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» We identified baseline
factors predictive of
treatment outcomes
and prognostic for
survival in stage lllb AL
amyloidosis.

Patients with advanced cardiac immunoglobulin light chain (AL) amyloidosis have a poor
prognosis. Early hematologic and cardiac responses can prolong survival, but predictors of
these outcomes have yet to be clarified. We report on 142 patients with newly diagnosed
stage IIIb AL amyloidosis. After a median follow-up of 60 months, the median overall
survival (OS) was 9 months. Independent baseline factors associated with shorter OS were
symptom onset to diagnosis >6 months (hazard ratio [HR], 1.94; P = .003); bone marrow
plasmacytosis > 10% (HR, 1.98; P = .01); troponin I > 0.635 ng/mL (HR, 1.62; P = .04); New
York Heart Association class III or IV (HR, 1.67; P = .04); and 6-minute walk test distance <
200 m (HR, 1.85; P = .01). Early hematologic (within 1 month) and cardiac (within 3 months)
responses were significantly associated with longer survival. In a 1-month landmark

« Early hematologic and
cardiac responses
during treatment
predict longer survival
in stage lllb AL
amyloidosis.

analysis, patients with a hematologic very good partial response, partial response, and no
response had a median OS of 47, 25, and 5 months, respectively (P < .0001). Patients with
cardiac response at 3 months had significantly longer OS (47 vs 11 months; P < .0001). On
multivariable modeling, bortezomib use was associated with early hematologic and cardiac
responses and longer OS. Symptom onset to diagnosis duration of >6 months and difference
between the involved and uninvolved free light chain > 350 mg/L were independently
associated with lower odds of an early cardiac response. This study identified factors
predictive of treatment outcomes and survival in advanced cardiac AL amyloidosis.

Introduction

Immunoglobulin light chain (AL) amyloidosis is a plasma cell dyscrasia, which overproduces misfolded
light chains (LCs) that deposit in tissues as amyloid fibrils and cause progressive organ dysfunction.
Approximately 70% to 80% of patients with AL amyloidosis experience an amyloid-related cardiomy-
opathy, and cardiac involvement is the primary determinant of prognosis." Mechanistically, amyloido-
genic LCs induce cardiac dysfunction via both architectural damage from amyloid fibril deposition as
well as direct proteotoxicity.”® The severity of cardiac involvement is defined by widely used staging
systems that use cardiac biomarkers (N-terminal probrain natriuretic peptide [NT-proBNP], brain
natriuretic peptide [BNP], and cardiac troponin | [Tnl] or troponin T).*® Patients with stage llo AL
amyloidosis according to the modified Mayo 2004 and Boston University staging systems (NT-proBNP
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> 8500 pg/mL or BNP > 700 pg/mL and Tnl > 0.1 ng/mL) are a
particularly high-risk group, with high rates of early death and a
poor prognosis (historical median overall survival [OS], 4-
6 months).” '® Despite therapeutic advances in AL amyloidosis,
survival outcomes for stage lllb disease remain largely unchanged
and represent an important unmet medical need.'""'?

Rapid and deep hematologic responses to treatment are associ-
ated with organ responses and survival in AL amyloidosis.'® Such
hematologic responses are especially critical in stage lllb AL
amyloidosis for any possibility of prolonged survival. The group at
the UK National Amyloidosis Centre (NAC) demonstrated that
patients with stage lllb disease who attained a hematologic very
good partial response (VGPR) or complete response (CR) within
30 days of treatment initiation had a median OS of 38 months, as
compared with only 7 and 2.6 months for those with a hematologic
partial response (PR) or no response (NR), respectively.8 The Pavia
group validated these findings and showed that early cardiac
responses (within 90 days) are not only possible in stage lllb dis-
ease but also confer a considerable survival benefit (median OS,
54 months).” Assessment of a composite hematologic and cardiac
response (CHCR) may also be helpful in this setting.”'* Although
these previous studies demonstrated the survival benefit of
achieving a rapid treatment response, there are limited data
regarding baseline factors that predict treatment and survival out-
comes in patients with stage lllb AL amyloidosis. Moreover, the
optimal management for this subgroup of patients is not well
defined because they have been excluded in most prospective
clinical trials to date.

In this study, we describe the treatment and survival outcomes of a
large cohort of patients with stage lllb AL amyloidosis, most of
whom received upfront treatment with a bortezomib- or
daratumumab-containing regimen. We sought to identify baseline
factors predictive of early treatment response attainment and
prognostic for survival in this high-risk patient population.

