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Abstract

Isatuximab (Sarclisa®; isatuximab-irfc in the USA) is an anti-CD38 monoclonal antibody (mAb) approved for use in the treat-
ment of adults with multiple myeloma (MM): in combination with pomalidomide and dexamethasone for those with relapsed
and refractory MM (RRMM) who have received > 2 prior therapies, including lenalidomide and a proteasome inhibitor; and in
combination with carfilzomib and dexamethasone for those with relapsed MM who have received > 1 prior therapy. In phase
IIT studies, the addition of isatuximab to pomalidomide and dexamethasone significantly prolonged progression-free survival
(PFS) and improved the depth of tumour response in patients with RRMM, as did the addition of isatuximab to carfilzomib and
dexamethasone in patients with relapsed or refractory MM. Health-related quality of life was maintained when isatuximab was
combined with these other therapies. Isatuximab-based combination therapies were generally well tolerated and demonstrated
a manageable safety profile with no new safety signals. Although mature overall survival data are awaited, available evidence
indicates that the combinations of isatuximab with pomalidomide and dexamethasone and isatuximab with carfilzomib and
dexamethasone are important additional treatment options for RRMM and relapsed MM, respectively.

Plain Language Summary

The introduction of immunomodulatory drugs (IMiDs) protease inhibitors (PIs) and anti-CD38 monoclonal antibodies
(mAbs) has improved survival in patients with multiple myeloma (MM) to the extent that this haematological malignancy
is no longer viewed as an incurable disease, but rather as a manageable chronic condition characterized by multiple relapses
and salvage therapies. Isatuximab (Sarclisa®; isatuximab-irfc in the USA) is an anti-CD38 mAb approved for use in adult
patients with relapsed/refractory MM (RRMM) and relapsed MM. Isatuximab prolonged progression-free survival (PFS)
and increased the frequency and/or depth of tumour response when added to pomalidomide and dexamethasone in adults
with RRMM who had received >2 previous lines of treatment (ICARIA-MM trial), and when added to carfilzomib and
dexamethasone in adults with relapsed or refractory MM who had received > 1 previous lines of treatment (IKEMA trial).
Final overall survival (OS) data from both trials are awaited. Both isatuximab-based combination therapies had manage-
able safety profiles, with no new safety signals identified. Health-related quality of life was preserved. Currently available
data indicate that the combinations of isatuximab with pomalidomide—dexamethasone and carfilzomib—dexamethasone are
important additional treatment options for adults with RRMM and relapsed MM, respectively.
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Isatuximab: clinical considerations in MM

Anti-CD38 mAb
Given intravenously (250 mL fixed volume infusion)

Improves PES and depth of tumour response when added
to pomalidomide and dexamethasone (in RRMM) or
carfilzomib and dexamethasone (in relapsed or refractory
MM)

Manageable safety profile (common adverse events
include infusion reactions and respiratory infections)

of autologous stem cell transplantation (SCT) and, subsequently,
the advent of small molecule anti-myeloma agents, such as
immunomodulatory drugs (IMiDs; e.g. thalidomide, lenalido-
mide and pomalidomide) and proteasome inhibitors (PIs; e.g.
bortezomib, carfilzomib and ixazomib), that are used, mostly in
three-drug regimens that include a steroid, as front-line therapies
for newly diagnosed disease in both transplant-eligble and -ineli-
gible patients [4—6]. However, while MM generally responds
well to initial chemotherapy, often remitting completely, it
remains an incurable condition for the majority of patients who
experience serial relapses due to the emergence of (different)
drug-resistant clones, and thereby become increasingly refrac-
tory to these standard treatment regimens [5, 7-10]. Patients
double-refractory to an IMiD plus a PI have a particularly poor
prognosis, with a median overall survival (OS) and progression-
free survival (PFS) of 9 and 5 months, respectively [11].
Against this background of need for additional novel treat-
ment options, the more recent development of monoclonal
antibodies (mAbs), including agents directed against SLAMF7
(elotuzumab) and CD38 [daratumumab and isatuximab
(Sarclisa®; isatuximab-irfc in the USA)], has therefore rep-
resented another transformative advance in the management
of relapsed and/or refractory MM [7, 12, 13]. CD38 is a type
II transmembrane protein that functions both as a receptor
(impacting processes such as leukocyte migration and activa-
tion) and as a multifunctional ectoenzyme (modulating calcium
signalling) [14, 15]. It is an attractive target for MM therapy,
as it is expressed at high levels on normal plasma cells and
MM cells, but at relatively low levels on normal lymphoid and
myeloid cells and in some non-haemopoietic tissues [14, 15].
Isatuximab, an anti-CD38 IgG-k mAb, is approved in sev-
eral countries worldwide, including those of the EU [16], as
well as the USA [17] and Japan [18]: in combination with
pomalidomide and dexamethasone for adults with relapsed/
refractory MM (RRMM) who have received > 2 prior thera-
pies [16-18] (including lenalidomide and a PI [16, 17] and
who are refractory to their last therapy [16]); and in combi-
nation with carfilzomib and dexamethasone for adults with
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relapsed MM who have received > 1 [16] or 1-3 [17] prior
therapies. This article overviews data relevant to the use of
isatuximab combination therapies in these settings.

2 Pharmacodynamic Properties
of Isatuximab

Preclinical studies indicate that isatuximab induces the killing of
CD38-bearing MM cells through multiple mechanisms of action
that include fragment crystallizable (Fc)-dependent immune
effector activities supplemented by Fc-independent activities
[19-22]. Fc-dependent activities include natural killer (NK)
cell-mediated antibody-dependent cellular cytotoxicity (ADCC),
antibody-dependent cellular phagocytosis (ADCP) and comple-
ment-dependent cytotoxicity; ADCC and ADCP are the pre-
dominant immune effector mechanisms for isatuximab in MM
cells [21]. In vitro, the triggering of these cytotoxic functions
by isatuximab was dependent on the expression level of CD38
[21]. In vivo, isatuximab prolonged survival in a human MM
xenograft model in immunocompromised mice [20]. In terms of
Fc-independent activities, isatuximab induced direct cytotoxicity
against MM cells in vitro via caspase-dependent apoptosis and
lysosome-mediated non-apoptotic cell killing [23].

