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We retrospectively reviewed 292 patients who received a second line of therapy post ASCT for their light chain amyloidosis. Most
patients (40%) were treated with an alkylator+ PI ± dex or PI ± dex followed by an alkylator+ 2nd-gen IMiD ± dex or 2nd-gen IMiD ±
dex (26%), an alkylator ± steroid or steroid monotherapy (19%), a 2nd-gen IMiD+ PI ± dex (6%), an alkylator+ thalidomide ± dex
(5%), or daratumumab-based therapy (4%). The rate of CR or VGPR was 70% among the daratumumab-based group, 62% in the
alkylator+ PI ± dex or PI ± dex group, 55% in the alkylator+ 2nd-gen IMiD ± dex or 2nd-gen IMiD ± dex group, 47% in the 2nd-gen
IMiD+ PI ± dex group, 24% in the alkylator ± steroid or steroid monotherapy group, and 18% in the alkylator+ thalidomide ± dex
group. The median OS was NR for the 2nd-gen IMiD+ PI ± dex group and the daratumumab group, 130.4 months in the alkylator+
2nd-gen IMiD ± dex or 2nd-gen IMiD ± dex group, 100 months for the alkylator+ PI ± dex or PI ± dex group, 36 months for the
alkylator ± steroid or steroid monotherapy group, and 21 months for the alkylator+ thalidomide ± dex group (P < 0.0001). The
median OS was 100 months in patients who received melphalan 200mg/m2 compared to 41 months in the 140mg/m2 group
(P < 0.0001). In conclusion, patients receiving novel therapy post ASCT and melphalan conditioning dosing at 200mg/m2 at diagnosis
had better outcomes.
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INTRODUCTION
Immunoglobulin light chain (AL) amyloidosis is a clonal plasma
cell disorder, in which misfolded insoluble protein fibrils
accumulate in tissues leading to damage and malfunction of the
affected organs. The incidence is estimated to be three to five
patients per million per year [1]. The treatment of AL amyloidosis
is mainly directed against the clonal plasma cells. Autologous
stem cell transplant (ASCT) has improved the survival of AL
amyloidosis [2]. However, not all patients are eligible for ASCT and
other plasma cell-directed therapy has been used including the
use of immunomodulatory drugs (IMiDs), proteasome inhibitors
(PIs), alkylators, and CD38 monoclonal antibodies, such as
daratumumab.
A significant number of patients relapse after their first line of

treatment and the management of these patients can be
challenging. The choice of therapy depends on multiple factors
including organ involvement, comorbidities, performance status,
and previous therapy received. There is limited published data on
the best approach for managing patients with AL amyloidosis who
relapse after their first therapy, especially for those who had ASCT
as their first line. Browing et al. described 82 patients who had a

relapse of their AL after ASCT [3]. Most patients received a
bortezomib-based (41%) or lenalidomide-based treatment (20%)
and the median overall survival (OS) for the whole cohort was 8.5
years. However, details regarding the specific regimens and
survival based on the different regimens were not reported. In a
report from Mayo Clinic [4], 366 patients with relapsed AL were
identified and their treatment and outcomes were described.
However, only 108 patients received ASCT as their first line of
therapy. Warsame et al. also reported on the treatment and
outcomes of 146 AL patients who relapsed post ASCT [5].
However, specific regimen details and survival based on the
regimens were not described. We present detailed treatments and
outcomes of 292 patients who received a second line of therapy
for their AL post ASCT and were not eligible for a second ASCT.

METHODS
This is a retrospective review of patients who were receiving a second line
of therapy for their AL amyloidosis post ASCT between September 1997
and July 2019 at the Mayo Clinic, Rochester, Minnesota. Patients with
multiple myeloma were excluded. Out of 719 patients who were treated
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with ASCT for AL amyloidosis, 343 (48%) were considered for a second line
of therapy post ASCT. We excluded 51 patients, as 11 patients received
treatment directed against a clonal lymphoid B-cell disorder (IgM
amyloidosis), 16 patients proceeded directly to a second ASCT, 2 patients
were involved in a clinical trial investigating the use of a monoclonal
antibody for treating AL, and 22 patients did not receive any therapy. The
remaining 292 patients received therapy against their clonal plasma cell
disorder and were included in the analysis.
The diagnosis of AL was according to consensus criteria [6] and the

