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ARTICLE INFO ABSTRACT

Keywords: Background: Recent evidence underscores the importance of cardiovascular magnetic resonance (CMR) in light
Amyloidosis chain amyloidosis (AL amyloidosis). We aimed to comprehensively assess the prognostic significance of CMR
Cardiovascular magnetic resonance parametric mapping in AL amyloidosis.

Survival analysis Methods: This prospective study consecutively included AL amyloidosis patients who underwent CMR imaging

before therapy. The statistical analyses included T2, extracellular volume, and native T1 as variates under in-
vestigation, adjusted for well-established prognostic markers. The outcome was death from any cause.

Results: In total, 195 patients (age, 57.2 *+ 9.1 years; male/female, 123/72) were recruited. At the median follow-up
time (19 months), the survival probability was approximately 67.2% (131/195). T > 44 ms, extracellular volume
fraction (ECV) > 47%, and native T1 > 1468 ms were significantly prognostic (all, P < 0.05) but non-significant after
adjustment for N-terminal pro-B-type natriuretic peptide (all, P > 0.05) in AL amyloidosis. T2 > 44 ms was in-
dependently prognostic after correcting for left ventricle (LV) late gadolinium enhancement, LV ejection fraction, LV
longitudinal strain, and therapeutic response (all, P < 0.05). In patients achieving deep hematologic response, T2
> 44 ms (hazard ratios [HR] 6.611, 95% confidence interval [CI] 1.723-25.361, P = 0.006) was significantly prog-
nostic for mortality after adjustment for cardiac response. Accordingly, T2 > 44 ms was significantly associated with
mortality (HR 5.734, 95% CI 1.189-27.656, P = 0.030) and remained independently prognostic after correcting for LV
late gadolinium enhancement and LV longitudinal strain (both, P < 0.05) in patients who achieved both deep he-
matologic response and cardiac response.

Conclusion: This study highlights that T2 is a valuable independent predictor of mortality in an AL amyloidosis po-
pulation, additive to common CMR risk factors. Moreover, myocardial edema assessment identified patients in need of
adjunctive therapies, which is of particular prognostic significance in patients with deep therapeutic response.

Abbreviations: AL amyloidosis, light chain amyloidosis; bSSFP, balanced steady-state free precession; CI, confidence interval; CMR, cardiovascular magnetic
resonance; CR, complete response; cTn, cardiac troponin; dFLC, difference between involved and uninvolved FLC; ECV, extracellular volume fraction; EF, ejection
fraction; FA, flip angle; FLC, free light chain; HR, hazard ratios; LGE, late gadolinium enhancement; LV, left ventricle; LVEF, left ventricular ejection fraction; MOLLI,
modified Look-Locker inversion-recovery; NYHA, New York Heart Association; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OR, organ response; PD,
progressive disease; PR, partial response; RV, right ventricle; RVEF, right ventricular ejection fraction; SD, stable disease; TE, echo time; TR, repetition time; VGPR,
very good partial response
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1. Background

Light chain amyloidosis (AL amyloidosis) is characterized by the de-
position of misfolded light chains in various tissues and organs, which
causes structural damage and progressive dysfunction [1]. Cardiac in-
volvement is common and one of the main determinants of survival [2];
thus, risk stratification and follow-up focusing on the heart are of vital
importance. Currently, consensus guidelines assess prognosis and responses
to treatment based on serum or urine free light chain (FLC) ratio, cardiac
troponin (cTn) level, N-terminal pro-B-type natriuretic peptide (NT-proBNP)
level, New York Heart Association (NYHA) class and ejection fraction (EF)
[3-5], but none of them reflect the myocardial amyloid burden directly.

Cardiovascular magnetic resonance (CMR) imaging offers one-stop
multiparametric analysis of cardiac structure and function, as well as
myocardial tissue characterization based on late gadolinium enhance-
ment (LGE) and parametric mapping [6]. The prognostic value of CMR-
derived parameters has been established [7-12], yet there is no con-
sensus as to whether CMR parametric mapping offers prognostic ad-
vantage in AL amyloidosis. The aim of this study was to comprehen-
sively assess the prognostic significance of CMR parametric mapping in
an AL amyloidosis population.

