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Although the treatment of relapsed/refractory multiple myeloma has improved dramatically over the past
decade, the disease remains incurable; therefore, additional therapies are needed. Novel combination
therapies incorporating monoclonal antibodies have shown significant promise. Here we describe the
design of a Phase III study (NCT03275285, IKEMA), which is evaluating isatuximab plus carfilzomib and
low-dose dexamethasone, versus carfilzomib/dexamethasone in relapsed/refractory multiple myeloma.
The primary end point is progression-free survival. Responses are being determined by an independent
review committee using 2016 International Myeloma Working Group criteria, and safety will be assessed
throughout. The first patient was recruited in November 2017, and the last patient was recruited in March
2019; 302 patients have been randomized, and the study is ongoing.
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Multiple myeloma (MM) is the third most common blood cancer, characterized by uncontrolled growth of bone
marrow plasma cells leading to anemia, lytic bone lesions, overproduction of monoclonal immunoglobulins and
frequent hypercalcemia. The abnormal production and accumulation of immunoglobulins can also lead to renal
dysfunction and an increased risk of infection. Almost 160,000 new cases were diagnosed globally in 2016, with an
associated estimate of 2.1 million disability-adjusted life-years [1]. At diagnosis, most patients present with advanced
disease, with limited screening currently available to aid in early diagnosis.

A broad spectrum of therapeutic agents is currently available for treatment of patients with MM. These include
immunomodulatory drugs (IMiDs) that increase the activation of T cells and natural killer (NK) cells, induce
apoptosis and inhibit cell adhesion molecules [2], and proteasome inhibitors (PIs) that inhibit the catalytic site
of the 26S proteasome inducing apoptosis. Both of these classes of drugs, the IMiDs (including thalidomide,
lenalidomide and pomalidomide) and the PIs (including bortezomib, carfilzomib and ixazomib), act through
multiple mechanisms to cause myeloma cell death and prevent cell proliferation [3–9]. Although these drugs
were initially used in relapsed myeloma, the use of IMIDs and PIs in induction therapies has resulted in better
patient outcomes, including higher response rates and lower toxicity, when compared with traditional cytotoxic
chemotherapy [3,10–12].
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The initial treatment of MM is directed toward alleviating symptoms and decreasing the burden of disease [13]. A
combination of an IMiD with a PI and a steroid (triplet therapy) has emerged as the mainstay of initial therapy [14].
Younger patients who are fit and have limited comorbidity may benefit from receiving consolidation therapy with
autologous stem cell transplantation [15]. Following the induction and consolidation strategies, most patients receive
maintenance therapy, with the goal of improving the duration of remission [16]. However, relapse is inevitable, and
the vast majority of patients require additional therapy [17]. There are multiple salvage therapies available for patients
who experience early relapse, but the ideal regimen or sequence of therapies has not been defined. Many factors,
including patient-, disease- and treatment-related factors, are utilized to guide the selection of salvage therapy.

Several PIs are currently approved for use in relapsed refractory multiple myeloma (RRMM) only. Carfilzomib
is a highly selective next-generation PI with minimal off-target adverse effects. In single-agent carfilzomib studies,
the most frequently reported types of toxicity were cardiac events (e.g., congestive heart failure), pulmonary
events (e.g., dyspnea) and renal impairment events (e.g., increased blood creatinine) [18]. This agent demonstrates
superior efficacy to bortezomib with a more favorable adverse event (AE) profile, including lower rates of peripheral
neuropathy. Carfilzomib is approved for treatment of RRMM as a single agent, as well as in combination with
lenalidomide and/or dexamethasone [19,20].

ENDEAVOR, a Phase III study conducted in 929 patients with RRMM after one to three prior treatments,
showed superiority for carfilzomib plus dexamethasone versus the comparator bortezomib plus dexamethasone [21],
which was utilized as a standard of treatment for RRMM for >10 years. These results led to the regulatory approval
in 2016 of the carfilzomib plus dexamethasone combination in this patient population [21]. In addition, in the
follow-up analysis of the overall survival (OS) benefit, carfilzomib provided a significant and clinically meaningful
reduction in the risk of death, compared with bortezomib [21].