revised Mayo 2012 staging system was applied at diagnosis [7], if possible.
Starting a second line of therapy was decided by the treating physician
even if the patient did not fulfill the exact criteria for progression (e.g.,
rising light chains but not reaching the defined level for progression) [8].
Details regarding the treatment received, response, and outcomes were
documented. We only included patients who did not undergo a second
ASCT and who received therapy against their clonal plasma cell disorder.
The study was approved by the Mayo Clinic Institutional Review Board.
The patients were divided into six groups based on the treatment

received. Patients who were treated with a combination of an alkylator, a
PI, and dexamethasone (dex) or who received a PI with dex were in one
group as (alkylator+ PI ± dex, or PI ± dex). Those who received an alkylator,
2nd-generation (gen) IMiD, and dex or treated with a 2nd-gen IMiD, and
dex were in a second group (alkylator+ 2nd-gen IMiD ± dex or 2nd-gen
IMiD ± dex). Patients treated with an alkylator with steroids or steroid
monotherapy were in a third group (alkylator ± steroid or steroid
monotherapy) and who received a combination of a 2nd-gen IMiD, PI,
and dex were in the fourth group (2nd-gen IMiD+ PI ± dex). Finally, those
who were treated with an alkylator, thalidomide, and dex were in a fifth
group (alkylator+ thalidomide ± dex) and patients who had daratumumab
combined with other drugs were in the sixth and final group
(daratumumab-based).
The best hematological and organ responses to treatment after starting

the second line were documented according to published criteria [8].
Event-free survival (EFS) was defined as the time from starting therapy post
ASCT to disease progression or starting a new therapy. Progression-free
survival (PFS) was defined as the time from starting a second line of
treatment post ASCT to disease progression, changing therapy, or death,
and OS was defined as the time from starting a second line of treatment
post ASCT to death of any cause. Univariate analysis for OS was done for
some important variables including age, bone marrow plasma cell %
(BMPC %) at diagnosis, Mayo 2012 stage at diagnosis, number of organs
involved, receiving induction therapy, and receiving conditioning with

high-dose melphalan at diagnosis. Significant variables in the univariate
analysis (P ≤ 0.1) were included in the multivariate analysis.
Statistical analysis was done using the JMP software (SAS Institute, Cary,

NC) and the survival analysis was done using the Kaplan–Meier method,
with P < 0.05 considered statistically significant.

RESULTS
We identified 292 patients who were receiving a second line of
therapy for their AL amyloidosis post ASCT. The baseline
characteristics of these patients are found in Table 1. The median
age at starting the second line of therapy was 59 years,
interquartile range (IQR) (53–64) and 64% were males. The details
for the regimens received broken into six groups are provided in
Table 2. Most patients (40%) were treated with an alkylator+ PI ±

Table 1. Baseline characteristics.

Variable Cohort (n= 292)

Age at starting therapy (years) median, (IQR) 59 (53–64)

Male, n (%) 186 (64)

≥3 organ involved at diagnosis, n (%) 56 (19)

BMPCs ≥10% at diagnosis, n (%) 145 (50)

t (11;14)a at diagnosis, n (%) 78 (37)

dFLC (mg/dl) at diagnosis median, (IQR) 17 (6–47)

Mayo 2012 stage at diagnosisb, n (%)

1 93 (42)

2 69 (31)

3 37 (16)

4 24 (11)

NT-proBNP at starting therapy (pg/ml)
median, (IQR)

455 (147–1640)

24 h urine protein at starting therapy (mg)
median, (IQR)

1315 (135–5325)

Alkaline phosphatase at starting therapy (U/L)
median, (IQR)

85 (64–111)

IQR interquartile range, BMPC bone marrow plasma cell, dFLC difference
between involved and uninvolved free light chains.
aFISH was available in 213 patients.
bStaging was available in 223 patients.

Table 2. Details of treatment post ASCT.

Variable Cohort
(n= 292)

Treatment post ASCT, n (%)

Alkylator+ PI ± dex, or PI ± dex 118 (40)

CyBorD 64 (54)

Vd 51 (43)

Id 2 (2)

VMP 1 (1)

Alkylator+ 2nd-gen IMiD ± dex, or 2nd-gen
IMiD ± dex

77 (26)

Rd 59 (77)

Pd 10 (13)

CRd 8 (10)

Alkylator+ steroid, or steroids monotherapy 55 (19)

Melphalan+ steroids 39 (71)

Cyclophosphamide+ steroids 2 (4)

dex 14 (25)

2nd-gen IMiD+ PI ± dex 17 (6)

VRd 10 (59)

IRd 5 (29)

KPd 1 (6)

