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abstract

PURPOSE No established treatments exist for relapsed/refractory systemic light-chain (AL) amyloidosis.
Bendamustine has shown potential in the treatment of multiple myeloma. We conducted a phase II, multicenter
trial to assess the efficacy and safety of bendamustine with dexamethasone (ben-dex) in patients with persistent
or progressive AL amyloidosis after $ 1 prior therapy.

METHODS The trial enrolled 31 patients who received bendamustine on days 1 and 2 (100 mg/m2 intravenously)
with 40 mg of weekly dexamethasone in 28-day cycles until disease progression or up to 6 cycles after complete
hematologic response. The primary objective was the rate of partial hematologic response (PR) or better.

RESULTS Patients received a median of 4 cycles (range, 2-12 cycles) with 57% of patients achieving a PR or
better (11% complete response, 18% very good PR). The overall organ response was 29% among the 24
patients who hadmeasurable organ involvement. Treatment was well tolerated with no grade 5 treatment-related
adverse events (AEs). Sixty-five percent of patients had a therapy-related grade 3-4 AE. The most common AEs
included myelosuppression, fatigue, and nausea/vomiting. The median overall survival was 18.2 months (95%
CI, 11.3 to 43.8 months), and hematologic response was associated with prolonged survival (P = .0291). The
median progression-free survival was 11.3 months (95% CI, 5.0 to 15.4 months).

CONCLUSION Overall, ben-dex is a viable treatment option with substantial efficacy and limited toxicity for
patients with pretreated AL amyloidosis who have limited therapeutic options. This trial was registered at
(ClinicalTrials.gov identifier: NCT01222260).

J Clin Oncol 38:1455-1462. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Systemic light-chain (AL) amyloidosis is characterized
by the production of abnormal immunoglobulin light
chains by a plasma cell clone. Abnormal free light
chains (FLCs) form toxic misfolded proteins that ag-
gregate and deposit as insoluble fibrils in target organs,
leading to organ dysfunction and, ultimately, death.1

Cytotoxic antiplasma cell therapy is used with the aim
of eliminating the production of these proteins, thereby
allowing organ recovery and prolonged survival. There
are currently no Food and Drug Administration
(FDA)–approved regimens for AL amyloidosis. All the
available therapies, including melphalan, proteasome
inhibitors, immunomodulatory agents, and recently,
daratumumab, were adapted for AL amyloidosis after
activity was established in multiple myeloma (MM).2

Although newer agents have improved the outlook for
some patients with AL amyloidosis, limited options
exist for patients with relapsed or refractory disease.

Bendamustine is a bifunctional alkylating agent with
efficacy in the treatment of several hematologic

malignancies, including chronic lymphocytic leuke-
mia, non-Hodgkin lymphoma, and MM. As an alky-
lating agent, bendamustine induces DNA interstrand
crosslinks leading to cytotoxicity.3 It also acts through
secondary mechanisms different from other alkylating
agents, which may explain its efficacy, even in patients
refractory to conventional chemotherapeutic agents.4

Although the mechanisms are not fully understood,
studies suggest that bendamustine inhibits several
mitotic checkpoints, promotes inefficient DNA repair,
and may induce apoptosis via a p53-dependent DNA
damage stress response.5

Bendamustine has proven efficacy in both treatment-
naı̈ve patients and those with relapsed or refractory
MM. It is approved in Europe as a first-line treat-
ment of MM6 based on a phase III study comparing
bendamustine and prednisone versus melphalan and
prednisone for patients with previously untreated MM.
Bendamustine prolonged the time to treatment failure
and had a higher rate of complete response (CR).7

Smaller studies also showed efficacy and tolerability of
the combination of bendamustine-prednisone-bortezomib
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in newly diagnosed patients, including those with renal
dysfunction.8-11 Additionally, Lentzsch et al12 published
data from a multicenter phase I/II clinical trial showing that
bendamustine-lenalidomide-dexamethasone was well tol-
erated and achieved a partial response (PR) rate of 52%,
with a very good PR (VGPR) rate of 24% in patients with
heavily pretreated MM. Other studies, including several
large phase II trials, with different combinations of therapies
in relapsed/refractory MM have confirmed the potency of
bendamustine as an antiplasma cell therapy with promising
results.13-18 Overall, bendamustine is well tolerated, with the
most common adverse effects being hematologic events, GI
symptoms, fever, and allergic reactions.

