™ Z
C(D Current Oncology m\py

Review

Extramedullary Disease and Prolonged Hematotoxicity After
Standard-of-Care Idecabtagene Vicleucel for Relapsed/Refractory
Multiple Myeloma: A Transatlantic Real-World Evidence Synthesis

Mohammad Ahsen Soomro *{, Aroog Khaliq 2(, Muhammad Bilal Abid 3(, Barry Paul 4, Shebli Atrash @,
Hira Shaikh 502, Anita Mazloom °?®, Omar Alkharabsheh 70, Prerna Mewawalla 8, Mansi R. Shah ?,
Abdullah Mohammad Khan %0, Zahra Mahmoudjafari ', Muhammad Umair Mushtaq !, Jeries Kort °9,
Alma Habib ! and Al-Ola Abdallah 1

W) Check for updates

Received: 1 September 2026

Revised: 19 October 2026

Accepted: 20 October 2026
Published: 22 October 2026
Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

1 The Wright Center for Graduate Medical Education, Scranton, PA 18505, USA

2 HCA Overland Park Regional Medical Center Graduate Medical Education, Overland Park, KS 66204, USA
Stem Cell Transplantation and Cellular Inmunotherapy Program, Department of Hematology/Oncology,
UMC TLC2 Foundation Cancer Center, Texas Tech University Health Science Center School of Medicine,
Lubbock, TX 79430, USA

4 Levine Cancer Center, Atrium Health, Wake Forest University School of Medicine, Charlotte, NC 28204, USA
Division of Hematology, Oncology, and Blood & Marrow Transplantation, University of Iowa,

Iowa City, IA 52242, USA

Division of Hematology and Oncology, Mitchell Cancer Institute, University of South Alabama,

Mobile, AL 36604, USA

Division of Hematology and Oncology, University of Cincinnati, Cincinnati, OH 45267, USA

Division of Hematology and Cellular Therapy, Allegheny Health Network Cancer Institute,

Pittsburgh, PA 15212, USA

9 Division of Blood Disorders, Rutgers Cancer Institute, New Brunswick, NJ 08901, USA

10 Division of Hematology, The Ohio State University, Columbus, OH 43210, USA

Division of Hematologic Malignancies & Cellular Therapeutics, University of Kansas Medical Center,
Westwood, KS 66205, USA

*  Correspondence: soomrom@thewrightcenter.org

Simple Summary

Chimeric antigen receptor T-cell therapy with idecabtagene vicleucel has improved out-
comes for relapsed multiple myeloma, but real-world results vary considerably. In this
evidence synthesis of real-world studies, we evaluated how tumors growing outside the
bone marrow, termed extramedullary disease, and prolonged low blood counts affect treat-
ment success. We found that approximately one in five treated patients has extramedullary
involvement, which consistently cuts progression-free survival roughly in half compared
to those without soft-tissue tumors. Additionally, severe low blood counts remain common
three months after treatment, especially low platelets and white blood cells. Importantly, de-
layed blood recovery is primarily driven by extensive cancer in the bone marrow rather than
tumors outside the bone. These findings emphasize that clinicians should thoroughly eval-
uate both tumor locations and bone marrow health before infusion to optimize treatment
selection, anticipate supportive care needs, and guide the design of future clinical trials.

Abstract

Background: Idecabtagene vicleucel (ide-cel) has demonstrated substantial activity in re-
lapsed /refractory multiple myeloma (RRMM), but outcomes in real-world patients remain
heterogeneous. Extramedullary disease (EMD) is an adverse phenotype, and prolonged
cytopenias may complicate post-CAR-T recovery. We synthesized real-world standard-
of-care ide-cel evidence to characterize EMD-associated efficacy outcomes and prolonged
hematotoxicity. Methods: We performed a focused evidence synthesis of real-world ide-cel

Curr. Oncol. 2026, 33, 642

https:/ /doi.org/10.3390/curroncol33110642


https://crossmark.crossref.org/dialog?doi=10.3390/curroncol33110642&domain=pdf&date_stamp=2026-10-22
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/curroncol
https://www.mdpi.com
https://orcid.org/0000-0002-5957-3802
https://orcid.org/0009-0007-0096-3826
https://orcid.org/0000-0002-1128-0445
https://orcid.org/0000-0003-4547-7534
https://orcid.org/0000-0001-5604-4166
https://orcid.org/0009-0009-7899-7078
https://orcid.org/0000-0002-5299-4233
https://orcid.org/0009-0008-7464-6898
https://orcid.org/0000-0003-2166-2583
https://orcid.org/0000-0002-3168-2521
https://orcid.org/0000-0001-9182-3931
https://orcid.org/0000-0002-6603-185X
https://doi.org/10.3390/curroncol33110642

Curr. Oncol. 2026, 33, 642

2of 16

studies reporting EMD-stratified outcomes, cytopenias, hematopoietic interventions, or
safety in RRMM. Data were extracted into a structured workbook. Because several US
datasets were derived from potentially overlapping registry or consortium populations,
primary EMD prevalence and progression-free survival (PFS) synthesis was restricted to
non-overlapping EMD-stratified cohorts. Progression-free survival (PFS) was analyzed in
parallel across contributing cohorts rather than pooled mathematically. Cytopenia outcomes
were summarized descriptively at day 30/month 1 and day 90/month 3. Results: Five real-
world studies were included. Across two non-overlapping ide-cel-only EMD-stratified
cohorts, 111 of 510 infused patients had reported EMD, corresponding to a combined
study-reported prevalence of 21.8% (17.0% in the French registry and 23.9% in the US
cohort). Median PFS was shorter with EMD in both contributing cohorts: 6.21 ver-
sus 14.82 months in FENIX/DESCAR-T and 5.3 versus 11.1 months in the US EMD-
focused cohort. Across both independent cohorts, presence of extramedullary disease
was consistently associated with significantly inferior progression-free survival: median
PFS was 6.21 months (95% CI: 4.01-NR) versus 14.82 months (95% CI: 11.30-18.37) in the
French FENIX/DESCAR-T cohort (adjusted HR 3.15, 95% CI: 1.82-5.47; p < 0.0001), and
5.30 months (95% CI: 4.10-6.90) versus 11.10 months (95% CI: 9.20-12.60) in the US cohort
(adjusted HR 1.50, 95% CI: 1.10-2.20; p = 0.02). In the US EMD-focused cohort, day-90 ORR
was 52% with EMD versus 82% without EMD. EMD independently predicted inferior
PFS in both adjusted analyses. A multicenter cohort evaluating both ide-cel and ciltacab-
tagene autoleucel (cilta-cel) contributed supportive evidence, with ide-cel-treated EMD
patients achieving a best overall response rate (ORR) of 61% (>PR per IMWG criteria).
In the cytopenia-focused cohort, grade > 3 cytopenia was present in 64.7% at day 30
and 40.4% at day 90. Grade > 3 thrombocytopenia was present at day 90/month 3 in
20.8-27.7% across ide-cel-only hematotoxicity studies. Conclusions: Real-world ide-cel
data identify EMD as a high-risk phenotype associated with inferior response durability
and approximately halved median PFS. Prolonged grade > 3 cytopenias are common after
standard-of-care ide-cel, particularly thrombocytopenia and neutropenia. These findings
support pre-infusion risk stratification incorporating true EMD status, marrow disease
burden, and hematopoietic reserve.

