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Standard-of-care therapies for patients with newly diag-
nosed multiple myeloma (NDMM) include proteasome 
inhibitors, immunomodulatory drugs, chemotherapy, 
dexamethasone, or prednisone in various combination 

regimens.1 Addition of an anti-CD38 monoclonal antibody to 
standard regimens in the first-line setting can result in deep and 
sustained responses.1,2 Prognosis for patients with MM may 
depend on disease-related characteristics such as overall tumor 
burden and biology, as well as patient-related factors includ-
ing older age, functional status, extent of renal impairment, 
and other potential comorbidities. Although recent therapeutic 
advances contributed to improve clinical outcomes in NDMM, 

patients not eligible for autologous stem cell transplantation 
still have limited survival, as they often receive less intensive 
therapy owing to their advanced age and/or the presence of 
comorbidities.1–3

Bortezomib-cyclophosphamide-dexamethasone (VCd) is 
an effective and generally tolerable 3-drug regimen used in 
NDMM, including treatment of both transplant-eligible and 
transplant-ineligible patients.4–6 Furthermore, VCd was pre-
viously considered a standard-of-care treatment for NDMM 
patients in the 2017 European Society for Medical Oncology 
(ESMO) clinical practice guidelines.6

The monoclonal antibody isatuximab (Isa) targets a spe-
cific epitope of CD38 and kills MM cells through multiple 
mechanisms of action; it is approved in various countries in 
combination with pomalidomide-dexamethasone and with car-
filzomib-dexamethasone for patients with relapsed/refractory 
multiple myeloma.7,8

To improve on outcomes with a widely used regimen and 
evaluate a novel anti-CD38 antibody quadruplet regimen, this 
multicenter Phase 1b study (NCT02513186) assessed safety 
and preliminary efficacy of Isa in combination with VCd for the 
treatment of transplant-ineligible NDMM patients.

Dose escalation of Isa in combination with fixed dosing of 
VCd followed a standard 3 + 3 design. Isa 10 mg/kg was cho-
sen as the starting dose as it is the dose level (DL) below the 
recommended dose (20 mg/kg), based on prior monotherapy 
studies.9,10 Patients were then enrolled in an expansion cohort, 
to further evaluate the Isa–VCd combination at the selected Isa 
DL. Primary objectives were to determine the maximum toler-
ated dose (MTD) and recommended dose of Isa in combination 
with VCd, based on the dose-limiting toxicity (DLT) observed, 
and evaluate preliminary efficacy (overall response rate [ORR], 
complete response [CR] rate), according to the International 
Myeloma Working Group response criteria. Further details on 
study design, secondary objectives, patient inclusion/exclusion 
criteria, assessments, and statistical analyses are provided in 
Suppl. Information.

For the induction phase (12 cycles), patients received Isa-
VCd with Isa (10 mg/kg or 20 mg/kg in dose escalation; 10 mg/
kg in the expansion cohort) administered IV once weekly (QW) 
in cycle 1 (6-week cycle) then once every 2 weeks (Q2W) in 
cycles 2–12 (4-week cycles) (Suppl. Figure S1). In the mainte-
nance phase, patients continued treatment with Isa at its initial 
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assigned dose and dexamethasone 20 mg (or equivalent), both 
administered once every 28 days until disease progression, unac-
ceptable toxicity, or patient/investigator decision to discontinue.

Seventeen transplant-ineligible NDMM patients were 
enrolled in the study: 13 at Isa DL 10 mg/kg and 4 at Isa DL 
20 mg/kg. In dose escalation, 4 patients each received Isa 10 mg/
kg or Isa 20 mg/kg plus VCd. With no DLTs reported at either 
DL, the MTD was not reached. As frequency and severity of the 
adverse events (AEs) did not appear to be dose-dependent and 
was not different between DLs, the recommended dose of Isa 
10 mg/kg was chosen based on PK/PD modeling and simulations 
made for the TCD11863 (NCT01749969) Phase 1b study11 and 
selected for further Isa combination studies administered weekly 
for 4 weeks followed by every 2 weeks. Nine additional patients 
were then treated at the selected Isa 10 mg/kg DL plus VCd, in 
the dose-expansion part of the study, which was ongoing at the 
cutoff date (April 19, 2021; median duration of exposure 4.5 
[0.02–5.33] years).

