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ABSTRACT

Isatuximab is a monoclonal antibody that binds to the human
CD38 antigen. OnMay 30, 2020, amarketing authorization valid
through the European Union (EU) was issued for isatuximab in
combination with pomalidomide and dexamethasone (IsaPd)
for the treatment of adult patients with relapsed and refractory
(RR) multiple myeloma (MM). The recommended dose of
isatuximab was 10 mg/kg, administered intravenously weekly
at cycle 1 and then biweekly in subsequent 28-day cycles.
Isatuximab was evaluated in a phase III, open-label, multicenter,
randomized trial that randomly allocated IsaPd versus
pomalidomide plus dexamethasone (Pd) to adult patients with
RR MM. The primary endpoint of the trial was progression-free

survival, as assessed by an independent review committee,
which was superior for the IsaPd arm (hazard ratio, 0.596; 95%
confidence interval, 0.436–0.814; p= .001) compared with the
Pd arm. Treatment with IsaPd led to higher incidences of
treatment-related adverse events (AEs), grade ≥ 3 AEs, and
serious AEs compared with Pd treatment. Most frequently
observed AEs that occurred more often in the IsaPd arm were
infusion-related reactions, infections, respiratory AEs, neutro-
penia (including neutropenic complications), and thrombocyto-
penia. The aim of this article is to summarize the scientific
review of the application leading to regulatory approval in
the EU. The Oncologist 2021;26:983–987

Implications for Practice: Isatuximab was approved in the European Union, in combination with pomalidomide and
dexamethasone, for the treatment of patients with multiple myeloma who have already received therapy but whose disease
did not respond or relapsed afterward. The addition of isatuximab resulted in a clinically meaningful and significant
prolongation of the time from treatment initiation to further disease relapse or patient’s death. The safety profile was
considered acceptable, and the benefit-risk ratio was determined to be positive.

INTRODUCTION

Multiple myeloma (MM) is a hematological malignancy
resulting from the uncontrolled proliferation of monoclonal
plasma cells, leading to the production of a monoclonal immu-
noglobulin, immune suppression, and end-organ damage. The
incidence of MM in Europe is 6.0 cases per 100,000 inhabitants
per year, with a median age at diagnosis between 65 and
70 years and age-standardized 5-year relative survival around

40% [1]. Patients with MM may experience a variety of
disease-related events and symptoms, including renal failure,
fatigue, bone pain and fractures, hypercalcemia, and recurrent
infections. A deterioration in quality of life is particularly mar-
ked in elderly/frail patients, who represent approximately 30%
of patients withMM [2]. Prognostic factors are serum β2-micro-
globulin, albumin, C-reactive protein, lactate dehydrogenase,
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and cytogenetic alterations such as t(4;14), deletion(17p), t
(14;16), and chromosome 1 abnormalities [3].

Treatment is recommended in patients with symptom-
atic disease and typically contains one proteasome inhibitor
(PI) and/or immunomodulatory drug (IMiD) plus dexametha-
sone, followed by autologous stem cell transplantation in
younger eligible patients [3]. Patients with relapsed and/or
refractory (RR) disease typically receive salvage therapy, gen-
erally followed by consolidation or maintenance therapy
until progression or intolerance, and then proceed to the
next option. In this setting, PI- and IMiD-based regimens
are commonly used in combination with corticosteroids,
but the landscape is changing since the approval of novel
classes of agents, specifically the histone deacetylase inhibitor
panobinostat [4] and two monoclonal antibodies (mAbs)
against the cell surface antigens CD38 (daratumumab) and
SLAMF7 (elotuzumab) [5–7]. Furthermore, the addition of the
second-generation IMiDs, lenalidomide [8] and pomalidomide
[9], and the second-generation PIs carfilzomib [10] and
ixazomib [11] provides additional within-class treatment
options for patients with RR MM. With the advent of newer
therapies, the median overall survival (OS) of patients with MM
has improved and is currently around 45–60 months from diag-
nosis [12].