2. Methods
2.1. Study population

This prospective study consecutively included AL amyloidosis patients
who underwent CMR imaging before therapy at our hospital between
August 1, 2014 and December 31, 2019. Patients were excluded if they
had no cardiac involvement or a magnetic resonance study was contra-
indicated (claustrophobia, metallic implants, glomerular filtration rate
< 45 mL/[min-1.73 m?]). All patients had biopsy—-proven AL amyloidosis
based on positive Congo red staining, immunohistochemical staining,
immunofluorescence, or mass spectrometry. The assays were performed in
the tissues listed as follows: kidney (n = 112), myocardium (n = 59),
tongue (n = 21), liver (n = 20), fat (n = 13), buccal mucosa (n = 10),
bone marrow (n = 9), upper gastrointestinal tract (n = 7), lymph nodes
(n = 3), skin (n = 3), muscle (n = 2), rectum (n = 2), peripheral nerve (n
= 1) and lung (n = 1). All patients underwent assessment of cardiac
troponin I (cTnI), N-terminal pro-brain natriuretic peptide (NT-proBNP),
and serum FLC differences at baseline and were categorized based on the
revised Mayo Stage published in 2012 [5]. Cardiac involvement was es-
tablished as 1) endomyocardial biopsy—proven cardiac amyloidosis; and 2)
extracardiac biopsy-proven amyloidosis, NT-proBNP > 332 pg/mL or left
ventricle (LV) mean wall thickness > 12 mm in the absence of hy-
pertension or other potential causes of LV hypertrophy [13,14].

The institutional ethics committee at Peking Union Medical College
Hospital (Beijing, China) approved the study. All participants were re-
quired to provide written informed consent before recruitment.

2.2. CMR scanning protocol

CMR imaging was performed using a 3T whole-body magnetic re-
sonance imaging system (Magnetom Skyra, Siemens Healthineers,
Erlangen, Germany). The cine images were acquired using an electro-
cardiogram-gated two-dimensional (2D) balanced steady-state free pre-
cession (bSSFP) sequence during multiple breath holds. Two-, three-, and
four-chamber long-axis views and short-axis views including 9-11 slices
were acquired. The key parameters were as follows: repetition time (TR)/
echo time (TE), 3.3 ms/1.43 ms; flip angle (FA), 55°-70°; voxel size,
1.6 x 1.6 x 8.0 mm°®, gap of 2 mm; temporal resolution, 45.6 ms; and
bandwidth, 962 Hz/pixel. Native and 15 min postcontrast T1 mapping
were acquired using a modified Look-Locker inversion-recovery (MOLLI)
sequence with a four-chamber long-axis slice and basal, mid, and apical
short-axis slices matching the cine images. Acquisition scheme 5(3)3 and
4(1)3(1)2 were used for native and postcontrast T1 mapping, respectively.
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The other parameters included repetition time/echo time/flip angle (TR/
TE/FA), 2.7 ms/1.12 ms/20°; and voxel size, 1.4 x 1.4 x 8.0 mm®>. T2
mapping was acquired using a T2-prepared single-shot bSSFP sequence
with slice positions matching the T1 mapping images. Three single-shot
bSSFP images with different T2 preparation times (TErop = 0 ms, 25 ms,
55 ms) were obtained at the end-diastolic phase during a single breath
hold. The key parameters were as follows: TR/TE/FA, 2.4 ms/1.0 ms/70°%
field of view, 320-340 x 262-278 mm?; slice thickness, 8 mm; and band-
width, 1093 Hz/px. Ten-minute postcontrast LGE images were acquired
using a 2D phase-sensitive inversion-recovery gradient-echo pulse se-
quence, with the slice position matching the cine images [6,15]. LGE
images were acquired using phase-sensitive inversion-recovery gradient-
echo pulse sequence in long-axis and short-axis views 10 min after in-
travenous administration of gadopentetate dimeglumine (Beijing Beilu
Pharmaceutical; dose, 0.15 mmol/kg).

