therapies, such as 
peripheral neuropathy from bortezomib or cytopenia from 
lenalidomide. Together with the safety results, these find
ings establish quadruplet therapies as a more suitable op
tion for long-term disease control, particularly in high-risk 
patients who have historically experienced suboptimal out
comes with triplet therapies. 
In addition to quadruplet therapies, emerging options 

such as bispecific T cell engagers, chimeric antigen receptor 
(CAR) T-cell therapies, and antibody-drug conjugates 
(ADCs), provide promising alternatives for relapsed or re
fractory multiple myeloma listed in the NCCN Guidelines 
Version 1.2025. Bispecific T cell engagers, including el
ranatamab-bcmm and teclistamab-cqyv, showed improved 
objective response rate (ORR) in relapsed/refractory multi
ple myeloma patients. CAR T-cells, including idecabtagene 
vicleucel and ciltacabtagene autoleucel, demonstrated im
proved tumor responses. Belantamab mafodotin-blmf, a B 
cell maturation antigen (BCMA)-targeting ADC, shows po
tential benefits in patients relapse after four prior thera

pies. These advancements ensure that effective therapeu
tic strategies remain available even for patients who relapse 
after intensive frontline therapy. 
Beyond their immediate efficacy in improving MRD neg

ativity rates, quadruplet therapies also show promise in op
timizing treatment strategies for NDMM patients. One of 
the key considerations in treatment optimization is the bal
ance between efficacy and tolerability, and the use of MRD 
negativity as a treatment endpoint offers a potential av
enue for this balance. Patients who achieve sustained MRD 
negativity may benefit from de-escalation strategies, po
tentially reducing the need for continuous or high-intensity 
maintenance therapy, thereby minimizing long-term toxi
city without compromising outcomes. On the other hand, 
patients who do not achieve MRD negativity may require 
treatment intensification or extended use of monoclonal 
antibody-based maintenance regimens to maintain disease 
control and improve survival. 
The role of MRD negativity as a pivotal treatment end

point is further emphasized when considering its impact 
on decisions related to second ASCT. Patients who achieve 
sustained MRD negativity post-induction may be better 
candidates for consolidation with a second ASCT, leading 
to prolonged PFS and OS. This is particularly relevant for 
high-risk patients, who stand to benefit most from the ag
gressive disease control offered by quadruplet regimens and 
subsequent transplants. The ability to maintain MRD neg
ativity post-transplant offers a critical advantage in long-
term treatment planning, reducing the likelihood of early 
relapse, which is a common challenge in high-risk patient 
populations. 
While the clinical benefits of quadruplet therapies are 

clear, there are also challenges associated with their imple
mentation. The addition of a monoclonal antibody to the 
VRd regimen increases the cost of treatment, which may 
pose barriers in certain healthcare settings. Additionally, 
the increased toxicity associated with four-drug regimens, 
while generally manageable, requires careful patient selec
tion and close monitoring to mitigate AEs. Future research 
should focus on identifying biomarkers that can predict 
which patients are most likely to benefit from quadruplet 
therapy, allowing for more personalized treatment ap
proaches that maximize efficacy while minimizing unnec
essary toxicity. 
In summary, the use of quadruplet therapies, particu

larly those incorporating anti-CD38 monoclonal antibod
ies such as isatuximab or daratumumab, represents a sig
nificant advancement in the treatment of NDMM. These 
regimens consistently achieve higher rates of MRD nega
tivity. By leveraging MRD status as a critical treatment end
point, clinicians can develop more individualized treatment 
strategies that reduce toxicity while improving survival. As 
ongoing research continues to refine the role of MRD and 
the optimal use of quadruplet therapies, this consensus will 
likely play an increasingly central role in the management 
of NDMM, especially for high-risk patients. 
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