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Background/Aims: Bortezomib plus melphalan-prednisone (VMP) is a standard 
treatment for multiple myeloma, particularly for patients who are ineligible for 
high-dose therapy. However, early discontinuation or treatment modification is 
often needed owing to adverse events. The aim of this study was to investigate the 
clinical outcomes of modifying the dose of melphalan-prednisone (MP) in pa-
tients receiving VMP. 
Methods: We examined 67 patients who received a modified dose of MP, and 38 
patients who received the regularly planned dose of MP. We then analyzed clini-
cal differences between the groups. 
Results: Although there was no difference in the proportion of discontinuation 
due to adverse events between dose groups, more patients in the planned-dose 
group experienced earlier discontinuation in general. The overall response rate 
(ORR) was 81.0% and complete response (CR) rate was 30.5%. After a median 15.7 
months of follow-up, the median progression-free survival (PFS) and overall sur-
vival (OS) were 25.0 and 47.8 months, respectively. There was no significant differ-
ence in the ORR, CR, PFS, and OS of the two dose groups. A median of four cycles 
were delivered, and the median cumulative bortezomib dose was 41.6 mg/m2. The 
median PFS in patients with doses ≥ 41.6 mg/m2 was longer than that in patients 
with doses < 41.6 mg/m2 (35.1 months vs. 9.6 months). However, when MP was < 
50% of the planned dose, PFS and OS were poor. 
Conclusions: Modifying the dose of MP might be a feasible and effective thera-
peutic approach for multiple myeloma patients receiving VMP treatment.
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Modified dose of melphalan-prednisone in   
multiple myeloma patients receiving bortezomib 
plus melphalan-prednisone treatment 
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Chul Won Choi, Byung Soo Kim, and Hwa Jung Sung

INTRODUCTION 

Multiple myeloma (MM) is a malignant neoplasm of 
plasma cells derived from a single clonal expansion in 
the bone marrow (BM) and is characterized by bone de-
struction, renal failure, anemia, and hypercalcemia [1]. 
During the past decade, high-dose therapy with he-

matopoietic stem cell transplantation has become the 
preferred treatment for patients under the age of 65 
years old, but older patients and patients with clinical-
ly significant comorbidities generally cannot tolerate 
this treatment. Since the median age at diagnosis of 
myeloma is approximately 70 years, more than half of 
the patients with newly diagnosed myeloma may not be 
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eligible for high-dose therapy. The proteasome inhibi-
tor bortezomib is reported to be an active agent against 
relapsed or refractory MM [2,3]. An international phase 
III Velcade as Initial Standard Therapy in Multiple 
Myeloma (VISTA) trial demonstrated that bortezomib 
plus melphalan-prednisone (VMP) was superior to mel-
phalan-prednisone (MP) in all efficacy measurements, 
including time to disease progression, response rates, 
and overall survival (OS), in previously untreated pa-
tients with newly diagnosed MM in the USA [4,5]. On 
the basis of the results of the VISTA study, VMP is now 
recognized as a standard treatment for MM in patients 
≥ 65 years of age. In Korea, VMP is the most commonly 
used regimen for treating MM patients who are ineli-
gible for high-dose therapy. However, it is difficult to 
adhere rigidly to VMP therapy with elderly MM patients 
because they often have impaired BM function, altered 
drug metabolism, and the presence of comorbid diseas-
es, all of which could lead to adverse events during treat-
ment. Currently there are no appropriate guidelines 
regarding whether or how doses of MP or bortezomib 
should be reduced when adverse events occur during 
VMP treatment. Recently, some studies have indicated 
that a higher cumulative dose of bortezomib can lead 
to improved OS [6,7]; however, there are no comparable 
data regarding the dose intensity of MP. The aim of this 
study was therefore to investigate the clinical outcomes 
of modifying the MP dose in MM patients compared 
with the regularly planned MP dose from the beginning 
of VMP treatment.

METHODS

Patients who were newly diagnosed with symptomatic 
MM between January 2011 and January 2018 at three ter-
tiary hospitals (Korea University Anam Hospital, Korea 
University Guro Hospital, and Korea University Ansan 
Hospital) of the Korea University Medical Center were 
analyzed retrospectively. The study was approved by the 
Institutional Review Board of Korea University Hospi-
tal (2018AS0111). All patients provided written informed 
consent. At the time of diagnosis, none of the patients 
were candidates for high-dose therapy plus stem cell 
transplantation because of their age (≥ 65 years old) or 
coexisting conditions. These patients were treated with 