KRd 1 (6)

Alkylator+ thalidomide ± dex 14 (5)

Td 13 (93)

CTd 1 (7)

Daratumumab-based 11 (4)

Dara ± dex 6 (55)

DPd 3 (27)

DRd 1 (9)

DVd 1 (9)

ASCT autologous stem cell transplantation, PI proteasome inhibitor, dex
dexamethasone, CyBorD cyclophosphamide+ bortezomib+ dexametha-
sone, Vd bortezomib+ dexamethasone, Id ixazomib+ dexamethasone,
VMP bortezomib+melphalan+ dexamethasone, gen generation, IMiD
immunomodulatory drug, Rd lenalidomide+ dexamethasone, Pd pomali-
domide+ dexamethasone, CRd cyclophosphamide+ lenalidomide+ dex-
amethasone, VRd bortezomib+ lenalidomide+ dexamethasone, IRd
ixazomib+ lenalidomide+ dexamethasone, KPd carfilzomib+ pomalido-
mide+ dexamethasone, KRd carfilzomib+ lenalidomide+ dexametha-
sone, Td thalidomide+ dexamethasone, CTd cyclophosphamide+
thalidomide+ dexamethasone, Dara daratumumab, DPd daratumumab+
pomalidomide+ dexamethasone, DRd daratumumab+ lenalidomide+
dexamethasone, DVd daratumumab+ bortezomib+ dexamethasone.
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dex or PI ± dex followed by an alkylator+ 2nd-gen IMiD ± dex or
2nd-gen IMiD ± dex (26%) and an alkylator ± steroid or steroid
monotherapy (19%). The remaining patients received a 2nd-gen
IMiD+ PI ± dex (6%), an alkylator+ thalidomide ± dex (5%), and
4% had daratumumab-based therapy. Cyclophosphamide, borte-
zomib, dex (CyBorD), and bortezomib with dex (VD) were the most
commonly used regimens in the alkylator+ PI ± dex or PI ± dex
group. Lenalidomide and dex (Rd) was the most commonly used
regimen in the 2nd-gen IMiD ± dex group and melphalan with
steroids was the most commonly used in the alkylator ± steroid or
steroid monotherapy group. In the 2nd-gen IMiD+ PI ± dex group,
lenalidomide, bortezomib, and dexamethasone (VRd) was mostly
used and in the daratumumab-based group, daratumumab ± dex
was predominantly used.
The median duration of treatment was 6 months, IQR (3.5–12).

The alkylator+ 2nd-gen IMiD ± dex or 2nd-gen IMiD ± dex group
had the longest median treatment duration of 10 months, IQR
(5–20), followed by the 2nd-gen IMiD+ PI ± dex group and the
alkylator+ PI ± dex or PI ± dex group (6 months, IQR: 4–13) and
(6 months, IQR: 3–10), respectively. The median duration of
treatment was 5.5 months, IQR (3–10) and 6 months, IQR (3–8) in
the alkylator+ thalidomide ± dex and the alkylator ± steroid or
steroid monotherapy groups, respectively. The daratumumab-
based group had a median treatment duration of 5.5 months, IQR
(3–7).
Some patients had missing lab information and could not be

evaluated for response (n= 31), of which 14 were in the alkylator+
PI ± dex, or PI ± dex group, 8 were in the alkylator with steroids or
steroid monotherapy, 5 were in the alkylator+ 2nd-gen IMiD ± dex
or 2nd-gen IMiD ± dex group, 3 were in the alkylator+ thalidomide
± dex, and 1 was in the daratumumab-based group. The overall
hematological response rate (ORR) in evaluable patients was 70%,
with 33% achieving complete response (CR), 17% achieving a very
good partial response (VGPR), and 20% achieving a partial response
(PR). The hematological response in evaluable patients based on the
different treatment groups is displayed in Fig. 1. The ORR was 83% in
the alkylator+ PI ± dex or PI ± dex group, 72% in the alkylator+ 2nd-
gen IMiD ± dex or 2nd-gen IMiD ± dex group, 71% in the 2nd-gen
IMiD+ PI ± dex group, 70% in the daratumumab-based group, 45%
in the alkylator+ thalidomide ± dex group, and 47% in the alkylator
± steroid or steroid monotherapy group. The rate of achieving CR or
VGPR was 70% among the daratumumab-based group, 62% in the

