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Abstract
The use of bortezomib in the clinic has significantly improved outcomes for patients with multiple myeloma (MM), even 
those harboring high-risk cytogenetic abnormalities or those classified in the high-risk category according to the Interna-
tional Staging System (ISS). In this study, we analyzed the association between immunophenotyping on myeloma cells and 
the clinical outcomes of patients who received bortezomib-based regimens as first-line therapy. Immunophenotypic analysis 
before bortezomib therapy was performed by flow cytometry, and whether the immunophenotyping results influenced the 
clinical outcomes of the patients was investigated. Seventy-four newly diagnosed patients with MM were included in this 
study. We found that the expression of MPC-1 significantly predicted the time to next therapy (TNT), with a longer TNT in 
the MPC-1 positive group (p = 0.005), whereas it did not affect overall survival (OS; p = 0.773). In addition, we found that 
CD45-positivity was associated with shorter TNT (p = 0.0432). Following ISS assessment at treatment initiation, patients 
who were classified as stage I showed a slightly longer OS compared to those at stage II or III; however, these results were 
not significant (p = 0.0987). Furthermore, multivariate analysis revealed the prognostic significance of MPC-1 expression, as 
MPC-1-negativity was associated with a worse TNT. The combination of MPC-1 and CD45 status more sensibly predicted 
the TNT for bortezomib therapy. Our results demonstrate the clinical importance of immunophenotyping on myeloma cells 
to determine patient prognoses in this era of novel therapeutic agents.
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Introduction

Multiple myeloma (MM), a hematologic malignancy char-
acterized by the accumulation of mutated plasma cells in 
the bone marrow, affects various organs such as bones and 

kidneys. This disease is heterogeneous, with great diver-
sity in its cytogenetic and molecular characteristics in each 
individual, and difficult to cure [1–3]. It has been recog-
nized that different subpopulations of malignant cells exist 
at diagnosis and persist during anti-MM therapy [4]; they 
are considered alternatively replaced over the clinical course 
and are a cause of recurrence and drug resistance [3–5]. 
Therefore, MM treatment strategies for each patient need 
to be optimized, taking into account the characteristics of 
the abnormal plasma cells that persist in the bone marrow.

Whereas MM cannot yet be cured, the recent develop-
ment of novel agents including proteasome inhibitors (bort-
ezomib, carfilzomib, and ixazomib), immunomodulatory 
drugs (IMiDs; thalidomide, lenalidomide, and pomalido-
mide), and monoclonal antibodies (daratumumab and elo-
tuzumab) has led to dramatic improvements in outcomes for 
patients with MM [6–8]. Bortezomib, a first-in-class protea-
some inhibitor, has become available in 2006 for refractory 
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or relapsed MM in Japan, and nowadays, it is available for 
newly diagnosed MM and is widely used in the clinic. How-
ever, a subset of patients is refractory to bortezomib therapy; 
in these patients, MM progresses quickly [8]. Importantly, 
clinical evidence regarding the identification of predictors of 
treatment response or prognosis with respect to bortezomib 
therapy has rarely been described. Recent studies have dem-
onstrated that in the era of chemotherapy and autologous 
hematopoietic stem cell transplantation (ASCT), bortezomib 
can overcome adverse prognostic factors such as the cytoge-
netic abnormalities t(4;14), t(14;16), or 17p deletion [9, 10]. 
The prognostic impact of serum beta-2 microglobulin and 
serum albumin levels in the blood, as defined by the Inter-
national Staging System (ISS), are also reduced in the era 
of novel agents [11]. Therefore, the identification of reliable 
predictive factors of bortezomib therapy is necessary.

Mature plasma cell 1 (MPC-1) is a surface antigen that 
is expressed in mature myeloma cells and normal plasma 
cells but not in immature myeloma cells [12, 13]. In the 
era of novel agents, we recently showed that patients with 
MM who were MPC-1-negative at diagnosis showed sig-
nificantly shorter survival durations than those who were 
MPC-1-positive [14]. Myeloma cell maturity seems to be 
closely associated with the expression levels of X-box bind-
ing protein 1 (XBP1), which is required for the unfolded 
protein response [15–17]; accordingly, we hypothesized 
that myeloma cell maturity, as assessed based on MPC-1 
expression, might predict the efficacy of bortezomib therapy. 
In this study, we comprehensively investigated the clinical 
impact of myeloma cell immunophenotyping (including 
MPC-1 expression) with respect to treatment outcomes for 
patients with newly diagnosed MM, to provide new insights 
into MM therapy in the context of treatment optimization.