VMP following the approved regimen, which comprised 
nine 6-week cycles of treatment with melphalan (at a 
dose of 9 mg/m2) and prednisone (at a dose of 60 mg/m2) 
on days 1 to 4, in combination with bortezomib (at a dose 
of 1.3 mg/m2) on days 1, 4, 8, 11, 22, 25, 29, and 32 during 
cycles 1 to 4, and on days 1, 8, 22, and 29 during cycles 
5 to 9. Among the 105 patients examined, 67 (63.8%) re-
ceived a modified dose of MP from the first treatment 
cycle onward (i.e., the reduced-dose group), whereas 
the remaining 38 patients (36.2%) received the regularly 
planned dose of MP (i.e., the planned-dose group). In the 
reduced-dose group, MP dose was modified from the 
planned dose (100%) to 75% or 50% of the planned dose 
based on the investigator’s discretion. This was mainly 
determined by poor general condition, low body weight, 
poor nutritional status, and impaired renal function. 
The modified doses of melphalan administered were 
75% of the planned dose in 46 patients (68.7%) and 50% 
of the planned dose in 19 patients (28.4%). Two patients 
(3.0%) did not receive melphalan due to impaired renal 
function. The modified doses of prednisone adminis-
tered were 75% of the planned dose in 38 patients (56.7%) 
and 50% of the planned dose in eight patients (11.9%). 
Twenty-one patients (31.3%) received the planned dose 
of prednisone. All patients in this study were treated 
with the planned dose of bortezomib (at 1.3 mg/m2) from 
the first cycle onward, whereas only one patient with 
heart failure in the reduced-dose group was started with 
a reduced dose of bortezomib (at a dose of 1.0 mg/m2). 
All patients received oral acyclovir for prophylaxis of 
herpes zoster. Since 2012, the typical method used to ad-
minister bortezomib has been switched from IV to sub-
cutaneous injection. The dose, administration interval, 
and total number of cycles of VMP treatment were also 
modified based on the investigator’s discretion during 
the treatment. Bortezomib-associated neuropathic pain 
and peripheral sensory neuropathy were managed by 
following the established dose-modification guide-
lines [8]. Patients with myeloma-associated bone disease 
received bisphosphonates, unless such therapy was con-
traindicated. 

Prior to receiving VMP treatment, all patients were 
screened by age, sex, Eastern Cooperative Oncology 
Group performance status (ECOG PS), and for under-
lying diseases. Clinical features at the time of diagno-
sis were also analyzed, including levels of serum and 
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24-hour urine M-protein, free light chains (κ and λ), 
percentage of BM plasma cells, the presence of osteo-
lytic lesions, and hemodialysis. Baseline laboratory eval-
uations, including those of hemoglobin level, absolute 
neutrophil count and platelet count, serum albumin, 
serum β2-microglobulin, serum calcium, serum creat-
inine, C-reactive protein, and serum lactate dehydroge-
nase, were performed to evaluate each patient’s pre-che-
motherapy status and risk. Cytogenetic analyses of BM 
specimens were performed using conventional cytoge-
netic protocols and interphase fluorescence in situ hy-
bridization (FISH). Since 2008, the FISH panel for MM 
in our institute has included tests for immunoglobin 
heavy chain (14q32) break apart, translocation of chromo-
somes 4 and 14 [t(4;14)], translocation of chromosomes 
14 and 16 [t(14;16)], deletion of 13q14, and deletion of 
17p13. According to the International Myeloma Working 
Group (IMWG) 2014 consensus criteria, we considered 
cytogenetically detected 17p deletion and chromosome 
14 translocation to indicate high risk. In FISH analysis, 
t(4;14), t(14;16), and del(17p13) were considered high-risk 
cytogenetic measures [9,10]. Response and progression 
were assessed by investigators according to the inter-
national uniform response criteria for MM [11]. Efficacy 
and safety were evaluated for all patients who had re-
ceived at least one dose of bortezomib. The severity of 
adverse events was evaluated according to version 4.0 of 
the National Cancer Institute’s (NCI) Common Termi-
nology Criteria for Adverse Events.

Statistical analyses 
Patient characteristics and baseline data, as well as ef-
fectiveness data, were summarized using descriptive sta-
tistics. We also analyzed whether there were differenc-
es in efficacy, safety, and survival outcomes due to MP 
dose reduction in VMP treatment. Both the chi-square 
test and Fisher’s exact test were used to test for signif-
icant differences among categorical indices of clinical 
characteristics, and the Mann-Whitney U test was used 
to test differences in continuous parameters. Progres-
sion-free survival (PFS) was defined as the time inter-
val from the date of diagnosis to the date of observed 
disease progression. OS was defined as the time interval 
from first administration of bortezomib to the date of 
death. Duration of response (DOR) was defined as the 
time interval from the date of achievement of a partial 

response to treatment until the date of observed disease 
progression, relapse, or death from any cause. PFS, OS, 
and DOR were calculated using the Kaplan-Meier meth-
od. Univariate and multivariate analyses of prognostic 
factors for PFS and OS were performed using the log-
rank test and Cox proportional hazard method. Analyses 
were performed using IBM SPSS statistical software ver-
sion 20.0 (IBM Co., Armonk, NY, USA). Statistical signif-
icance was defined as a p value of < 0.05. 

