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Abstract We performed a phase 1 study to evaluate the
safety and feasibility of bortezomib (BOR) with melpha-
lan and dexamethasone (BMD) in patients with light chain
amyloidosis (AL) without severe cardiac failure. Patients
received BOR on a twice-weekly schedule (days 1, 4, 8,
and 11 of 28-day treatment cycles) at planned doses of 1.0
(dose level 1) and 1.3 (dose level 2) mg/m2 in combination
with melphalan 8 mg/m? on days 1-4 and dexamethasone
20 mg on days 1, 2, 4, 5, 8, 9, 11, and 12. Dose-limiting
toxicity (DLT) was evaluated at the end of cycle one, and
treatment was continued for four cycles. Six patients were
enrolled at dose level 1, and one showed DLT (grade 3: her-
pes zoster). Further 3 patients were enrolled at dose level 2,
and none experienced DLT. Thus, the maximum tolerated
dose was defined as BOR doses of 1.3 mg/m? for the twice-
weekly schedule. A total of 32 cycles of BMD therapy
were given, and the most common hematologic toxicity
was thrombocytopenia (47 %). Peripheral neuropathy was
the most common non-hematologic toxicity (16 %). We
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Introduction

Light chain amyloidosis (AL) is the most common form
of amyloidosis and it is characterized by immunoglobulin
light chain-derived amyloid deposits that are associated
with the expansion of clonal plasma cells [1]. The median
overall survival from diagnosis is approximately 3 years,
but the prognosis of patients with clinically overt cardiac
involvement is poor, with a median survival of less than
6 months [2]. The aim of treatment for AL is to suppress
production of the insoluble amyloidogenic immunoglobulin
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light chain fragments, with the goal of restoring organ
function [3, 4]. The depth of the hematologic response, par-
ticularly the achievement of a complete response (CR), has
been shown to be associated with improved organ function
[5] in AL patients, as well as improved overall survival [6,
71.

Intensive therapy with high-dose melphalan and stem
cell transplant is highly effective for AL, but many patients
are not eligible for this treatment modality because of their
age, poor performance status, and multiple organ involve-
ment or extensive cardiac involvement [5, 7, 8].

Oral melphalan plus dexamethasone (MD) has been the
standard-of-care in a non-transplant setting, with a hema-
tologic response rate of 67 % and a time to hematologic
response of 4.5 months [7, 9—11]. Therefore, recent inves-
tigations have explored the use of novel agents, including
thalidomide, lenalidomide, and bortezomib, as treatment
for AL [12-19].

The proteasome inhibitor bortezomib (BOR) is highly
active in multiple myeloma patients [20, 21]. The patho-
genic plasma cells in AL amyloidosis produce light chains
prone to misfolding and so they may be particularly sen-
sitive to BOR-induced proteasome inhibition [22]. Indeed,
a case series study suggested BOR =+ dexamethasone
is active in relapsed AL patients, with a 72 % hemato-
logic response rate, including 25 % CRs, reported in a
multicenter retrospective analysis of 76 relapsed and 18
untreated AL patients. The median time to hematologic
response was 52, 28 days for newly diagnosed patients, and
60 days for pretreated patients [18].

Based on these observations, we performed a phase 1
study to evaluate the safety and feasibility of BOR in com-
bination with melphalan plus dexamethasone (BMD).

Methods
Patients

Patients were enrolled in this phase 1, single-arm, open-
label study (UMIN000006604) in eight centers between
October 2011 and May 2014.

