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Abstract 

Background  Chimeric antigen receptor (CAR) T-cell therapy has revolutionized the treatment landscape of relapsed/
refractory multiple myeloma (RRMM), leading to unprecedented responses in this patient population. Idecabtagene 
vicleucel (ide-cel) has been recently approved for treatment of triple-class exposed RRMM. We report real-life experi‑
ences with the commercial use of ide-cel in RRMM patients.

Methods  We performed a retrospective analysis of the first 16 triple-class exposed RRMM patients treated with 
ide-cel at a single academic center. We assessed toxicities, response to treatment, CAR T expansion and soluble BCMA 
(sBCMA) levels.

Results  We identified 16 consecutive RRMM patients treated with ide-cel between 06–10/2022. Median age was 
69 years, 6 (38%) patients had high-risk cytogenetics, 3 (19%) R-ISS stage III, and 5 (31%) extramedullary disease. 
Median number of previous treatment lines was 6 (3–12). Manufacturing success rate was 88% (6% required second 
lymphapheresis, 6% received an out-of-specification product). At 3 months, the overall response rate (ORR) was 
69% (44% sCR, 6% CR, 19% VGPR). Cytokine release syndrome (CRS) occurred in 15 (94%) patients (88% G1, 6% G2), 
immune effector-cell associated neurotoxicity syndrome (ICANS) in 1 (6% G1), febrile neutropenia in 11 (69%), and 
infections in 5 (31%). Prolonged hematologic toxicity occurred in 4/16 (25%) patients. Other non-hematological 
toxicities were elevated hepatic enzymes (38%), colitis (6%, G3) and DIC (6%, G2). Responses were more frequent in 
patients with higher CAR T expansion (100% vs 38%), and lack of decrease or plateau of sBCMA levels was typically 
observed in non-responders.

Conclusions  We report one of the first cohorts of RRMM treated with commercial ide-cel. The ORR was 69% and 
safety profile was manageable, but prolonged hematologic toxicity still represents a major challenge. Responses cor‑
related with in vivo CAR T cell expansion, underlining the need of further research to optimize CAR T expansion.
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Background
Chimeric antigen receptor (CAR)  T-cell therapy is a 
novel cellular immunotherapy approach based on ex vivo 
genetic engineering of autologous or allogenic T cells, 
providing them with a new “artificial” surface receptor 
able to efficiently target a specific tumor antigen [1, 2]. 
The recognition and binding of the CAR to the tumor 
surface target leads to a potent immune activation, which 
is major histocompatibility complex -independent [1, 3]. 
Over the past years, CAR T-cell therapies have experi-
enced a relevant development in the field of hemato-
logical malignancies [4–7]. Currently, four commercial 
CD19-targeting CAR T cell products are FDA approved 
for B-cell lymphoma and B-cell acute lymphoblastic leu-
kemia: tisagenlecleucel (Kymriah®), axicabtagen cilo-
leucel (Yescarta®), brexucabtagen autoleucel (Tecartus®) 
and lisocabtagen maraleucel (Breyanzi®) [4, 6]. For mul-
tiple myeloma (MM), the majority of currently available 
CAR T-cell products target the B-cell maturation antigen 
(BCMA), also termed TNFRSF17, which is selectively 
expressed on mature B lymphocytes and has a relevant 
role for their survival and proliferation [8]. Two BCMA-
targeting CAR T products—idecabtagene vicleucel (ide-
cel, Abecma®) and, more recently, ciltacatagene-autocel 
(cilta-cel, Carvykti®) – have been to date FDA-approved 
[4, 9, 10].  Ide-cel has been FDA approved since March 
2021 for RRMM after failure of ≥ 4 treatment lines con-
taining at least one immunomodulatory agent (IMiD), a 
proteasome inhibitor (PI) and a CD38-targeting antibody. 
In February 2022 also cilta-cel received FDA approval for 
patients who progressed after at least 3 treatment lines 
including an IMiD, a PI and an anti-CD38 antibody. For 
both products, treating healthcare institutions must be 
trained and certified on the management of cytokine 
release syndrome (CRS) and immune effector-cell asso-
ciated neurotoxicity syndrome (ICANS). In Switzerland, 
ide-cel is the only commercial anti-MM CAR T prod-
uct available since April 2022, approved for triple-class 
RRMM patients who progressed after a minimum of 3 
previous treatment lines.