2.3. CMR image analysis

Standard parameters of cardiac structure and function, myocardial
deformation, native T1 and T2, and extracellular volume fraction (ECV)
were measured semiautomatically using dedicated CMR software (cvi42
version 5.3; Circle Cardiovascular Imaging, Calgary, Alberta, Canada). The
parameters of cardiac structure and function were measured by seg-
menting the endocardial and epicardial borders in long-axis and short-axis
cine at the end-systole and end-diastole [16]. Global and segmental strain
parameters were automatically calculated by the software, including the
radial strain and circumferential strain from short-axis cine slices, and
longitudinal strain from three long-axis cine slices. The endocardial and
epicardial borders in the end-diastole phase were chosen, and the borders
for subsequent phase imaging were automatically created. Global left
ventricular (LV) T1 and T2 values were measured as average of three
short-axis stacks by contouring the endocardium and epicardium on inline-
generated parametric maps. An offset of 5% was used from set contours to
avoid signal contamination. The local normal ranges were
1295.0 = 36.2 ms for native T1 and 40.3 = 2.3 ms for T2 [17]. ECV
values were obtained from pre- and post-contrast T1 maps indexing for
hematocrit, measured within 3 days before each CMR study. The LV LGE
pattern was classified into negative, subendocardial, and transmural
groups [18]. The right ventricular (RV) LGE pattern was classified into
negative and positive groups. Two experienced radiologists independently
assessed LGE CMR images, and discrepancies were resolved in consensus
during a joint evaluation with a third radiologist.

2.4. Clinical follow-up

A hematologist blinded to the CMR results conducted the telephone and
clinical follow-up every 3 months. All patients received bortezomib or
melphalan-based first-line chemotherapy. All patients underwent assess-
ment of the cTnl level, NT-proBNP level, and serum and urine FLC ratios
upon follow-up, and were categorized based on criteria for response to
treatment published in 2012 [3]. Hematologic responses were graded as
follows: 1) complete response (CR) to normal FLC levels, normal kappa/
lambda ratio, and negative serum and urine immunofixation; 2) very good
partial response (VGPR), difference between involved and uninvolved FLC
(dFLC) reduced to < 40 mg/L; and 3) partial response, dFLC reduced by >
50%. Cardiac responses were defined as NT-proBNP decrease > 30% and
> 300 ng/L if baseline NT-proBNP =650 ng/L or NYHA class decrease =
two-class if baseline NYHA class 3 or 4. Optimal hematologic and cardiac
responses to therapy were used for statistical analysis. The outcome was
death from any cause. The last clinic visit record was used if patients were
lost to follow-up.

2.5. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics (version
21.0, IBM Corp, Armonk, New York). All continuous variables are



X. Li, Y. Guo, K. Shen et al.

presented as mean * SD, except for c¢Tnl, NT-proBNP, and FLC dif-
ferences, which are presented as medians (quartiles 1-quartiles 3).
Survival was evaluated with Cox proportional hazards regression ana-
lysis and Kaplan-Meier curve, the cutoffs were defined as mean values
of T2, T1, and ECV in the present cohort. Univariable Cox proportional
hazard models were used to assess the association between variates and
outcome, providing estimated hazard ratios (HR) with 95% confidence
interval (CI). Statistically significant predictors of outcome were en-
tered into a multivariable Cox proportional hazards analysis with for-
ward stepwise selection to determine which variates were independent
predictors of mortality. As this study focuses on the prognostic value of
parametric mapping, the statistical analyses included T2, ECV, and
native T1 as variates under investigation, adjusted for well-established
prognostic markers. In analyses where the comparator had zero events
and the partial likelihood converged to a finite value, we applied Firth's
penalized partial likelihood correction to Cox regression models. The
mean value was used as cutoff values. A two-tailed P value of less than
0.05 was considered statistically significant.

3. Results
3.1. Characteristics and survival analysis in all AL amyloidosis patients

In total, 195 patients (age, 57.2 = 9.1 years; male/female, 123/72)
were recruited. Representative case examples of patients with different
degrees of disease severity are shown in Fig. 1. At the time of last follow-up,
125 (64.1%) patients were alive, with a survival probability of approxi-
mately 67.2% (131/195) at the median follow-up time (19 months). Three
patients were lost to follow-up. Table 1 and Supplemental Table 1 show the
characteristics and Cox analysis in all patients.

