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Key Points

• A sequential approach
offering stem cell trans-
plant to patients not
responding satisfactorily
to bortezomib is feasible
in AL amyloidosis.

• This approach results in
low (,1%) treatment-
related mortality, deep
hematologic response
rate .60%, and esti-
mated 5-year survival
.80%.

Autologous stem cell transplant (ASCT) is highly effective in selected patients with light chain

(AL) amyloidosis. Bortezomib, precedingor followingASCT, improves responses. Satisfactory

responses, including at least a partial response, very good partial response (VGPR)with organ

response, or complete response, can be observed after induction therapy alone. We report

139 patients treated upfront with cyclophosphamide/bortezomib/dexamethasone (CyBorD),

followed by ASCT only if response was unsatisfactory. Only 1 treatment-related death was

observed. After CyBorD, hematologic response (HR) rate was 68% (VGPR or better, 51%),

with 45% satisfactory responses. Transplant was performed in 55 (40%) subjects and

resulted in an 80% HR rate (65% $ VGPR). Five-year survival was 86% and 84% in patients

treated with ASCT or CyBorD alone, respectively (P5 .438). Also, 6- and 12- month landmark

analyses did not show differences in survival. Duration of responsewas not different in the 2

groups (60 vs 49 months; P 5 .670). Twenty-one (15%) patients with an unsatisfactory

response to CyBorD could not undergo ASCT because of ineligibility or refusal; instead, they

received rescue chemotherapy, with HR in 38% of cases and 51% 5-year survival. This

sequential response-driven approach, offering ASCT to patients who do not attain

satisfactory response to upfront CyBorD, is very safe and effective in AL amyloidosis.

Introduction

Autologous stem cell transplantation (ASCT) is very effective in light chain (AL) amyloidosis. Transplant-
related mortality decreased with refinement of eligibility criteria; now, ;70% of patients achieve
a complete response (CR) or a very good partial response (VGPR).1-4 This progress was accompanied
by advancements in nontransplant chemotherapy.5,6 Bortezomib is usually offered to subjects who are
not eligible for ASCT.7 However, bortezomib can also be used after ASCT to improve quality of response
and extend survival8,9 and before ASCT, aiming at decreasing plasma cell and light chain burden.10 This
latter approach can result in deeper hematologic responses (HRs) and longer survival than ASCT alone
and has been studied in recent trials.11-13 In particular, bortezomib-based induction can result in deep
HRs and organ improvement, considered a satisfactory end point in AL amyloidosis, before ASCT.7,14 At
our center, transplant-eligible patients are treated upfront with cyclophosphamide/bortezomib/
dexamethasone (CyBorD) and they proceed to ASCT only in case of an unsatisfactory response. We
report the outcome of 139 consecutive subjects treated according to this sequential response-driven
approach.

Methods

Starting in 2009 we offered upfront therapy with weekly cyclophosphamide (300 mg/m2), bortezomib
(1.3 mg/m2), and dexamethasone (40 mg) (CyBorD) to all patients with AL amyloidosis who were
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eligible for ASCT. Eligibility requirements included age ,65 years,
N-terminal pronatriuretic-peptide type B ,5000 ng/L, glomerular
filtration rate .50 mL/min, New York Heart Association class ,3,
Eastern Cooperative Oncology Group Performance Status#2, and
ejection fraction .45%.15 HR and organ response (OR) were
assessed after every 2 CyBorD cycles and 3 months after ASCT,
according to validated criteria.16,17 Subjects attaining partial
response (PR) or better after 2 CyBorD cycles continued chemo-
therapy, for up to 6 cycles, until the response plateaued. Patients
who did not achieve satisfactory response after CyBorD proceeded
to ASCT (melphalan, 200 mg/m2), if still eligible. Stem cell collection
was performed only in patients who proceeded to ASCT and was
done with granulocyte colony-stimulating factor alone. Satisfac-
tory response was defined as CR, VGPR plus OR, or PR plus OR.
Data were obtained from a prospectively maintained database,
and 139 consecutive patients were included. Patients gave
written informed consent for their clinical data to be used for
research purposes. Overall survival (OS) and time to next
treatment or death (TNTD) were calculated from diagnosis. Six-
and 12-month landmark analyses were also performed. Deaths
occurring in the first 100 days after initiation of CyBorD or ASCT
were classified as treatment related. This study was approved by
Fondazione Istituto di Ricovero e Cura a Carattere Scientifico
Policlinico S. Matteo’s Ethical Committee.