Patients and methods

Patients

We conducted a retrospective review of patient data in our 
institution. This study included patients with symptomatic 
MM who were treated with a bortezomib-based regimen, 
including bortezomib plus dexamethasone (VD), borte-
zomib, cyclophosphamide, and dexamethasone (VCD), and 
bortezomib, melphalan, and prednisolone (VMP) as first-line 
therapy. Patients who were administered any immunomodu-
latory drug (e.g., thalidomide or lenalidomide) in combi-
nation with bortezomib were excluded from this analysis. 
A single course of high-dose dexamethasone therapy prior 
to bortezomib administration was allowed. The study was 
approved by the Research Ethics Board of Nihon University 
Itabashi Hospital (Tokyo, Japan; identifier, RK-180710-28; 

approved in July 2018), and the study was conducted in 
accordance with the Declaration of Helsinki.

Flow cytometry

The immunophenotyping of bone marrow samples before 
initial treatment was performed at Bio Medical Laborato-
ries, Inc. (Tokyo, Japan), as described previously [14, 18]. 
Briefly, nuclear cells collected from bone marrow samples 
were stained with monoclonal antibodies against CD13, 
CD19, CD20, CD38, CD45, CD49e, CD56, CD138, and 
MPC-1 surface antigens and their values were analyzed by 
flow cytometry (CELLQuest, version 3.3; Becton-Dickin-
son, San Jose, CA, USA) with a minimum acquisition of 
20,000 events. The  CD38bright/side  scatterlow population rep-
resented the plasma cell fraction. The samples were consid-
ered positive when ≥ 20% of the myeloma cells expressed a 
specific antigen.

Statistical analysis

The time to next therapy (TNT) was defined as the period 
between the date of the beginning of bortezomib treatment 
and the date of the initiation of subsequent therapy, any 
cause of death, or last follow-up. Patients who underwent 
ASCT were censored on the day of transplantation for the 
assessment of TNT. The overall survival (OS) was defined 
as the period between the date of the beginning of the bort-
ezomib treatment and the date of any cause of death or a last 
follow-up. The Kaplan–Meier method was used to estimate 
TNT and OS and the log-rank test was used to compare dif-
ferences between groups. Factors that affected the outcomes 
of patients with MM were analyzed by multivariate Cox pro-
portional hazard regression models. To consider the opti-
mal cut-off point of MPC-1 expression, the 95% confidence 
interval was calculated. A p value < 0.05 was considered sig-
nificant. The statistical analyses were performed using the 
JMP version 11.0 software (SAS Institute, Cary, NC, USA).

Results

Patient characteristics and treatment modalities

Of the patients diagnosed with symptomatic MM, 82 were 
treated with bortezomib-based regimen between January 
2009 and December 2018. Among them, 74 were available 
for immunophenotyping, and the characteristics of these 
patients are presented in Table 1. This study included 41 
men and 33 women, and the median age at diagnosis was 
66 years (range 39–87 years). Following ISS assessments at 
treatment initiation, 20, 16, 33, and 5 patients were classified 
as being at stages I, II, III, and missing, respectively. For the 
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VD treatment regimen, bortezomib was administered at a 
dose of 1.3 mg/m2 on days 1, 4, 8, and 11 every 3 weeks or 
on days 1, 8, 15, and 22 every 5 weeks, either intravenously 
or subcutaneously in combination with 20 mg/body of oral 
dexamethasone on the day of bortezomib administration; 
however, doses of dexamethasone were adjusted accord-
ing to the physician’s decision or patient’s background. 
The VCD regimen for transplant-eligible patients and the 
VMP regimen for transplant-ineligible patients have been 
described previously [19, 20]. Ten patients received ASCT 
following bortezomib-based regimen and two after subse-
quent therapy.

Association between immunophenotyping results 
and prognosis

Of the 74 patients analyzed, CD13, CD45, CD49e, CD56, 
and MPC-1 were positively expressed in 4 (5%), 29 (39%), 
5 (7%), 48 (65%), and 63 (85%) patients, respectively. The 
Kaplan–Meier curves for TNT and OS according to MPC-1 
status are shown in Fig. 1a, b. The expression of MPC-1 
was significantly related to TNT, with a median TNT of 

13 months in the MPC-1-positive group and 7 months in the 
MPC-1-negative group (p = 0.005, Fig. 1a). However, the 
OS did not differ between the groups stratified according to 
MPC-1 status (p = 0.773, Fig. 1b). Further, CD45 positiv-
ity adversely affected TNT (p = 0.0432, Fig. 1c) but not OS 
(p = 0.706, Fig. 1d). Other immunophenotyping parameters 
did not affect TNT or OS.