Univariate Cox proportional hazard analysis showed that biventricular
EF and strain, LGE and parametric mapping were significantly associated
with mortality. In the multivariable-adjusted competing risk model, only
NT-proBNP (HR: 1.948 [95% CI: 1.456-2.607; P < 0.001]) and cTnl (HR:
1.345 [95% CI: 1.128-1.603; P = 0.001]) remained independent predictors.
Furthermore, parametric mapping's predictive value was evaluated when
known clinical predictors were added. Table 2 summarizes the multivariate
Cox proportional hazard analysis including T2, ECV, and native T1, adjusted
for well-established prognostic markers. T2 > 44ms, ECV > 47%, and
native T1 > 1468 ms were no longer statistically significant after adjust-
ment for NT-proBNP (all, P > 0.05). T2 > 44ms and ECV > 47% re-
mained independently prognostic after adjustment for cTnl (both,

Cine LGE T

ECV
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P < 0.05). T2 > 44 ms was independently prognostic after correcting for
LV LGE, LVEF, LV longitudinal strain, and therapeutic response (all,
P < 0.05).

Kaplan-Meier curve analysis demonstrated that patients with T2
> 44 ms had significantly lower rates for overall survival (log rank,
P = 0.019; Fig. 2A) than those with T2 <44 ms. Also, patients with
ECV =47% and ECV > 47% differed significantly in survival prob-
ability (log rank, P = 0.006; Fig. 2B); patients with T1 <1468 ms and
T1 > 1468 ms differed significantly in survival probability (log rank,
P = 0.038; Fig. 2C).

3.2. Survival analysis in patients with different Mayo stages

There were 28 (14.4%), 44 (22.6%), 69 (35.4%), and 54 (27.6%)
patients categorized as Mayo stages [, II, III, and IV, respectively. At the
time of last follow-up, 26 (92.9%) patients with Mayo I, 30 (68.2%)
patients with Mayo II, 43 (62.3%) patients with Mayo III, and 26
(48.1%) patients with Mayo IV were alive. Table 3 summarizes the
univariable and multivariate Cox proportional hazards analysis of
overall survival in the Mayo stage subgroups. Multivariate-adjusted
analysis showed that in Mayo stage II patients, ECV > 47% was a sig-
nificant prognostic factor for mortality after correcting for therapeutic
response and LVEF (both, P < 0.05); in Mayo stage IV patients, T2
> 44 ms (HR 4.177, 95% CI 1.122-15.545, P = 0.033) was a significant
prognostic factor for mortality after correcting for therapeutic response.

3.3. Survival analysis in patients achieving hematologic and cardiac
responses

There were 82 (42.1%), 40 (20.5%), 18 (9.2%), and 20 (10.3%)
patients who achieved hematologic CR, VGPR, partial response, and
stable disease, respectively. Thirty-five (17.9%) patients had no he-
matologic response data mainly because of an early death. Patients with
CR and VGPR were grouped into a deep hematologic response sub-
group. At the time of last follow-up, 108 of 122 (88.5%) patients in the
subgroup were alive, 90 of which achieved cardiac response. Table 4
summarizes the univariable and multivariate Cox proportional hazards
analysis of overall survival among the patients achieving hematologic
and cardiac response. Multivariate analysis showed that in patients
achieving deep hematologic response, T2 > 44 ms (HR 6.611, 95% CI
1.723-25.361, P = 0.006) was significantly prognostic for mortality
after adjustment for cardiac response. Accordingly, univariate analysis

T2 Fig. 1. Representative examples of patients
with different disease severities. (A) A 60-year-
old female with Mayo stage II, subendocardial
LGE, native T1 of 1544 ms, T2 of 47 ms, and
ECV of 43%, reached the endpoint at 1 month.
(B) A 62-year-old female with Mayo stage III,
subendocardial LGE, native T1 of 1501 ms, T2
of 51 ms, and ECV of 52%, reached the end-
point at 7 months. (C) A 78-year-old male with
Mayo stage III, transmural LGE, native T1 of
1473 ms, T2 of 39ms, and ECV of 56%,
reached the endpoint at 4 months. LGE late
gadolinium enhancement, ECV extracellular
volume fraction
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Table 2
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Multivariable Cox analysis with parametric mapping adjusted to univariate clinical and imaging predictors in all 195 patients.