Results

Between 2009 and 2018, 139 consecutive patients (Table 1) were
included, representing 15% of all of our patients. They received
a median of 4 cycles of CyBorD (range, 2-6 cycles). Twenty
subjects (14%) experienced grade 3-4 adverse events (fluid
retention in 7 patients, cytopenia in 5 patients, infection in 3
patients, and acute renal failure, deep venous thrombosis, angina,
hypokalemia, and neuropathy in 1 patient each). One patient
(cardiac stage IIIa) died suddenly within 100 days. Overall HR was
68% (95 patients), with 26 (19%) CRs and 45 (32%) VGPRs.
Cardiac and renal responses were observed in 13 of 43 (30%) and
in 31 of 100 (31%) evaluable cases, respectively. Overall, 63
patients (45%) achieved a satisfactory response. None of them was
transplanted at relapse. Sixteen subjects (11%) did not respond
satisfactorily but did not proceed to ASCT because of organ
progression (supplemental Table 1). Five additional subjects (4%)
with an unsatisfactory response refused to proceed to ASCT. None
of these 21 patients received ASCT at relapse.

The remaining 55 subjects (40%) underwent ASCT after a median
of 5 months from CyBorD initiation. Thirteen had achieved a VGPR
after CyBorD and 6 had attained a PR, whereas the remaining were
nonresponders. Grade 3-4 adverse events were infection in 10
patients (18%), renal insufficiency in 3 patients (5%), heart failure in
3 patients (5%), and cytopenia, syncope, and deep venous
thrombosis in 2 (4%) cases each. No patient died within 100 days.
Overall HR rate was 80%, with 21 (38%) CRs and 15 (27%)
VGPRs. Cardiac or renal response was observed in 2 of 9 (22%)
and 17 of 37 (46%) evaluable patients, respectively.

In the overall cohort, HR rate after CyBorD, with or without ASCT,
was 76%, with 47 (34%) CRs and 40 (29%) VGPRs. Cardiac
response was achieved in 15 of 43 (35%) patients, and renal
response was achieved in 48 of 100 evaluable subjects (48%).
Among the 21 patients with unsatisfactory response after CyBorD
who did not proceed to ASCT, 12 were rescued with lenalidomide,

4 were rescued with daratumumab, and 5 were rescued with
melphalan/dexamethasone. Overall, 8 patients (38%) attained HR,
with 2 CRs (10%) and 3 VGPRs (14%). Cardiac response was
observed in 1 of 6 patients, and renal response was achieved in 2 of
8 evaluable patients.

After a median follow-up of living patients of 48 months, 27 subjects
died, and OS was 80% at 5 years. Five-year OS was 86% in
patients who proceeded to ASCT and 84% in subjects who
satisfactorily responded to CyBorD (Figure 1A-B; P 5 .438).
Survival also was not different between the 2 groups in 6- and
12-month landmark analyses accounting for different treatment
durations (supplemental Figure 1) or when considering only
patients who achieved a VGPR or better (5-year OS 92% vs
96% with CyBorD alone or followed by ASCT, P 5 .425; Figure
1C-D). Likewise, TNTD was not different between patients treated
with CyBorD alone and those who also received ASCT (median, 49
vs 60 months, P5 .670; Figure 1E-F). This was confirmed when the

Table 1. Characteristics of 139 patients with newly diagnosed AL

amyloidosis eligible for ASCT

Variables Data

Age, median (IQR), y 56 (50-61)

Sex, male 77 (55)

Organ involvement

Heart 66 (47)

Kidney 104 (75)

Liver 16 (11)

Soft tissues 19 (14)

Autonomic nervous system 6 (4)

Peripheral nervous system 9 (6)

More than 2 organs involved 15 (12)

Cardiac stage*

I 62 (45)

II 71 (51)

IIIa 3 (22)

IIIb 0 (0)

