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Therapy for relapsed and refractory multiple myeloma (RRMM) remains

challenging. While monoclonal antibodies against CD38 combined with

pomalidomide have demonstrated efficacy in clinical trials, real-world data

remain sparse. We present real-world data from a compassionate use program

(CUP) of isatuximab given in combination with pomalidomide and

dexamethasone according to the German Compassionate Use Directive ahead

of commercial availability for adult patients with RRMM. Patients had received at

least two prior lines of therapy, including lenalidomide and a proteasome

inhibitor (PI), and had demonstrated disease progression on the last therapy.

Isatuximab was administered as part of the clinical routine. In total, 18 patients

were included in the CUP before the official market availability of isatuximab. The

data reflect a heterogeneous population in terms of age, risk factors, previous

diseases, and treatments. Most of the patients had received two full isatuximab

cycles. The analysis showed no new safety signals, supporting the manageable

toxicity profile of isatuximab and highlighting its potential in real-world settings.
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Introduction

Despite substantial improvements in the treatment of multiple

myeloma (MM) during the past decade, the management of relapsed

and refractory multiple myeloma (RRMM) remains challenging.

While patients respond well to initial therapy, often leading to long

disease-free periods, most patients will relapse eventually (1–3).

Monoclonal antibodies targeting CD38 have shown good efficacy in

the treatment of MM (4, 5). CD38, a transmembrane glycoprotein

with ectoenzymatic activity, expressed in hematological malignancies,

is highly and uniformly expressed on MM cells, with >98% of MM

patients testing positive for CD38 (6). Preclinical studies

demonstrated enhanced antitumor effects of isatuximab when

combined with immunomodulatory agents (IMiDs) and

proteasome inhibitors (PIs) (4, 7). Isatuximab in combination with

pomalidomide has been investigated in various anti-myeloma trials.

Prospective phase 1 and phase 3 studies provide the highest level of

evidence for the safety and efficacy of Isa-Pd in patients with RRMM

(8, 9). The phase 3 ICARIA-MM study demonstrated remarkable

responses and improved outcomes of Isa-Pd in pomalidomide-naive

RRMM patients compared to Pd alone (8). In addition, the pivotal

phase 3 IKEMA trial evidenced significant improvements in

progression-free survival and depth of response in patients with

RRMM receiving isatuximab in combination with carfilzomib and

dexamethasone (7). However, real-world data on Isa-Pd in RRMM

patients are limited. Here, we report the first German real-world

safety data of isatuximab administration in combination with

pomalidomide and dexamethasone in clinical routines, within a

compassionate use program before market availability, in RRMM

patients who have received at least two prior lines of anti-myeloma

therapy, including lenalidomide and a PI, and who have

demonstrated disease progression on the therapy.
Methods

Patients and treatment

The program was open for enrollment from July 2020 to

January 2021 07–2020 to 01–2021, prior to regular market access

in February 2021. All patients diagnosed with relapsed and

refractory multiple myeloma must have demonstrated disease

progression on their last therapy (having undergone at least two

prior therapy lines), according to the anticipated label, as well as no

other satisfactory treatment option with an alternative drug

approved in Germany. Treatment consisted of isatuximab (given

in a dose of 10 mg/kg intravenously; weekly (once a week) (QW) of

the first cycle and Q2W in subsequent cycles) and a background

medication of pomalidomide (4 mg orally administered, every day

from day 1–21), combined with dexamethasone (40 mg and 20 mg

if age ≥75 years, oral or intravenous application; QW of each cycle).

The length of each cycle was 28 days. Treatment was repeated until

disease progression or unacceptable toxicity. The CUP was

terminated as soon as isatuximab was made commercially
Frontiers in Hematology 02
available, as per local regulations. Patients continued treatment

with commercial drugs, if applicable.
Data collection and analysis

All data were collected within the CUP for isatuximab prior to

regular market access in February 2021. Statistical analyses were

provided as descriptive summaries. The baseline characteristics

collected for each patient were age, sex, Eastern Cooperative

Oncology Group (ECOG) performance status, vital signs, number

of prior therapy lines, time from initial diagnosis, subtype MM

disease, pretreatment, MM state examined (yes/no), method of

examination, concomitant medication, and concomitant disease.

