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Abstract
CD38 is a transmembrane glycoprotein that functions both as a receptor and an ectoenzyme, playing key roles in the regula-
tion of calcium signaling and migration of immune cells to tumor microenvironments. High expression on multiple myeloma 
(MM) cells and limited expression on normal cells makes CD38 an ideal target for the treatment of MM patients. Two 
monoclonal antibodies directed at CD38, isatuximab and daratumumab, are available for use in patients with relapsed and/
or refractory MM (RRMM); daratumumab is also approved in newly diagnosed MM and light-chain amyloidosis. Clinical 
experience has shown that anti-CD38 antibody therapy is transforming treatment of MM owing to its anti-myeloma efficacy 
and manageable safety profile. Isatuximab and daratumumab possess similarities and differences in their mechanisms of 
action, likely imparted by their binding to distinct, non-overlapping epitopes on the CD38 molecule. In this review, we present 
the mechanistic properties of these two antibodies and outline available evidence on their abilities to induce adaptive immune 
responses and modulate the bone marrow niche in MM. Further, we discuss differences in regulatory labeling between these 
two agents and analyze recent key clinical trial results, including evidence in patients with underlying renal impairment and 
other poor prognostic factors. Finally, we describe the limited existing evidence for the use of isatuximab or daratumumab 
after disease progression on prior anti-CD38 mono- or combination therapy, highlighting the need for additional clinical 
evaluations to define optimal anti-CD38 antibody therapy selection and sequencing in RRMM.
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Introduction

CD38 is a 45-kDa type-II transmembrane glycoprotein that 
serves as both an important receptor and ectoenzyme [1, 2]. 
The receptor roles of its large extracellular domain rely on 
frontal and lateral interactions with other functional recep-
tors to modulate various immune functions [3–5]. Through 
interaction with CD31, its main ligand CD38 [6] induces 
leukocyte activation, proliferation, and migration through 
the endothelial cell wall and differentiation of B cells [2–4]. 
The ectoenzymatic activity of CD38 is independent of its 
receptor functions [1] and leads to synthesis of cADPR and 

NAADP from NAD and NADP, respectively, thereby pro-
ducing key secondary messengers that mobilize calcium 
from intracellular stores and regulate calcium signaling [4, 
7–9]. CD38 enzymatic activity also leads to extracellular 
adenosine production, which is immunosuppressive and may 
contribute to immune system evasion by tumor cells [5, 10].

CD38 expression is absent on early hematopoietic pro-
genitors, but variable and generally low on normal myeloid 
and lymphoid cells. Expression is highest on plasma cells 
and multiple myeloma (MM) cells, making it an ideal target 
for MM therapy. Importantly, CD38 is also expressed on 
cells of the innate immune system, including natural killer 
(NK) cells, and on cells outside of immunologic networks 
such as red blood cells (RBCs) and platelets [1, 4–6, 11].

Two anti-CD38 monoclonal antibodies, isatuximab 
(humanized immunoglobulin [Ig]G1,κ) and daratumumab 
(human IgG1,κ), are currently approved for MM patients 
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[5, 12–16]. Isatuximab is approved in various countries in 
combination with pomalidomide and dexamethasone (Pd) 
for RRMM patients (≥ 2 prior therapy lines), based on the 
ICARIA-MM study. To date, isatuximab is also approved 
in combination with carfilzomib and dexamethasone (Kd) 
for patients with relapsed MM (1–3 prior lines) in the USA 
and for MM patients who have received ≥ 1 prior therapy 
in the European Union, based on the IKEMA study [12, 
15, 16]. Daratumumab is approved as monotherapy and 
in combination with IMiD drugs (i.e., lenalidomide or 
pomalidomide based on the POLLUX, EQUULEUS, and 
APOLLO trials) or PIs (i.e., bortezomib or carfilzomib 
based on the CASTOR and CANDOR trials), plus dexa-
methasone for RRMM patients. Daratumumab is also 
approved in combination with bortezomib-melphalan-
prednisone, bortezomib-thalidomide-dexamethasone, or 
lenalidomide-dexamethasone in newly diagnosed MM 
(NDMM), based on the ALCYONE, CASSIOPEIA, and 
MAIA trials, respectively, and in combination with borte-
zomib-cyclophosphamide-dexamethasone for light-chain 
amyloidosis, based on the ANDROMEDA trial [13, 14, 17, 
18]. Anti-CD38 antibodies are transforming MM treatment 
owing to their profound anti-myeloma activity as single 
agents and in combinations, as well as their manageable 
safety profiles [5].

In this review, we will present available evidence on the 
similarities and differences existing between isatuximab and 
daratumumab, ranging from their mechanisms of action to 
translational results, and an overview of recent, key clinical 

study findings for each agent, to better define their role in 
the management of patients with RRMM.

Mechanisms of action

Anti-CD38 antibodies exert their therapeutic effects via 
direct effector mechanisms on MM cells (i.e., CD38 enzy-
matic inhibition, direct induction of apoptosis) and through 
Fc-dependent immune mechanisms, including antibody-
dependent cellular cytotoxicity (ADCC), complement-
directed cytotoxicity (CDC), and antibody-directed cellular 
phagocytosis (ADCP) (Fig. 1 for a summary of mechanisms 
of action known for isatuximab and daratumumab).

CD38 binding and enzymatic inhibition

Mechanistic differences between isatuximab and daratu-
mumab likely stem from their binding to different, non-over-
lapping epitopes on the L-shaped CD38 molecule [3, 4, 19]. 
The CD38 active site is located in a pocket near the center 
of the molecule [7]. Isatuximab binds to a specific epitope 
that partially encompasses, but does not block access to or 
alter the configuration of the CD38 ectoenzyme catalytic site 
[11, 20]. In contrast, the daratumumab binding site is located 
completely outside the CD38 catalytic site [11].

The unique binding sites of isatuximab and daratumumab 
may explain their differential in vitro abilities to inhibit the 
CD38 enzymatic activity and to induce different structural 

Fig. 1  Mechanisms of action of the anti-CD38 monoclonal antibodies isatuximab and daratumumab. Dara, daratumumab; FcR, Fc receptor; Isa, 
isatuximab; MAC, membrane attack complex; MM, multiple myeloma; NK, natural killer; T-reg, regulatory T cell
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changes within the CD38 molecule upon binding. Expo-
sure of recombinant CD38 + cells to isatuximab produced 
near-complete inhibition of the CD38 cyclase activity in a 
dose-dependent manner, while both a surrogate antibody 
for daratumumab (produced based on published sequences 
and thus potentially not completely identical to the original 
antibody) and daratumumab resulted in a much lower inhibi-
tion [19, 21, 22]. Partial inhibition by daratumumab could 
not be overcome by increasing antibody concentrations, as 
evidenced in additional experiments with both recombinant 
CD38 protein and CD38-expressing cells [23].