Keywords: idecabtagene vicleucel; multiple myeloma; extramedullary disease; CAR T-cell
therapy; hematotoxicity; cytopenias; real-world evidence; BCMA-targeted therapy

1. Introduction

Idecabtagene vicleucel (ide-cel), a B-cell maturation antigen-directed chimeric anti-
gen receptor T-cell therapy, has transformed the treatment landscape for patients with
relapsed or refractory multiple myeloma (RRMM) who have previously received pro-
teasome inhibitors, immunomodulatory agents, and anti-CD38 monoclonal antibodies.
Although pivotal clinical trials demonstrated durable responses and clinically meaningful
progression-free survival (PFS), these results may not fully reflect outcomes achieved in rou-
tine clinical practice, where patients often present with greater comorbidity burden, baseline
cytopenias, organ dysfunction, aggressive disease biology, and prior BCMA exposure [1-3].

Among these high-risk features, extramedullary disease (EMD) is increasingly recog-
nized as a clinically distinct and adverse phenotype in multiple myeloma. Contemporary
definitions distinguish true EMD, typically involving visceral or soft-tissue plasmacytomas
non-contiguous with bone, from paraskeletal disease arising from osseous lesions [2]. Real-
world ide-cel studies have shown that patients with EMD experience inferior response
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durability and shorter PFS compared with patients without EMD [4,5]. In the French
FENIX/DESCAR-T registry and the US EMD-focused multicenter cohort, EMD indepen-
dently predicted worse outcomes after ide-cel therapy [4,5]. Together, these findings sug-
gest that EMD remains a major determinant of inferior outcomes despite BCMA-directed
CAR-T therapy [4,5]. Patients with EMD frequently have a higher disease burden, greater
marrow involvement, and require intensive bridging therapy before CAR-T infusion, fac-
tors that may also contribute to delayed hematopoietic recovery after treatment. Despite
these advances, EMD remains one of the greatest unmet clinical challenges in multiple
myeloma. Although retrospective series have shown that intensive regimens such as
VDPACE combined with an immunomodulatory agent can achieve disease debulking
with overall response rates of up to 76% in relapsed /refractory extramedullary myeloma,
whether aggressive bridging cytoreduction translates into improved post-CAR-T durability
remains an unproven hypothesis that warrants dedicated prospective study.

Beyond disease biology, treatment-related toxicities have emerged as another ma-
jor determinant of long-term outcomes after BCMA-directed CAR-T therapy. Prolonged
hematotoxicity has emerged as an important limitation of SOC ide-cel therapy. Persistent
cytopenia may delay recovery, increase transfusion and growth factor requirements, pre-
dispose patients to infection, and limit subsequent therapies. Persistent cytopenias are
associated with increased infectious complications, prolonged hospitalization, transfusion
dependence, higher healthcare utilization, and may limit access to subsequent therapies or
clinical trials.

In a real-world analysis, grade > 3 cytopenias persisted in 65% of patients at day 30 and
40% at day 90 after ide-cel, with thrombocytopenia remaining a prominent late toxicity [6].
High marrow plasma-cell burden, circulating plasma cells, and baseline anemia were
associated with prolonged cytopenias, suggesting that disease burden and hematopoietic
reserve are important determinants of post-CAR-T recovery [7]. These observations suggest
that both disease-related factors and impaired hematopoietic reserve contribute to delayed
blood count recovery following ide-cel therapy.

Several multicenter, registry-based, and institutional studies have evaluated outcomes
following standard-of-care ide-cel therapy; however, interpretation across studies remains
challenging because of overlapping patient populations, heterogeneous definitions of EMD
and prolonged cytopenias, inconsistent reporting of hematologic recovery, and variable
inclusion of patients with prior BCMA exposure [2,5,7,8]. Consequently, no comprehensive
evidence synthesis has specifically focused on the combined impact of EMD and prolonged
hematotoxicity after standard-of-care ide-cel therapy. A focused synthesis prioritizing
non-overlapping cohorts and harmonized efficacy and hematologic endpoints is therefore
needed to better define these clinically important outcomes.

