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Plasma cell neoplasms are phenotypically heterogeneous dis-
order with broad spectrum, including plasma cell myeloma,
monoclonal gammopathy of unknown significance, and amy-
loidosis. Each plasma cell neoplasm is defined by diagnostic
criteria and, accordingly, therapeutic strategies are developed.
Scientists often have difficulties in discovering genetics of
plasma cell neoplasms due to problem of sorting plasma cells.
Deep sequencing utilizing next generation sequencing or sin-
gle cell genomics are expected to break through this barrier,
providing novel tools to characterize the plasma cell neo-
plasms.

In this special issue on plasma cell neoplasms, the accept-
ed articles can be divided into 4 categories: (i) genetic features
of plasma cell myeloma, (ii) new prognostic factors, (iii)
new therapeutic strategies, and (iv) features ofWaldenstrom’s
macroglobulinemia.

(i) Genetic Features of Plasma Cell Myeloma. W.-J. Chng et al.
reviewed changes of microRNA, p53 gene, and MMSET
in myeloma. They specially focused on the evidences of
multilayer heterogeneity coexisting in the same patient, clin-
ical parameters, genetic level, cell differentiation level, and
clonal heterogeneity. Revealing this heterogeneity will break
through challenges in terms of treatment, prognostication,
and monitoring of treatment. Y. Koh et al. described the esta-
blishment of 2 cell lines from both myeloma bone marrow
and plasmacytoma from a single patient and, interestingly,
their biologic natures from one patient were different, which
also shows a slice of the heterogeneity of myeloma. A multi-
center cytogenetic study using Agilent 44K aCGH microar-
rays in Czech also showed large genomic heterogeneity in

MM cases and revealed copy number alterations in almost all
cases.

(ii) NewPrognostic Factors.Many prognostic parameters were
suggested in each special situation such as before periph-
eral stem cell mobilization, in infected patients, in patients
with bone involvement, in complete remission group, in
patients without chromosome abnormalities, and in elderly
patients. Impact of RBC index, expression of myeloid anti-
gens on plasma cells, plasma cell assessment before peripheral
blood stem cell mobilization, impact of comorbidity, serum
parathyroid hormone, hyperglycemia, and plasma level of
osteopontin on clinical outcomewere presented. C.-K.Min et
al. suggested a significant impact of <5% BMPCs in patients
who did not achieve immunofixation electrophoresis nega-
tivity and in patients with myeloma undergoing autologous
stem cell transplantation.

(iii) New Therapeutic Strategies. K. Shimizu et al. suggested
that ASCT could also be a mainstay in the initial treatment of
elderly MM patients, and its indication should be evaluated
based on performance status and the presence of complica-
tions and/or comorbidities of each elderly patient with MM.
H. J. Kim et al. suggested an alternative one-hour IV infusion
mode of injection after evaluation of the response rate and
incidence of bortezomib induced peripheral neuropathy. F.
Raimondo summarized new insights into salvage therapy
for relapsed/refractory MM as emerging from recent clinical
trials exploring the activity of bendamustine, new generation
proteasome inhibitors, novel IMiDs, monoclonal antibodies,
and drugs interfering with growth pathways.
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(iv) Waldenstrom’s Macroglobulinemia. H. S. Lee et al. report-
ed the higher overall response rate in patients treated with
novel agent combined chemotherapy, compared to conven-
tional chemotherapy alone, and in patients with Walden-
strom’s macroglobulinemia. S. Y. Kim et al. reported an asso-
ciation of MYD88 L265P mutation and the presence of 6q
deletion.

Dong Soon Lee
Wee-Joo Chng

Kazuyuki Shimizu
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Purpose. We tried to establish clinically relevant human myeloma cell lines that can contribute to the understanding of multiple
myeloma (MM). Materials and Methods. Mononuclear cells obtained from MM patient’s bone marrow were injected via tail vein
in an NRG/SCID mouse. Fourteen weeks after the injection, tumor developed at subcutis of the mouse. The engraftment of
MM cells into mouse bone marrow (BM) was also observed. We separated and cultured cells from subcutis and BM. Results.
After the separation and culture of cells from subcutis and BM, we established two cell lines originating from a single patient
(SNU MM1393 BM and SNU MM1393 SC). Karyotype of the two newly established MM cell lines showed tetraploidy which is
different from the karyotype of the patient (diploidy) indicating clonal evolution. In contrast to SNU MM1393 BM, cell proliferation
of SNU MM1393 SC was IL-6 independent. SNU MM1393 BM and SNU MM1393 SC showed high degree of resistance against
bortezomib compared to U266 cell line. SNU MM1393 BM had the greater lethality compared to SNU MM1393 SC. Conclusion.
Two cell lines harboring different site tropisms established from a single patient showed differences in cytokine response and
lethality. Our newly established cell lines could be used as a tool to understand the biology of multiple myeloma.

1. Introduction

Multiple genetic and microenvironmental changes [1] lead
to the transformation of postgerminal center B cells into
malignant neoplasm. Multiple myeloma is a malignant B cell
disorder characterized by proliferation of atypical plasma
cells in bone marrow [2] with or without the presence
of monoclonal immunoglobulin protein in serum and/or
urine [3]. Over the past decades, several effective treatment
strategies have been developed for multiple myeloma [2].
These include high-dose chemotherapy supportedwith autol-
ogous peripheral blood stem cells, proteasome inhibitors
[4], and immunomodulatory drugs such as thalidomide and
lenalidomide [5]. However, despite these advances, multiple
myeloma is still thought to be an incurable disease. And
researchers are vigorously on the way to understand the
biology of myeloma in order to improve the clinical outcome
of myeloma patients.

By the way, multiple myeloma has correlation with plas-
macytoma, which is a mass of plasma cells found outside of
bonemarrow [6] that needs medical intervention with radio-
therapy [7] or chemotherapy. While multiple myeloma fre-
quently accompanies plasmacytoma at the time of diagnosis,
plasmacytoma precedesmultiplemyeloma in some cases.The
disease entity called primary extramedullary plasmacytoma
exists in 4% of plasma cell tumors [8, 9], and approximately
40–50% of patients with solitary plasmacytoma will develop
multiple myeloma [10]. Hence, plasmacytoma is an early
form or an accompanying disease of myeloma, and the data
regarding the “clinical behavior” of plasmacytoma are quite
accumulated. However, not much is known about the cellular
biology of plasmacytoma per se. For example, cell lines
established from plasmacytoma are not abundant with less
than 10 cell lines with evident plasmacytoma available at
ATCC (https://www.atcc.org/).
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Many clinicians are curious about the adequate treatment
strategy of plasmacytoma [11]. And these clinical problems
can be answered with the study focusing on plasmacytoma.
Considering the tropism of plasmacytoma, cell clone in bone
marrow in myeloma and a cell clone in plasmacytoma would
have difference. We think focusing on that difference is a key
factor for understanding plasmacytoma biology.

For this aspect, we present, in this study, the estab-
lishment of two human multiple myeloma cell lines, called
SNU MM1393 BM and SNU MM1393 SC from a patient
with aggressive multiple myeloma using an animal model.
SNU MM1393 BM cell line is derived from bone marrow
of a mouse, and SNU MM1393 SC is derived from a sub-
cutaneous plasmacytoma. Here, we characterized pheno-
typic, genetic, and functional properties of these cell lines.
Also, we further investigated the response to cytokines and
chemotherapeutic agents of these cell lines.