The CUP was conducted in accordance with the principles laid

down by the 18th World Medical Assembly (Helsinki, 1964) and all

applicable amendments laid down by the World Medical Assembly.
Results

Patient characteristics

In total, 18 patients from 12 sites in Germany participated in

the CUP. All patients were eligible for treatment with isatuximab

as defined by the inclusion and exclusion criteria. Ten patients

(55.6%) were women, and eight (44.4%) were men. The median

age was 67 years (range: 47–78, Table 1). Most of the patients (10

patients; 55.6%) had an ECOG performance status of 1, followed

by five patients (27.78%) and three patients (16.67%) with an

ECOG performance status of 0 and 2, respectively. The median

time from the initial diagnosis of MM to enrollment in the CUP

was 7 years (range: 1–17). Table 1 summarizes the baseline

characteristics of the CUP population.
Prior treatment and baseline disease data

All patients had received lenalidomide and a proteasome

inhibitor (bortezomib, carfilzomib, or ixazomib) and had

demonstrated progress on their last MM therapy. Prior to

enrollment in the CUP, the median number of prior lines of

therapy amounted to three (range: 2–11). Half of the patients

(nine patients; 50.0%) were pretreated with pomalidomide, and

eight patients (44.4%) were pretreated with anti-CD38. Of all

patients, eight (44.4%) received concomitant medication, and nine

(50.0%) were registered with concomitant disease at

baseline (Table 1).
Safety

In total, 11 patients experienced 29 adverse events (AEs)

(Table 2). One serious AE (SAE) occurred in one patient before
frontiersin.org
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the patient had received the first dose of isatuximab, and therefore,

this event was not classified as treatment-emergent AE (TEAE)

(Table 2). Of all 28 TEAEs, 19 (67.9%) were documented within

the first cycle of therapy, of which 10 occurred during the first visit

of the first cycle or maximum 4 days afterward. Nine TEAEs

(32.1%) were documented during subsequent visits. Most of the

patients had recovered from the TEAEs at the end of the program

(8 of 11 patients; 72.7%), one patient (9.1%) did not recover (hip

fracture grade 3, not related to therapy), and two patients died

(18.2%) following disease progression, which was not related to

therapy. TEAEs related to isatuximab, dexamethasone, and

pomalidomide were documented in six patients (33.3%), one

patient (5.6%), and two patients (11.1%), respectively. Ten of

the 28 TEAEs (35.7% of all TEAEs) of any grade possibly related to

isatuximab were monitored. Thereof, five grade 3 or higher TEAEs

related to isatuximab were documented in four patients (22.2%):

febrile neutropenia, urinary tract infection, decreased neutrophil

count, decreased platelet count, and hypertension (Table 2). Of all

related TEAEs, angina pectoris, infusion-related reactions,

dyspnea, laryngeal obstruction, and hypertension were further

classified into the category of adverse events of special interest

(AESIs) according to the investigator’s decision. Serious TEAEs

related to isatuximab, according to the investigator’s assessment,

were a decreased platelet count (grade 4), a urinary tract infection

(grade 3), and angina pectoris (grade 2; Table 2). The drug was

withdrawn consequent to the last two SAEs; no action was taken

in the case of the event ‘platelet count decreased’. All serious

TEAEs related to isatuximab were recovered/resolved. In general,

TEAEs leading to permanent premature discontinuation of

isatuximab were reported for six patients (33.3%; Table 3;

Figure 1). Those were febrile neutropenia (grade 3), angina

pectoris (grade 2), urinary tract infection (grade 3), infusion-

related reaction (grade 2), dyspnea (grade 1), laryngeal

obstruction (grade 2), and hypertension (grade 3). TEAEs
TABLE 1 Baseline characteristics of the German Compassionate Use
Program (CUP) for isatuximab.

Sex N (%)

Female 10 (55.6)

Male 8 (44.4)

Measurements Median (Min, Max)

Age at registration (years) 67 (47, 78)

Weight at baseline (kg) 75.5 (46, 88)

Height at baseline (cm) 169.5 (150, 187)

ECOG N (%)

0 5 (27.8)

1 10 (55.6)

2 3 (16.7)

Disease history Median (Min, Max)

Time from initial diagnosis (years) 7 (1, 17)

Prior lines of therapy 3 (2, 11)

Preatreatments N (%)

Prior proteasome inhibitor* 18 (100.0)

Prior lenalidomide 18 (100.0)

Prior pomalidomide 9 (50.0)

Prior anti-CD38 8 (44.4)

Concomitant medication/disease N (%)

Concomitant medication 8 (44.4)

Concomitant disease 9 (50.0)

Total Number of Patients 18 (100.0)
*bortezomib, carfilzomib, or ixazomib.
TABLE 2 Adverse reaction drug profile for isatuximab in the CUP.