GC012F is a dual CD19/BCMA-targeting CAR, which 
demonstrated promising anti-MM activity in an early 
phase 1 trial [11]. Multiple further anti-MM CAR T 
products targeting distinct combinations of MM tumor 
antigens, such as CD38, CD138, CD56, CS1 or integrin 
β7, are currently being investigated in early phase clini-
cal trials [12]. Moreover, other novel CAR approaches 
for MM include allogenic CAR Ts, as well as CAR-NKs 
[12, 13]. In the phase 2 KarMMa (NCT03361748) study, 
treatment with ide-cel led to an unprecedented over-
all response rate (ORR) of 73% and a median overall 
survival of 24.8  months in a heavily pretreated patient 
population with relapsed/refractory multiple myeloma 

(RRMM) [14]. The randomized phase 3 KarMMa-3 trial 
(NCT03651128) recently reported improved progres-
sion-free survival (PFS) for ide-cel in RRMM compared 
to standard of care [15]. The efficacy of cilta-cel is being 
currently assessed in two first-line phase 3 trials, for 
patients with newly diagnosed MM, unfit or unwilling to 
receive treatment consolidation with high-dose chemo-
therapy (HDCT) and autologous stem cell transplanta-
tion (ASCT) (CARTITUDE-5, NCT04923893), and as 
alternative to ASCT for first line consolidation (CARTI-
TUDE-6, NCT05257083).

In this work we report one of the first real-life cohorts 
of RRMM patients treated with ide-cel outside clini-
cal trial. Moreover, since previous ide-cel studies cor-
related treatment efficacy with CAR T-cell expansion 
in vivo [14–16] and circulating soluble BCMA (sBCMA) 
dynamics [14–16], we analyzed these 2 parameters in our 
patient cohort as part of a translational co-clinical study.

Methods
Study design and patient cohort
Retrospective analysis of consecutive patients with triple-
class exposed RRMM treated with commercial ide-cel 
at the University Hospital of Bern, Switzerland. Eligible 
patients for treatment indication had progressive disease 
(PD), according to the International Myeloma Working 
Group (IMWG) response criteria [17], following at least 
3 previous treatment lines and had exposure to at least 
one proteasome inhibitor, one immunomodulatory agent 
and one anti-CD38 antibody. Further eligibility criteria 
were an Eastern Cooperative Oncology Group (ECOG) 
Performance Status of 0 or 1 at time point of treatment 
indication and adequate organ function, no age restric-
tions were defined. In patients fit to receive CAR T-cell 
therapy, ide-cel was prioritized over bispecific antibodies. 
The retrospective data collection and analysis was per-
formed in accordance with local laws and regulations and 
all patients provided written informed consent.

Response and safety assessment
MM disease responses were assessed based on bone 
marrow (BM) examinations and serological parameters 
following the IMWG standard and minimal residual dis-
ease (MRD) response criteria [17, 18]. MRD was assessed 
by multiparameter flow cytometry, reaching a minimal 
sensitivity of 1 in 105 nucleated cells or higher. Toxici-
ties were registered following the American Society for 
Transplantation and Cellular Therapy (ASTCT) consen-
sus grading for CRS and immune effector-cell associated 
neurologic toxicities [19], and the Common Terminology 
Criteria for Adverse Events (CTCAE CTCAE) version 
5.0 (https://​ctep.​cancer.​gov/​proto​colde​velop​ment/​elect​

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
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ronic_​appli​catio​ns/​docs/​ctcae_​v5_​quick_​refer​ence_​5x7.​
pdf ) for the remaining adverse events.