2. Materials and Methods

2.1. Case History. In February 2012, a 63-year-old male
patient visited Seoul National University Hospital for back
pain and tingling sense on the trunk below nipple. He was
diagnosed asmultiplemyelomawith spinal cord compression
due to osseous plasmacytoma on the third thoracic vertebrae.
His disease stage was 3 by Durie-Salmon staging and 2 by
International Staging System. Karyotype of this patient was
normal, but fluorescent in situ hybridization (FISH) revealed
that the disease had trisomy 9, RB1 deletion, trisomy 1q, IgH
rearrangement, and IgH 3 copies. His myeloma cell secreted
monoclonal protein of immunoglobulin A, kappa chain.
He received radiotherapy for vertebral plasmacytoma. After
radiotherapy, four cycles of thalidomide/dexamethasone
chemotherapy were given to the patient, which yielded in
partial response (PR). Stem cell collection was performed
in preparation for autologous stem cell transplantation after
PR to thalidomide/dexamethasone chemotherapy. We used
bone marrow cells at the time of stem cell collection for
this experiment. The karyotype was sustained to be normal
by the time of this stem cell collection. He is still in PR
after autologous stem cell transplantation with high-dose
melphalan conditioning with progression free survival time
of 8.3 months. He did not receive either bortezomib or
panobinostat.

2.2. Cell Culture and Establishment of Cell Line. Bonemarrow
specimens were obtained from a patient diagnosed with
multiple myeloma under a protocol approved by the Seoul
National University Hospital Institutional Review Board.
Mononuclear cells were separated by Ficoll-Hypaque den-
sity sedimentation. Eight-week-old NRG/SCID mice were
injected intravenously via the dorsal tail vein (i.v.) with 1 ×
10
6 mononuclear cells suspended in a total volume of 300-

microliter PBS. After 14 weeks, bone marrow specimens
were obtained from mice, and isolated bone marrow cells
were cultured in RPMI-1640 medium (Gibco-BRL, Gaithers-
burg, MD, USA) supplemented with 10% heat-inactivated
fetal bovine serum, penicillin (100U/mL), and streptomycin

(100 g/mL) (GIBCO, Grand Island, NY, USA). They were
cultured in a highly humidified atmosphere of 5% CO

2
and

95% air at 37∘C. The medium was exchanged every 3-4 days
depending on the rate of cell growth.

2.3. Histopathology and Cytogenetic Analysis. Histological
sections of bone marrow from NOD/SCID mice were pre-
pared and stained with haematoxylin and eosin (H&E) using
standard methods. Cell morphology was examined using
light microscopy.

Metaphase chromosome spreads from peripheral blood
and the cell line were prepared and G-banded according to
standard procedures.The karyotype was described according
to the International System for Human Cytogenetic Nomen-
clature (ISCN) (2009) [12].

2.4. Cell Proliferation Assay. Cell proliferation assay was
performed using Cell Counting Kit-8 (Dojindo Laboratories,
Kumamoto, Japan) according to the manufacturer’s instruc-
tions. Means and standard deviations were generated from
three independent experiments. Absorbance values were
normalized to the values obtained from control group to
determine the value for % of survival.

2.5. Western Blot Analysis. The cells were treated with indi-
cated reagents for the indicated time periods, washed once
in ice-cold phosphate buffered saline (PBS), and resuspended
in lysis buffer (20mM MOPS (pH 7.0), 2mM EGTA, 5mM
EDTA, 30mM sodium fluoride, 60mM b-glycerophosphate
(pH 7.2), 20mM sodium pyrophosphate, 1mM sodium,
orthovanadate, 1% Triton X-100, 1mM PMSF, aprotinin, leu-
peptin, and pepstatin 1mg/mL).The protein concentration of
lysate was measured, 30 𝜇g of whole cell protein extracts was
boiled for 5min, and the proteins were resolved in 10% SDS-
polyacrylamide gel electrophoresis and electrotransferred to
polyvinylidene difluoride membranes (Millipore, Bedford,
MA, USA). The membranes were blocked in Tris-buffered
saline containing 0.05%Tween 20 and 5% nonfat drymilk for
1 h at room temperature and incubated with the appropriate
primary antibody for 2 h. Immunoreactive proteins were
detected using horseradish peroxidase-conjugated secondary
antibody (Jackson ImmunoResearch Laboratories Inc., PA,
USA) and enhanced chemiluminescence reagents (Amer-
sham Pharmacia Biotech, Piscataway, NJ, USA).

2.6. FACS Analysis. Cells (1 × 106 cells/mL) were incu-
bated with 20𝜇L of phycoerythrin-conjugated anti-CD138
and anti-CD45, respectively (Becton Dickinson, San Jose,
CA, USA) for 30min at 4∘C, washed, and then fixed with
2% paraformaldehyde. Then, the samples were analyzed by
FACSCalibur flow cytometer (Becton Dickinson) and inbuilt
software.

2.7. Drug Response Evaluation. Cells were treated with vari-
ous concentrations of bortezomib and panobinostat, respec-
tively, for 72 hours. After the treatment, cell proliferation
assay was performed to examine their growth inhibitory
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Figure 1: Representative appearances of histopathologic hematoxylin and eosin (H&E) staining of the irradiated bone marrow (a), bone
marrow of the leg with cancer cell infiltration (b), and tumors at subcutis (c).

effects. As a control experiment, we used U266 cells and
U266 SC cells.

2.8. Use of Commercially Available Cell Lines. We used
commercially available cell lines which were bought from
DSMZ (http://www.dsmz.de/) as a control experiment in our
study. The used cell lines include U266, U266 SC, IM9, and
RPMI8226 cell lines.

3. Results

3.1. Establishment and Cytogenetic Characterization of
SNU MM1393 BM Cell Line and SNU MM1393 SC Cell Line.
Fourteen weeks after the injection of patient’s mononuclear
cell to NRG/SCID mouse, we found that myeloma cell grew
at a subcutis. We also observed myeloma cells engrafted into
bonemarrow (H&E stain) (Figure 1). Myeloma cells obtained
from both sites had undergone ex vivo culture and those cells
successfully grew in RPMI-1680 with 10X FBS. They have
reached over 20 population doublings through culture crisis
and have been growing rapidly compared to the established
myeloma cell lines. Doubling time was approximately 48
hours. A karyotype of the patient at diagnosis was displayed
as normal which was in a diploidy. Interestingly, when
cytogenetic analysis was performed for the newly established

cell lines, the karyotype of SNU MM1393 BM and that of
SNU MM1393 SC were near-tetraploidy (Figure 2). Hence,
karyotypes of newly established multiple myeloma cell lines
were different from those of original patient at diagnosis.
Moreover, there was a difference in karyotypes between
SNU MM1393 BM and SNU MM1393 SC. Chromosome 13
loss was noted in both cell lines, but there was a difference in
copy numbers.That is, while SNU MM1393 BM had 2 copies
loss in chromosome 13, SNU MM1393 SC cell line had 3
copies loss. Also, differences were noted in chromosome 6
and chromosome 18.

As shown in Figure 3, the expression patterns of CD138
and CD45 by FACS analysis signified that both cell lines are
of lymphoid origin. Also, light Giemsa stain revealed that the
established cell lines have large, round nuclei, 1-2 nuclei/cell,
and basophilic cytoplasm as previously mentioned [13].