To address these clinical uncertainties, we performed a focused transatlantic evidence
synthesis rather than a broad systematic review, deliberately targeting the high-risk sub-
entity of extramedullary disease because patients with visceral or soft-tissue involvement
were under-represented in pivotal trials and face shortened response durability in routine
practice. We sought to address two major unanswered questions: (1) how EMD influences
treatment efficacy and progression-free survival following ide-cel, and (2) the incidence,
predictors, and management of prolonged hematotoxicity. Specifically, we estimated EMD
prevalence, summarized EMD-associated response and progression-free survival outcomes,
characterized grade > 3 cytopenias after ide-cel, and reviewed hematopoietic interventions
used to support blood count recovery.
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2. Methods

We performed a focused descriptive evidence synthesis of published real-world stud-
ies evaluating standard-of-care (SOC) chimeric antigen receptor (CAR) T-cell therapy
with idecabtagene vicleucel (ide-cel) in patients with RRMM. This study was designed
as a focused evidence synthesis rather than an exhaustive systematic review or meta-
analysis, prioritizing the isolation of non-overlapping, high-impact cohorts over broad
bibliographic aggregation to eliminate patient double-counting across overlapping registry
and consortium datasets [9]. A targeted literature search was executed in the PubMed
database on 6 May 2026 to identify published observational cohorts evaluating standard-
of-care idecabtagene vicleucel (ide-cel) in patients with relapsed or refractory multiple
myeloma. The search strategy utilized the predefined search string: ((“idecabtagene vi-
cleucel”[Supplementary Concept] OR “idecabtagene vicleucel”[TW] OR “ide-cel”[TW] OR
“bb2121”[TW] OR “bb21217”[TW] OR “Abecma”[TW]) AND (“Multiple Myeloma”[MeSH]
OR “Multiple Myeloma”[TW])). Eligible studies were restricted to observational cohorts,
registry analyses, or multicenter retrospective studies that reported SOC ide-cel outcomes
related to EMD, response, PFS, cytopenias, hematopoietic interventions, or safety. Inter-
ventional clinical trials (including the KarMMa series), preclinical evaluations, narrative
reviews, case reports or small series with fewer than 10 patients, duplicate publications, and
studies without extractable ide-cel-specific outcomes were excluded. Rather than depicting
a bibliographic screening flow, Figure 1 illustrates our analytic cohort allocation framework
developed to minimize duplicate patient representation across potentially overlapping
multicenter consortia and registry datasets.

5 included real-world SOC ide-cel studies

— |

EMD efficacy synthesis
Farment/FEMNIX-DESCAR-T
+ Zamwar US EMD cohort
MNon-overlapping EMD-stratified cohorts

Hematotoxicity synthesis
Logue + Farment + supportive Zanwar
Extractable cytopenia
and suppart endpoints

Context / overlap caution
Sidana/CIBMTR + DimalAbdaliah
Mot double-countad in primary pooling

Primary quantitative synthesis avolded double-counting overlapping US registry/consortium populations.
EMD prevalence and PFS were summarized using independent EMD-stratified US and French cohorts.

S0OC = standard of care; ide-cel = idecabtagene vicleucel, EMD = extramedullary dizsease; PFS = progression-free survival, CIBMTR = Center
for International Blood and Marrow Transplant Research; USMMIC = US Multiple Myeloma Immunotherapy Consortium.

Figure 1. Analytic Framework and Cohort Allocation Strategy. Flowchart illustrating the allocation
of five real-world standard-of-care ide-cel studies. The primary quantitative EMD efficacy synthesis
was restricted to two non-overlapping ide-cel-only EMD-stratified cohorts: FENIX/DESCAR-T and
the US EMD-focused cohort. Logue 2022 [7] served as the primary hematotoxicity cohort. Sidana
2025/CIBMTR [6] was retained as a large SOC ide-cel benchmark. Dima/Abdallah 2024 [10] was
included as supportive EMD evidence, with ide-cel-specific data extracted where available and mixed
ide-cel/cilta-cel outcomes excluded from primary ide-cel-only pooled estimates.

Data were extracted into a structured workbook capturing study design, cohort source,
number of patients leukapharesed and infused, follow-up, EMD definition, EMD preva-
lence, response outcomes, survival outcomes, cytopenias, hematopoietic interventions,
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and reported predictors of hematotoxicity. When only percentages were reported, nu-
merators were back-calculated from available denominators and flagged as calculated
values. Study selection and data extraction were performed independently by two inves-
tigators, with discrepancies resolved by consensus. Study quality and risk of bias were
systematically evaluated across all included cohorts using the National Institutes of Health
(NIH) Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies
(Supplementary Table S1).

Because major US academic medical centers concurrently contribute commercial ide-
cel data to mandatory national registries (such as the CIBMTR) and multi-institutional
research consortia (such as the US Multiple Myeloma Immunotherapy Consortium and
USMIRC) during the same calendar years (2021-2023), published US real-world cohorts
harbor substantial patient overlap. Indiscriminately pooling these datasets alongside single-
center or subgroup reports (e.g., Logue et al. or Zanwar et al.) would double-count identical
patient populations and artificially inflate statistical precision; therefore, studies were segre-
gated into distinct analytical pathways (Figure 1). For the primary EMD efficacy synthesis,
we restricted quantitative descriptive estimates to two non-overlapping cohorts: the French
FENIX/DESCAR-T registry and the US multicenter cohort [4,5]. In the US multicenter
cohort (Zanwar et al.), EMD was strictly defined as visceral or soft-tissue plasmacytomas
non-contiguous with bone, assessed by contrast-enhanced computed tomography, mag-
netic resonance imaging, or 18F-FDG PET/CT prior to lymphodepletion, with paraskeletal
disease categorized separately. In the supportive mixed-product cohort (Dima et al.), EMD
was similarly defined as extraosseous/visceral plasmacytomas without bone contact. In
contrast, in the French FENIX/DESCAR-T registry (Ferment et al.) and CIBMTR registry
(Sidana et al.), extramedullary involvement was recorded as baseline disease status upon
study enrollment or apheresis per institutional reporting without central imaging re-review
to confirm exclusion of paraskeletal disease. In the French FENIX/DESCAR-T registry
(Ferment et al.), extramedullary involvement was recorded as baseline disease status upon
study enrollment or apheresis per treating center documentation according to standard
registry protocols, primarily evaluated via 18F-FDG PET/CT or computed tomography.
Because central adjudication to definitively exclude contiguous paraskeletal lesions could
not be independently confirmed across all French registry entries, the combined prevalence
across the two cohorts (111 of 510 infused patients; 21.8%) is reported as study-reported
EMD rather than an absolute pooled rate of adjudicated true EMD. Broader CIBMTR and
US consortium studies were retained for contextual interpretation but were not double
counted in the primary pooled aggregated EMD estimates [6,8]. A mixed-product SOC
BCMA CAR-T EMD cohort by Dima et al. was included for supportive EMD evidence, but
only ide-cel-specific extractable values were used in ide-cel-focused analyses; mixed ide-
cel/cilta-cel survival estimates were not incorporated into the primary ide-cel-only pooled
descriptive PFS synthesis [10]. The study-level analytic role of each cohort is summarized
in Table 1 and Figure 1.