The present study included previously treated (less than
three courses) patients with biopsy-confirmed AL aged
between 20 and 65 years. Other criteria included an abso-
lute neutrophil count > 2.0 x 10%/L, a platelet count >75
x 10°/L, hemoglobin >8 g/dL, an adequate liver function
(aspartate aminotransferase and alanine aminotransferase <
2.5 x the upper limit of normal and total bilirubin <2 mg/
dL), serum creatinine <2.5 mg/dL, no severe comorbidi-
ties including respiratory and neurologic disease, or severe
diabetes mellitus, and not carriers of hepatitis, HTLV-1, or
HIV virus.
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Patients were excluded if they had received prior treat-
ment with BOR, New York Heart Association (NYHA)
classification III or IV, ejection fraction <40 %, continu-
ous pleural effusion, supine systolic blood pressure less
than 90 mmHg, N-terminal pro-brain natriuretic peptide
(NT-proBNP) >332 pg/mL (BNP >50 pg/mL), saturation
of oxygen level <95 %, symptomatic orthostatic hypoten-
sion, grade 3 or higher diarrhea not controllable with medi-
cation, grade 2 or higher neuropathy or painful peripheral
neuropathy, pulmonary complications such as interstitial
pneumonitis, pulmonary fibrosis, pulmonary amyloidosis,
and computed tomography abnormality, KL-6 >500 U/mL,
SP-D >110 ng/mL, SP-A >43.8 ng/mL, or were pregnant.

All patients participating in the study provided written
informed consent. The study was approved by the insti-
tutional review board of participating sites and was con-
ducted in accordance with the Declaration of Helsinki,
International Conference on Harmonization, and Good
Clinical Practice Guideline.

Study design

Eligible patients received BOR intravenously on a twice-
weekly schedule (days 1, 4, 8, and 11 of 28-day treatment
cycles) at planned doses of 1.0 (dose level 1) and 1.3 (dose
level 2) mg/m? in combination with melphalan 8 mg/m? on
days 1-4 and dexamethasone 20 mg on days 1, 2, 4, 5, 8,
9, 11, and 12 every 28 days. Treatment was continued for
4 cycles.

The primary objective of the study was the determina-
tion of the maximum tolerated dose (MTD) of BMD, and
the secondary objective was to evaluate the efficacy of this
combination.

Dose-limiting toxicity

The MTD was evaluated based on the dose-limiting toxic-
ity (DLT) observed through the end of cycle 1 (day 28).

A standard 3 + 3 design was followed. If no DLT was
encountered in the first 3 patients at dose level 1, 3 patients
were enrolled at dose level 2. If >1 of the 3 patients expe-
rienced DLT, then MTD was considered to have been
exceeded and the study was discontinued. If 1 of the 3
patients experienced DLT, 3 more patients were enrolled at
dose level 1 (total: 6 patients). If no more patients experi-
enced DLT (1 of 6), 3 patients were enrolled at dose level
2. In case of = 2 of 6 patients experiencing DLT, MTD was
considered to have been exceeded.

The severity of adverse events (AE) was graded accord-
ing to the National Cancer Institute Common Terminology
Criteria for Adverse Events Version 3.0. DLT was defined
as Grade 4 hematologic toxicity, or Grade 3 or higher non-
hematologic toxicity.
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Efficacy assessments

The serum-free light chain (FLC) levels were assessed
before and after 4 cycles of BMD therapy and at 6 months
after BMD therapy. Hematologic and organ responses were
determined at 6 months of BMD therapy by assessment
according to established consensus criteria [23]. Hemato-
logic responses were based on serum and urine M-protein
electrophoresis, immunoelectrophoresis (IEP), immuno-
fixation electrophoresis (IFE), FLC analysis, and bone
marrow aspirate. Organ responses were based on the mul-
tiple procedures used at screening to determine end-organ
involvement.

Results
Patients’ characteristics

A total of nine patients with relapsed or refractory AL
were enrolled in this phase 1 study. Patients’ characteristics
are shown in Table 1. They were 6 males and 3 females,
with a median age of 55 years (range, 44-65 years). Seven
patients (78 %) showed involvement of 2 or more organs,
and the most involved organs were the kidney (78 %) and
gastrointestinal tract (78 %) followed by the liver (33 %)
and heart (11 %). Seven (78 %) had lambda light chain and
the other 2 had kappa light chain. Overall, 6 (67 %) patients
had received prior melphalan, and 6 (67 %) had previously
undergone intensive therapy with high-dose therapy and
stem cell transplantation. Five of these 6 patients responded
to SCT with response duration of 31 (3—-60) months. At
the time of enrollment, 5 patients were refractory to previ-
ous therapies, and a median time from previous therapy to
BMD therapy was 3 (1-107) months.

