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Purpose: This study was aimed at comparing the efficacy and tolerability of an arsenic trioxide/
bortezomib/ascorbic acid/dexamethasone (ABCD) regimen with efficacy and tolerability of
a bortezomib/dexamethasone (BD) regimen in patients with newly diagnosed myeloma.
Patients and Methods: Fifty-seven and sixty-four patients were treated with the ABCD
and BD regimens, respectively. Eligible and agreeable patients received autologous hemato-
poietic stem cell transplantation followed by consolidation.

Results: The response rates (above VGPR) were 74.1% and 32.8% in the ABCD- and BD-
treated groups, respectively (P = 0.000). Compared to BD regimen, ABCD regimen sig-
nificantly improved PFS (P = 0.026) and OS (P = 0.000) in newly diagnosed patients.
Patients with a high tumor burden, low or standard risk, and without auto-HSCT seemed
to especially benefit compared to the same group with BD regimen. ABCD also showed
better tolerability with lower bone marrow suppression (P = 0.026). Furthermore, complete
response or near CR after induction therapy was a good prognostic factor for ABCD-
associated OS and PFS.

Conclusion: ABCD is an effective and tolerable regimen compared with BD regimen in
newly diagnosed myeloma patients. ABCD regimen could be an economical, effective, and
tolerable choice in low- and standard-risk patients.

Keywords: multiple myeloma, arsenic trioxide, bortezomib, overall survival, treatment

response

Introduction

Multiple myeloma (MM) is a disease that typically requires multiple lines of therapy
because many patients have a relatively long survival and relapse and gradually
develop resistance to the treatment drugs.'* Many novel drugs are emerging for the
treatment of MM, such as bortezomib, lenalidomide, pomalidomide, carfilzomib and
daratumumab, clinicians tried to single administration or in combination of these
drugs have improved responses and outcomes.> > Bortezomib and bortezomib-based
therapies, including bortezomib plus dexamethasone, are now a cornerstone of
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treatment for both newly diagnosed and relapsed/refractory -
MM.® A third agent added to the bortezomib and dexa-
methasone regimen has proven effective for the treatment of

7-10

relapsed/refractory MM in a number of studies, and

three-drug regimens are recommended
for MM patients.' "'

Arsenic trioxide (ATO) is a promising antineoplastic

increasingly

chemotherapeutic agent, it has been approved to the treat-
ment of acute promyeloid leukemia (APL), now it is tried
in the treatment of MM. In preclinical studies, ATO
induced apoptosis, reduced viability, and caused growth
arrest in myeloma cell lines at concentrations low enough
for safe use in patients.”>'> ATO exert its antitumor
effects in part by generating reactive oxygen species
(ROS).'® The cytotoxic effects of ATO in myeloma cell
lines are markedly enhanced by the addition of ascorbic
acid, as reported both in vitro and in vivo.'” intracellular
glutathione (GSH) will neutralize the ROS generated by
ATO, ascorbic acid could deplete GSH, which makes
a contribution to the synergy of ATO and ascorbic acid.
This supposition is supported by the findings of a small
Phase I study in patients with stage III relapsed or
refractory MM. The study showed ascorbic acid adminis-
tration decreased intracellular GSH levels and increased
the sensitivity of patients’ myeloma cells to ATO.'® Some
in vitro studies showed that the sensitivity of myeloma
cells to bortezomib is negatively associated with beta-
catenin protein levels. After proteasome inhibition, ATO
can reduce cytoplasmic beta-catenin accumulation and
enhance the sensitivity of myeloma cells to bortezomib.'®

Preclinical studies have also shown that ATO com-
bined with bortezomib at low concentrations has synergis-
tic antiproliferative and antimyeloma activity in xenograft
animal models,'” suggesting the combination may have
the potential to treat MM. Phase I/II trials of ATO and
bortezomib have been conducted in heavy pretreatment,
relapsed or refractory MM patients, while the addition of
ATO has limited success in relapsed/refractory MM.?°

In clinical trials conducted thus far, the combination of
ATO, ascorbic acid, bortezomib, and dexamethasone for
the treatment of MM has been evaluated in patients with
relapsed MM and MM patients showing treatment resis-
tance. The mechanism of ATO in MM treatment relies
heavily on GSH level and the ROS system. Patients with
relapsed MM and MM patients showing treatment resis-
tance may show changes in levels of GSH and apoptotic
regulators.”’ However, all previous studies assessed the
safety and tolerability of ATO/bortezomib/ascorbic acid

(ABC) combination therapy in MM patients. Therefore,
we conducted a retrospective study with an aim to evaluate
the efficacy and safety of ATO/bortezomib/ascorbic acid/
dexamethasone (ABCD) combination therapy in compar-
ison with those of bortezomib/dexamethasone (BD) regi-
men for newly diagnosed MM patients at three medical
centers in China.