3.2. IL-6 Mediated Cell Signaling Pathway Was Differentially
Regulated between the Two Cell Lines. When we evaluated
the cytokine response in these cell lines, differential response
was noted between the two cell lines. We used cytokine
interleukin-6 (IL-6) and soluble IL-6 receptor (sIL-6R),
which is well known to regulate the biologic behaviors of
myeloma cells in the progression of multiple myeloma. It
is well known that sIL-6R potentiates the IL-6 mediated



4 BioMed Research International

Karyotype: 74∼76, X, der(X)t(X; 1)(q28; q21), add(1)(q11), der(1; 8)
(q10; q10), der(1; 19)(q10; p10), +der(1; 19), add(3)(p26), −4, −5,
+6, +add(7)(p15), der(9)t(9; 11)(q34; q13), +der(9)add(9)(p22)t(9; 11)
(q34; q13), −10, −11, −11, −11, +add(12)(p13), −13, der(14)t(11; 14)
(q13; q32), add(15)(q26), −16, −16, −17, −17, add(17)(p11.2), +18,
+20, −22, −22, +14∼16mar[cp10]
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Karyotype: 74∼76, X, der(X)t(X; 1)(q28; q21), add(1)(q11), der(1; 8)
(q10; q10), der(1; 19)(q10; p10), +der(1; 19), add(3)(p26), −4, −5,
+6, +add(7)(p15), der(9)t(9; 11)(q34; q13), +der(9)add(9)(p22)t(9; 11)
(q34; q13), −10, −11, −11, −11, +add(12)(p13), −13, der(14)t(11; 14)
(q13; q32), add(15)(q26), −16, −16, −17, −17, add(17)(p11.2), +18,
+20, −22, −22, +14∼16mar[cp10]

(b)

Figure 2: Karyotype of SNU MM1393 BM (a) and SNU MM1393 SC (b) cell line using G-banding.
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Figure 4: Western blot showing response to IL-6 in SNU MM1393
BM and SNU MM1393 SC. Whole cell lysates obtained from both
cell lines were treated with IL-6, sIL-6R, and combined IL-6 and sIL-
6R for 30min (1: control, 2: IL-6 5 ng/mL, 3: sIL-6R 25 ng/mL, and
4: IL-6 5 ng/mL + sIL-6R 25 ng/mL).

signaling [14]. Based on these, we treated myeloma cells with
IL-6 and sIL-6R together to determine the activation of IL-6
mediated signaling pathway. Incubation ofmultiplemyeloma
cells with 5 nM IL-6, 25 nM sIL-6R, and combined treatment
of IL-6 and sIL-6R (5 nM and 25 nM) for 30min, respectively,
was performed.

In myeloma cells established from bone marrow of
a mouse (SNU MM1393 BM), phosphorylated form of
Erk (p-ERK) was increased when treated with IL-6 only
and combination of IL-6 and sIL-6R, but phosphorylated
form of Akt (p-AKT) was not. On the other hand, in
myeloma cells established from subcutaneous plasmacytoma
(SNU MM1393 SC), the induction of p-ERK was not as
evident as in SNU MM1393 BM. Increase in p-AKT was not
evident in SNU MM1393 SC either (Figure 4).

Since IL-6 acts in an autocrine manner [15], we measured
the amount of IL-6 in culture soup of U266, RPMI8226,
IM9, SNU MM1393 BM, and SNU MM1393 SC, respec-
tively, after those cells were culturedwith 1%FBS for 72 hours.
Result of SNU MM1393 BM was similar to that of U266 and
RPMI8226, suggesting that it is an IL-6 dependent cell line.
However, SNU MM1393 SC and IM9 released only a small
amount of IL-6 (Figure 5). And any changes in the amount of
sIL-6R in both cell lines were not observed.

3.3. Drug Response of Newly Established Cell Lines. We tested
the cytotoxic effect of proteasome inhibitor bortezomib and
pan-HDAC inhibitor panobinostat in these two cell lines.
Both SNU MM1393 SC and SNU MM1393 BM were more
sensitive to panobinostat when compared toU266 (𝑃 < 0.05).
Meanwhile, SNU MM1393 BM seemed to be more sensi-
tive to panobinostat compared to SNU MM1393 SC (𝑃 >
0.05). However, when compared to well-known myeloma
cell lines (U266 and U266 SC), SNU MM1393 SC and
SNU MM1393 BM were more resistant to bortezomib (𝑃
value <0.05) (Figure 6).
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Figure 5: Production of IL-6 from SNU MM1393 BM and SNU
MM1393 SC, U266, RPMI8226, and IM9.

3.4. Determination of Tumorigenicity of the Established Two
Cell Lines. To determine the tumorigenicity of these cells,
we reinjected these ex vivo cultured cells via tail vein
into NRG/SCID mouse. We used three kinds of cells: (1)
ex vivo cultured myeloma cells of a patient’s bone mar-
row, (2) cells from SNU MM1393 BM, and (3) cells from
SNU MM1393 SC. When this was performed, we found
tumor growth at both bone marrow and subcutis with ex
vivo cultured myeloma cells. However, when cells from
SNU MM1393 BM were injected into a mouse, growth at
subcutis was not noted. Only engraftment at bone marrow
was observed. Lastly, when SNU MM1393 SC cells were
injected into amouse, amouse died in 7 weeks after injection.
Tumor at subcutis was not noted at the time of death.

4. Discussion

It is known that the establishment of multiple myeloma cell
line is notoriously difficult [16]. Here, we report two newly
established cell lines from a single patient with multiple
myeloma.Newly established cell lines secreted the kappa light
chain, which was the similar to myeloma cells at diagnosis
of our patient. Cell-surface markers of established cell lines
exhibit positive expression of CD138, CD45, and CD34 as
shown in multiple myeloma cells from a patient at diagnosis.
Given these observations, we consider two newly established
cell lines (SNU MM1393 BM and SNU MM1393 SC) that
have originated from the donor patient’s primary myeloma
cells. Also, in a separate study, we performed whole exome
sequencing of these two cell lines to reveal genetic difference
between these two cell lines. In the study, genomic signature
of these two cell lines was almost the same except for some
single nucleotide variants and copy number variations, which
implies that these two cell lines are from a single patient.

We observed several interesting findings during the
establishment of these cell lines. First, there was a difference
between patient’s original myeloma cells and established cell
lines. While patient’s karyotype was a diploidy, karyotype of



6 BioMed Research International

Su
rv

iv
al

 (%
)

Dose

120

100

80

60

40

20

0

0 10 20 30 40 50

(a)

Su
rv

iv
al

 (%
)

Dose

120

100

80

60

40

20

0

0 10 20 30 40 50

(b)

Su
rv

iv
al

 (%
)

Dose

100

50

0

0 10 20 30 40 50

U266 SC
U266

MM1393 SC
MM1393 BM

(c)

Figure 6: Growth inhibitory effect of bortezomib (a), panobinostat (b), and combination of bortezomib and panobinostat (c) in newly
established MM cell lines. The data shows the mean ± standard error of three independent experiments.