Methods
Study design and patient selection

We searched our institutional prospectively maintained database
for patients with newly diagnosed stage lllb AL amyloidosis at the
Amyloidosis Center at the Boston University Chobanian and Ave-
disian School of Medicine and Boston Medical Center between
2007 and 2022. All patients provided written informed consent for
the use of clinical data for research purposes with the approval of
the institutional review board and in accordance with the Decla-
ration of Helsinki.

Patients had clinicopathological evidence of AL amyloidosis, with
evidence of a plasma cell dyscrasia and positive Congo red
staining of a tissue specimen. Accurate typing of the amyloidogenic
protein was performed with immunohistochemistry, immunogold
electron microscopy, or liquid chromatography and tandem mass
spectrometry. Stage lllb AL amyloidosis was defined according to
the Mayo 2004 staging system with the European 2012 modifi-
cation or the corresponding BNP-based Boston University
staging system.*®” All patients had a BNP > 700 pg/mL and Tnl >
0.1 ng/mL at the time of diagnosis.® NT-proBNP levels were avail-
able after the assay was adopted at our institution in a subset of
patients (n = 48), all of whom had an NT-proBNP > 8500 pg/mL.”
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An expert cardiologist evaluated all patients, reviewed the echocar-
diogram, and confirmed the presence of stage lllb AL amyloidosis
based on cardiac biomarkers.

Patient medical records were reviewed to collect pertinent data,
including clinical presentation, laboratories, pathology, echocar-
diographic and electrocardiographic findings, and functional status
assessments. Missing data had a random distribution, and rates
were as follows: 6-minute walk test (BMWT; n = 34; 24%); left
ventricular (LV) internal diameter end diastole (n = 5; 4%); LV
internal diameter end systole (n = 9; 6%); LV posterior wall end
diastole (n = 5; 4%); graded diastolic dysfunction (n = 17; 12%);
LV mass (n = 7; 5%); LV mass index g/m? (n = 20, 14%); and LV
mass index g/m (n = 21, 15%). The choice of treatment regimen,
including glucocorticoid dose, was at the discretion of the indi-
vidual treating clinician and agent availability.

Response and outcome definitions

Graded hematologic responses were assessed according to
consensus criteria from the International Society of Amyloidosis.'®
Hematologic CR was defined as the absence of a monoclonal
protein by both serum and urine immunofixation electrophoresis as
well as a normal free light chain (FLC) ratio or the uninvolved FLC
concentration greater than involved FLC concentration regardless
of FLC ratio.'® Hematologic VGPR was defined as a difference
between the involved and uninvolved FLC (dFLC) < 40 mg/L, and a
hematologic PR was defined as a decrease in dFLC of >50%
among patients with a baseline dFLC > 50 mg/L. We applied
criteria for low-dFLC PR (dFLC < 10 mg/L) for patients with a
baseline dFLC between 20 and 49 mg/L.'” Patients with a base-
line dFLC < 20 mg/L were considered to have a hematologic
response only if the criteria for a CR were met.

Graded cardiac responses were assessed based on changes in
BNP or NT-proBNP levels using previously validated cardiac
response criteria.'® Cardiac CR was defined as a nadir BNP < 80
pg/mL or NT-proBNP < 350 pg/mL. Cardiac VGPR, PR, and NR
were defined as reductions in BNP/NT-proBNP from baseline level
of >60%, 30% to 60%, and <30%, respectively. The validated
CHCR was also evaluated.'” The CHCR was calculated by
combing scores of 0 to 3 for hematologic response (0, CR; 1,
VGPR; 2, PR; and 3, NR) and from 0 to 1 for cardiac response
(0, cardiac response and 1, no cardiac response).9 OS was
defined as the time between diagnosis of AL amyloidosis and death
from any cause or last follow-up (censored).

Statistical considerations

Baseline patient characteristics were presented with descriptive
statistics. We assessed all treatment outcomes on an intention-to-
treat basis. Categorical variables were compared using the y2 or
Fisher exact tests, depending on the number of observations.
Receiver operating characteristic analyses were generated based
on death at 3 months, and Youden index was used to identify
optimal cutoffs to dichotomize continuous variables. Univariable
and multivariable logistic regression models were fitted to identify
predictors of hematologic and cardiac responses; the outcome
measure was odds ratio (OR) with 95% confidence interval (Cl).
The Kaplan-Meier method was used to calculate time-to-event
outcomes, and comparisons were made with the log-rank test.
Univariable and multivariable Cox proportional hazard regression
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models were calculated to identify predictors of OS; the outcome
measure was hazard ratio (HR) with 95% CI. Only factors with P <
.05 on univariable analysis were included in multivariable models.
Patients who underwent an orthotopic heart transplant (OHT) had
survival censored at the date of the transplant for predictive
modeling. To address potential bias associated with missing data,
multiple imputation analyses for logistic and Cox proportional
hazard regression models were performed after generating 10
imputed data sets using the chain equations methods; the findings
were not altered by the multiple imputation analyses. To account
for immortal time bias, landmark analyses were performed to
assess the impact of hematologic and cardiac responses on sur-
vival. P values <.05 were considered statistically significant. All
calculations were obtained using the R software (R Foundation for
Statistical Computing, Vienna, Austria).