Treatment-emergent adverse events

Isatuximab (n = 18 patients)

AEs during isatuximab
treatment,
n (%)

Serious AEs,
n (%)

Reported AEs with a causal
relationship to isatuximab
treatment, n (%)

Any grade Grade ≥ 3 All grades Any grade Grade ≥ 3

Any AE 28 16 11 10 5

Blood and lymphatic system disorders

Anemia 1 (5.6) 1 (5.6) 1 (5.6)

Febrile neutropenia 1 (5.6) 1 (5.6) 1 (5.6) 1 (5.6)

Neutropenia 1 (5. 6) 0 (0)

Cardiac disorders

Angina pectoris 1 (5. 6) 0 (0) 1 (5.6) 1 (5.6) 0 (0)

(Continued)
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TABLE 2 Continued

Treatment-emergent adverse events

Isatuximab (n = 18 patients)

AEs during isatuximab
treatment,
n (%)

Serious AEs,
n (%)

Reported AEs with a causal
relationship to isatuximab
treatment, n (%)

Any grade Grade ≥ 3 All grades Any grade Grade ≥ 3

Any AE 28 16 11 10 5

Gastrointestinal disorders

Ascites 1 (5. 6) 0 (0)

General disorders and administration site conditions

Disease progression 1 (5.6) 1 (5.6) 1 (5.6)

Localized edema 2 (11.1) 0 (0)

Pain 1 (5.6) 1 (5.6) 1 (5.6)

Infections and infestations

Bronchitis 1 (5.6) 1 (5.6)

Urinary tract infection 2 (11.1) 1 (5.6) 1 (5.6) 1 (5.6) 1 (5.6)

Injury, poisoning, and procedural complications

Fall 1 (5.6) 1 (5.6) 1 (5.6)

Hip fracture 1 (5.6) 1 (5.6) 1 (5.6)

Infusion-related reaction 1 (5.6) 0 (0) 1 (5.6) 0 (0)

Investigations

Neutrophil count decreased 1 (5.6) 1 (5.6) 1 (5.6) 1 (5.6)

Platelet count decreased 1 (5.6) 1 (5.6) 1 (5.6) 1 (5.6) 1 (5.6)

Metabolism and nutrition disorders

Cachexia 1 (5.6) 1 (5.6) 1 (5.6)

Hypokalemia 1 (5.6) 1 (5.6)

Musculoskeletal and connective tissue disorders

Back pain 1 (5.6) 0 (0)

Bone pain 1 (5.6) 1 (5.6) 1 (5.6)

Neoplasms: benign, malignant, and unspecified (including cysts and polyps)

Plasma cell myeloma 2 (11.1) 2 (11.1) 1 (5.6)

Nervous system disorders

Dizziness 1 (5.6) 0 (0)

Respiratory, thoracic, and mediastinal disorders

Dyspnea 1 (5.6) 0 (0) 1 (5.6) 0 (0)

Laryngeal obstruction 1 (5.6) 0 (0) 1 (5.6) 0 (0)

Skin and subcutaneous tissue disorders

Pruritus 1 (5.6) 0 (0) 1 (5.6) 0 (0)

Vascular disorders

Hypertension 1 (5.6) 1 (5.6) 1 (5.6) 1 (5.6)
F
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leading to death were not related to isatuximab treatment (plasma

cell myeloma and disease progression). In summary, in these

heavily pretreated RRMM patients, the CUP did not reveal any

new safety concerns.
Discussion

Patients who are refractory to approved therapy regimens have

limited treatment options. Revised guidelines recommend the

combination of novel agents with the existing standard of care
Frontiers in Hematology 05
regimen. In particular, the administration of triple and quadruplet

therapy combinations creates complex but promising therapy scenarios

(10). Patients enrolled in the CUP had limited alternative treatment

options, and the CUP provided access to isatuximab, which was not

finally approved at the time but had been shown to be effective and safe

in relapsed and refractory MM. Isatuximab was recommended based

on the results of a phase 1 study and the randomized, multinational

phase III ICARIA-MM study, which evaluated the efficacy and safety of

a triple therapy consisting of isatuximab with pomalidomide and

dexamethasone in 307 adult patients with relapsed and refractory

MM who had received at least two previous lines of therapy, including

lenalidomide and PI (8, 9). The ICARIA-MM study was the only

comparable phase 3 study at the time of CUP conduct. The inclusion

criteria closely aligned with the present CUP. In contrast to the

ICARIA-MM trial, the CUP included patients refractory to previous

treatment with an anti-CD38mAb and who had received prior therapy

with pomalidomide. Therefore, our data reflect a heterogeneous and

real-world study population encompassing variations in age, risk

factors, previous diseases, and treatments. The treatment scheme of

isatuximab, pomalidomide, and dexamethasone in the ICARIA-MM

trial was equal to this CUP. While TEAEs were reported for 99.3% of

ICARIA-MM patients, 61.1% of CUP patients experienced TEAEs.

