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BACKGROUND
Bortezomib, lenalidomide, and dexamethasone (VRd) is a preferred first-line treatment 
option for patients with newly diagnosed multiple myeloma. Whether the addition of 
the anti-CD38 monoclonal antibody isatuximab to the VRd regimen would reduce the 
risk of disease progression or death among patients ineligible to undergo transplanta-
tion is unclear.

METHODS
In an international, open-label, phase 3 trial, we randomly assigned, in a 3:2 ratio, 
patients 18 to 80 years of age with newly diagnosed multiple myeloma who were in-
eligible to undergo transplantation to receive either isatuximab plus VRd or VRd alone. 
The primary efficacy end point was progression-free survival. Key secondary end 
points included a complete response or better and minimal residual disease (MRD)–
negative status in patients with a complete response.

RESULTS
A total of 446 patients underwent randomization. At a median follow-up of 59.7 
months, the estimated progression-free survival at 60 months was 63.2% in the 
isatuximab-VRd group, as compared with 45.2% in the VRd group (hazard ratio for 
disease progression or death, 0.60; 98.5% confidence interval, 0.41 to 0.88; P<0.001). 
The percentage of patients with a complete response or better was significantly 
higher in the isatuximab-VRd group than in the VRd group (74.7% vs. 64.1%, P = 0.01), 
as was the percentage of patients with MRD-negative status and a complete response 
(55.5% vs. 40.9%, P = 0.003). No new safety signals were observed with the isatuximab-
VRd regimen. The incidence of serious adverse events during treatment and the in-
cidence of adverse events leading to discontinuation were similar in the two groups.

CONCLUSIONS
Isatuximab-VRd was more effective than VRd as initial therapy in patients 18 to 80 
years of age with newly diagnosed multiple myeloma who were ineligible to undergo 
transplantation. (Funded by Sanofi and a Cancer Center Support Grant; IMROZ 
ClinicalTrials.gov number, NCT03319667.)
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Treatment with triplet therapies 
has historically improved outcomes in pa-
tients with newly diagnosed multiple my-

eloma, providing deep, durable disease control 
in most patients and delaying disease relapse.1 
The SWOG S0777 trial established bortezomib–
lenalidomide–dexamethasone (VRd) as a standard, 
first-line treatment for patients with myeloma, re-
gardless of their eligibility for transplantation,2,3 
and is commonly used in clinical practice.2 Older 
patients with multiple myeloma benefit most 
when efficacious regimens are used early, given 
that some do not receive any subsequent lines of 
therapy after first-line treatment.4-7

Isatuximab, an IgG1 monoclonal antibody, tar-
gets a specific epitope of human CD38, inducing 
myeloma-cell death by means of multiple mech-
anisms.8-10 Phase 3 trials have shown a benefit of 
isatuximab added to standard backbone regimens, 
with the combination therapies isatuximab–
pomalidomide–dexamethasone (in the ICARIA 
trial) and isatuximab–carfilzomib–dexametha-
sone (in the IKEMA trial) being approved for the 
treatment of relapsed or refractory multiple my-
eloma in numerous geographic areas.9,11-14

Phase 3 trials showed improved outcomes 
with anti-CD38 quadruplet regimens including 
proteasome inhibitor–immunomodulatory drug 
backbones for patients with myeloma who were 
eligible to undergo transplantation, thus position-
ing quadruplets as a new standard treatment.15-18 
In patients who are ineligible for transplanta-
tion, the daratumumab–bortezomib–melphalan–
prednisone quadruplet was approved on the ba-
sis of the results of the ALCYONE trial.19 Trials 
of daratumumab-VRd (D-VRd; the CEPHEUS trial) 
and daratumumab, carfilzomib, lenalidomide, 
and dexamethasone (D-KRd; the GEM2017FIT 
trial) are ongoing.20,21 The results of a phase 1b 
trial of isatuximab-VRd showed excellent clinical 
activity and deep responses in patients who had 
no immediate intention to undergo transplanta-
tion.22 However, the efficacy of treatment with 
an anti-CD38 agent and VRd in the population 
of patients with newly diagnosed myeloma who 
are ineligible to undergo transplantation has 
been unclear. Here, we report a prespecified in-
terim analysis of IMROZ, an international, phase 
3 trial of the efficacy and safety of isatuximab-
VRd as compared with VRd in patients with 
myeloma who were ineligible to undergo trans-
plantation.

Me thods

Trial Design and Oversight

We conducted this randomized, open-label, 
phase 3 trial at 93 sites in 21 countries (see the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org). The indepen-
dent ethics committee or institutional review 
board at each site approved the trial protocol, 
which is available at NEJM.org. The trial was 
conducted in accordance with the principles of 
the Declaration of Helsinki and the guidelines 
for Good Clinical Practice of the International 
Council for Harmonisation. All the patients pro-
vided written informed consent. Senior academic 
investigators designed the trial together with 
Sanofi, the sponsor. Sanofi compiled, maintained, 
and analyzed the data. The authors vouch for the 
accuracy and completeness of the data and for 
the fidelity of the trial to the protocol. Sanofi 
funded medical writers to prepare the manu-
script, and the authors critically reviewed, edit-
ed, and approved the manuscript for submission 
for publication. No confidentiality agreements 
were made that preclude the publication of trial 
findings.