Also approved for the treatment of RRMM are a series of monoclonal antibodies that target cell membrane
molecules that are highly expressed on the surface of MM cells [22–26]. Daratumumab targets CD38, a type II
transmembrane glycoprotein that functions both as a signal-transducing receptor and a multifunctional ectoenzyme,
and is highly expressed on MM cells. More than 90% of malignant plasma cells from patients with MM exhibit
surface expression of CD38 [27], in contrast to its low-to-moderate expression on normal cells. Daratumumab was
shown to have effects on CD38-expressing immunosuppressive Treg and B cells and myeloid-derived suppressor
cells; the number, activation and clonality of cytotoxic T cells were increased after daratumumab treatment in
heavily pretreated patients with RRMM [28]. Daratumumab is approved for use as a single agent in heavily
pretreated patients with RRMM who are refractory to therapy with PIs and IMiDs [24] and for use in combination
with pomalidomide/dexamethasone (USA only), lenalidomide/dexamethasone, bortezomib/dexamethasone and
bortezomib/melphalan/prednisone as treatment for RRMM [29,30].

Elotuzumab targets SLAMF7, a glycoprotein that is selectively expressed on MM and NK cells. A Phase III study
that compared elotuzumab plus lenalidomide/dexamethasone with lenalidomide/dexamethasone alone in patients
with RRMM led to the approval of elotuzumab in combination with lenalidomide/dexamethasone in patients
with MM who have received one to three prior therapies [22]. More recently, elotuzumab has been approved in
combination with pomalidomide/dexamethasone in patients with RRMM who received at least two prior therapies,
including lenalidomide and a PI [31].

Isatuximab
Isatuximab is an immunoglobulin G1 (IgG1) monoclonal antibody that targets a specific epitope on CD38. The
mechanism of action of isatuximab is still being evaluated; however, it is known that isatuximab inhibits CD38
ectoenzyme activity and is capable of eliciting innate immune responses; antibody-dependent cellular cytotoxicity,
complement-dependent cytotoxicity and antibody-dependent cellular phagocytosis, as well as the direct induction
of target-cell killing through apoptotic mechanisms in the absence of cross-linking agents [23,32].

A recent preclinical study indicates that NK cell-mediated antibody-dependent cellular cytotoxicity is impor-
tant [33]. In vivo, isatuximab likely also causes inhibition of immunosuppressive cells, including CD38(+) Tregs and
B regulatory cells, thereby producing additional antitumor effects (Figure 1) [34].

In preclinical studies, the antitumor effects of isatuximab appear to be significantly enhanced when it is combined
with IMiDs and PIs. In a murine xenograft model utilizing MM.S1 cell lines, the combination of isatuximab plus
carfilzomib showed there are additive antimyeloma effects [35]. In fact, while each individual agent slowed tumor
growth, the combination demonstrated actual tumor regression [35]. It is unclear whether the mechanism for this
synergy is through a proapoptotic effect or due to combined immune modulation.
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Figure 1. Isatuximab mechanism of action.

The clinical development program of isatuximab includes four ongoing Phase III clinical trials evaluating
isatuximab in combination with currently available standard treatments for patients with RRMM or newly diagnosed
with MM. Isatuximab has received orphan drug designation for RRMM by the US FDA. Isatuximab is also under
investigation as an agent for the treatment of other hematologic malignancies (NCT03769181, NCT01084252)
and solid tumors (NCT03367819, NCT03637764).

The first-in-human, Phase I/II study (NCT01084252) of isatuximab was carried out in advanced stage heavily
pretreated patients with RRMM who had received a median of five prior lines of therapy. As a single agent,
isatuximab demonstrated clinical activity [36,37] and was generally well tolerated in these patients. Infusion reactions
(IRs) were the most common AEs that occurred, with most IRs being grade 1/2 and generally observed during the
initial infusion. The IRs were clinically manageable and resulted in few discontinuations, and no clinical sequelae
were noted following recovery. At doses ≥10 mg/kg, the overall response rate (ORR) was 20–29%, the median
time to first response was 4 weeks and the median duration of response was approximately 25 weeks [38]. Based on
the clinical efficacy and favorable safety profile of isatuximab as a single agent, follow-up evaluation of isatuximab
in combination with PIs and IMiDs is ongoing.