DLT and determination of MTD

The first 6 patients received BOR 1.0 mg/m?* (dose level
1) and the remaining 3 received BOR 1.3 mg/m? (dose
level 2). One of the first 3 patients enrolled at dose level
1 experienced DLT (Grade 3 herpes zoster) during cycle 1
(Table 2). The AE was considered BOR-related and led to
treatment discontinuation. Herpes zoster was reported to
occur in 13 % of patients during BOR therapy if no pro-
phylactic antiviral therapy was conducted [24, 25]; there-
fore, the protocol was amended to do prophylactic antiviral
therapy for subsequently enrolled patients. Consequently,
a further 3 patients were enrolled in this cohort (patients
4-6). In patient 6, BOR was given subcutaneously instead
of intravenously. Recently, BOR has been routinely given
subcutaneously, because a randomized phase 3 study of
multiple myeloma demonstrated that rates of adverse

Table 1 Patient characteristics

Characteristic n=9

Male/female, n (%) 6 (67 %)/3 (33 %)

Median age, years (range) 55 (44-65)
Previous therapies, n (%)
Melphalan/dexamethasone 5 (56 %)
Melphalan/prednisolone 4 (44 %)
ASCT 6 (67 %)
Refractory to previous therapies, n (%) 5 (56 %)
Time from previous therapy, months, 3 (1-107)
median (range)
Organ involvement, n (%)
Heart 1 (11 %)
Kidney 7 (78 %)
Liver 333 %)
Gastrointestinal tract 7 (78 %)
No. of involved organs, median (range) 2 (1-3)
>?2 organs involved, n (%) 7 (78 %)

Light chain type, k/\, n (%) 2 (22 %)I7 (78 %)

Involved free light chain, mg/L, 37.3(21.2-141.0)
median (range)

BM plasma cell, %, median (range) 1.4 (0.8-6.4)

y years old, ASCT autologous stem cell transplantation, BM bone
marrow

events such as peripheral neuropathy were lower with sub-
cutaneous administration as compared with intravenous
administration, while the efficacy was comparable between
these two administration routes [26]. The Efficacy and
Safety Assessment Committee advised us to include this
patient in study cohort because the subcutaneous adminis-
tration of BOR is safer and widely used in daily clinical
practice. Thus, the protocol was amended so that BOR was
given subcutaneously on further enrollment. None experi-
enced DLT. Then, a further 3 patients were enrolled at dose
level 2 (BOR 1.3 mg/m?), and none experienced DLT.

Thus, the MTD was defined as maximum doses of
1.3 mg/m? for the twice-weekly schedule.

Adverse events

All patients except 2 experienced at least 1 AE during cycle
1 (Table 2). Hematologic toxicities, including grade 3 leu-
kopenia, neutropenia, lymphopenia, or thrombocytopenia,
were reported in 7 of 9 patients. The non-hematological
toxicities reported were grade 1 peripheral neuropathy and
grade 2 eruptions.

A total of 32 cycles of BMD therapy were given in this
phase 1 study (Table 3). The median number of cycles was
4, and 7 of 9 patients received 4 cycles. Treatment was dis-
continued due to AE in cycle 1 in patient 3 (herpes zoster)
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Table 2 Adverse events at cycle 1

Table 3 Adverse events during all treatment cycles (n = 32)