CD38 expression

The ability of anti-CD38 antibodies to induce cell death 
is at least partially dependent on CD38 expression on the 
MM cell surface. Thus, maintenance of CD38 expression is 
likely important for continued responsiveness of MM cells to 
anti-CD38 therapy. Continuous exposure of various MM cell 
lines to effective concentrations of isatuximab induces inter-
nalization of CD38, but not its significant release from the 
surface of MM cells [24]. On the other hand, CD38 ligation 
by daratumumab leads to aggregation of protein:antibody 
complexes, formation of distinct polar aggregates, and sub-
sequent release of microvesicles (MVs). Prior to eventual 
internalization by distant immune cells, the formation of 
MVs, which also contain important immune-cell receptors 
and inhibitory complement receptors, may contribute to an 
immune or tolerogenic microenvironment for MM cells in 
the bone marrow (BM) niche [25] [26].

Induction of apoptosis

Both isatuximab and daratumumab can induce apoptosis by 
crosslinking with Fcγ receptors on immune effector cells 
[27–29]. Isatuximab was selected for clinical development 
based on its additional ability to induce direct cell death, 
as demonstrated in both in vitro and ex vivo studies [21]. 
When compared with a large panel of murine monoclonal 
antibodies that specifically bound to human CD38, isatuxi-
mab was the only antibody with potent apoptotic activity 
in the absence of crosslinking agents [21]. This ability was 
confirmed in studies using cells from BM aspirates of MM 
patients [21]. The direct MM cell-killing effect of isatuximab 
has since been shown to depend on both caspase-dependent 
and, to a greater extent, lysosomal cell-death pathways [29]. 
Recent studies confirmed that daratumumab lacks the ability 
to induce apoptosis in the absence of crosslinking agents, 
though the contribution of direct cell death to overall anti-
CD38 killing of MM cells in patients remains to be fully 
characterized [28].

ADCC

Both isatuximab and daratumumab induce similar levels of 
ADCC across MM cells with a broad range of CD38 expres-
sion [22, 24, 28]. Early preclinical studies showed that dara-
tumumab effectively induced ADCC in a dose-dependent 
manner [30] and recent studies with isatuximab suggest that 
ADCC may be a more dominant effector mechanism than 
originally thought [24, 31]. ADCC is largely mediated by 
binding of the IgG-Fc region to Fcγ receptors on the surface 
of NK cells [32]. In addition to triggering ADCC, CD38 
ligation can induce direct activation of NK cell cytotoxic-
ity and, although it may lead to depletion of  CD38high NK 
cells, it retains the population of cytotoxic NK cells [32, 33]. 
Indeed, recent studies showed that, in addition to mediat-
ing ADCC in in vitro and ex vivo models, isatuximab and 
daratumumab directly activated NK cells and increased their 
lytic activity against tumor cells through CD16 and CD38 
crosslinking [32, 33].

CDC

Daratumumab was selected among a panel of other anti-
CD38 monoclonal antibodies based on its ability to induce 
CDC in early in vitro studies with  CD38+ cell lines [30]. 
In ex vivo experiments, daratumumab also induced con-
centration-dependent, complement-mediated lysis of MM 
cells freshly isolated from patients [30]. Further studies 
showed that CDC appears to be a more prominent effector 
mechanism for daratumumab [22, 28], with evidence sug-
gesting that isatuximab induces CDC only in the presence 
of high CD38 receptor density [24, 32]. MM patients who 
progressed after daratumumab treatment had elevated levels 
of the complement inhibitors CD55 and CD59, in agreement 
with the hypothesis that CDC represents a major mechanism 
of action for daratumumab and suggesting a mechanism 
of resistance to CDC-mediating antibodies. Consistently, 
blocking CD55 and in particular CD59 was found to increase 
in vitro CDC of MM cells induced by daratumumab [34, 35].

ADCP

ADCP is a rapid and potent mechanism of action for dara-
tumumab across MM cells of differing CD38 expression 
[36]. A significant expansion of M1 inflammatory mac-
rophages and depletion of plasmacytoid dendritic cells 
(DCs) were reported in patients sensitive to treatment with 
daratumumab-Pd, using a single-cell sequencing approach 
[37]. Isatuximab was also shown to induce significant ADCP 
against cells with elevated CD38 expression [24]. Recent 
studies suggest that daratumumab and isatuximab induce 
similar levels of ADCP [28] and that ADCP is a primary 
mechanism for isatuximab-mediated cytotoxicity [32].
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“In‑vivo vaccination” effect

The binding of antibodies to exogenous antigens (e.g., viral 
proteins) or tumor-associated antigens can promote their 
uptake, processing, and cross-presentation by antigen-pre-
senting cells (e.g., DCs), ultimately leading to priming of 
 CD8+ T cell effectors and induction of memory responses 
[38, 39]. This pathway is thought to be important for mount-
ing both cell-mediated and humoral adaptive immune 
responses against specific tumor antigens and viral infec-
tions [38, 39].

Atanackovic et al. described an “in-vivo vaccination” 
response to isatuximab in 4 RRMM patients [39]. Follow-
ing exposure to isatuximab, patients with tumor-specific 
immune “fitness” at baseline developed additional anti-
body responses to myeloma-associated antigens including 
MAGE-C2 and NY-ESO-1 [39]. These patients also demon-
strated increasing T cell responses against CD38 and clinical 
myeloma responses to treatment [39].

Malavasi et al. recently hypothesized that sequestration 
of daratumumab:CD38 complexes into MVs may ultimately 
facilitate an “autovaccination” effect [26]. Downstream 
internalization of MVs by immune cells, such as DCs, may 
activate immune responses against MM cells and lead to an 
improved overall immunological response [26].