Isatuximab 10 mg/kg in combination with lenalidomide/dexamethasone (NCT01749969; Phase I) was also
associated with an acceptable safety profile [39]. Overall, the safety profile of this combination was consis-
tent with the safety profile of single-agent isatuximab and the combination of lenalidomide/dexamethasone
alone [39,40]. Treatment of this heavily pretreated patient population (median five prior lines) with isatuximab plus
lenalidomide/dexamethasone resulted in an ORR of 56% [39]. The ORRs among patients who were refractory
to lenalidomide or both an IMiD and a PI were 52% and 45%, respectively. The ORR of the heavily pretreated
population (≥3 prior lines) was 48% (n = 44). The pharmacokinetics (PK) of lenalidomide was not affected by
co-administration with isatuximab [39]. In the Phase III ICARIA study evaluating the combination of isatuximab in
combination with pomalidomide/dexamethasone, isatuximab plus pomalidomide/dexamethasone resulted in a me-
dian progression-free survival (PFS) of 11.5 months compared with 6.5 months in pomalidomide/dexamethasone
alone, at median follow-up of 11.6 months (p = 0.001). The ORR (≥ PR) was 60.4% with isatuximab plus
pomalidomide/dexamethasone compared with 35.3% with pomalidomide/dexamethasone alone (p < 0.0001) [41].
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Table 1. Key eligibility criteria.
Inclusion Exclusion

Aged ≥18 years Primary refractory multiple myeloma

MM Patients with serum-free light chain measurable disease only

Measurable disease:
serum M-protein ≥0.5 g/dl and/or urine M-protein ≥200 mg/24 h

Prior treatment with carfilzomib

Patients with RRMM with 1–3 prior lines of therapy ECOG performance status �2

Written informed consent Patients who are refractory to† or failed to achieve at least a minimal response with
prior anti-CD38 therapy

Prior allogeneic hematopoietic stem cell transplantation with active graft versus
host disease (any grade or receiving immunosuppressive treatment within the last 2
months)

†Progression on or within 60 days after the end of anti-CD38 therapy.
ECOG: Eastern Cooperative Oncology Group; MM: Multiple myeloma; RRMM: Relapsed/refractory MM.

Figure 2. Recruiting countries. Darker shading indicates recruiting countries.

The combination of isatuximab with carfilzomib was investigated in a Phase Ib study (NCT02332850). Three
dosing cohorts were evaluated: isatuximab 10 mg/kg every 2 weeks (Q2W), isatuximab 10 mg/kg weekly (QW)
over 4 weeks then Q2W, and isatuximab 20 mg/kg weekly over 4 weeks then Q2W in combination with carfilzomib
(20 mg/m2 on days 1 and 2, and 27 mg/m2 on days 8, 9, 15 and 16 in a standard 4-week cycle). As in previous
isatuximab studies, dexamethasone was given routinely as a premedication for isatuximab. In 33 heavily pretreated
patients with RRMM, all of whom had prior IMiD and PI exposure (79% were double refractory), the ORR was
66% [42]. The combination was well tolerated, and the maximum-tolerated dose was not reached.

After applying the insights from the isatuximab clinical studies described above and the accompanying
PK/pharmacodynamic analyses, the dosing schedule of isatuximab 10 mg/kg weekly for 4 weeks then Q2W
was considered the optimal biological dose and was selected for further investigation in combination with other
therapies, including carfilzomib, in the IKEMA Phase III study.

IKEMA Phase III study
Here we describe the design and rationale for an ongoing, prospective, multinational, randomized, open-label,
parallel-group, two-arm, Phase III study (NCT03275285, IKEMA) evaluating the efficacy and safety of standard
isatuximab (10 mg/kg QW × 4, then given Q2W) in combination with twice-weekly carfilzomib (3 weeks out
of 4) and twice-weekly low-dose dexamethasone versus carfilzomib and low-dose dexamethasone alone in patients
with RRMM.
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Figure 3. Study design and dosing schedule.
†Carfilozomib 20 mg/m2 day 1–2, then 56 mg/m2 all additional days.
RRMM: Relapsed/refractory multiple myeloma.