alkylator+ PI ± dex or PI ± dex group, 55% in the alkylator+ 2nd-gen
IMiD ± dex or 2nd-gen IMiD ± dex group, 47% in the 2nd-gen
IMiD+ PI ± dex group, 24% in the alkylator ± steroid or steroid
monotherapy group, and 18% in the alkylator+ thalidomide ± dex
group (P < 0.0001).
Assessment for the cardiac response was available in 93

patients, of whom 24 (26%) had a response, and the remaining
patients either did not respond or progressed. Of these evaluable
patients, 34 were treated with an alkylator+ PI ± dex, or PI ± dex
and 12 (35%) responded, 29 received an alkylator+ 2nd-gen
IMiD ± dex or 2nd-gen IMiD ± dex, with 6 (21%) responding, 20
had a treatment with an alkylator ± steroid or steroid mono-
therapy, with 2 (10%) responding, 5 were treated with a 2nd-gen
IMiD+ PI ± dex and 3 (60%) had a response, 2 were treated with a
daratumumab-based regimen with 1 patient (50%) responding,
and 3 had an alkylator+ thalidomide ± dex with none responding.
For renal response assessment, 91 patients were evaluable with

53 (58%) showing response. Forty patients were treated with an
alkylator+ PI ± dex, or PI ± dex, with 60% response rate and 25
patients received either an alkylator+ 2nd-gen IMiD ± dex or a
2nd-gen IMiD ± dex with 56% responding in both regimens.
Nineteen patients had a treatment with an alkylator ± steroid or
steroid monotherapy with a response rate of 58%. Three patients
were treated with a 2nd-gen IMiD+ PI ± dex, and also three were
treated with an alkylator+ thalidomide ± dex with a response rate
of 67% in both groups. Finally, one patient received a
daratumumab-based regimen and did not respond.
Only 36 patients were evaluable for liver response and 9 (25%)

responded. Thirteen patients were treated with an alkylator ± steroid
or steroid monotherapy and two (15%) responded. Only one (17%)
of six patients treated with an alkylator+ PI ± dex, or PI ± dex had a
response, as well as three (33%) of nine patients treated with an
alkylator+ 2nd-gen IMiD ± dex or 2nd-gen IMiD ± dex. Three
patients were treated with either a 2nd-gen IMiD+ PI ± dex or an
alkylator+ thalidomide ± dex and in either groups, only one patient
(33%) responded. Finally, two patients were treated with a
daratumumab-based therapy and one patient (50%) responded.
When evaluating the response based on the Mayo 2012 stage at

diagnosis, the rate of CR/VGPR in patients with Mayo 2012 stage
I/II was 67% for the daratumumab-based group, 62% in the
alkylator+ PI ± dex, or PI ± dex group, 56% in the alkylator+ 2nd-
gen IMiD ± dex group, 44% in the 2nd-gen IMiD+ PI ± dex group,

Fig. 1 Hematological response in evaluable patients by the regimen received. PI proteasome inhibitor, dex dexamethasone, gen
generation, IMiD immunomodulatory drug, CR complete response, VGPR very good partial response, PR partial response, NR no response.
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25% in the alkylator+ thalidomide ± dex group, and 7% in the
alkylator ± steroid or steroid monotherapy. In patients with Mayo
2012 stage III/IV, the rate of CR/VGPR was 75% in the alkylator+ PI
± dex, or PI ± dex group, 67% in the daratumumab group, 56% in
the alkylator+ 2nd-gen IMiD ± dex group, 50% in the 2nd-gen
IMiD+ PI ± dex group, 43% in the alkylator ± steroid or steroid
monotherapy, and 33% in the alkylator+ thalidomide ± dex
group. The OS based on the regimen in patients with Mayo
2012 stage I/II is shown in Supplementary Fig. 1A, and in patients
with Mayo 2012 stage III/IV in Supplementary Fig. 1B.
We also evaluated the induction therapy (if any) given before

ASCT in our cohort. Most of our patients did not receive any
therapy or were treated with steroids only before ASCT (71%). The
remaining received a PI-based regimen (11%), IMiD-based (6%),
alkylator-based (6%), IMiD+ PI (4%), or other therapy (2%). Of
patients who were treated with an alkylator+ PI ± dex, or PI ± dex
after ASCT, 8% received induction therapy with a PI-based regimen
before ASCT and 4% were treated with an induction therapy that
included an IMiD+ PI. Patients who were treated with a 2nd-gen
IMiD+ PI ± dex after transplant received mostly an induction with
a PI-based regimen (29%) or an IMiD-based regimen (18%), but
none received an IMiD+ PI regimen before ASCT. A PI-based
regimen was the most commonly used induction regimen before
ASCT (18%) for patients who received an alkylator+ 2nd-gen
IMiD ± dex or 2nd-gen IMiD ± dex after ASCT. For patients who
received daratumumab-based therapy, the induction regimen
before ASCT was mainly a PI based (36%) or a combination of an
IMiD and a PI (27%).
The median follow-up was 81 months (95% confidence interval