The primary outcomes were EMD prevalence, EMD-associated response, and PFS.
Extracted EMD-specific efficacy outcomes are presented in Table 2. Overall descriptive
EMD prevalence was calculated as the total number of EMD cases divided by the to-
tal number of infused patients across the two non-overlapping EMD-stratified cohorts.
Progression-free survival was evaluated by comparing the reported study-specific medi-
ans and multivariable-adjusted hazard ratios across the non-overlapping EMD-stratified
cohorts. Because individual patient-level time-to-event data were not available, medians
were not pooled mathematically; instead, outcomes were analyzed in parallel to evaluate
consistency of the biological signal across independent datasets. Hazard ratios for EMD-
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associated PFS were extracted and tabulated but not synthesized statistically because of the
limited number of independent estimates and differences in adjusted model structure.

Table 1. Study Characteristics and Analytic Role of Included Cohorts.

Study Data Source Sample Size

Primary Focus in EMD
Synthesis

Use in Toxicity
Synthesis

Primary non-overlapping

French cohort;

Ferment 2024 [5] D;;EIXE_I,}EEQE{W 159 infused ide-cel registry-reported EMD ﬁlygfffgﬁ};es;:g;:g:?
captured at
baseline/apheresis
Primary non-overlapping
US cohort: strictly
US multicenter defined true EMD Supportive EMD
Zanwar 2024 [4] retrospective 351 infused ide-cel (non-contiguous thrombocytopenia/

EMD-focused cohort

visceral/soft-tissue

stem-cell boost signal

lesions) prior to

lymphodepletion
Logue 2022 [7] US multicenter SOC 5 4 0o ide-cel Excluded from EMD Primary cytopenia
ide-cel cohort efficacy pooling cohort

Contextual SOC ide-cel Contextual prolonged

Sidana 2025 [6] CIBMTR registry 821 infused ide-cel benchmark; not pooled cytopenia/safety
benchmark
. - 1 Supportive EMD Supportive
Dima/ Abdallah 2024 [10] USM.IRC’ 108 ide-cel within evidence; ide-cel-specific mixed-product
3 academic centers 152 total SOC CAR-T L
data only hematotoxicity context

Landmark cytopenia outcomes reflect cross-sectional laboratory evaluations among sur-
viving, evaluable patients at each predefined timepoint rather than continuous individual
patient-level persistence. In the primary hematotoxicity cohort (Logue et al.), 51 of 52 infused
patients were evaluable at day 30 and 47 at day 90, with attrition reflecting early non-relapse
mortality, disease progression, or missing landmark lab data. Similarly, in FENIX/DESCAR-T
(Ferment et al.), evaluable denominators were 158 of 159 infused patients at month 1 and
154 at month 3. Landmark rates represent observed count severity at that calendar window ir-
respective of interim supportive care (such as transfusions, growth factors, or stem-cell boosts).
Hematopoietic interventions, including growth-factor support, transfusions, thrombopoietin
agonists, intravenous immunoglobulin, and stem-cell boosts, were summarized narratively
because definitions and reporting windows varied across studies.

All analyses were performed in R using readxl, data.table, dplyr, stringr, and gg-
plot2 [11]. No hypothesis testing or formal between-study comparisons were performed
because of heterogeneity in study design and outcome reporting. Descriptive tables and
figures were generated from the cleaned extraction workbook.

Table 2. Extramedullary Disease Prevalence, Response, and Survival Outcomes After Standard-of-
Care Ide-cel.

Section A: Study-Reported Prevalence Across Non-Overlapping Cohorts

Study/Cohort Source g‘:;l:f Size (N) Patients with EMD (1)  Calculated Prevalence
Ferment 2024 (FENIX/DESCAR-T) [5] 159 27 17.00%
Zanwar 2024 (US EMD Cohort) [4] 351 84 23.90%
Pooled Descriptive Summary 510 111 21.80%

https:/ /doi.org/10.3390/curroncol33110642


https://doi.org/10.3390/curroncol33110642

Curr. Oncol. 2026, 33, 642 7of 16
Table 2. Cont.
Section B: Day-90 Overall Response Rate (ORR)
Day-90 Reported
Study/Cohort Source Subgroup Responders (#/N) * Response Rate
ED’f;aarSr;eéﬁaDr)y 44/84 52.40%
Zanwar 2024 (US EMD Cohort) [4]
No Extramedullary 219/267 * 82.00%
Disease
Section C: Progression-Free Survival (PFS) Outcomes and Risk Effects
Median PFS (Months Adjusted Hazard Ratio

Study/Cohort Source

Subgroup Status

Denominator (1)

[95% CI1) (HR [95% CI1)

3.15 [1.82-5.47]

EMD 27 6.21 [4.01-NR]
Ferment 2024 [5] (p < 0.0001)
No EMD 132 14.82 [11.30-18.37] Reference
EMD 84 5.30 [4.10-6.90] 150 [1.10-2.20]
Zanwar 2024 [4] (p =0.02)
No EMD 267 11.10 [9.20-12.60] Reference

Note: Definitions of extramedullary involvement differed between contributing cohorts. Zanwar
et al. [4] strictly defined EMD as soft-tissue or visceral lesions non-contiguous with bone (excluding
paraskeletal disease) evaluated before lymphodepletion. Ferment et al. [5] captured EMD at base-
line/apheresis via national registry reporting primarily utilizing 18F-FDG PET/CT or CT without
central adjudication of paraskeletal exclusion. Combined prevalence reflects study-reported EMD
across both cohorts. * Note: In Zanwar et al., day-90 overall response rates were published as study-
reported percentages (52.4% in EMD vs. 82.0% in non-EMD). Responder counts (1/N) represent
back-calculated values assuming the total infused cohort as the denominator (N = 84 and N = 267).
True evaluable response denominators at day 90 may be lower if patients experienced early death,
rapid disease progression, or missing IMWG restaging evaluations.