Procedures
Lymphapheresis and anti‑MM bridging therapy
Following treatment indication within a MM CAR T-cell 
therapy tumor board and approval of treatment reim-
bursement, autologous unmobilized inpatient T cell lym-
phapheresis was performed. To optimize T-cell quality 
and optimal manufacturing, a washout period of ideally 
7  days for systemic treatment and therapeutic doses of 
systemic corticosteroids was performed. For lymphocyte 
collection, the continuous mononuclear cell collection 
procedure with the Spectra Optia (Terumo BCT) device 
was employed. Multi-parameter flow cytometry (BD 
FACSCanto™ II) was used to analyse CD3 + cell counts 
in peripheral blood and lymphapheresis products. After 
successful lymphapheresis, bridging therapy was admin-
istered as per clinical indication and following physician’s 
choice.

Treatment with ide‑cel
Following delivery of the CAR T product, patients were 
hospitalized and lymphodepleting chemotherapy with 
fludarabine (30 mg/m2/day intravenously (iv) and cyclo-
phosphamide (300  mg/m2/day iv) from day -5 to day 
-3 previous to ide-cel infusion (day 0) was adminis-
tered. Systemic steroids were stopped 72 h prior to ide-
cel administration. At day 0, 450 × 106 ide-cel CAR T 
cells were re-infused. Following re-infusion, all patients 
received prophylactic pegfilgrastim on day + 1. Prophy-
lactic anakinra 100 mg subcutaneously (sc), an interleu-
kin-1 receptor antagonist, was administrated daily for 
7 days from day 0 to + 6 based on previous studies show-
ing lower incidence of CRS and neurotoxicity [20]. Due 
to risk of hypogammaglobulinemia [16], prophylactic 
administration of human immunoglobulins (Octagam® 
30 g) was performed intravenously (iv) on day -2 and + 6. 
Anti-infective prophylaxis was performed with oral sul-
famethoxazole-trimethoprim and valaciclovir. 14  days 
prior to and 6 months following ide-cel treatment, irradi-
ated erythrocyte concentrates were administered as per 
clinical indication. CRS and ICANS assessment was per-
formed every 4 h.

Assessment and management of CRS and ICANS
CRS and ICANS were treated following the ASCO 
guidelines for management of CAR T-cell therapy 
immune-related adverse events [21]. For CRS grading, 
vital parameters were assessed every 4  h following a 
first fever episode. For CRS grade 1, iv hydration and 
empiric antibiotic treatment in neutropenic patients 
following local guidelines was administered, as well 

as investigation of possible infection focus was initi-
ated. The anti-IL6 antibody tocilizumab 8 mg/kg iv was 
administered in case of fever persistence over 72 h. For 
all patients with CRS grade 2, up-front tocilizumab 
8  mg/kg iv was administered every 8  h up to a maxi-
mum of 4 doses. Dexamethasone 10  mg was adminis-
tered preceding each tocilizumab dose. In patients with 
hypotension refractory to hydration and tocilizumab 
administration, the addition of vasopressors and dexa-
methasone 10  mg iv every 6  h was evaluated, as well 
as patient management within an intensive care unit 
(ICU). All patients with a CRS grade 3 or higher would 
be managed within an ICU and would receive the com-
bination of tocilizumab and dexamethasone 10–20 mg 
iv every 6  h. For ICANS screening, the CARTOX-10 
[22] point neurologic assessment was performed 
every 12  h from day 0 to + 14. In case of occurrence 
of new neurological symptoms, a complete neurologi-
cal assessment including magnet resonance imaging, 
lumbar puncture and electroencephalogram was per-
formed. ICANS management was based on administra-
tion of iv dexamethasone for all patients with ICANS 
grade 2–4, and selected patients with grade 1. Sil-
tuximab (Sylvant ®), a humanized anti-IL-6 monoclo-
nal antibody, single-dose 11  mg/kg iv (maximal dose: 
1000  mg) would be administered as second line treat-
ment for CRS and ICANS refractory to tocilizumab and 
dexamethasone [21]. IL-6 blood levels were monitored 
daily from day 0 to + 14.