RESULTS

Patient characteristics
A total of 105 patients newly diagnosed with symptomat-
ic MM, who were not candidates for high-dose therapy 
plus stem cell transplantation, were evaluated for this 
study. Table 1 shows the patients’ baseline characteris-
tics. The median age of all patients at the time of diagno-
sis was 70 years old (range, 60 to 85), and 27 (25.7%) were 
≥ 75 years of age. Among the patients, 54 (54.0%) had In-
ternational Staging System (ISS) stage III myeloma and 
89 (84.8%) had comorbidities, including hypertension 
(53.3%), diabetes mellitus (20.0%), renal disease (16.2%), 
cardiac disease (12.4%), and others (47.6%). In total, 48 
patients (45.7%) had a serum β2-microglobulin level of ≥ 
5.5 mg/L, and 75 (71.4%) had a glomerular filtration rate 
< 60 mL/min. Initially, seven patients (6.7%) received a 
weekly schedule of bortezomib treatment from the first 
cycle onwards, whereas 46 patients (43.8%) were changed 
from a twice-weekly to a weekly administration sched-
ule of bortezomib after the first cycle. In addition, dos-
es of the bortezomib and MP were changed, depending 
on the patient's condition during the treatment period. 
Bortezomib dose was reduced to 1.0 mg/m2 and the MP 
dose was further reduced by 25% from the initial dose. 
The manner of reducing the doses of bortezomib and 
MP was the same for both dose groups. Of the 105 pa-
tients, 32 (30.5%) completed nine cycles of VMP therapy, 
and nine (8.6%) have been receiving the VMP therapy 
until the present day. Among the 64 patients (60.9%) 
for whom the therapy was terminated before the end of 
nine cycles, the most common reason for termination 
was adverse events in 26 patients, which included five 
deaths (unrelated to MM in two patients), disease pro-
gression in 18 patients, caregiver’s choice in 13 patients, 
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Table 1. The baseline characteristics of patients in this study

Category Total (n = 105)
Treatment group by dose of MP

The reduced-dose group 
(n = 67)

The planned-dose group   
(n = 38)

p value

Age, yr 70 (60–85) 70.3 (65–85) 68.8 (60–79) 0.160a

≥ 75 27 (25.7) 16 (23.9) 11 (28.9) 0.568b

Sex, male/female 59 (56.2)/46 (43.8) 37 (55.2)/30 (44.8) 22 (57.9)/16 (42.1) 0.791b

BSA 1.60 (1.25–2.10) 1.60 (1.25–1.86) 1.59 (1.35–2.10) 0.332a

ECOG PS 0.278b

0 12 (11.4) 6 (9.0) 6 (15.8)

1 74 (70.5) 45 (67.2) 29 (76.3)

2 16 (15.2) 13 (19.4) 3 (7.9)

3 2 (1.9) 2 (3.0) 0   

4 1 (1.0) 1 (1.5) 0

Type of myeloma 0.246b

IgG 64 (61.0) 38 (56.7) 26 (68.4)

IgA 23 (21.9) 16 (23.9) 7 (18.4)

IgD 1 (1.0) 1 (1.5) 0

IgM 1 (1.0) 0 1 (2.6)

Light chain 15 (14.3) 12 (17.9) 3 (7.9)

Non-secretory 1 (1.0) 0 1 (2.6)

Bone lesions 0.057b

None 19 (18.1) 9 (13.4) 10 (26.3)

1 or 2 lesions 68 (64.8) 49 (73.1) 19 (50.5)

≥ 3 lesions 18 (17.1) 9 (13.4) 9 (23.7)

Serum albumin, g/dL 3.3 (1.0–4.7) 3.3 (1.0–4.7) 3.4 (1.9–4.4) 0.860a

< 3.5 62 (59.0) 41 (61.2) 21 (55.3) 0.553b

≥ 3.5 43 (41.0) 26 (38.8) 17 (44.7)

Serum β2-MG, mg/L 5.29 (1.10–96.00) 6.15 (1.10–96.00) 4.91 (1.18–26.00) 0.104a

< 2.5 9 (8.6) 5 (7.5) 4 (10.5) 0.186b

2.5–5.5 46 (43.8) 25 (37.3) 21 (55.3)

≥ 5.5 48 (45.7) 36 (53.7) 12 (31.6)

NE 2 (1.9) 1 (1.5) 1 (2.6)

ISS stage 0.371b

I 10 (9.5) 4 (6.0) 6 (15.7)

II 39 (37.1) 27 (40.3) 12 (31.6)

III 54 (54.0) 35 (52.2) 19 (50.0)

NE 2 (1.9) 1 (1.5) 1 (2.6)

Risk groupc 0.062b

High risk 22 (21.0) 11 (16.4) 11 (28.9)

Standard risk 77 (73.3) 54 (80.6) 23 (60.5)

NE 6 (5.7) 2 (3.0) 4 (10.5)

R-ISS stage 0.092b

I 3 (2.9) 1 (1.5) 2 (5.3)

II 60 (57.1) 44 (65.7) 16 (42.1)

III 39 (37.1) 21 (31.3) 18 (47.4)
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and other reasons for the remaining five patients. The 
median number of cycles delivered was four (range, 1 to 
9), and the median cumulative dose of bortezomib was 
41.6 mg/m2 (range, 2.6 to 67.6). The median cumulative 
doses of melphalan and prednisone were 108 mg/m2 
(range, 18 to 324) and 900 mg/m2 (range, 120 to 2,160), 

respectively. 
Differences in baseline characteristics between the 

reduced- and planned-dose groups are shown in Table 
1. There was no significant difference in the cumula-
tive dose of bortezomib between the two groups (41.6  
mg/m2 vs. 40.4 mg/m2 in the reduced- and planned-dose 

Category Total (n = 105)
Treatment group by dose of MP

The reduced-dose group 
(n = 67)

The planned-dose group   
(n = 38)

p value

NE 3 (2.9) 1 (1.5) 2 (5.3)

