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MyCARdiac score: integrating cardiac imaging and biomarkers
to predict outcomes in RRMM patients receiving cilta-cel
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TO THE EDITOR

Chimeric antigen receptor (CAR) T-cell therapy has transformed
treatment for relapsed and refractory multiple myeloma (RRMM),
but its wider use has renewed attention to off-target toxicities.
While cytopenias, infections and immune-related adverse events
such as cytokine release syndrome (CRS) and Immune Effector
Cell-Associated Neurotoxicity Syndrome (ICANS) have been well
described [1-3], less is known about the prognostic implications of
baseline cardiac status in patients undergoing CAR T-cell
therapies. A prospective, multi-construct cohort found that
structural measures like increased interventricular septal wall
thickness (IVSD) and reduced left ventricular ejection fraction
(LVEF) together with early troponin rises, were associated with
worse outcomes, supporting the value of structural and biomarker
signals for risk stratification [4]. Real-world data with idecabtagene
vicleucel (Ide-cel) and ciltacabtagene autoleucel (Cilta-cel) also
reported adverse cardiac events, including heart failure, atrial
fibrillation, and ventricular arrhythmia following anti B-cell
maturation antigen (BMCA) CAR T-cell therapy [5, 6]. Despite the
growing body of evidence regarding the distinct toxicity profile of
Cilta-cel compared to Ide-cel [7], evidence linking baseline cardiac
conditions to outcomes or tumor burden remains scarce. Here, we
characterize baseline cardiac profiles in patients treated with Cilta-
cel and introduce the MyCARdiac score, a composite of routine
echocardiographic, computed tomography (CT), and NT-proBNP
measures, to improve baseline risk stratification and to guide post-
infusion surveillance.

We analyzed 72 consecutive Cilta-cel-treated patients
(2021-2025, University Hospital Leipzig) with written informed
consent and ethics approval (361/22-ek). Baseline cardiovascular
profiles, including risk factors and cardiac comorbidities were
extracted from electronic medical records. Post-infusion cardiac
events included hospitalization for cardiac causes, worsening
heart failure, or cardiovascular death. CRS and ICANS were graded
per ASTCT criteria [1]. The Revised International Staging System (R-
ISS) and log, transformed Endothelial Activation and Stress Index
(EASIX) scores, as well as the presence of extramedullary disease
(EMD) were assessed as described previously [8, 9]. Immune
effector cell-associated hematotoxicity (ICAHT) was graded
separately for absolute neutrophil (N-ICAHT) and platelet count
(T-ICAHT), applying published criteria [2, 3]. All patients underwent
structured transthoracic echocardiographic evaluation as part of
the pre-treatment workup within 30 days prior to CAR T-cell
infusion using commercially available ultrasound systems (GE-
Vivid-E95 and GE-Echopac-Software). Assessed parameters
included LVEF, IVSD, left posterior wall diastolic thickness (LVPWd),
vena cava (VQ)-collapsibility as well as body surface-indexed left

ventricular end-diastolic and end-systolic diameters (LVDd, LVDs),
left ventricular mass index (LVM-Index), left atrial diameter (LADs),
and global longitudinal strain (GLS) following current guidelines
[10]. Coronary artery calcification (CAC) was assessed on the most
recent pre-treatment CT scans using the Weston-scoring method
(range 0-12) [11]. NT-proBNP was measured in median 6 (range
0-97) days before CAR-T cell infusion. The Heart Failure
Association-International Cardio-Oncology Society (HFA-ICOS)
score was calculated for comparison with other cardio-oncology
risk assessments [12].

Peripheral blood samples were collected at lymphodepletion
(LP), CAR T-cell infusion (day 0), and on days 7, 14, 30, and 100
post-infusion. These samples were then used to measure soluble
BCMA (sBCMA) and toidentify bystander T-cells as well as different
subsets of CAR T-cells, as described previously [13]. Statistical
analyses were conducted using R version 4.3.0. Progression-free
survival (PFS) and overall survival (OS) were defined as the time
from CAR T-cell infusion to relapse or death from any cause,
respectively.

