METHODS
Patients
This single-center, Phase I trial enrolled 12 patients with relapsed/refractory multiple myeloma (RRMM) and extramedullary disease (EMD) between July 2023 and September 2024. Eligible patients were aged 18 to 75 years, confirmed with RRMM by International Myeloma Working Group criteria, and had at least one measurable lesion. Inclusion required prior failure of ≥3 therapy lines, including proteasome inhibitors, immunomodulatory drugs, and CD38-targeting monoclonal antibodies. Patients with active infections, severe organ dysfunction, or prior exposure to BCMA-targeted therapy were excluded. Of the enrolled 12 patients, 3 patients died before receiving CAR T-cell therapy and were excluded from the response rate calculation. Therefore, the response rate for the intention-to-treat (ITT) population was 75% (9/12), based on the 9 patients who received treatment. The response rate for the per-protocol (PP) population, consisting of the 9 patients who actually received CAR-T therapy, was 100% (9/9). Baseline characteristics are stated in Table 1.
Ethical Statement
The study was conducted according to the principles of the Declaration of Helsinki and Good Clinical Practice guidelines. Approval was obtained from the Ethics Committee of People's Liberation Army The General Hospital of Western Theater Command (Approval Number: 2024EC1-ky033). All patients provided written informed consent before enrollment and received detailed information about study procedures, potential risks, and benefits.
Surgical Procedure
Peripheral blood mononuclear cells were collected through leukapheresis, and CAR T-cells were manufactured to express bispecific CAR receptors targeting BCMA and GPRC5D, using methods optimized based on prior studies[1-4]. Bridging therapy was administered prior to lymphodepletion in two patients with bulky extramedullary disease (EMD) and high tumor burden. Patient 8 received Elranatamab (7 mg/kg, once daily on Days 1-5), starting 10 days prior to CAR T-cell infusion, which led to radiographic reduction in cranial lesion size and improvement in neurological symptoms. Patient 7 received a combination of Elranatamab (7 mg/kg, Days 1-5, starting 10 days prior) and localized radiotherapy (180 cGy × 10 fractions) targeting an abdominal mass, resulting in tumor shrinkage and relief of abdominal symptoms. The duration of bridging therapy was 5 days in both cases. These patients then proceeded to receive lymphodepletion and CAR T-cell infusion following the same protocol as the other patients. The response evaluation was based on disease status at the time of CAR T-cell infusion, consistent with standard practice. All patients, including those who received bridging therapy, underwent lymphodepletion with cyclophosphamide (300 mg/m²/day) and fludarabine (30 mg/m²/day) for 3 days prior to CAR T-cell infusion[1, 5]. CAR T-cells were infused at doses approved by the protocol: 1.0 × 10⁶ cells/kg in 8 patients and 1.5 × 10⁶ cells/kg in 1 patient.
Data Collection
Clinical data, including patient demographics, laboratory results, adverse events (AEs), and treatment response, were collected. Adverse events were graded using Common Terminology Criteria for Adverse Events (CTCAE) version 5.0, and cytokine release syndrome (CRS) or immune effector cell-associated neurotoxicity syndrome (ICANS) was graded according to the ASTCT consensus. Biomarkers such as interleukin-6 (IL-6), C-reactive protein (CRP), and ferritin were measured periodically post-infusion to evaluate inflammation and correlate with CRS.
Follow-up
Patients were followed for disease response, adverse events, and inflammatory biomarker changes. Efficacy assessments were performed according to International Myeloma Working Group criteria, including overall response rate (ORR), progression-free survival (PFS), and duration of response. Survival analyses were conducted using Kaplan-Meier methodology. Post-infusion, inflammatory markers (IL-6, CRP, ferritin) were monitored weekly during the first month, and every two weeks thereafter until biomarker resolution. Median peak times for IL-6, CRP, and ferritin were recorded.
Statistical considerations
Descriptive statistics were used to summarize patient characteristics, treatment outcomes, and safety data. Categorical data were presented as frequencies and percentages, while continuous data were summarized as medians with interquartile ranges (IQR). Kaplan-Meier survival curves were used to estimate progression-free survival (PFS) and overall survival (OS). Associations between inflammatory markers and CRS severity were analyzed using Pearson's correlation. All statistical analyses were performed using SPSS software, version 26.0 (IBM Corp.), with two-sided p-values <0.05 considered statistically significant.
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sFigure legend
sFigure 1. Study design and patient disposition.
A total of 12 patients with relapsed/refractory multiple myeloma (R/R MM) and extramedullary disease (EMD) were enrolled. Three patients died due to disease progression before receiving treatment, resulting in 9 patients receiving CAR T-cell therapy. Bridging therapy consisted of localized radiotherapy or Elranatamab. All treated patients underwent lymphodepletion with cyclophosphamide and fludarabine (Cy + Flu) for 3 consecutive days. One patient received a CAR T-cell dose of 1.5 × 10⁶ cells/kg, and eight patients received 1.0 × 10⁶ cells/kg. The primary endpoint was safety and efficacy, and the secondary endpoint included CAR T-cell activity, clinical response, and minimal residual disease (MRD) assessment.

sFigure 2. Efficacy of CAR T-cell therapy in patients with extramedullary disease (Ptwith1 to Ptwith4).
The efficacy of BCMA/GPRC5D CAR T-cell therapy in patients with relapsed/refractory multiple myeloma (R/R MM) and extramedullary disease (EMD) is demonstrated in the following cases: Ptwith 1: Bilateral chest wall and back multiple masses, evaluated as partial response (PR) post-treatment. Ptwith 2: Large mass in the sternal region, evaluated as complete response (CR) post-treatment. Ptwith 3: Inguinal lymph nodes, evaluated as CR post-treatment. Ptwith 4: Large mass in the neck, evaluated as very good partial response (VGPR) post-treatment.

sFigure 3. Efficacy of CAR T-cell therapy in patients with extramedullary disease (Ptwith5 to Ptwith9).
The therapeutic efficacy of BCMA/GPRC5D CAR T-cell therapy in patients with R/R MM and EMD is demonstrated in: Ptwith 5: Mass in the intercostal area, evaluated as CR post-treatment. Ptwith 6: Large mass in the superior mediastinum, evaluated as PR post-treatment. Ptwith 7: Large mass in the abdominal cavity, evaluated as PR post-treatment. Ptwith 8: Large mass behind the occipital region, evaluated as CR post-treatment. Ptwith 9: Axillary lymph node, evaluated as VGPR post-treatment.

sFigure 4. Dynamic changes in inflammatory biomarkers following BCMA/GPRC5D CAR T-cell infusion.
(A)Interleukin-6 (IL-6), (B) C-reactive protein (CRP), and (C) ferritin levels were monitored over time in individual patients (n = 9). Each line represents one patient, as indicated by the color and symbol legend. Values were measured at multiple time points following infusion, with Day 0 representing the day of CAR T-cell administration. Notable inter-patient variability in inflammatory marker kinetics was observed, with some patients exhibiting marked elevations consistent with cytokine release syndrome (CRS). The vertical axis scales vary across panels to reflect differences in biomarker range.


sTable 1. Summary of adverse events related to BCMA/GPRC5D CAR T-cell therapy.
This table presents treatment-related adverse events observed in the 9 patients who received CAR T-cell therapy. Events are categorized by system organ class and preferred term according to CTCAE version 5.0. The table includes both hematologic and non-hematologic toxicities, with grading based on severity. No cases of cerebellar toxicity, dysgeusia, or non-ICANS neurotoxicity were observed in the cohort.