Underlying disease 89 (84.8) 58 (86.6) 31 (81.6) 0.494b

Cardiac problem 13 (12.4) 8 (11.9) 5 (13.2) 0.626b

Renal impairment 17 (16.2) 10 (14.9) 7 (18.4) 0.537b

Hypertension 56 (53.3) 36 (53.7) 20 (52.6) 0.627b

Diabetes mellitus 21 (20.0) 15 (22.4) 6 (15.8) 0.538b

Others 50 (47.6) 34 (50.7) 16 (42.1) 0.570b

Calculated Ccr, mL/min 44.2 (2.4–97.5) 39.3 (2.4–95.0) 47.2 (12.3–97.5) 0.060a

< 30 28 (26.7) 20 (29.9) 8 (21.1) 0.505b

30 ≤ Ccr < 60 47 (44.7) 30 (44.8) 17 (44.7)

≥ 60 30 (28.6) 17 (25.4) 13 (34.2)

Cumulative bortezomib dose, mg/m2 41.6 (2.6–67.6) 41.6 (2.6–67.6) 40.4 (6.5–67.6) 0.925a

< 41.6 48 (45.7) 29 (43.3) 19 (50.0) 0.507b

≥ 41.6 57 (54.3) 38 (56.7) 19 (50.0)

Cumulative melphalan dose 108 (18–324) 99 (18–252) 144 (36–324) 0.020a

< 50% 67 (63.8) 47 (70.1) 20 (52.6) < 0.001b

50% ≤ M < 75% 13 (12.4) 11 (16.4) 2 (5.3)

75% ≤ M < 100% 14 (13.3) 9 (13.4) 5 (13.2)

100% of planned dose 11 (10.5) 0 11 (28.9)

Cumulative prednisone dose 900 (120–2,160) 720 (120–2,160) 960 (240–2,160) 0.066a

< 50% 62 (60.0) 42 (62.7) 20 (52.6) 0.001b

50% ≤ PRD < 75% 11 (10.5) 10 (14.9) 1 (2.6)

75% ≤ PRD < 100% 15 (14.3) 11 (16.4) 4 (10.5)

100% of planned dose 17 (15.2) 4 (6.0) 13 (34.2)

Weekly bortezomib, initially 7 (6.7) 4 (6.0) 3 (7.9) 0.704b

Changes to weekly schedule 46 (43.8) 28 (41.8) 18 (47.4) 0.580b

Values are presented as median (range) or number (%).
MP, melphalan-prednisone; BSA, body surface area; ECOG PS, Eastern Cooperative Oncology Group performance status; Ig,
immunoglobulin; β2-MG, β2-microglobulin; NE, not evaluated; ISS, International Staging System; R-ISS, revised-Interna-
tional
Staging System; Ccr, creatinine clearance; M, melphalan; PRD, prednisone.
aMann-Whitney U test.
bChi-square test.
cRisk group by fluorescence in situ hybridization and conventional cytogenetics.

Table 1. Continued
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groups, respectively; p = 0.925). In contrast, the medi-
an cumulative dose of melphalan in the reduced-dose 
group was significantly lower than that in the planned-
dose group (99 mg/m2 vs. 144 mg/m2, respectively; p = 
0.020). Slightly higher cumulative doses of prednisone 
were administrated in the planned-dose group (960  
mg/m2 vs. 720 mg/m2, respectively; p = 0.060). Accord-
ing to the median dose intensity by the number of cycle, 
the median dose intensity for bortezomib was 8.1 mg/
m2/cycle (range, 2.6 to 10.4) and did not differ between 
the reduced- and the planned-dose groups (8.2 mg/m2/
cycle vs. 7.7 mg/m2/cycle, respectively; p = 0.373). Unlike 
bortezomib, the median dose intensities for melphalan 
and prednisone were lower in the reduced-dose group 
than those in the planned-dose group (melphalan: 24.5 
mg/m2/cycle vs. 35.4 mg/m2/cycle, respectively, p < 0.001; 
prednisone: 191.0 mg/m2/cycle vs. 236.7 mg/m2/cycle, re-
spectively, p < 0.001). In this study, approximately 50% 
of patients were treated on a weekly schedule. In this 
regard, the median dose intensity of bortezomib was 
similar to that of the planned dose intensity of the VIS-
TA trial (1.23 mg/m2/week vs. 1.25 mg/m2/week, respec-
tively) and there was no difference between the two dose 
groups (p = 0.853). In contrast, the median dose intensi-

ties of melphalan and prednisone were lower than those 
of the VISTA trial (melphalan: 4.1 mg/m2/week vs. 6.0 
mg/m2/week, respectively; prednisone: 30.7 mg/m2/week 
vs. 40.0 mg/m2/week, respectively). The median dose in-
tensity of MP in the reduced-dose group was lower than 
that in the planned-dose group (melphalan: 3.6 mg/m2/
week vs. 5.5 mg/m2/week, respectively, p < 0.001; predni-
sone: 29.0 mg/m2/week vs. 37.2 mg/m2/week, respective-
ly, p = 0.001). With the exception of the difference in ad-
ministered MP dose, there was no significant difference 
in baseline characteristics between the dose groups.