Modulation of the immunosuppressive tumor 
microenvironment

The BM niche in MM patients is intrinsically immunosup-
pressive, containing cells able to blunt the immune response 
and adenosine (ADO) that may lead to an anergic status of 
T, NK, and dendritic cells [10]. High ADO levels in the 
tumor microenvironment may correlate with disease pro-
gression and represent a mechanism for downregulation 
of T cell effector functions [40, 41]. The CD38 hydrolase 
activity is largely responsible for the conversion of  NAD+ to 
ADO within the hypoxic, acidic MM niche [25]. Although 
hypothetical, differential CD38 hydrolase inhibition by anti-
CD38 antibodies might result in divergent abilities to sup-
press the formation of ADO. The inhibitory or enhancing 
effects of isatuximab and daratumumab on the hydrolase 
activity of CD38 molecules in MM cells [19, 21, 23, 40] 
and the potential in vivo impact on ADO production in MM 
patients remain to be further investigated and clarified [11].

Within the tumor microenvironment, immune and nonim-
mune cells cooperate to promote tumor survival and immune 
system evasion [42]. In this setting, CD38 is expressed on 
several immunosuppressive cell types including regulatory 
T cells (Tregs), regulatory B cells (Bregs), myeloid-derived 
suppressor cells (MDSCs), and NK cell subsets [42]. Target-
ing these CD38-expressing cells may help restore immune 
responses against tumor cells. Indeed, anti-CD38 antibodies 

demonstrated the ability to modulate the immunosuppressive 
microenvironment within the context of MM [43]. In ex vivo 
studies, Feng et al. showed that isatuximab can preferen-
tially block Tregs and enhance NK and  CD8+ T-effector cell-
mediated immune responses, effectively restoring immune 
effector functions against MM cells [31]. This ability was 
enhanced by IMiD drugs, more potently by pomalidomide 
than lenalidomide [31]. Similarly, Krejcik et al. showed that 
daratumumab can reduce  CD38+ Treg, Breg, and MDSC 
cell populations in ex vivo studies, while inducing helper 
and cytotoxic T cell expansion [44]. The ability to increase 
T cell clonality in RRMM patients was reported for both 
anti-CD38 agents in clinical trials [44, 45]. Future studies 
may help to determine the role of immunomodulatory effects 
within the greater context of clinical responses to isatuximab 
and daratumumab.

Translational medicine

Interference with indirect Coombs tests

As CD38 is widely expressed on RBCs, both isatuximab 
and daratumumab can interfere with indirect Coombs tests 
used for blood compatibility testing [46, 47]. This interfer-
ence may complicate the safe release of blood products for 
MM patients who are frequently anemic and may require 
blood transfusion. The phenomenon was first recognized 
during phase I/II studies, when the plasma of all daratu-
mumab-treated MM patients demonstrated false-positive 
antibody screens and pan-reactivity on RBC-panel testing 
for up to 6 months after treatment discontinuation [46, 47]. 
Thus, prior to initiating daratumumab, patients should have 
extended RBC phenotyping/genotyping and transfusion 
laboratories must be notified [13]. Isatuximab shares this 
requirement, as clinical trial results demonstrated interfer-
ence with indirect Coombs tests, although to a lower extent 
(63–68% of patients) [15, 48].

This difference may be explained by the results of in vitro 
binding studies, which showed that daratumumab can 
directly bind CD38 on RBCs, whereas isatuximab requires 
a cofactor (e.g., a mouse anti-CD38 antibody or a CD38 
inhibitor), suggesting masking of the isatuximab epitope on 
RBCs in some patients [49, 50].

Several strategies for overcoming interference have been 
explored, including RBC treatment with dithiothreitol (DTT) 
or trypsin [49, 50]. DTT, which denatures CD38 and pre-
vents antibody binding, represents the most accepted strat-
egy for mitigating interference [50]. However, DTT dena-
tures other significant RBC antigens, most notably the Kell 
antigen [50, 51]. Thus, all patients need to be transfused with 
Kell-compatible blood, unless Kell positivity was estab-
lished prior to anti-CD38 treatment [50]. For transfusion 
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laboratories that cannot perform DTT- or trypsin-treatment 
techniques, transfusion of ABO Rh(D)- and extended RBC 
phenotype/genotype-compatible blood are advised for 
patients receiving either anti-CD38 antibody [51].

Mitigating blood-typing interference by anti-CD38 anti-
bodies can be time-consuming and expensive. Recently, 
Izaguirre et al. established a modified DTT technique that 
requires lower DTT concentrations, is less time-consuming, 
and appears to avoid denaturation of Kell antigen [52].

Immunofixation interference

Furthermore, administered human IgG1,κ monoclonal anti-
bodies can interfere with the detection of clonal IgG,κ mol-
ecules in the sera of MM patients, as measured by serum 
protein electrophoresis and/or immunofixation electropho-
resis (IFE), owing to comigration in the assays [53]. Such 
interference is of importance as it may lead to underestimate 
clinical response to treatment in some cases, particularly in 
the determination of complete response (CR) [48, 53, 54]. 
As reported for isatuximab and daratumumab, mass spec-
trometry analyses and the use of specific IFE-reflex assays 
(i.e., isatuximab Hydrashift assay, DIRA assay) can over-
come interference by these therapeutic antibodies and allow 
more accurate measurements of serum M-protein in MM 
patients [48, 53–55]. As indicated in a recent report of the 
International Myeloma Working Group Mass Spectrometry 
Committee, although requiring assessment in a specialized 
laboratory, mass spectrometry can be effectively used to 
evaluate M-protein levels in treated patients and achieve 
high sensitivity in detecting residual serum M-protein. In 
this method, M-protein can be assessed by immuno-capture 
and liquid chromatography coupled to high-resolution mass 
spectrometry, without potential interference by a therapeutic 
antibody. However, its high sensitivity in detecting mini-
mal residual disease (MRD) may lead to lower CR response 
rates, thus hindering comparisons with results obtained by 
immunofixation at different time points or in other studies 
[56].

Trial design and regulatory labeling

Trial design in pomalidomide and carfilzomib 
combinations for RRMM and regulatory labeling

In the pivotal trials that led to their approvals, both isatuxi-
mab and daratumumab were evaluated in combination regi-
mens with pomalidomide or carfilzomib in RRMM patients, 
who had received ≥ 1 prior line of anti-myeloma treatment, 
including older patients (aged > 65–70 years) and patients 
with decreased renal function or cytogenetic abnormalities 
[12–18].