Materials and Methods

Patients

Patients were enrolled from July 2012 to August 2018
from three medical centers. The inclusion criteria were as
follows: a diagnosis of MM requiring treatment, age up to
85 years, Zubrod performance status score of <4, left
ventricular ejection fraction of >40%, no uncontrolled
arrhythmia or unstable cardiac disease, corrected QT inter-
val less than 470 ms, no symptomatic pulmonary disease,
adequate pulmonary function test, serum glutamic pyruvic
transaminase level of <4x upper limit of normal, serum
bilirubin level of <2x upper limit of normal, without
chronic active hepatitis or cirrhosis. The remaining inclu-
sion criterion was the absence of effusion or ascites of >1
L prior to drainage. Patients were excluded if they had
a known allergy to any of the agents, had previously
received arsenic therapy, were >85 years of age, or had
uncontrolled diabetes, infections, or underlying illness.
However, patients who had received local treatment for
control of bone disease were considered eligible. Patients
with neuropathy of grade > 2 at the time of study entry
were also excluded. Patients also need negative human
immunodeficiency virus testing, a negative pregnancy
test in a woman with child-bearing potential and the will-
ingness of the patient or guardian to sign informed con-
sent. The study was approved by the ethics committee of
Huadong Hospital (approval number: 2018K115) and has
been registered online (ChiCTR1800018811)

Treatment Plan

Patients newly diagnosed with MM at Huadong Hospital
who satisfied the inclusion criteria of the trial received the
ABCD regimen. All patients received ATO 0.16 mg/kg IV
on days 1 to 3, 8-10, and 15-17 over 2 hrs; and AA 1000 mg
IV on days 1 to 3, 810, and 15-17 over 30 mins.
Bortezomib at a dose of 1.6 mg/m? was administered sub-
cutaneously on days 4, 11, and 18, and dexamethasone at
a dose of 40 mg/day was administered IV on days 4-7,11—
14, and 18-21. If the patient was aged more than 65 years or
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had diabetes, the dose of dexamethasone was decreased to
20 mg/day. The regimen was repeated every 28 days.
Patients newly diagnosed with MM at the Huashan
Hospital and Yuhuangding Hospital who satisfied the inclu-
sion criteria of the trial received the BD regimen.
Bortezomib was administered subcutaneously on days 4,
11, and 18 at a dose of 1.6 mg/m?, while dexamethasone
was administered IV on days 4-7, 11-14, and 18-21 at
a dose of 40 mg/day. The dexamethasone dosage was
decreased for elderly (age above 65 years old) and diabetes
patients. Patients received supportive care according to
established departmental guidelines. Further, they received
granulocyte colony stimulating factor (G-CSF) 5 pg/kg/day
when the absolute neutrophil count (ANC) was less than 0.5
x 10°/L for two consecutive days. Oral levofloxacin, acyclo-
vir, and fluconazole were administered for the duration of
neutropenia. Blood products were administered if the hemo-
globin level was <6 g/dL and platelet count was <20 x 10%/L.

After four cycles of chemotherapy, we evaluated the
disease status of each patient. If patients achieved partial
remission (PR) or very good partial remission (VGPR) or
near-complete remission (nCR) or CR and agreed to receive
autologous stem cell transplantation, autologous stem cell
transplantation was performed with melphalan 200 mg/m?
and stem cell engraftment, followed by four cycles of che-
motherapy every 3 months according to the previous regi-
men. If patients refused autologous stem cell transplantation
or only achieve minor response (MR), another four cycles of
MP regimen (prednisone 60 mg/(m*-d) days 1-4, melphalan
8 mg/(m?-d) days 1-4 every month) were administered, after
which the patients received another four cycles of the ABCD
or BD regimen (consistent with the previous regimen) every

Regimen A

Arsenic trioxide 0.16mg/kg/d day 1-3,8-10,15-17
Ascorbic Acid 1000mg/d day 1-3,8-10,15-17
Bortezomib 1.6mg/m2day 4,11,18
Dexamethasone 40mg/dday 4-7,11-14,18-21
four cycles