Treatment response
The overall response rate (ORR) and complete response 
rate (CRR) (i.e., stringent complete response [CR] and CR) 
were observed to be 81.0% and 30.4%, respectively. De-
tails regarding the responses to treatments are shown in 
Table 2. Patients receiving less than 50% of the planned 
MP dose showed a lower incidence of CR compared 
with patients receiving ≥ 50% of the planned MP dose 
(melphalan: 31.2% vs. 68.8%, respectively, p < 0.001; pred-
nisone: 25.0% vs. 75.0%, respectively, p < 0.001). Although 
more patients in the reduced-dose group received less 
than 50% of the planned MP dose, the ORR and CRR 

Table 2. Best response to bortezomib plus melphalan-prednisone treatment 

Categorya Total patients
(n = 105)

Treatment group by dose of MP
p valueThe reduced-dose group 

(n = 67)
The planned-dose group

(n = 38)

Stringent CR 20 (19.0) 14 (20.9) 6 (15.8) 0.711b 

CR 12 (11.4) 7 (10.4) 5 (13.2)

VGPR 10 (9.5) 7 (10.4) 3 (7.9)

PR 43 (41.0) 27 (40.3) 16 (42.1)

MD 11 (10.5) 6 (9.0) 5 (13.2)

SD 3 (2.9) 3 (4.5) 0 

PD 1 (1.0) 0 1 (2.6)

NE 5 (4.8) 3 (4.5) 2 (5.3)

ORR (≥ PR) 85 (81.0) 55 (82.0) 30 (79.0)

CRR (sCR + CR) 32 (30.4) 21 (31.3) 11 (29.0)

Values are presented as number (%).
MP, melphalan-prednisone; CR, complete response; VGPR, very good partial response; PR, partial response; MD, minimal 
response; SD, stable disease; PD, progressive disease; NE, not evaluated; ORR, overall response rate; CRR, complete response 
rate; sCR, stringent complete response.
aCategory of response on the basis of International Uniform Response Criteria.
bChi-square test. 
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were not significantly different between the reduced- 
and planned-dose groups (p = 0.711). This could be ex-
plained by the fact that the median cumulative dose and 
dose intensity of bortezomib did not differ between the 
two groups. The median DOR after a partial response 
had been achieved was 17.8 months for the overall pop-

ulation. There was no statistically significant difference 
in DOR between the two dose groups (p = 0.712). How-
ever, the median DOR of patients who achieved CR was 
longer than that of patients who did not show CR (42.2 
months vs. 12.2 months, respectively; p < 0.001). A total 
of 25 patients (37.3%) in the reduced-dose group and 16 

Table 3. Adverse events of all patients, and adverse events for patients in groups with different MP doses

Category Total (n = 105)
Treatment group by dose of MP

The reduced-dose group
(n = 67)

The planned-dose group
(n = 38)

p value

≥ Grade 3–4 toxicity 75 (71.4) 50 (74.6) 25 (65.8) 0.335a

Time to occurrence, day

Hematologic toxicity 27 (3–322) 31 (3–322) 22 (5–273) 0.067b

Non-hematologic toxicity   57 (7–1,169) 63 (7–1,169) 56 (8–436) 0.293b

≥ Grade 3–4 hematologic toxicity 68 (64.8) 45 (67.2) 23 (60.5) 0.494a

Hemoglobin 22 (21.0) 16 (23.9) 6 (15.8) 0.728a

Neutrophil 43 (40.9) 24 (35.8) 19 (50.0) 0.451a

Platelet 25 (23.9) 15 (22.4) 10 (26.4) 0.164a

≥ Grade 3–4 non-hematologic toxicity 27 (25.7) 19 (28.4) 8 (21.1) 0.410a

Peripheral neuropathy, any grade 11 (10.5) 7 (10.4) 4 (10.5) 0.616c

≥ Grade 3–4 5 (4.8) 3 (4.5) 2 (5.3) 0.819a

Diarrhea, any grade 5 (4.8) 4 (3.8) 1 (1.0) 0.651c

≥ Grade 3–4 2 (1.9) 1 (1.5) 1 (2.6) 0.171a

Infection, any grade 31 (29.5) 22 (32.8) 9 (23.7) 0.323a

≥ Grade 3–4 17 (16.1) 12 (17.9) 5 (13.1) 0.959a

Pneumonia, any grade 16 (15.2) 10 (14.9) 6 (15.8) 0.906a

≥ Grade 3–4 11 (10.5) 7 (10.4) 4 (10.5) 0.889a

Herpes zoster, any grade 7 (6.7) 5 (7.5) 2 (5.3) 0.503c

≥ Grade 3–4 1 (1.0) 1 (1.5) 0 0.495a

Other infections, any grade 9 (8.6) 7 (10.4) 2 (5.3) 0.483c

≥ Grade 3–4 5 (4.8) 3 (4.5) 2 (5.3) 0.151a

Dose change of VMP

Due to hematologic toxicity 10 (9.5) 4 (6.0) 6 (15.8) 0.163c

Due to non-hematologic toxicity 19 (18.1) 11 (16.4) 8 (21.1) 0.553a

Changes to weekly schedule 46 (43.8) 28 (41.8) 18 (47.4) 0.580a

Discontinuation of VMP

Due to hematologic toxicity 1 (1.0) 1 (1.5) 0 0.646c

Due to non-hematologic toxicity 25 (26.0) 17 (27.4) 8 (23.5) 0.678a

Values are presented as number (%) or median (range).
MP, melphalan-prednisone; VMP, bortezomib plus melphalan-prednisone.
aChi-square test. 
bMann-Whitney U test.
cFisher’s exact test. 
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patients (42.1%) in the planned-dose group received sub-
sequent therapy following VMP (p = 0.549). The time to 
next treatment was not significantly different between 
the reduced- and planned-dose groups (10.2 months vs. 
12.8 months, respectively; p = 0.935). Lenalidomide was 
the most common agent used in subsequent therapy in 
both reduced- and planned-dose group patients (22.4% 
vs. 26.3% of patients, respectively), followed by thalid-
omide (9.0% vs. 10.5%, respectively), bortezomib (4.5% 
vs. 5.3%, respectively), and others including carfilzomib 
(3.0% vs. 0%, respectively). 