T2, > 44ms ECV, > 47% Native T1, > 1468 ms

HR (95% CI) 14 HR (95% CI) 14 HR (95% CI) P
Adjusted for Ln (NT-proBNP) 1.584 (0.928, 2.703) 0.092 1.146 (0.683, 1.924) 0.605 1.117 (0.667, 1.868) 0.675
Adjusted for c¢Tnl 1.769 (1.034, 3.025) 0.037 1.811 (1.103, 2.972) 0.019 1.619 (0.982, 2.670) 0.059
Adjusted for hematologic response and cardiac response 1.998 (1.005, 3.972) 0.048 1.569 (0.839, 2.936) 0.158 1.456 (0.672, 2.781) 0.255
Adjusted for LV LGE 1.765 (1.036, 3.007) 0.037 1.426 (0.755, 2.692) 0.274 1.252 (0.714, 2.196) 0.433
Adjusted for LVEF 1.823 (1.071, 3.104) 0.027 1.640 (0.968, 2.781) 0.066 1.531 (0.926, 2.530) 0.097
Adjusted for LV longitudinal strain 1.818 (1.064, 3.107) 0.029 1.509 (0.875, 2.601) 0.139 1.454 (0.869, 2.433) 0.154

Multivariable Cox analysis included parametric mapping and other univariate predictors.
ECV extracellular volume fraction, HR hazard ratio, CI confidence interval, cTnl cardiac troponin I, NT-proBNP N-terminal pro-B-type natriuretic peptide, LV left
ventricular, LGE late gadolinium enhancement, LVEF left ventricular ejection fraction
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Fig. 2. Kaplan-Meier survival curves categorized by myocardial T2, ECV, and native T1 values in all AL amyloidosis patients. (A) Patients with T2 <44 ms and T2
> 44 ms differed significantly in survival probability (log rank, P = 0.019). (B) Patients with ECV <47% and ECV > 47% differed significantly in survival prob-
ability (log rank, P = 0.006). (C) Patients with T1 <1468 ms and T1 > 1468 ms differed significantly in survival probability (log rank, P = 0.038). ECV extracellular

volume fraction

showed that T2 > 44 ms (HR 5.734, 95% CI 1.189-27.656, P = 0.030)
was significantly associated with mortality in patients who achieved
both deep hematologic response and cardiac response. Also, T2
> 44 ms remained independently prognostic after correcting for LV
LGE and LV longitudinal strain (both, P < 0.05). Kaplan-Meier curve
analysis demonstrated that patients with T2 > 44 ms had significantly
lower rates for overall survival in AL amyloidosis patients achieving
both deep hematologic response and cardiac response (both, log rank
P < 0.05) than those with T2 <44 ms (Fig. 3, Supplemental Fig. 1);
patients with T2 <44 ms reaped a median survival benefit of 3 months
(27 months vs 24 months) and stage IV patients with T2 <44 ms reaped
a median survival benefit of 21 months (44 months vs 23 months).

4. Discussion

In this study, we comprehensively evaluated the prognostic sig-
nificance of CMR parametric mapping in AL amyloidosis patients. We
found that CMR marker of myocardial edema (T2 value) bore in-
dependent predictive value for prognosis in AL amyloidosis patients.
Moreover, T2 mapping provided additional prognostic information
beyond LGE, LV function, and therapeutic response.