As well as Fc-mediated effector functions and direct
anti-tumour effects, isatuximab has demonstrated immu-
nomodulatory effects in vitro that may contribute indirectly
to the control of tumour growth in MM [21, 24, 25]. These
include: direct activation of, and augmented MM cell lysis
by, NK cells [21, 24]; augmented MM cell lysis by CD8+
cells [24]; and suppression of CD38+ regulatory T cells to
mitigate an immunosuppressive tumour microenvironment
by alleviating inhibition of NK and CD8+ cells [24, 26].
In addition, inhibition of CD38 ectoenzymatic activity by
isatuximab decreases the production of immunosuppres-
sive adenosine that likely alleviates the immunosuppres-
sive microenvironment of the bone marrow niche in MM
patients [15, 22]. An ‘in vivo vaccination’ effect, whereby
MM patients treated with isatuximab develop a T-cell adap-
tive immune response against CD38 as well as other MM-
associated antigens, has also been described [27].

A decrease in absolute counts of total CD16+ and CD56+
NK cells, CD19+ B-cells, CD4+ T cells and regulatory T cells
(CD3+, CD4+, CD25+, CD127-) was seen in the peripheral
blood of MM patients treated with isatuximab monotherapy [16].

By binding to CD38 expressed on the surface of red blood
cells (RBCs), isatuximab may result in a false positive indirect
antiglobulin test (indirect Coombs test) [16, 17]; based on the
half-life of the drug, this interference may persist for ~6 months
after the last infusion [16]. The indirect Coombs test was posi-
tive in 68% and 63% of the tested isatuximab-treated patients in
the phase III studies in patients with RRMM (ICARIA-MM)
or relapsed or refractory MM (IKEMA) (Sect. 4) [17, 28, 29].
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As an IgGl-x mAb, isatuximab has the potential to be
detected on both serum protein electrophoresis (SPE) and
immunofixation (IFE) assays used to monitor endogenous
M-protein; this interference can lead to inaccurate determina-
tion of depth of response according to International Myeloma
Working Group (IMWG) criteria in some patients with IgG
M-protein [16, 30]. In the phase IIl ICARIA-MM and IKEMA
studies (Sect. 4), isatuximab interference with M-protein detec-
tion was explored using mass spectrometry (MS) to separate
the isatuximab and M-protein signals [30, 31].

Preclinical studies suggest the antitumor effects of isatux-
imab are enhanced when it is combined with IMiDs and
PIs [32]. Compared with isatuximab alone, isatuximab plus
pomalidomide enhanced in vitro killing of CD38+ MM cells
via both ADCC and direct anti-tumour effects to a greater
extent than isatuximab plus lenalidomide [23]. The combi-
nation of isatuximab and pomalidomide also demonstrated
enhanced in vivo activity compared with that of isatuximab
or pomalidomide alone in a murine xenograft model uti-
lizing the human MOLP-8 MM cell line [16, 17, 33]. The
combination of isatuximab and carfilzomib showed additive
antimyeloma effects in a murine xenograft model utilizing
the human MM.S1 MM cell line [32].

3 Pharmacokinetic Properties of Isatuximab

Isatuximab demonstrates nonlinear pharmacokinetics with
target-mediated drug disposition due to its binding to the
CD38 receptor [16]. After intravenous (IV) administration
of isatuximab at the approved dosage (10 mg/kg weekly for
4 weeks and then every 2 weeks), the median time to reach
steady state was 8 weeks [16, 17].

As a large protein, isatuximab is expected to be metab-
olized into small peptides by non-saturable proteolytic
catabolism processes [16, 17]. Isatuximab is eliminated by
two parallel pathways: a nonlinear target-mediated pathway
predominating at low concentrations and a nonspecific linear
pathway predominating at higher concentrations [16]. Linear
clearance of isatuximab predominates over the therapeutic
plasma concentration range; clearance decreases over time by
50% to a steady state value of 9.55 mL/h (0.229 L/day) [16,
34]. The terminal half-life of isatuximab is 28 days [16]. At
steady state, >99% elimination of isatuximab from plasma
was predicted to occur ~2 months after the last dose [17].

Based on a population pharmacokinetic analysis, age,
gender and race, as well as RI and hepatic impairment, have
no clinically meaningful effects on the pharmacokinetics of
isatuximab and do not require any dose adjustment [16, 34].
Isatuximab steady-state exposure does, however, decrease
with increasing bodyweight, necessitating a bodyweight-
based dosing approach [16, 34] (Sect. 6).

4 Therapeutic Efficacy of Isatuximab

The efficacy of adding isatuximab to a regimen consisting
of either an IMiD (pomalidomide) or a PI (carfilzomib)
plus dexamethasone is being evaluated in two ongoing,
randomized, open-label, multinational, phase III studies in
adults with RRMM (ICARIA-MM; Sect. 4.1) or relapsed or
refractory MM (IKEMA;; Sect. 4.2) (Fig. 1).

4.1 In Combination with Pomalidomide
and Dexamethasone

To be eligible for inclusion in [CARIA-MM, adults with
RRMM had to have measurable disease [M-protein >0.5 g/
dL (serum) or >200 mg/24 h (urine)]; they also had to have
received > 2 prior lines of therapy, including lenalidomide
and a PI, and to be refractory to their last line of therapy (i.e.
progressed on or within 60 days of the end of their last line of
therapy). Ineligible patients included those previously treated
with pomalidomide, those refractory to prior anti-CD38 mAb
therapy, and those with primary refractory disease [16, 28].

Randomization to isatuximab—pomalidomide—dexametha-
sone (n = 154) or pomalidomide—dexamethasone alone (n =
153) was stratified according to the number of prior lines of
therapy (2-3 vs >3) and age (<75 vs >75 years). All study
medications were administered in 4-week (28-day) cycles.
Based on the results of a phase 1b feasibility study [35], patients
in the isatuximab arm received IV isatuximab 10 mg/kg weekly
during the first cycle and then every 2 weeks during all sub-
sequent cycles; patients in both arms received oral pomalido-
mide 4 mg/day for the first 3 weeks of each cycle and I'V/oral
dexamethasone 40 mg (20 mg if they were aged >75 years)
weekly [28]. All patients were premedicated prior to isatuximab
infusions; the premedication regimen included the dexametha-
sone component of pomalidomide—dexamethasone. Treatment
continued until disease progression (or beyond at investigator
discretion), unacceptable toxicity or patient choice [28].