Given the efficacy and tolerability of bendamustine in the
treatment of MM, we sought to evaluate bendamustine
combined with dexamethasone in relapsed/refractory AL
amyloidosis (RRAL). We present the data from a multi-
center phase II trial using bendamustine-dexamethasone
(ben-dex) in this patient population.

METHODS

Patient Eligibility

The study included patients $ 18 years old with histo-
pathologically confirmed AL amyloidosis with persistent or
progressive hematologic disease after $ 1 prior therapy.
Inclusion required measurable disease, defined as $ 1 of
the following: serum monoclonal protein $ 0.5 g/dL by
serum electrophoresis (SPEP), urine monoclonal protein
. 200 mg/dL in 24-hour urine electrophoresis (UPEP),
clonal population of plasma cells in the bone marrow,
or abnormal FLC ratio. Other eligibility criteria included
Eastern Cooperative Oncology Group performance status
, 3, ineligible for or declined autologous stem cell trans-
plantation (ASCT) if no previous transplantation, absolute
neutrophil count$ 1.53 109/L, hemoglobin level$ 9 g/dL,
platelet count $ 100 3 109/L, calculated creatinine
clearance (CrCl) $ 30 mL/min (CrCl $ 15 mL/min con-
sidered if not in active renal failure and approved by
principal investigator), AST and ALT# 2.53 upper limit of
normal (ULN), and serum bilirubin , 1.5 3 ULN.

Exclusion criteria included presence of symptomatic MM,
myocardial infarction within 6 months, New York Heart
Association class IIIB or IV heart failure, uncontrolled an-
gina, severe arrhythmia, active conduction system abnor-
malities, use of other investigational drug within 14 days
before enrollment, serious concurrent illness, HIV infection,
pregnancy or breast feeding, and treatment or diagnosis of
another malignancy within 3 years of enrollment. Patients
with N-terminal pro-brain natriuretic peptide (NT-proBNP)
$ 1,800 ng/L or brain natriuretic peptide (BNP)$ 400 ng/L,
or abnormal cTnT or cTnI could only be included after
evaluation by a cardiologist to determine the risk associated
with treatment. Participating patients provided written in-
formed consent before enrollment, and the study was

approved by the institutional review board of all partici-
pating sites and registered under ClinicalTrials.gov identi-
fier NCT01222260.

Study Design

This phase IIa trial enrolled patients from 6 sites in the
United States using a 2-stage optimal Simon design with an
a (type I error) of .1 and power of 0.85. For the treatment to
be of further interest, the proportion of patients experi-
encing hematologic response had to be at least 0.40, over
a futile response of 0.2 or less. Thirteen patients were
enrolled in the first stage, and if $ 3 patients experienced
a hematologic PR or better, the trial was to proceed to the
second stage. The second stage enrolled an additional 16
patients. If 9 or more of the 29 patients with evaluable
response had at least a PR, the treatment was considered
worthy of further development. Patients who did not
complete 2 cycles were not evaluable for response as-
sessment and were replaced to accrue 29 patients
evaluable for response.

Patients received treatment in 28-day cycles with in-
travenous bendamustine given on days 1 and 2 (100 mg/m2

for CrCl $ 60 mL/min, 90 mg/m2 for CrCl 59-30 mL/min,
70 mg/m2 for CrCl 15-30 mL/min), and dexamethasone
40 mg orally, given on days 1, 8, 15, and 22. For patients
with good performance status, CrCl $ 60 mL/min, and
tolerance of treatment, the bendamustine dose could be
escalated to 120 mg/m2. Treatment was continued until
disease progression per the standard response criteria19 or
for up to 6 cycles after hematologic CR. Treatment was
stopped for unacceptable toxicity, patient refusal, non-
response, or noncompliance. The primary objective was to
estimate the rate of PR or better. Secondary objectives
included the hematologic CR and VGPR rates, organ re-
sponse rate, progression-free survival (PFS), overall survival
(OS), and assessment of toxicity.