(CI): 68–94). The median PFS and OS for the whole cohort were
19.4 months (95% CI: 16–24) and 78 months (95% CI: 62–92),
respectively. The PFS and OS for the different treatment groups
are shown in Fig. 2A, B, respectively. The median PFS was
29 months (95% CI: 23–35) for the alkylator+ PI ± dex or PI ± dex
group, 21.5 months (95% CI: 17–33.6) for the alkylator+ 2nd-gen
IMiD ± dex or 2nd-gen IMiD ± dex group, 14.3 months (95% CI:
5–25 months) for the 2nd-gen IMiD+ PI ± dex group, 12 months
(95% CI: 8.3–16.5) for the alkylator ± steroid or steroid mono-
therapy group, 9.2 months (95% CI: 5–not reached (NR)) for the
daratumumab-based group, and 5.5 months (95% CI:
3–13.3 months) for the alkylator+ thalidomide ± dex group (P <
0.0001). When calculating the EFS based on the different
regimens, the median EFS was similar to PFS across all regimens
except, the alkylator+ thalidomide ± dex group (9.7 vs.
5.5 months) and the daratumumab-based group (NR vs.

9.2 months). The median OS was NR (95% CI: 25.2–NR) for
the 2nd-gen IMiD+ PI ± dex group, NR (95% CI: 9.2–NR) for the
daratumumab group, 130.4 months (95% CI: 66.5–NR) in the
alkylator+ 2nd-gen IMiD ± dex or 2nd-gen IMiD ± dex group,
100 months (95% CI: 80–NR) for the alkylator+ PI ± dex or PI ±
dex group, 36 months (22.4–51.3) for the alkylator ± steroid or
steroid monotherapy group, and 21 months (5–66) for the
alkylator+ thalidomide ± dex group (P < 0.0001). We also exam-
ined the effect of the conditioning dose of melphalan that was
used before ASCT (200 vs.140 mg/m2) on the PFS and OS
following starting a second line of therapy (Fig. 3A, B).
Interestingly, patients who received full-dose melphalan had
better PFS and OS than patients who received reduced dosing
(median PFS: 24 vs. 12 months, P= 0.0004 and median OS: 100 vs.
41 months, P < 0.0001), respectively. Univariate and multivariate
analysis for OS was done (Table 3). In the multivariate analysis,
receiving high-dose melphalan for conditioning was an indepen-
dent predictor of survival.

DISCUSSION
The management of patients who relapse post ASCT for AL can be
challenging, as the literature is limited and the treatment
decisions are based on multiple factors, including but not limited
to, patient fitness, specific organ involvement, previous therapy
received, and toxicity. We present the largest cohort of patients
who required additional therapy post ASCT for their AL. In our
study, 292 patients received six classes of therapies with a median
duration of treatment of 6 months. The ORR was ≥70% in patients
treated with novel therapy with >45% achieving CR/VGPR. The
median OS was >8 years for patients treated with novel agents.
Multiple agents can be used for the treatment of relapsed AL

amyloidosis. Bortezomib has been evaluated in retrospective [9] as
well as small prospective trials [10, 11]. In phase I/II trial [10], in
which bortezomib was given once weekly or twice weekly in
patients with relapsed/refractory AL amyloidosis, the ORR was
around 70%, with CR rates ranging between 24 and 38%. The
median OS was 62 months in patients receiving once-weekly
dosing. A retrospective study evaluated response rates and
outcomes of patients receiving bortezomib [9] and 76 patients
received it for relapsed/refractory disease with an ORR of 68%, and
CR rates of 20%. In another retrospective review of 43 patients who
received CyBorD for AL amyloidosis [12], 23 patients had relapsed
disease and 74% had responded with 22% achieving CR. In a phase
3 trial for patients with relapsed/refractory AL amyloidosis who