SNU MM1393was tetraploidy.This reflects a clonal evolution
of a myeloma cell during cell line establishment. In fact,
there are reports regarding the clonal evolution to near-
tetraploidy both in vivo and ex vivo. As an in vivo report,
Yuan et al. [17] reported a case of female patient who
became lenalidomide refractory after one year of treatment
with lenalidomide/steroid. The patient experienced clonal
evolution to near-tetraploidy with chromosome 13 loss. As an
ex vivo data, Balsas et al. [18] reported that RPMI8226 cell line
which became resistant to bortezomib after serial cultivation
evolved to near-tetraploidy. Hence, we assume that clonal
evolution to near-tetraploidy is related to drug resistance
and aggressive tumor biology. We assume that change of a
host from human to NRG/SCID mouse in our experiment
would act as a tremendous stress to myeloma cell, and the
cell from our patient would evolve to near-tetraploidy. In fact,
tetraploidy is frequently observed in myeloma patients at the
time of diagnosis [19]. In a cohort at SeoulNationalUniversity
Hospital which consists of 80 myeloma patients, tetraploidy
at diagnosis was noted in 3 patients. One interesting report
by Koren-Michowitz et al. is that 13q deletion and IgH
abnormalities which have a prognostic value in multiple

myeloma might have some correlation with near-tetraploidy
[20]. We think that tumor biology associated with near-
tetraploidy needs further research.

From the above, we conjecture that aggressive myeloma
cells might have been selected through cell line establishment
using animal model. And, as expected, SNU MM1393 SC
had greater lethality than original myeloma cells of the
patient. Mouse injected with SNU MM1393 SC died within
7 weeks, while mouse injected with the original myeloma
cells survived more than 14 weeks. One interesting find-
ing in this experiment (regarding the tumorigenicity of
established cell line) is that SNU MM1393 BM was not as
lethal as SNU MM1393 SC. This coincides with the results
that SNU MM1393 SC showedmore prominent resistance to
bortezomib and SNU MM1393 SC had more chromosome
13 loss which is a well-known negative prognostic marker in
multiple myeloma [21]. Various experiments using these two
cell lines are underway in our laboratory, and detailed clini-
copathologic information including pharmacologic profile of
these cell lines will be reported soon.

Second, there were differences between SNU MM1393
BM and SNU MM1393 SC in various aspects (Table 1). In an
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Table 1: Comparison of SNU MM1393 BM and SNU MM1393 SC cell lines.

Chromosome 13 loss IL-6 dependence Bortezomib
resistance

Panobinostat
resistance

Plasmacytoma
generation Tumor lethality

Original tumor None Unknown Unknown Unknown + −

SNU MM1393 BM 2 copies + + − − −

SNU MM1393 SC 3 copies − ++ − − +
NA: not applicable.

experiment regarding response to cytokine, these differences
were dramatic. Various cytokines, especially IL-6 and sIL-
6R, directly affect the biologic behaviors of multiplemyeloma
cells [14, 22], and the response to IL-6 in myeloma cells is
very important. Because IL-6 is known to act in an autocrine
manner [15], the induction of IL-6 and sIL-6R needs to be
analyzed in each myeloma cell line. And, when this was
analyzed, degree of IL-6 induction was different between
SNU MM1393 BM and SNU MM1393 SC, with low IL-6
induction level in SNU MM1393 SC.The similar results were
found in coculture analysis. These findings suggested that
myeloma cells growing at soft tissue were not dependent on
IL-6 mediated cell signaling. And we think that aggressive
biology of SNU MM1393 SC is related to cell growth poten-
tial independent of IL-6 signaling. However, this conjecture
needs further research for verification.

Lastly, interesting findings were when drug response
was investigated in these cell lines. Most importantly, newly
established cell lines showed relative resistance to bortezomib
compared to U266. This is an unexpected phenomenon,
because the myeloma cell of our patient is bortezomib naı̈ve.
Considering relative indolent clinical course of our patient,
it is unusual that a myeloma clone of our patient is resistant
to bortezomib. When used with dexamethasone, response
rate of bortezomib in treatment-naı̈ve myeloma patients is
88%. Hence, we conjecture that this resistance to bortezomib
shown in our newly established cell line would originate from
clonal evolution during cell line establishment. We suggest
that biologic behaviors of myeloma cells could be altered
in the course of clonal expansion and this alteration would
contribute to the chemotherapeutic resistance.

Whether the above findings could be generalized to
myeloma cells in bone marrow and plasmacytoma is ques-
tionable. Not many researches have been performed regard-
ing the comparison of bone marrow myeloma cells and
plasmacytoma, and we think our study results should be
recognized as exploratory ones. Comparison with future
researches focusing on plasmacytoma biology is necessary to
adapt our findings to clinical practices. We are also willing
to supply our established cell lines to other researchers for
further studies.

5. Conclusion

Two cell lines harboring different site tropisms established
froma single patient showeddifferences in cytokine response.
Our newly established cell lines could be used as a tool
to understand the biology of multiple myeloma and its
chemotherapeutic responses.
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Multiple myeloma occurs primarily in elderly patients. Considering the high prevalence of comorbidities, comorbidity is an
important issue for the management of myeloma. However, the impact of comorbidity on clinical outcomes has not been fully
investigated. We retrospectively analyzed patients with newly diagnosed myeloma. Comorbidities were assessed based on the
Charlson comorbidity index (CCI) and the Freiburg comorbidity index (FCI). The CCI is a summary measure of 19 comorbid
conditions. FCI is determined by performance status, renal impairment, and lung disease. This study included 127 patients with a
median age of 71 years. Approximately half of the patients had additional disorders at the time of diagnosis, and diabetes mellitus
was themost frequent diagnosis (18.9%).Themost significant factors for prognosis among patient-related conditions were a history
of solid cancer and performance status (ECOG ≥ 2). The FCI score was divided into 3 groups (0, 1, and 2-3), and the CCI score was
divided into 2 groups (2-3 and ≥4). FCI was a strong prognostic tool for OS (𝑃 > 0.001) and predicted clinical outcome better than
CCI (𝑃 = 0.059). In conclusion, FCI was more useful than CCI in predicting overall survival in elderly patients with myeloma.

1. Introduction

Multiple myeloma (MM) is a hematologic malignancy of
plasma cells that results in bone destruction, marrow failure,
and renal impairment. The median age at the time of
diagnosis is 70 years, with 36% of patients younger than 65
years, 27% aged 65 to 74 years, and 37% older than 75 years
[1]. Considering the increasing life expectancy of the general
population, the number of geriatric patients affected by MM
is expected to increase over time.

Risk stratification of myeloma using the international
staging system (ISS) and host factors such as age, perfor-
mance status, and comorbidities are thought to be important
for determining prognosis and choosing treatment options
[2–4]. In 2011, Palumbo et al. suggested that appropriate
screening for age (>75 years) and vulnerability, in addition
to assessment of cardiac, pulmonary, renal, hepatic, and neu-
rological functions, at the start of therapy allows treatment

strategies to be individualized and drug doses to be tailored
to improve tolerability and optimize efficacy [5]. Their study
emphasized that elderly MM patients are more susceptible to
side effects and are often unable to tolerate full drug doses.
For these patients, lower-dose intensity regimens improve
the safety profile and thus optimize the treatment outcome.
However, this study was not based specifically on MM
because there were few data on the impact of vulnerability on
outcomes inMMpatients [5]. Nonetheless, in general, several
studies have reported problems related to comorbidity and
cancer treatment in elderly patients [6–10].

Kleber et al. developed the Freiburg comorbidity index
(FCI) to assess patient-related conditions as a risk factor for
MM.The FCI is composed of three comorbidity factors: renal
impairment, moderate to severe lung disease, and perform-
ance status. Interestingly, the FCI showed strong clinical rele-
vance for overall survival (OS) and progression-free survival
(PFS). Moreover, compared with other comorbidity indices,
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such as the Charlson comorbidity index (CCI), hematopoi-
etic cell transplantation-specific comorbidity index (HCT-
CI), Kaplan-Feinstein (KF), and Satariano index (SI), FCIwas
better able to stratify risk in patients with MM [11].