In combination with Pd or Kd, isatuximab (10  mg/
kg) is administered by IV infusion on days 1, 8, 15, and 
22 (weekly, QW) in cycle 1 and on days 1 and 15 (every 
2 weeks, Q2W) from cycle 2. Daratumumab is administered 
by IV infusion in combination with Pd at 16 mg/kg QW for 
8 weeks, Q2W in weeks 9–24, and Q4W from week 25, and 
in combination with Kd at 8 mg/kg on days 1 and 2 in week 
1, followed by 16 mg/kg QW in weeks 2–8, Q2W in weeks 
9–24, and Q4W from week 25 [13, 15].

A subcutaneous (SC) formulation of daratumumab is 
approved for use and can be administered over ~ 5 min (QW 
for 8 weeks, Q2W in weeks 9–24, and Q4W from week 25, 
as monotherapy or combined with Pd or lenalidomide-dexa-
methasone) [14]. Non-inferiority of SC vs. IV daratumumab 
was demonstrated in RRMM patients for monotherapy in 
the Phase III COLUMBA trial (≥ 3 prior lines) and in stand-
ard combination regimens in the Phase II PLEIADES trial 
(≥ 1 prior lines) [14]. SC administration of daratumumab 
decreases the risk for infusion reactions (IRs) to ~ 15%, but 
carries the same requirements for pre- and post-administra-
tion corticosteroid prophylaxis as the IV formulation [14]. 
A SC version of isatuximab is currently under investigation 
in patients with RRMM (NCT04045795) [57].

Both monoclonal antibodies can cause IRs following 
IV administration, generally of grade 1–2 and within the 
first treatment cycle (mainly after the first dose). To prevent 
IRs, both isatuximab and daratumumab require systemic 
premedication with corticosteroids, acetaminophen, and 
antihistamines [13, 15]. Although incidence and severity of 
IRs may depend on the infusion speed, a shorter duration 
of IV administration for isatuximab is not associated with 
increased IRs nor it requires post-infusion steroid prophy-
laxis [15, 58].

A difference exists between the isatuximab and daratu-
mumab trial designs for patients with chronic obstructive 
pulmonary disease (COPD) or other respiratory diseases, 
which are comorbidities that may affect outcomes in MM 
[59]. In ICARIA-MM (NCT02990338, phase III trial, 
isatuximab-Pd), there were no pulmonary exclusions; 10% 
of patients had concomitant COPD or asthma at baseline 
[48]. In EQUULEUS, COPD patients with  FEV1 < 50% 
and patients with moderate/severe or uncontrolled asthma 
were excluded [60]. APOLLO (NCT03180736, phase III 
trial, daratumumab-Pd) excluded patients with COPD and 
 FEV1 < 50% [61]. Similar discrepancies exist between phase 
III trials of isatuximab and daratumumab in combination 
with Kd [62, 63]. In IKEMA (NCT03275285, isatuximab-
Kd), there were no pulmonary exclusions, whereas in CAN-
DOR (NCT03158688, daratumumab-Kd), patients with 
known COPD and  FEV1 < 50% were excluded, as were those 
with known moderate/severe persistent asthma [62–64].

The exclusion of patients with COPD and asthma in 
key daratumumab studies and the incidence of bronchial 
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hyperreactivity AEs seen in early trials resulted in the rec-
ommendation for post-administration prophylaxis with bron-
chodilators and inhaled corticosteroids in patients with a 
history of COPD [13, 65]. Prophylaxis may be discontinued 
after the first 4 daratumumab doses, if the patient has not 
experienced a major IR [13]. Bronchodilator prophylaxis is 
not required after isatuximab administration [15].

Clinical trial results

Pomalidomide and carfilzomib combinations

Both isatuximab and daratumumab were evaluated in combi-
nation with Pd and Kd in randomized phase III trials. Results 
highlighted in this review are from different, independent 
trials.

ICARIA‑MM and APOLLO

In preclinical studies, pomalidomide was found to augment 
the direct apoptotic and immunomodulatory activities of 
isatuximab [29, 31]. Following encouraging results in a 

phase Ib dose-escalation study [66], the addition of isatuxi-
mab to Pd was further assessed in the Phase III ICARIA-
MM trial [48]. Results of ICARIA-MM led to the first 
approval for isatuximab use in patients with RRMM [15].

ICARIA-MM was a randomized, multicenter, open-label 
study conducted in 24 countries across North America, 
Europe, and the Asia–Pacific region [48]. RRMM patients 
(N = 307) who had received ≥ 2 prior treatment lines (includ-
ing lenalidomide and a PI) were randomized to receive 
isatuximab-Pd (n = 154) or Pd alone (n = 153). The primary 
endpoint was progression-free survival (PFS). At median 
follow-up of 11.6 months, patients in the isatuximab-Pd arm 
achieved a median PFS of 11.5 months vs. 6.5 months in 
the Pd arm (HR, 0.596; 95% CI, 0.44–0.81; P = 0.001) [48]. 
Key patient characteristics and outcomes are presented in 
Table 1.

APOLLO was a randomized, multicenter, open-label 
study conducted across 12 countries [61, 67]. RRMM 
patients (N = 304) who had received ≥ 1 prior ther-
apy line (including lenalidomide and a PI) were rand-
omized to receive daratumumab-Pd (n = 151) or Pd alone 
(n = 153). Similar to ICARIA-MM, the primary endpoint 
was PFS. At median follow-up of 16.9 months, patients 

Table 1  Results of isatuximab and daratumumab randomized phase 3 trials in combination with pomalidomide and dexamethasone in patients 
with RRMM

AE, adverse event; CI, confidence interval; CR, complete response; d, dexamethasone; Dara, daratumumab; HR, hazard ratio; Isa, isatuximab; 
IV, intravenous; mo, months; MRD, minimal residual disease; ORR, overall response rate; P, pomalidomide; PFS, progression-free survival; SC, 
subcutaneous; VGPR, very good partial response
a  Prior to protocol amendment, patients received daratumumab IV; after protocol amendment, all patients received daratumumab SC co-formu-
lated with recombinant human hyaluronidase
b  Based on fluorescence in  situ hybridization; defined as presence of del(17p), t(14;16), or t(4;14). c Reported in assessable patients. d Rates 
reported reflect patients achieving either complete response or stringent complete response

ICARIA-MM 48 
Isa-Pd
N = 307

APOLLO 61,68 
Dara-Pd
N = 304

Administration IV IV and  SCa

Median lines of prior therapy, n 3 2
Refractory to Len/PI/Len + PI, % 93/76/71 80/48/42
High-risk  cytogeneticsb, % 20 35c

Regimen Isa-Pd
(n = 154)

Pd
(n = 153)

Dara-Pd
(n = 151)

Pd
(n = 153)

Median follow-up, mo 11.6 16.9
Efficacy Median PFS, mo 11.5 6.5 12.4 6.9

PFS HR (95% CI) P-value 0.596 (0.44–0.81)
P = .001

0.63 (0.47–0.85)
P = .0018

ORR, % 60.4 35.3 69 46
 ≥ VGPR, % 31.8 8.5 51 19.6
 ≥  CRd, % 4.5 2 24.5 3.9
MRD-, % 5 0 9 2

Safety Neutropenia
(≥ grade 3), %

85 70 68 51

Discontinued due to AE, % 7.2 12.8 2 3
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in the daratumumab-Pd arm achieved a median PFS of 
12.4 months vs. 6.9 months in the Pd arm (HR, 0.63; 95% 
CI, 0.47–0.85; P = 0.0018) (Table 1) [61].