Fig. 2 Survival of the whole cohort by the different regimens. PFS (A) and OS (B). PFS progression-free survival, OS overall survival, PI
proteasome inhibitor, dex dexamethasone, IMiD immunomodulatory drug, NR not reached.
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were randomized to ixazomib+ dex or physician’s choice, the
hematological response rate in the ixazomib+ dex group was 53%
with 26% achieving CR and a median duration of hematological
response of 46.5 months [13]. In our cohort, we have treated 117
patients with an alkylator+ PI ± dex, or PI ± dex, with an ORR of
83% with 62% achieving CR/VGPR and a median OS of 8 years.
Patients with AL amyloidosis usually have multiple organ

involvement that limits the ability to use a combination of an
IMiD and a PI, both of which can cause cardiac toxicity. In our
cohort, only 6% of patients were treated with this combination
with an ORR of 71% with 47% having CR/VGPR and a median OS
that was NR. In a retrospective study that evaluated 40 patients
with relapsed AL who received ixazomib, lenalidomide, and dex,
the ORR was 64% with 46% achieving CR/VGPR [14]. The median
PFS was17 months and the median OS was 29 months.
Our findings in addition to the available evidence suggest that

having a PI-based therapy is critical in the management of
patients with AL who require subsequent therapies. Bortezomib
and ixazomib are generally well tolerated and can be combined
with other therapy for patients who require subsequent therapy
post ASCT. The combination of a PI with an alkylator or an IMiD
results in deep responses and excellent survival outcomes. Thus,
this class should be highly considered when choosing a regimen
for patients who require therapy post ASCT.
In a phase II trial of patients with AL amyloidosis, lenalidomide ±

dex was tested and 13 patients (59%) were previously treated for
their AL amyloidosis, with an ORR of 38% [15]. In another phase II
trial [16], 31 patients (91%) were previously treated for their AL
amyloidosis and lenalidomide ± dex showed an ORR of 67%, with
CR rates of 29% in evaluable patients. Palladini et al. [17] described
24 patients with relapsed/refractory AL who received lenalidomide

± dex with an ORR of 41% and a median survival of 14 months.
Cyclophosphamide in addition to lenalidomide and dex has been
evaluated in patients with AL amyloidosis [18, 19], and in patients
with relapsed AL amyloidosis, the ORR was 58% [18]. Pomalido-
mide has also been evaluated in 33 patients with relapsed AL
amyloidosis with a 48% ORR, a median PFS of 14 months, and a
median OS of 27.9 months [20]. In our patient population treated
with an alkylator+ 2nd-gen IMiD ± dex or 2nd-gen IMiD ± dex, the
ORR was 73% with 56% having CR/VGPR and a median OS of
10.8 years.
The monoclonal antibody against CD38, daratumumab, has

significant activity in patients with relapsed or refractory AL
amyloidosis [21–24]. In the largest phase II trial of 40 patients [21],
daratumumab was given as a single agent with an ORR of 55%,
with 47.5% achieving VGPR or better. The median PFS was
24.8 months and the median OS was NR. In another phase II trial
[22], 22 patients received daratumumab with an ORR of 90%,
mostly being VGPR or better (86%) with a median PFS of
28 months. In retrospective reviews, ORR >75% have been
documented [23, 24], and the use of daratumumab in combina-
tion with other therapy (pomalidomide+ dex, lenalidomide+
dex, and bortezomib+ dex) have been described [23]. Although
no direct comparison could be made between those who received
daratumumab combined with other therapy and those who
received it as a single agent, the ORR was noted to be higher for
those who received the combination therapy 88% vs. 78% [23].
Based on the available literature and our findings, we recommend
that patients with AL amyloidosis that require additional therapy
post ASCT receive novel agents-based therapy.
The OS of our patients was above what is expected for patients

who had a relapse of their AL and were not eligible for ASCT

Table 3. Univariate and multivariate analysis for OS.

Variable Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age >65 at relapse 1.4 (0.99–1.97) 0.05 1.2 (0.78–1.9) 0.3

Mayo 2012 stage (III/IV) at diagnosis 2.4 (1.58–3.6) <0.0001 1.6 (1.01–2.6) 0.04

BMPC ≥10% at diagnosis 1.3 (0.93–1.81) 0.1 1.14 (0.75–1.75) 0.5

Organs involved >2 at diagnosis 1.05 (0.70–1.56) 0.8 – –

Conditioning melphalan 200mg/m2 at diagnosis 0.43 (0.3–0.6) <0.0001 0.45 (0.27–0.74) 0.001

Receiving induction therapy 1.23 (0.88–1.7) 0.2 – –

OS overall survival, HR hazard ratio, CI confidence interval, BMPC bone marrow plasma cell.
The bold values indicate a statistically significant result.