Prognostic factors other than surface antigen 
expression

Following ISS assessment at treatment initiation, the median 
TNT for the patients at stage I, II, or III was 12, 13, and 
14 months, respectively, and therefore almost the same 
among the three groups (p = 0.9747, Fig. 2a). Additionally, 
patients who were classified as ISS stage I had longer OS 
than the others; however, these data were not statistically 
significant (p = 0.0987, Fig. 2b). Patient age and sex did not 
affect TNT or OS.

Univariate and multivariate analyses

Further analysis revealed the impact of immunophenotyping 
data and other factors on the TNT. The results of univariate 
and multivariate analyses regarding TNT are presented in 
Table 2. Univariate analysis confirmed the prognostic signif-
icance of MPC-1 expression; specifically, MPC-1 negativity 
was associated with a worse TNT. Additionally, multivariate 
analysis showed that both MPC-1 negativity and CD45 posi-
tivity were independent adverse prognostic factors for TNT. 
Furthermore, stratification according to MPC-1 and CD45 
expression significantly predicted the TNT in our cohort 
(Fig. 3). Thus, combined MPC-1 and CD45 expression sta-
tus could sensibly predict response to bortezomib therapy.

Discussion

In this study, we comprehensively investigated the associa-
tion between immunophenotype and prognosis in patients 
with MM who were initially treated with a bortezomib-based 
regimen. Our study showed that MPC-1 and CD45 status are 
possible determinants of the efficacy of bortezomib therapy, 
as concomitant MPC-1 positivity and CD45 negativity were 
closely associated with longer TNT.

The mechanism of action of bortezomib is to augment 
the unfolded protein response through proteasome inhibi-
tion, leading to myeloma cell apoptosis [21]. This response 
is known to be regulated by the transcription factor XBP-1, 
which is predominantly expressed in mature plasma cells 
[16, 17, 21, 22]. Therefore, it is logical that the expression 
status of MPC-1, a marker of mature plasma cells, could 
sensibly predict the response to bortezomib therapy.

Table 1  Characteristics of the patients at the time of bortezomib ther-
apy initiation

Ig immunoglobulin, VD bortezomib plus dexamethasone, VCD bort-
ezomib, cyclophosphamide, and dexamethasone, VMP bortezomib, 
melphalan, and prednisolone

Factors n = 74

Age, years, median (range) 66 (39–87)
Sex (male/female) 41/33
Immunoglobulin subtype, n (%)
 IgG 34 (47)
 IgA 18 (24)
 IgD 1 (1)
 Light chain only 18 (24)
 Non-secretory 3 (4)

International Staging System, n (%)
 Stage I 20 (27)
 Stage II 16 (22)
 Stage III 33 (45)
 Missing 5 (6)

Initial treatment, n (%)
 VD 60 (81)
 VCD 13 (18)
 VMP 1 (1)

Immunophenotyping, n (%)
 CD13 positivity 4 (5)
 CD45 positivity 29 (39)
 CD49e positivity 5 (7)
 CD56 positivity 48 (65)
 MPC-1 positivity 63 (85)



 Medical Oncology (2019) 36:75

1 3

75 Page 4 of 7

In this study, immunophenotyping data before subsequent 
therapy were available for 21 patients. In the refractory set-
ting or after relapse, seven of 21 patients showed reduction 
(> 20%) in the expression levels of MPC-1 on myeloma 
cells, suggesting that the persistence of myeloma cells with 
an immature phenotype is one of the underlying mechanisms 

that confers bortezomib resistance or disease relapse. How-
ever, MPC-1 status did not affect OS in the current study. 
One possible explanation for this discrepancy is that treat-
ment subsequent to bortezomib, such as the administration 
of lenalidomide, pomalidomide, and other antibody agents, 
contributed to modification of survival rates. Although it has 

Fig. 1  Kaplan–Meier curves showing the time to next therapy (TNT) (a, c) and the overall survival (OS) (b, d) stratified by MPC-1 status (a, b) 
and CD45 (c, d)

Fig. 2  Kaplan–Meier curves for the time to next therapy (TNT) (a) and the overall survival (OS) (b) stratified by International Staging System 
(ISS) stages
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been shown that MPC-1-negative myeloma cells are resist-
ant to thalidomide therapy [23], subsequent lenalidomide-
containing regimens seemed to be effective even for those 
without MPC-1 expression. Therefore, we are now inves-
tigating the factors that could affect outcomes for patients 
treated with lenalidomide, including immunophenotypes, 
cytogenetics, and the dynamics of the immune system after 
lenalidomide administration.