Patients

We enrolled patients 18 years of age or older 
with symptomatic previously untreated myeloma 
(according to International Myeloma Working 
Group [IMWG] criteria11) and measurable disease 
who were ineligible to undergo transplantation 
owing to an age of 65 years or older or to coex-
isting conditions. Key exclusion criteria were an 
age of more than 80 years, an Eastern Coopera-
tive Oncology Group (ECOG) performance-sta-
tus score of more than 2 (on a 5-point scale, 
with higher scores indicating greater disability), 
or an estimated glomerular filtration rate (GFR) 
of less than 30 ml per minute per 1.73 m2 of 
body-surface area. Additional eligibility criteria 
are listed in the Supplementary Appendix.

Randomization and Treatment

Patients were randomly assigned in a 3:2 ratio to 
receive either isatuximab-VRd or VRd. Random-
ization was stratified according to country (not 
China vs. China), age (<70 vs. ≥70 years), and 
Revised International Staging System disease 
stage (stage I or II vs. III vs. not classified).

Four induction cycles (with 6 weeks per cycle) 

A Quick Take 
is available at 

NEJM.org
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were followed by 4-week cycles of continuous 
treatment with isatuximab-Rd (in the isatuximab-
VRd group) or Rd (in the VRd group) (see below), 
until the occurrence of disease progression, an 
unacceptable adverse event, or other discontinu-
ation criteria. The dose-administration scheme is 
shown in the Supplementary Appendix.

During induction, all patients received VRd, 
which consisted of subcutaneous bortezomib 
(1.3 mg per square meter on days 1, 4, 8, 11, 22, 
25, 29, and 32), oral lenalidomide (25 mg per day 
[or 10 mg per day if the estimated GFR was 30 
to <60 ml per minute per 1.73 m2] on days 1 to 
14 and 22 to 35), and oral or intravenous dexa-
methasone (20 mg per day on days 1, 2, 4, 5, 8, 
9, 11, 12, 15, 22, 23, 25, 26, 29, 30, 32, and 33 
[or on days 1, 4, 8, 11, 15, 22, 25, 29, and 32 in 
patients ≥75 years of age]). Patients in the isatuxi-
mab-VRd group received intravenous isatuximab 
(10 mg per kilogram of body weight once weekly 
in cycle 1, with subsequent cycles occurring every 
2 weeks). Antibacterial prophylactic treatment was 
recommended for all patients during induction.

During continuous treatment, all patients re-
ceived an Rd regimen that consisted of oral le-
nalidomide (25 mg per day [or 10 mg per day if 
the estimated GFR was 30 to <60 ml per minute 
per 1.73 m2] on days 1 to 21) and dexametha-
sone (20 mg per day once weekly). Patients in 
the isatuximab-VRd group received intravenous 
isatuximab (10 mg per kilogram every 2 weeks, 
with monthly administration starting with cy-
cle 18). Crossover from the Rd regimen to the 
isatuximab-Rd regimen during continuous treat-
ment was allowed according to the investigator’s 
discretion in the case of biochemical or clinical 
progression (see the Supplementary Appendix).

End Points and Assessments

The primary end point was progression-free sur-
vival, which was defined as the time from ran-
domization to the first documented disease 
progression (on the basis of assessment by the 
independent review committee) or death, which-
ever occurred first (assessed in a time-to-event 
analysis). Key secondary end points included a 
complete response or better (defined as a com-
plete response or stringent complete response); 
minimal residual disease (MRD)–negative status 
in patients with a complete or better response 
(assessed at 10−5 sensitivity by means of next-
generation sequencing); a very good partial re-

sponse or better; and overall survival, which was 
defined as the time from randomization to death 
from any cause (assessed in a time-to-event 
analysis). Other secondary end points included 
overall response (partial response or better), the 
time to disease progression, duration of response, 
the time to the first response, the time to the best 
response, second progression–free survival (de-
fined as the time from randomization to second 
progression or death, whichever occurred first, 
assessed in a time-to-event analysis), progression-
free survival according to MRD status, sustained 
MRD-negative status for at least 12 months, and 
quality of life.

Central laboratories performed disease and 
MRD assessments, as well as baseline cytoge-
netic analyses by means of fluorescence in situ 
hybridization. An independent review commit-
tee, whose members were unaware of the treat-
ment assignments, determined disease response 
and progression according to efficacy data (as-
sessed at a central laboratory), bone marrow as-
sessment for plasma-cell infiltration (assessed 
at the local laboratory), and centrally reviewed 
imaging according to the IMWG criteria. Quality 
of life was assessed by means of the European 
Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire–Core 30 
(EORTC QLQ-C30), which included the global 
health status scale. Safety assessments included 
adverse events and laboratory variables, which 
were assessed according to the Common Termi-
nology Criteria for Adverse Events, version 4.03, 
of the National Cancer Institute. Additional in-
formation on end points and assessments is 
provided in the Supplementary Appendix.