Given substantial cohort overlap risk, heterogeneous endpoint definitions, and ab-
sence of patient-level data, formal meta-analysis was intentionally avoided because sub-
stantial cohort overlap, heterogeneous endpoint definitions, inconsistent reporting of EMD,
and the absence of patient-level data violated key assumptions required for quantita-
tive pooling. Accordingly, all findings should be interpreted as descriptive rather than
inferential estimates.

3. Results

The targeted PubMed search identified 55 records, of which 32 were excluded fol-
lowing title and abstract screening because they represented preclinical investigations,
laboratory-based constructs, or non-myeloma disease models. Twenty-three articles un-
derwent full-text assessment; 18 were excluded because they represented clinical trials,
narrative reviews, case series involving fewer than 10 patients, or studies lacking extractable
ide-cel-specific extramedullary disease or day-90 cytopenia endpoints. Five independent
or non-overlapping real-world observational cohorts met all eligibility criteria and were in-
cluded in the evidence synthesis (Table 1, Figure 1). Study-level quality appraisal using the
National Institutes of Health quality assessment tool confirmed good methodological rigor
across all contributing cohorts (Supplementary Table S1). Because several US registry and
consortium datasets included overlapping patient populations, the primary quantitative
EMD synthesis was intentionally restricted to two independent ide-cel-only cohorts.

Across these two non-overlapping cohorts, 111 of 510 infused patients had ex-
tramedullary involvement, corresponding to a combined study-reported prevalence of
21.8% (Table 2). These findings suggest that approximately one in five patients undergoing
standard-of-care ide-cel has true extramedullary disease at infusion. The prevalence of
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EMD was 17.0% in the French FENIX/DESCAR-T cohort and 23.9% in the US multicenter
cohort (Table 2). In the US cohort, EMD was strictly restricted to non-contiguous soft-
tissue or visceral lesions, whereas the French registry captured extramedullary disease per
institutional documentation according to DESCAR-T guidelines.

EMD was consistently associated with inferior efficacy after ide-cel. In the US EMD-
focused cohort, day 90 overall response rate was 52.4% among patients with EMD com-
pared with 82.0% among those without EMD (Table 2). Assuming the total infused co-
hort as the denominator, this corresponds to approximately 44 of 84 and 219 of 267 pa-
tients, though landmark restaging attrition or missing evaluations were not indepen-
dently disaggregated in the original publication. While the French FENIX/DESCAR-T
registry did not report a standalone, EMD-stratified overall response rate, it did con-
firm the adverse nature of this phenotype through survival metrics. Extramedullary
disease was consistently associated with markedly shortened progression-free survival
across both independent standard-of-care cohorts. In the French FENIX/DESCAR-T
registry, median PFS was 6.21 months (95% CI: 4.01-NR) for patients with EMD com-
pared with 14.82 months (95% CI: 11.30-18.37) for those without EMD (adjusted HR
3.15, 95% CI: 1.82-5.47; p <0.0001). Similarly, in the US multicenter EMD-focused co-
hort, median PFS was 5.30 months (95% CI: 4.10-6.90) in the EMD cohort compared
with 11.10 months (95% CI: 9.20-12.60) in the non-EMD cohort (adjusted HR 1.50,
95% CI: 1.10-2.20; p = 0.02) (Table 2, Figure 2). Thus, across both transatlantic datasets,
median PFS duration was shortened by approximately half or more among patients pre-
senting with true extramedullary disease.

Median Progression-Free Survival After Ide-cel by EMD Status
subgroup [Jll] EvD [} No EMD
181

161 14.82 mo

Median progression-free survival, months

Ferment 2024 Zanwar 2024
FENIX/DESCAR-T US EMD cohort

Figure 2. Median Progression-Free Survival After Ide-cel by Extramedullary Disease Status.
Grouped bar chart showing median progression-free survival (PFS) for patients with extramedullary
disease (EMD, orange) versus without EMD (green) across the FENIX/DESCAR-T registry [5], and
the US EMD cohort [4]. In both independent cohorts, presence of EMD was consistently associated
with significantly shorter median PFS. Abbreviations: EMD, extramedullary disease; mo, months;
PFS, progression-free survival.

Adjusted analyses from both EMD-stratified cohorts supported EMD as an inde-
pendent adverse prognostic factor for PFS. In the US EMD-focused cohort, EMD was
independently associated with inferior PFS with an adjusted hazard ratio of 1.50. In
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FENIX/DESCAR-T, EMD was also independently associated with inferior PFS, with an
adjusted hazard ratio of 3.15 (Table 2). These hazard ratios were not statistically pooled
because of differences in covariate adjustment, registry structure, and the limited number
of independent EMD-stratified estimates. Despite differences in adjustment strategies,
both studies consistently identified EMD as an independent adverse prognostic factor
following ide-cel.

A multicenter cohort evaluating both commercial BCMA CAR-T products (ide-cel
and ciltacabtagene autoleucel [cilta-cel]) by Dima et al. provided supportive evidence.
In this study, 108 patients received ide-cel, including 36 with EMD (prevalence 33.3%),
among whom the best overall response rate (ORR; defined as > partial response per
IMWG criteria) was 61%. Because ide-cel-specific PFS by EMD status was not reported
and survival estimates were presented for the combined ide-cel/cilta-cel cohort, these
data were not incorporated into the primary ide-cel-only weighted PFS synthesis [11].
Extramedullary disease and hematologic outcomes were directly evaluated in the US mul-
ticenter ide-cel cohort (Zanwar et al.). In unadjusted subgroup comparisons, patients with
EMD required significantly more autologous CD34 + stem-cell boosts to rescue delayed
count recovery (14.3% [12/84] vs. 4.1% [11/267]; p = 0.001) (Table 3). Furthermore, land-
mark grade > 3 cytopenias at day 90 were higher among patients with EMD, including
neutropenia (21.4% [18/84] vs. 9.0% [24/267]) and thrombocytopenia (29.8% [25/84] vs.
19.1% [51/267]) (Table 3). However, early landmark hematologic toxicities did not differ
significantly: at day 30, grade > 3 neutropenia occurred at virtually identical frequencies
(34.5% [29/84] with EMD vs. 33.0% [88/267] without EMD), and day-30 grade > 3 throm-
bocytopenia showed overlapping confidence intervals (53.6% [45/84] vs. 43.1% [115/267])
(Table 3). Similarly, overall infection rates, growth factor support, and thrombopoietin
agonist use were comparable between EMD and non-EMD cohorts in Zanwar et al. In
the supportive mixed-product cohort (Dima et al.), active EMD was also associated with
higher stem-cell boost utilization (23.4% [11/47] vs. 3.8% [4/105]; p = 0.0002). Nevertheless,
neither study demonstrated that EMD independently predicted persistent cytopenias after
multivariable adjustment for baseline marrow burden and prior therapies [10].