There were several differences in patient populations 
between the ICARIA-MM and APOLLO trials (Table 1). 
Overall, ICARIA-MM enrolled a more refractory patient 
population compared with APOLLO: at baseline, patients 
in ICARIA-MM had received more prior therapy lines 
(median, 3 vs. 2 lines in APOLLO) and were more refrac-
tory to lenalidomide (93 vs. 80%), a PI (76 vs. 48%), or both 
(71 vs. 42%) [48, 61, 68]. However, patients in APOLLO 
were more likely to have high-risk cytogenetics, defined as 
presence of del(17p), t(14;16), or t(4;14), although cutoff 
levels were not reported. Cutoffs for high-risk cytogenetics 
in ICARIA-MM were 50% for del(17p), and 30% for t(4;14) 
and t(14;16), as assessed by fluorescence in situ hybridiza-
tion during central laboratory screening [48].

Response rates are listed for both trials in Table 1. Five 
percent of patients reached MRD negativity with isatuxi-
mab-Pd vs. 0% with Pd in ICARIA and 9% of patients with 
daratumumab-Pd vs. 2% with Pd in APOLLO [12, 61, 
68]. MRD negativity was assessed in ICARIA-MM only 
for patients achieving CR/sCR and rates may have been 

underestimated due to interference of isatuximab with the 
assessment of M-protein levels via immunofixation [48]. In 
ICARIA-MM, grade ≥ 3 neutropenia was reported in 85% of 
patients in the isatuximab-Pd arm vs. 70% in the Pd arm and 
the discontinuation rate due to AEs was 7.2 vs. 12.8% with 
Pd, reflecting the extent of prior treatment in these patients. 
In APOLLO, grade ≥ 3 neutropenia was reported in 68% of 
patients in the daratumumab-Pd arm vs. 51% in the Pd arm, 
with a discontinuation rate of 2 vs. 3% with Pd [48, 61, 68].

In both ICARIA-MM and APOLLO, the respective anti-
CD38 antibodies yielded PFS benefit across almost all sub-
groups studied [48, 61, 68]. Data for selected subgroups 
are presented in Table 2. Additional subgroup analyses 
were performed for ICARIA-MM patients with soft-tissue 
plasmacytomas and gain(1q21) at baseline, both of which 
are associated with poorer prognosis in MM patients [69, 
70]. Treatment with isatuximab-Pd significantly improved 
median PFS in patients with plasmacytomas (HR, 0.22; 
95% CI, 0.07–0.69) and in patients with isolated gain(1q21) 
(HR, 0.50; 95% CI, 0.28–0.88) compared with Pd [69, 70]. 
Analysis of patients with baseline renal impairment (esti-
mated glomerular filtration rate [eGFR] < 60 mL/min/1.73 
 m2) was also conducted for ICARIA-MM [71]. Complete 

Table 2  Selected subgroup 
analyses from isatuximab and 
daratumumab randomized 
phase 3 trials in combination 
with pomalidomide and 
dexamethasone

CI, confidence interval; CrCl, creatinine clearance; d, dexamethasone; Dara, daratumumab; eGFR, esti-
mated glomerular filtration rate; HR, hazard ratio; Isa, isatuximab; MDRD, Modification of Diet in Renal 
Disease; NA, not analyzed; NR, not reported; P, pomalidomide; PFS, progression-free survival; yr, year
The differences in patient characteristics between the studies and limited sample size in the subgroup
Analyses prevent comparisons across trials
a All patients in ICARIA-MM had received at least 2 lines of prior therapy
b Measured as estimated glomerular filtration rate (by MDRD equation) in ICARIA-MM and as creatinine 
clearance (method not specified) in APOLLO
c Based on fluorescence in situ hybridization; high risk defined as del(17p), t(4;14), or t(4;16)

Subgroup ICARIA-MM 48,69,70

Isa-Pd vs. Pd
APOLLO 61,68

Dara-Pd vs. Pd

PFS HR (95% CI) Pinteraction PFS HR (95% CI) Pinteraction

Age 0.5952 NR
  < 65 yr 0.66 (0.40–1.07) 0.69 (0.44–1.09)
   ≥ 65 yr 65–74 yr: 0.64 (0.39–1.06) 

≥ 75 yr: 0.48 (0.24–0.95)
0.55 (0.38–0.81)

Previous lines of therapy 0.9583 NR
  1 –a 0.70 (0.30–1.67)
  2–3 0.59 (0.40–0.88) 0.66 (0.48–0.92)
  > 3 0.59 (0.36–0.98) 0.40 (0.18–0.90)

Baseline renal  functionb eGFR (mL/min/1.73  m2)
 ≥ 60: 0.58 (0.38–0.88)
 < 60: 0.50 (0.30–0.85)

0.7575 CrCl (mL/min)
 > 60: 0.64 (0.45–0.90)
 ≤ 60: 0.59 (0.35–0.99)

NR

Cytogenetic  riskc 0.9990 NR
  High risk 0.66 (0.33–1.28) 0.85 (0.49–1.44)
  Standard risk 0.62 (0.42–0.93) 0.51 (0.32–0.81)

Soft-tissue plasmacytomas 0.22 (0.07–0.69) NR NA
Gain 1q21 0.50 (0.28–0.88) NR NA

2129Annals of Hematology (2022) 101:2123–2137



1 3

renal response (eGFR improvement from < 50 at baseline 
to ≥ 60 mL/min/1.73  m2 in ≥ 1 post-baseline assessment) 
was achieved in 72% of patients on isatuximab-Pd vs. 38% 
on Pd. Renal response was more durable (lasting ≥ 60 days) 
with isatuximab-Pd and tumor response rates were higher 
in patients on isatuximab-Pd who achieved a renal response 
(52 vs. 44% on Pd) [71].