Statistical Analysis

All the efficacy analyses were conducted in the 
intention-to-treat population, which included all 
the patients who underwent randomization. The 
safety population included all the patients who 
had received at least one dose of trial drug. For 
the primary end point, between-group compari-
sons were conducted with the use of a stratified 
log-rank test procedure with the randomization 
stratification factors. The significance level at 
the interim analysis (P = 0.0074) used an O’Brien–
Fleming alpha-spending function to control the 
one-sided type I error at 2.5%, which resulted in 
the reported 98.5% confidence interval for the 
primary analysis. The significance level for the 
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interim analysis of overall survival was 0.0001, 
which resulted in the reported 99.97% confidence 
interval. The median progression-free survival, 
the probability of being free from disease pro-

gression, and corresponding confidence inter-
vals were calculated by means of the Kaplan–
Meier method. Hazard ratio estimates were 
obtained with the use of a stratified Cox propor-

Table 1. Demographic and Disease Characteristics of the Patients at Baseline (Intention-to-Treat Population).*

Characteristic
Isatuximab-VRd 

(N = 265)
VRd 

(N = 181)

Age

Median (range) — yr 72 (60–80) 72 (55–80)

Distribution — no. (%)

<65 yr 8 (3.0) 9 (5.0)

65–69 yr 73 (27.5) 47 (26.0)

70–74 yr 115 (43.4) 68 (37.6)

75–80 yr 69 (26.0) 57 (31.5)

Sex

Female 122 (46.0) 87 (48.1)

Male 143 (54.0) 94 (51.9)

Race or ethnic group†

American Indian or Alaska Native 4 (1.5) 1 (0.6)

Asian 31 (11.7) 17 (9.4)

Black 2 (0.8) 2 (1.1)

Native Hawaiian or other Pacific Islander 1 (0.4) 1 (0.6)

White 192 (72.5) 131 (72.4)

Not reported or missing data 35 (13.2) 29 (16.0)

ECOG performance-status score — no. (%)‡

0 or 1 235 (88.7) 162 (89.5)

>1 30 (11.3) 19 (10.5)

Estimated GFR <60 ml/min/1.73 m2 — no. (%)§ 66 (24.9) 62 (34.3)

Extramedullary disease at trial enrollment — no. (%)¶ 18 (6.8) 6 (3.3)

Median duration since initial diagnosis of multiple myeloma 
(range) — mo

1.2 (0.3–48.9) 1.2 (0.3–37.7)

Type of myeloma at baseline — no. (%)

IgG 171 (64.5) 115 (63.5)

Non-IgG 94 (35.5) 66 (36.5)

IgA 57 (21.5) 41 (22.7)

Light chain only‖ 32 (12.1) 21 (11.6)

R-ISS stage at baseline — no. (%)**

Stage I or II 234 (88.3) 157 (86.7)

Stage III 29 (10.9) 21 (11.6)

Not classified 2 (0.8) 3 (1.7)

Cytogenetic risk at baseline — no. (%)

Standard 207 (78.1) 140 (77.3)

High†† 40 (15.1) 34 (18.8)

Unknown or missing data 18 (6.8) 7 (3.9)
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tional-hazards model. (The assumption assess-
ment is discussed in the Supplementary Appen-
dix.) Key secondary end points were assessed by 
means of a closed-test procedure and a stratified 
Cochran–Mantel–Haenszel test with 95% confi-
dence intervals. For the primary end point of 
progression-free survival and the key secondary 
end points, we report confidence intervals that 
were adjusted for multiplicity, as well as two-sided 
P values. For all other end points, we report 95% 
confidence intervals without multiplicity control.

Continuous variables were summarized with 
the use of descriptive statistics, and categorical 
and ordinal variables were summarized as fre-
quencies and percentages. Safety analyses and the 
extent of trial treatment were assessed according 
to the actual treatment received in the safety 
population. In this article, we report the second 
of three planned interim analyses, after 73% of 
the 222 events of disease progression or death for 
the planned final analysis had occurred.

R esult s

Patients and Treatment

We enrolled patients from December 2017 through 
March 2019. Overall, 446 patients underwent ran-
domization (265 to the isatuximab-VRd group and 
181 to the VRd group). The demographic and 
disease characteristics of the patients at baseline 
were balanced across the two groups (Table 1, 
and see the Supplementary Appendix). The me-
dian age of the patients was 72 years (range, 55 
to 80), 16.6% of the patients had high-risk cyto-
genetic features, 37.0% had a chromosomal 1q21+ 
abnormality (at least three copies of 1q21), and 
28.7% had an estimated GFR of less than 60 ml 
per minute per 1.73 m2. The representativeness 
of the patient population is described in Table S1 
in the Supplementary Appendix.

As of the data-cutoff date (September 26, 2023), 
47.2% of the patients in the isatuximab-VRd 
group and 24.3% of those in the VRd group were 

Characteristic
Isatuximab-VRd 

(N = 265)
VRd 

(N = 181)

High-risk chromosomal abnormalities and 1q21+ — no. (%)‡‡ 19 (7.2) 15 (8.3)

Chromosomal abnormality — no. (%)§§

1q21+ 95 (35.8) 70 (38.7)

Amplification 1q21 32 (12.1) 23 (12.7)

Del(17p) with a 50% cutoff 15 (5.7) 9 (5.0)

*  The intention-to-treat population included all the patients who underwent randomization. Percentages may not total 
100 because of rounding. VRd denotes bortezomib–lenalidomide–dexamethasone.