Although CCI is a widely used tool for assessing comor-
bidity in malignancy, this comorbidity index is complicated
and difficult to apply. Moreover, there is no proven cut-off
value that divides patients into low- or high-risk groups.
As a result, several studies have determined their own cut-
off values [11–16]. For example, Offidani et al. suggested
a vulnerability score consisting of performance status and
comorbidity score of CCI 0 or ≥1 [15].

Because of the increased incidence of multiple myeloma
with aging and the fact that elderly patients have more
comorbidity than younger patients, in the present study, we
assessed comorbidities at diagnosis, the impact of host factors
on OS, and compared CCI and FCI as prognostic factors in
newly diagnosed elderly patients with MM.

2. Methods

2.1. Study Design. This study was a retrospective, single-
center case series. OS was calculated as the time from
diagnosis to death from any cause. Adverse events were
graded according to the National Cancer Institute Common
Toxicity Criteria (NCI-CTC) version 4.0. This study was
reviewed and approved by the Institutional Review Board.

2.2. Patients. A total of 127 consecutive patients aged 65 years
and older who were newly diagnosed with symptomatic MM
at the SamsungMedical Center, Seoul, South Korea, between
January 1, 1999, and June 30, 2011, met the inclusion criteria
for this study. We excluded patients with amyloidosis, those
who were suitable for autologous stem cell transplantation
(ASCT), and those who were lost to follow-up within 6
months from the time of diagnosis due to any cause except
death. The last follow-up date was March 31, 2013.

2.3. Charlson Comorbidity Index (CCI). The CCI (Table 1) is
a summary measure of 19 comorbid conditions that are each
weighted from 1 to 6 based on disease severity. This measure
provides a total score ranging from 0 to 37 [17]. Information
on comorbidity was extracted from a detailed review of each
patient’s medical records and laboratory values at the time
of diagnosis. In the original study, MM was included in the
classification of lymphoma for convenience. In this study,
lymphoma was defined, as in the original study, except that
the definition did not include myeloma.

In addition, according to the original study, each decade
of age over 40would add 1 point to the risk value (i.e., 50 years
= +1 point), and the age point would be added to the score
of the comorbidity index. In this study, we used the method
described byKleber et al., which adds the age point to theCCI
score [11].

2.4. Freiburg Comorbidity Index (FCI). Renal impairment
is defined as estimated glomerular filtration rate (eGFR)
≤30mL/min/1.73m2, based on the modification of diet in

renal disease (MDRD) study equation [18]. Poor performance
status is based on aKarnofsky performance status (KPS) score
≤70. Moderate or severe lung disease is defined in the same
manner as in the CCI [11]. Each of the variables contributes
1 point and the FCI is a summation of these points; thus, the
FCI value ranges from 0 to 3.

2.5. Statistical Analysis. Numerical variables are summarized
by median and range and categorical variables are described
by count and relative frequency (%) of subjects in each cate-
gory. Comparison of the distribution of categorical variables
in the different groups was performed with either Fisher’s
exact test or the 𝜒2 test. OS was estimated using the Kaplan-
Meier methodology. Uni- and multivariate Cox regression
analyses were applied to assess factors affecting OS. Compo-
nents with a P value less than 0.05 in univariate analysis were
included in the subsequent multivariate analysis.

These analyses were performed using PASW statistics
18.0.0 (WinWrap, IBM, New York, USA). Null hypotheses of
no difference were rejected if P values were less than 0.05.

3. Results

3.1. Patient Characteristics. During the study period, a total of
159 patients aged 65 years or older were newly diagnosedwith
symptomatic MM. Among them, 22 patients were excluded
because of a combined diagnosis of amyloidosis, early follow-
up loss, or ASCT. Therefore, data from 127 patients were
included in the analysis.

Table 2 shows baseline characteristics of patients at the
time of diagnosis. The median overall survival of all patients
was 34.1 months, and the median follow-up duration for the
surviving patients was 46 months. The median age of the
patients was 71 years and 26.8% of the patients were aged 75
years or older. Performance status was evaluated by ECOG
status. In FCI, performance status was assessed by KPS, and,
by definition, ECOG grade 2 is interchangeable with KPS
grade 70 [19–21].

The prevalence of comorbidity at the time of diagnosis
was 48.8% (Table 3). The most frequent comorbid condition
was diabetes without end organ damage (𝑛 = 24, 18.9%). The
median CCI score, including age points, was 3 (range: 2 to
13). The CCI score was divided into two groups based on the
median score; CCI scores of 2-3 were classified as the lowCCI
score group, andCCI scores≥4were classified as the highCCI
score group. In this study, 53 and 74 patients belonged to the
low and high CCI score groups, respectively. When using the
FCI classification, 59, 54, and 12 patients belonged to the 0, 1,
and 2-3 score groups, respectively.

3.2. Host Factors and Comorbidity Indices as Prognostic
Factors. We analyzed the impact of host factors, such as
age, sex, performance status, and each of the comorbidities
on OS (Table 4). The results showed that all of the factors
constituting FCI, such as performance status, chronic lung
disease, and eGFR, were significant for OS. In addition,
any tumor, metastatic solid tumor, cerebrovascular disease,
and ISS each had statistical significance. When multivariate
analysis was conducted with these factors, only performance
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Table 1: Definitions of the Charlson and Freiburg comorbidity indices.

Weight Condition Definition
Charlson comorbidity index

1

Myocardial infarct Hospitalization and electrocardiographic and/or enzyme change

Congestive heart failure Exertional or paroxysmal nocturnal dyspnea and responded symptomatically (or on
physical examination) to digitalis, diuretics, or afterload reducing agents

Peripheral vascular disease Intermittent claudication or prior bypass for arterial insufficiency; gangrene or acute arterial
insufficiency; untreated thoracic or abdominal aneurysm (≥6 cm)

Cerebrovascular disease Cerebrovascular accident with minor or no residual and transient ischemic attacks
Dementia Chronic cognitive deficit

Chronic pulmonary disease
Moderate: dyspneic with slight activity, with or without treatment, and dyspneic with
moderate activity despite treatment; Severe: dyspneic at rest, despite treatment, requires
constant oxygen; CO2 retention and a baseline PO2 below 50 torr

Connective tissue disease SLE, PM, MCTD, polymyalgia rheumatic, and moderate to severe RA
Ulcer disease Required treatment for ulcer disease, including bleeding from ulcers
Mild liver disease Cirrhosis without portal hypertension or chronic hepatitis

Diabetes
Mild: treated with insulin or oral hypoglycemics, but not with diet alone.Moderate: previous
hospitalizations for ketoacidosis, hyperosmolar coma, or/and those with juvenile onset or
brittle diabetics

2

Hemiplegia Dense hemiplegia or paraplegia, as a result of either a cerebrovascular accident or other
conditions

Moderate or severe renal disease Severe: on dialysis, had a transplant, and with uremia.Moderate: serum creatinine > 3mg%
Diabetes with end organ damage Severe: with retinopathy, neuropathy, or nephropathy
Any tumor Solid tumors without documented metastases, but initially treated in the last 5 years
Leukemia AML, CML, ALL, CLL, and PV
Lymphoma HD, lymphosarcoma, WM, myeloma, and other lymphomas

3 Moderate or severe liver disease Severe: cirrhosis, portal hypertension, and a history of variceal bleeding.Moderate: cirrhosis
with portal hypertension, but without history of variceal bleeding

6 Metastatic solid tumor Metastatic solid tumors
AIDS Define or probable AIDS (i.e., AIDS related complex)

Freiburg comorbidity index

1
Renal impairment eGFRMDRD ≤ 30mL/min/1.73m2

Performance status Karnofsky performance status (KPS) score ≤ 70
Moderate or severe lung disease Same as CCI

Abbreviations: SLE, systemic lupus erythematous; PM, polymyositis; MCTD, mixed connective tissue disease; RA, rheumatoid arthritis; AML, acute
myelogenous leukemia; CML, chronic myelogenous leukemia; ALL, acute lymphocytic leukemia; CLL, acute lymphocytic leukemia; PV, polycythemia vera;
HD, Hodgkin disease; WM, Waldenstrom’s macroglobulinemia; AIDS, acquired immune deficiency syndrome; eGFR, estimated glomerular filtration rate;
MDRD, modification of diet in renal disease; CCI, Charlson comorbidity index.

status and previous cancer history (regardless of metastasis)
remained significant.