Droplet digital polymerase chain reaction (ddPCR) assay 
for CAR T quantification and monitoring of plasma soluble 
BCMA (sBCMA) levels
In previous work, we established a ddPCR assay for 
quantification of sequences of the intracellular domain of 
the bb2121 CAR-T construct. Briefly, primers and probes 
targeting the intracellular junction sequence between the 
effector (4-1BB) and co-stimulatory (CD3z) domains, 
were designed [23]. We performed longitudinal monitor-
ing of circulating CAR T copies per μg of cell-free DNA 
(cfDNA) during up to 12  weeks following ide-cel infu-
sion. Patients with a CAR T expansion over 105 copies/μg 
cfDNA were defined as expanders. sBCMA plasma levels 
were monitored 2 to 3 times/weekly during the first week 
after ide-cel infusion, then every 2 week and finally every 
30–60 days, and up to 120 days, as previously described 
[23]. For sBCMA assessment, the human BCMA/
TNFRSF17 ELISA Kit (EH41RB, Thermo Fisher Scien-
tific, Waltham, MA, USA) was used. ELISA assays were 
performed following the manufacturer’s instructions and 
mean values of triplicate measurements were plotted for 
each sample.

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
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Results
Patient baseline characteristics
The first 16 consecutive RRMM patients treated 
with ide-cel at the University Hospital of Bern, Swit-
zerland, between June and October 2022, have been 
included in this retrospective analysis. Median age 
was 69 (57 – 83) years, six (38%) patients had high-
risk cytogenetic alterations, three (19%) patients had 
an initial R-ISS stage III and 5 (31%) extramedullary 
disease. Median number of previous treatment lines 
was 6 (3–12), including bridging therapies. Five (31%) 
patients had high tumor burden, defined as = / > 50% 
plasma cell BM infiltration, previous to ide-cel treat-
ment. 16/16 patients (100%) had received at least one 
course of HDCT and ASCT. 1/16 (6%) patient addi-
tionally received a previous allogenic stem cell trans-
plantation. No patients received previous therapy with 
bispecific antibodies. Patient baseline characteristics 
are summarized in Table 1.

Production success rate and efficacy of ide‑cel
Overall production success rate was 88%; one (6%) 
patient received an out-of-specification (OOS) prod-
uct, one (6%) patient required a second apheresis 
due to insufficient production quality. Median time 
from lymphapheresis to ide-cel infusion for the whole 
cohort was 7 (7–11) weeks. Median duration of hos-
pitalization for ide-cel treatment was 18 (16–41) days. 
Preliminary response data are available from all 16 
patients, assessed in a first BM aspirate performed at 
a median of 12 (10–35) days after ide-cel infusion and 
with a second BM aspirate at 10–12 weeks (3 months 
assessment). In one (6%) patient with prolonged hema-
tologic toxicity, the 3 months BM assessment was per-
formed earlier, at 9  weeks follow-up. The objective 
response rate (ORR) for the entire cohort was 75% in 
the initial assessment and 69% at 3 months assessment. 
At 3 months follow-up, seven (44%) patients achieved 
an MRD negative complete response (MRDneg CR) or 
stringent complete response (sCR), one (6%) patient 
a complete response (CR), three (19%) patients a very 
good partial response (VGPR), and five (31%) showed 
progressive disease (PD). Interestingly, two patients 
with CR and PR, respectively, in the first BM assess-
ment, showed MRD negativity at the 3 months assess-
ment (Fig. 1A, B). Despite sample size limitations, 4/6 
(67%) patients with high-risk cytogenetics showed PD 
after treatment with ide-cel, while only 1/10 (10%) 
patients with standard-risk cytogenetics showed PD. 
No negative correlation with presence of extramed-
ullary disease was observed. Median follow-up was 
5.7 months (r: 0.6–9.0).