†  Race and ethnic group were reported by the patient.
‡  Eastern Cooperative Oncology Group (ECOG) performance-status scores are assessed on a 5-point scale, with higher 

scores indicating greater disability. A total of 112 patients (42.3%) in the isatuximab-VRd group and 83 (45.9%) in the 
VRd group had an ECOG performance-status score of 1 (indicating that strenuous physical activity was restricted but 
the patient was fully ambulatory and able to carry out light work). One patient in the isatuximab-VRd group had an 
ECOG performance-status score of 3 (indicating that the patient was capable of only limited self-care and was con-
fined to bed or chair more than 50% of waking hours).

§  The estimated glomerular filtration rate (GFR) was calculated on the basis of the Modification of Diet in Renal 
Disease formula.

¶  Extramedullary disease only is reported. In addition, 67 patients (25.3%) in the isatuximab-VRd group and 49 (27.1%) 
in the VRd group had paramedullary disease; 1 patient in each group had both extra- and paramedullary disease. 
Status with regard to extramedullary disease was determined by an independent review committee.

‖  Light chains could be κ, γ, or both.
**  The Revised International Staging System (R-ISS) stage at baseline was determined by means of interactive response 

technology for stratification. The stage was derived from the ISS stage at enrollment, cytogenetic abnormality (yes vs. 
no), and serum lactate dehydrogenase concentration.

††  High cytogenetic risk was defined as the presence of del(17p), t(4;14), t(14;16), or a combination of these, with cut-
offs defined below.

‡‡  Abnormality was defined as present in at least 30% of abnormal bone marrow plasma cells for t(4;14), t(14;16), and 
1q21+ (at least three copies) and at least 50% of abnormal plasma cells for del(17p). One patient in the isatuximab-
VRd group had two high-risk chromosomal abnormalities (del[17p] and t[4;14]).

§§  The 1q21+ abnormality was defined as at least three copies of 1q21. The amplification 1q21 abnormality was defined 
as at least four copies of 1q21.

Table 1. (Continued.)
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continuing to receive treatment. A total of 138 
patients (52.1%) in the isatuximab-VRd group 
and 137 (75.7%) in the VRd group had discon-
tinued treatment, mostly because of adverse events 
or progressive disease. Two patients who had 
been randomly assigned to the isatuximab-VRd 
group did not receive trial treatment, and 25 
patients in the VRd group switched to isatuximab-
Rd therapy (Fig. S1). Among the adverse events 
that contributed to definitive treatment discon-
tinuation, 8 (in 3.0% of the patients in the 
isatuximab-VRd group) and 4 (in 2.2% of those 
in the VRd group) were related to coronavirus 
disease 2019 (Covid-19).

The median treatment duration was 53.2 
months (range, 0.5 to 68.8) in the isatuximab-VRd 
group and 31.3 months (range, 0.6 to 67.2) in the 
VRd group, and the median number of cycles 
started was 52 (range, 1 to 69) and 29 (range, 1 
to 69), respectively. The median relative dose 
intensity for isatuximab was 93.6%. The median 
relative dose intensity for bortezomib was 90.3% 
in the isatuximab-VRd group and 86.7% in the 

VRd group; for lenalidomide, 77.7% and 83.5%, 
respectively; and for dexamethasone, 81.6% and 
79.3%, respectively. Dose reductions are described 
in the Supplementary Appendix.

Efficacy

At a median follow-up of 59.7 months (inter-
quartile range, 56.0 to 63.2), disease progression 
or death had occurred in 162 patients (84 of 265 
[31.7%] in the isatuximab-VRd group and 78 of 
181 [43.1%] in the VRd group). At 60 months, 
progression-free survival as assessed on the basis 
of independent review was 63.2% in the isatux-
imab-VRd group, as compared with 45.2% in the 
VRd group (hazard ratio for disease progression 
or death, 0.60; 98.5% confidence interval [CI], 
0.41 to 0.88; P<0.001) (Fig. 1 and Table S2). The 
results regarding progression-free survival ac-
cording to investigator assessment were consis-
tent with those of the primary analysis (Fig. S2). 
Prespecified subgroup analyses of progression-
free survival are shown in Figure S3. A benefit 
was apparent in most subgroups, although the 
hazard ratio in the subgroup of patients with 
high-risk cytogenetic features was 0.97 (95% CI, 
0.48 to 1.96). The time to disease progression 
was longer in the isatuximab-VRd group than in 
the VRd group (hazard ratio, 0.41; 95% CI, 0.29 
to 0.60) (Fig. S4).

In the intention-to-treat population, the per-
centage of patients with an overall response was 
similarly high in the isatuximab-VRd group and 
the VRd group (91.3% and 92.3%, respectively) 
(Fig. 2A). A significantly higher percentage of 
patients had a complete or better response with 
isatuximab-VRd than with VRd (74.7% vs. 64.1%, 
P = 0.01). The results regarding hierarchical test-
ing and additional response data are shown in 
Tables S3 and S4. A significant improvement 
was seen for MRD-negative status in patients 
with a complete response at any time (55.5% in 
the with isatuximab-VRd group vs. 40.9% in the 
VRd group, P = 0.003) (Fig. 2B). The percentage 
of patients with MRD-negative status was higher 
in the isatuximab-VRd group than in the VRd 
group (58.1% vs. 43.6%). A total of 46.8% of the 
patients in the isatuximab-VRd group and 24.3% 
of those in the VRd group had a sustained MRD-
negative status lasting at least 12 months. Ex-
ploratory analysis of the percentage of patients 
with MRD-negative status and a complete re-
sponse at 10−6 sensitivity showed results consis-

Figure 1. Progression-free Survival (Intention-to-Treat Population).