Results

Patient characteristics

A total of 142 patients with stage lllb AL amyloidosis were
included. Baseline patient characteristics are shown in Table 1.
The frontline treatment regimen contained bortezomib in 101
patients (71%), which included bortezomib and dexamethasone
(Bor/Dex; 30%); cyclophosphamide, bortezomib, and dexametha-
sone (CyBorD; 38%); daratumumab with CyBorD (Dara-CyBorD;
3%); and Dara/Bor/Dex (1%). Patients who received bortezomib
were more likely to have a lambda LC (77% vs 52%; P = .03),
serum albumin < 3.6 g/dL (83% vs 66%; P = .03), and urine
protein excretion > 115 mg per 24 hours (79% vs 56%; P = .02).
There were no other differences in baseline characteristics for
patients who did and did not receive bortezomib (P > .05 for all
comparisons).

Treatment responses

Treatment responses on an intention-to-treat basis are summarized
in Table 2. Nineteen patients (13%) died before the first response
assessment at 1 month and were considered nonresponders.
Hematologic response rates at 1, 3, and 6 months after treatment
initiation were 449%, 51%, and 52%, respectively. Univariable and
multivariable logistic regression models for a hematologic response
at 1 month are shown in supplemental Table 1. In the multivariable
analysis, the use of bortezomib (50% vs 17%; OR, 4.54; 95% ClI,
1.80-13.2; P = .003) was independently associated with higher
odds of a hematologic response at 1 month.

Cardiac response rates at 1, 3, and 6 months after treatment initi-
ation were 2%, 20%, and 26%, respectively. Univariable and multi-
variable logistic regression models for a cardiac response at
3 months are shown in supplemental Table 2. In the multivariable
analysis, a cardiopulmonary symptom duration >6 months (12% vs
29%; OR, 0.27; 95% Cl, 0.09-0.71; P=.01) and dFLC > 350 mg/L
(7% vs 28%; OR, 0.21; 95% CI, 0.04-0.79; P = .03) were inde-
pendently associated with lower odds of a cardiac response at
3 months, whereas bortezomib use (25% vs 6%; OR, 5.11; 95% ClI,
1.28-34.5; P=.04) was independently associated with higher odds.
All patients with a cardiac response at 3 months had previously
attained a hematologic response at 1 month. The depth of
hematologic response at 1 month was associated with cardiac
response rates at 3 months (hematologic NR, 1%; PR, 40%; VGPR,
550%; P < .001).
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The proportion of patients with a CHCR score of 0 to 2 at 3 and
6 months were 36% and 38%, respectively. Univariable and
multivariable logistic regression models for a CHCR score of 0 to 2
at 3 months are shown in supplemental Table 3. In the multivariable
analysis, a baseline dFLC > 350 mg/L (17% vs 48%; OR, 0.21;
95% Cl, 0.08-0.48; P < .001) was independently associated
with lower odds of a CHCR score of 0 to 2 at 3 months, where-
as bortezomib use (43% vs 14%; OR, 4.81; 95% CI, 1.79-15.4;
P = .004) was independently associated with higher odds.

Treatment responses stratified by the commonly used treatment
regimens are shown in supplemental Table 4. The use of borte-
zomib- and daratumumab-based regimens was associated with
significantly better hematologic and cardiac responses and CHCR
scores than those with melphalan and dexamethasone.

Survival outcomes

The median follow-up time was 8 months (95% ClI, 6-11) for all
patients and 60 months (95% Cl, 50-99) for surviving patients. At
data cutoff, 120 patients (85%) had died, and the median OS of
the entire cohort was 9 months (95% ClI, 6-13). OS estimates at 3,
6, 12, and 60 months were 82%, 57%, 42%, and 16%, respec-
tively (Figure 1).