The primary endpoint was PFS per independent response com-
mittee (IRC); key secondary endpoints were the overall response
rate (ORR) per IRC and OS. Efficacy analyses have been done
in the intent-to-treat (ITT) population [28]. The primary analysis
of PFS was performed after a median follow-up of 11.6 months
(data cutoff: 11 October 2018) (Table 1) [28]; an updated analysis
assessing longer-term outcomes (including OS) was performed
after a median follow-up of 35.3 months (data cutoff: 1 October
2020) [36]. Some results are only available from the EU regu-
latory review of isatuximab [25] or from abstracts/posters [30,
36-40] (post hoc analyses, where stated [38—40]).

Demographic and disease characteristics at baseline were
generally well balanced between the treatment groups [28].
Overall, patients had a median age of 67 years (20% were
aged > 75 years), 25% were at International Staging System
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Fig.1 Clinical trial design for the phase III ICARIA-MM and
IKEMA trials, with key efficacy results in the animated figure (avail-
able online). Data are from the intent-to-treat population. CAR carfil-
zomib, DEX dexamethasone, ISA isatuximab, LEN lenalidomide, MM

(ISS) disease stage III, and 28% were classified as frail
(IMWG criteria) [28, 39]. Approximately a third (34%) had
RI [estimated glomerular filtration rate (¢GFR) <60 mL/min
per 1.73 m?]; 20% had high-risk cytogenetics [presence of
>1 of del(17p), t(4;14) or t(14;16)]. The median number of
prior lines of therapy was 3 (range 2—11); 56% of patients
had received prior SCT; and 93%, 76%, 71% and 98% of
patients were refractory to lenalidomide, a PI, lenalidomide
plus a PI and their last line of therapy, respectively [28, 41].

The addition of isatuximab to pomalidomide—dexametha-
sone significantly improved PFS in patients with RRMM
(Table 1); the risk of disease progression or all-cause death
was reduced by 40% [hazard ratio (HR) 0.596, 95% CI
0.436-0.814; p = 0.001] at the time of the primary analysis
[28]. A PFS benefit was seen with the addition of isatuxi-
mab to pomalidomide—dexamethasone in all prespecified
subgroups, including patients aged >75 years, those at ISS
stage III, those with RI, those with high-risk cytogenet-
ics, those with 2—-3 or > 3 previous lines of therapy, those
refractory to lenalidomide, those refractory to a PI, and
those double-refractory to lenalidomide and a PI [28, 41,
42]. Moreover, in retrospective analyses, PFS benefits were
seen with the addition of isatuximab to pomalidomide—dexa-
methasone in the following subgroups of patients: those with
isolated gain of chromosome arm 1q21 genomic abnormal-
ity (1q21 gain; >3 copies of 1q21); those with 1g21 gain,
regardless of the presence of other high-risk cytogenetic
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Continuous 28=day cycles

Primary efficacy endpoint.assessed

Primary PES analysis:

multiple myeloma, mo months, NR not reached, PFS progression-free
survival, PI proteasome inhibitor, POM pomalidomide, pt patient,
RRMM relapsed/refractory MM, tx treatment.

abnormalities; those with isolated amplification of chromo-
some arm 1g21 genomic abnormality (1q21 amplification;
>4 copies of 1g21); and those with 1q21 amplification (>4
copies of 1g21), regardless of the presence of other high-
risk cytogenetic abnormalities [42]. Improvements in PFS
were also seen with the addition of isatuximab to pomalido-
mide—dexamethasone in the subgroups of patients classified
as frail [39] and those with soft-tissue plasmacytomas [37].

Adding isatuximab to pomalidomide—dexamethasone
significantly improved ORR (Table 1). Consistent with the
ORR benefit seen in the overall population [odds ratio (OR)
2.795, 95% CI 1.75-4.56; p < 0.0001], ORRs were numeri-
cally higher with isatuximab—pomalidomide—dexamethasone
than with pomalidomide—dexamethasone in all prespecified
subgroups, including patients aged >75 years, those with RI,
those with high-risk cytogenetics, those with 23 or >3 pre-
vious lines of therapy, those refractory to lenalidomide, and
those double-refractory to lenalidomide and a PI [28, 41, 42].
ORRs were, respectively, 53.6% and 27.6% in isatuximab-
pomalidomide—dexamethasone and pomalidomide—dexa-
methasone recipients with isolated 1q21 gain (one-sided p
= 0.0116) [42] and 52.1% and 34.2% in isatuximab—poma-
lidomide—dexamethasone and pomalidomide—dexamethasone
recipients classified as frail (p < 0.05) [39].

Tumour responses were apparently faster and were more
durable in patients receiving isatuximab combination ther-
apy (Table 1). Tumour responses were also deeper, with the
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Table 1 Efficacy of isatuximab added to pomalidomide and dexamethasone or carfilzomib and dexamethasone in patients with relapse

and/or refractory multiple myeloma: intent-to-treat results from the phase III ICARIA-MM or IKEMA trials

Endpoint ICARIA-MM? [16, 28] IKEMA" [16, 29]
ISA-Pd (n = 154) Pd (n = 153) ISA-Kd (n = 179) Kd (n = 123)
Median PFS®¢ (months) 11.5% 6.5 NR* 19.15
Median OS (months) NR NR
ORR (% pts) 60% 35 86.6 82.9
sCRY (% pts) 0 <1
CR%¢ (% pts) 5 1 39.7 27.6
VGPRY (% pts) 27 7 33 28.5
>VGPR? (% pts) 3% 72.6% 56.1
PRY (% pts) 29 27 14 26.8
MRD-negative (% pts) 5.2 0 29.6%F 13.0
Median TTR (months) 1.2 1.9 1.1 1.1
Median DOR (months) 133 (< 18) 11.1 NR [0.425 (0.269-0.672)]¢ NR
Median TTP (months) 12.7 7.75
Median TNT (months) NR [0.538 (0.382—0.758)]¢ 9.1 NR [0.566 (0.380—0.841)]¢ NR

Pts in ICARIA-MM had relapsed/refractory multiple myeloma; those in IKEMA had relapsed or refractory multiple myeloma

(s)CR (stringent) complete response, DOR duration of response, ISA isatuximab, Kd carfilzomib and dexamethasone, MRD minimal residual dis-
ease, VR not reached, ORR overall response rate, OS overall survival, Pd pomalidomide and dexamethasone, PFS progression-free survival, pts
patients, PR partial response, TNT time to next treatment, 77P time to progression, TTR time to first response, VGPR very good partial response,