Table 3. Post-Ide-cel Hematologic Outcomes Stratified by Extramedullary Disease Status (Zanwar
et al., 2024) [4].

. . . Patients .
omaoo©  GradeSeverity  TISUBINCAEMD without BMp  SUPBIZMP Comparison/
(n/N [%])
Day 30 Neutropenia Grade >3 29/84 (34.5%) 88/267 (33.0%) Comparable frequency
Day 30 o o Difference not
Thrombocytopenia Grade 23 45/84 (53.6%) 115/267 (43.1%) statistically significant
. o o Enriched in
Day 90 Neutropenia Grade >3 18/84 (21.4%) 24/267 (9.0%) EMD subgroup
Day 90 o o Enriched in
Thrombocytopenia Grade >3 25/84 (29.8%) 51/267 (19.1%) EMD subgroup
Autologous CD34 + All received 12/84 (14.3%) 11/267 (4.1%) p =0.001

Stem-Cell Boost

Note: EMD was strictly defined as non-contiguous soft-tissue or visceral lesions evaluated prior
to lymphodepletion. Denominators reflect infused patients with available post-infusion follow-up
(N =84 with EMD and N = 267 without EMD). In Zanwar et al., overall infection rates, G-CSF support
utilization, and thrombopoietin receptor agonist use did not differ significantly between EMD and
non-EMD cohorts.
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Beyond disease control, prolonged hematologic toxicity represented another consis-
tent finding across real-world ide-cel studies. Prolonged hematotoxicity is common after
standard-of-care ide-cel. In the focused cytopenia and infection cohort, grade > 3 cytopenia
was present in 33 of 51 evaluable patients at day 30 and 19 of 47 at day 90, corresponding to
rates of 64.7% and 40.4%, respectively (Table 4). Lineage-specific cytopenia patterns were
consistent across the US cytopenia cohort and FENIX/DESCAR-T. At day 90/month 3,
grade > 3 thrombocytopenia was present in 27.7% and 20.8% of patients; grade > 3 anemia
in 14.9% and 7.1%; and grade > 3 neutropenia in 10.6% and 24.7%, respectively (Table 4;
Figure 3). Although blood counts improved over time, substantial proportions of patients
continued to experience severe cytopenias three months after CAR-T infusion.

Table 4. Post-Ide-cel Hematotoxicity and Lineage-Specific Grade > 3 Cytopenia Profile.

Study ID Targc;itiggfatggenia Grade Severity Da}(,’z%l\[/{,z;;th 1 Da);}?/(;\/]l\[/lozrl;th 3
Any Severe Cytopenia Grade > 3 33/51 (64.7%) 19/47 (40.4%)
Neutropenia Grade > 3 20/51 (39.2%) 5/47 (10.6%)
Logue 2022[7] Thrombocytopenia Grade > 3 26/51 (51.0%) 13/47 (27.7%)
Anemia Grade > 3 15/51 (29.4%) 7/47 (14.9%)
Neutropenia Grade > 3 93/158 (58.9%) 38/154 (24.7%)
Ferment 2024 [5] Thrombocytopenia Grade > 3 56/158 (35.4%) 32/154 (20.8%)
Anemia Grade > 3 21/158 (13.3%) 11/154 (7.1%)

Note: Landmark denominators represent evaluable surviving patients with available laboratory
data at each cross-sectional timepoint (Logue et al.: N = 51 at Day 30 and N =47 at Day 90 among
52 infused patients; Ferment et al.: N = 158 at Month 1 and N = 154 at Month 3 among 159 infused
patients). Attrition between early and late landmarks reflects intervening disease progression, death,
or missing counts. Proportions reflect observed grade >3 cytopenias at that calendar landmark rather
than verified continuous patient-level persistence, and do not exclude patients receiving concurrent
hematopoietic support (e.g., transfusions, G-CSF, or stem-cell boosts).

Persistence of Grade =3 Cytopenias After Standard-of-Care Ide-cel
Lineage-specific grade =3 cytopenias at early and later post-infusion landmarks.

Timepoint [Jl] pay30/Montn 1 [ Day90/Montn3

Logue 2022 Ferment 2024
70%
K.
S 60% 58.9%
aQ
i) 51%
a' 50%
© 40% 39.2%
S 35.4%
<
230% i 29.4%
= 24.7%
; o 20.8%
g 20% 14.9%
S i 13.3%
= 10.6%
: - . =
\Co G e o NG \al
“e““oﬂ)e“ 00\(\093“ pee® - “\‘ove“ ‘)od\ove“ pee®
-
o0 <00

Day 30/Month 1 and Day 90/Month 3 were harmonized across studies. |de-cel = idecabtagene vicleucel.

Figure 3. Prevalence of Grade >3 Cytopenias After Standard-of-Care Ide-cel. Grouped bar chart
tracking severe neutropenia, thrombocytopenia, and anemia at day 30/month 1 (purple) and day
90/month 3 (pink) in the Logue 2022 [7] and Ferment 2024 [5] cohorts. While severe neutropenia
rates decline significantly by day 90, grade > 3 thrombocytopenia remains present as a prominent
late toxicity, affecting 20.8% to 27.7% of patients across studies.
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Supportive hematopoietic interventions were frequently required in the cytopenia-
focused cohort, including granulocyte colony-stimulating factor, transfusion support,
thrombopoietin agonists, intravenous immunoglobulin, and CD34-positive stem-cell boosts
(Table 4). A high baseline marrow plasma-cell burden was the most consistently re-
ported predictor of prolonged cytopenia; in multivariable analysis from the cytopenia-
focused cohort, marrow plasma-cell burden > 50% was associated with increased odds
of day-90 grade > 3 cytopenia (OR, 6.40; 95% CI, 1.40-33.60). These findings suggest that
baseline disease burden is an important determinant of delayed hematopoietic recovery
following ide-cel therapy.