Shown are Kaplan–Meier estimates of progression-free survival among pa-
tients in the intention-to-treat population (defined as all the patients who 
underwent randomization). The interim analysis of progression-free sur-
vival was performed after 162 events of disease progression or death had 
occurred (which was 73% of the 222 events specified for the planned final 
analysis). The median progression-free survival was not reached (95% CI, 
not reached to not reached) in the isatuximab-VRd group (in which pa-
tients received isatuximab plus a regimen of bortezomib, lenalidomide, 
and dexamethasone) and 54.3 months (95% CI, 45.2 to not reached) in 
the VRd group (in which patients received bortezomib, lenalidomide, and 
dexamethasone). Tick marks indicate censored data.
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tent with those at 10−5 sensitivity (40.0% vs. 22.7%; 
odds ratio, 2.27; 95% CI, 1.48 to 3.48).

A progression-free survival benefit was ob-
served in patients with MRD-negative status as 
compared with those with MRD-positive status 
in the isatuximab-VRd group (hazard ratio for 
disease progression or death, 0.22; 95% CI, 0.14 
to 0.35) and to a lesser extent in the VRd group 
(hazard ratio, 0.31; 95% CI, 0.19 to 0.52). Pa-
tients who had a sustained MRD-negative status 
lasting at least 12 months had a progression-free 
survival benefit as compared with those who had 

MRD-negative status for less than 12 months 
(Tables S5 and S6 and Figs. S5 and S6).

As of the data-cutoff date, 128 patients (69 
[26.0%] in the isatuximab-VRd group and 59 
[32.6%] in the VRd group) had died (Fig. 3A). 
The estimated overall survival at 60 months was 
72.3% in the isatuximab-VRd group and 66.3% 
in the VRd group (hazard ratio for death, 0.78; 
99.97% CI, 0.41 to 1.48); the upper boundary of 
the confidence interval for the hazard ratio passed 
the prespecified futility threshold (>1.1), and fol-
low-up is ongoing. The overall incidence of death 
(including from adverse events that occurred dur-
ing the treatment and post-treatment periods) 
tended to favor the isatuximab-VRd group over the 
VRd group (26.2% vs. 32.6%), owing largely to 
the lower mortality from disease progression in 
the isatuximab-VRd group (4.9% vs. 12.2%); this 
finding was supported by the time to death ac-

Figure 2. Summary of Responses and Minimal Residual 
Disease Status (Intention-to-Treat Population).

Shown are the results for best overall response (Panel A) 
and minimal residual disease (MRD) status (Panel B) 
at any time during the trial among patients in the in-
tention-to-treat population. The median time to MRD-
negative status was 14.7 months (95% CI, 11.5 to 
24.1) in the isatuximab-VRd group and 32.8 months 
(95% CI, 17.5 to 45.1) in the VRd group. Response was 
assessed on the basis of International Myeloma Work-
ing Group (IMWG) recommendations (see the proto-
col). The following secondary end points were tested 
sequentially, each with an overall two-sided alpha lev-
el of 0.05, with the use of a hierarchical testing ap-
proach: complete response or better, MRD-negative 
status in patients with a complete response, and a 
very good partial response or better. The criteria for a 
stringent complete response included the criteria for a 
complete response plus a normal free light-chain ratio 
and an absence of clonal plasma cells, as assessed by 
means of immunofluorescence or immunohistochem-
ical analysis or by means of two-color to four-color 
flow cytometry. The sensitivity threshold for MRD was 
defined as 1 in 105 nucleated cells at any time during 
the trial. Bone marrow aspiration was conducted for 
central laboratory assessment at baseline and, in the 
case of a complete response or a very good partial re-
sponse, at the end of the induction period and during 
the period of continuous treatment. MRD status was 
based on a postrandomization assessment performed 
on bone marrow samples by means of a Food and 
Drug Administration–approved next-generation se-
quencing assay (clonoSEQ Assay, version 2.0; Adap-
tive Biotechnologies) in accordance with IMWG guide-
lines regarding the assessment of MRD.23 For the 
analyses of a complete response or better and of 
MRD-negative status among patients with a complete 
response, a two-sided P value was calculated with the 
use of the stratified Cochran–Mantel–Haenszel chi-
square test. A P value is not reported for the analyses 
of MRD-negative status in the intention-to-treat popu-
lation and MRD-negative status sustained for at least 
12 months because these analyses were not key sec-
ondary end points.
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cording to a cause-specific analysis of compet-
ing risks (Fig. S7). Death not due to disease 
progression occurred in 21.1% of the patients in 
the isatuximab-VRd group and in 20.4% of those 
in the VRd group.