The median age at the time of CAR T-cell therapy was 65.3 years
(range 31.9-81.6), with 34 (47.2%) males and 38 (52.8%) females.
Median Follow-up time was 6 (1-40) months. The median number
of prior therapies was 7 (range 1-17). Preexisting cardiac disease
was observed in 23 (31.9%) patients, including heart failure in 12
(16.7%), coronary artery disease in 3 (4.2%), valvular heart disease
in 3 (4.2%), atrial fibrillation in 11 (15.2%), and preexisting
cardiomyopathy in 2 (2.8%) patients. One patient had a history
of myocarditis. Cardiac risk factors were present in 45 (62.5%)
patients. Hypertension was the most common, affecting 29
(40.3%) patients, followed by smoking in 11 (15.3%) and diabetes
in 6 (8.3%). Importantly, none of these baseline characteristics was
linked to the occurrence of CRS/ICANS, cardiac adverse events and
worse PFS following CAR T-cell therapy (p>0.05, respectively).
During follow-up 4 (5.6%) patients developed adverse cardiac
events.

To assess the effect of baseline echocardiographic parameters, CAC
score as well as NT-proBNP measures on survival, we fitted univariate
Cox proportional-hazards models for PFS and OS using all variables as
continuous parameters (Fig. 1a, b). To account for multiple
comparisons, p-values were adjusted using the false discovery rate
(FDR) method. Both the raw p-values and the FDR-adjusted p-values
(p.gj) are reported. Among echocardiographic variables, greater
LVPWd (n=67) was associated with worse PFS (HR:1.59, 95% ClI:
1.15-2.19, p = 0.005, pag; = 0.03) and OS (HR: 1.45, 95% Cl: 1.13-1.87,
p = 0.004, p,q; = 0.02). Higher LVM-Index (n = 68) likewise predicted
shorter PFS (HR: 1.04, 95% Cl: 1.01-1.07, p = 0.008, p,q; = 0.03) and OS
(HR: 1.03, 95% Cl: 1.01-1.06, p =0.003, p.qj=0.02). Reduced VC-
collapsibility (n =57) was associated with shorter OS (HR: 0.93, 95%
Cl: 0.89-0.98, p =0.007, p,q; = 0.03). Lower baseline LVEF (n = 68)
showed a trend towards worse PFS (HR: 0.90, 95% Cl: 0.81-1.00,
p =0.058, p,g;=0.14). Higher CAC (n=64) scores were linked to
reduced PFS (HR: 135, 95% Cl: 1.05-1.72, p = 0.017, p,q; = 0.05) and

Received: 14 October 2025 Revised: 24 December 2025 Accepted: 2 February 2026

Published online: 17 February 2026

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41375-026-02887-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41375-026-02887-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41375-026-02887-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41375-026-02887-5&domain=pdf
https://doi.org/10.1038/s41375-026-02887-5
www.nature.com/leu