Patient Dose-limiting toxicities ~Adverse event Toxicity, n (%) Any grade Grade 3/4 Grade 5
Patient 1 - Grade 1| thrombocytopenia Leukopenia 9 (28 %) 2 (6 %) 0
Patient2 - Grade | thrombocytopenia Neutropenia 2 (6 %) 13 %) 0
Patient 3  Grade 3 herpes zoster Grade 1 leukopenia Lymphopenia 8 (25 %) 6 (19 %) 0
Grade 1 lymphopenia Thrombocytopenia 15 (47 %) 4(13 %) 0
Grade 2 decreased hemoglobin Anemiz 700 % 0 0
Grade 1 peripheral neuropathy nt_:mld (22 %)
Patient 4 — _ Perlpl.leral neuropathy 5 (16 %) 13 %)* 0
Patient5 - Grade 2 leukopenia Eruption 2(6%) 0 0
Grade 2 lymphopenia Herpes zoster 13 %) 1.3 %) 0
Patient 6 — Grade 3 leukopenia a .
Grade 3 thrombocytopenia Grade 3 peripheral neuropathy was observed at cycle 3
Grade 1 peripheral neuropathy
Grade 2 eruption Di .
1 1011
Patient 7 - Grade 3 leukopenia Scussio
Grade 3 neutropenia
Grade 3 lymphopenia In this phase 1 study, we demonstrated that BMD therapy is
Grade 2 decreased hemoglobin safe and tolerable for Japanese AL patients without severe
. Grade 3 thrombocytopenia cardiac damage.
Patient 8 - MD has been considered the standard-of-care for
Patient 9 — Gradel thrombocytopenia

and cycle 3 in patient 7 (peripheral neuropathy). The most
common hematologic toxicities included thrombocytope-
nia, leukopenia, lymphopenia, and anemia. Peripheral neu-
ropathy was observed in 5 events (16 %), including grade 3
in one event, and was the most common non-hematologic
toxicity.

No death was reported during the study period.

Efficacy assessments

The changes of free light chains, and hematologic and
organ responses were secondary endpoints, shown
in Table 4. Before BMD therapy, involved FLC was
increased in 7 of 9 patients and the k/\ ratio was abnor-
mal in 3 patients. After BMD therapy, involved FLC was
high in only 3 patients and the k/\ ratio was abnormal in
2 patients. Unfortunately, IFE was performed in only 3 of
9 patients (patients 5, 6 and 7); therefore, a hematologic
response was defined as CR in 2 with a partial response
(PR) in 5 patients, with a response rate of 78 %. Three of 4
patients defined as showing PR were negative for IEP, but
IFE was not done.

An organ response was observed after 6 months of BMD
therapy in 2 patients: one showed a liver response and the
other showed a renal response.

All patients were alive at a median follow-up period of
27 months (14-43).
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the treatment of AL, with a median survival of about
60 months [10]. However, the median time to response
by MD is 4.5 months, and MD cannot overcome the poor
prognosis of patients with severe cardiac involvement [9,
27].

BOR is a reversible proteasome inhibitor, which has
significant activity in patients with multiple myeloma [20,
21]. Plasma cells that produce amyloidogenic light chains
accumulate unfolded toxic light chains that lead to unprec-
edented increases in endoplasmic stress and a strive-to sur-
vive response, which are largely dependent on the protea-
some function [22]. Thus, clonal plasma cells in AL are
considered to be more sensitive to proteasome inhibition
than clonal plasma cells in myeloma [22]. Several stud-
ies have shown hematological response rates in excess
of 80 % with BOR in patients with relapsed or refrac-
tory disease [16, 17]. Hematologic responses were mark-
edly rapid in some patients, although one-third developed
grade 3 toxicity or needed to discontinue BOR treatment
[16, 17]. A collaborative European study from 33 centers
involving 94 patients (81 % of whom had received prior
therapy) showed a hematologic response rate of 71 %, a
CR rate of 25 %, and a cardiac response in 29 % [18]. A
prospective trial showed that single-agent BOR is highly
and rapidly effective [28-30]. In addition, recent reports
demonstrated that a triplet regimen containing BOR with
cyclophosphamide and dexamethasone is highly effective
for AL [31-34]. Based on these results, we evaluated the
safety and efficacy of BMD in Japanese patients with AL
amyloidosis.
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Table 4 Changes in free light

. . Case
chains, and hematologic and

Amyloid deposition Before BMD After BMD

6 months after BMD

Survival (months)

organ responses iFLC k/\ iFLC /N HR iFLC k/» HR OR
(mg/L) (mg/L) (mg/L)
1 H,L,G 141 249 144 156 PR 150 098 PR 43+
2 K, G 363 036 146 046 PR 122 095 PR 42+
3 K, G 50.6 049 13.0 143 PR 246 082 PR 39+
4 K, G 59.7 343 48.1 186 SD 120 098 SD 31+
5 K 71.5 0.11 53.8 0.16 SD 57.6 0.17 SD 27+
6 K, G 373 0.69 124 094 CR 529 179 CR 23+
7 K, G 212 042 59 029 CR nt nt nt 19+
8 K,L,G 209 0.70 31.0 077 PR 324 098 PR 16+
9 L 334 028 64 041 PR 81 123 PR 144