Assessment

Patients who received at least 2 complete cycles of treat-
ment were eligible for response assessment. Hematologic
response was assessed at the beginning of each cycle
according to established consensus criteria based on se-
rum FLCs, SPEP/UPEP, and immunofixation.19 Hemato-
logic CR required negative serum and urine immunofixation
and a normal serum FLC ratio. VGPR was defined as
a reduction in difference in FLC (dFLC) to , 40 mg/L, and
a PR was defined as more than a 50% reduction in dFLC.
Progression from CR was defined as any detectable
monoclonal protein or abnormal FLC ratio (ratio must have
doubled). Progression from PR was a 50% increase in
serum M protein to . 0.5 mg/dL or 50% increase in urine
M protein to . 200 mg/day. A 50% increase in FLCs to
. 100 mg/L also met criteria for progression. No response
was defined as no evidence of disease progression and
less than a PR.20 For patients with dFLC , 40 mg/L at
baseline, standard MM response criteria were applied.
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Amyloid-related organ response was evaluated starting after
the second cycle of therapy on the basis of accepted criteria
from Comenzo et al19 for cardiac, hepatic, and neuropathic
responses and from Pallidini et al20,21 for renal response.

History and physical examination, NT-proBNP/BNP, tro-
ponin, echocardiography, 24-hour urine protein, serum
creatinine, alkaline phosphatase, and liver imaging were
used for organ response assessment. Cardiac response
was primarily assessed based on cardiac biomarkers.20 For
patients without NT-proBNPmeasurements, the previously
cited formula, log BNP = 0.28 + 0.66 3 log NT-proBNP,
was used to convert BNP to NT-proBNP.22

After discontinuation of therapy, patients who had not
experienced disease progression were observed every
3 months for the first 2 years, every 6 months for years 2-5,
and annually thereafter until disease progression for he-
matologic and organ response evaluation. After hemato-
logic disease progression, patients were observed every
3months for survival for up to 3 years. Adverse events (AEs)
were evaluated on an ongoing basis and graded according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events, version 4.0.

Statistical Analysis

Patient characteristics were summarized using descriptive
statistics. Hematologic and organ response rates were
calculated as proportions. PFS was defined as time from
the first day of treatment until hematologic disease pro-
gression or death. OS was defined as time from first day of
treatment to death. PFS and OS were estimated using the
Kaplan-Meier method with 95% confidence bounds. Me-
dian PFS and OS was estimated from the survival function.

RESULTS

Patient Characteristics

Between January 2013 and March 2016, 31 patients with
RRAL were enrolled in the study. Baseline characteristics
are summarized in Table 1. Median age was 65 years
(range, 42-78 years), with a predominantly male population
(71%). The majority of patients had a lambda-clonal
plasma cell dyscrasia (68%). All patients had organ in-
volvement, and the median number of involved organs was
2 (range, 1-4). Fifty-eight percent of patients had $ 2
organs involved. This included 18 (58%) cardiac, 16 (52%)
renal, 8 (26%) neurologic, 9 (29%) GI, and 4 (13%) hepatic
organ involvements. Patients had received a median of 2
prior therapies (range, 1-5). Fourteen patients (45%) had
previously undergone ASCT. Median time from initial di-
agnosis to start of treatment was 31.0 months (range, 3.0-
167.2 months); 65% of patients had relapsed hematologic
disease at enrollment, and the others had refractory
disease.

Efficacy

Of the 31 patients enrolled, 29 completed at least 2 cycles
of treatment and were eligible for response assessment.
Their baseline characteristics are summarized in the Data
Supplement. Two patients terminated treatment before
completion of cycle 2. One patient had a cardiac arrest not

TABLE 1. Patient Characteristics
Baseline Characteristic (n = 31) No. (%)

Median age (range), years 65 (42-78)

Male 22 (71)

ECOG performance status (range) 1 (0-2)

Light-chain type: lambda 21 (68)

Median dFLC (range), mg/dL 12.2 (0.2-442.9)

Relapsed hematologic disease at
trial enrollment

20 (65)

Median time since diagnosis
(range), months

31.0 (3.0-167.2)

Organ involvement

No. of organs involved (range) 2 (1-4)

Cardiac 18 (58)

Renal 16 (52)

Neurologic 8 (26)

GI 9 (29)

Hepatic 4 (13)