Safety
Observed adverse event profile was similar to previously 
published trial data [9]. CRS occurred in 15 patients 
(94%: 88% grade 1, 6% grade 2, no grade 3/4) and ICANS 
occurred uniquely in one patient (6% grade 2, no grade 
1/3/4). Median time to CRS onset was 0  days (r: 0–2). 
Serum IL-6 levels correlated with CRS onset. Following 
CRS onset, median time to IL-6 peak-level was 3 days (r: 
1–36) and median peak value 2131 pg/ml (r: 96–16,189). 
15 (94%) patients required at least one dose of tocili-
zumab, 2 (13%) patients required the addition of dexa-
methasone, and 1 (6%) patient required siltuximab due to 
ICANS grade 2. In this patient, onset of ICANS occurred 
8  days after ide-cel infusion. Hematologic toxicity was 
observed in all patients. Any grade of anemia occurred in 
16 patients (100%: 6% grade 1, 6% grade 2, 88% grade 3), 
neutropenia in 16 (100%: 31% grade 3, 69% grade 4) and 
thrombocytopenia in 15 (94%: 19% grade 2, 19% grade 
3 and 56% grade 4). Febrile neutropenia occurred in 11 
(69%) patients, and infections with identification of a 

Table 1  Patient baseline characteristics

Abbreviations: Allo-SCT Allogeneic stem cell transplantation, ASCT Autologous 
stem cell transplantation, MM Multiple myeloma, R-ISS Revised international 
staging system

Characteristic n = 16

Age, median (range. yrs) 68.6 (56.7 – 82.6)

Sex, female/male (%) 5/11 (31/69)

R-ISS disease stage, n (%)

  I 6 (38)

  II 7 (44)

  III 3 (19)

Cytogenetik alterations, n (%)

  High risk 6 (38)

    del(17p) 4 (25)

    t(4;14) 2 (13)

    t(14;16) 0 (0)

Standard risk 9 (56)

Unknown 1 (6)

Time from initial MM diagnosis to treatment with ide-
cel, median (range, yrs)

7.7 (2.1–16.7)

Previous anti-myeloma regimens, median (range) 6 (3–12)

Previous ASCT, median (range) 1.5 (1–4)

Patients with Allo-SCT, n (%) 1 (6)

ECOG status, n (%)

  0 11 (69)

  1 4 (25)

  2 1 (6)

High tumor burden, n (%) 5 (31)

Elevated serum ferritin, n (%) 9 (56)

High D-Dimers, n (%) 9 (56)

Extramedullary disease, n (%) 5 (31)
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germ in 5 (31%) (Fig. 2A). Median onset of hematologic 
toxicity presented at day -5 before ide-cel administration 
for anemia, starting during conditioning chemotherapy, 
at day -1 for neutropenia and at day 0 for thrombocytope-
nia. Median duration of anemia was 35 days (r: 10–177), 
of neutropenia 18 days (r: 2–176) and of thrombocytope-
nia 60 days (r: 14–184) (Fig. 2B). Prolonged hematologic 
toxicity with anemia, neutropenia and/or thrombocyto-
penia of at least grade 3 persisting 3 months post-treat-
ment with ide-cel occurred in 4/16 (25%) patients. One of 
the 6 patients presented a severe biphasic pancytopenia, 
with late-onset peak detected at day 36 post-ide-cel infu-
sion and still ongoing at 11 weeks follow-up. BM exami-
nation in this patient showed a sCR and an aplastic BM. 
To date, the patient continues receiving regular transfu-
sions, granulocyte-colonies stimulating factors, as well as 
supplementation with vitamin B12 and folic acid. Other 
common non-hematological toxicities were elevated ALT 
(38%: 19% grade 1, 13% grade 2, 6% grade 3, no grade 4), 

elevated AST (38%: 31% grade 1, 6% grade 3, no grade 
2/4). One patient had a colitis (6%, grade 3) and another 
patient a disseminated intravascular coagulation (DIC) 
(6%, grade 3) (Fig.  2A). Hepatotoxicity, colitis and DIC 
resolved to baseline. One patient presented multi-facto-
rial physical deterioration despite confirmed sCR in early 
BM biopsy and lack of infectious complications. Follow-
ing patient’s wish, supportive therapy was interrupted, 
and the patient died 10 weeks after ide-cel treatment.