N\
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auto-HSCT ShiesED)

™~ «
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Another four cycles RVD regimen
of MP regimen per month
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PR or better
agree toand eligible for
auto-HSCT

3

auto-HSCT

VU

v
2

Another four cycles Another four cycles

of chemotherapy

of chemotherapy per month
every three months e E——

month. If the patients showed stable disease (SD) or pro-
gressive disease (PD) after four cycles of therapy or during
the treatment, they were considered for exit this study and
changing another therapy such as RVD regimen. The entire
treatment plan is shown in Figure 1.

If patients relapsed or showed disease progression after
finishing the entire therapy, the patients will receive the
previous regimen as ABCD regimen or BD regimen. After
two cycles of chemotherapy, the treatment response was
evaluated. If the response remained SD or PD, the patients
would be changed to a lenalidomide/bortezomib/dexa-
methasone regimen and exit this study.

Disease Assessments

Disease assessments (skeletal survey, complete neurologic
examination, Karnofsky performance status, beta2-microglo-
bulin, C-reactive protein, serum and urine electrophoresis to
quantify immunoglobulins, and immunofixation, bone marrow
aspiration and biopsy) were performed within 14 days
before day 1 of cycle 1 of treatment. Patients’ medical history
was obtained, and physical examination and a complete neu-
rologic were performed at baseline; furthermore, 12-lead elec-
trocardiography and posteroanterior and lateral chest X-rays
were performed. Bone marrow aspirate was evaluated and
a biopsy was performed in addition to flow cytometry, chro-
mosome analysis and fluorescence in situ hybridization (FISH)
analysis. Clinical laboratory tests, including hematology; clin-
ical chemistry (serum creatinine, blood urea nitrogen, uric acid,
alkaline phosphatase, total bilirubin, lactate dehydrogenase,
alanine transaminase and aspartate transaminase); electrolyte
(calcium, magnesium, potassium, sodium, etc.) and glucose
panel; total protein, amylase, and albumin tests; urinalysis; and

Regimen B

Bortezomib 1.6mg/m2day 4,11,18
Dexamethasone 40mg/dday 4-7.11-14,18-21
four cycles

%
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Figure | The flowchart of treatment regimens. Regimen A stands for the ABCD regimen, regimen B stands for the BD regimen.
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women of child-bearing potential should take serum preg-
nancy, were performed on day 0 of each cycle. Treatment
assessment staging was performed at entry, and restaging was
performed every two cycles. Staging/restaging included bone
marrow aspirate, serum protein electrophoresis, immunofixa-
tion, Ig quantitation, 24-h urine collection with urine protein
electrophoresis/immunofixation electrophoresis, beta,-micro-
globulin, complete blood count, chemistry, lactate dehydro-
genase (LDH). Staging and after four cycles of chemotherapy,
restaging included biopsy with conventional cytogenetics and
FISH analysis for common abnormalities, and radiological
testing if indicated.

Response Criteria

Patient responses to treatment were monitored on day 0 of
each cycle. Responses were evaluated according to criteria
developed by Durie et al*>. CR was defined as a negative
immunofixation test for the original monoclonal protein
(M-protein) from blood and urine, <5% plasma cells in
bone marrow, the size or number of lytic bone lesions remain
stable, and soft tissue plasmacytomas disappear for at least 6
weeks. Near CR (nCR) was defined as positive immunofixa-
tion but negative myeloma protein tests in serum and urine
using densitometry on protein electrophoresis. Very good
partial remission (VGPR) requires a >90% reduction in M-
protein. Partial response (PR) was defined as a >50% reduc-
tion in serum M-protein, >90% reduction in 24-h urinary
light-chain excretion or levels <200 mg, no increase in size
or number of lytic bone lesions, >50% reduction in the size of
soft tissue plasmacytomas for at least 6 weeks. A minor
response (MR) was defined as a 25% to 49% reduction in
serum M-protein and the size of plasmacytomas, a 50% to
89% reduction in 24-h light-chain excretion (although still
>200 mg/24 hrs) for at least 6 weeks, the size or number of
lytic bone lesions remain stable. Progressive disease was
defined as one or more of the following: >25% increase in
plasma cells in a bone marrow aspirate or on trephine biopsy
(an absolute increase of at least 10%), >25% increase in
serum M-protein (confirmed absolute increase of >5 g/L),
>25% increase in 24-hrs urinary light-chain excretion (con-
firmed absolute increase of >200 mg/24 hrs), an increase in
the size of lytic bone lesions or soft tissue plasmacytomas,
development of new bone lesions or plasmacytomas or
hypercalcemia.