$ 2 organs involved 18 (58)

Impaired baseline renal function
(eGFR , 60)

12 (39)

Median BNP in patients with cardiac
disease (range), pg/mL (n = 17)a

344 (67-3,121)

Ejection fraction (range) in patients
with cardiac disease, % (n = 18)

50 (25-70)

NYHA class in patients with cardiac
disease (range; n = 18)

2 (1-3)

Median proteinuria in patients with
renal disease, mg/24 hr (n = 15)b

7,549 (2,044-23,835)

Prior treatment

Median No. of prior therapies (range) 2 (1-5)

Median time since last therapy (range), months 4.4 (0.5-110.3)

ASCT 14 (45)

Cyclophosphamide, bortezomib, and dexamethasone 10 (32)

Bortezomib plus dexamethasone 11 (35)

Bortezomib, melphalan, plus dexamethasone 9 (29)

Lenalidomide plus dexamethasone 7 (23)

Bortezomib, lenalidomide, plus dexamethasone 4 (13)

Melphalan (not within ASCT) 2 (6)

Abbreviations: ASCT, autologous stem cell transplant; BNP, brain natriuretic peptide;
dFLC, difference in free light chain; ECOG, Eastern Cooperative Oncology Group; eGFR,
estimated glomerular filtration rate; NYHA, New York Heart Association.

aOne of the cardiac patients only had a baseline N-terminal pro-BNP, not a BNP.
bOne of the renal patients did not have measurable proteinuria but had renal

involvement based on a biopsy.
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attributable to the study drugs, and the other patient de-
veloped worsening renal function precluding additional
treatment. The 29 patients completed a median of 4 cycles
(range, 2-12 cycles). The most common reasons for dis-
continuation of therapy included AEs in 8 patients (28%),
lack of response in 5 (17%), organ disease progression in 3
(10%), and hematologic disease progression in 2 (7%).

Hematologic responses are summarized in Table 2. One
patient was enrolled based on bone marrow involvement
without detectable serum monoclonal protein or a dFLC
. 40 mg/L and did not undergo repeat bone marrow biopsy at
the end of the study. He could not be evaluated for a he-
matologic response but was assessed for organ response.
Of the 28 patients evaluable for hematologic response, the
overall hematologic response rate was 57%: 3 patients
(11%) with CR, 5 patients (18%) with VGPR, and 8 patients
(29%) with PR. Among the hematologic responders, 94%
had previously been treated with bortezomib, 50% were
treated with lenalidomide, 69% were treated with a mel-
phalan-based therapy, and 50% had undergone ASCT.
Median time to best hematologic response was 2.8 months
(range, 0.9-7.5 months), and median time to first hema-
tologic response was 1.9 months (range, 0.9-4.0 months).
Ten patients (36%) did not respond, and 2 (7%) experi-
enced disease progression during treatment.

Organ response is summarized in Table 3. Of the 24 pa-
tients with measurable organ response, based on estab-
lished criteria, 7 (29%) achieved an organ response (46% renal
response, 13% cardiac response, 0% hepatic response).20,21

Any organ response was reached after a median of 2.8months
(range, 1.9-6.0 months). Ten patients (42%) had organ pro-
gression (31% renal, 50% cardiac, 25% hepatic). The majority
of patients (62%) who had organ progression never achieved
a hematologic response. Eight of the patients with evaluable
organ response had multiple organs involved (4 cardiac and
renal, 3 cardiac and hepatic, 1 all three); their responses are
summarized in the Data Supplement. Only 1 patient had
a discordant organ response with cardiac progression but renal
response and was counted as having achieved organ response
because it was unclear whether treatment with dexamethasone
mimicked cardiac organ progression.

Disease Progression and Survival

Median duration of patient follow-up was 14.9 months
(range, 3.0-59.8 months), with 12 patients alive at the time
of data analysis. Median OS was 18.2 months (95% CI,
11.3 to 43.8 months), as shown in Fig 1A. In a landmark
analysis after completion of 2 cycles, the median OS among
patients who achieved a CR, VGPR, or PR was not reached
compared with a median OS of 9.5 months among those
without a hematologic response after 2 cycles (P = .0291;
Fig 1B). Median PFS was 11.3 months (95% CI, 5.0 to 15.4
months), as illustrated in Fig 2.