The prognostic factors for OS identified by univariable and multi-
variable hazard regression analyses are shown in Table 3. In the
multivariable model, cardiopulmonary symptom duration, bone
marrow plasmacytosis (BMPC), Tnl, New York Heart Association
(NYHA) class, BMWT distance, and use of bortezomib were inde-
pendently associated with OS. A shorter median OS was observed
among patients with a cardiopulmonary symptom duration
>6 months (6 vs 12 months), BMPC > 10% (6 vs 24 months), Tnl >
0.635 ng/mL (5 vs 10 months), NYHA class Il or IV (6 vs
12 months), and 6BMWT < 200 m (6 vs 11 months), whereas a
longer median OS was observed among patients who received
bortezomib-based therapy (11 vs 5 months; Figure 2). The median
OS for patients who received melphalan and dexamethasone,
Bor/Dex, CyBorD, and daratumumab were 4, 7, 12 months, and not
reached, respectively (P = .0002; supplemental Figure 1). Survival
outcomes for patients (n = 5) who received high-dose melphalan
and stem cell transplantation are shown in supplemental Table 5.

The presence and depth of hematologic response were signifi-
cantly associated with OS. In the 1-month landmark analysis,
patients with a hematologic response had a significantly longer
median OS (30 vs 5 months; P<.0001; Figure 3A). Patients with a
hematologic VGPR, PR, and NR at 1 month had a median OS of
47, 25, and 5 months, respectively (P < .0001; Figure 3B). After
adjusting for cardiopulmonary symptom duration, BMPC, Tnl,
NYHA class, BMWT, and bortezomib use, achieving a hematologic
response by 1 month remained associated with significantly longer
OS (HR, 0.28; 95% CI, 0.16-0.47; P < .0001). Survival curves
stratified by depth of hematologic response at the 3-month land-
mark and best response are shown in Figure 3C and D, respec-
tively. In the 1-, 3-, and 6-month landmark analyses, bortezomib use
was no longer associated with OS after adjusting for attainment of
a hematologic response at those time points (P > .05 for all
comparisons).

The presence and depth of cardiac response were also signifi-
cantly associated with OS. In the 3-month landmark analysis,
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Table 1. Baseline characteristics of patients with stage lllb AL

amyloidosis

Characteristic

All patients (N = 142)

Sex
Male
Female

Age, y

Cardiopulmonary symptom duration, mo*

Plasma cell dyscrasia
LC isotype
Kappa
Lambda
dFLC, mg/L
BMPC, %
Organ function
BNP, pg/mL
NT-proBNP, pg/mL

Tnl, ng/mL

Alkaline phosphatase, IU/L

Serum albumin, g/dL

eGFR, mL per min per 1.73 m?

Urine protein excretion, mg per 24 hours

Dialysis
Systolic BP, mmHg
Diastolic BP, mmHg
NYHA class
|
I
1l
\%
6MWT, m
Electrocardiogram
Low voltage
Atrial fibrillation/flutter
AV blockade
RBBB
LBBB*
IVCD
PAC
PVC
Echocardiogram
IVSd, mm
LVIDd, mm
LVPWd, mm
LVIDs, mm
LVEF, %
Diastolic dysfunction
Grade 1
Grade 2
Grade 3

99 (70%)

43 (30%)

66 (40-90)
6 (1-47)

22 (15%)
120 (85%)
259 (5-9942)

10 (2-69)

1514 (711-7884)
15535 (8503-70000)
0.399 (0.101-8.915)

131 (37-2380)
3.6 (1.7-4.6)
49 (5-112)

435 (0-20000)
10 (7%)

109 (78-172)
74 (55-102)

14 (10%)
40 (28%)
71 (50%)
17 (12%)
274 (0-540)

79 (56%)
18 (13%)
29 (20%)
21 (15%)
29 (20%)
6 (4%)
12 (8%)
14 (10%)

15 (9-24)
41 (25-55)
14 (7-24)
31 (12-47)
50 (16-70)

17 (14%)
49 (39%)
59 (47%)
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Table 1 (continued)

Characteristic All patients (N = 142)
LV mass, g 230 (88-662)
LV mass index, g/m? 121 (56-338)
LV mass index, g/m 134 (54-387)

Organ involvement (other than cardiac)

Renal 71 (50%)
Hepatic 29 (20%)
Gl 23 (16%)
Pulmonary 5 (4%)

ANS 53 (37%)
PNS 25 (18%)
Soft tissue 34 (24%)

Frontline treatment regimen

MDex 29 (20%)
IMiDs 3 (2%)
Bor/Dex 42 (30%)
CyBorD 54 (38%)
Daratumumab# 9 (6%)
HDM/SCT 5 (4%)
OHT 7 (5%)

Continuous variables are reported as median (range), and categorical variables are
reported as number (%). eGFR was calculated using the 2021 CKD-Epi equation.