On April 30, 2019, the Sanofi-Aventis Groupe (Paris, France)
applied for a marketing authorization via the European Medi-
cines Agency (EMA) centralized procedure for isatuximab (trade
name Sarclisa). Isatuximab had been designated an orphan
medicine by the European Commission in April 2014. To qualify
for orphan designation, a medicine must be intended for the
treatment, prevention, or diagnosis of a life-threatening or
chronically debilitating disease; the prevalence of the condition
in the European Union (EU) must not be more than 5 in 10,000;
and themedicinemust be of significant benefit to those affected
by the condition. On April 23, 2020, the marketing authorization
holder requested thewithdrawal of the orphan designation.

The review of the benefit-risk balance was conducted
by the Committee for Medicinal Products for Human Use
(CHMP), and the positive opinion was issued on March
26, 2020. The indication approved in the EU is as follows: “Sar-
clisa in combination with pomalidomide and dexamethasone is
indicated for the treatment of adult patients with relapsed and
refractory multiple myeloma who have received at least two
prior therapies including lenalidomide and a proteasome inhib-
itor and have demonstrated disease progression on the last
therapy.” The aim of this article is to summarize the scientific
review of the application leading to the regulatory approval of
isatuximab in the EU.

NONCLINICAL ASPECTS AND CLINICAL PHARMACOLOGY

Isatuximab is an mAb that binds to the human cell surface
antigen molecule classified as cluster of differentiation
38 (CD38), which is strongly expressed by MM tumor cells.
Isatuximab acts through antibody-dependent cell-mediated
cytotoxicity (ADCC), antibody-dependent cellular phagocy-
tosis, and complement-dependent cytotoxicity. Isatuximab
can also trigger tumor cell death by induction of apoptosis
via an Fc-independent mechanism, and it exhibits multiple
tumor targeting and immunomodulatory effects that may

contribute to tumor growth inhibition [13, 14]. The combi-
nation of isatuximab and pomalidomide was supported by
several nonclinical experiments. In vitro, the combination
enhanced the cell lysis of CD38-expressing MM cells by ADCC
and direct tumor cell killing compared with isatuximab alone.
In vivo experiments using an MM xenograft model demon-
strated that the combination of isatuximab and pomalidomide
resulted in enhanced antitumor activity compared with
isatuximab or pomalidomide alone [15].

From sequence comparisons of the mAbs and the CD38
sequence, it was concluded that isatuximab binds to a dif-
ferent CD38 epitope compared with daratumumab, the
other anti-CD38 mAb approved in the EU [13].

Biweekly intravenous administration of isatuximab to
mice or once weekly intravenous administration to non-
human primates resulted in dose-dependent accumulation of
isatuximab in line with its half-life. Using the population
pharmacokinetic modeling approach, a plasma concentration
threshold of 128.8 μg/mL was needed for tumor eradication
in mice, which corresponded to 10–20 mg/kg in humans.

TRIAL DESIGN

The submission was based on the phase III trial EFC14335/
ICARIA, a randomized, open-label, multicenter study com-
paring isatuximab plus pomalidomide and dexamethasone
(IsaPd) with pomalidomide and dexamethasone alone (Pd)
in adult patients with RR MM [16]. The appropriate isatuximab
dose was set at 10 mg/kg in two dose-finding studies as a sin-
gle agent [17, 18] and a phase Ib study of isatuximab in combi-
nation with pomalidomide and dexamethasone [19].

In trial EFC14335/ICARIA, patients had to have received at
least two prior lines of therapy, including lenalidomide and a
PI (bortezomib, carfilzomib, or ixazomib), and had to have
progressed to the last therapy. Patients could have received
other anti-CD38 mAbs, but they could not be refractory to
them. In contrast, prior therapy with pomalidomide therapy
was not allowed.