Objectives
The primary objective of this study is to demonstrate the benefit of isatuximab plus carfilzomib/dexamethasone
in prolonging PFS, compared with carfilzomib/dexamethasone alone, in the treatment of patients with RRMM.
The key secondary objectives are to evaluate the ORR, the rate of very good partial response or better as per
International Myeloma Working Group criteria [43], the rate of very good partial response or better with minimal
residual disease negativity, the complete response rate and the OS of patients in each treatment arm. Additional
secondary end points are being assessed, including safety, time to progression, PFS2 (the time to a second event
of progressive disease or death), the duration of response, immunogenicity, PK and health-related quality of life in
both arms.

Key eligibility criteria
Patients must be aged ≥18 years with signed informed consent, with documented diagnosis of MM, and with
measurable evidence of disease (serum M-protein ≥0.5 g/dl and/or urine M-protein ≥200 mg/24 h). Patients
will have received at least one, but no more than three, prior lines of antimyeloma therapy, including IMiDs and
PIs (Table 1).

Key exclusion criteria include Eastern Cooperative Oncology Group performance status greater than two; primary
refractory MM (patients must have achieved at least a minimal response with any prior treatment during the disease
course); serum-free light chain measurable disease only; refractoriness to prior anti-CD38 antibody therapy; prior
carfilzomib therapy and/or prior allogeneic hematopoietic stem cell transplantation with active graft-versus-host
disease (any grade or being under immunosuppressive treatment within the last 2 months); and a history of
myocardial infarction, severe/unstable angina pectoris, coronary/peripheral artery bypass graft, New York Heart
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Table 2. Assessments and schedule.
Timing Assessment

Patient characteristics and disease history

Baseline Demographics, myeloma history, and prior antimyeloma treatment, FISH (del[17p],
t[4:14], t[14:16]) to determine R-ISS stage

Efficacy assessment†

Baseline, day 1 of all cycles, EOT‡, follow-up (for patients who
discontinue the study treatment without PD)

Serum M-protein, urine M-protein, serum-free light chains, quantitative
immunoglobulins

Baseline, when indicated to document, overall response Bone marrow disease involvement (plasma cell infiltration)

Baseline and then annually Bone lytic disease assessment

Every 12 weeks (if present at baseline) Extramedullary disease assessment per investigator choice, with International
Myeloma Working Group response/failure criteria applied

Safety

Continuously throughout the study period Adverse events, vital signs, physical examination, hematology, blood chemistry,
antidrug antibodies, electrocardiogram

Isatuximab PK

Days 1, 8, 15, and 22 of cycle 1, day 1 of subsequent cycles up to 10
cycles

Isatuximab PK parameters by ELISA population PK modeling

Patient-reported outcomes

Day 1 of all cycles, EOT‡, 90 days after last administration EORTC QLQ-C30, EORTC QLQ-MY20, EQ-5D-5L

†Overall response and disease progression will be assessed by International Myeloma Working Group criteria (Kumar et al. 2016).
‡EOT visit will be 30 days after last study treatment administration or before further antimyeloma therapy initiation, whichever comes first.
EORTC: European Organisation for Research and Treatment of Cancer; EOT: End of treatment; EQ-5D-5L: EuroQoL 5-dimensions questionnaire with 5 response levels
per dimension; PD: Progressive disease; PK: Pharmacokinetics; QLQ-C30: Quality-of-life questionnaire core module; QLQ-MY20: Quality-of-life questionnaire myeloma
module; R-ISS: Revised International Staging Score.

Association class III or IV congestive heart failure, greater than or equal to grade 3 arrhythmias, stroke/transient
ischemic attack within last 6 months, and/or left ventricular ejection fraction lower than 40%.

Study design
Study locations
This Phase III study has recruited patients with MM from Australia, Brazil, Canada, Czech Republic, France,
Greece, Hungary, Italy, Japan, New Zealand, Spain, Republic of Korea, Russia, Turkey, the UK and the USA
(Figure 2).