>VGPR VGPR or better
*p <0.0021, **p < 0.0001 vs Pd (ICARIA-MM) or Kd (IKEMA)

“Primary PFS analysis/interim OS analysis after a median follow-up of 11.6 months [after 162 PFS events and 99 OS events (45% of the 220 OS

events planned for the final analysis)]

®Interim PFS analysis after a median follow-up of 20.7 months [after 103 PFS events (65% of the 159 PES events planned for the final analysis)]

“Primary endpoint

dAssessed by an independent response committee using International Myeloma Working Group response criteria

°sCR or CR (IKEMA)

Descriptive p value

£Hazard ratio (95% CI) for ISA-Pd versus Pd (ICARIA-MM) or ISA-Kd versus Kd (IKEMA)

proportion of patients achieving a very good partial response
or better (> VGPR) being nearly fourfold higher in the isatuxi-
mab—pomalidomide—dexamethasone group than the poma-
lidomide—dexamethasone group (Table 1) [28]. Moreover, MS
analysis showed that the complete response (CR) rate in the
isatuximab—pomalidomide—dexamethasone group was under-
estimated due to M-protein interference by isatuximab [30]
(Sect. 2). Specifically, 11 of 22 evaluable isatuximab recipients
with a near-CR (i.e. < 5% bone marrow plasma cells and nega-
tive SPE, but positive IFE) had M-protein values below the IFE
sensitivity threshold (0.25 g/dL). Ten of the 11 patients had IgG
M-protein, confirming isatuximab interference predominantly
affects patients with type IgG MM [30].

OS data were immature at the preplanned first interim
analysis of this outcome, which was performed at the time
of the primary PFS analysis [28]. Although median OS was
not reached in either the isatuximab—pomalidomide—dexa-
methasone or pomalidomide—dexamethasone groups, the
Kaplan—Meier survival curves showed an early and sustained

separation that translated into a nonsignificant 31% decrease
in the risk of death in patients receiving isatuximab combi-
nation therapy (HR 0.687, 95% CI 0.461-1.023; p = 0.0631)
[28]. At 1-year, OS rates were 72% in the isatuximab-poma-
lidomide—dexamethasone group versus 63% in the poma-
lidomide—dexamethasone group [25].

At the time of the updated analysis, an &~ 7-month
improvement in median OS favouring isatuximab—pomalido-
mide—dexamethasone over pomalidomide—dexamethasone
(24.6 months vs 17.7 months; HR 0.76, 95% CI 0.58-1.01;
one-sided p = 0.028) was seen in the preplanned second
interim analysis of this outcome [36]. The median time to
next treatment was also increased significantly in the isatuxi-
mab—pomalidomide—dexamethasone group compared with
the pomalidomide—dexamethasone group (15.5 months vs
8.9 months; HR 0.56, 95% CI 0.42-0.74; p < 0.0001) [36].

Health-related quality of life (HRQOL), as assessed using
the European Organization for Research and Treatment of
Cancer Quality of Life questionnaire Core 30 (EORTC
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QLQ-C30), was preserved with the addition of isatuximab to
pomalidomide—dexamethasone [40]. Over time, there were
no clinically meaningful changes from baseline in the global
health/quality of life (GHS/QOL), physical functioning (PF),
pain and fatigue domains of the EORTC QLQ-C30 in either
the isatuximab—pomalidomide—dexamethasone or pomalid-
omide—dexamethasone groups. In terms of the underlying
trends, however, scores for all four of these key domains
remained unchanged in isatuximab—pomalidomide—dexa-
methasone recipients but worsened in pomalidomide—dexa-
methasone recipients; the mean change per treatment cycle
averaged across all cycles significantly favoured the former
over the latter (p < 0.01 for GHS/QOL and PF; p < 0.05 for
pain and fatigue). Moreover, assessments of disease-relevant
domains of the EORTC QLQ-C30 (GHS/QOL, PF, role
functioning, pain and fatigue) and the EORTC myeloma-
specific module (disease symptoms) suggested that HR-
QOL in the subgroups of patients with RI and those with >3
previous lines of therapy was maintained better in patients
receiving isatuximab combination therapy [38].

The addition of isatuximab to pomalidomide—dexa-
methasone improved renal response rates in the subgroup
of patients with RI [43]. Complete renal response (Ciqpa
increase in eGFR from <50 mL/min/1.73 m? at baseline
to > 60 mL/min/1.73 m? in > 1 post-baseline assessment)
occurred in 72% of evaluable isatuximab—pomalido-
mide—dexamethasone recipients and 38% of evaluable poma-
lidomide—dexamethasone recipients; sustained C,.py (Crenal
lasting > 60 days) occurred in 31% and 19% of patients [43].

4.2 In Combination with Carfilzomib
and Dexamethasone

To be eligible for inclusion in IKEMA, adults with relapsed
or refractory MM had to have measurable disease and to have
received 1-3 prior lines of therapy, including IMiDs and PIs.
Ineligible patients included those previously treated with
carfilzomib, those refractory to prior anti-CD38 mAb therapy,
and those with primary refractory disease [16, 29, 32].
Randomization to isatuximab—carfilzomib—dexamethasone
(n = 179) or carfilzomib—dexamethasone alone (n = 123) was
stratified according to the number of prior lines of therapy (1 vs
> 1) and disease stage (Revised-ISS I or II vs III vs not classi-
fied) [29, 32]. As in ICARIA-MM (Sect. 4.1), all study medica-
tions were administered in 4-week (28-day) cycles. Based partly
on the results of an ongoing phase 1b study [44], patients in the
isatuximab arm received IV isatuximab 10 mg/kg weekly for 4
weeks and then every 2 weeks; patients in both arms received [V
carfilzomib twice weekly for the first 3 weeks of each cycle (20
mg/m? on days 1 and 2 of cycle 1; 56 mg/m? on days 8, 9, 15 and
16 of cycle 1 and thereafter) and dexamethasone 20 mg twice
weekly (ondays 1,2, 8,9, 15, 16, 22 and 23 of each cycle; IV on
days of isatuximab and/or carfilzomib infusions; orally on other
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days) [29, 32]. All patients were premedicated prior to isatuxi-
mab and/or carfilzomib infusions; the premedication regimen
included the dexamethasone component of carfilzomib—dexa-
methasone [29, 32]. Treatment continued until disease progres-
sion, unacceptable toxicity or patient choice [29, 32].