As of the data-cutoff date, further antimy-
eloma therapy had been initiated in 19.6% of the 
patients in the isatuximab-VRd group and in 
44.2% of those in the VRd group. Among these 
patients, the percentage who received an anti-

B Global Health Status and Quality of Life in the Intention-to-Treat Population

A Overall Survival in the Intention-to-Treat Population
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CD38 agent was lower in the isatuximab-VRd 
group than in the VRd group (34.6% vs. 68.8%) 
(Table S7). At 60 months, second progression–
free survival was 65.4% in the isatuximab-VRd 
group and 54.9% in the VRd group. The benefit 
with isatuximab-VRd therapy continued through 
a subsequent line of therapy (hazard ratio for 
disease progression or death in the second pro-
gression–free survival analysis, 0.70; 95% CI, 
0.51 to 0.95) (Fig. S8). The time to the next treat-
ment appeared to be longer in the isatuximab-
VRd group than in the VRd group (hazard ratio, 
0.38; 95% CI, 0.26 to 0.53) (Fig. S9). The EORTC 
QLQ-C30 global health status domain score re-
mained stable over time in the two trial groups, 
with no negative effect observed with the addi-
tion of isatuximab (Fig. 3B).

Safety

Table 2 summarizes hematologic laboratory ab-
normalities and common adverse events. A sum-
mary of safety analyses is provided in Table S8. 
The incidence of adverse events leading to defini-
tive discontinuation was 22.8% with isatuximab-
VRd and 26.0% with VRd (Table S9). Serious ad-
verse events were reported in 70.7% of the patients 
who received isatuximab-VRd and in 67.4% of 
those who received VRd (Table S10).

The incidence of infection of grade 3 or higher 
was 44.9% with isatuximab-VRd and 38.1% with 
VRd. The incidence of infection of grade 3 or 
higher was lower among patients who received 
antibiotic prophylaxis than among those who did 
not (43.5% vs. 51.0% in the isatuximab-VRd group, 
and 35.2% vs. 48.7% in the VRd group).

Grade 5 adverse events during the treatment 
period were reported in 29 of 263 patients (11.0%) 
in the isatuximab-VRd group and in 10 of 181 
(5.5%) in the VRd group. Four deaths (in 1.5% of 
the patients) in the isatuximab-VRd group and 
1 death (in 0.6%) in the VRd group occurred 
within 60 days after the receipt of the first dose. 
The difference was driven in part by different 
treatment exposures (0.031 grade 5 adverse events 
per patient-year in the isatuximab-VRd group 
and 0.019 events per patient-year in the VRd group) 
(Tables S11, S12, and S13). During treatment, 
grade 5 adverse events were caused mainly by 
infection (in 17 patients [6.5%] in the isatuximab-
VRd group and in 7 [3.9%] in the VRd group), 
including Covid-19 (in 8 patients [3.0%] and in 
2 [1.1%], respectively). (The effect of Covid-19–
related adverse events is reported in Fig. S10 and 
Table S14.)

Invasive solid-tumor second primary cancer 
was reported in 22 patients (8.4%) in the isatuxi-
mab-VRd group and in 8 (4.4%) in the VRd group 
(Table 2). Additional data are provided in the Sup-
plementary Appendix.

Discussion

Results from this interim analysis of the inter-
national, phase 3 IMROZ trial showed that the 
addition of isatuximab to a VRd regimen led to 
a significant 40% lower risk of progression or 
death at a median follow-up of 5 years. The es-
timated progression-free survival at 60 months 
was 63.2% in the isatuximab-VRd group, as com-
pared with 45.2% in the VRd group — a finding 
that highlights the profound progression-free 
survival benefit with the isatuximab-VRd regimen 
in patients 80 years of age or younger with previ-
ously untreated myeloma who were ineligible for 
transplantation. Progression-free survival with 
VRd was longer in this trial than in other phase 3 
trials involving comparable patient popula-
tions.3,24 The progression-free survival benefit 
with isatuximab-VRd was maintained through 
the subsequent line of therapy and the time to 

Figure 3 (facing page). Overall Survival and Quality of 
Life (Intention-to-Treat Population).

Shown are the results of the Kaplan–Meier estimates 
of overall survival (Panel A) and quality of life on the 
basis of disease assessment by investigators and in-
cluding symptomatic deterioration among patients in 
the intention-to-treat population and the European  
Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire–Core 30 global health 
status and quality-of-life score (Panel B). Scores range 
from 0 to 100, with higher scores indicating a better 
health status and quality of life. The median follow-up 
was 59.7 months. The 128 deaths represent a 63% in-
formation fraction of the final overall survival analysis. 
As of the data-cutoff date, 25 patients from the VRd 
group had crossed over to isatuximab-Rd treatment af-
ter confirmation of a first disease progression. Among 
these patients, 12 (48%) had died by the data-cutoff 
date. I bars represent the standard deviation. Data are 
shown slightly offset at each time point for better visi-
bility. Cycles in which fewer than 20 patients overall re-
ceived treatment are not presented. The end-of-treat-
ment (EOT) assessment occurred at 30 days after the 
last administration of trial treatment, and follow-up 
(FU) lasted until 90 days after the last administration 
of trial treatment.
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Table 2. Hematologic Laboratory Abnormalities, Adverse Events of Any Grade, and Second Primary Cancers (Safety 
Population).*

Event
Isatuximab-VRd 

(N = 263)
VRd 

(N = 181)

Any Grade Grade ≥3 Any Grade Grade ≥3

number of patients (percent)