OS was defined as the time from the day of diagnosis
to death or time the patient was last known to be alive.
PFS was the time from the day of diagnosis to progression
or time the patient was last known to be still in progression

free. All patients were observed until death or the date
August 30, 2018. The primary endpoints were VGPR and
time to grade 4 toxicity. The secondary endpoints were OS
and PFS.

Safety was monitored after 30 days of the last dose of
drug. Toxicities were graded according to National Cancer
Institute Common Toxicity Criteria of Adverse Events
(version3.0; Bethesda,MD). Engraftment was defined as
an ANC of 0.5 x 10°/L for two consecutive days.

Prognostic Factors

High-risk cytogenetics were defined as del 13 or hypodi-
ploidy as determined by conventional cytogenetics and t
(4;14), t(14;16) or dell7p as determined by conventional
cytogenetics or FISH.??

Statistical Analyses

Patient characteristics were summarized using the mean
and standard deviation for numerical valued variables and
frequencies with percentages for categorical variables.
Differences of patient characteristics between two treat-
ment groups were assessed using the #-test for numerical
variables, and for categorical variables, we use Chi-square
tests to assess. Kaplan-Meier (KM) method was used to
estimate unadjusted probabilities of OS and PFS time.
Unadjusted OS and PFS between subgroups were com-
pared by Log-rank test. The joint effects and prognostic
factors of patient covariates and treatment arms on OS and
PFS were assessed by Cox regression models. SPSS 10.0
software (SPSS Inc.; Chicago, IL, USA) was used to per-
form all frequent statistical analyses.

Results

Patients and Treatment

A total of 121 patients were enrolled and treated, among
which 57 and 64 patients received the ABCD and BD regi-
mens, respectively, and 114 patients finished the entire ther-
apy. Seven patients was changed to the RVD regimen because
of poor response to the previous regimen or disease progres-
sion. Two of these patients were from the ABCD group
because of SD after induction therapy, while five patients
were from the BD group because of SD and progressive
disease, respectively. Table 1 shows the patients’ baseline
characteristics; the mean age in both groups was above 60
years, while gender, disease isotype, Durie-Salmon Stage at
diagnosis, ISS stage at diagnosis, plasma blast in bone mar-
row, LDH level, albumin level, beta2-MG level, and
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Table | Baseline Clinical Characteristics of Patients Receiving

the Two Regimens

Characteristics With ATO vs Without | P value
ATO (N=57) (N=64)
Mean age, years (95% Cl) 60.9(58.9-63.4) vs 63.6 0.112
(61.1-65.9)
Male, n(%) 30(52.6) vs 41(64.1) 0.202
Myeloma type, n(%) 0.162
Immunoglobulin G 25(43.8) vs 33(51.6)
Immunoglobulin A 13 (22.8)vs 12(18.8)
Immunoglobulin M 0 (O)vs 0(0)
Immunoglobulin D 6 (10.5)vs 1(1.6)
Light chain disease only 13(22.8) vs 18(28.1)
Durie-Salmon stage at 0.250
diagnosis, n(%)
| 5(8.7) vs 3(4.7)
1l 11(19.3)vs 7(10.9)
1] 41(71.9) vs 54(84.4)
International Staging System 0.137
stage at diagnosis, n (%)
| 10(17.5) vs 10(15.6)
1l 20(35.1) vs 13(20.3)
1] 27(47.4) vs 41(64.1)
Metaphase cytogenetics, 0.311
n (%)
Normal 55(96.5) vs 59(92.2)
Abnormal 2(3.5) vs 5(7.8)
Cytogenetic abnormalities
determined by FISH, n(%)
Del 13/13p 10(17.5) vs 5(7.8) 0.105
T(4.14) 16(28.1) vs 7(10.9) 0.017
Iq21 19(33.3) vs 13(20.3) 0.105
Bone marrow plasma cells 23 (18.6-28.1) vs 29.8 0.326
(Mean, 95% Cl) (25.5-33)
LDH (Mean, 95% Cl) 204.2 (173.8-244.2) vs 0913
201.9 (184.2-220.2)
Median beta2-microglobulin, | 5.8 (4.9-7.0) vs 7.9 0.076
mg/L (range) (6.1-9.9)
Albumin (Mean, 95% ClI) 34.4 (32.3-36.3) vs 31.5 0.122
(30-33.0)
Auto-HSCT,n(%) 12(21.1) vs 8(12.5) 0.266