IKEMA and CANDOR

Results from a phase Ib study (NCT02332850) indicated that 
isatuximab combined with carfilzomib was clinically active 
in heavily pretreated RRMM patients [72]. The combina-
tion of isatuximab-Kd was further investigated in the Phase 
III IKEMA trial, a randomized, open-label study conducted 
across 16 countries in North America, South America, 
Europe, and the Asia–Pacific region [54, 64].

IKEMA enrolled patients (N = 302) with relapsed MM 
who had received 1–3 prior therapy lines. Patients were 
randomized 3:2 to isatuximab-Kd (n = 179) or Kd alone 
(n = 123). The primary endpoint was PFS. At a median 
follow-up of 20.7 months, the addition of isatuximab to 

Kd yielded a statistically significant improvement in PFS 
(HR, 0.531; 99% CI 0.318–0.889; one-sided p = 0.0007) 
[54]. Cytogenetic risk and MRD were assessed by central 
laboratory. The MRD negativity (MRD-) rate was 29.6% 
with isatuximab-Kd vs. 13.0% with Kd (p = 0.0004) [54, 64]. 
Key patient characteristics and outcomes are presented in 
Table 3. Consistent with the interim analysis, results of the 
updated PFS analysis at a median follow-up of 44 months 
showed a median PFS of 35.7 (95% CI 25.8–44.0) months 
with isatuximab-Kd vs. 19.2 (95% CI 15.8–25.0) months 
with Kd (HR, 0.58; 95.4% CI 0.42–0.79) [73].

Based on the encouraging clinical response seen 
with daratumumab-Kd in EQUULEUS [74], a phase 
III study (CANDOR) was conducted to further evaluate 
daratumumab-Kd in RRMM patients who had received 
1–3 prior therapy lines [75]. Patients (N = 466) were 
randomized 2:1 to either daratumumab-Kd (n = 312) or 
Kd alone (n = 154). Similar to IKEMA, the primary out-
come in CANDOR was PFS. After a median follow-up of 
16.9 months, the addition of daratumumab to Kd yielded a 
statistically significant improvement in median PFS (HR, 
0.63; 95% CI 0.46–0.85; two-sided P = 0.0027) (Table 3) 

Table 3  Results of isatuximab and daratumumab randomized phase 3 trials in combination with carfilzomib and dexamethasone in patients with 
relapsed MM

AE, adverse event; CI, confidence interval; CR, complete response; d, dexamethasone; Dara, daratumumab; HR, hazard ratio; Isa, isatuximab; 
IV, intravenous; K, carfilzomib; mo, months; MRD, minimal residual disease; NR, not reached; ORR, overall response rate; PFS, progression-free 
survival; SC, subcutaneous; TEAE, treatment-emergent adverse event; VGPR, very good partial response
a  Based on fluorescence in situ hybridization; high risk defined as del(17p), t(4;14), or t(4;16)
b  Represents an underestimate of complete response due to interference of isatuximab with immunofixation techniques used to measure M-pro-
tein levels. Potential adjusted CR rate was 45.8%
c  MRD negativity was assessed at any timepoint after the first dose of study treatment in ≥ VGPR patients in IKEMA and at the 12-month land-
mark (from 8 to 13 months window) in all patients in CANDOR

IKEMA 54,64 
Isa-Kd
N = 302

CANDOR 75 
Dara-Kd
N = 466

Administration IV IV
Median lines of prior therapy, n 2 2
Refractory to Len/PI, % 32.8/33.1 33/29
High-risk  cytogeneticsa,% 24.2 16
Regimen Isa-Kd

(n = 179)
Kd
(n = 123)

Dara-Kd
(n = 312)

Kd
(n = 154)

Median follow-up, mo 20.7 20.9 16.9 16.3
Efficacy Median PFS, mo NR 19.2 NR 15.8

PFS HR (CI)
P-value

0.53 (99% CI, 0.32–0.89)
P = .0007

0.63 (95% CI, 0.46–0.85)
P = .0027

ORR, % 86.6 82.9 84 75
 ≥ VGPR, % 72.6 56.1 69 49
CR, % 39.7b 27.6 29 10
MRD-c, % 29.6 13.0 18 4

Safety TEAE
(≥ grade 3), %

76.8 67.2 82 74

Discontinued due to AE, % 8.5 13.9 22 25
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[75]. Results from the updated PFS analysis at a median 
follow-up of 27.8 months in the daratumumab-Kd group 
and 27.0 months in the Kd group showed a median PFS 
of 28.6 months (95% CI 22.7–not estimable) with daratu-
mumab-Kd vs. 15.2 months (95% CI 11.1–19.9) with Kd 
(HR, 0.59, 95% CI 0.45–0.78, log-rank p < 0.0001) [76].

Overall, patient populations studied in IKEMA and 
CANDOR were quite similar, with a median of 2 prior 
treatment lines and similar refractoriness to lenalidomide 
(33 vs. 33%) and a PI (33 vs. 29%) [54, 64, 75]. Patients 
in IKEMA appeared more likely to have high-risk cytoge-
netics, though a higher percentage of patients in CAN-
DOR had unknown cytogenetics at baseline compared 
with IKEMA (51 vs. 12%) [54, 75]. CR rates were under-
estimated in IKEMA due to interference of isatuximab 
with the serum immunofixation test required for CR; the 
adjusted CR rate was estimated to be 45.8% rather than 
39.7% [55]. MRD was assessed in ≥ VGPR patients in the 
two studies, when best response was reached in IKEMA 
and at fixed time points in CANDOR. MRD- rate in the 
intent-to-treat population was 29.6% in IKEMA and 17.6% 
in CANDOR at 12 months. The incidence of treatment-
emergent AEs was similar between trials. The rate of dis-
continuation due to AEs was 8.5% with isatuximab-Kd vs. 
13.9% with Kd in IKEMA and 22% with daratumumab-Kd 
vs. 25% with Kd in CANDOR [54, 64, 75].