NT-proBNP, median (IQR), ng/L 360 (133-840)

Renal stage†

I 70 (51)

II 69 (49)

III 0 (0)

Proteinuria, median (IQR), g/24 h 4.80 (0.67-7.00)

eGFR, median (IQR), mL/min/1.72 m2 84 (64 to .90)

Bone marrow plasma cells, median (IQR), % 10 (6-15)

Unless otherwise noted, data are n (%).
cTnI, cardiac troponin I; eGFR, estimated glomerular filtration rate; IQR, interquartile

range; NT-proBNP, N-terminal natriuretic propeptide type B.
*Cardiac stage is based on troponin level and NT-proBNP: thresholds for cTnI and

NT-proBNP are ,0.1 ng/mL and ,332 ng/L, respectively. Stage I, cTnI ,0.1 ng/mL and
NT-proBNP ,332 ng/L; stage II, cTnI .0.1 ng/mL or NT-proBNP .332 ng/L; stage IIIa,
cTnI .0.1 ng/mL and NT-proBNP .332 ng/L but ,8500 ng/L; and stage IIIb, cTnI
.0.1 ng/mL and NT-proBNP .8500 ng/L.
†Renal stage is based on proteinuria and eGFR levels: thresholds for proteinuria are

.5 g/24 h and eGFR ,50 mL/min/1.73 m2. Stage I, proteinuria #5 g/24 h and eGFR
$50 mL/min/1.73 m2; stage II, proteinuria .5 g/24 h or eGFR ,50 mL/min/1.73 m2; and
stage III, proteinuria .5 g/24 h and eGFR ,50 mL/min/1.73 m2.
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Figure 1. OS and TNTD in patients treated with CyBorD and ASCT and in those who received CyBorD alone. (A) OS in patients treated with CyBorD and ASCT.

(B) OS in patients with a satisfactory response to CyBorD. Six-month landmark plotted OS in patients treated with CyBorD (C) or with CyBorD and ASCT (D) who achieved

a VGPR or better. Six-month landmark plotted TNTD in patients who received only CyBorD (E) or CyBorD and ASCT (F).
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analysis was limited to patients in CR (median, 54 months vs not
reached, P 5 .692; supplemental Figure 2). In patients who did
not proceed to ASCT despite failing to satisfactorily respond to
CyBorD, OS was 51% at 5 years (P , .001 vs other groups;
supplemental Figure 3).

Discussion

This sequential treatment approach was effective, resulting in
VGPR/CR in 63% of patients, as well as cardiac or renal response
in 35% or 48% of cases, respectively. Stem cell transplant was not
required in 45% of subjects. Five-year OS (.80%) and duration of
response (median, 4.5 years) were not different between patients
who achieved satisfactory response after CyBorD alone or after
CyBorD followed by ASCT. Importantly, VGPR/CR rate was
comparable to that observed (50%) in the HOVON-104 trial with
bortezomib induction and ASCT, and the duration of response was
similar to that reported by the Boston University group for ASCT
(median, 4.3 years).12,18

A single treatment-related death occurred during CyBorD treat-
ment. This indicates that careful biomarker-based selection of
transplant candidates and sequential therapy that limits treatment
intensity based on the quality of response dramatically reduces early
mortality.

Sixteen subjects (11%), who did not satisfactorily respond to
CyBorD, lost their eligibility for ASCT. One cannot exclude that
these subjects could have had a better outcome if they had been
transplanted upfront. Further studies are warranted to identify
subjects who are less likely to respond to CyBorD and should be
considered for upfront ASCT. For instance, patients with t(11;14)
have less frequent and less profound responses and shorter survival
when treated with CyBorD, whereas they have better outcomes
with melphalan.19 Unfortunately, cytogenetics data were not
available in our study. Moreover, it is possible that alternative
definitions of satisfactory response could better identify patients
who would benefit most from ASCT.

A sequential response-driven approach offering ASCT to patients
failing to achieve a satisfactory response to upfront CyBorD is very
safe and effective in AL amyloidosis. More powerful regimens,
including newer drugs, such as daratumumab,20-25 will likely make

a sequential approach even more efficient, keeping ASCT incor-
porated in a rapidly changing landscape.
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