Previous studies have shown higher treatment efficacy 
and tolerability of IMiDs in combination with antibody 
agents such as elotuzumab or daratumumab [24, 25]. 
Along with significant changes in the treatment of MM, 
the outcome of patients with this disease has continu-
ously been improving even after the introduction of novel 
agents [26]. We propose that the early use of IMiDs (e.g., 

VD plus lenalidomide as initial therapy or lenalidomide 
in combination with antibody agents in the refractory or 
relapsed setting) is recommended particularly in patients 
with MM showing MPC-1 negativity.

The prognostic significance of CD45 expression has 
been reported previously. Consistently with our results, 
CD45 positivity has been identified as an adverse prog-
nostic factor for both TNT and OS in patients diagnosed in 
the era of novel agents [18, 27]. However, it is of interest 
that opposite results are obtained in patients treated with 
chemotherapy and ASCT, as CD45 negativity adversely 
affected OS at both initial diagnosis and relapse [28]. In 
our study population, doublet VD treatment was the pre-
ferred regimen and alkylating agents were rarely combined 
except for in the treatment of transplant-eligible patients. 
Based on results from other studies and ours, bortezomib 
might be less effective in CD45-positive plasma cells and 
the use of alkylating agents might be recommended for 
patients presenting with this phenotype.

According to previous study results derived from 
patient data in the era of novel agents, the prognostic 
impact of ISS seems to be reduced [29–31]. In particular, 
the difference in survival between patients at ISS stage II 
and III appears to be trivial [29–31]. In the current study, 
although patients categorized into ISS stage I showed rela-
tively favorable OS compared to other groups, the TNT 
was similar among all groups, suggesting the ISS is not 
predictive of bortezomib therapy efficacy.

This study has some limitations. For example, immu-
nophenotyping of bone marrow samples was not performed 
for all patients initially treated with bortezomib; this could 
result in the underestimation of the impact of possible 
prognostic factors. The small number of patients included 
in this study and its retrospective design might have also 
negatively affected our conclusions. In addition, whether the 
use of IMiDs or ASCT reduces the impact of MPC-1 expres-
sion on prognosis is not clear. The treatment regimens and 
administration schedules were not uniform among patients 
enrolled in this study. Some patients who responded well 
to bortezomib therapy received maintenance therapy with 
the drug, which might lead to the overestimation of TNT in 
these cases. Because cytogenetic classification by fluores-
cence in situ hybridization was unavailable in most cases, 
the revised ISS, a prognostic factor established in the era of 
novel agents [32], was not evaluated in this study.

In conclusion, we demonstrated the significance of immu-
nophenotyping for predicting the prognosis of patients 
treated with bortezomib. Thus, the continuous evaluation of 
immunophenotyping results during myeloma therapy might 
be useful to optimize treatment strategies for each patient.

Acknowledgements We thank Ms. Sachiyo Mazume for collecting the 
data necessary to make this study possible.

Table 2  Analysis of the risk factors possibly affecting the time to next 
therapy (n = 74)

HR hazard ratio, CI confidence interval, ISS International Staging 
System

Factor Univariate 
analysis HR 
(95% CI)

p value Multivariate 
analysis HR 
(95% CI)

p value

Sex: female 0.73 (0.39–1.33) 0.305
Age > 65 years 0.93 (0.51–1.70) 0.799
ISS I vs. II and 

III
1.08 (0.56–2.26) 0.926

CD13 0.92 (0.22–2.54) 0.887
CD45 positivity 1.81 (0.99–3.29) 0.053 1.85 (1.02–3.38) 0.044
CD56 positivity 0.96 (0.52–1.87) 0.907
CD49e positiv-

ity
0.58 (0.14–1.60) 0.325

MPC-1 nega-
tivity

2.63 (1.21–5.26) 0.016 2.86 (1.30–5.89) 0.011

Combination 
with alkylat-
ing agent

0.57 (0.20–1.32) 0.204

Fig. 3  Kaplan–Meier curves for the time to next therapy (TNT) strati-
fied by combining MPC-1 and CD45 status
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