Serious adverse events were documented for 61.8% and 33.3% of

ICARIA-MM and CUP patients, respectively. TEAEs leading to

discontinuation were higher in the real world, as demonstrated by

33.3% of CUP patients vs. 7.2% of ICARIA-MM patients. This

discrepancy might result from the great difference in patient

numbers (152 vs. 18 patients) and observation periods (maximum

exposure 76.7 vs. 16 weeks plus 30 days after the last dose) due to the

termination of the CUP as well as from the high number of prior

therapy lines received by CUP patients (8). In addition to the small

number of patients and short follow-up, the lack of cytogenetic data

and risk stratification limits the comparability of the study results. After

the CUP ended, three real-world studies on isatuximab combination
TABLE 3 Treatment exposure.

Premature discontinuation N (%)

Yes 6 (33.3)

No 12 (66.7)

Reason for premature termination N (%)

Disease progression 3 (16.7)

Death 2 (11.1)

Other 1 (5.6)

Number of cycles received by patients* N (%)

1 18 (100.0)

2 13 (72.2)

3 6 (33.3)

4 3 (16.7)

5 2 (11.1)

Total number of patients 18 (100.00)
*Number of administered cycles was mainly determined by regular end of CUP on 31
January 2021.
FIGURE 1

Individual patient participation time in the Compassionate Use Program (CUP). Green bars indicate the individual duration of CUP participation for
each patient (isatuximab therapy start-end of therapy/CUP). The time point for all patients that were treated until the regular end of CUP was set to
01 March 2021. The length of bars does not precisely correlate with the number of administered cycles. *discontinuation due to death;
#discontinuation due to progression; +discontinuation due to other reasons.
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therapy were initiated: one retrospective study on Isa-Pd in RRMM

patients across 24 UK cancer centers (11), a non-interventional study

(NIS) of patients enrolled in the French early-access program (IMAGE)

(12), and a German NIS on the safety and efficacy of Isa-Pd and Isa-Kd

(IONA-MM) (13). In the study from the UK, for safety data, 107

patients were followed for a median of 3.7 months (IQR: 0.5–12.4

months). The median number of prior therapies was 3 (IQR: 2–5).

Similar to the CUP, prior therapies included PIs (99.1%), IMiDs

(100%), antiCD38 (4.7%), and others. The median number of Isa-Pd

cycles administered was 4 (IQR: 2–8). The median of any AEs per

patient in the total cohort was 2 (range: 1–9) for those who experienced

them. Any-grade AEs were experienced by 87.9%, compared to 99.3%

of ICARIA-MM patients and 61.1% in this CUP (see above) (11). Both

IMAGE and IONA-MM include a substantial fraction of lenalidomide-

refractory patients and report an expected safety profile (12, 13). The

data enable a comparison of Isa-Pd patients (and Isa-Kd in IONA-

MM) in the real world to the registration studies.

The above real-world evidence supports isatuximab as a viable

additional treatment option and a potential alternative to the first

approved CD38 monoclonal antibody, daratumumab. However, a

direct comparison between isatuximab and daratumumab is not

possible due to the lack of published head-to-head clinical trials and

their use in different treatment regimens. A published matched,

adjusted indirect comparison evaluated the safety and efficacy of

Isa-Kd versus Dara-Rd in relapsed multiple myeloma and showed a

significant improvement in progression-free survival but no

significant overall survival benefit with Isa-Kd compared to Dara-

Rd. In terms of safety, reduced rates of some, but not all, adverse

events were documented in the Isa-Kd cohort (14). Isatuximab has

been shown to be effective in newly diagnosed high-risk multiple

myeloma. In the GMMG-CONCEPT trial, the combination of

isatuximab with carfilzomib, lenalidomide, and dexamethasone

(Isa-KRd) showed high rates of sustained minimal residual

disease (MRD) negativity with a tolerable safety profile in patients

with high-risk disease. The data suggest a potential indication for

isatuximab in these patients (15). Due to the lack of comparability

between differently designed clinical trials, the choice of CD38

antibodies will continue to depend on the availability of approved

combination therapies, considering individual patient factors such

as previous treatment history, risk stratification, and potentially

informative biomarkers such as copy number alterations of

chromosome 1q (16, 17).

In conclusion, the data set of 18 RRMM patients enrolled in this

CUP represents the first German data recorded outside of clinical

trials analyzing the safety of isatuximab in previously treated MM

patients in routine clinical practice. The CUP data confirm the

results of the ICARIA-MM study in a real-world setting: There were

no new safety concerns with isatuximab combination therapy, even

in patients treated with multiple prior lines of therapy.
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