At study entry, median age of all patients (N = 17) was 
71 (68–80) years, with 4 (23.5%) patients aged ≥75 years 
(Table 1). Twelve (70.6%) patients had ISS stage II–III and 11 
(64.7%) patients had bone lesions. Five (29.4%) patients had 
an estimated glomerular filtration rate between 30 and <60 mL/

min/1.73 m2. Eight (47.1%) patients were still on treatment at 
database extraction (June 8, 2021), while 9 had discontinued due 
to disease progression (29.4%), AE (17.6%), and withdrawal 
for transplant (5.9%). The median duration of exposure to the 
Isa-VCd regimen was 53.82 (0.23–64.01) months. Addition 
of Isa to VCd did not affect exposure to the combination as 
the median relative dose intensities were 95.5% (60.5–120%) 
for Isa, 95.0% (85.1–176.1%) for bortezomib, 94.5% (84.3–
151.5%) for cyclophosphamide, and 96.1% (58.7–155.6%) for 
dexamethasone (Suppl. Table S1).

Among the patients enrolled at the Isa-10 mg/kg DL (n = 
13) and 20 mg/kg DL (n = 4), 3 patients at each DL in dose 
escalation were evaluable for DLTs. No DLTs were observed. 
Any-causality grade ≥3 treatment-emergent AEs (TEAEs) were 
reported in 14 (82.4%) patients (N = 17) (Table 2) and study 
drug-related grade ≥3 TEAEs in 8 (47.1%). Any-causality seri-
ous TEAEs occurred in 9 (52.9%) patients, with grade ≥3 events 
in 8 of 9 patients. They consisted of pneumonia (n = 4, 26.7%), 
appendicitis, back pain, bronchospasm, gastroenteritis, septic 
shock, sudden death, and mesenteric vein thrombosis (preferred 
terms, n = 1, 5.9% each). Three (17.6%) patients died during 
the on-treatment period: 2 due to AEs (pneumonia/10 mg/kg 
DL, sudden death/20 mg/kg DL), and 1 due to disease progres-
sion (10 mg/kg DL).

Per protocol, if Isa was discontinued, the patient could not 
continue with the backbone therapy and discontinued study 
treatment. TEAEs led to permanent study treatment discontinu-
ation in 3 (17.6%) patients (grade 3 bronchospasm in the con-
text of grade 3 infusion reaction [IR] and grade 3 pneumonia 
[10 mg/kg DL], sudden death [20 mg/kg DL]). No patient had 
TEAEs leading to premature discontinuation of bortezomib or 
cyclophosphamide; 1 (5.9%) patient prematurely discontinued 
dexamethasone due to a TEAE (grade 2 amnesia).

The most common TEAEs, listed in Suppl. Table S2, were 
mostly grade 1–2 (back pain, 58.8%; diarrhea, 52.9%; IR, 
52.9%). Non-hematologic grade ≥3 AEs reported in >1 
patient were grade 3 hypertension in 3 (17.6%) patients and 

Table 1

Patient Demographic and Baseline Characteristics

 

Isa-VCd

(N = 17)a 

Age
  Median (range), y 71.0 (68–80)
  Age group, n (%)
   <65 y 0
   65–74 y 13 (76.5)
   ≥75 y 4 (23.5)
Male, n (%) 9 (52.9)
ECOG PS, n (%)
  0 9 (52.9)
  1 6 (35.3)
  2 2 (11.8)
ISS at initial diagnosis, n (%)
  Stage I 5 (29.4)
  Stage II 6 (35.3)
  Stage III 6 (35.3)
Patients with high-risk cytogenetics, n (%)b,c 1 (5.9)d