Adverse events
The overall incidence of grade 3 to 4 or greater adverse 
events among our 105 patients was 71.4%. The proportion 
of hematologic toxicities of grade 3 to 4 or greater was 
higher than that of non-hematologic toxicities (64.8% 
vs. 25.7%, respectively). However, changes in VMP dose 
due to non-hematologic toxicity were more common 
(18.1% vs. 9.5%, respectively). The treatment-emergent 
adverse events reported for patients in the reduced- and 
planned-dose groups are summarized in Table 3. The 
overall incidence of adverse events, time to occurrence, 
and the proportions of dose change and discontinua-
tion of VMP due to adverse events were similar in both 
dose groups. 

The main reason for a further reduction in VMP doses 
in this study was occurrence of adverse events. In the 
reduced-dose group, 14 patients (20.9%) had addition-
al reduction of the VMP dose. The 1.3 mg/m2 dose of 
bortezomib was reduced to a dose of 1.0 mg/m2 in six 
patients and the MP dose was further reduced by 25% 
from the initial dose in six patients. The remaining two 
patients had both modified doses of bortezomib and 
MP. Furthermore, 13 patients (34.2%) in the planned-
dose group received an additional dose reduction. Five 
of the 13 patients were treated with bortezomib (at a dose 
of 1.0 mg/m2) and six received a modified dose of MP 
in accordance with the above reduction method. The 
remaining two patients in this dosing group received 
modified doses of both bortezomib and MP. The main 
reasons for changes in bortezomib dose were adverse 
events in 18 patients, which included five general weak-
ness, four thrombocytopenia, two neutropenia, two pe-
ripheral neuropathy, two herpes zoster, and three oth-

ers. The dose of MP was further reduced in 16 patients, 
which included three with general weakness, three with 
neutropenia, two with thrombocytopenia, two with de-
creased renal function, two with pneumonia, and four 
others. During the treatment, 53 patients (50.5%), includ-
ing those receiving initial weekly bortezomib had main-
tained the weekly schedule of bortezomib. The main 
reasons for these changes to weekly schedules were also 
adverse events, which included general weakness in 16 
patients (34.8%), peripheral neuropathy in 13 patients 
(28.3%), diarrhea in six patients (13.0%), thrombocyto-
penia and neutropenia in four patients (8.7%), patient’s 
choice in two patients (4.3%), and other reasons for the 
remaining nine patients (17.3%). 

Due to adverse events, 26 patients (27.1%) discontinued 
treatment. Among these, the proportion who discontin-
ued treatment due to non-hematologic toxicities was 
higher than that due to hematologic toxicities (26.0% vs. 
1.0%, respectively). These findings suggest that the he-
matologic toxicities were clinically manageable in most 
patients. Although there was no difference between dose 
groups in terms of the percentage of patients who dis-
continued treatment due to adverse events (p = 0.452), 
patients in the planned-dose group experienced more 
discontinuation due to adverse events within two cycles 
than in the reduced-dose group (80% vs. 38.5%, p = 0.016). 

Survival data
The median duration of follow-up for the 105 patients 
was 15.7 months. The median PFS of all patients was 25.0 
months (95% confidence interval [CI], 7.3 to 42.7) (Fig. 
1A). The median PFS of the reduced-dose group was 36.0 
months, which was longer than that of the planned-dose 
group (20.2 months), although the difference was not sta-
tistically significant (p = 0.335) (Fig. 1B). The median OS 
of all patients was 47.8 months (95% CI, 26.5 to 69.1) (Fig. 
2A). Although the median OS in the reduced-dose group 
was longer than that in the planned-dose group, this 
difference was not statistically significant (53.1 months 
vs. 40.4 months, p = 0.576) (Fig. 2B). During the follow-up 
period, 35 patients (33.3%) died, although the death rate 
did not differ significantly between the two dose groups 
(p = 0.566). The median PFS was significantly longer in 
patients in the higher (≥ 41.6 mg/m2) versus the lower 
(< 41.6 mg/m2) cumulative bortezomib dose group (35.1 
months vs. 9.6 months, p < 0.001). Although there was 
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no difference in PFS due to cumulative melphalan dose, 
there was a difference in PFS related to median cumu-
lative prednisone dose. The median PFS in the higher 
(≥ 900 mg/m2) prednisone dose group was significantly 
longer than that in the lower (< 900 mg/m2) prednisone 
dose group (35.1 months vs. 13.5 months, respectively; p = 
0.005). Univariate analyses, performed to assess whether 
the amount of MP dose affected PFS, revealed that pa-
tients receiving less than 50% of the planned MP dose 

