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Introduction
Disease outcomes in multiple myeloma (MM) have improved with the development of multi-drug 
combinations and in transplant eligible (Te) patients, autologous stem cell transplantation (ASCT).1 In 
patients with newly diagnosed MM (NDMM), recommended triplet induction combinations consist of a 
proteasome inhibitor such as bortezomib (V) or carfilzomib (K), and an immunomodulatory drug (IMiD) 
such as lenalidomide (R) or cyclophosphamide (C), in combination with dexamethasone (d).2,3 

VRd is commonly used as a frontline treatment for NDMM,2,3 and the potential role of KRd as the backbone 
of therapy is currently less well-established. Additionally, with the availability of the anti-CD38 monoclonal 
antibodies (mAbs), daratumumab (D) and isatuximab (Isa) for MM,4,5 there is a need to re-assess the 
optimal treatment approach for patients with NDMM. This is particularly important as selecting an optimal 
treatment regimen for patients with NDMM is key for maximising clinical outcomes.6 This article presents 
highlights from a sponsored symposium at the European Hematology Association (EHA) 2023 Congress 
considering the role of KRd- anti-CD38 mAb quadruplets in NDMM.

Partnering KRd with anti-CD38 mAbs
The potential to improve responses in Te patients with NDMM by adding anti-CD38 mAbs to triplet therapy 
has been demonstrated in the Phase III CASSIOPEIA (DVTd vs VTd), Phase III GMMG-HD7 (Isa-RVd vs RVd), 
and Phase II GRIFFIN (DVRd vs VRd) trials. In CASSIOPEIA (45 months follow-up) median progression-free 
survival (mPFS) was longer with DVTd versus VTd (not reached [NR] vs 51.5 months; hazard ratio [HR]: 0.58; 
P<0.0001) and DVRd versus VRd in GRIFFIN (50 months follow-up) (NR vs NR; HR: 0.45; P=0.0324); mPFS data 
are not mature for GMMG-HD7.7-11 Additionally, in all three trials, patients treated with these quadruplets 
showed an increased depth of response including minimal residual disease negativity (MRD–) (10–5 by 
multiparametric flow cytometry [MFC]) status or next generation sequencing [NGS]), and a complete 
response or better (≥CR) or very good partial response or better (≥VGPR) with quadruplet vs triplet 
regimens.9-11
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Table 1. Summary of the studies investigating KRd with anti-CD38 mAbs in NDMM

Studies Patient population Treatment arm(s) Key results (to date)

FORTE  
(Phase II)12

Te (n=474) • KRd induc. → ASCT → KRd conso. 
→ KR or R maint.

• KCd induc. → ASCT → KCd conso. 
→ KR or R maint.

• KRd induc. and conso. → KR or R 
maint.

• Median (IQR) follow-up (from 1st randomization): 
51 (46, 55) months

KRd-ASCT versus KCd-ASCT 
• mPFS: NR vs 53 months; HR: 0.54 (95% CI: 0.38; 0.78); 

P=0.0008
• MRD– (MFC 10–5): 47% vs 25%; OR: 2.72; P<0.0001
• Non-hematologic AEs: 92% vs 57%
• Discontinuation due to toxicity: 4% vs 3%

KRd-ASCT versus KRd
• mPFS: NR vs 55 months; HR: 0.61 (95% CI: 0.43, 0.88); 

p=0.0084
• MRD– (MFC 10–5): 47% vs 35%; OR: 1.69 (95% CI: 1.07, 2.66); 

p=0.024

ENDURANCE  
(Phase III)13

Te, no immediate 
intent for transplant 
(n=1087)

• KRd induc. → R maint.
• VRd induc. → R maint.