Patients 1q21+, n (%)e 1 (5.9)
Median bone marrow plasma cells, % (range) 30.0 (10.0–85.0)
Bone marrow plasma cells (%), by category
  5–<20 4 (23.5)
  20–<50 10 (58.8)
  ≥50 3 (17.6)
Plasmacytoma, n (%) 1 (5.9)
Bone lesions, n (%) 11 (64.7)
Creatinine clearance, n (%)
  GFR ≥90 mL/min/1.73 m2 (normal) 2 (11.8)
  60 ≤ GFR <90 mL/min/1.73 m2 (mild) 10 (58.8)
  30 ≤ GFR <60 mL/min/1.73 m2 (moderate) 5 (29.4)
  15 ≤ GFR <30 mL/min/1.73 m2 (severe) 0
  GFR <15 mL/min/1.73 m2 (end-stage renal disease) 0

aIsa 10 mg/kg-VCd, n = 13; Isa 20 mg/kg-VCd, n = 4.
bMolecular subtypes were determined by cytogenetic analysis with both local and central fluores-
cence in situ hybridization assessments.
cTwo patients were not evaluable for 17p deletion or t(4;14) translocation.
dt(4;14).
eSix patients were not evaluable for 1q21+ status.
C = cyclophosphamide; d = dexamethasone; ECOG PS = Eastern Cooperative Oncology Group 
performance status; GFR = glomerular filtration rate; Isa = isatuximab; ISS = International Staging 
System; V = bortezomib.

Table 2

Summary of TEAEs (Safety Population)

n (%) 

Isa-VCd

(N = 17)a 

Any TEAE 17 (100)
Grade ≥3 TEAEs 14 (82.4)
Drug-related TEAEs 16 (94.1)
Drug-related TEAEs grade ≥3 8 (47.1)
Treatment-emergent SAEs 9 (52.9)
Drug-related treatment-emergent SAEs 4 (23.5)
TEAEs leading to deathb 3 (17.6)
TEAEs leading to definitive study treatment discontinuationc 3 (17.6)
TEAEs leading to premature study drug discontinuation 1 (5.9)
  Bortezomib 0
  Cyclophosphamide 0
  Dexamethasone 1 (5.9)
Any DLT 0
Any AESI 9 (52.9)
Any AESI grade ≥3 1 (5.9)
Any IR 9 (52.9)
Any IR grade ≥3 1 (5.9)

aIsa 10 mg/kg-VCd, n = 13; Isa 20 mg/kg-VCd, n = 4.
bPneumonia, sudden death.
cWhen Isa treatment was permanently discontinued, study treatment was terminated. TEAEs 
included grade 3 bronchospasm at day 1/cycle 1 in the context of a grade 3 IR, pneumonia, and 
sudden death.
AESI = adverse event of special interest; C = cyclophosphamide; d = dexamethasone; DLT = 
dose-limiting toxicity; IR = infusion reaction; Isa = isatuximab; SAE = serious AE; TEAE = treat-
ment-emergent AE; V = bortezomib.
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pneumonia in 4 (26.7%) patients. Overall, respiratory infec-
tions occurred as TEAEs in 13 (76.5%) patients, which were 
grade ≥3 in 4 (23.5%) patients (Suppl. Table S3). Any-grade 
IRs were observed in 9 (52.9%) patients, with a grade ≥3 event 

in 1 (5.9%, 10 mg/kg DL) patient. IRs generally occurred as 
a single episode at first infusion (Suppl. Table S4). In the Isa 
10 mg/kg-VCd group, median duration of first Isa infusion was 
2.83 (0.9–6.0) hours and 2.76 (1.0–5.0) hours for subsequent 