Fig. 3 Survival according to the melphalan dose received at diagnosis. PFS (A) and OS (B). PFS progression-free survival, OS overall survival.
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upfront. The median OS was 7 years for the whole cohort, with a
median survival that is NR in some patients treated with novel
therapy. The fact that these patients were eligible for ASCT upfront
makes them more likely to be fit for future therapy with very few
stage IV patients. The introduction of novel agents has improved
the survival of AL. The excellent survival for patients who relapse
post ASCT for AL amyloidosis has also been reported with a
median OS of 8.5 years [3]. Being able to receive full-dose
melphalan in our population before ASCT was associated with
better survival, even after requiring additional therapy post ASCT.
The median OS (from starting a second line) for patients who
received full-dose melphalan was 8.5 years compared to 3.8 years
for patients who received the reduced dose. This is an important
finding emphasizing the critical role of high-dose melphalan in
improving survival even after a relapse. This has also been
previously reported in a previous study with a median OS of 15
years vs. 4.2 years for patients who received full and reduced
doses of melphalan, respectively [3].
Our study is limited by the nature of retrospective studies. Our

patients received therapy over a long period and the regimens were
variable. However, we present the largest cohort of patients treated
with a second line for their AL after ASCT. The survival of these
patients has improved especially with the use of novel therapy.

REFERENCES
1. Kyle R, Linos A, Beard C, Linke R, Gertz M, O'Fallon W. et al. Incidence and natural

history of primary systemic amyloidosis in Olmsted County, Minnesota, 1950
through 1989. Blood. 1992;79:1817–22.

2. Sidiqi MH, Aljama MA, Buadi FK, Warsame RM, Lacy MQ, Dispenzieri A, et al. Stem
cell transplantation for light chain amyloidosis: decreased early mortality over
time. J Clin Oncol. 2018;36:1323–9.

3. Browning S, Quillen K, Sloan JM, Doros G, Sarosiek S, Sanchorawala V. Hemato-
logic relapse in AL amyloidosis after high-dose melphalan and stem cell trans-
plantation. Blood. 2017;130:1383–6.

4. Tandon N, Sidana S, Gertz MA, Dispenzieri A, Lacy MQ, Buadi FK, et al. Treatment
patterns and outcome following initial relapse or refractory disease in patients
with systemic light chain amyloidosis. Am J Hematol. 2017;92:549–54.

5. Warsame R, Bang SM, Kumar SK, Gertz MA, Lacy MQ, Buadi F, et al. Outcomes and
treatments of patients with immunoglobulin light chain amyloidosis who progress
or relapse postautologous stem cell transplant. Eur J Haematol. 2014;92:485–90.

6. Gertz MA, Comenzo R, Falk RH, Fermand JP, Hazenberg BP, Hawkins PN, et al.
Definition of organ involvement and treatment response in immunoglobulin
light chain amyloidosis (AL): a consensus opinion from the 10th International
Symposium on Amyloid and Amyloidosis. Am J Hematol. 2005;79:319–28.

7. Kumar S, Dispenzieri A, Lacy MQ, Hayman SR, Buadi FK, Colby C, et al. Revised
prognostic staging system for light chain amyloidosis incorporating cardiac bio-
markers and serum free light chain measurements. J Clin Oncol. 2012;30:989–95.

8. Comenzo RL, Reece D, Palladini G, Seldin D, Sanchorawala V, Landau H, et al.
Consensus guidelines for the conduct and reporting of clinical trials in systemic
light-chain amyloidosis. Leukemia. 2012;26:2317–25.

9. Kastritis E, Wechalekar AD, Dimopoulos MA, Merlini G, Hawkins PN, Perfetti V,
et al. Bortezomib with or without dexamethasone in primary systemic (light
chain) amyloidosis. J Clin Oncol. 2010;28:1031–7.

10. Reece DE, Hegenbart U, Sanchorawala V, Merlini G, Palladini G, Bladé J, et al.
Long-term follow-up from a phase 1/2 study of single-agent bortezomib in
relapsed systemic AL amyloidosis. Blood. 2014;124:2498–506.

11. Reece DE, Hegenbart U, Sanchorawala V, Merlini G, Palladini G, Bladé J, et al. Efficacy
and safety of once-weekly and twice-weekly bortezomib in patients with relapsed
systemic AL amyloidosis: results of a phase 1/2 study. Blood. 2011;118:865–73.