• Median (IQR) follow-up: 9 (5–23) months
KRd vs VRd
• mPFS: 34.6 vs 34.4 months; HR: 1.04 (95% CI: 0.83, 1.31); 

P=0.74
• Grade ≥3 non-hematologic toxicities: 48% vs 41%
• Treatment discontinuation due to AEs: 10% vs 17%

Real-world 
retrospective study14

Te and Ti (n=389) • KRd 
• VRd

• Median (95% CI) follow-up: 59 (55, 63)
KRd vs VRd
• 5-year PFS: 67% vs 56%; P=0.027
• 5-year OS: 90% vs 80%; P=0.053
• Discontinuation due to AEs: 7% vs 10%

GMMG-CONCEPT 
(Phase II)21

Te (N=127) and Ti 
(N=26), high-riska

• Te: Isa-KRd induc.→ ASCT → 

Isa-KRd conso. → Isa-KR maint.
• Ti: Isa-KRd induc. and conso. → 

Isa-KR maint.

Te patients
• Post-consolidation MRD– (10–5 by NGF): 68% (P=0.0004)
• ≥CR after induction: 49%
• ≥CR at end of consolidation: 73%

Ti patients
• Post-consolidation MRD– (10–5 by NGF): 54% (P=0.012)
• ≥CR after induction: 38%
• ≥CR at end of consolidation: 58%

Te and Ti patients
• Safety: profile consistent with known toxicities of the 

individual agents

IFM 2018-04  
(Phase II)20

Te high-risk (N=50)b • DKRd induc. → ASCT → DKRd conso. 
→ ASCT → DR maint.

• Median follow-up: 19 months
• ≥VGPR post-induction: 91%
• MRD– rate post-induction: 62%
• 18 month PFS: 92%
• Safety: no new signals observed

ADVANCE  
(Phase II)22

Te (n=TBC) • DKRd induc.
• KRd induc.
• VRd induc.
• Optional ASCT in MRD+ patients and 

subsequent R maint.

No results reported as of EHA 2023

SKylaRk  
(Phase II)23

Te (N=50) • Upfront transplant: Isa-KRd induc. 
→ ASCT → Isa-KRd conso.

• Deferred transplant: Isa-KRd induc.

Maintenance:
•	 High-risk: Isa-KR
•	 Standard risk: R

• Median follow-up: 15 months
Upfront transplant
• ≥CR rate (4 cycles): 38%
• ≥CR rate (8 cycles): 67%
• MRD– rate (4 cycles): 43%
• MRD– rate (8 cycles): 74%

All patients
• 15.4 month PFS rate: 89%
• Safety: Isa-KRd was well-tolerated and consistent with 

previous reports of similar regimens

Continued
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Studies Patient population Treatment arm(s) Key results (to date)

IsKia/EMN24  
(Phase III)26

Te (n=TBC) • Isa-KRd vs KRd induc. → ASCT → 
Isa-KRd vs KRd conso. → Isa-KRd vs 
KRd de-intensification → optional R 
maint.

No results reported as of EHA 2023

MIDAS  
(Phase III)26

Te (n=TBC) • Isa-KRd induc.
Subsequent:
•	 MRD– patients: Isa-KRd or ASCT 

+ Isa-KRd conso. → R maint.
•	 MRD+ patients: ASCT + Isa-KRd 

conso. or tandem ASCT → Isa + iber 
maint.

No results reported as of EHA 2023

MASTER  
(Phase II)27, 28

Te (N=123) • DKRd induc. → ASCT → DKRd conso. 
→ R maint.

• MRD-SURE (treatment-free 
observation if 2nd consecutive 
MRD– assessment)

• Median follow-up: 34 months
• MRD– consolidation (10–5 by NGS): 81% 
• Entered treatment-free observation (2 consecutive 

MRD– assessments: 71%
• ≥VGPR (induction cycle 2): 63%
• ≥VGPR (consolidation): 98%
• Safety: quadruplet therapy with DKRd was well-tolerated