M
ea

n 
(S

D
), 

%

50

40

30

20

10

0

100
91.7 93.3

66.7

ORR sCR/CR VGPR PR

66.6

8.3
13.3

16.7

58.3
53.3

13.3

90

80

70

60

50

Pe
rc

en
ta

ge

Pe
rc

en
ta

ge

MRD negativity rate (NGF+NGS) independent of response

40

30

20

10

0

80

70

60

50

40

30

20

10

0

BA

C D

E

Figure 1. Best overall response (A), PFS (B), OS (C), MRD (D), and blood cell immunophenotyping results at baseline and day 1/cycle 3 (predose) 
(E). (A–D) Patients included in efficacy population (n = 15): Isa 10 mg/kg-VCd, n = 12; Isa 20 mg/kg-VCd, n = 3. All = all patients in the efficacy population. 
MRD was evaluated in patients with ≥VGPR by NGF and NGS methods at 10−5 and MRD negativity rate determined by combining both methods in the case 
of at least 1 method yielding negative results and the other method showing no positive result at the same time. (E) Patients included in baseline population: 
Isa 10 mg/kg–VCd, n = 13; Isa 20 mg/kg–VCd, n = 4 and in on-treatment population: Isa 10 mg/kg-VCd, n = 10; Isa 20 mg/kg-VCd, n = 2. Results expressed 
as percentage of leukocytes. C = cyclophosphamide; C3D1 = cycle 3 day 1; CR = complete response; d = dexamethasone; Isa = isatuximab; MRD = minimal residual disease; NGF = 
next-generation flow; NGS = next-generation sequencing; NK = natural killer; ORR = overall response rate; OS = overall survival; PFS = progression-free survival; PR = partial response; sCR = 
stringent CR; SD = standard deviation; T-reg = regulatory T cell; V = bortezomib; VGPR = very good partial response. 
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Isa infusions. Seven (41.2%) patients had grade 1–2 peripheral 
sensory neuropathy, leading to bortezomib dose reduction and 
dose delay/dose reduction in 1 (5.9%) patient each. Of note, no 
grade 3–4 peripheral neuropathy was observed and no patient 
discontinued study treatment due to peripheral neuropathy. 
This may be partially explained by the early switch to weekly 
bortezomib.

On-treatment, grade 3–4 hematologic laboratory abnormal-
ities (n = 16) included grade 3 anemia in 2 (12.5%) patients 
(no grade 4), grade 3–4 neutropenia in 3 (18.8%), and grade 
4 thrombocytopenia in 1 (6.3%) patient (no grade 3) (Suppl. 
Table S5). No neutropenic infections or febrile neutropenia were 
observed.

The ORR was 91.7% in evaluable patients treated with Isa 
10 mg/kg-VCd (n = 12) and 93.3% in the overall efficacy pop-
ulation (n = 15), which also included 3 patients treated with 
Isa 20 mg/kg-VCd (Figure 1A). Ten (66.6%) patients achieved a 
stringent CR (sCR)/CR (8 [53.3%] a sCR, 2 [13.3%] a CR), 2 
(13.3%) a VGPR, 2 (13.3%) a PR, and 1 (6.7%) patient had sta-
ble disease. CR/sCR rates may be underestimated due to poten-
tial Isa interference with M-protein assessment, as an assay to 
remove such an interference was not available at the time of 
these response evaluations.

Median time to first response was 1.45 months. The patients 
with t(4;14) translocation, 1q21+ status or soft tissue plas-
macytoma (n = 1 each) achieved a sCR. Among the 5 patients 
with renal impairment at baseline, 1 patient reached a sCR, 1 a 
CR, and 1 had stable disease (2 patients were not evaluable for 
efficacy). Complete renal response was observed in 2 of the 3 
evaluable patients with renal impairment. At an overall median 
follow-up of 54.8 (4.3–63.3) months, responses were durable 
with an overall median duration of 52.2 (11.3–61.8) months, 
which was similar in the Isa 10 mg/kg-VCd (52.8 months) and 
Isa 20 mg/kg-VCd (49.8 months) groups.

Analysis of progression-free survival (PFS) showed an esti-
mated median PFS of 63.3 (95% CI, 28.6-not calculable [N.C.]) 
months in the Isa 10 mg/kg-VCd group and 63.3 (95% CI, 
33.5-N.C.) months in the overall efficacy population (Figure 1B, 
Suppl. Table S6). The probabilities of PFS at 60 months were 
58% (95% CI, 27%-80%) and 65% (95% CI, 35%-84%), 
respectively. Median overall survival (OS) was not reached in 
either the Isa 10 mg/kg-VCd group or the overall efficacy pop-
ulation; the probabilities of OS at 60 months were 75% (95% 
CI, 41%-91%) and 79% (95% CI, 48%-93%), respectively 
(Figure 1C, Suppl. Table S6).