ANS, autonomic nervous system; AV, atrioventricular; Bor/dex, bortezomib and
dexamethasone; BP, blood pressure; CyBorD, cyclophosphamide, bortezomib, and
dexamethasone; eGFR, estimated glomerular filtration rate; Gl, gastrointestinal; HDM/SCT,
high-dose melphalan and autologous stem cell transplantation; IMiDs, immunomodulators
(lenalidomide and pomalidomide); IVCD, interventricular conduction delay; IVSd,
interventricular septum at end diastole; LBBB, left bundle branch block; LVEF, LV ejection
fraction; LVIDd, LV internal diameter at end diastole; LVIDs, LV internal diameter at end
systole; LVPWd, LV posterior wall at end diastole; MDex, melphalan and dexamethasone;
PAC, premature atrial contraction; PNS, peripheral nervous system; RBBB, right bundle
branch block; VC, premature ventricular contraction.

*Time between the patient-reported onset of cardiopulmonary symptoms and AL
amyloidosis diagnosis.

tLBBB includes left anterior fascicular block (n = 23), left posterior fascicular block
(n = 8), and complete LBBB (n = 3).

#Daratumumab was administered as monotherapy in 4 patients and in combination
therapy (CyBorD-Dara [n = 4] and Bor/Dex/Dara [n = 1]) in 5 patients.

patients with a cardiac response had significantly longer OS (47 vs
11 months; P < .0001; Figure 4A). After adjusting for cardiopul-
monary symptom duration, BMPC, Tnl, NYHA class, 6MWT, and
bortezomib use, achieving a cardiac response at 3 months
remained associated with significantly longer OS (HR, 0.44;
95% Cl, 0.22-0.87; P = .02). In the 6-month landmark analysis,
patients with a cardiac response had significantly longer OS (70 vs
15 months; P <.0001; Figure 4B). Survival curves stratified based
on depth of cardiac response at the 6-month landmark and best
response are shown in Figure 4C and D, respectively. In the 3- and
6-month landmark analyses, bortezomib use was no longer asso-
ciated with OS after adjusting for attainment of a cardiac response
at those time points (P > .05 for all comparisons).

We also evaluated the survival impact of combined hematologic and
cardiac responses at 3 and 6 months. In the landmark analyses,
patients with a CHCR score from 0 to 2 at 3 months (37 vs
10 months; P<.0001) and 6 months (47 vs 13 months; P <.0001)
had significantly longer OS (supplemental Figure 2). Survival curves at
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Table 2. Frontline treatment responses in patients with stage Ilib AL
amyloidosis

Time from treatment initiation (n = 141)

1 mo 3 mo 6 mo Best response

Hematologic

CR 0 (0%) 12 (9%) 22 (15%) 27 (19%)

VGPR 42 (30%) 36 (25%) 28 (20%) 26 (18%)

PR 20 (149%) 24 (17%) 24 (17%) 21 (15%)

ORR (>PR) 62 (44%) 72 (51%) 74 (52%) 74 (52%)
Cardiac

CR 0 (0%) 0 (0%) 0 (0%) 10 (7%)

VGPR 1 (1%) 2 (1%) 12 (9%) 14 (10%)

PR 2 (1%) 26 (19%) 24 (17%) 13 (9%)

ORR (>PR) 3 (2%) 28 (20%) 36 (26%) 37 (26%)
CHCR

Score 0-2 21 (15%) 51 (36%) 54 (38%) 55 (39%)

Score 3-4 120 (85%) 90 (64%) 87 (62%) 86 (61%)

Responses were assessed on an intention-to-treat basis. One patient who had OHT
followed by HDM/SCT as frontline treatment was excluded from response assessment. The
CHCR was calculated by combing scores of 0 to 3 for hematologic response (0, CR; 1,
VGPR; 2, PR; 3, NR) and 0 to 1 for cardiac response (0, cardiac response; 1, no cardiac
response).

HDM/SCT, high-dose melphalan and autologous stem cell transplantation; ORR, overall
response rate.

the 3- and 6-month landmarks stratified by each possible CHCR
score (0-4 points) are shown in supplemental Figure 3.

OHT

Seven patients (5%) received an OHT. Six patients received
OHT after chemotherapy (Dara-CyBorD: n = 2; CyBorD: n = 3;
and Bor/Dex: n = 1). None of these 6 patients had a cardiac
response after chemotherapy despite attaining deep hematologic
responses (VGPR, 4 patients; CR, 2 patients) and received OHT
for progressive cardiomyopathy (ie, worsening LV ejection fraction
and functional capacity). One patient was treated with sequential

OHT, followed by high-dose melphalan and stem cell trans-
plantation. After a median follow-up from OHT of 38 months
(range, 7-104), 1 patient had died. The median OS after OHT was
not reached, and the estimated 5-year OS after OHT was 83%.
One patient required salvage therapy for hematologic relapse and
received daratumumab monotherapy without evidence of allograft
rejection.