Hematologic laboratory abnormalities†

Anemia 260 (98.9) 46 (17.5) 177 (97.8) 29 (16.0)

Lymphopenia 251 (95.4) 158 (60.1) 167 (92.3) 96 (53.0)

Neutropenia 230 (87.5) 143 (54.4) 145 (80.1) 67 (37.0)

Leukopenia 256 (97.3) 83 (31.6) 160 (88.4) 30 (16.6)

Thrombocytopenia 251 (95.4) 79 (30.0) 153 (84.5) 50 (27.6)

Nonhematologic adverse events

Infection‡

Pneumonia 79 (30.0) 53 (20.2) 35 (19.3) 23 (12.7)

Bronchitis 58 (22.1) 7 (2.7) 32 (17.7) 3 (1.7)

Upper respiratory tract infection 90 (34.2) 2 (0.8) 61 (33.7) 2 (1.1)

Diarrhea 144 (54.8) 20 (7.6) 88 (48.6) 15 (8.3)

Peripheral sensory neuropathy 143 (54.4) 19 (7.2) 110 (60.8) 11 (6.1)

Cataract 100 (38.0) 41 (15.6) 46 (25.4) 20 (11.0)

Constipation 94 (35.7) 6 (2.3) 74 (40.9) 3 (1.7)

Fatigue 91 (34.6) 21 (8.0) 48 (26.5) 12 (6.6)

Peripheral edema 86 (32.7) 0 59 (32.6) 2 (1.1)

Infusion-related reaction 62 (23.6) 1 (0.4) 2 (1.1) 0

Covid-19§ 78 (29.7) 23 (8.7) 37 (20.4) 12 (6.6)

Insomnia 59 (22.4) 10 (3.8) 44 (24.3) 4 (2.2)

Back pain 58 (22.1) 9 (3.4) 31 (17.1) 3 (1.7)

Asthenia 57 (21.7) 7 (2.7) 44 (24.3) 4 (2.2)

Invasive second primary cancer¶

Solid tumor‖ 22 (8.4) 14 (5.3) 8 (4.4) 6 (3.3)

Hematologic cancer 3 (1.1) 1 (0.4) 2 (1.1) 2 (1.1)

*  The safety population included all the patients who received at least one dose of trial treatment. The grading of ad-
verse events was based on the Common Terminology Criteria for Adverse Events, version 4.03, of the National Cancer 
Institute. Adverse events of any grade that were reported in at least 20% of patients in either treatment group are listed. 
Events are listed according to preferred term. The worst grade of event in each patient is reported.

†  The laboratory abnormalities listed here were those that occurred during the treatment period.
‡  The three categories of infection events that are presented are not exclusive.
§  The adverse event of coronavirus disease 2019 (Covid-19) included both Covid-19 and Covid-19–related pneumonia. 

Two patients in the isatuximab-VRd group and one in the VRd group had both Covid-19–related pneumonia and 
Covid-19. These patients are counted only once for all events of Covid-19–related adverse events that occurred during 
treatment.

¶  The presence of a second primary cancer was prespecified in the protocol as an adverse event of special interest. This 
event was identified with the use of the Medical Dictionary for Regulatory Activities (MedDRA) Custom MedDRA Query 
“second primary malignancies.” The events shown included those that occurred during treatment and after the treat-
ment period.

‖  Solid tumor included melanoma and one case of metastasis to the peritoneum. In addition, 19 patients in the isatux-
imab-VRd group and 7 in the VRd group had nonmelanoma skin cancer. In the isatuximab-VRd group, 2 of the 19 pa-
tients also had melanoma. In the VRd group, 1 of the 7 patients also presented with adenocarcinoma of the colon.
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next treatment. The results for patients with high-
risk cytogenetic features in this analysis did not 
show a progression-free survival benefit with 
isatuximab-VRd. Further analyses and longer fol-
low-up are warranted on the basis of the observed 
benefits with isatuximab-based combinations in 
patients with high-risk cytogenetic features in 
the contexts of first-line therapy and relapsed 
disease.15,25-27

In patients with previously untreated myelo-
ma, deep and sustained responses are associated 
with improved progression-free and overall sur-
vival, and MRD-negative status is an important 
prognostic factor.28,29 In this trial, treatment with 
isatuximab-VRd resulted in deep and sustained 
responses, with significant improvements in pa-
tients with MRD-negative status and a complete 
response and higher percentages of patients with 
MRD-negative status and sustained MRD-nega-
tive status for at least 12 months (at any point, 
in the intention-to-treat population). In addition, 
MRD-negative status was associated with im-
proved progression-free survival.

Disease control in the context of first-line 
therapy is critical in older patients with my-
eloma.4,6,7 Early use of efficacious regimens that 
include an anti-CD38 agent is warranted, given 
that the median progression-free survival and over-
all survival progressively decrease with successive 
treatments and the duration of response shortens 
with each relapse.4,30,31 The phase 3 MAIA trial of 
Rd, with or without the anti-CD38 daratumumab 
(i.e., D-Rd vs. Rd),32 established D-Rd as a standard 
regimen in patients with previously untreated 
myeloma who were ineligible for transplanta-
tion, including in those older than 80 years of age. 
Although we acknowledge the limitations of cross-
trial comparisons, we note that at a median fol-
low-up of 60 months in the IMROZ trial, 31.7% 
of the patients (84 of 265) in the isatuximab-VRd 
group had disease progression or died, as com-
pared with 43.5% of the patients (160 of 368) in 
the D-Rd group in the MAIA trial, at a similar 
follow-up of 56.6 months.33 Of note, in the 
MAIA trial, nearly 45% of the patients were 75 
years of age or older, whereas our trial excluded 
patients older than 80 years of age.