MANHATTAN  
(Phase II)29

Te or Ti (N=41) • DKRd induc. → SoC After ≤8 cycles
• Median follow-up: 11 months
• MRD– (10–5 by MFC): 71%
• ≥VGPR: 95%
• 1-year PFS: 98%
• Safety: No added toxic effects

aISS II or III plus ≥1 of: del17p, t[4;14], t[14;16] or 1q21 [≥4 copies]; b≥1 of: del17p, t[4;14] or t[14;16]. 
AE, adverse events; ASCT, autologous stem cell transplantation; C, cyclophosphamide; CI, confidence interval; Conso., consolidation; CR, complete response; 
D, daratumumab; d, dexamethasone; EHA, European Hematology Association; K, carfilzomib; Iber, iberdomide; IMiD, immunomodulatory; Induc., Induction; 
IQR, interquartile range; Isa, isatuximab; ISS, International Staging System; Maint, maintenance; MFC, multiparametric flow cytometry; mPFS, median 
progression-free survival; MRD–, minimal residual disease negativity; NDMM, newly diagnosed multiple myeloma; NGF, next generation flow cytometry;  
NR, not reached; PRF, progression-free survival; R, lenalidomide; SoC, standard of care; Te, transplant eligible; Ti, transplant ineligible; V, bortezomib;  
VGPR, very good partial response or better.

Current evidence for the use of KRd as frontline therapy is supported by the FORTE and ENDURANCE 
trials, and a real-world study (Table). The Phase II FORTE study assessed KRd or KCd for 4 induction and 
consolidation cycles, both with post-induction ASCT or 12 KRd induction and consolidation cycles without 
ASCT, all followed by 1:1 randomization to KR or R maintenance in Te NDMM.12 Although still in progress  
(51 months of follow-up from 1st randomization), the study has demonstrated promising mPFS results with 
KRd-ASCT versus KCd-ASCT (NR vs 53 months; HR: 0.54 [95% CI: 0.38; 0.78]; P=0.0008) and versus KRd 12 
cycles (55 months). One-year sustained MRD– (MFC 10–5) results were also improved with KRd-ASCT (47%) 
versus KCd-ASCT (25%; odds ratio [OR]: 2.72; P<0.0001) and versus KRd 12 cycles (35%; OR: 1.69; P=0.024).12 
Although, non-hematologic adverse events (AEs) were more frequent with KRd than KCd (92% vs 57%), the 
rate of discontinuation due to toxicity after induction was similar (4% vs 3%).12

The Phase III ENDURANCE study assessed 12 cycles of VRd versus 9 cycles of KRd followed by subsequent 
randomization to R maintenance for 2 years or until progressive disease in patients with NDMM with no 
immediate intent for transplant.13 The results for the primary endpoint, PFS from 1st randomization indicated 
similar efficacy of KRd and VRd (34.6 vs 34.4 months; HR: 1.04 [95% CI: 0.83, 1.31]; P=0.74). In terms of safety, 
although there were more Grade ≥3 non-hematologic toxicities with KRd versus VRd (48% vs 41%), more 
patients discontinued treatment due to AEs with VRd versus KRd arm (17% vs 10%).13

A real-world, single-centre, retrospective study assessed patients treated with frontline VRd or KRd between 
2015 and 2022.14 The results indicated improved 5-year PFS with KRd vs VRd (67% vs 56%; P=0.027), but with 
no difference in 5-year overall survival (OS) (90% vs 80%; P=0.053). Additionally, discontinuation rates due to 
AEs were lower with KRd than VRd (7% vs 10%).14

Table 1. Continued
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Ongoing questions for quadruplets include optimal dosing for carfilzomib and the choice of proteasome 
inhibitor (K vs V) in different patient populations. There are currently various carfilzomib dosing schedules 
approved in relapsed/refractory (RR) MM and being explored for induction and consolidation in NDMM.15,16 A 
post-hoc analysis of the ENDEAVOR, ARROW, and CHAMPION-1 studies found no difference in PFS and safety 
profile with weekly and twice weekly dosing of carfilzomib.17 In terms of selecting appropriate patients, 
the safety profiles of carfilzomib and bortezomib need to be taken into consideration, with carfilzomib 
associated with more frequent cardiac toxicities, and bortezomib with peripheral neuropathy.13,14