Treatment was administered in 28-day cycles. In the
IsaPd arm, dexamethasone 40 mg (or 20 mg in patients
older than 75 years) was administered orally or intrave-
nously on days 1, 8, 15, and 22; isatuximab 10 mg/kg was
administered intravenously on the same days at cycle 1 and
then on days 1 and 15 for subsequent cycles; and poma-
lidomide 4 mg was administered orally on days 1 to 21. In the
Pd arm, patients received dexamethasone and pomalidomide
in the same manner as patients allocated to the IsaPd arm. If
a patient were clinically stable, he or she could remain on
treatment until progressive disease or unacceptable toxicity.

The primary endpoint was progression-free survival (PFS) as
assessed by an independent review committee (IRC). Key sec-
ondary endpoints were objective response rate (ORR) and OS.
Other secondary endpoints were time to progression (TTP),
time to next treatment (TTNT), PFS in high-risk cytogenetic
population, duration of response, safety, pharmacokinetics,
immunogenicity, and health-related quality of life. A sample size
of 300 patients was planned, assuming a median PFS of
4.0 months for the control arm and a 40% risk reduction in haz-
ard ratio (HR) in patients allocated to the IsaPd arm. The study
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was also powered to detect a statistically significant differ-
ence in OS.

CLINICAL EFFICACY

The study randomized 307 subjects: 154 to the IsaPd arm and
153 to the Pd arm (intention-to-treat population). Six of these
patients did not receive study drug: four in the Pd arm and
two in the IsaPd arm. Reasons for not receiving therapy were
adverse events (AEs) in three patients, progressive disease in
one patient, consent withdrawal in one patient, and one
woman unwilling to be tested for pregnancy. The 301 patients
who received the study drug comprised the safety population:
152 in the IsaPd arm and 149 in the Pd arm. Patients’ baseline
characteristics were reasonably well balanced across both
arms except for high-risk cytogenetics, which were more fre-
quent in the Pd arm (15.6% vs. 23.5%, respectively).

With a median follow-up of 11.6 months (cutoff date:
October 11, 2018), the primary endpoint (IRC-assessed PFS)
showed an HR of 0.596 (95% confidence interval [CI], 0.436–
0.814; p = .001) in favor of the IsaPd arm. Moreover, the
median IRC-confirmed PFS was 11.53 months (95% CI, 8.94–
13.9) for the IsaPd arm and 6.47 months (95% CI, 4.47–8.28) for
the Pd arm (Fig. 1; Table 1). Sensitivity analyses consistently
favored the IsaPd arm, showing HRs ranging from 0.568 to
0.602, including the CHMP-recommended PFS analysis (not
censoring for subsequent therapy) and investigator-assessed
PFS analysis.

Regarding key secondary endpoints, the ORR was 60.4%
(95% CI, 52.2%–68.2%) versus 35.3% (95% CI, 27.7%–43.4%)
for the IsaPd and Pd arms, respectively. At the time of the
primary analysis for PFS, the OS data were still immature,
but there was a trend favoring the IsaPd arm with an HR of
0.687 (95% CI, 0.46–1.02; p = .0631).

The other secondary endpoints TTP (median
12.71 months [95% CI, 11.20–15.21] for the IsaPd arm
vs. 7.75 months [95% CI, 5.03–9.76] for the Pd arm) and
TTNT (median not reached [95% CI, 12.12–not reached] for
the IsaPd arm vs. 9.10 months [95% CI, 6.37–12.26] for the
Pd arm) supported the primary endpoint.