Twelve (80%) patients reached ≥VGPR as best response. 
Minimal residual disease (MRD) negativity (evaluated by 
combining next-generation flow and next-generation sequenc-
ing assessments, sensitivity 10−5) was achieved by 7 (58.3%) 
patients in the Isa 10 mg/kg-VCd group and 8 (53.3%) in the 
overall efficacy population (7 patients with sCR/CR, 1 with 
VGPR) (Figure 1D). Four patients with MRD-negative status at 
10−5 were selected for an exploratory mass-spectrometry (MS) 
analysis of M-protein levels. Three of these MRD-negative (at 
10−5) patients had detectable levels of M-protein by MS, includ-
ing 1 patient with detectable serum M-protein levels and MRD-
negative status at 10−6, indicating the high sensitivity of this 
method for residual M-protein beyond MRD negativity (Suppl. 
Table S7). Low levels of M-protein were detectable by MS up 
to 23 months after determination of MRD negativity (10−5), in 
progression-free patients.

Pharmacokinetic parameters for Isa following single- and 
multiple-dose administration are listed in Suppl. Tables S8, S9. 
Exposure of Isa, administered at 10 and 20 mg/kg QW/Q2W 
with VCd, appeared comparable to those estimated when Isa 
was administered alone.10

A descriptive, immunophenotyping analysis of the distri-
bution of blood immune cell subpopulations, pre-dose (day 
1/cycle 3) compared to baseline in treated, evaluable patients 

(n = 12), showed a slight increase in mean CD3+ T cell levels 
from 20.75% to 22.82%, a decrease in mean levels of CD4+ T 
cells (from 12.67% to 9.60%), total natural killer (NK) cells 
(from 4.04% to 0.60%) including CD56bright CD16low NK cells 
(from 0.17% to 0.12%), and T-regulatory cells (from 0.83% 
to 0.56%), as well as a more pronounced decrease in CD19+ B 
cells (from 2.52% to 0.72%) and CD56dim CD16bright NK cells 
(from 3.87% to 0.48%) (Figure 1E). These results suggest that 
Isa-VCd may be associated with T-cell–mediated immune activ-
ity and a reduction in T-cell immunosuppressive mechanisms in 
myeloma patients.

In conclusion, this was the first trial evaluating the safety and 
preliminary efficacy of adding Isa to a 3-drug regimen such as 
VCd for the treatment of transplant-ineligible NDMM patients. 
Isa-VCd has demonstrated promising clinical activity in this 
patient population, with a safety profile consistent with that 
of each individual drug and no new safety signals, suggesting 
that the combination of Isa with VCd is feasible. Although the 
small sample size represents a limitation of this study, our results 
compared well with triplet or quadruplet regimens includ-
ing an anti-CD38 antibody, already approved in similar pop-
ulations of NDMM patients (for further discussion see Suppl. 
Information).12,13

These findings support further studies of Isa in quadruplet 
combination treatments for NDMM patients. Isa-VCd is being 
evaluated in phase 2 studies, as induction therapy for trans-
plant-eligible NDMM patients and NDMM patients with renal 
impairment (NCT04240054, NCT04786028). Although Isa 
in combination with VCd has shown substantial antimyeloma 
activity in this study, treatment strategies are evolving and the 
new 2021 EHA-ESMO guidelines do not recommend VCd as 
a standard-of-care.14 Thus, Isa-VCd is currently not being fur-
ther evaluated in a randomized phase 3 trial versus VCd, which 
would not be considered an appropriate comparator arm for a 
general population of NDMM patients. Instead, other ongoing 
investigations are evaluating Isa in quadruplet combination with 
VRd. Randomized phase 3 studies of Isa-VRd are in progress in 
the front-line treatment of transplant-eligible (GMMG-HD7, 
NCT03617731)15 and transplant-ineligible NDMM patients 
(IMROZ, NCT03319667).
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