KRd-anti-CD38 mAb combinations in high-risk NDMM
Previous evidence has indicated that KRd versus Rd improves outcomes in high-risk patients with RRMM. 
A sub-analysis of the randomized, open-label, Phase III ASPIRE trial found that in patients with 1–3 prior 
lines of therapy, KRd versus Rd significantly extended mPFS in both high-risk (23.1 vs 13.9 months; HR: 0.70 
[95% CI: 0.43; 1.16]; P=0.0829) and standard-risk (29.6 vs 19.5 months; HR: 0.66 [95% CI: 0.48; 0.90]; P=0.0039) 
patients.18 However the incidence of Grade ≥3 treatment-emergent AEs was higher with KRd versus Rd 
(89% vs 78%) in high-risk patients.18 Additionally, in a sub-analysis of the FORTE trial, KRd improved both PFS 
and OS in patients with high-risk (1) and ultra-high risk (≥2) cytogenetics versus standard-risk patients at 
4 years from first randomization.19 Additionally, real-world patients with NDMM receiving KRd in the US are 
significantly (P=0.021) more likely to have high-risk cytogenetics than patients receiving VRd (46% versus 
34%), suggesting that KRd is a relevant treatment for high-risk patients.14 

Evidence for the benefit of adding anti-CD38 mAbs to KRd in patients with high-risk NDMM comes from 
the GMMG-CONCEPT and IFM 2018-04 trials (Table).20,21 The Phase II GMMG-CONCEPT trial assessed Isa-KRd 
as induction and consolidation in both Te and transplant ineligible (Ti) patients.21 Isa-KRd was given for 
6 induction cycles followed by ASCT in Te patients versus 8 Isa-KRd induction cycles in Ti patients, both 
followed by 4 cycles of Isa-KRd consolidation and 2 years of Isa-KR maintenance in a high-risk NDMM 
population (International Staging System [ISS] II or III plus ≥1 of: del17p, t[4;14], t[14;16] or 1q21 [≥4 copies]).21 The 
study met its primary endpoint of post-consolidation MRD– (10–5 by next generation flow cytometry [NGF]) 
rate of 68% in the 93 Te patients (P=0.0004) and 54% in the 24 Ti patients (P=0.012). Isa-KRd also resulted 
in responses which deepened over time, from a ≥CR of 49% (Te) and 38% (Ti) after induction to 73% (Te) 
and 58% (Ti) at the end of consolidation. Finally, Isa-KRd was well-tolerated, with an overall safety profile 
consistent with the known toxicities of the individual agents.21 

In the Phase II IFM 2018-04 study, 50 high-risk (≥1 of: del17p, t[4;14] or t[14;16]) Te NDMM patients received  
6 DKRd induction cycles, followed by ASCT, 4 DKRd consolidation cycles, a second ASCT then DR 
maintenance for 2 years.20 Patients achieved deep responses with DKRd induction, including ≥VGPR of 
91%, a high MRD– rate (62%) in evaluable patients (n=48), and an 18-month PFS of 92%. Furthermore, DKRd 
induction had a favorable safety profile, with no new safety signals observed.20 

Anti-CD38-KRd quadruplets beyond the high-risk setting
Beyond the high-risk setting, several studies are investigating anti-CD38-KRd combinations in patient with 
NDMM irrespective of cytogenetic status. The ongoing Phase II ADVANCE trial is investigating DKRd versus 
KRd versus VRd, with optional ASCT in MRD+ patients following induction, in all-risk Te NDMM, and may shed 
further light on the efficacy of KRd and VRd in Te NDMM patients irrespective of risk status.22