CAR T expansion and sBCMA plasma dynamics correlate 
with tumor responses
Longitudinal monitoring in peripheral blood of circu-
lating CAR T copies per μg of cfDNA up to 12  weeks 
following ide-cel infusion is represented in Fig.  3A 
(responders) and 3B (non-responders). CAR T expan-
sion peak was observed between week 1 and 3 for most 
patients. 8/16 patients (50%) achieved expansion over 
105 copies/μg cfDNA. 8/8 (100%) expanders vs 3/8 (38%) 

Fig. 1  Multiple myeloma responses at 3 months follow-up. A First response assessment performed at a median of 12 (10–35) days after ide-cel 
infusion; B 3 months follow-up response. For response assessment, the IMWG criteria have been used, and MRD negativity was assessed by 
multiparameter flow cytometry. Abbreviations: CR: complete response; MR: minimal response; ORR: objective response rate; PD: progressive disease; 
PR: partial response; sCR: stringent complete response; VGPR: very good partial response

Fig. 2  Adverse events following ide-cel administration. A Frequency and grade of presentation, B Median time to onset and duration of 
hematologic toxicity. Dashed lines show the upper limit of the median duration range. Abbreviations: CRS: cytokine release syndrome; DIC: 
disseminated intravascular coagulation; ICANS: immune effector cell-associated neurotoxicity syndrome
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non-expanders had an objective response, 5/8 (63%) 
expanders vs 2/8 (25%) non-expanders had a sCR, and 
all patients with PD showed a CAR T expansion under 
105 copies/μg cfDNA (Fig.  3C). sBCMA plasma levels 
following ide-cel infusion are available all 16 patients, 
with nadir sBCMA levels observed between week + 8 
and + 12 following ide-cel infusion. Non-responders 
showed typically lack of decrease or plateau sBCMA lev-
els. In responders, however, high inter-patient variabil-
ity regarding timing of sBCMA decrease was observed 
(Fig. 4A, B).

Clinical response of an index case with extramedullary 
disease
A 75-year-old female patient with IgA kappa multiple 
myeloma, initial R-ISS Stage II, and with PD after pre-
vious 12 treatment lines, including HD-CT and ASCT. 
Previous to ide-cel therapy, a 12th treatment line with 

belantamab mafodotin, carfilzomib and dexametha-
sone was performed, with lack of tumor response. BM 
biopsy before ide-cel treatment showed a 30% infil-
tration and a pleural biopsy confirmed presence of 
pleural extramedullary disease. 12  days after ide-cel 
infusion, patient reported progressive dyspnea, and 
thorax computer tomography revealed progression of 
the pleural infiltrative mass (70 × 48 mm, previous size 
68 × 47 mm), as well as of the associated pleural effu-
sion. Cytology and flow cytometry of pleural effusion 
confirmed presence of aberrant plasma cells (26.5%). 
4  weeks following ide-cel infusion a slight reduc-
tion of the pleural mass could be radiographically 
documented (65 × 43), remaining stable  8  weeks after 
ide-cel (Fig.  5A, B, C). An additional radiotherapy to 
the pleural mass was performed. Early BM response 
assessment showed a PR and 3  months assessment a 
sCR.