had a significantly shorter PFS compared with those 
receiving 50% to 99% of the planned dose (melphalan: 
13.5 months vs. not reached, p < 0.001; prednisone: 12.3 
months vs. not reached, p = 0.002, respectively) (Fig. 3). 
The median PFS of the patients treated for more than 
four cycles was significantly longer than that of patients 
treated with fewer than four cycles (33.0 months vs. 13.5 
months, respectively; p = 0.002). Multivariate analysis 
showed that the cumulative dose of bortezomib < 41.6 
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Figure 1. The progression-free survival (PFS) of all patients (A) and PFS of patients divided based on the dose of melphalan-pred-
nisone (MP) they received (B). VMP, bortezomib plus melphalan-prednisone.
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mg/m2 (vs. ≥ 41.6 mg/m2) was the only significant inde-
pendent predictor of shorter PFS (hazard ratio, 3.881; 
95% CI, 1.1 to 13.8; p = 0.036) (Table 4). 

Univariate analyses of the factors affecting OS, re-
vealed that ECOG PS, underlying cardiac disease, calcu-
lated creatinine clearance, median VMP cycle, median 

cumulative dose of VMP, and the occurrence of grade 3 
to 4 non-hematologic toxicities were all significantly as-
sociated with OS. The median OS in the group with the 
higher (≥ 41.6 mg/m2) cumulative bortezomib dose was 
not reached (vs. 11.0 months in the lower dose group, p 
< 0.001). Univariate analysis, performed to assess wheth-

Table 4. Prognostic factors for progression-free survival

Factor
Univariate analysis Multivariate analysis

PFS,  mon p valuea HR 95% CI p valueb

Median cycles of VMP 0.002

< 4 cycle 13.5 1

≥ 4 cycle 33.0 0.574 0.122–2.707 0.483

Cumulative bortezomib dose, mg/m2 < 0.001

< 41.6 9.6 3.881 1.092–13.790 0.036

≥ 41.6 35.1 1

Cumulative melphalan dose, mg/m2 0.169

< 108 13.6

≥ 108 33.0

Cumulative prednisone dose, mg/m2 0.005

< 900 13.5 1.749 0.657–4.656 0.263

≥ 900 35.1 1

PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; VMP, bortezomib plus melphalan-prednisone.
aLog-rank test. 
bCox proportional hazard model.
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er the amount of the MP dose affected OS, showed that 
patients receiving less than 50% of the planned MP dose 
had a significantly shorter OS compared with those re-
ceiving 50% to 99% of the planned dose (melphalan: 
33.7 months vs. not reached, p = 0.003; prednisone: 17.1 
months vs. not reached, p = 0.002, respectively) (Fig. 4). 
Multivariate analysis of the factors affecting OS revealed 
that underlying cardiac disease, median VMP cycle (< 4 
cycles), and occurrence of grade 3 to 4 non-hematologic 
toxicity were all significant independent predictors of 
shorter OS (Table 5). 

DISCUSSION 

One means of achieving more satisfactory outcomes 
in elderly MM patients is to better define the dose re-
ductions required when using standard treatment regi-
mens. From the onset of VMP therapy, if the VMP dose 
is appropriately reduced, the therapy can be continued 
without adverse effects. This will increase the level of re-
sponse to treatment and prolong patient survival. In our 
study, most patients received MP doses that were less 
than the maximum planned dose. Only approximately 
30% of the patients received the maximum planned dose 
of MP, even in the planned-dose group. In contrast, the 
median cumulative dose of bortezomib (41.6 mg/m2) was 

slightly higher than the 39 mg/m2 value used in the post-
hoc landmark analysis of the VISTA study [6].

Safety profiles were consistent with the known toxic-
ities of bortezomib and MP reported previously [4,12]. 
Compared with the VISTA trial, which included only 
approximately 10% of Asian patients [4], the incidence 
of similar grade 3 to 4 or greater hematologic toxicities 
in our study was surprising, and even lower than that of 
thrombocytopenia (19.0% vs. 21.0% for anemia, 40.0% vs. 
40.9% for neutropenia, and 37.0% vs. 23.9% for thrombo-
cytopenia in VISTA and our study, respectively). These 
frequencies are considerably lower than those in a phase 
I/II study of Japanese patients in the same Asian popu-
lation (35% for anemia, 67% for neutropenia, and 49% 
for thrombocytopenia) [13]. The largest component of 
grade 3 to 4 or greater non-hematologic toxicities was 
infection (15.3%), and pneumonia was the most common 
cause of the discontinuation of treatment. Incidences 
of peripheral neuropathy and herpes zoster were found 
to be relatively lower than those reported in previous 
studies [4,7,13,14]. The relatively lower incidence of pe-
ripheral neuropathy in this study might have been due 
to the change to subcutaneous bortezomib administra-
tion from an early period in the study and also weekly 
dosing. The lower incidence of herpes zoster observed 
might be explained by the fact that all patients received 
prophylactic acyclovir treatment. The proportion of dis-
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continued treatment due to adverse events was relative-
ly lower than that recorded in previous studies [5,13,14], 
and in this regard, the only difference between the dose 
groups was that more patients discontinued within two 
cycles due to adverse events in the planned-dose group. 
These results indicate that it may be possible to contin-
ue treatment with a modified dose of MP.