The combination of Isa-KRd is being investigated in all-risk patients in three trials (Phase II SKylaRk, and 
Phase III IsKia/EMN24 and MIDAS) (Table). The Phase II SKylaRk trial of all-risk Te NDMM patients assessed  
Isa-KRd as a 4-cycle induction, followed by ASCT and 2 consolidation cycles in patients with upfront 
transplant, or Isa-KRd 8-cycle induction in patients with deferred transplant, both followed by Isa-KR or 
R maintenance in high- and standard-risk patients, respectively.23 Isa-KRd induced deep responses in 
all patients including the 46% with high-risk cytogenetics; the ≥CR rate was 38% after 4 cycles (primary 
endpoint) in patients with upfront transplant and 67% after cycle 8 in transplant-deferred patients, the 
MRD- rate was 43% at cycle 4 and 74% at cycle 8. Additionally, a 15.4 months PFS rate of 89% was observed 
for all patients (mPFS NR). Furthermore, Isa-KRd was well-tolerated, with a safety profile consistent with 
reports of similar regimens.23 
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The Phase III IsKia/EMN24 trial assessed Isa-KRd induction and post-ASCT consolidation, followed by  
de-intensification (light consolidation) versus KRd in Te NDMM. The primary endpoint is the MRD– rate  
(10–5 by NGS) post-ASCT consolidation.24 Since the EHA 2023 Congress, the Phase III IsKia/EMN24 trial data 
has been presented (not shown here).25 The Phase III MIDAS trial assessed 6 cycles of Isa-KRd induction, 
followed by 1:1 randomization to Isa-KRd or ASCT + Isa-KRd consolidation followed by R maintenance 
in MRD– patients, and ASCT + Isa-KRd consolidation or tandem ASCT followed by isa + iberdomide 
maintenance in MRD+ patients. The primary endpoint is the change in rate of MRD– (10–6 by NGS) from 
post-induction baseline to end of consolidation, and 1, 2, or 3 years post-induction.26 

Data supporting the combination of DKRd was provided at the time by two Phase II trials (MASTER 
and MANHATTAN) (Table). The MASTER study included a population enriched for high-risk cytogenetic 
abnormalities (57%) and assessed DKRd- induction, followed by ASCT, DKRd consolidation, and R 
maintenance in Te patients. Patients with two consecutive MRD– assessments entered into treatment-free 
observation and MRD surveillance (MRD-SURE).27,28 After a median follow-up of 34.1 months, 81% of patients 
were MRD– (10–5 by NGS) and 71% of patients entered treatment-free observation after two consecutive 
MRD– assessments. The responses deepened over time, with the proportion of patients with ≥VGPR 
increasing from 63% at post-induction cycle 2 to 98% at consolidation. Furthermore, quadruplet therapy 
with DKRd was well-tolerated.27,28 

The Phase II MANHATTAN study assessed 8 cycles of DKRd induction followed by standard of care therapy. 
After ≤8 cycles of DKRd induction, 71% of patients met the primary endpoint of MRD– (10–5 by MFC), 95% had 
a ≥VGPR and the 1-year PFS rate was 98%. Furthermore, there were no added major clinical toxic effects with 
the addition of daratumumab to KRd.29

Finally, studies have shown that the addition of anti-CD38 mAbs to KRd does not impact the feasibility of 
stem cell collection in NDMM, with similar stem cell yields in the GMMG-CONCEPT, IFM 2018-04, MASTER and 
MANHATTAN trials.20,29-31 

Summary
Anti-CD38 mAb-based quadruplets have replaced triplets as the standard of care for the treatment of 
Te NDMM. KRd has shown good efficacy, similar to VRd in patients with all-risk NDMM. However, further 
research into the optimal dosing of carfilzomib, and the choice of PI (K vs V) in different patient populations 
is required. In high-risk patients, KRd in combination with anti-CD38 mAbs has demonstrated efficacy with 
tolerable safety. Finally, several studies have demonstrated the efficacy of anti-CD38-KRd combinations.
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