The safety profile of isatuximab-VRd in the 
IMROZ trial was consistent with that among 
patients eligible for transplantation in the phase 
3 GMMG-HD7 trial of isatuximab-VRd as com-
pared with VRd,17 with no new safety signals 

and with a similar incidence in the two groups 
of serious adverse events during the treatment 
period and of adverse events leading to definitive 
discontinuation. The incidence of infection of 
grade 3 or higher was 44.9% with isatuximab-
VRd and 38.1% with VRd, and the incidence of 
neutropenia of grade 3 or higher (assessed as 
laboratory abnormalities) was 54.4% and 37.0%, 
respectively. In both groups, the incidence of infec-
tion of grade 3 or higher was lower with antibiotic 
prophylaxis (starting at induction) than with no 
prophylaxis. The incidence of peripheral sensory 
neuropathy was not higher with isatuximab-VRd 
than with VRd in this trial.

Overall, 78 patients (29.7%) in the isatuximab-
VRd group and 37 (20.4%) in the VRd group had 
Covid-19–related adverse events. Despite the trial 
occurring during the Covid-19 pandemic, the 
incidence of Covid-19 (including Covid-19–relat-
ed pneumonia) of grade 3 or higher was low 
(8.7% in the isatuximab-VRd group and 6.6% in 
the VRd group). During continuous treatment, 
8 patients (3.0%) in the isatuximab-VRd group 
and 2 (1.1%) in the VRd group died from Covid-19, 
with the imbalance observed mainly in 2021.

In a Spanish phase 3 trial involving patients 
younger than 80 years of age with newly diag-
nosed multiple myeloma who were considered to 
be fit but were ineligible for transplantation, 
toxic effect–related mortality was higher with 
D-KRd than with KRd, mostly from infections, 
including more Covid-19–related deaths.21 Fur-
thermore, patients with frailty, who were identi-
fied on the basis of higher Geriatric Assessment 
in Hematology scale scores, were more likely to 
discontinue treatment because of toxic effects and 
generally had worse progression-free survival than 
those without frailty, which suggests that such 
metrics may help guide therapeutic selection.21 
Post hoc analyses of patients with frailty who 
were enrolled in our trial are under way.

The incidence of death from an adverse event 
was higher in the isatuximab-VRd group (11.0%) 
than in the VRd group (5.5%), including more 
Covid-19–related deaths. The overall incidence of 
death from any cause appeared to be lower in 
the isatuximab-VRd group than in the VRd group 
(26.2% vs. 32.6%), as did the incidence of death 
from disease progression (4.9% vs. 12.2%). Over-
all, the imbalance between the groups in the in-
cidence of infection of grade 3 or higher and of 
grade 5 adverse events is probably attributable to 
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differences in treatment exposure and an imbal-
ance in the occurrence of Covid-19–related events. 
The higher incidence of second cancer in the 
isatuximab-VRd group than in the VRd group is 
unexplained. Other trials involving patients with 
newly diagnosed myeloma (e.g., MAIA and FIRST 
[Frontline Investigation of Revlimid and Dexa-
methasone versus Standard Thalidomide]) have 
shown an incidence of second cancer similar to 
that observed in the IMROZ trial, but the contrib-
uting factors are undefined.32,34

Currently, VRd and D-Rd are the preferred 
regimens for patients with previously untreated 
myeloma who are ineligible for transplantation.2 
Although not designed specifically for older pa-
tients, the SWOG S0777 trial3 showed signifi-
cantly improved outcomes with VRd as compared 
with Rd in patients with previously untreated 
multiple myeloma without an intention to undergo 
immediate transplantation. IMROZ is an inter-
national, phase 3 trial of an anti-CD38 agent 
combined with VRd in patients with previously 
untreated myeloma who are ineligible for trans-
plantation, and the results of this trial comple-
ment those from a phase 1b trial involving pa-
tients with no immediate intention to undergo 
transplantation and those from the phase 3 
GMMG-HD7 trial involving patients who were 
eligible to undergo transplantation, showing the 
benefit of isatuximab-VRd across the disease 

continuum.17,22 The ongoing BENEFIT trial of 
isatuximab-VRd as compared with isatuximab-Rd 
in patients with newly diagnosed multiple my-
eloma who do not have frail status and are ineli-
gible to undergo transplantation is investigating 
the effects of bortezomib on a triplet regimen of 
an anti-CD38 agent, lenalidomide, and dexametha-
sone (ClinicalTrials.gov number, NCT04751877). 
We acknowledge that Black patients were under-
represented in the IMROZ trial, which is a limi-
tation.

In this phase 3 trial, we found a progression-
free survival benefit and consistent deep respons-
es with first-line isatuximab-VRd treatment over 
standard VRd therapy. The toxicity of the regi-
men was similar to that of the current standard 
regimens.
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