Study design & methodology
Eligible patients have been randomly assigned, in a 3:2 ratio, to receive either isatuximab in combination with
carfilzomib/dexamethasone or carfilzomib/dexamethasone alone. Treatment is given in 28-day cycles as follows:
isatuximab 10 mg/kg intravenously (iv.) on cycle 1 at days 1, 8, 15 and 22 then days 1 and 15 in subsequent cycles;
carfilzomib iv. on cycle 1 at days 1 and 2 at 20 mg/m2 over 30 min then on cycle 1 at days 8, 9, 15, and 16, and
on all subsequent doses at 56 mg/m2 over 30 min and also dexamethasone 20 mg on days 1, 2, 8, 9, 15, 16, 22,
and 23 of every cycle; or carfilzomib/dexamethasone alone with the same schedule and dose (Figure 3).

Randomization will be stratified by a number of prior lines of therapy (1 vs >1) and disease stage as determined
by the Revised International Staging Score (R-ISS; I or II vs III vs not classified). Treatment will be continued until
disease progression, unacceptable AEs or patient request.

Premedication will be included to reduce the severity of IRs with isatuximab and carfilzomib. Premedi-
cation for isatuximab will include diphenhydramine 25–50 mg iv., ranitidine 50 mg iv. and acetaminophen
650–1000 mg or equivalent. Dexamethasone will be given prior to isatuximab infusions in the isatuximab plus
carfilzomib/dexamethasone arm and prior to carfilzomib infusion in the carfilzomib/dexamethasone arm as part
of the premedication and as part of the treatment throughout the study. No postinfusion prophylaxis with dexam-
ethasone will be required.

Outcome measurements/end points
Table 2 describes the assessment schedules for all measures. Demographic characteristics, including medical/surgical
history, prior MM history (time from diagnosis, stage as defined by ISS at diagnosis, and prior anti-MM therapy),
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and the responses to prior treatments, will be collected at baseline. Disease characteristics, including M-protein
subtype, extent of bone marrow and extra-medullary disease, cytogenetics (assessed by a central laboratory) and
R-ISS, will also be recorded at baseline.

The 2016 International Myeloma Working Group criteria [43] will be applied by an independent response review
committee to evaluate response and disease progression. Assessments will be made on the first day of every cycle and
when treatment is stopped. PFS – defined as the time from randomization to either the first documented occurrence
of progressive disease or the death of the patient from any cause, whichever occurs earliest – is the primary efficacy
end point. Response will be assessed during follow-up and until disease progression in patients who discontinue
therapy prior to disease progression. Subgroup analyses of PFS (e.g., by cytogenetic risk status, number of prior lines
of treatment) will also be conducted. Next-generation sequencing will be used to assess minimal residual disease.

Safety evaluations will include vital signs, hematology and biochemistry assessments, electrocardiograms, and AEs:
these will be followed throughout the study. AEs will be graded according to the National Cancer Institute Common
Terminology Criteria for AEs v4.03. Immunogenicity will be assessed during study treatment. An indirect Coombs
test will be performed at baseline and after treatment initiation in the isatuximab plus carfilzomib/dexamethasone
arm only.

Patient-reported outcome assessments will be measured on day 1 of every cycle, at the end of treatment and
90 days after study treatment administration by using the patient-reported outcome/health-related quality of
life and health utility instruments (European Organization for Research and Treatment of Cancer quality-of-life
questionnaires C30 and MY20 [EORTC QLQ-C30 and QLQMY20] and the EuroQoL questionnaire EQ-5D-5L).

Statistical considerations
Analysis set
All patients who provided informed consent and were randomized will be included in the intent-to-treat (ITT)
population, irrespective of whether they received any study treatment or not. Efficacy parameters will be analyzed
primarily in the ITT population. The treatment arm assigned at randomization will be used in the ITT analyses.

The safety analysis population will comprise all members of the ITT population who are treated with at least one
full or partial dose of study medication. Safety population analyses will be performed on the basis of the treatment
received.

Quality of life will be assessed for patients from the safety population who complete the baseline visit and have
at least one postbaseline assessment.

Statistical analysis
Analysis of the primary end point will be performed on the ITT population and consists of PFS comparison using
a log-rank test procedure, stratified by stratification factors (number of prior lines and R-ISS stage) at the time of
randomization. Safety analyses will be summarized utilizing descriptive statistics.

Sample size
A total of 302 patients have been randomized in a 3:2 ratio to receive isatuximab plus carfilzomib/dexamethasone
and carfilzomib/dexamethasone, respectively.