Safety and Tolerability

AEs for all 31 enrolled patients are summarized in Table 4.
Despite the frail patient population, we did not observe any
grade 5 therapy-related serious AEs (SAEs). Overall, 20 of
the patients (65%) had at least 1 grade 3-4 therapy-related
AE. The most common grade 3 and 4 events included
leukopenia (26%), fatigue (19%), renal dysfunction (13%),
rash (6%), and mood symptoms (6%). SAEs attributable
to the treatment were reported in 10 patients (32%).
Only 6 of the patients had more than 1 SAE. The SAEs
included atrial fibrillation, colitis, hypothermia, fatigue,
fever, hypertension, hypotension, infusion-related reaction,
intracranial hemorrhage, pulmonary infection, nephrogenic
diabetes insipidus, acute kidney injury, rash, and syncope.
One death, which was attributed to infection and underlying
disease, occurred during the trial among patients who
completed at least 2 cycles of therapy. One patient, who
was described previously,23 developed partial nephrogenic

TABLE 2. Hematologic Response to Therapy
Hematologic
Response (n = 28)

Patients
No. (%)

Median Months Until
Response (range)

Partial response or better 16 (57) 2.8 (0.9-7.5)

Complete response 3 (11) 4.7 (2.0-7.5)

Very good partial response 5 (18) 3.5 (0.9-6.0)

Partial response 8 (29) 1.8 (0.9-4.0)

No response 10 (36) NA

Progression during treatment 2 (7) 2.7 (1.9-3.5)

Abbreviation: NA, not applicable.

TABLE 3. Organ Response to Therapy

Organ

Patients With
Evaluable Disease

No. (%)
Responded
No. (%)

Median Months
Until Response

(range)
Stable
No. (%)

Disease
Progression
No. (%)

Median Months
Until Progression

(range)

Heart 16 (67) 2 (13) 2.3 (1.9-2.8) 6 (38) 8 (50) 2.9 (1.6-4.0)

Kidney 13 (54) 6 (46) 3.7 (2.4-11.0) 3 (23) 4 (31) 3.9 (3.0-4.8)

Liver 4 (17) 0 NA 3 (75) 1 (25) 8.5

Any organ 24 (100) 7 (29) 2.8 (1.9-6.0) 7 (29) 10 (42) 3.5 (1.6-4.8)

NOTE. Eight patients had more than 1 organ involved, including 1 patient with 3 organs involved (individual responses are summarized in the
Data Supplement).

Abbreviation: NA, not applicable.
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diabetes insipidus after the first cycle of ben-dex. He was
successfully treated with hydrochlorothiazide, sodium re-
striction, and desmopressin, with improvement in symp-
toms while continuing bendamustine. Of the 12 patients
with baseline renal dysfunction, only 3 experienced
worsening renal function during treatment.

Based on comorbidities, bendamustine starting doses in-
cluded 15 patients at 100 mg/m2, 12 patients at 90 mg/m2,
and 4 patients at 70 mg/m2. In 1 patient, the dose was
increased to 120 mg/m2. Dose reduction of bendamustine
was necessary in 9 patients (29%) because of fatigue, in-
fusion reaction, worsening renal function, fever, or neph-
rogenic diabetes insipidus. The dose of dexamethasone
was reduced in 15 patients (48%) because of fatigue,

muscle weakness, edema, weight gain, insomnia, hyper-
tension, GI intolerance, or chest pressure.

DISCUSSION

At present, there are no FDA-approved treatments for AL
amyloidosis. Given that many of the available therapies
have toxicities that limit their use in patients with amyloid-
associated organ dysfunction, there is an unmet need for
new therapeutic options. To our knowledge, this is the first
prospective phase II trial of ben-dex for the treatment of
RRAL. In this study, 57% of patients experienced a he-
matologic response, with 11% achieving a CR, indicating
that the ben-dex regimen has utility in AL amyloidosis, even
among frail patients with prior exposure to multiple prior
lines of therapy. Furthermore, we found that OS was im-
proved among patients who achieved a hematologic re-
sponse within 2 cycles, consistent with prior data showing
that response correlates with survival.19

