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Lenalidomide as a treatment for
patients with AL amyloidosis and
cardiac involvement

TO THE EDITOR: Immunoglobulin-light-chain (AL) amy-
loidosis is a disease in which clonal plasma cells create
excess monoclonal immunoglobulin light chains that ag-
gregate into amyloid fibrils and accumulate in organs, ulti-
mately leading to organ dysfunction. Current treatments
for amyloidosis target clonal plasma cells to prevent the
production of excess light chains and promote amyloid clear-
ance through immunologic functions [1]. As such, anti-mye-
loma agents have been used to treat AL amyloidosis. The
current standard treatment regimen comprises a combined
regimen of daratumumab into bortezomib, cyclophosphamide,
and dexamethasone [2]. Interestingly, daratumumab exerts
immunomodulatory activity on immune cells, driving a de-
pletion of regulatory T and B cells, as well as myeloid-derived
suppressor cells, to facilitate amyloid clearance [3]. Likewise,
lenalidomide, an immunomodulatory drug, is anticipated
to have a therapeutic effect in amyloidosis. With this in
mind, we planned a prospective single-arm study using lena-
lidomide and dexamethasone for relapsed/refractory AL
amyloidosis patients with cardiac involvement.

Positron emission tomography (PET) has high sensitivity
and specificity for amyloids, making it a useful tool to assess
the myocardial amyloid burden [4]. In this study, we utilized
18F-florbetaben PET to quantify myocardial amyloid depos-
its and evaluate chemotherapy response in treated patients.

Due to competing studies, this study was terminated
prematurely. However, we believe that it is nevertheless
worthwhile to share the results obtained in the limited
cases treated with lenalidomide and evaluated using amyloid
PET.

METHODS

This study was registered under the study protocol num-
ber NCT04298372. This trial investigated the efficacy of
a combination therapy of oral lenalidomide (15-25 mg/day,
days 1-21) and dexamethasone (40 mg/day, IV or PO, days
1-4) every 28 days. The starting dose of lenalidomide was
15 mg/day; when tolerated, the dose was increased to 20
mg/day for the next cycle, up to a maximum dose of 25
mg/day. If chemotherapy was well tolerated, treatment con-
tinued for up to 12 cycles. At the end of each cycle, hemato-
logical and organ responses were assessed. PET was per-
formed before treatment and every 6 months after treatment
initiation. The maximal uptake in the myocardium divided
by the average liver uptake (myocardium-to-liver ratio,
MLR) at a delayed time point (90 min after injection of
18F-florbetaben 300 MBq) was used to assess changes in
amyloid deposits.

CASE 1

A 6l-year-old Korean man presented with general
weakness. Echocardiography revealed concentric left ven-
tricular hypertrophy with mild pericardial effusion. Cardiac
magnetic resonance imaging revealed diffuse fuzzy sub-
endocardial enhancement of the global left ventricle.
Endomyocardial biopsy was performed to confirm AL
amyloidosis. Serum protein electrophoresis (PEP) and im-
munofixation electrophoresis (IFE) were normal; however,
urine PEP/IFE revealed lambda-type Bence-Jones protei-
nuria with M-spike. The difference between the involved
and uninvolved FLC (dFLC) was 109.7 mg/L. Bone marrow
exam revealed hypercellular marrow (cellularity 51-60%)
with Lambda-restricted plasma cells (4.4%), with no evi-
dence of amyloid deposit in the bone marrow.

The patient was initially treated with oral melphalan
(10 mg per square meter of body surface area, days 1-4)
and high-dose dexamethasone (40 mg/day, days 1-4) (MelDex).
After four cycles of MelDex, hematologic complete response
(CR) and renal response were achieved (decrease in 24 h
urinary protein from 1.8 g/day to 0.26 g/day). MelDex was
discontinued at the request of the patient. After four years,
he experienced relapse; urine PEP/IFE revealed lambda-type
Bence-Jones proteinuria with M-spike. At this time, his
dFLC level was 68.3 mg/L.