4. Discussion

In this focused transatlantic evidence synthesis of real-world SOC ide-cel studies,
EMD consistently emerged as a high-risk phenotype associated with inferior response
durability and shorter PFS. Approximately one in five patients undergoing standard-of-care
ide-cel had documented extramedullary involvement, underscoring that this aggressive
disease phenotype is common in contemporary CAR-T practice. Definitions varied slightly
between contributing datasets: the US multicenter cohort strictly restricted eligibility to
true EMD (visceral or soft-tissue lesions non-contiguous with bone), whereas the French
registry captured extramedullary disease as documented within DESCAR-T. Although the
inability to centrally verify the complete exclusion of paraskeletal lesions across all registry
entries represents an inherent limitation of observational registry data, the directional
consistency of shortened progression-free survival and inferior response across both cohorts
substantiates the negative prognostic impact of extramedullary involvement irrespective of
minor institutional reporting differences [4,5].

Consistent across both independent cohorts, patients with EMD experienced sub-
stantially inferior disease control following ide-cel therapy. These findings confirm that,
although BCMA-directed CAR-T therapy retains activity in patients with EMD, responses
remain less durable than in patients without extramedullary involvement. The consistency
of this observation across geographically distinct cohorts strengthens the evidence that
EMD remains one of the strongest adverse prognostic factors following standard-of-care
ide-cel [4,5]. The markedly lower response rate observed among patients with EMD further
supports the concept that extramedullary disease reflects biologically aggressive myeloma
with reduced susceptibility to immune effector therapy. Rather than relying on mathe-
matical pooling of study medians, evaluating the two independent cohorts in parallel
underscores the robustness of this adverse phenotype, with median progression-free sur-
vival shortened by approximately half or more in both the French FENIX/DESCAR-T
cohort (6.21 versus 14.82 months) and the US multicenter cohort (5.30 versus 11.10 months).

The adjusted analyses further support EMD as an independent adverse prognostic
factor. EMD was associated with inferior PFS in both the US cohort (adjusted HR 1.50)
and the FENIX/DESCAR-T cohort (adjusted HR 3.15). Hazard ratios were not formally
pooled because of heterogeneity in the model design and limited independent estimates.
Despite differences in study design, the Dima cohort reinforced the consistency of inferior
outcomes among patients with EMD receiving BCMA-directed CAR-T therapy [10].

Prolonged hematotoxicity is a major limitation of ide-cel therapy. In the cytopenia-
focused cohort, grade > 3 cytopenia was present in 64.7% of patients on day 30 and 40.4%
on day 90.7 Thrombocytopenia and neutropenia were the dominant persistent toxicities,
with grade > 3 thrombocytopenia remaining present in 20.8-27.7% of patients on day
90 [7,12]. Persistent cytopenias likely reflect multifactorial marrow injury involving base-
line hematopoietic reserve depletion, inflammatory toxicity, prior therapy-related stem-cell
damage, and ongoing immune activation. A high baseline marrow plasma cell burden is
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strongly associated with prolonged cytopenia, supporting the concept that heavy marrow
involvement compromises hematopoietic recovery after CAR-T therapy [7]. Importantly,
real-world evidence indicates that extramedullary disease and prolonged hematotoxicity
represent distinct, complementary clinical challenges rather than a direct causal relation-
ship. In the multivariable predictor modeling by Logue et al., high baseline bone marrow
plasma-cell burden (>50%) independently predicted day-90 severe cytopenias (OR 6.40,
95% CI: 1.40-33.60), whereas EMD did not independently predict prolonged cytopenia
when controlling for baseline counts and marrow involvement. Although unadjusted
data from Zanwar et al. and Dima et al. demonstrate that patients with EMD experience
higher rates of day-90 cytopenias and require more stem-cell boosts (14.3% vs. 4.1%), early
day-30 neutropenia and overall infection rates did not differ. This increased need for late
hematopoietic support likely reflects higher cumulative pre-CAR-T treatment exposure,
extensive bridging therapy, and diminished baseline reserve commonly present in patients
with aggressive extramedullary presentations, rather than direct bone marrow suppression
mediated by extramedullary plasmacytomas. Thus, while EMD independently predicts
inferior response durability and shortened PFS, prolonged hematotoxicity is primarily gov-
erned by pre-infusion marrow plasma cell burden, baseline cytopenias, and compromised
hematopoietic reserve.

Supportive care requirements were substantial and included G-CSF, transfusions,
thrombopoietin agonists, IVIG, and stem-cell boosts [7]. Higher stem-cell boost utilization
among patients with EMD in both the US EMD-focused and Dima et al. cohorts suggests
increased hematopoietic vulnerability in this subgroup [4,10], These findings support
systematic pre-infusion assessment of hematopoietic reserve, including baseline cytopenias,
marrow burden, inflammatory markers, and stem-cell availability [7]. Consistent with
these findings, multicenter studies support autologous CD34 + stem-cell boosts as an
effective rescue strategy for prolonged post-CAR-T cytopenias by restoring hematopoiesis
and reducing transfusion and growth-factor requirements [13]. Emerging retrospective
evidence also suggests that eltrombopag may safely facilitate hematologic recovery in
selected patients with persistent cytopenias after CAR-T therapy [14].