The ORR and CRR were similar in both dose groups. 
The recorded CRR of 30.5% is comparable that of ap-
proximately 30% observed in previous studies [4,14]. 
Moreover, our CRR was higher than that obtained in an-

other Korean study with similar baseline characteristics 
and a Japanese study (22% and 19%, respectively), and 
our ORR of 81.0% was also higher than that obtained 
in these two studies [7,13]. In addition to the cumulative 
dose, the median dose intensity for bortezomib in this 
study (8.1 mg/m2/cycle) is comparable to that of the VIS-
TA study (8.32 mg/m2/cycle) and higher than that of the 
aforementioned Japanese study (6.86 mg/m2/cycle) [13]. 
The median number of cycles in this study was four 
(range, 1 to 9 cycles), which is similar to that in the previ-
ously mentioned Japanese study [13], and also to that in 

Table 5. Prognostic factors for overall survival 

Factor
Univariate analysis Multivariate analysis

OS, mon p valuea HR 95% CI p valueb

ECOG PS    0.001

0–1 53.1 1 0.586–3.975 0.387

≥ 2 12.8 1.526

Underlying cardiac disease 0.019

Yes 8.8 3.032 1.182–7.777 0.021

No 53.1 1

Calculated Ccr, mL/min 0.033 0.088

< 30 17.1 2.337 0.876–6.233 0.090

30–60 Not reached 0.987 0.376–2.591 0.979

≥ 60 Not reached 1

Median cycles of VMP < 0.001

< 4 cycle 8.1 23.543 1.394–39.493 0.028

≥ 4 cycle Not reached 1

Cumulative bortezomib dose, mg/m2 < 0.001

< 41.6 11.0 1

≥ 41.6 Not reached 0.409 0.037–4.531 0.466

Cumulative melphalan dose, mg/m2 < 0.001 0.243–3.006 0.806

< 108 11.0 0.854

≥ 108 Not reached 1

Cumulative prednisone dose, mg/m2 < 0.001

< 900 13.6 0.628 0.119–3.298 0.582

≥ 900 Not reached 1

Grade 3–4 non-hematologic toxicity < 0.001

Yes 8.4 5.125 2.132–12.319 < 0.001

No 53.1 1

OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance 
status; Ccr, creatinine clearance; VMP, bortezomib plus melphalan-prednisone.
aLog-rank test. 
bCox proportional hazard model.
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another Korean observational study (4.5 and 5 cycles, re-
spectively) [7]. Our median four cycles is one-half of the 
median number of cycles used in the VISTA trial, but 
did not differ between the reduced- and the planned-
dose groups. Although the median number of cycles was 
lower, the median PFS of all patients was 25.0 months, 
which is similar to the 24 months PFS of the VISTA tri-
al [4]. These results indicate that the cumulative dose 
and dose intensity of bortezomib administered is im-
portant for treatment response and survival outcomes, 
which can be achieved through treatment modification, 
including a modified dose of MP and weekly schedule 
of bortezomib.

A recent analysis of VMP data from VISTA and a pro-
spective multicenter Korean observational study indi-
cate that a higher cumulative bortezomib dose is asso-
ciated with superior treatment outcomes [6,7]. In our 
study, the median PFS and OS were also significantly 
longer in patients receiving a higher (≥ 41.6 mg/m2) cu-
mulative bortezomib dose. In our multivariate analysis 
of PFS, a cumulative dose of bortezomib < 41.6 mg/m2 
was the only significant independent predictor of short-
er PFS. In contrast to the clinical results for bortezomib 
dose, clinical outcomes according to MP dose were dif-
ferent. This difference in PFS could be explained by the 
lower incidence of CR in patients receiving less than 
50% of the planned MP dose. Additionally, patients 
receiving less than 50% of the planned MP dose had a 
shorter OS compared with those receiving 50% to 99% 
of the planned dose. These results could be explained 
by the higher incidence of non-hematologic toxicities, 
including pneumonia, which is the most common 
cause of the discontinuation of VMP, in the lower dose 
groups. Patients with myeloma are at an increased risk 
of infection [15], and the rate of infection is highest in 
the first 3 to 4 months of therapy induction and in the 
setting of relapsed disease [15,16]. If the dose of MP is 
set too low, this would not lead to an appropriate ther-
apeutic response; the clinical symptoms of MM would 
consequently not be regulated, and the chances of infec-
tion might also increase. Therefore, these results indi-
cate that even if a reduced-dose of MP is used initially, 
the MP dose should not be reduced to less than 50% of 
the planned dose in order to achieve treatment-related 
improvements in the disease and prolonged survival 
outcomes.

In conclusion, administering a modified dose of MP 
in VMP might be a feasible and effective approach for 
the treatment of Korean patients with newly diagnosed 
myeloma who are ineligible for high-dose therapy. 
Modification of the MP dose appeared to contribute to 
the avoidance of early discontinuation due to adverse 
events. It could also enable a continuation of treatment, 
which can promote higher CRR and prolonged survival 
through receipt of an effective dose of bortezomib. How-
ever, attention should be paid to ensuring that the MP 
dose does not reduce to less than 50% of the planned 
dose, so as to balance risks and benefits of this strategy. 
In the future, a well-designed prospective study will be 
required to confirm whether this approach is appropri-
ate in the examined MM population. 
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