In both IKEMA and CANDOR, the respective anti-CD38 
antibody yielded PFS benefit across almost all subgroups 
studied [54, 64, 75]. Data for selected subgroups are pre-
sented in Table 4. Complete renal response (reversal of 
renal impairment) was assessed in IKEMA and occurred 
in 52% of patients in the isatuximab-Kd arm vs. 31% in the 
Kd arm. Renal response was also more likely to be durable 
(lasting ≥ 6 months) in the isatuximab-Kd group [54, 64]. 
Complete renal response was not assessed for patients in 
CANDOR, although PFS benefit was observed across all 
ranges of baseline renal function studied [75].

Anti‑CD38 antibody sequencing

How anti-CD38 antibodies should be sequenced and whether 
additional anti-myeloma activity can be achieved from an 
anti-CD38 antibody in RRMM patients already exposed 
to anti-CD38 therapy are important clinical questions cur-
rently being addressed by investigators. Initial findings 
were recently reported from monotherapy and combination 
therapy trials.

Monotherapy

Results of studies with either single-agent isatuximab after 
daratumumab or daratumumab after isatuximab have pro-
vided evidence of limited efficacy for anti-CD38 antibody 

Table 4  Selected subgroup 
analyses from isatuximab and 
daratumumab randomized phase 
3 trials in combination with 
carfilzomib and dexamethasone

CI, confidence interval; CrCl, creatinine clearance; d, dexamethasone; Dara, daratumumab; eGFR, esti-
mated glomerular filtration rate; HR, hazard ratio; Isa, isatuximab; K, carfilzomib; MDRD, modification of 
diet in renal disease; NR, not reported; PFS, progression-free survival; yr, year
The differences in patient characteristics between the studies and limited sample size in the subgroup anal-
yses prevent comparisons across trials
a Measured as estimated glomerular filtration rate (by MDRD equation) in IKEMA and as creatinine clear-
ance (method not specified) in CANDOR
b Based on fluorescence in situ hybridization; high risk defined as del(17p), t(4;14), or t(4;16)

Subgroup IKEMA 54,64

Isa-Kd vs. Kd
CANDOR 75

Dara-Kd vs. Kd

PFS HR (95% CI) Pinteraction PFS HR (95% CI) Pinteraction

Age  < 65 yr: 0.64 (0.37–1.11)
 ≥ 65 yr: 0.43 (0.25–0.74)

0.3663  ≤ 65 yr: 0.57 (0.38–0.86)
 > 65 yr: 0.76 (0.48–1.22)

0.3653

Previous lines of therapy 0.6841 0.7230
  1 0.59 (0.31–1.12) 0.68 (0.40–1.14)

   ≥ 2 0.48 (0.29–0.78) 0.61 (0.42–0.88)
Baseline renal  functiona eGFR (mL/min/1.73  m2)

 ≥ 60: 0.63 (0.39–1.00)
 < 60: 0.27 (0.11–0.66)

0.1101 CrCl (mL/min)
 ≥ 80: 0.68 (0.44–1.03)
 ≥ 50 to < 80: 0.65 (0.36–1.15)
 ≥ 15 to < 50: 0.44 (0.19–1.00)

0.6445

Cytogenetic  riskb 0.2707 0.6887
  High risk 0.72 (0.36–1.45) 0.70 (0.36–1.40)
  Standard risk 0.44 (0.27–0.73) 0.50 (0.28–0.90)

Gain 1q21 0.57 (0.33–0.98) 0.5572 NR
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monotherapy in RRMM. A phase I/II study (NCT02514668) 
assessed the response to isatuximab monotherapy in daratu-
mumab-refractory patients [77]. Enrolled patients (N = 32) 
were heavily pretreated, with a median of 7 prior lines (60% 
had received daratumumab combination therapy immedi-
ately prior to isatuximab initiation and 15% had received 
daratumumab in ≥ 2 prior lines). The overall disease control 
rate (defined as minimal response [MR] or better, or stable 
disease [SD] for ≥ 8 weeks) was 37.5% and, notably, was 
twofold higher in patients with a longer interval between 
the last daratumumab dose and isatuximab initiation (58.3% 
with ≥ 6-month washout after daratumumab vs. 28.6% with 
a < 3 months washout). An ORR was not reached, as only 1 
patient achieved a MR (3.1%) and the others had SD (53.1%) 
or progressive disease [77].

It is known that reduction in CD38 expression on BM 
and circulating MM cells occurs rapidly after daratumumab 
initiation with significantly lower expression levels after 
the first infusion compared with baseline (potentially due 
to elimination of MM cells with high CD38 levels, endo-
cytosis, or release in microvesicles), that may persist for at 
least 6 months after discontinuation [35]. Additionally, lower 
responses to anti-CD38 antibodies have been associated with 
low CD38 expression. For example, ADCC mediated by 
daratumumab against primary MM cells was 14.2% in cells 
within the lowest tertile of CD38 expression vs. 45.6% in 
cells of the highest tertile [78]. Taken together, these effects 
may explain the differences in disease control rates in this 
trial and offer insight as to the appropriate interval between 
different anti-CD38 antibody therapies.

Furthermore, updated results from the ICARIA-MM trial 
recently showed that daratumumab monotherapy appeared 
less effective after isatuximab-Pd than after Pd-only treat-
ment. The ORR for daratumumab monotherapy or in 
combination with corticosteroids was 14.3% after isatuxi-
mab-Pd and 37.9% after Pd. In patients receiving daratu-
mumab as first subsequent therapy, median PFS was lower 
in the isatuximab-Pd treated patients (2.2 months [95% CI 
0.03–7.62], n = 9) than the Pd-treated patients (5.1 months 
[95% CI 3.75–10.51], n = 46) [79].

Combination therapy

Emerging efficacy results of combination therapy with 
either isatuximab after daratumumab or daratumumab after 
isatuximab may show a different trend compared with the 
monotherapy approach. In a phase Ib study (NCT02283775) 
of isatuximab-Pd administered by a fixed infusion volume, 
7 of 47 patients had received daratumumab in a prior line 
[58]. One of these 7 patients achieved a partial response 
(PR), for an ORR of 14.3%; 2 (33.3%) patients had a MR 
and 3 (50.0%) had SD. Patients without prior daratumumab 
exposure achieved a 60% ORR (n = 40) [58].