metaphase cytogenetics, blood calcium level and renal func-

tion at diagnosis showed no significant differences between
these two treatment groups. However, in the FISH analysis,
the ABCD group showed a high incidence and significant
difference in the incidence of t(4;14) compared with the BD

group (P=0.017). Twelve patients received auto-HSCT in the
ABCD group and eight patients received auto-HSCT in the
BD group (P =0.266). All the details are presented in Table 1.

High tumor burden patients could get
greater treatment response with ABCD
regimen

Fifty-seven patients received the ABCD regimen, and 64
patients received the BD regimen. All 57 patients who
received the ABCD regimen finished induction therapy,
and 55 patients finished the entire therapy in the ABCD
group. Dexamethasone dose was reduced to 20 mg/d in 24
patients because of age or severe diabetes. All 64 patients
who received the BD regimen finished induction therapy,
and 57 of these patients finished the entire therapy in the
BD group, while seven patients received the RVD regimen
because of a poor response to BD regimen, with two of
these patients showing progressive disease. The dexa-
methasone dose was reduced to 20 mg/d in 22 patients.
Patient responses are summarized in Table 2. In the ABCD
group, 13 patients achieved complete remission, two
achieved near-complete remission, 28 achieved VGPR,
11 achieved PR, one achieved MR, and two showed SD.
In the BD group, 14 patients achieved complete remission,
seven achieved VGPR, 36 achieved PR, five showed SD,
and two showed progressive disease. The clinical response
in the ABCD and BD groups showed significant differ-
ences (P = 0.000). We analyzed the percentage of CR plus
nCR patients in these two groups (31.3% vs 21.9%) and
found no significant difference (P = 0.568). In contrast, the
percentage of patients showing VGPR or a better response
(CR + nCR + VGPR) in the ABCD group was higher than
that in the BD group (74.1% vs 32.8%, P = 0.000). There
was no significant difference in the clinical response rate
above PR (93.1% vs 89.0%, P = 0.258).

We also analyzed which group of patients benefited
from the ABCD regimen compared with BD regimen by
assessing patients in different subgroups, and we found
that patients in DSS stage III showed an even better
clinical response with the ABCD regimen, and the percen-
tage of CR plus nCR and VGPR was higher and signifi-
cantly different with the ABCD regimen among these
patients (80.5% vs 29.6%, P = 0.000, Table 3).
Responses above VGPR (CR + nCR + VGPR) were higher
with the ABCD regimen in the low- and standard-risk
groups (73.3% vs 34.8%, P =0.001) as well as in the high-
risk group (77.8% vs 27.8%, P = 0.001, Table 3)

Cancer Management and Research 2020:12

submit your manuscript

435

Dove


http://www.dovepress.com
http://www.dovepress.com

Qian et al

Dove

Table 2 Treatment Response (After Four Cycles) and Analysis of Survival Associated with These Two Regimens

With ATO Regimen Without ATO Regimen P value
n % n %
Response
CR 13 22.4% 14 21.9% 0.000
nCR 2 3.4% 0 0
VGPR 28 48.3% 7 10.9%
PR I 19.0% 36 56.3%
MR | 1.7% 0
SD 2 3.4% 5 7.8%
PD 0 0 3.0%
CR+nCR 15 31.3% 14 21.9% 0.568
CR+ nCR+VGPR 43 74.1% 21 32.8% 0.000
At least PR 54 93.1% 57 89.0% 0.258
Survival
oS Median(95% ClI) Not reached Median(95% ClI) 40(33.746.3) 0.000
5y-OS 64.9% 19.9%
HR(ABCD vs BD) 0.319(0.167-0.611)
PFS Median (95% Cl) 36 Median(95% ClI) 20(13.8-26.2) 0.026
3y-PFS 65.8% 25.7%
HR(ABCD vs BD) 0.564(0.334-0.952)

The ABCD Regimen Was Associated
with a Longer OS and PFS in Newly
Diagnosed Myeloma Patients, and
Especially Prominent in High Tumor
Burden, Low and Standard Risk