Letter

a) PFS ) oS
LVPWd (mm) L p<0.01 (adj=0.03) * LVPWd (mm) B p<0.01 (adj=0.02) *
LADs (mm/m?) { p=0.25 (adj=0.41) LADs (mm/m?) k i p=0.25 (adj=0.36)
CAC (a.u.) - p=0.02 (adj=0.05)* LVDs (mm/m?) H p=0.07 (adj=0.17)
LVDs (mm/m?) | p=0.15 (adj=0.30) IVSD (mm) H— p=0.12 (adj=0.23)
LVDd (mm/m?) e — p=0.28 (adj=0.41) CAC (a.u.) ——— p=0.18 (adj=0.31)
GLS (%) B p=0.31 (adj=0.41) LVDd (mm/m?) b p=0.74 (adj=0.89)
AV-VTI (cm) ——— p=0.44 (adj=0.52) LVM-Index (g/m?) gl p<0.01 (adj=0.02) *
IVSD (mm) ey p=0.70 (adj=0.76) GLS (%) ey p=0.86 (adj=0.92)
LVM-Index (g/m?) g} p<0.01 (adj=0.03) * AV-VTI (cm) e | p=0.92 (adj=0.92)
NT-proBNP (ng/mL) p<0.01 (adj=0.03) * NT-proBNP (ng/mL) p=0.01 (adj=0.03) *
VC-collapsibility (%) et p=0.77 (adj=0.77) LVEF (%) b p=0.27 (adj=0.36)
LVEF (%) —— p=0.06 (adj=0.14) VC-collapsibility (%) bt p<0.01 (adj=0.03) *
1 2 3 1 2 3
Hazard Ratio Hazard Ratio
< 1.00 d 1.00 T e) 1.00 f) 1.00 g 1.00
_0757 | =075 075 075 2075
) o ~ P~ =z
= 2 W ) @
z = u s g
> 050 2 050 <050 =050 050
= a [} Hd z
[ = Ivd w £
w %] a o [0}
= S 025 0.25 0.25 To2s
025
p = 0.0087 p=0.029 p = 0.00094 p=0.0035 p=0017
HR: 8.84 (95% CI: 1.24-63.13) HR: 6.63 (95% CI: 0.9347.13) HR: 12.96 (95% CI: 1.82-92.37) HR: 8.28 (95% CI: 1.5245.19) HR: 6.1 (95% CI 1.11-33.38)
0.00 0.00 0.00 0.00 0.00
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 5 10 15 20 0 5 10 15 20
months months months months months
Number at risk Number at risk Number at risk Number at risk Number at risk
LVPWd < 12159 19 2 1 1 LVM-ndex = 7 19 2 1 1 LVEF<51 j 5 1 1] 0 0 CAC= 150 23 19 6 1 NT-proBNP =693 46 18 13 3 0
LVPWd > 12 1 7 2 0 0 0 LVMindex>115410 2 o 0 0 LVEF=251{62 20 2 1 1 CAC>3{13 [} 2 1 0 NT-proBNP > 693 114 73 1 0
0 10 20 30 40 0 10 20 30 40 0 10 2 30 40 0 5 10 15 20 0 5 10 15 20
months . months A months months months
h) i) i) k) ]
1.001 48, 1.00 1.001 4 1.00 1.00
? + + P tii w ﬁm
075 =075 075{ +—+—+ 075 ~075
5 3 = z
2 2 & g g
> 050 2 050 2050 Soso 2050
= 3 @ 3 <
o @ E @
025 Oo2s 025 025 Oo2s
p=0.018 p=0.057 p=024 p=0.15 p=0.12
HR: 7.5 (95% CI: 1.06-53.3) HR: 5.45 (95% Cl: 0.77-38.73) HR: 3.56 (95% CI- 0.37-34.21) HR: 3.77 (95% CI- 0.53-26.81) HR: 3.73 (95% CI: 0.62-22.4)
0.00 0.00 0.00 0.00 0.00
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 5 10 15 20 0 5 10 15 20
months months months months months
Number at risk Number at risk Number at risk Number at risk Number at risk
LVPWd< 12459 19 2 1 1 LVM-ndex< 115 157 19 2 1 1 LVEF<5 i 5 1 0 0 0 C< "iso 24 19 6 1 NT-proBNP < 6 13 0
LVPWd > 12 1 7 2 0 0 0 LVMIndex>11540 2 0 0 o LVEF 2 20 2 1 1 =313 6 3 1 0 NT-proBNP 74 1 0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 5 10 15 20 0 5 10 15 20
months months months months months
m) (p=0.0373) n) (p =0.00724) 0) 0o (p=0.958) p) (p=0.0115) q) (p=0.0142)
1e+06
200
201 o 75 s :E"
£ r E 150 . - , = &
g e g . 3 i 2
= x _ = _—— _— s —— o le+04 . B
; o § o ] B 6; 8 &
[ _  fa 2 % & 1 °
> = - (3} =
& . s . . 'E' .
10| —t— . O —— z
50 0
1e+02
25
0
5