Figures 1, 2, 3, and 4 show Kaplan-Meier survival curves
for both comorbidity indices. FCI effectively predicted theOS
of the three different groups (P < 0.001).Themedian survival
timeswere 55.0months, 29.5months, and 19.5months for FCI
scores of 0, 1, and 2-3, respectively. Although the P value was
not statistically significant, CCI also distinguished between
the two score groups forOS (44.8months versus 34.7months,
P = 0.059). However, OS based on CCI without age points
did not demonstrate clinical relevance (P=0.147). In contrast,

FCI was significant in subgroup analysis for age groups (65–
74 and ≥75 years; P < 0.001 and 0.04, resp.)

3.3. Serious Adverse Events. We defined serious adverse
events as grade ≥4 for hematologic adverse events and grade
≥3 for nonhematologic adverse events, according to NCI-
CTC version 4.0. The most frequent serious adverse event
was infection (𝑛 = 35, 30.0%) followed by neutropenia and
anemia (𝑛 = 15, 12.7% for both). Grade ≥3 nonhematologic
adverse events occurred in 50% of patients, whereas grade
≥4 hematologic adverse events occurred in 22.9% of patients.
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Table 2: Baseline characteristics (𝑛 = 127).

Characteristics 𝑁 (%) Median (range)
Age, years 71 (65–92)

65–74 93 (73.2%)
≥75 34 (26.8%)

Sex
Male 62 (48.8%)
Female 65 (51.2%)

ECOG
0-1 74 (58.3%)
≥2 52 (40.9%)
Unknown 1 (0.8%)

Durie-Salmon stage
1 10 (7.9%)
2 28 (22.0%)
3 89 (70.1%)

International staging system
1 23 (18.1%)
2 51 (40.2%)
3 47 (37.0%)
Unknown 6 (4.7%)

Lytic bone lesion
Yes 112 (88.2%)
No 14 (11.0%)

Hemoglobin (g/dL) 9.66 (5.20–16.30)
<10 75 (59.1%)
≥10 52 (40.9%)

Platelets (×109/L) 195 (44–484)
<100 11 (8.7%)
≥100 117 (91.3%)

Plasma cells in bone marrow (%) 43.88 (1.10–100)
≥40 58 (45.7%)
<40 65 (51.2%)

Serum calcium (mg/dL) 9.35 (7.00–15.70)
>11.5 11 (8.7%)
≤11.5 115 (90.6%)

Serum albumin (mg/dL) 3.28 (1.70–4.80)
≤3.5 85 (66.9%)
>3.5 42 (33.1%)

eGFR (mL/min/1.73m2) 66.60 (5.90–170.5)
>30 112 (88.2%)
≤30 15 (11.8%)

Serum LD
>UNL 27 (21.3%)
≤UNL 74 (58.3%)

Initial chemotherapy regimen
Conventional (CP, MP, and others) 92 (78.0%)
Novel agents (imid, bortezomib-based) 26 (22.0%)

Treatment
Chemotherapy 118 (92.9%)
No chemotherapy 9 (7.1%)

ECOG, eastern cooperative oncology group; eGFR, estimated glomerular filtration rate; LD, lactate dehydrogenase; UNL, upper normal limit; CP,
cyclophosphamide and prednisolone; MP, melphalan and prednisolone.
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Figure 1: Kaplan-Meier survival curves of comorbidity index score groups. OS according to FCI.

100

80

60

40

20

0

0 50 100 150 200

O
ve

ra
ll 

su
rv

iv
al

 ra
te

 (%
)

2-3 1
0

P < 0.001

Time (month)

Figure 2: Kaplan-Meier survival curves of comorbidity index score groups. OS according to FCI in patients aged 65–74 years.

Grade 5 adverse events due to any cause occurred in 6.8% of
the patients, as shown in Table 5.

4. Discussion

This study assessed comorbidities at diagnosis of MM, the
impact of host factors on overall survival, and compared CCI
and FCI as prognostic factors in newly diagnosed elderly
patients.

Univariate analysis revealed that performance status,
ISS, and several comorbid conditions such as chronic lung
disease, azotemia (eGFR < 30mL/min/1.73m2), presence
of any tumor, metastatic solid tumor, and cerebrovascular
diseasewere significant factors. However, azotemia as defined
by CCI (serum creatinine ≥ 3mg/mL) was not a prognostic
factor. In multivariate analysis, azotemia, as defined by
impaired eGFR or chronic lung disease, was not shown to
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Figure 3: Kaplan-Meier survival curves of comorbidity index score groups. OS according to FCI in patients aged ≥75 years.
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Figure 4: Kaplan-Meier survival curves of comorbidity index score groups. OS according to CCI.

be a significant risk factor in our study. In contrast, a history
of cancer, regardless of whether metastasis occurred, was the
strongest prognostic factor for elderly patients withmyeloma.
Unfortunately, use of novel agents over conventional drugs
did not significantly improve OS, although this might reflect
the relatively short period of use of novel agents.

Although two components of FCI-renal impairment and
moderate or severe lung disease failed to demonstrate sig-
nificance in multivariate analysis, when we compared both

comorbidity indices and overall survival, the FCI showed a
greater ability to separate OS among the three score groups
(P < 0.001). The CCI score including age points was not
statistically significant but was still valuable and superior to
the CCI without age points. As briefly mentioned above, the
CCI score without age points did not discriminate for OS.

FCI provides a clear definition of each component and
all three components were statistically significant, at least in
univariate analysis. In contrast, CCI is more subjective and



BioMed Research International 7

Table 3: Prevalence of comorbidities according to the Charlson and
Freiburg comorbidity indices and patient distribution according to
comorbidity indices.

(a) Prevalence of comorbidities according to the Charlson comorbidity
index.

Comorbidity Yes No
Myocardial infarct 7 (5.5%) 120 (94.5%)
Congestive heart failure 7 (5.5%) 120 (94.5%)
Peripheral vascular disease 0 (0%) 127 (100%)
Cerebrovascular disease 6 (4.7%) 121 (95.3%)
Dementia 0 (0%) 127 (100%)
Chronic lung disease 14 (11.0%) 113 (89.0%)
Connective tissue disease 2 (1.6%) 125 (98.4%)
Ulcer disease 8 (6.3%) 119 (93.7%)
Mild liver disease 2 (1.6%) 125 (98.4%)
DM 24 (18.9%) 103 (81.1%)
Hemiplegia 6 (4.7%) 121 (95.3%)
Moderate to severe renal disease 1 (0.8%) 126 (99.2%)
DM with end organ damage 0 (0%) 127 (100%)
Any tumor 8 (6.3%) 119 (93.7%)
Leukemia 0 (0%) 127 (100%)
Lymphoma 0 (0%) 127 (100%)
Moderate to severe liver disease 2 (1.6%) 125 (98.4%)
Metastatic solid tumor 2 (1.6%) 125 (98.4%)
AIDS 0 (0%) 127 (100%)
DM, diabetes mellitus; AIDS, acquired immune deficiency syndrome.