In this study, assessment of the extent of myocardial edema by T2
mapping showed potential to improve the therapeutic strategies for
patients with AL amyloidosis. As previously reported, the recently
proposed criteria of hematologic and cardiac responses provided a
sharp discrimination of outcome in international populations of pa-
tients [19,20]. We found that T2 provided prognostic association with
mortality over hematologic response and cardiac response in the overall
cohort and in the Mayo stage IV subgroup. T2 > 44ms was in-
dependently prognostic for mortality after correcting for cardiac re-
sponse among patients who reached a deep hematologic response (at
least VGPR). Importantly, when we looked at those patients who
reached both deep hematologic response and cardiac response, a
myocardial T2 cutoff value of 44 ms allowed to identify those patients

with significantly increased risk for mortality in this subgroup. Cardi-
otoxicity-related edema superimposed on amyloid infiltration might
lead to worsened prognosis despite successful chemotherapy. Our
findings highlight the role of T2 mapping in individuals who had al-
ready achieved a deep therapeutic response, suggesting that con-
sideration should be given to assessment of myocardial edema in these
patients. In this scenario, CMR could substantially improve patient se-
lection for adjunctive therapies to promote the repair of myocardial
edema and for the intensification of medical therapy.

Our data underscore that assessment of myocardial edema is of
particular prognostic importance. In vitro and in vivo studies demon-
strated that amyloid proteins have potent cardiotoxicity to induce mi-
tochondrial dysfunction of the myocardium together with deposition
effects [21,22], suggesting myocardial edema as a biomarker. We ob-
served that T2 value was a potent CMR predictor of hard clinical events,
portending to progressively increased risk of mortality. One previous
study indicated myocardial T2 as a predictor of prognosis in AL amy-
loidosis [8], while another study showed that myocardial T2 could
differentiate AL amyloidosis from transthyretin amyloidosis but did not
impact survival [23]. Our findings are in accordance with the former
and further assessed the prognostic value through subgroup analysis.
Thus, sole serum FLC clearance might not promise prolonged survival,
additional efforts should be focused on myocardial cell protection
against light chain or AL amyloidosis fibril toxicity or differing rates of
amyloid deposition.

We found that T2 > 44 ms, ECV > 47%, and native T1 > 1468 ms
were all significantly prognostic in AL amyloidosis, but they were no
longer statistically significant after adjustment for NT-proBNP. NT-
proBNP test is widely available and works as an important prognostic
marker in the patient care, while CMR parametric mapping provided
limited prognostic information over NT-proBNP. From the perspective
of efficiency and productivity, we still need to find the right sub-
populations to get CMR scans for the right reasons. Clinicians need to
determine the necessity of CMR on an individual patient basis. The
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Table 3
Univariable and multivariable Cox analysis with parametric mapping in patients with different Mayo stages.

T2, > 44ms ECV, > 47% Native T1, > 1468 ms
HR (95% CI) P HR (95% CI) P HR (95% CI) P

Mayo 1

Univariable 0.034 (0.001, 28.142) 0.643 0.042 (0.001, 27.500) 0.747 0.031 (0.001, 53.864) 0.612
Adjusted for Ln (NT-proBNP) 0.004 (0.002, 27.688) 0.958 0.007 (0.002, 25.715) 0.993 0.005 (0.001, 32.598) 0.984
Adjusted for ¢Tnl 0.002 (0.001, 19.109) 0.986 0.002 (0.001, 29.023) 0.993 0.003 (0.002, 27.728) 0.984
Adjusted for hematologic response and cardiac response 0.440 (0.001, 38.173) 0.997 0.990 (0.001, 66.871) 0.999 0.990 (0.001, 67.378) 0.999
Adjusted for LV LGE 0.010 (0.001, 17.259) 0.985 0.008 (0.001, 42.517) 0.992 0.005 (0.001, 11.326) 0.480
Adjusted for LVEF 0.002 (0.001, 11.105) 0.985 0.003 (0.001, 21.866) 0.993 0.009 (0.001, 12.875) 0.984
Adjusted for LV longitudinal strain 0.010 (0.001, 14.358) 0.985 0.005 (0.001, 14.825) 0.993 0.006 (0.001, 14.298) 0.984
Mayo 11