12. Venner CP, Lane T, Foard D, Rannigan L, Gibbs SD, Pinney JH, et al. Cyclopho-
sphamide, bortezomib, and dexamethasone therapy in AL amyloidosis is asso-
ciated with high clonal response rates and prolonged progression-free survival.
Blood. 2012;119:4387–90.

13. Dispenzieri A, Kastritis E, Wechalekar AD, Schonland SO, Kim K, Sanchorawala V,
et al. A randomized phase 3 study of ixazomib-dexamethasone versus physician’s
choice in relapsed or refractory AL amyloidosis. Leukemia. 2022;36:225–35.

14. Cohen OC, Sharpley F, Gillmore JD, Lachmann HJ, Sachchithanantham S, Mah-
mood S, et al. Use of ixazomib, lenalidomide and dexamethasone in patients with
relapsed amyloid light-chain amyloidosis. Br J Haematol. 2020;189:643–9.

15. Dispenzieri A, Lacy MQ, Zeldenrust SR, Hayman SR, Kumar SK, Geyer SM, et al. The
activity of lenalidomide with or without dexamethasone in patients with primary
systemic amyloidosis. Blood. 2007;109:465–70.

16. Sanchorawala V, Wright DG, Rosenzweig M, Finn KT, Fennessey S, Zeldis JB, et al.
Lenalidomide and dexamethasone in the treatment of AL amyloidosis: results of
a phase 2 trial. Blood. 2007;109:492–6.

17. Palladini G, Russo P, Foli A, Milani P, Lavatelli F, Obici L, et al. Salvage therapy with
lenalidomide and dexamethasone in patients with advanced AL amyloidosis
refractory to melphalan, bortezomib, and thalidomide. Ann Hematol. 2012;91:89–92.

18. Kastritis E, Terpos E, Roussou M, Gavriatopoulou M, Pamboukas C, Boletis I, et al. A
phase 1/2 study of lenalidomide with low-dose oral cyclophosphamide and low-
dose dexamethasone (RdC) in AL amyloidosis. Blood. 2012;119:5384–90.

19. Kumar SK, Hayman SR, Buadi FK, Roy V, Lacy MQ, Gertz MA, et al. Lenalidomide,
cyclophosphamide, and dexamethasone (CRd) for light-chain amyloidosis: long-
term results from a phase 2 trial. Blood. 2012;119:4860–7.

20. Dispenzieri A, Buadi F, Laumann K, LaPlant B, Hayman SR, Kumar SK, et al. Activity
of pomalidomide in patients with immunoglobulin light-chain amyloidosis.
Blood. 2012;119:5397–404.

21. Roussel M, Merlini G, Chevret S, Arnulf B, Stoppa AM, Perrot A, et al. A prospective
phase 2 trial of daratumumab in patients with previously treated systemic light-
chain amyloidosis. Blood. 2020;135:1531–40.

22. Sanchorawala V, Sarosiek S, Schulman A, Mistark M, Migre ME, Cruz R, et al.
Safety, tolerability, and response rates of daratumumab in relapsed AL amyloi-
dosis: results of a phase 2 study. Blood. 2020;135:1541–7.

23. Abeykoon JP, Zanwar S, Dispenzieri A, Gertz MA, Leung N, Kourelis T, et al.
Daratumumab-based therapy in patients with heavily-pretreated AL amyloidosis.
Leukemia. 2019;33:531–6.

24. Chung A, Kaufman GP, Sidana S, Eckhert E, Schrier SL, Lafayette RA, et al. Organ
responses with daratumumab therapy in previously treated AL amyloidosis.
Blood Adv. 2020;4:458–66.

AUTHOR CONTRIBUTIONS
ASA, MSE, and MHS designed the study, analyzed the data, wrote the first draft, and
approved the final version of the manuscript. AD, EM, FKB, RW, MQL, DD, WIG, TVK,
WJH, SRH, PK, and SKK performed patient management, revised the manuscript
critically, and approved the final version of the manuscript. MAG designed the study,
analyzed the data, wrote the first draft, approved the final version of the manuscript,
and performed patient management.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41408-022-00655-z.

Correspondence and requests for materials should be addressed to Morie A. Gertz.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2022

A.S. Al Saleh et al.

6

Blood Cancer Journal           (2022) 12:59 

https://doi.org/10.1038/s41408-022-00655-z
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Treatment and outcomes of patients with light chain amyloidosis who received a second line of therapy post autologous stem cell transplantation
	Introduction
	Methods
	Results
	Discussion
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