Categories,and no Auto-HSCT patients
In the final analysis (September 2018), the ABCD group
contained 57 patients, of which 12 died before the end
point and did not reach the median OS. The 5-year survi-
val rate in the ABCD group was 64.9%. Twenty-two
patients showed disease progression before the end point;
the median PFS was 36 months, and the 3-year PFS was
65.8%. The BD group contained 64 patients, of which 41
died before the end point. The median OS was 40.0 (33.-
7-46.3) months, and the 5-year survival in the BD group
was 19.9% (Table 2). Forty patients showed disease pro-
gression before the end point; the median PFS was 20
(13.8-26.2) months; and the 3-year PFS was 25.7%. The
ABCD regimen was associated with a significantly longer
OS (Figure 2A, P = 0.000) and longer PFS (Figure 2B, P =
0.026) than the BD regimen.

We also analyzed subgroup OS and PFS according to the
patients’ characteristics in these two regimens. In these
assessments, we analyzed age (above 65 years vs under 65
years of age), sex (male vs female), ISS phage (low tumor
burden vs high tumor burden), risk stratification (low/stan-
dard risk vs high risk) as the history of auto-stem cell trans-
plantation to identify the group of patients who could benefit
from the ABCD regimen. It should be noted that patient
numbers were small for these analyses, and the results should
be interpreted in this context. We found that patients with
a high tumor burden at diagnosis (ISS III), those in the low
and standard risk categories, and those who did not receive
auto-HSCT showed a longer OS and PFS with the ABCD
regimen compared with the BD regimen (P = 0.001, 0.001,
and 0.001 for OS and P = 0.022, 0.018, and 0.05 for PFS,
Table 4), while age under 65 y was associated with a longer
OS (P = 0.026) but not PFS (P = 0.46). The summary and
details are presented in Table 4.

Safety and Tolerability of ABCD regimen
The ABCD combination therapy was well tolerated by most
patients. The adverse effects and their frequencies are listed in
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Table 3 Treatment Response to the Two Regimens Stratified by the DSS Stage and Risk
Response DSS 1 or DSS 11 DSS 1l
Plus ATO, n(%) No ATO, n(%) P Plus ATO, n(%) No ATO, n(%) P
CR+nCR 3(18.8%) 4(40%) 0.235 12(29.3%) 10(18.5%) 0.219
CR+nCR+VGPR 10(62.5%) 5(50%) 0.530 33(80.5%) 16(29.6%) 0.000
At least PR 14(87.5%) 10(100%) 0.245 40(97.6%) 47(87.0%) 0.067
Response Low and Standard Risk High Risk
Plus ATO, n(%) No ATO, n(%) P Plus ATO, n(%) No ATO, n(%) P
CR+nCR 13(43.3%) 10(21.7%) 0.045 2(7.4%) 4(22.2%) 0.152
CR+nCR+VGPR 22(73.3%) 16(34.8%) 0.001 21(77.8%) 5(27.8%) 0.001
At least PR 28(93.3%) 42(91.3%) 0.748 26(96.3%) 15 (83.3%) 0.134

Table 5. All adverse effects can be handled and controlled by
proper treatment, and none of the patients died of the adverse
effects. The BD group showed a higher incidence of neutrope-
nia or thrombocytopenia than the ABCD group (n =2 vs n =
10, P = 0.026), while the ABCD group showed a higher
incidence of cardiac complications such as cardiac arrhythmia
(n=8vsn=0,P=0.002) and limb edema (n=5vsn=0,P =
0.016) than the BD group. The incidence of other adverse
effects such as neuropathy, diarrhea, constipation, infection,
and electrolyte imbalance did not show a significant difference.

Prognostic Factors for Patients Receiving
the ABCD Regimen

We performed a multivariate analysis to evaluate the prognos-
tic factors for the OS and PFS independently in the ABCD
group. The prognostic influence of several factors (including

A

Overall Survival (P=0.000)

Total  Death
..~ Without ATO 64 41
- with ATO 57 12

without ATO - censored
with ATO - censored

—t

Cumulative Survival Percent of
patients treated with two regimens

U U | ] '
00 2000 60.00 80.00 10000 12000

|
40.00

Number of months (m)

age, sex, myeloma type, Durie-Salmon Stage at diagnosis, ISS
stage, cytogenetics, bone marrow plasma cell, LDH, auto-
HSCT, DSS stage, and treatment response) was analyzed.
Treatment response CR or nCR after four cycles of chemother-
apy was predictive of better OS in the ABCD group (HR =
0.196(0.072-0.535), P =0.001), which was also the predictive
of better PFS in the ABCD group (HR =0.31(0.13-0.71), P =
0.006). Female patients, ISS stage of I&II stage as well as auto-
transplantation were also independent prognostic factor for
better OS in the ABCD group (p=0.02, 0.003, 0.019, respec-
tively) while not a prognostic factor for longer PFS. All the
details are provided in Table 6.