Fig. 3  Longitudinal monitoring of circulating CAR T transgenes and correlation with tumor responses. A CAR T transgenes ddPCR monitoring and 
correlation with tumor responses in subgroup of patients who achieved an objective response following treatment with ide-cel. The observed 
results suggest that higher expansion levels in the first 4 weeks following ide-cel infusion correlate with better tumor responses. B CAR T transgenes 
ddPCR dynamics for the 5 patients showing PD. The observed results suggest that higher expansion levels in the first 4 weeks following ide-cel 
infusion correlate with better tumor responses. Green: patients with sCR; Blue: patients with CR; Magenta: patients with VGPR; red: patients with 
PD. C Tumor responses in patients with higher CAR T expansion (> 105 CAR T copies/μg cfDNA) vs lower CAR T expansion (< 105 CAR T copies/μg 
cfDNA). Abbreviations: CR: complete response; PD: progressive disease; sCR: stringent complete response; VGPR: very good partial response
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Discussion
We report one of the first real-life cohorts of RRMM 
patients treated with commercial ide-cel at a single Swiss 
academic center between June and October 2022, follow-
ing the administrative approval of ide-cel in April 2022. 
Our patient population was comparable to the patient 
population of previously published trial data on ide-cel 
[16], with 38% of patients harboring high-risk cytoge-
netics, 19%, R-ISS stage III, 31%, extramedullary disease, 
and a median number of previous treatment lines of 6 
(r: 3–12). Similarly, safety and primary response results 
were comparable to previous ide-cel studies [14–16].

In our patient cohort, we performed a first BM 
response assessment 2  weeks after ide-cel treatment 
(median: 12 days, r: 10–35), and further assessments at 3 
and 6 months. Remarkably, 44% of patients achieved CR 

(including 25% of sCRs by multiparameter flow cytom-
etry) as early as 2  weeks after ide-cel infusion. Addi-
tionally, we observed an increased depth of responses 
at 3  months follow-up, with 2 additional patients with 
initial CR and PR, respectively, further improving to an 
sCR. Moreover, patients showing an early sCR or CR in 
the first BM biopsy assessment, maintained this response 
status in the following response assessment 3  months 
after ide-cel infusion. The reported index clinical case 
illustrates however that an initial pseudoprogression, in 
this case of extramedullary lesions, might be observed in 
the initial weeks following CAR T-cell therapy treatment, 
followed by subsequent regression of these lesions. Simi-
lar experiences have been reported previously for B-cell 
non-Hodgkin lymphoma and B-cell lymphoblastic leuke-
mia with extramedullary disease [24, 25].

Fig. 4  sBCMA plasma levels dynamics following ide-cel infusion. Longitudinal monitoring of sBCMA plasma levels using the human BCMA/
TNFRSF17 ELISA assay and correlation with tumor responses A in patients reaching an objective response and B in non-responders. Green: patients 
with sCR; Blue: patients with CR; Magenta: patients with VGPR; red: patients with PD. Abbreviations: CR: complete response; PD: progressive disease; 
sCR: stringent complete response; VGPR: very good partial response

Fig. 5  Radiographical response of extramedullary disease after ide-cel treatment in index patient with pleural extramedullary disease. CT scans 
(transversal) showing radiographical disease course at day -6 (A), + 12 (B) and + 27 (C) after ide-cel infusion. At day + 12 an initial increase in pleural 
infiltrative mass and pleural effusion is observed, followed by decrease of both at day + 27
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In line with ide-cel trial data, peak CAR T expan-
sion in the peripheral blood occurred between week + 1 
and + 3 after ide-cel infusion [9]. Similar CAR T expan-
sion dynamics have been observed for CD19-targeting 
CAR T-cell agents in diffuse large B-cell lymphoma 
(DLBCL) and B-acute lymphoblastic leukemia (B-ALL) 
studies [26–29]. Interestingly, in our cohort, we observed 
sCR and CR more frequently in patients with a CAR T 
expansion in the peripheral blood > 105 copies/μg cfDNA 
as documented by ddPCR, and all patients with PD 
expanded < 105 copies/μg cfDNA.

Additionally, we performed longitudinal monitoring of 
circulating sBCMA levels in peripheral blood, and found 
lack of progressive decrease or plateau levels in patients 
with PD. In contrast, responders showed constantly 
decreasing sBCMA levels with a nadir between week + 8 
and + 12 following ide-cel infusion. This suggests that cir-
culating sBCMA levels can be potentially used as addi-
tional biomarker to monitor MM responses following 
CAR T-cell therapy.