The primary endpoint was PFS per IRC; key second-
ary endpoints were the ORR and > VGPR per IRC, and OS.
A preplanned interim analysis of PFS was performed after a
median follow-up of 20.7 months (data cutoff: 7 February 2020)
(Table 1) [16, 29]. Some results are only available from abstracts
[31, 45-48] or the EU summary of product characteristics [16].

Baseline demographic and disease characteristics were gener-
ally well-balanced between the treatment groups [29]. Overall,
patients had a median age of 64 years (40% were aged >65
years); 26%, 60% and 8% were at Revised-ISS stage I, II and 111,
respectively. Approximately a fifth (20%) had RI, 24% had high-
risk cytogenetics, and 42% had 1q21 gain (>3 copies of 1q21).
The median number of prior lines of therapy was 2 (range 1-4)
44%, 33% and 23% of patients had received 1, 2 and >3 prior
lines of therapy respectively; and 61% had received > 1 prior
SCT. Just over three-quarters (78%) of patients had received
prior IMiDs (including 43% who had received prior lenalido-
mide); 90% of patients had received prior PIs; and 45%, 33%,
33% and 54% of patients were refractory to an IMiD, lenalido-
mide, a PI and their last line of therapy, respectively [29].

The addition of isatuximab to carfilzomib—dexametha-
sone significantly improved PFS in patients with relapsed
or refractory MM (Table 1); the risk of disease progression
or all-cause death was reduced by 47% (HR 0.531, 95% CI
0.318-0.889; p = 0.0013) [16]. An isatuximab-related PFS
advantage was seen across almost all prespecified subgroups,
including patients aged > 70 years, those with RI, those with
high-risk cytogenetics, those with 121 gain, those with 1
or > 1 previous lines of therapy, those with prior IMiD or PI
treatment, and those refractory to lenalidomide [29, 48, 49].
PFS benefits were also seen with the addition of isatuximab
to carfilzomib—dexamethasone in the subgroups of patients
with isolated 1q21 gain (HR 0.462, 95% CI 0.219-0.972)
and 1g21 gain combined with other high-risk cytogenetic
abnormalities (HR 0.678, 95% CI 0.299-1.537) [49].

Adding isatuximab to carfilzomib—dexamethasone was
not associated with a significant increase in ORR, although
there was a trend towards a more durable tumour response
with isatuximab combination therapy at the time of this
interim analysis (Table 1). Furthermore, deeper tumour
responses were seen, with significantly more isatuxi-
mab-carfilzomib—dexamethasone recipients than carfil-
zomib—dexamethasone recipients achieving a > VGPR
(Table 1). Approximately twice as many patients in the
isatuximab—carfilzomib—dexamethasone group than the
carfilzomib—dexamethasone group who achieved > VGPR
also reached minimal residual disease (MRD)-negative sta-
tus (41.4% vs 22.9%) [45]. Similarly, approximately twice
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as many patients in the isatuximab—carfilzomib—dexametha-
sone group than the carfilzomib—dexamethasone group who
achieved CR also reached MRD-negative status (20.1% vs
10.6%; per ITT) [29, 31]. Furthermore, MS analysis showed
the CR rate in the isatuximab—carfilzomib—dexamethasone
group was underestimated due to isatuximab interference
[31] (Sect. 2). Specifically, 11 of 27 evaluable isatuxi-
mab recipients with a near-CR or potential CR (i.e. serum
remaining M-protein <0.5 g/dL and positive IFE) had <5%
bone marrow plasma cells and M-protein values below the
IFE sensitivity threshold; this indicated a potential adjusted
CR rate of 45.8%. Additionally, 7 of the 11 patients were
MRD negative, suggesting the CR MRD-negative rate was
also underestimated (potential adjusted rate of 24%) [31].
Consistent with the overall population, the addition of
isatuximab to carfilzomib—dexamethasone was associated
with deeper responses in the subgroups of patients with RI
[47], those with isolated 1g21 gain and 1q21 gain combined
with other high-risk cytogenetic abnormalities [49], and
those who had previously undergone SCT [46].

OS data were immature at the time of the interim efficacy
analysis, with death rates of 17.3% and 20.3% in the isatux-
imab—carfilzomib—dexamethasone and carfilzomib—dexa-
methasone groups, respectively [45].

HRQOL, as assessed using the GHS/QOL domain of the
EORTC QLQ-C30, was maintained with the addition of
isatuximab to carfilzomib—dexamethasone [29].

Crenas (52% vs 31%) and sustained C,,,; (32% vs 8%) rates
were numerically higher in evaluable isatuximab—carfil-
zomib—dexamethasone recipients compared with evaluable
carfilzomib—dexamethasone recipients [29].

5 Tolerability of Isatuximab

Isatuximab combination therapies were generally well toler-
ated and demonstrated a manageable tolerability profile with
no new safety signals identified in the I[CARIA-MM [28] and
IKEMA [29] studies (Sect. 4).

Treatment-emergent adverse events (TEAEs) of any
grade occurred in similar proportions of isatuximab—poma-
lidomide—dexamethasone and pomalidomide—dexamethasone
recipients in I[CARIA-MM (99% vs 98%) (n = 152 and 149,
respectively) [25], as well as isatuximab—carfilzomib—dexa-
methasone and carfilzomib—dexamethasone recipients in
IKEMA (97% vs 96%) [n = 177 and 122, respectively] [29].
The two isatuximab-based triplet regimens had largely simi-
lar safety profiles in terms of the (types of) most frequently
reported adverse reactions (ARs), the most notable differences
being neutropenia and hypertension, which were among the
most common ARs in patients receiving pomalidomide—dexa-
methasone (with or without isatuximab) and carfilzomib—dexa-
methasone (with or without isatuximab), respectively [25,

29] (Fig. 2). Of note, the overall safety profile of isatuxi-
mab—pomalidomide—dexamethasone in the updated analysis
remained unchanged from the earlier analysis [36].