Discussion
The treatment of MM has changed significantly over the past 10 years, with multiple new drug approvals and
many novel combinations resulting in improved life expectancy. However, the majority of patients continue to
have relapses after therapy, so additional novel agents and combinations for initial therapy and treatment of
relapsed/refractory disease are needed in order to improve both survival and quality of life of patients with MM.

The pivotal Phase III IKEMA study is assessing potential improvement in PFS in patients receiving isatuximab.
Preclinical studies demonstrated at least additive effects from the combination with isatuximab and carfilzomib,
possibly by enhancing apoptosis. In addition, the combination of isatuximab with carfilzomib was investigated in
a Phase Ib study in which encouraging efficacy and tolerability were observed [42].

Previous studies have examined PFS and other measures of efficacy in this RRMM population. Improved results
were seen predominantly with triplet-based combinations, albeit with an increased risk of AEs [44]. The anti-CD38
antibody daratumumab was evaluated in two large Phase III trials: one compared daratumumab in combination
with bortezomib/dexamethasone (DVd) versus bortezomib/dexamethasone (Vd) [45]; the second compared dara-
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Table 3. Studies of isatuximab for the treatment of multiple myeloma.
NCT number Combination Status Patient population

Phase I or Phase I/II

NCT01749969 Phase I/II ISA, Len, dex Active not recruiting RRMM, ≥2 prior lines of therapy including IMiD

NCT01084252 Phase I/II ISA, dex Active not recruiting Refractory MM, ≥3 prior lines of therapy including IMiD (for ≥2
cycles or ≥2 months) and PI (for ≥2 cycles or ≥2 months)

NCT02332850 Phase Ib ISA, Car Recruiting RRMM, ≥2 prior lines of therapy including IMiD (for ≥2 cycles or
≥2 months) and PI (for ≥2 cycles or ≥2 months)

NCT02514668 Phase I ISA Active not recruiting RRMM, ≥3 prior lines of therapy including IMiD (for ≥2 cycles or
≥2 months) and PI (for ≥2 cycles or ≥2 months)

NCT02513186
Phase I

ISA + VCD or ISA +
VRD

Recruiting Newly diagnosed MM

NCT02812706
Phase I/II

ISA Active not recruiting RRMM, ≥3 prior lines of therapies including IMiD and PI

NCT03194867
Phase I/II

ISA, Cem Active not recruiting RRMM, ≥3 prior lines of therapy including IMiD (for ≥2 cycles or
≥2 months) and PI (for ≥2 cycles or ≥2 months)

NCT03733717
Phase I

ISA Active not recruiting Refractory MM, ≥2 prior lines of therapy including IMiD (for ≥2
cycles or ≥2 months) or PI (for ≥2 cycles or ≥2 months)

NCT02283775
Phase I

ISA, Pom, dex Active not recruiting RRMM, ≥2 prior lines of therapy including Len and PI

Phase II

NCT02960555
Phase II

ISA Active not recruiting Smoldering MM

NCT03104842
Phase II

ISA, Car, Len, dex Recruiting Newly diagnosed MM

Phase III

NCT03275285
Phase III

ISA, Car, dex
or
Car, dex

Active not recruiting RRMM, 1–3 prior lines of therapy

NCT03319667
Phase III

Isa + VRD or VRD Active not recruiting Newly diagnosed MM

NCT02990338
Phase III

ISA, Pom, dex
or
Pom, dex

Active not recruiting RRMM, ≥2 prior lines of therapy including Len (for ≥2 cycles) and
PI (for ≥2 cycles)

NCT03617731
Phase III

ISA + VRD or VRD Recruiting Newly diagnosed MM

Information collected from clinicaltrials.gov, 14 June 2019.
Car: Carfilzomib; Cem: Cemiplimab; dex: Dexamethasone; IMiD: Immunomodulatory agent; ISA: Isatuximab; Len: Lenalidomide; MM: Multiple myeloma; PI: Proteasome inhibitor;
Pom: Pomalidomide; RRMM: Relapsed/refractory multiple myeloma; VCD: Bortezomib, cyclophosphamide, dexamethasone; VRD: Bortezomib, lenalidomide, dexamethasone.
Adapted with permission from [34].