BMD bortezomib/melphalan/dexamethasone, iFLC involved free light chain, HR hematologic response,
OR organ response, PR partial response, SD stable disease, CR complete response, H heart, K kidney, L
liver, G gastrointestinal tract, nt not tested

BOR has been reported to have adverse cardiac effects,
and there are a few cardiovascular events associated with
BOR use in patients with multiple myeloma [35-37].
Therefore, we excluded patients with congestive heart fail-
ure including NYHA classification III or 1V, ejection frac-
tion <40 %, and NT-proBNP >332 pg/mL (BNP >50 pg/
mL). The threshold value of NT-proBNP 332 pg/mL pro-
vides a hazard ratio of 2.05 for mortality in patients with
AL amyloidosis and was used as a prognostic factor in
combination with cardiac troponin T for staging system for
patients with AL amyloidosis [38]. Recently, a retrospec-
tive analysis of 73 consecutive AL patients treated with
BOR-based regimens demonstrated severe adverse events
(grade 3 or higher) in 45 % of patients, of which the most
commonly observed was cardiac [19]. Another retrospec-
tive analysis of 19 patients treated with BOR, melphalan,
and prednisolone also demonstrated 2 patients with decom-
pensated heart failure with fluid overload [39].

At dose level 1, only one of 6 patients demonstrated
Grade 3 herpes zoster. However, this adverse event was
reported to often be observed during the administration
of BOR in patients with multiple myeloma and could be
protective using the prophylactic administration of anti-
viral agent acyclovir or valacyclovir [24, 25]. Thus, we
amended the protocol to administer prophylactic valacyclo-
vir 500 mg daily during BOR treatment.

During this study, the subcutaneous administration of
BOR was reported to be less neurotoxic compared with
intravenous administration but with equal clinical efficacy
in multiple myeloma [26]. Therefore, the protocol was
amended to administer BOR subcutaneously instead of
intravenously. At dose level 2, no DLT was observed. These
observations suggested that the subcutaneous administra-
tion of BOR twice weekly in combination of MD is safe
and tolerable in Japanese AL patients.

Efficacy assessment of BMD therapy was not a goal
of this study because this was a small phase 1 study, but
a hematologic response of 78 % including a CR rate of
22 % is promising. Unfortunately, IFE was not done in 5
PR patients, but all of these had a normal FLC «/\ ratio
and 3 of these were IEP-negative. Strict evaluation is nec-
essary regarding whether or not these patients achieved CR.
In this study, high-risk patients such as those with severe
cardiac damage were excluded; therefore, the response rate
is considered to be high.

Recently, a matched case—control study of 87 patients
treated with BMD compared with that of 87 con-
trols treated with MD demonstrated a higher CR rate
observed with BMD (42 vs. 19 %, respectively), but
this was not associated with improved overall survival
[40]. However, a significant survival advantage for BMD
was observed in patients without severe (NYHA class
III or IV) heart failure and with NT-proBNP <8500 pg/
mL. Patients treated with full-dose dexamethasone had
similar response rates and survival regardless of whether
they received BOR or not. Intermediate-risk patients
who are not fit enough to receive high-dose dexametha-
sone are likely to gain the greatest advantage from the
addition of BOR to MD.

There are still questions regarding the added value
of incorporating BOR into first-line therapy among
patients with AL [41]. The ongoing phase III rand-
omized and stratified clinical trial comparing BMD with
MD (NCTO01277016) will clarify the optimal setting for
employing the combination of BMD in AL amyloidosis.
BOR-containing regimens appear to be an attractive option,
and starting with lower doses and a weekly subcutaneous
administration may promote better tolerance in many AL
patients.
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