CLINICAL SAFETY
The safety population included 152 patients and 149 patients in
the IsaPd and Pd groups, respectively. Overall treatment expo-
sure was greater (median 41 vs. 24 weeks) for patients allo-
cated to the IsaPd versus Pd arms, respectively. The median
relative dose intensity was 92.28%, 85.14%, and 87.76% for
isatuximab, pomalidomide, and dexamethasone, respectively,
in the IsaPd group and 93.33% and 96.32% for pomalidomide
and dexamethasone, respectively, in the Pd group. The inci-
dence of treatment-emergent AEs (TEAEs) was higher in the
IsaPd group when considering treatment-related TEAEs (90.8%
vs. 79.9%, respectively), grade ≥ 3 TEAEs (86.8% vs. 70.5%), and
serious TEAEs (61.8% vs. 53.7%) (Table 1). The incidence of
TEAEs with a fatal outcome during the treatment period was
7.2% versus 8.7%, respectively, and of TEAEs leading to defini-
tive treatment discontinuation was 7.2% versus 12.8%.

The incidences of treatment-related TEAEs that were ≥ 5%
greater in the IsaPd arm included neutropenia (42.8% vs.

32.2%), infusion-related reactions (IRRs, 36.2% vs. 0.0%), upper
respiratory tract infection (9.9% vs. 4.0%), febrile neutropenia
(10.5% vs. 2.0%), and bronchitis (8.6% vs. 2.0%). The treatment-
related grade ≥ 3 TEAEs with an incidence ≥5% greater in the
IsaPd arm were neutropenia (42.1% vs. 30.9%) and febrile neu-
tropenia (10.5% vs. 2.0%). There were no treatment-related
TEAEs with an incidence ≥5% greater in the Pd group compared
with the IsaPd group.

Regarding AEs of special interest (AESIs), IRRs occurred
in 38.2% of patients from the IsaPd arm. These were mostly
grade 2 and led to discontinuation of isatuximab in 2.6% of
patients. Second primary malignancies were reported in
one patient in the Pd arm (skin squamous cell carcinoma
[SCC]) and in six patients in the IsaPd arm: four cases of skin
SCC, one of angiosarcoma, and one of myelodysplastic syn-
drome. The incidence of lower respiratory AEs was 36.8%
versus 25.5% in the IsaPd versus Pd arms (grade ≥ 3 7.9%
vs. 3.4%). AEs contributing the most to this imbalance were
dyspnea and productive cough. The incidence of all grades
(grade ≥ 3) respiratory infections was 74.3% versus 53.0%
(36.2% vs. 24.2%) in the IsaPd versus Pd arms, respectively.
Table 1 also displays AESI rates related to the total popula-
tion of patients exposed to isatuximab at different dose
levels, either as a single agent or in combination (n = 576).

BENEFIT-RISK ASSESSMENT

The proposed target population of isatuximab has a very
advanced stage of disease (third-line setting and beyond), a set-
ting in which pomalidomide, daratumumab, and panobinostat
are approved. Since definitive cure is not available, a significant
delay in disease progression associated with acceptable toxicity
would represent a benefit for these patients.

The primary endpoint (PFS as per IRC) was reached,
with a significant and clinically relevant improvement for
IsaPd compared with Pd. The PFS subgroup (including the
high-risk cytogenetic population) and sensitivity analyses
generally supported the primary analysis. Some secondary
endpoints (ORR and TTP) also supported the primary end-
point. Immature results in OS revealed a trend in favor of the
IsaPd arm, which should be interpreted in the context of

Figure 1. Kaplan-Meier plots for progression-free survival by
independent review committee assessment (primary endpoint,
cutoff date October 11, 2018).
Abbreviations: IPd, isatuximab, pomalidomide, and dexametha-
sone; Pd, pomalidomide and dexamethasone.
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subsequent therapy. The final OS analysis, including sub-
group analyses by refractoriness to lenalidomide, PI inhibi-
tors, or both, will be submitted in line with CHMP
recommendations.

Since daratumumab is already approved for patients
with previously untreated and RR MM, the applicant was
asked about the potential use of isatuximab in patients who
are refractory to daratumumab. The applicant provided pre-
liminary results from studies TCD14079 and TED14154
suggesting that isatuximab had some activity in this patient
population, but the interpretation was difficult because of
low patient numbers, patient heterogeneity, and single-arm
design. The applicant was also asked to add the following
sentence to the Summary of Product Characteristics:
“Insufficient data is available to conclude on the efficacy
of isatuximab in patients previously treated with
daratumumab.”