Univariable 2.429 (0.791, 7.466) 0.121 2.825 (0.972, 8.213) 0.057 1.465 (0.513, 4.182) 0.475
Adjusted for Ln (NT-proBNP) 2.029 (0.634, 6.496) 0.233 1.584 (0.410, 6.121) 0.504 1.024 (0.323, 3.243) 0.968
Adjusted for c¢Tnl 2.438 (0.791, 7.514) 0.121 4.270 (0.001, 14.979) 0.809 3.623 (0.001, 24.842) 0.821
Adjusted for hematologic response and cardiac response 2.124 (0.490, 9.214) 0.314 9.848 (1.453, 66.745) 0.019 2.847 (0.567, 14.292) 0.204
Adjusted for LV LGE 2.457 (0.798, 7.567) 0.117 3.107 (0.740, 13.052) 0.122 1.028 (0.293, 3.605) 0.965
Adjusted for LVEF 2.397 (0.778, 7.382) 0.128 5.318 (1.093, 25.864) 0.038 1.350 (0.458, 3.978) 0.586
Adjusted for LV longitudinal strain 2.665 (0.861, 8.251) 0.089 2.877 (0.634, 13.056) 0.171 1.225 (0.409, 3.667) 0.717
Mayo 111

Univariable 1.885 (0.730, 4.867) 0.190 1.581 (0.697, 3.584) 0.273 1.161 (0.505, 2.671) 0.725
Adjusted for Ln (NT-proBNP) 2.054 (0.793, 5.320) 0.138 1.307 (0.571, 2.992) 0.526 0.936 (0.402, 2.177) 0.877
Adjusted for ¢Tnl 1.618 (0.596, 4.390) 0.345 1.531 (0.671, 3.491) 0.312 1.085 (0.466, 2.52%) 0.849
Adjusted for hematologic response and cardiac response 1.952 (0.514, 7.403) 0.326 0.922 (0.305, 2.786) 0.885 1.664 (0.445, 6.227) 0.449
Adjusted for LV LGE 1.893 (0.733, 4.890) 0.188 1.818 (0.602, 5.490) 0.289 1.148 (0.480, 2.747) 0.756
Adjusted for LVEF 1.811 (0.702, 4.674) 0.220 1.596 (0.690, 3.693) 0.275 1.146 (0.493, 2.662) 0.751
Adjusted for LV longitudinal strain 1.827 (0.707, 4.725) 0.214 1.611 (0.680, 3.815) 0.278 1.143 (0.488, 2.675) 0.758
Mayo IV

Univariable 1.380 (0.596, 3.196) 0.452 0.799 (0.347, 1.841) 0.599 1.566 (0.654, 3.750) 0.314
Adjusted for Ln (NT-proBNP) 1.300 (0.559, 3.022) 0.542 0.853 (0.369, 1.970) 0.709 1.527 (0.635, 3.669) 0.344
Adjusted for c¢Tnl 1.327 (0.567, 3.103) 0.515 0.737 (0.316, 1.716) 0.479 1.584 (0.660, 3.803) 0.303
Adjusted for hematologic response and cardiac response 4.177 (1.122, 15.545) 0.033 0.520 (0.169, 1.598) 0.253 0.594 (0.175, 2.018) 0.404
Adjusted for LV LGE 1.391 (0.593, 3.262) 0.448 0.729 (0.265, 2.080) 0.555 1.976 (0.676, 5.777) 0.213
Adjusted for LVEF 1.528 (0.647, 3.612) 0.334 0.738 (0.319, 1.705) 0.477 1.532 (0.639, 3.676) 0.339
Adjusted for LV longitudinal strain 1.647 (0.662, 4.096) 0.283 0.882 (0.366, 2.123) 0.882 1.855 (0.729, 4.722) 0.195

Multivariable Cox analysis included parametric mapping and other univariate predictors.
ECV extracellular volume fraction, HR hazard ratio, CI confidence interval, cTnl cardiac troponin I, NT-proBNP N-terminal pro-B-type natriuretic peptide, LV left
ventricular, LGE late gadolinium enhancement, LVEF left ventricular ejection fraction

Table 4
Univariable and multivariable Cox analysis with parametric mapping in patients achieving hematologic and cardiac response.