tumumab in combination with lenalidomide/dexamethasone (DRd) versus lenalidomide/dexamethasone (Rd) [46].
Median PFS for the DVd triplet was 17 months [47]; for the DRd triplet, the median PFS was 44.5 months [48]. Dara-
tumumab is approved for use in combination with bortezomib/dexamethasone and lenalidomide/dexamethasone
and, in the USA, with pomalidomide/dexamethasone. More recently, a Phase Ib trial of daratumumab with
carfilzomib/dexamethasone (D-Kd) has also reported promising activity in an RRMM population in which 60%
of patients were refractory to lenalidomide. ORR was 84% with a median follow-up of 16.6 months, and me-
dian PFS was not reached [49]. A Phase III trial evaluating isatuximab plus pomalidomide/dexamethasone versus
pomalidomide/dexamethasone was recently completed and will provide information regarding this combina-
tion [34,41].

IKEMA is the first Phase III study to evaluate isatuximab in combination with carfilzomib (20–56 mg/m2)
and dexamethasone. The control arm doublet carfilzomib/dexamethasone was previously demonstrated to be an
effective therapeutic regimen and was the first treatment to show OS superiority in patients with RRMM [21].
These drugs each have potent single-agent activity and little overlapping toxicity, which has provided significant
enthusiasm for this therapeutic combination.

Although daratumumab and isatuximab are both anti-CD38 monoclonal antibodies, they bind to different
epitopes [23]. In vitro, isatuximab is the only anti-CD38 antibody that induces direct apoptosis without cross-
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linking [23,32]. Whether these in vitro differences will translate into differences in clinical activity or improved
activity in specific combinations remains unknown.

The IKEMA protocol offers an IMiD-free treatment option that may be particularly suitable for patients with
disease progression after an IMiD-containing first-line therapy or those who are refractory to IMiDs. As summarized
in Table 3, additional ongoing studies are evaluating the use of isatuximab with the current standard-of-care regimens
in patients with newly diagnosed MM, smoldering MM and RRMM.

Executive summary

Multiple myeloma
• Multiple myeloma is characterized by plasma cell proliferation in the bone marrow and is associated with the

production of excessive monoclonal immunoglobulins. Although in recent years survival rates have improved,
most patients will relapse. Treatment for relapsed/refractory multiple myeloma (RRMM) remains an unmet need.

Isatuximab
• Isatuximab is a monoclonal antibody that targets a specific epitope on CD38 that is different from the binding

site for daratumumab. Isatuximab has shown antitumor activity as a single agent and enhanced activity when
combined with either immunomodulatory drugs or proteasome inhibitors in Phase I/II studies of heavily
pretreated patients with RRMM.

IKEMA
• Herein, we describe the design of the Phase III IKEMA study (NCT03275285), which is evaluating isatuximab in

combination with carfilzomib and low-dose dexamethasone versus carfilzomib/dexamethasone alone in patients
with RRMM.

Objectives
• The primary objective of the IKEMA study is to demonstrate the benefit of isatuximab in combination with

carfilzomib/dexamethasone in the prolongation of progression-free survival (PFS) compared with
carfilzomib/dexamethasone alone in patients with RRMM. The key secondary efficacy objectives include
evaluation of the overall response rate, the rate of very good partial response or better (2016 International
Myeloma Working Group criteria), the rate of very good partial response or better with minimal residual disease
negativity, the complete remission rate and overall survival in both treatment arms in patients with RRMM.

Key eligibility
• Eligible patients for the IKEMA study are adults with RRMM and confirmed disease progression within 60 days of

the last therapy who have received between one and three prior lines of therapy, including lenalidomide and a
proteasome inhibitors, alone or in combination.

Study design
• A total of 302 patients have been randomized in a 3:2 ratio to receive isatuximab plus

carfilzomib/dexamethasone or carfilzomib/dexamethasone alone in 28-day cycles. Patients will continue therapy
until disease progression, unacceptable toxicity or a patient request to discontinue.

Statistical considerations
• The primary end point is PFS. The intent-to-treat population is the primary population for all efficacy parameters.

Comparison of PFS between treatment arms will be performed using a log-rank test procedure. The safety
population will include intent-to-treat patients who have received at least part of a dose of the study treatments.
Safety evaluations will include adverse events, laboratory parameters, vital signs, electrocardiogram results and
physical examinations.
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