Second-line treatment

Twenty-six patients (18%) received a second-line treatment. The
median time from the initiation of frontline to second-line treatment
was 9 months (95% Cl, 5-16). Four patients received a third-line
regimen. Among patients who received additional treatment, the
regimens used included daratumumab (n = 14; 54%), lenalidomide
(n = 7; 27%), melphalan (n = 4; 15%), pomalidomide (n = 2; 8%),
ixazomib (n = 1; 5%), and bendamustine (n = 1; 4%). The median
OS after initiation of second-line treatment was 8 months (95% Cl,
3-29).

Discussion

This study describes the treatment and survival outcomes in 142
patients with stage lllb AL amyloidosis, a high-risk group historically
excluded from prospective clinical trials. A key finding was the poor
survival among these patients (median OS, 9 months). This survival
estimate compares favorably with those reported by the UK NAC
(6 months), Pavia (4.2 months), and Mayo Clinic (4.4 months)
groups and may be explained by the increased use of upfront
bortezomib- and daratumumab-based regimens in our cohort (74%
vs 46%, 48%, and 61%, respectively).®'® Nevertheless, the
prognosis is unsatisfactory and high early mortality persists, with
18% and 43% of patients dying within 3 and 6 months of
diagnosis, respectively. Although treatment can induce early
hematologic responses, many patients succumb to cardiac com-
plications before organ improvement can occur. As such, OHT
remains a potentially life-saving treatment, and our data provide
additional evidence that it can be associated with prolonged sur-
vival in highly selected patients.’ "

1.00 - =+ All

Survival probability
o o
(&) ~
o [¢)]

o

N

o
]

0.00 A

Figure 1. OS in stage lllb AL amyloidosis. Kaplan-Meier

survival curve for all patients.

Time (months)

Number at risk
142 58 40 30 22 16 12 11 8 5 3

36 48 60 72 84 96 108 120 132 144 156
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Table 3. Cox proportional hazard regression analysis for OS in patients with stage Illb AL amyloidosis

Univariable Multivariable
Characteristic HR (95% CI) P value HR (95% CI) P value
Sx duration > 6 mo 1.60 (1.10-2.31) .01 1.92 (1.25-2.98) .003
Lambda LC isotype 0.76 (0.47-1.23) .27
dFLC > 350 mg/L 1.81 (1.26-2.62) .002 1.28 (0.82-1.98) .28
BMPC > 10% 1.80 (1.18-2.75) .006 2.06 (1.22-3.46) .007
BNP > 1200 pg/mL 1.39 (0.96-2.02) .08
Tnl > 0.635 ng/mL 1.62 (1.09-2.42) .02 1.66 (1.03-2.66) .04
ALP > 105 IU/L 1.08 (0.75-1.57) .68
Albumin < 3.6 g/dL 1.02 (0.71-1.46) .93
eGFR < 15 mL per min per 1.73 m? 0.86 (0.50-1.49) .60
Proteinuria > 115 mg per 24 h 1.01 (0.67-1.53) .95
Proteinuria > 5000 mg per 24 h 0.93 (0.59-1.47) .77
Dialysis 0.87 (0.46-1.67) .68
Systolic BP < 105 mmHg 1.09 (0.74-1.60) .66
Diastolic BP < 76 mmHg 1.00 (0.70-1.44) .99
NYHA class Ill or IV 1.65 (0.13-2.41) .009 1.71 (1.06-2.78) .03
6MWT < 200 m 1.72 (1.13-2.63) .01 1.84 (1.16-2.94) .01
Low voltage 1.32 (0.92-1.90) 13
Atrial fibrillation/flutter 1.25 (0.73-2.15) 42
AV blockade 1.36 (0.88-2.08) .16
RBBB 1.36 (0.83-2.23) .23
LBBB 1.23 (0.80-1.89) .35
IVCD 0.56 (0.20-1.51) .25
PAC 0.71 (0.35-1.46) .35
PVC 1.30 (0.73-2.32) .38
IVSd > 156 mm 1.18 (0.82-1.71) .38
LVIDd > 25 mm 0.26 (0.04-1.91) 19
LVPWd > 15 mm 1.09 (0.75-1.59) .66
LVIDs > 32 mm 0.85 (0.58-1.24) 41
LVEF < 28% 0.99 (0.52-1.91) .99
Grade 3 diastolic dysfunction 1.31 (0.90-1.94) 16
LV mass > 276 g 0.98 (0.64-1.48) .91
LV mass index > 136 g/m2 1.11 (0.74-1.66) .62
LV mass index > 153 g/m 1.09 (0.73-1.64) .67
Bortezomib-based treatment 0.56 (0.38-0.93) .003 0.44 (0.27-0.70) <.001

Optimal data cutoff for continuous variables were based on receiver operating characteristic analyses for death at 3 months.