The patient was enrolled in the lenalidomide trial. After
six cycles of lenalidomide plus dexamethasone, serum FLC
levels normalized, the dFLC level reduced to 2 mg/L, and
serum and urine immunofixation showed negative results.
His 24 h urinary protein decreased more than 50% from
3.4 g/day to 0.29 g/day, while NT-proBNP levels decreased
from 77,160 ng/L to 51,290 ng/L. PET showed a significant
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decrease in MLR from 2.28 to 1.51 (Table 1). After six
cycles of chemotherapy, the patient was removed from the
study because of lenalidomide-related adverse events, pre-
dominantly general weakness (NCI CTCAE Grade 3). After
treatment, his organ function and fatigue improved, and
at the time of the patient’s last follow-up (44 months since
study initiation), the patient was still in hematological CR
without organ dysfunction; the most recent NT-proBNP
level was 33,100 ng/L, and echocardiography showed normal
left ventricular (LV) systolic function (EF 58%) with no
LV strain.

CASE 2

A 56-year-old Korean woman presented to our hospital
with anorexia. She had experienced a sudden loss of con-
sciousness after micturition and visited the emergency room.
Echocardiography showed increased LV wall thickness with
granular-sparkling appearance. Endomyocardial biopsy re-
vealed amyloid deposits. Serum PEP/IFE revealed mono-
clonal gammopathy, lambda-type with M-spike. The dFLC
level was 145.7 mg/L and the bone marrow exam showed
normocellular marrow (cellularity 31-40%) with amyloid
deposit (plasma cell 4.2%).

MelDex chemotherapy was initiated and after three cy-
cles, hematologic partial response (PR) was achieved, with
serum dFLC levels decreasing from 145.7 mg/L to 17.1 mg/L.
Cardiac response was achieved as NT-proBNP levels de-
creased by more than 50% from 14,610 ng/L to 6,832 ng/L.
The patient underwent high-dose melphalan conditioning
followed by autologous peripheral blood stem cell transplantation.

After five years, the patient experienced relapse, with
M-spikes reappearing in serum PEP. Consequently, she was
enrolled in the lenalidomide trial. After six cycles of lenali-
domide plus dexamethasone, serum dFLC decreased from
38.9 mg/L to 6.6 mg/L and serum immunofixation showed
negative results. PET imaging showed low MLR at the ini-

tiation of treatment, which was maintained after six cycles
(Table 2). After 10 cycles, hematologic CR was achieved
and the treatment was terminated early at the patient’s
discretion. At the time of the patient’s last follow-up (29
months since initiation of the study), the patient had CR.
The NT-proBNP level did not increase at relapse (1,751
ng/L), and the most recent result remained low (1,150 ng/L).

DISCUSSION

Herein, we presented two cases of patients treated with
lenalidomide-based chemotherapy achieving good hemato-
logic responses. Although two patients were reviewed, it
is notable that both were safely treated using this regimen,
and the organ response was demonstrated using PET imaging.

The standard treatment for AL amyloidosis involves the
use of antimyeloma agents that target clonal plasma cells.
Cardiac dysfunction results not only from the interstitial
infiltration of amyloid fibrils, but also from direct light
chain toxicity [5]. Therefore, the goal of treatment in cardiac
amyloidosis is a rapid reduction of amyloid light chain pro-
duction and promotion of regression of pre-existing deposits
to reverse organ dysfunction and improve survival [6].

The cardiac biomarker, NT-proBNP, is most frequently
used to assess cardiac response [7]. However, there are limi-
tations to the use of NT-proBNP, given that levels can fluc-
tuate according to the patient’s hemodynamic status.
Moreover, prior studies have reported the utility of amyloid
PET, showing that the intensity of myocardial uptake re-
flected the degree of amyloid deposits in endomyocardial
biopsy. Furthermore, the prognostic utility of PET has been
studied in previous studies as well [8]. Accordingly, we
used PET to quantify and visualize changes in amyloid
deposits. In this study, PET achieved a significant decrease
of MLR in the first case and a low MLR in the second
case. Although cardiac response evaluated according to the
consensus guideline [9] was not achieved in the second

Table 1. Results of 18F-florbetaben PET before treatment and six months after initiation of treatment in case 1.