In this cohort, CAR T-associated toxicity was manage-
able. However, we observed expected adverse events fre-
quently, requiring complex and timely multidisciplinary 
management [29–31]. Similarly to previous reports, the 
vast majority of patients (94%) presented CRS, mainly 
grade 1 (88%), and required the administration of at least 
one dose of tocilizumab. Thus, albeit neurotoxic adverse 
events presented less frequently in our cohort than pre-
viously described in patients receiving ide-cel [9], with 
only one (6%) patient presenting an ICANS grade 2, 
adequate and timely management of CAR T patients in 
experienced centers is essential. For instance, one patient 
developed refractory CRS and ICANS grade 2 requiring 
the administration of tocilizumab, dexamethasone and 
siltuximab [21]. The same patient presented the highest 
CAR T expansion in the peripheral blood observed in 
our cohort, reaching a peak of 757′927 copies /μg cfDNA 
2 weeks after ide-cel infusion, which also correlated with 
CR and MRD negativity in the early BM assessment.

Hematologic toxicity of any grade presented in all 
patients, and most patients presented grade 3 or higher 
events. Relevantly, 25% of patients presented prolonged 
grade 3 or higher hematologic toxicity, persisting at 
3 months follow-up after ide-cel treatment. No clear cor-
relation with age was observed. This prolonged toxicity, 
especially in patients with severe pancytopenia, may rep-
resent a major clinical challenge. Prolonged hematologic 
toxicities persisting at > 90 days post-CAR T-cell therapy, 
mainly thrombocytopenia and neutropenia, have been 
reported in 7–38% and 0–33%, respectively, in DLBCL 
and B-ALL studies with tisagenlecleucel [26, 27], axi-
cabtagene ciloleucel [32] and lisocabtagene maraleucel 
[33]. In the KarMMa trial, 41% of patients showed at 

least grade 3 persistent neutropenia, and 49% throm-
bocytopenia, with a median time to recovery of 1.9 
and 2.1  months, respectively [9, 34]. Moreover, in the 
KarMMa trial 3/127 (0.2%) of patients required stem cell 
support due to prolonged pancytopenia [9]. The physi-
opathology of this post CAR-T persistent cytopenia is 
incompletely understood, and the clinical management 
relies on supportive measures, mainly transfusions, use 
of hematopoietic growth factors and hematopoietic stem 
cell boost [35].

Regarding the ide-cel manufacturing process, the 
median time from lymphapheresis to ide-cel infusion 
was 7 (7–11) weeks. This seemed acceptable, since most 
patients (68.8%) were able to receive a bridging therapy, 
while patients with lower tumor burden did not require 
bridging. Manufacturing success rate was 88%, which is 
clearly lower as compared to previously published data 
[17]. In the KarMMa phase 2 trial, only one case of pro-
duction failure out of 140 included patients was reported 
(99.3% production success rate) [17]. In this trial, the 
number of previous treatment lines, as well as the pro-
portion of patients with a history of HDCT with ASCT, 
was comparable to our cohort. Thus, we hypothesized 
that the lower real-life manufacturing success rate was 
not related to a more heavily pretreated patient popula-
tion. For tisagenlecleucel, the latest reported manufac-
turing success rates were around 96%, with less than 3% 
of patients receiving OOS products [36]. Further reports 
from real-life cohorts could clarify the maximal expected 
production success rate for MM CAR-Ts and the possible 
underlying factors.

Conclusions
In summary, results from this real-life cohort suggest 
that treatment with ide-cel for RRMM outside of a clini-
cal trial is feasible and leads to an ORR of 69% in a heav-
ily pretreated patient population. The safety profile was 
manageable; however, prolonged hematologic toxicity 
remains a major clinical challenge. Tumor responses were 
more frequent in patients with higher CAR T-cell expan-
sion by ddPCR assessment in the peripheral blood, and 
circulating sBCMA levels correlated with BM responses. 
Future studies should further investigate strategies to 
enhance CAR T expansion in  vivo in order to optimize 
and maintain treatment efficacy.
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