(b) Prevalence of comorbidities according to the Freiburg comorbidity
index.

Component Yes No
Renal impairment
(eGFR ≤ 30mL/min/1.73m2)

15 (11.8%) 112 (88.2%)

Performance status (KPS ≤ 70) 52 (40.9%) 74 (58.3%)

Moderate or severe lung disease 14 (11.0%) 113 (89.0%)
eGFR, estimated glomerular filtration rate; KPS, Karnofsky performance
status.

(c) Patient distribution according to comorbidity indices.

(I) CCI total
(comorbidity scores without age points)

0 65 (51.2%)

1 37 (29.1%)

2 12 (9.4%)

3 5 (3.9%)

4 6 (4.7%)

6 1 (0.8%)

8 1 (0.8%)
(II) CCI total
(comorbidity scores with age points)

2 25 (19.7%)

3 49 (38.6%)

4 31 (24.4%)

(c) Continued.

5 9 (7.1%)
6 5 (3.9%)
7 6 (4.7%)
9 1 (0.8%)
13 1 (0.8%)

(III) CCI score group (with age points)
Low (2-3) 53 (41.7%)
High (≥4) 74 (58.3%)

(IV) FCI
0 59 (46.5%)
1 54 (425%)
2 12 (9.4%)
3 1 (0.8%)
Unknown 1 (0.8%)

CCI, Charlson comorbidity index; FCI, Freiburg comorbidity index.

only 4 among 19 conditions were significant. Most import-
antly, at the present time, CCI does not have any standard
cut-off value. Various studies have divided CCI scores into
groups of 0, 1-2, and ≥3; 0, 1, and ≥2; or 0 and ≥1. Some stud-
ies included an age point, but others did not [11–14]. These
variations might explain why FCI is more predictable than
CCI.

Moreover, FCI is also very simple to apply. FCI consists
of performance status, moderate or severe lung disease, and
azotemia, and each of these factors is worth 1 point. The
FCI score is, therefore, a simple summation of these three
factors. In contrast, CCI consists of 19 comorbid conditions,
and, within the same disease, scores are weighted based on
severity ranging from 1 to 6 points. In addition, an age
point is calculated and added to the CCI score. Comorbidity
definitions frequently use a symptomatic grade.

In this study, all 118 patients who were treated with chem-
otherapy received a full dose of chemotherapeutic agents
as scheduled. Interestingly, the profile for serious adverse
events showed that treatment was relatively safe and adverse
events were easily controllable. In fact, since the approval
of various novel agents, clinical outcomes such as survival
and toxicity profiles have improved in transplant-ineligible
elderly patients with multiple myeloma [22–27]. Thus, we
propose that the full dose of chemotherapy might be toler-
ated, regardless of the presence of comorbid conditions, even
though this is against the recommendation that chemother-
apy dose reduction is required for patients 75 years or older
or those with cardiac, pulmonary, hepatic, renal, or neuro-
logic dysfunctions [5]. Furthermore, this finding might be
important evidence for preventing chemotherapy dose reduc-
tion because of physician bias.

There are some limitations in this study. First, the follow-
up duration was short and the sample size was small. Second,
this is a retrospective single center study. Third, there were
no patients with peripheral vascular disease, dementia, DM
with end organ damage, or AIDS. Despite these limitations,
this study successfully applied the FCI and the CCI to newly
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Table 4: Univariate and multivariate Cox’s regression analysis for overall survival.

Univariate analysis Multivariate analysis
𝑃 value HR 95% CI 𝑃 value HR 95% CI

ECOG 0.002 1.951 1.287–2.958 0.009 1.890 1.176–3.038
0-1
≥2

Chronic lung disease 0.028 1.941 1.073–3.510 0.300 1.425 0.730–2.778
Yes
No

eGFR (mL/min/1.73m2) 0.012 2.139 1.183–3.869 0.228 1.515 0.771–2.976
>30
≤30

Any tumor 0.001 3.513 1.678–7.356 0.003 3.717 1.617–8.554
Yes
No

Metastatic solid tumor <0.001 44.034 8.449–229.485 <0.001 85.847 14.628–503.822
Yes
No

Cerebrovascular disease 0.016 3.064 1.228–7.641 0.210 1.855 0.706–4.887
Yes
No

International staging system 0.024 0.250
1
2
3

Age, years 0.339 1.242 0.796–1.938
65–74
≥75

Sex 0.692 0.920 0.610–1.388
Male
Female

Durie-Salmon stage 0.242
1
2
3

Myocardial infarct 0.146 1.783 0.818–3.884
Yes
No

Congestive heart failure 0.581 1.329 0.484–3.644
Yes
No

Connective tissue disease 0.302 0.047 0.000–15.543
Yes
No

Ulcer disease 0.196 0.571 0.244–1.334
Yes
No

Mild liver disease 0.262 2.246 0.545–9.249
Yes
No

DM 0.256 0.718 0.405–1.272
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Table 4: Continued.

Univariate analysis Multivariate analysis
𝑃 value HR 95% CI 𝑃 value HR 95% CI

Yes
No

Hemiplegia 0.081 0.353 0.110–1.135
Yes
No

Moderate to severe renal disease 1.000 1.000 0.000–4.271E9
Yes
No

Moderate-severe liver disease 0.302 2.100 0.514–8.583
Yes
No

Initial chemotherapy regimen 0.844 1.058 0.603–1.858
Conventional agents
Novel agent

CCI 0.061 0.677 0.450–1.018
2-3
≥4

FCI <0.001
0
1
2-3

HR, hazard ratio; CI, confidence interval; ECOG, eastern cooperative oncology group; eGFR, estimated glomerular filtration rate; DM, diabetes mellitus; CCI,
Charlson comorbidity index; FCI, Freiburg comorbidity index.

Table 5: Serious adverse events (AEs).

𝑁 (%)
Grade 0–3 Grade 4-5

Hematologic AE
Anemia 103 (87.3%) 15 (12.7%)
Neutropenia 103 (87.3%) 15 (12.7%)
Thrombocytopenia 114 (92.2%) 4 (7.8%)
Febrile neutropenia 113 (90.8%) 5 (9.2%)

Grade 0–2 Grade 3–5
Nonhematologic AE
Infection 83 (70.0%) 35 (30.0%)
Diarrhea/constipation 105 (89.0%) 13 (11.0%)
Fatigue 117 (90.7%) 11 (9.3%)
Sensory neuropathy 108 (91.5%) 10 (8.5%)
Nausea/vomiting 111 (94.1%) 7 (5.9%)
Azotemia 112 (94.9%) 6 (5.1%)
Grade ≥4 hematologic AE 27 (22.9%)
Grade ≥3 nonhematologic AE 59 (50.0%)
Grade 5 AE 8 (6.8%)
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diagnosed elderly multiple myeloma patients and revealed
the superiority of FCI to CCI in predicting OS.