The most frequent non-haematological ARs of any grade in
isatuximab combination therapy recipients included infusion
reactions (IRs), respiratory infections (upper respiratory tract
infection, pneumonia and bronchitis) and dyspnoea [16, 25,
28, 29] (Fig. 2). All isatuximab recipients in ICARIA-MM
and almost all isatuximab recipients in IKEMA (94%) who had
IRs experienced them during the first infusion of the drug; a
small proportion of isatuximab recipients in [CARIA-MM also
experienced them during their second and fourth infusions (2.0
and 1.3%, respectively) [16, 17]. Most IRs were mild or moder-
ate (grade 1 or 2) in intensity [16, 25, 28, 29] (Fig. 2); all were
reversible, resolving on the same day as the infusion in 98%
and 74% of cases in ICARIA-MM and IKEMA, respectively
[16, 17]. Anaphylactic reactions occurred in < 1% of patients
[17]. IRs led to the interruption of and the discontinuation of
isatuximab in, respectively, 28.9% and 2.6% of patients who
received the drug in ICARIA-MM, and 29.9% and 0.6% of
patients who received the drug in IKEMA [16].

Grade >3 TEAEs occurred more frequently in isatuxi-
mab—pomalidomide—dexamethasone than pomalidomide—dexa-
methasone recipients in [CARIA-MM (87% vs 71%) [25], and in
isatuximab—carfilzomib—dexamethasone than carfilzomib—dex-
amethasone recipients in IKEMA (77% vs 67%) [29]. Pneu-
monia was the most common grade >3 non-haematological
AR in isatuximab—pomalidomide—dexamethasone recipients
(21.7% and 3.3% had grade 3 and 4 pneumonia, respectively, vs
16.1% and 2.7% of pomalidomide—dexamethasone recipients)
[16]; it was the second most common grade >3 AR in isatuxi-
mab—carfilzomib—dexamethasone recipients (15.8% and 3.4%
had grade 3 and 4 pneumonia, respectively, vs 10.7% and 2.5%
of carfilzomib—dexamethasone recipients) [16] (Fig. 2). Over-
all, grade >3 infections occurred in 43% of patients receiving
isatuximab—pomalidomide—dexamethasone and 38% of those
receiving isatuximab—carfilzomib—dexamethasone. Infec-
tions leading to treatment discontinuation occurred in 2.6% of
isatuximab—pomalidomide—dexamethasone recipients (vs 5.4%
of carfilzomib—dexamethasone recipients) and 2.8% of isatuxi-
mab—carfilzomib—dexamethasone recipients (vs 4.9% of carfil-
zomib—dexamethasone recipients); fatal infections occurred in
3.3% (vs 4.0%) and 2.3% (vs 0.8%) of patients, respectively [16].

In ICARIA-MM, serious TEAEs (62% vs 54%) and seri-
ous treatment-related TEAEs (36% vs 16%) occurred more
frequently in isatuximab—pomalidomide—dexamethasone than
pomalidomide—dexamethasone recipients, albeit the exposure-
adjusted incidence rate of TEAEs was similar in the two groups
(1.36 vs 1.30 per patient-year) [25]. In IKEMA, the incidences
of serious TEAES (59% vs 57%) and serious treatment-related
TEAESs (25% vs 25%) were similar in the isatuximab—carfil-
zomib—dexamethasone and carfilzomib—dexamethasone groups
[29, 45]. Moreover, in both studies, the addition of isatuximab
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did not result in an increase in ARs leading to definitive
discontinuation of treatment (7.2% in isatuximab—poma-
lidomide—dexamethasone recipients vs 12.8% in pomalido-
mide—dexamethasone recipients in ICARIA-MM [25]; 8.5%
in isatuximab—carfilzomib—dexamethasone recipients vs 13.9%
in carfilzomib—dexamethasone recipients in IKEMA [29, 45])
or ARs with a fatal outcome (7.2% vs 8.7% in ICARIA-MM
[25]; 3.4% vs 3.3% in IKEMA [29, 45]). The incidence of sec-
ond primary malignancies (SPMs) was increased in patients
receiving isatuximab combination therapies [16, 17]. SPMs
occurred in six patients (3.9%) treated with isatuximab—poma-
lidomide—dexamethasone [vs one (0.7%) treated with pomalid-
omide—dexamethasone] in ICARIA-MM, and 13 (7.3%) treated
with isatuximab—carfilzomib—dexamethasone [vs six (4.9%)
treated with carfilzomib—dexamethasone] in IKEMA [17]. The
most common (> 1%) SPMs in these phase III studies com-
bined included skin cancers (4% and 1.5% for regimens with
and without isatuximab, respectively) and solid tumours other
than skin cancer (1.8% and 1.5%, respectively). All patients
with skin cancer continued isatuximab therapy after resection
of the skin cancer [17].

Carfilzomib-associated cardiovascular adverse events
in IKEMA included hypertension (Fig. 2) and cardiac fail-
ure events [29, 45]. Cardiac failure events of any grade were
reported by 7.3% of isatuximab—carfilzomib—dexamethasone
recipients versus 6.6% of carfilzomib—dexamethasone recipi-
ents; grade >3 cardiac failure events were reported by 4.0%
versus 4.1% of patients [29, 45]. Serious and fatal cardiac fail-
ure, respectively, were seen in 4.0% and 1.1% of patients in the
isatuximab—carfilzomib—dexamethasone group, and 3.3% and
0% of patients in the carfilzomib—dexamethasone group [16].

With respect to haematological laboratory abnormalities,
the incidences of grade > 3 neutropenia, thrombocytopenia and
anaemia in ICARIA-MM were 85%, 31% and 32%, respec-
tively, with isatuximab—pomalidomide—dexamethasone versus
69%, 23% and 28%, respectively, with pomalidomide—dexa-
methasone [16]; in IKEMA, they were 19%, 30% and 22%,
respectively, with isatuximab—carfilzomib—dexamethasone
versus 7%, 24% and 20%, respectively, with carfilzomib—dexa-
methasone [29, 45]. Haematological laboratory abnormalities
leading to treatment discontinuation and/or dose modifica-
tion and/or fulfilling a serious criterion were recorded as ARs
[16]. Neutropenia was recorded as an AR in 46.7% of isatuxi-
mab—pomalidomide—dexamethasone recipients in ICARIA-
MM and in 4.5% of isatuximab—carfilzomib—dexamethasone
recipients in IKEMA; the corresponding incidences of grade
3—4 neutropenia recorded as an AR were 45.4% and 4.0% [16,
29]. Grade >3 febrile neutropenia occurred in 11.8% of patients
treated with isatuximab—pomalidomide—dexamethasone and
1.1% of those treated with isatuximab—carfilzomib—dexa-
methasone; neutropenic infection (defined as infection with
concurrent grade >3 neutropenia) occurred in 25% and 1.7%
of patients, respectively. Infections of the upper respiratory tract
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(10%), lower respiratory tract (9%) and urinary tract (3%) were
the most frequent neutropenic infections in isatuximab—poma-
lidomide—dexamethasone recipients [16, 17].