Compared with Pd, drug exposure to IsaPd was higher,
but the relative dose intensity for each separate drug lower,
because more dose adjustments were needed. Treatment with
IsaPd led to more treatment-related AEs, grade ≥ 3 AEs, and
severe AEs compared with Pd treatment. The type of AEs was
not unexpected for a Pd backbone combined with an anti-CD38
antibody. The toxicity profile of isatuximab was manageable
and mostly reversible and will be monitored in routine
pharmacovigilance activities. Since treatment duration is until
progressive disease or unacceptable toxicity, long-term expo-
sure might occur. However, safety data for long-term exposure
(>12months) are limited. To gain more information about long-
term exposure, the applicant was asked to evaluate the safety
data at the time of the final OS analysis of study EFC14335 and
provide an addendum.

In summary, the clinical benefit of adding isatuximab to
pomalidomide and dexamethasone was demonstrated in
patients with RRMMwho have received at least two prior ther-
apies including lenalidomide and a PI. Toxicity was higher for
IsaPd compared with isatuximab monotherapy, but this did not
result in increased treatment discontinuation or death. The
type of AEs was generally as expected based on the mechanism
of action of the IsaPd components. The added toxicity of com-
bining isatuximab with Pd was justified by the demonstrated
clinical benefit.

CONCLUSION

Based on the review of data on quality, safety, and efficacy,
the EMA CHMP concluded by consensus that the risk-benefit
balance of isatuximab in combination with pomalidomide
and dexamethasone was favorable for the treatment of adult
patients with relapsed and refractory multiple myeloma who
have received at least two prior therapies including
lenalidomide and a proteasome inhibitor and have demon-
strated disease progression on the last therapy.
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Table 1. Key favorable and unfavorable results of isatuximab therapy in combination with pomalidomide and
dexamethasone for adult patients with relapsed/refractory multiple myeloma (ICARIA study, cutoff date: October 11, 2018,
for efficacy analysis and November 22, 2018, for safety analysis)

Effect
Experimental
(IsaPd, n = 154)

Control
(Pd, n = 153)

Uncertainties, strength of
evidence

Favorable effects

PFS by IRC, months 11.53 6.47 Supported by sensitivity
analyses

Not yet supported
by mature OS data

HR, 0.596; 95% CI, 0.44–0.81; p = .001

ORR by IRC, % 60.4 35.3

OS, % at 12 months 72 63.3 Not mature yet
Mature data probably

available in 2021HR, 0.687; 95% CI, 0.46–1.02; p = .0631

Unfavorable effects, %

AEs, overall (treatment-related) 99.3 (90.8) 98.0 (79.9)

Grade ≥3 AEs, overall (treatment-related) 86.8 (71.7) 70.5 (47.7)

SAEs, overall (treatment-related) 61.8 (35.5) 53.7 (16.1)

IRRs, overall (grade ≥3) 38.2 (2.6) 0 (0)

Infections and infestations, overall (grade ≥3) 80.9 (42.8) 64.4 (30.2)

SPMs, overall 3.9 0.7

Neutropenia, grade ≥3 (neutropenic complications) 84.9 (30.3) 70.1 (20.1)

Thrombocytopenia, grade ≥3 (bleeding) 30.9 (8.6) 24.5 (11.4)

Abbreviations: AE, adverse event; CI, confidence interval; HR, hazard ratio; IRC, independent review committee; IRR, infusion-related reaction;
IsaPd, isatuximab, pomalidomide, and dexamethasone; ORR, objective response rate; OS, overall survival; Pd, pomalidomide and dexametha-
sone; PFS, progression-free survival; SAE, severe adverse event; SPM, secondary primary malignancy.
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