Discussion
An important objective of this trial was to evaluate the

feasibility and safety of induction and consolidation therapy

B Progression free Survival (P=0.026)
Total  Progression
..~ Without ATO 64 40

- with ATO 57 22

g without ATO' - censored
with ATO" - censored

......

Cumulative Survival Percent of
patients treated with two regimens

) U
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Figure 2 Survival data for patients receiving the ABCD and BD regimens. (A) The overall survival of patients receiving the two regimens (P = 0.000); (B) The progression-

free survival of patients receiving the two regimens (P = 0.026).
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Table 4 Comparison of OS and PFS Associated with the Two

Regimens Stratified by Baseline Characteristics

Table 6 Longer OS and PFS, as Prognostic Factors, Associated
with the ABCD Regimen

Baseline Characteristics P value | HR (95% CI)
Age under 65 years (ABCD | OS | 0.026 0.45(0.22-0.91)
regimen vs BD regimen PFS | 0.46 0.78(0.41-1.5)
Age above 65 years (ABCD | OS | 0.159 0.03(0-3.97)
regimen vs BD regimen PFS | 0.562 0.681(0.186-2.49)
Sex — male oS | 0.017 0.34(0.14-0.82)
PFS | 0.093 0.53(0.26-1.1)
Sex — female OS | 0.048 0.37(0.14-0.99)
PFS | 0.237 0.62(0.28-1.37)
ISS stage | or Il oS | 0322 0.42(0.07-2.35)
PFS | 0.884 1.1(0.294.16)
ISS stage llI OS | 0.001 0.39(0.165-0.922)
PFS | 0.022 0.52(0.29-0.93)
Low and standard risk OS | 0.001 0.31(0.15-0.62)
PFS | 0.018 0.43(0.20-0.91)
High risk oS | 0.097 0.46(0.18-1.15)
PFS | 0.380 0.677(0.28-1.63)
Transplantation (No) OS | 0.001 0.263(0.12-0.57)
PFS | 0.05 0.557(0.31-1)
Transplantation (Yes) OS | 0.949 0.96(0.24-3.86)
PFS | 0.595 0.71(0.20-2.49)

Table 5 Comparison of Adverse Effects Associated with the Two
Regimens

With Without P value

ATO ATO

(N=57) (N=64)
Neuropathy-sensory, n(%) | 13(22.8) 21(32.8) 0.222
Neutropenia or 2(3.5) 10(15.6) 0.026
thrombocytopenia, n(%)
Diarrhea without prior 6(10.5) 7 (10.9) 0.942
colostomy, n(%)
Edema - limb, n(%) 5(8.8) 0(0) 0.016
Constipation, n(%) 2(3.5) 4(6.3) 0.488
Cardiac (arrhythmia) 8(14.0) 0(0) 0.002
complication, n(%)
Infection, n(%) 22(38.6) 27(42.2) 0.688
Electrolyte imbalance,n(%) | 7(12.3) 8(12.5) 0.971

with our ABCD regimen in comparison with the standard BD
regimen. This study has shown that the strategy is feasible
(96% completed the planned sequence), with favorable

HR (95% CI) P value
for OS
Longer OS | CR and nCR (Yes vs No) | 0.196 0.001

(0.072-0.535)

Age 1.015 0.435
(0.978-1.054)

Gender (Male vs Female) | 2.342(1.14-4.81) 0.020

ISS stage(l and Il vs II) 0.204 0.003
(0.078-0.533)