No event

Cardiac event

No event

Cardiac event

No event

Cardiac event

No event Cardiac event

No event Cardiac event

Fig. 1 1 Association of echocardiographic and cardiac biomarkers with survival outcomes after Cilta-cel. Univariate Cox regression analyses
of echocardiographic parameters and cardiac biomarkers with respect to progression-free survival (PFS, a) and overall survival (OS, b). Hazard
ratios with 95% confidence intervals (95% Cl) are shown. Raw p-values and false discovery rate (FDR)-adjusted p-values are reported, with
statistical significance indicated by asterisks based on the adjusted p-values (p < 0.05, p < 0.01). c-g Kaplan-Meier curves of PFS stratified by
optimized cut-off values for LVPWd, LVM-Index, LVEF, CAC, and NT-proBNP. h-l Kaplan-Meier curves of OS stratified by the same parameters.
HR, 95% Cl, and log-rank p-values are shown, and numbers at risk are indicated below each plot. m-q Box plots showing the associations of
the same parameters with the occurrence of adverse cardiac events. The Mann-Whitney U test was used for statistical analysis, and statistical
significance was defined as p < 0.05.
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elevated NT-proBNP (n=61) to shorter PFS (HR: 1.08, 95% Cl: selected rank statistics for PFS. These thresholds were then
1.02-1.14, p = 0.005, p,g; = 0.03) and OS (HR:1.06, 95% CI:1.014-1.105, applied to categorize patients for PFS and OS analyses (Fig. 1c-l).
p=0.01, poq; = 0.03). The cut-offs were 12 mm for LVPWd, 115 g/m2 for LVM-Index, 3 for

Optimized cut-off values for each variable identified in CAC-score and 693 ng/mL for NT-proBNP with values above being
univariate survival analyses were determined using maximally considered as high. LVEF values below 51% were classified as low.
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Fig. 2 Impact of the MyCARdiac score and cardiovascular risk on treatment outcomes. a Definition of the MyCARdiac score components
and distribution of high-risk patients. b Correlation matrix of echocardiographic parameters and cardiac biomarkers. c-f Baseline associations
of MyCARdiac risk status with sSBCMA, EMD, log,(EASIX), and R-ISS stage. g, h Post-infusion sSBCMA and IL-6 levels by risk group. i-I Distribution
of early and late N-ICAHT and T-ICAHT scores. m, n Association of MyCARdiac risk with treatment response and CRS grade. o-t Expansion
kinetics of total CD3", CD4", and CD8" T-cells and CAR" subsets stratified by risk. u, v Kaplan-Meier curves for PFS and OS according to
MyCARdiac (blue) and HFO-ICOS (red) risk classification. HR, 95% Cl, and log-rank p-values are shown, and numbers at risk are indicated below
each plot. Statistical significance was defined as p < 0.05. Two (c, e, g, h) or one (o-t) sided Mann-Whitney U, chi-square (d, f, i-n), and log-rank

(u, v) tests were applied when appropriate.

For PFS, higher LVPWd (Fig. 1c), increased LVM-Index (Fig. 1d),
reduced LVEF (Fig. 1e), elevated CAC scores (Fig. 1f) as well as
increased NT-proBNP (Fig. 1g) were consistently linked with
shorter PFS (piogrank < 0.05, respectively). Similarly, for OS, elevated
LVPWd  (piogrank =0.018, Fig. 1h) and increased LVM-Index
(Progrank = 0.057, Fig. 1i) were linked to adverse OS, while LVEF, CAC
and NT-proBNP showed no association in OS analyses. Increased
levels of LVPWd, LVM-Index, CAC-score, and NT-proBNP were
associated with the occurrence of adverse cardiac events after
CAR T-cell therapy (p < 0.05, respectively, Fig. Tm-q).