The incidence of treatment-emergent anti-drug antibodies
(ADAs) was 1.9% across nine clinical studies of isatuximab
as monotherapy or in combination therapy in patients with
MM, including ICARIA-MM and IKEMA (n = 1018) [16].
No effects of ADAs on the pharmacokinetics, safety or efficacy
of isatuximab were observed [16].
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Fig.2 Most common adverse events in patients receiving isatuximab
added to a pomalidomide and dexamethasone (ICARIA-MM) and
b carfilzomib and dexamethasone (IKEMA) [17, 25]. AEs adverse
events, IR infusion reaction, ISA isatuximab, Kd carfilzomib and dex-
amethasone, Pd pomalidomide and dexamethasone, URTI upper res-
piratory tract infection. ¢ indicates zero incidence of any grade and/
or grade >3 AEs
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6 Dosage and Administration of Isatuximab

When used in combination with pomalidomide and dexa-
methasone or carfilzomib and dexamethasone, the recom-
mended dosage of isatuximab administered IV is 10 mg/
kg bodyweight on days 1, 8, 15 and 22 (i.e. weekly) in the
first 28-day treatment cycle and days 1 and 15 (i.e. every 2
weeks) in the second and all subsequent 28-day cycles [16,
17]. Isatuximab is administered in a 250 mL fixed infusion
volume, with initial infusion rates of 25, 50 and 200 mL/h
for the first infusion, second infusion and all subsequent
infusions, respectively. Incremental escalation of the infu-
sion rate during the first and second infusions (to a maxi-
mum of 150 and 200 mL/h, respectively) should be consid-
ered only in the absence of IRs; administration adjustments
(including, if necessary, permanent discontinuation) should
be made if patients experience IRs [16].

Patients should receive premedication that also incor-
porates the dexamethasone component of pomalidomide-
dexamethasone or carfilzomib-dexamethasone 15-60 min
prior to isatuximab infusion to reduce the risk and severity
of IRs [16, 17]; those who do not experience an IR upon
their first four infusions of isatuximab may have their need
for subsequent premedication reconsidered [16].

Local prescribing information should be consulted for detailed
information regarding the dosage and administration of isatuxi-
mab, recommended premedication agents, serological testing,
use in special patient populations, and warnings and precautions.

7 Place of Isatuximab in the Management
of MM

The introduction of IMiDs, PIs and anti-CD38 mAbs with
their attendant improvements in survival is shifting the per-
ception of MM from being an incurable disease to being a
manageable chronic disease characterized by multiple relapses
and salvage therapies; the goal of treatment is to achieve dis-
ease control with acceptable toxicity and HRQOL [9].

The ongoing ICARIA-MM and IKEMA studies are the
first phase III trials to evaluate and demonstrate the ben-
efits of isatuximab combination therapies in patients with
MM. In ICARIA-MM, the addition of isatuximab to poma-
lidomide—dexamethasone significantly improved PFS and
ORR in patients with RRMM who had received >2 pre-
vious lines of treatment (including lenalidomide and a PI)
(Sect. 4.1), while in IKEMA, the addition of isatuximab to
carfilzomib—dexamethasone significantly improved PFS in
patients with relapsed or refractory MM who had received
1-3 prior lines of therapy (including IMiDs and PlIs)
(Sect. 4.2). In both studies, PFS benefits were seen across
all patient subgroups, including those with poor prognoses

(e.g. RI, high-risk cytogenetics). Tumour responses appeared
more durable and, furthermore, were deeper with the addi-
tion of isatuximab to pomalidomide—dexamethasone or
carfilzomib—dexamethasone; deeper tumour responses cor-
related with improved long-term outcomes [31, 50] (Sect. 4).
Renal response rates in the RI subgroup were also improved
in patients receiving isatuximab combination therapies
(Sect. 4). OS data are immature in both ICARIA-MM and
IKEMA, although there was a strong trend towards improve-
ment with the addition of isatuximab in the former study,
which is the more advanced of the two (Sect. 4). Mature OS
data from both trials are awaited with considerable interest.

Isatuximab combination therapies were generally well tolerated
and demonstrated a manageable safety profile with no new safety
signals identifed in the ICARIA-MM [28] and IKEMA [29] stud-
ies (Sect. 5). Common ARs occurring with both triplet regimens
included IRs, respiratory infections and dyspnoea, with neutro-
penia being the most common AR in patients receiving isatuxi-
mab—-pomalidomide—dexamethasone (or pomalidomide—dexameth-
asone alone) and hypertension also being among the most common
ARs in patients receiving isatuximab—carfilzomib-dexamethasone
(or carfilzomib—dexamethasone alone). Most IRs occurred during
the first infusion and were mild or moderate in intensity; all were
reversible (Sect. 5). Premedication incorporating the dexamethasone
component of pomalidomide—dexamethasone or carfilzomib—dexa-
methasone is administered prior to isatuximab infusion to reduce
the risk and severity of IRs (Sect. 6); however, no post-infusion
prophylaxis is mandated [15, 16]. Isatuximab, particularly when
combined with pomalidomide and dexamethasone, may cause neu-
tropenia (Sect. 5); the use of colony-stimulating factors should be
considered to mitigate the risk of this adverse event [16, 17]. Addi-
tionally, the incidences of infections and SPMs may be increased
in patients receiving isatuximab combination therapies (Sect. 5);
patients (including those with neutropenia) should be monitored
for signs of infection and the occurrence of SPMs and managed
accordingly [16, 17]. Importantly, HRQOL is not adversely affected
with the addition of isatuximab to pomalidomide—dexamethasone
or carfilzomib—dexamethasone (Sect. 4).