This synthesis has several practical implications for the field. True EMD should
be carefully identified before ide-cel therapy using appropriate imaging modalities, as
prognosis differs substantially from paraskeletal disease [15]. Patients with EMD should
be counseled regarding the likelihood of shorter response durability. While earlier re-
ferral, tailored bridging regimens, and localized radiation therapy have been proposed
as strategies to control bulky, symptomatic disease prior to infusion, the observational
data synthesized here identify an adverse prognostic phenotype rather than establish that
specific bridging interventions improve post-infusion outcomes [16]. Similarly, although
retrospective reports describe overall response rates of 76% with VDPACE-based salvage
in relapsed /refractory MM with EMD, whether intensive bridging cytoreduction modifies
the intrinsic biological resistance of extramedullary clones after ide-cel infusion remains an
open clinical question requiring comparative investigation [17]. Similarly, patients with
heavy marrow involvement or baseline cytopenias should be recognized as high risk for
prolonged hematotoxicity and may require proactive supportive care planning [7].

As BCMA-targeted therapies are used earlier in the treatment landscape, sequenc-
ing strategies will become increasingly important. Prior BCMA-directed exposure has
been associated with inferior outcomes in several real-world cohorts, likely reflecting anti-
gen modulation, T-cell dysfunction, and selection of resistant disease clones [4,5,18,19].
Future prospective trials are needed to test hypotheses regarding alternative sequenc-
ing, dual-antigen targeting, consolidative approaches, and post-CAR-T maintenance in
patients presenting with EMD [20]. Emerging data suggest that simultaneous targeting
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of BCMA and GPRC5D may represent a promising strategy for this high-risk popula-
tion. In a phase 2 study of anti-BCMA /GPRC5D bispecific CAR-T therapy, patients with
relapsed /refractory multiple myeloma and extraosseous EMD achieved a 97% overall
response rate with universal MRD negativity among responders, highlighting the potential
of dual-antigen targeting to overcome resistance mechanisms associated with aggressive
extramedullary disease [21]. Similarly, the phase 2 RedirecTT-1 study demonstrated that
dual-target immune redirection with talquetamab plus teclistamab achieved a 79% overall
response rate, with 12-month progression-free and overall survival rates of 61% and 74%,
respectively, in patients with drug-resistant true extramedullary myeloma [22]. However,
these dual-antigen strategies remain investigational hypotheses rather than established
solutions; controlled comparative trials are required to prove whether dual targeting or post-
CAR-T maintenance can overcome the inferior survival trajectory observed in real-world
ide-cel cohorts.

A major strength of this study was the conservative analytic approach used to min-
imize the overlap among institutional, consortium, and registry datasets. By restricting
primary EMD analyses to non-overlapping ide-cel-specific cohorts, this study prioritized
validity over apparent sample size and reduced the risk of double counting [23]. This
approach also improved interpretability by restricting the primary synthesis to ide-cel-
specific cohorts that explicitly evaluated extramedullary involvement. However, potential
definitional heterogeneity must be acknowledged: while the US multicenter study explicitly
segregated true EMD from paramedullary or paraskeletal lesions, the French registry relied
on center-reported extramedullary status without centralized imaging re-review to confirm
exclusion of bone-contiguous disease. However, several limitations must be acknowledged.
This study was designed as a targeted, structured evidence synthesis rather than an exhaus-
tive multi-database systematic review or meta-analysis. The literature search was limited
to a single bibliographic database (PubMed) on a single calendar date, and excluded unin-
dexed conference abstracts and non-English publications, which may have omitted smaller
single-center experiences. Conference abstracts were excluded. However, because com-
mercial standard-of-care ide-cel utilization is concentrated within major national registries
and academic consortia that are indexed in MEDLINE, our primary objective prioritized
resolving documented cohort overlap, verifying extramedullary definitions, and ensuring
auditable data extraction over expansive bibliographic retrieval. Furthermore, study-level
quality appraisal using the National Institutes of Health quality assessment tool confirmed
good methodological rigor across all contributing cohorts (Supplementary Table S1). The
available evidence is limited: the main EMD-efficacy analysis is based on two separate
cohorts of ide-cel patients, and the hematotoxicity analysis primarily relies on one cohort
with additional lineage-specific data from a second. Notably, non-overlap was only en-
sured within the efficacy cohort; since the efficacy and toxicity groups were drawn from
overlapping populations in US cohorts and registries, some patients may be counted in
both, so these data streams should not be considered independent.

All studies included were retrospective and observational, with unavoidable resid-
ual confounding. Patients with EMD often have additional high-risk features that may
influence outcomes, and variations exist in imaging methods, EMD definitions, hemato-
toxicity criteria, and reporting periods across studies. Furthermore, hazard ratios varied
considerably between registries, reflecting differences in covariate adjustments and clinical
practices. Consequently, these estimates are descriptive, aiming to identify consistent
trend directions and assist in pre-infusion risk assessment rather than providing pooled
treatment-effect estimates.

An additional methodological consideration is survivor selection bias inherent to
post-infusion cohort analyses. Because this synthesis evaluated patients who successfully
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received standard-of-care ide-cel infusion, these metrics reflect conditional outcomes that do
not capture patients who suffered clinical deterioration or death between leukapheresis and
lymphodepletion. In the French FENIX/DESCAR-T registry (Ferment et al.), where disease
status was documented at apheresis, a lower proportion of patients with high-risk features
reached infusion due to early progressive disease. Because extramedullary myeloma
frequently exhibits explosive kinetics, pre-infusion attrition disproportionately affects
patients harboring active EMD, indicating that real-world EMD prevalence at apheresis is
likely higher and observed post-infusion survival represents conditional estimates.

Despite the inherent limitations of retrospective observational data, the consistency of
findings across independent transatlantic cohorts strengthens confidence in the clinical rel-
evance of these observations. Real-world ide-cel outcomes demonstrate that EMD remains
one of the strongest adverse prognostic features despite BCMA-directed CAR-T therapy,
whereas prolonged cytopenias continue to represent a major determinant of morbidity after
treatment. Collectively, these findings support incorporating EMD status, baseline marrow
plasma-cell burden, hematopoietic reserve, prior BCMA exposure, and bridging therapy
requirements into routine pre-infusion risk assessment to improve patient counseling, sup-
portive care planning, and individualized treatment selection [24,25]. Future prospective
studies should prioritize standardized EMD definitions, harmonized hematotoxicity re-
porting, and evaluation of optimized sequencing strategies, dual-target immunotherapies,
and post-CAR-T maintenance approaches to improve the durability of responses in this
particularly high-risk patient population [20,22,25].
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