To assess the impact of cardiac parameters on disease-related
features in RRMM patients, we combined the cardiac parameters
that were significantly associated with adverse outcomes into the
MyCARdiac score (Fig. 2a). These variables showed high level of
intercorrelation based on Spearman's coefficient analyses (Fig. 2b).
Patients were classified as high-risk if at least two of the
parameters exceeded their respective cut-off values. Notably, this
classification was independent of age, body-mass-index, and renal
function (p > 0.05, respectively).

Regarding parameters measured before CAR T-cell therapy we
observed that high-risk patients had higher serum concentrations
of sBCMA (p =0.009, Fig. 2c¢) and EMD (p <0.001, Fig. 2d). No
significant differences were observed comparing the distribution
of log,(EASIX) and R-ISS Scores (Fig. 2e, f).

Consistently, cardiac high-risk patients showed elevated sBCMA
(p =0.01, Fig. 2g) and IL-6 (p < 0.001, Fig. 2h) levels at day 30 post
CAR T-cell infusion. This was accompanied by higher early
(p <0.001, Fig. 2i) and late (p = 0.03, Fig. 2k) T-ICAHT, as well as
late N-ICAHT scores (p =0.018, Fig. 2l), indicating greater depth
and prolonged duration of thrombocytopenia and neutropenia.
Similarly, best response differed between non-high- and high-risk
patients with patients not responding to Cilta-cel being uniformly
classified as high-risk (p = 0.01, Fig. 2m), while no difference was
observed for CRS (Fig. 2n).

Next, we correlated non- and high-risk patients longitudinally to
bystander T-cell abundancy from LP to day 100 after infusion
without observing any differences between the groups (Fig. 20—q).
In contrast, high-risk patients showed significantly impaired CAR
T-cell expansion for CAR CD3™ at day 7 (p < 0.05, Fig. 2r) and CAR
CD4* at days 7 and 14 (p < 0.05, Fig. 2s) without changes in CAR
CD8*-cells irrespective of timepoint (Fig. 2t).

Finally, we applied the MyCARdiac score to survival analysis,
where we observed reduced PFS (p=0.008, Fig. 2u) and OS
(p =0.037, Fig. 2v) for patients that were classified as high-risk. In
contrast, the HFA-ICOS assessment did not significantly stratify
PFS (p = 0.157, Fig. 2u), while OS was reduced, consistent with the
MyCARdiac score (p = 0.04, Fig. 2v).

Taken together, cardiac events were low in this cohort of RRMM
patients receiving Cilta-cel treatment. Baseline markers of LV-
remodeling (LVEF, LV-mass and -wall thickness), atherosclerosis
(CAC-score), and subclinical congestion (NT-proBNP) provided
independent prognostic information. Notably, NT-proBNP has
been proposed as a predictive marker in MM [14]. Whether
baseline remodeling reflects hypertension, intrinsic heart disease,
or RRMM itself requires further research. The higher prevalence of
EMD in high-risk compared to non-high-risk patients may indicate

SPRINGER NATURE

an association with RRMM rather than comorbidities. Cardiac MRI
may play an important role in future studies to differentiate
between entities of LV-hypertrophy [15]. Notably, patients with
cardiac AL-amyloidosis were excluded from this study. The study is
limited by its modest sample size, single-center setting and
limited availability of baseline troponin measurements. Further-
more, adjudicated cardiotoxic events were infrequent, and risk
associations largely reflect gradients in continuous cardiac
measurements, which should be considered when interpreting
the prognostic findings. We establish the first link between disease
burden -measured by sBCMA, EMD, treatment response- and
hematologic toxicities, captured by EASIX and ICAHT scores, with
cardiac health in RRMM. Our derived MyCARdiac score identified a
high-risk group with more aggressive disease features, impaired
CAR T-expansion and inferior outcomes, showing better perfor-
mance than HFA-ICOS for PFS. These findings support guideline-
recommended routine cardiac assessment before CAR T-cell
therapy to refine risk stratification. Future work should focus on
external validation and confirm its applicability across broader
patient populations.
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