Joint European Hematology Association (EHA) and European
Society for Medical Oncology (ESMO) clinical practice guidelines
for managing MM, including relapsed/refractory disease, have been
published recently [51]. As a second-line therapy, isatuximab—carfil-
zomib—dexamethasone is recommended for patients who have been
exposed or are refractory to lenalidomide; it can also be given in
those who are refractory to bortezomib. As a third- or subsequent-
line therapy, isatuximab—pomalidomide—dexamethasone is a suitable
option for patients who have failed >2 lines of previous therapies,
including lenalidomide and a PI, while isatuximab—carfilzomib—dex-
amethasone is a suitable option for those who have been exposed or
are refractory to both bortezomib and lenalidomide (and who have
not received an mADb) [51]. Both isatuximab combination therapies
have also been included in the latest National Comprehensive Cancer
Network guidelines for MM [52]. As therapy for previously treated
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disease, isatuximab—pomalidomide—dexamethasone is a category 1,
preferred regimen for the treatment of RRMM (indicated for patients
who have received >2 prior therapies, including lenalidomide and
a PI), while isatuximab—carfilzomib—dexamethasone is a category
2A, other recommended regimen [52].

Whereas isatuximab was administered in a weight-based
infusion volume in ICARIA-MM and IKEMA, the approved
method is administration in a 250 mL fixed infusion volume
[16, 17] (Sect. 6). Use of the simplified fixed-volume infusion
method was intended to reduce infusion times of isatuximab; the
efficacy and safety of administering the drug in this approved
manner has been confirmed in part 2 of the phase 1b feasibil-
ity study of isatuximab—pomalidomide—dexamethasone [53].
Shorter duration infusion times offer greater convenience to
patients; in the absence of IRs, the infusion rate of isatuximab
can be progressively increased, such that the first, second and
all subsequent infusions can be delivered in 200, 113 and 75
min, respectively [16, 17] (Sect. 6). Moreover, a subcutaneous
(SC) formulation of isatuximab in combination with poma-
lidomide—dexamethasone is currently being evaluated (and
compared with the IV formulation) in a phase Ib study in ~46
patients with RRMM (NCT04045795). Pending a successful
outcome, the use of SC instead of IV isatuximab in combination
with either pomalidomide—dexamethasone or carfilzomib—dexa-
methasone will increase the convenience of these regimens for
patients.

Further long-term data on the efficacy and safety of isatuxi-
mab—pomalidomide—dexamethasone and isatuximab—carfil-
zomib—dexamethasone are required, as are studies confirming
the effectiveness and tolerability of these triplet regimens in
real-world settings. Regarding the former, the multinational
IONA-MM trial (NCT04458831) is an ongoing, prospective,
non-interventional, observational study of ~ 1100 patients with
relapsed and/or refractory MM receiving isatuximab—poma-
lidomide—dexamethasone in routine clinical practice.

Comparative data in appropriately indicated patients with
RRMM or relapsed MM are needed to help define the roles of
the two isatuximab combination therapies relative to other regi-
mens that may also be used in these settings. In particular, head-
to-head comparisons of isatuximab-based versus daratumumab-
based regimens are keenly awaited. In the interim, median PFS
and OS have been estimated to be, respectively, 5 and 8 months
longer with isatuximab—pomalidomide—dexamethasone than
with daratumumab—pomalidomide—dexamethasone, based on
an indirect comparison of these two regimens that used data
from the ICARIA-MM study for the former and data from a
phase 1b study in patients with relapsed and/or refractory MM
for the latter [54]. As regards practical considerations, isatuxi-
mab, like daratumumab [55], may interfere with serological
testing, as well as SPE and IFE (Sect. 2). It is, however, distin-
guishable from daratumumab, which requires prophylaxis both
pre- and post-infusion [55]. Infusion times for IV isatuximab
also compare favourably with those for IV daratumumab [15],
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albeit a SC formulation of the latter agent is already commer-
cially available [55]. Furthermore, isatuximab binds to a CD38
epitope distinct from that targeted by daratumumab, and can
be further differentiated from the latter on the basis of several
mechanistic differences, including the ability to induce apop-
tosis of CD38-expressing cells directly (i.e. in the absence of
cross-linking agents) [15]. Accordingly, the possibility that
isatuximab can overcome resistance to daratumumab has begun
to be explored [56]. Part B of the phase 1b study enrolled seven
patients who were refractory to daratumumab; three (50%) of
the six who were evaluable for response experienced a minimal
response or better (>MR) [53]. Moreover, seven (77%) of nine
heavily pretreated patients with RRMM who were refractory to
daratumumab experienced a > MR after receiving isatuximab-
pomalidomide—dexamethasone at the MD Anderson Cancer
Center in the USA [57]. Larger, ideally controlled, studies of
isatuximab in daratumumab-exposed or -refractory patients are
warranted.

Pharmacoeconomic modelling studies based on indi-
rect comparisons of efficacy suggest that, at 1 [58, 59]
and 3 [58] (but not 5 [58]) years, there will be both clini-
cal and—from a USA payer perspective—economic ben-
efits favouring the use of IV isatuximab rather than IV
daratumumb in combination with pomalidomide—dexa-
methasone [58] or carfilzomib—dexamethasone [59] to
treat relapsed and/or refractory MM. Additional, longer-
term comparisons of isatuximab-based versus daratu-
mumab-based regimens in this, as well as a European,
setting will be of interest, as will pharmacoeconomic
studies comparing SC isatuximab (pending availability)
with SC daratumumab.

In conclusion, although final OS data are awaited, the
available evidence indicates that the combinations of
isatuximab with pomalidomide—dexamethasone and carfil-
zomib—dexamethasone are important additional treatment
options for RRMM and relapsed MM, respectively.

Data Selection Isatuximab: 254 records identified

Duplicates removed 44

Excluded during initial screening (e.g. press releases; 97
news reports; not relevant drug/indication; preclinical
study; reviews; case reports; not randomized trial)

Excluded during writing (e.g. reviews; duplicate data; 51
small patient number; nonrandomized/phase I/II trials)

Cited efficacy/tolerability articles 24
Cited articles not efficacy/tolerability 38

Search Strategy: EMBASE, MEDLINE and PubMed from 1946
to present. Clinical trial registries/databases and websites were
also searched for relevant data. Key words were isatuximab,
Sarclisa, SAR650984, multiple myeloma. Records were limited to
those in English language. Searches last updated 13 July 2021
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