AV, atrioventricular; BP, blood pressure; eGFR, estimated glomerular filtration rate; IVCD, interventricular conduction delay; IVSd, interventricular septum at end diastole; LBBB, left bundle
branch block; LVEF, LV ejection fraction; LVIDd, LV internal diameter at end diastole; LVIDs, LV internal diameter at end systole; LVPWd, LV posterior wall at end diastole; PAC, premature atrial
contraction; PVC, premature ventricular contraction; RBBB, right bundle branch block; Sx, symptom.

Our data validate that achieving an early and deep hematologic
response is a critical treatment goal for patients with stage Illb
AL amyloidosis. We found that patients with a hematologic
VGPR at 1 month had a median OS of 47 months; this estimate
is in line with previous reports from the UK NAC (38 months) and
Pavia (52 months) groups.®® Deeper hematologic responses at
1 month also translated into a greater likelihood of early cardiac
response. Given these findings, the use of rapidly acting agents
(eg, bortezomib and daratumumab) to induce a hematologic
response should be prioritized in patients with stage lllb AL

€ blood advances 24 ocToBer 2023 - vOLUME 7, NUMBER 20

amyloidosis. Our data did not address whether patients without
an early hematologic response would benefit from modification
of the treatment regimen, but this management approach war-
rants evaluation.

As previously reported by Basset et al, we observed that early
cardiac responses (within 3 months) are possible and confer a
significant survival benefit in stage llb AL amyloidosis.” Patients
who attained a cardiac response at 3 months had a median OS of
~4 years. Deeper cardiac responses at both 3- and 6-month
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Figure 2. Prognostic factors for survival in stage Illb AL amyloidosis. Kaplan-Meier survival curves stratified based on cardiopulmonary symptom duration (A), BMPC (B),

Tnl (C), NYHA class (D), BMWT distance (E), and bortezomib use (F). Sx duration, cardiopulmonary symptom duration. Sx, symptom.

landmarks correlated with longer OS, thereby supporting the
application of the graded cardiac response criteria in stage lllb AL
amyloidosis.'® We also verified the recently proposed CHCR
score,” ' highlighting that the combined evaluation of hematologic
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and cardiac responses can enable assessment of early treatment
efficacy in patients with stage lllb AL amyloidosis. In our predictive
modeling, a lower baseline dFLC (<350 mg/L) was associated with
higher cardiac and CHCR response rates to treatment. We
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Figure 3. Impact of hematologic responses on survival in stage lllb AL amyloidosis. Kaplan-Meier survival curves according to categorical hematologic responses at 1-
month landmark: VGPR, 47 months; PR, 25 months; NR, 5 months (A-B), 3-month landmark: CR, 55 months; VGPR, 37 months; PR, 15 months; NR, 8 months (C), and best

response: CR, 85 months; VGPR, 22 months; PR, 11 months; NR, 4 months (D).

postulate that perhaps the dFLC level may help identify those
patients whose cardiomyopathy is primarily driven by direct LC-
induced cardiotoxicity and more responsive to a chemotherapy-
induced hematologic response that lowers the concentration of
circulating toxic LCs.??® In these patients, lower concentrations of
cardiotoxic LC may be needed to induce myocardial injury, as
opposed to the generation of amyloid fibrils that may require higher
LC concentrations and are not readily removed by chemotherapy.
Nevertheless, the heterogeneous kinetics of cardiac response
attainment highlights the complex pathophysiology underlying
cardiac AL amyloidosis.

We identified several baseline adverse prognostic factors for sur-
vival in stage lllb AL amyloidosis. Patients with a BMPC > 10% had
shorter OS, which expands upon previous findings correlating a
higher BMPC with more advanced cardiac involvement.”*

€ blood advances 24 ocToBer 2023 - vOLUME 7, NUMBER 20

Increased BMPCs may reflect a plasma cell dyscrasia with a
higher proliferative capacity that secretes amyloidogenic LC more
rapidly and/or less amenable to eradication by chemotherapy. An
elevated Tnl (>0.635 ng/mL) was particularly associated with
adverse survival and may underscore the notion that cardiac tro-
ponins are a more sensitive biomarker of myocardial injury than
natriuretic peptides, which can be affected by volume status,
diuretic use, and renal function. Functional assessments, including
NYHA class and BMWT, were also prognostic of OS and may be a
surrogate of cardiopulmonary reserve in patients with stage lllb
disease. This finding expands upon previous studies in AL
amyloidosis that showed that the BMWT distance correlates with
the severity of cardiac involvement, NYHA class, and survival.>>2®
Interestingly, a prolonged duration between cardiopulmonary
symptom onset and AL amyloidosis diagnosis adversely affected
survival, highlighting the importance of early diagnosis and prompt
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Figure 4. Impact of cardiac responses on survival in stage lllb AL amyloidosis. Kaplan-Meier survival curves according to categorical cardiac responses at 3-month
landmark (A), 6-month landmark: >VGPR, 85 months; PR, 55 months; NR, 15 months (B-C), and best response: CR, not reached; VGPR, 74 months; PR, 24 months; NR,