In a retrospective study of 122 patients with newly di-
agnosed and relapsed AL treated with bendamustine and
prednisone, the hematologic response rate (HRR) was
35%, with 8% VGPR and 2% CR, which is lower than the
response in our prospective trial. We also observed a higher
PFS of 11.3 months compared with 8 months in the ret-
rospective study. This is likely because our patients had
adequate organ function resulting in a higher total treat-
ment dose of ben-dex. With regard to organ response, 12%
of patients had a cardiac response and 31% had a renal
response, which was similar to the rates of 13% and 46%,
respectively, in our trial.24 Nevertheless, our organ re-
sponse rate of 29% is relatively low, and we cannot exclude
that the high dose of 40 mg dexamethasone in our trial
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resulted in fluid overload and subsequent increase of NT-
proBNP mimicking cardiac progression.

Compared with other treatment regimens used for RRAL,
ben-dex has comparable efficacy with good tolerability.
Prospective studies of lenalidomide and dexamethasone
have shown 41% HRR with no CR in a heavily pretreated
population and 67% HRR with 29% CR in a less heavily

pretreated group.25,26 Significant nephrotoxicity was seen
with 1 study reporting a. 50% increase in creatinine in two
thirds of patients, and only half recovered renal function.27

By contrast, only 16% of patients in our trial experienced
any increase in creatinine. Additionally, the significant in-
crease of NT-proBNP and BNP associated with worsening
of congestive heart failure indicates a potential contrain-
dication of using lenalidomide in patients with cardiac AL
amyloidosis.28 Pomalidomide with dexamethasone has
also been tested, with comparable HRR rates of 48%-60%
and CR of 3%-33%.29-31 The median OS of 26-28 months
was higher than what we observed for ben-dex but, un-
fortunately, pomalidomide is not a feasible option for many
patients with amyloidosis because of worsening heart
failure.19,31 A trial of carfilzomib reported a high HRR rate of
63% with a comparable CR of 12.5%, but the treatment
was associated with several grade 3-4 cardiac or pulmo-
nary AEs, limiting its applicability.32 Ixazomib has shown
a similar HRR of 52% with 9% CR but with a longer median
PFS of 14.8 months compared with the 11.3 months ob-
served in our study.33 Despite promising data with a high
HRR with daratumumab monotherapy (76%), including
CR in 36% and VGPR in 24% of patients, the data are
limited without prospective trials.34 An ongoing phase III
trial is evaluating the role of daratumumab with cyclo-
phosphamide, bortezomib, and dexamethasone in newly di-
agnosed patients (ClinicalTrials.gov identifier: NCT03201965).

In summary, the HRR induced by ben-dex was com-
petitive with other drug regimens and was well tolerated
without significant cardiac, renal, or pulmonary toxicities,
which is especially important in this patient population
with baseline organ dysfunction. Although higher HRRs
are seen with newer drugs, such as daratumumab, these
treatments may be moved to the frontline setting, depending
on the results of ongoing clinical trials. Given the low tol-
erance of immunomodulatory derivates and major AEs of
carfilzomib in this patient population, the options in the
relapsed/refractory setting will be exhausted with the first
or second relapse, and potent and well-tolerated drugs
like bendamustine would be an excellent alternative.
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TABLE 4. Treatment-Related Adverse Events Occurring in $ 10% of Patients

Adverse Event
Patients
(n = 31)

Grade
1 or 2

Grade
3 or 4 SAE

Fatigue 15 9 6 1

Anemia 11 10 1

Decreased WBC count 12 4 8

Nausea/vomiting 12 11 1

Thrombocytopenia 6 6

Dyspnea 6 6

Edema 4 4

Abdominal pain 6 6

Constipation 5 5

Diarrhea 3 2 1 1

Musculoskeletal pain/
weakness

7 7

Mood symptoms 8 6 2

Renal dysfunction 5 1 4 2

Infection 6 5 1 1

Rash 9 7 2 1

Electrolyte abnormality 3 3

Anorexia 4 4

Infusion-related reaction 3 2 1 1

Fever/chills 5 5 2

Dehydration 3 2 1

Dizziness 4 4

Hyperhidrosis 3 3

NOTE. All data are No.
Abbreviation: SAE, serious adverse event.
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