To further characterize the efficacy of isatuximab after 
prior daratumumab exposure, investigators recently con-
ducted a retrospective analysis of 15 patients treated with 
isatuximab-Pd after receiving daratumumab in prior lines 
[80]. Fourteen patients (89%) had previously had a PR to 
daratumumab; 13 patients discontinued daratumumab due 
to progressive disease and 2 due to toxicity. Despite prior 
daratumumab therapy, 8 patients (53%) achieved a PR and 
2 patients (13%) a MR [80]. In addition, recent results from 
the ICARIA-MM trial showed that the ORR with daratu-
mumab in combination with a PI, an IMiD, or an alkylating 
agent was similar in patients who had previously received 
isatuximab-Pd or Pd therapy (30.8 vs. 31.8%, respectively) 
[79].

Further experience with the use of anti-CD38 antibodies 
in RRMM after prior treatment with daratumumab will stem 
from a current phase Ib trial of SC isatuximab in combina-
tion with Pd (NCT04045795) and for daratumumab from 
a phase II study in combination with Kd (NCT03871829).

Mechanisms of resistance

Patients with MM have shown benefit from anti-CD38 
therapy in clinical trials. Nevertheless, they may eventually 
experience disease progression, indicating development of 
resistance to anti-CD38 antibody therapy. Several mecha-
nisms of resistance have been proposed including downregu-
lation of CD38 expression on MM cells, increased expres-
sion of complement inhibitory proteins, development of 
neutralizing antibodies, and depletion of NK cells [26, 81, 
82].

In vitro and ex vivo studies have shown that CD38 expres-
sion levels correlate with isatuximab- and daratumumab-
induced ADCC and CDC [78]. Additionally, CD38 expres-
sion on MM cells decreases rapidly during daratumumab 
treatment, is markedly reduced at time of progression, and 
may take up to 6 months to rebound after stopping dara-
tumumab [35]. Proposed reasons for CD38 reduction with 
daratumumab include endocytosis, trogocytosis by granulo-
cytes and monocytes, and packaging of daratumumab:CD38 
complexes into MVs [82]. Corresponding data have not been 
reported for isatuximab.

Complement plays a key role in the killing effect of 
anti-CD38 antibodies [22, 28]. Importantly, daratumumab 
exerts greater CDC in the presence of low levels of comple-
ment inhibitors such as CD55 and CD59 [35]. Similarly, 
low expression levels of CD55 and CD59 on target cells 
favor isatuximab-mediated CDC [32]. Increased expression 
of both CD55 and CD59 has been seen on MM cells during 
disease progression on daratumumab treatment, indicating 
that overexpression of complement inhibitors is likely tied 
to daratumumab resistance [35].
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Furthermore, emerging data on the effects of anti-CD38 
antibodies on immune networks, suggest that immune-medi-
ated mechanisms of resistance may occur following anti-
CD38 treatment. In a recent report, MM cells from patients 
who discontinued treatment with daratumumab, due to dis-
ease progression, appeared to retain cell-surface expression 
of CD38 [33]. However, immune cells (e.g., CD8 + T cells 
and NK cells) showed impaired effector functions, with 
reduced or no killing of MM cells in an in vitro flow cytom-
etry assay, compared with patients who responded to treat-
ment [33]. Investigations in larger numbers of anti-CD38 
antibody-treated patients may provide further evidence on 
the changes occurring among immune effectors within the 
tumor microenvironment of responders and non-responders, 
as well as insights on their relevance for selection of subse-
quent treatment.

Conclusions

The anti-CD38 antibodies isatuximab and daratumumab 
represent important advances in the treatment of patients 
with RRMM. They display differences in their mechanisms 
of action, likely mediated by their binding to different, non-
overlapping epitopes of the CD38 molecule. Undoubtedly, 
mechanisms of action are multifaceted and some mecha-
nisms may predominate over others in different patients and 
in the context of different tumor microenvironments and 
immune milieu [34]. Further in vitro and ex vivo studies 
may contribute to our understanding of how mechanistic 
differences between these two antibodies might translate to 
better clinical outcomes in MM patients.

Phase III clinical trial results with isatuximab and daratu-
mumab in RRMM have shown substantial improvements in 
PFS when used in combination with either Pd or Kd. Further 
detailed subgroup analyses were conducted with isatuximab 
in patients with renal impairment, soft-tissue plasmacyto-
mas, and gain(1q21), potentially leading to evidence-based 
use in patients with these characteristics. Additional clini-
cal data from larger patient populations will allow success-
ful translation from current clinical study findings with 
anti-CD38 antibodies to informing real-world practice [54, 
69–71, 83, 84].

Anti-CD38 antibodies mediate anti-myeloma activity 
through multiple mechanisms of action both in patients with 
RRMM and with newly diagnosed MM, although immu-
nomodulatory effects may be greater in earlier disease set-
tings in which the immune system has not been affected by 
prior treatments [85]. Results of phase III studies of daratu-
mumab in combination with bortezomib-thalidomide-dex-
amethasone, bortezomib-melphalan-prednisone, or lenalid-
omide-dexamethasone and of isatuximab in combination 
with bortezomib-lenalidomide-dexamethasone have shown 

significant benefit from treatment with anti-CD38 combina-
tions in transplant-eligible or -ineligible NDMM patients, 
compared with standard treatment [13, 14, 86]. Further 
results with isatuximab and daratumumab in NDMM with 
combination regimens such as bortezomib-lenalidomide-
dexamethasone or carfilzomib-lenalidomide-dexamethasone 
are awaited with interest (NCT03319667, NCT03617731, 
NCT04483739, NCT03710603, NCT03652064).

Clinical experience with sequencing of anti-CD38 anti-
body therapies is currently limited to small numbers of 
patients; prospective studies of larger patient populations 
may contribute to establish criteria for optimal antibody 
selection and timing of treatment, as well as to define their 
overall efficacy, which in turn should meaningfully inform 
real world practice [84]. Similarly, further investigation may 
provide more direct evidence on their respective resistance 
profiles [87] and further insights to optimize anti-CD38 
antibody therapeutic strategies for patients with RRMM and 
thus improve patient outcomes.

In conclusion, as two anti-CD38 monoclonal antibod-
ies, isatuximab and daratumumab, are available for use in 
patients with RRMM, we have provided an overview of the 
available evidence on mechanisms of action, differences in 
regulatory labeling, and clinical results from recent RRMM 
clinical trials for both of these antibodies. The findings of 
our analyses reflect the ongoing acquisition of new data, 
which to date have not demonstrated an overall, statistically 
significant superiority for either of them, in the absence of a 
randomized, head-to-head study. Further investigations on 
their pharmacodynamic properties as well as their clinical 
activity will provide more insight on the contribution of anti-
CD38 antibody therapy to the management of patients with 
RRMM.
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