5 months (D).

treatment initiation on long-term outcomes in AL amyloidosis.?” In

contrast to previous studies, the dFLC level did not affect OS,
which may be due to differences in study design.®° Collectively,
these prognostic factors may enable further risk stratification of
patients with stage lllb AL amyloidosis.

Another important observation of this study was the improved
treatment and survival outcomes with bortezomib use. This benefit
is likely due to the increased likelihood of early and deep responses
with bortezomib, as evidenced by the lack of survival benefit in our
analysis after adjusting for hematologic and cardiac response
attainment. Indeed, rapid hematologic response kinetics with bor-
tezomib in AL amyloidosis has been previously described in pro-
spective clinical trials.?®®? In contrast to our findings, previous
retrospective studies did not demonstrate a substantial clinical

6088 GUSTINE et al

benefit of bortezomib in patients with stage lllb AL amyloid-
0sis.2%33 However, our results are consistent with what would be
expected, based on both the response kinetics described with
bortezomib and collective evidence that early hematologic
responses confer a survival benefit in stage lllo AL amyloidosis.®°
Bortezomib remains a cornerstone in the treatment guidelines for
stage lllb AL amyloidosis.**

The treatment paradigm for AL amyloidosis is rapidly expanding.
Dara-CyBorD is currently the standard of care for stage I-llla AL
amyloidosis based on the ANDROMEDA trial and is also recom-
mended for patients with stage lllb disease despite them being
excluded from ANDROMEDA.?>*3 However, it is important to note
in the ANDROMEDA trial that patients randomized to the Dara-
CyBorD group had a higher incidence of cardiac serious adverse
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events (SAEs) and that the risk correlated with more advanced
cardiac stage (-llla) and NYHA class (-lll).°® Adjusting for the
duration of treatment exposure corrected for this observed differ-
ence in cardiac SAEs, but the incidence of cardiac SAEs within the
first month of treatment remained higher with Dara-CyBorD.
These cardiac SAEs have been mostly attributed to the underly-
ing amyloid-related cardiomyopathy,®® but increased monitoring for
potential cardiotoxicity with Dara-CyBorD in patients with stage lllb
disease seems warranted. This question of cardiotoxicity is being
addressed in the ongoing AQUARIUS clinical trial of deferred
CyBorD in patients with stage I-llla AL amyloidosis
(#NCT05250973). A retrospective, multicenter study of Dara-
CyBorD in patients with stage lllb AL amyloidosis (n = 19) was
recently published and reported favorable tolerability and efficacy
with an estimated 1-year OS of 68%.°” A phase 2 trial of dar-
atumumab monotherapy in stage lllb AL amyloidosis has also
finished accrual, and preliminary results showed that 48% of
patients achieved a hematologic response within 1 week, 28% had
a cardiac response at 3 months, and the median OS was
9.4 months.®® Beyond plasma cell-targeted therapies, investigative
efforts with antiamyloid fibril monoclonal antibodies are ongoing in
AL amyloidosis. A recent post hoc analysis of the VITAL study
demonstrated a survival benefit of birtamimab in patients with Mayo
2012 stage IV AL amyloidosis,®? and the AFFIRM-AL confirmatory
trial of this agent is ongoing (#NCT04973137). Phase 3 evaluation
of CAEL-101 is also ongoing in patients with advanced cardiac AL
amyloidosis (#NCT04504825), given promising early-phase data.*°

Our study is not without the limitations that are inherent in a
retrospective study from a referral center. Our analysis may be
affected by referral bias because patients had to be healthy enough
to travel to our tertiary center for evaluation. In addition, NT-proBNP
levels were only available for a subset of patients after our institu-
tion adopted the assay. BNP has been validated for staging in AL
amyloidosis and may be more specific than NT-proBNP among
patients with renal dysfunction.® Because this was a retrospective
study, there were some missing data. To minimize any bias asso-
ciated with missing data, we performed multiple imputation ana-
lyses, which did not alter any of the results or conclusions. Finally,
data on global longitudinal strain and cardiac magnetic resonance
imaging, which may be important in AL amyloidosis, were not
readily available.*'**? Important strengths of this study include the
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In summary, the findings from our study validated that early
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amyloidosis remains an unmet medical need, and prospective
clinical trials are urgently needed.
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