T2, > 44ms ECV, > 47% Native T1, > 1468 ms

HR (95% CI) P HR (95% CI) P HR (95% CI) P
Deep hematologic response
Univariable 2.723 (0.890, 8.331) 0.079 1.842 (0.639, 5.310) 0.258 2.397 (0.752, 7.6450 0.140
Adjusted for Ln (NT-proBNP) 1.724 (0.551, 5.395) 0.349 0.618 (0.197, 1.938) 0.618 0.973 (0.269, 3.527) 0.967
Adjusted for c¢Tnl 2.708 (0.882, 8.314) 0.082 1.523 (0.657, 3.529) 0.326 1.971 (0.8815, 4.767) 0.132
Adjusted for cardiac response 6.611 (1.723, 25.361) 0.006 1.873 (0.644, 5.445) 0.249 2.956 (0.917, 9.531) 0.070
Adjusted for LV LGE 2.538 (0.826, 7.796) 0.104 1.410 (0.365, 5.447) 0.618 2.024 (0.543, 7.537) 0.293
Adjusted for LVEF 2.319 (0.758, 7.100) 0.141 1.030 (0.327, 3.250) 0.959 1.747 (0.537, 5.686) 0.354
Adjusted for LV longitudinal strain 2.381 (0.771, 7.354) 0.132 1.080 (0.328, 3.551) 0.899 1.720 (0.517, 5.725) 0.376
Deep hematologic response and cardiac response
Univariable 5.734 (1.189, 27.656) 0.030 1.450 (0.419, 5.011) 0.557 2.289 (0.592, 8.855) 0.230
Adjusted for Ln (NT-proBNP) 3.227 (0.657, 15.836) 0.149 0.421 (0.114, 1.552) 0.194 0.720 (0.153, 3.391) 0.678
Adjusted for ¢Tnl 0.977 (0.085, 11.235) 0.985 0.433 (0.028, 6.740) 0.550 14.892 (0.001, 32.228) 0.929
Adjusted for LV LGE 5.292 (1.095, 25.582) 0.038 0.837 (0.197, 3.550) 0.810 1.684 (0.375, 7.556) 0.496
Adjusted for LVEF 4.705 (0.972, 22.763) 0.054 0.869 (0.230, 3.290) 0.836 1.794 (0.457, 7.047) 0.402
Adjusted for LV longitudinal strain 5.095 (1.049, 24.747) 0.043 0.945 (0.232, 3.850) 0.937 1.815 (0.443, 7.436) 0.408

Multivariable Cox analysis included parametric mapping and other univariate predictors.
ECV extracellular volume fraction, HR hazard ratio, CI confidence interval, cTnl cardiac troponin I, NT-proBNP N-terminal pro-B-type natriuretic peptide, LV left
ventricular, LGE late gadolinium enhancement, LVEF left ventricular ejection fraction

current study identified the prognostic value of T2 mapping in patients 5. Limitations
with a deep therapeutic response. Large cooperative studies are ne-
cessary to further validate the impact of multiparametric CMR in sub-

populations of AL amyloidosis.

Several limitations of this research should be acknowledged. First,
this is a single-center study. Limited events constrained the number of
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Fig. 3. Kaplan-Meier survival curve categorized by myocardial T2 value in AL
amyloidosis patients achieving both deep hematologic response and cardiac
response. Patients with T2 =44 ms and T2 > 44 ms differed significantly in
survival probability (log rank, P = 0.014), with a median survival benefit of
3 months (27 months vs 24 months)

factors to be included in the multivariate models. Second, there was no
histological evidence to verify our findings, though other studies have
provided similar results. Third, recruitment was terminated in 2019
before newer therapies such as daratumumab emerged. Fourth, the
cutoffs obtained from the 195 patients may not represent the ground
truth, which should ideally be derived from large populations. Large
cooperative studies are necessary to further validate the impact of
multiparametric CMR in AL amyloidosis.

6. Conclusions

In conclusion, the extent of myocardial edema by T2 mapping is an
independent prognostic predictor in AL amyloidosis. Myocardial edema
assessment identified patients in need of adjunctive therapies for
myocardial cell protection, which is of particular prognostic sig-
nificance in patients with deep therapeutic response.
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