Myeloma type 0.206

Transplantation (No vs Yes) | 2.95(1.19-7.3) 0.019

Risk (low/medium vs high) | 0.573(0.29-1.12) 0.102

Plasma cell blast (bone 1(0.98-1.02) 0.974

marrow

DSS stage 0.701
HR(95% CI) for | P value
PFS

Longer PFS | CR and nCR (Yes vs No) | 0.31(0.13-0.71) 0.006

Age 1.01(0.97-1.04) 0.725

Gender 1.3(0.72-2.36) 0.382

ISS stage (1&ll vs III) 0.69(0.22—1.96) 0.312

Myeloma type 0.628

Transplantation (No vs Yes) | 1.46(0.63-3.38) 0.378

Risk (low/medium vs high) | 1.09(0.59-2.03) 0.775

Plasma cell blast (bone 1.01(0.9-1.03) 0.241

marrow

DSS stage 0.475

tolerability and no treatment-related mortality. In comparison
with the BD regimen, the ABCD regimen showed a lower
incidence of bone marrow suppression and a slightly higher
incidence of limb edema and cardiac arrthythmia, which were
acceptable and controllable.

The major goal of this trial was to explore the effi-
ciency of this regimen in comparison with the standard BD
regimen. Importantly, we noted high response rates. The
ABCD regimen yielded VGPR or better response rates of
74% after four cycles of chemotherapy, while only 32.8%
of the patients in the BD group attained these response
levels. Patients with a high tumor burden at diagnosis
especially derived benefits from this regimen in the induc-
tion period. The ABCD regimen also yielded a longer OS
and PFS than the BD regimen. Patients with low and
standard risk and a high tumor burden at diagnosis as
well as those who did not receive auto-HSCT could
achieve longer OS and PFS with the ABCD regimen. For
high-risk patients, the ABCD regimen showed better
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treatment response than the BD regimen, but the OS and
PFS did not show any significant difference between these
two groups. For these patients, some reported study
recommend lenalidomide/bortezomib/dexamethasone regi-
men and carfilzomib/lenalidomide/dexamethasone (CRd)
regimen.”**2® As reported, the 3-year OS and PFS of
the RVD regimen was 100% and 77%;*’ for CRd regimen,
at a median follow up of 33.5 months, OS was 100% and
PFS was 66%. In our study, the ABCD regimen had
a 3-year OS of 78% and 3-year PFS was 65.8%. While
the financial cost of the RVD regimen and the CRd regi-
men was much higher than that of the ABCD regimen, and
both regimens were associated with a higher incidence of
a second tumor and stem cell impairment.?®*%°

Previous studies have explored the ABCD regimen in
relapsed/refractory myeloma, but none showed any
response improvement. Many in vitro studies reported
that ATO and bortezomib show synergistic effects in indu-
cing myeloma cell apoptosis.'” Therefore, they may also
have some mechanisms in common, and thus, when
patients show resistance to bortezomib treatment, they
may also show resistance to ATO, which is why the
ABCD regimen did not yield a good response in these
relapsed/refractory myeloma patients. However, in newly
diagnosed patients, the ABCD regimen seems to be pro-
mising and shows a better outcome than the standard BD
regimen, especially for low- and standard-risk patients and
patients who refused or are ineligible for auto-HSCT,
ABCD could be a safe, effective and economical choice
for such patients.

Patients showing a better response (those who achieved
CR and nCR after induction therapy) to the treatment
seemed to have longer OS and PFS in this study. There
is another very interesting phenomenon, females become
an independent prognostic factor in ABCD regimen for
better OS. Previous study showed physiological levels of
androgens can induce oxidative stress (manifested as
lower glutathione levels) that could result partially from
increased mitochondrial activity.*® In human kidney, CBS
(precursor of glutathione) activity is 35% higher in women
than in men.>! As we know, the mechanism of ascorbic
acid and arsenic was just dependent on glutathione and
ROS activity, whether there was any correlation, we do not
know now, but the mechanism of this regimen needs to be
further studied and the effect of this regimen needs to be
validated in an open, multicenter, randomized clinical trial

in the future.

Abbreviations
ABCD,
sone; BD, bortezomib/dexamethasone; RVD, lenalido-
CRd,
overall

arsenic/bortezomib/ascorbic  acid/dexametha-

mide//bortezomib/dexamethasone; carfilzomib/
oS,

PFS, progression-free survival; CR, complete remission;

lenalidomide/dexamethasone; survival,
nCR, near-complete remission; VGPR, very good partial
remission; PR, partial remission; SD, stable disease;
ISS, International Staging System; DSS, Durie-Salmon
Staging; HSCT, hematologic stem cell transplantation;
ATO,
GSH, intracellular glutathione; ROS, reactive oxygen

arsenic trioxide; DLT, dose-limiting toxicity;

specie.
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