Before lenalidomide

Six months post lenalidomide

Maximal myocardial uptake (SUV) 6.47
Average liver uptake (SUV) 2.84
Myocardium-to-liver ratio 2.28

5.65
3.74
1.51

Abbreviations: PET, positron emission tomography; SUV, standardized uptake value.
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Table 2. Results of 18F-florbetaben PET before treatment and six months after initiation of treatment in case 2.

Before lenalidomide

Six months post lenalidomide

Maximal myocardial uptake (SUV) 2.43
Average liver uptake (SUV) 4.72
Myocardium-to-liver ratio 0.51

2.48
4.34
0.57

Abbreviations: PET, positron emission tomography; SUV, standardized uptake value.

patient, both patients clinically improved after treatment
with lenalidomide, with preserved cardiac function up until
the most recent follow-up.

Fluid retention is a notorious adverse event of lenalido-
mide, which can hinder its use in patients [10]. However,
in this study, we report that with adequate supportive care,
this regimen can be applied safely in patients with cardiac
amyloidosis. Lenalidomide has been previously tested for
AL amyloidosis. In a single-center prospective trial of 50
patients treated with melphalan, lenalidomide, and dex-
amethasone (MLD) regimen as first-line treatment, hemato-
logical response rate was 68% (CR 18%) and organ response
rate (including heart, kidney, liver, autonomic nervous sys-
tem, and soft tissue) was 48% [11]. A multicenter prospective
trial of 28 patients treated with cyclophosphamide, lenalido-
mide, and dexamethasone (CLD) regimen as first-line treat-
ment showed a hematological response of 46% (CR 25%)
and a cardiac response of 26% [12]. Both of these studies
included high percentages of patients with Mayo stage III
cardiac disease (Mayo 2004; 36% and 50%, respectively).
Patients with advanced Mayo stage showed high early mor-
tality in the MLD study, and were associated with a lower
hematological response rate in the CLD study. Thus, patients
with advanced Mayo stage were unlikely to benefit from
and did not tolerate the regimen. Notably, both patients
in our study, including second who had Mayo stage III
disease, successfully received lenalidomide-based therapy
over a long period. In fact, the lenalidomide dose in our
regimen was 20 mg/day (increased up to 25 mg/day), which
was higher than the dose in MLD and CLD studies. Patients
were monitored for adverse events of lenalidomide, such
as hematologic adverse events (cytopenia), rash, diarrhea,
and edema. Both patients had CTCAE grade 1 peripheral

edema which improved with diuretics, and the first patient
had CTCAE grade 3 general weakness which improved after
treatment cessation.

Our results were comparable to those of bortezomib-based
treatments. Bortezomib-based treatments have consistently
achieved a hematologic response rate of approximately 25%
and cardiac response rate of 17% [13]. In one prior study,
the combination of daratumumab and bortezomib achieved
a hematologic CR rate of 53.3% and cardiac response rate
of 41.5% [2].

Another consideration was the combination of lenalido-
mide and daratumumab. As daratumumab plus lenalidomide
and dexamethasone (D-Rd) is a promising frontline regimen
for elderly patients with myeloma [14], this study suggests
the possibility of combining lenalidomide with dar-
atumumab in AL amyloidosis patients.

Based on the results of this study and previous trials,
lenalidomide is expected to be an important treatment op-
tion for relapsed/refractory AL amyloidosis patients, espe-
cially those with resistance to bortezomib. Further evalua-
tion of the efficacy of lenalidomide in a larger cohort is
warranted and the immunomodulatory effects of lenalido-
mide require further investigation.
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