5. Conclusions

In this study, approximately 50% of elderly patients with
newly diagnosedmultiplemyelomahad at least one comorbid
disease at the time of diagnosis. Among host factors tested,
performance status and a history of malignancy were the
most important prognostic factors.The Freiburg comorbidity
index is very simple to use and predicts overall survival better
than the Charlson comorbidity index.
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Multiplemyeloma is the secondmost common hematologicmalignancy in the world. Despite improvement in outcome, the disease
is still incurable for most patients. However, not all myeloma are the same. With the same treatment, some patients can have
very long survival whereas others can have very short survival. This suggests that there is underlying heterogeneity in myeloma.
Studies over the years have revealed multiple layers of heterogeneity. First, clinical parameters such as age and tumor burden could
significantly affect outcome. At the genetic level, there are also significant heterogeneity ranging for chromosome numbers, genetic
translocations, and genetic mutations. At the clonal level, there appears to be significant clonal heterogeneity with multiple clones
coexisting in the same patient. At the cell differentiation level, there appears to be a hierarchy of clonally related cells that have
different clonogenic potential and sensitivity to therapies.These levels of complexities present challenges in terms of treatment and
prognostication as well as monitoring of treatment. However, if we can clearly delineate and dissect this heterogeneity, we may
also be presented with unique opportunities for precision and personalized treatment of myeloma. Some proof of concepts of such
approaches has been demonstrated.

1. Introduction

Multiplemyeloma (MM) is the secondmost commonhaema-
tologic malignancies in the world. It arises from clonal
plasma cells that secrete monoclonal proteins that can be
measured in the serum and urine for diagnosis and disease
monitoring. The disease manifests through anemia, hyper-
calcaemia, renal impairment, and lytic bone lesions. Patients
may present with bone fractures, renal failure, and hence
significant morbidity [1]. All myelomas are probably pre-
ceded by a precursor asymptomatic state called monoclonal
gammopathy of undetermined significance (MGUS) or smol-
dering myeloma (SMM) [2, 3]. The progression to symp-
tomatic disease is most likely through clonal evolution and
acquisition of additional genetic events [4]. In recent years, a
number of new treatments have been approved for myeloma,
including thalidomide, bortezomib, lenalidomide, liposomal
doxorubicin, carfilzomib, and pomalidomide. The increase
in therapeutic options and the potency of these drugs have
greatly improved the survival of patient who now survives for
a median of 8 years from diagnosis [5]. Despite this progress,

MM is still generally an incurable disease. Drug resistance
anddisease refractoriness are the common terminal pathways
leading to death. A key factor underlying the clinical and
therapeutic challenge is multiple layer of heterogeneity that
exists in myeloma.

2. Molecular Heterogeneity

Studies over the years have shown that the MM genome is
complex. However some of the genetic abnormalities cluster
together which may suggest cooperating events. In addition,
many abnormalities may affect similar pathways suggesting
that there are key pathways affected in MM that may be
important for disease pathogenesis and may represent good
therapeutic targets.

2.1. Ploidy. At the chromosome level, myeloma can be
broadly classified into hyperdiploid (48–74 chromosomes)
and nonhyperdiploidmyeloma.The hyperdiploidmyeloma is
characterized by a unique pattern of trisomies affectingmany
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of the odd-numbered chromosomes such as chromosomes 3,
5, 7, 9, 11, 15, 19, and 21 [6]. The hyperdiploid and nonhyper-
diploid dichotomy is an early event in myeloma pathogenesis
as these patterns can be detected at the MGUS stage [7].
The reasons that this unique pattern of trisomies is seen
and what triggers the acquisition of these trisomies are
currently unknown.

2.2. Chromosome Gains and Losses. A number of chromoso-
mal gains and deletions are common in multiple myeloma.
These include deletion of chromosome 13, deletion of chro-
mosome 17p13, deletion of chromosome 1p, and gain of chro-
mosome 1q21. Chromosome 13 deletion is an early event that
is also present in a substantial proportion of MGUS. Chro-
mosome 17p13 deletion, chromosome 1p deletion, and gain
of chromosome 1q21 on the other hand are most likely sec-
ondary events associated with disease progression, as they are
rarely detected inMGUS [8]. Importantly, the critical gene(s)
located on these chromosomes that may be of functional
importance is not yet known. For chromosome 13, we
previously showed that minimal deleted regions contain RB1
and NBEA and hence may be the implicated genes in this
region [9]. In addition, miRNAs that are located within this
region may also be relevant [10]. However, there is as yet no
functional study that confirms their relevance to myeloma
biology.

For chromosome 1q, a number of genes, such as CKS1B
[11], BCL9 [12], MCL1 [13], PDZK1 [14], andMUC1 [15], have
been implicated. However, it is still unclear whether one or
more of these genes are relevant to myeloma biology. For
chromosome 1p, we previously identified a region around
1p31-32, which is relevant for prognosis. Amongst the genes
located within this locus, several have correlated expression
with DNA copy number and may be functionally relevant,
although there is no conclusive evidence so far [16]. For
chromosome 17p13, the most likely candidate is TP53. TP53
is within the minimally deleted region on chromosome 17p13
[17]. Furthermore, using sequencing in isolated plasma cells,
p53 was mutated in 37% of patients with 17p13 deletion
and none in those without [18]. However, 17p loss is almost
always monoallelic and p53 mutation does not occur in most
patients with 17p13 deletion, while methylation of the TP53
promoter is relatively rare. This suggests that if p53 is the
important gene, then it has to be acting in a haploinsufficient
manner. We showed, using a panel of cell lines with different
p53 abnormalities and using knockdown and overexpression
studies, that the level of p53 affects its function and response
to both genotoxic and nongenotoxic stress providing clear
evidence that TP53 is a haploinsufficieent tumor suppressor
in MM (Teoh PJ et al. leukemia in press).

2.3. Translocations. These rearrangements juxtapose the
strong promoters within the immunoglobulin heavy chain
(IgH) gene locus to an oncogene and lead to very high
expression of these oncogenes. A number of recurrent
translocations have been identified inmyeloma dysregulating
a few classes of proteins, namely, FGFR3/MMSET, Cyclin D
(Cyclin D1 and Cyclin D3), and MAFs [8] (Table 1). These

Table 1: Recurrent translocations involved in multiple myeloma.

Translocations Gene deregulated Frequency

t(4; 14) (p16; q32) MMSET
FGFR3 15%

t(11; 14) (q13; q32) CCND1 16%
t(6; 14) (p21; q32) CCND3 2%
t(12; 14) (p13; q32) CCND2 <1%
t(14; 16) (q32; q23) MAF 5%
t(14; 20) (q32; q11) MAFB 2%
t(8; 14) (q24; q32) MAFA 1%

are thought to be primary translocations as they already
exist at the MGUS stage and are probably initiating events.
In gene expression studies, these translocations drive cog-
nate expression signatures that are dominant and are easily
identified in gene expression studies. Besides these recurrent
translocations, the IgH locus is also involved in nonrecur-
rent or what is sometimes called secondary translocations
involving unknown partners. These are so called because
they are thought to represent secondary events that may
be important in disease progression. MYC is another gene
that is recurrently rearranged. It was initially described as
the archetypical genes involved in complex rearrangement
in myeloma as a secondary event in myeloma progression.
It was subsequently found that translocation of MYC can be
detected in about 15% of newly diagnosed patient [19]. More
recently, it was shown that the MYC pathway is activated
in majority of myeloma patients and may be an important
transforming event from MGUS to MM [20]. Using high
resolution tiling arrays around the MYC locus, it was found
that rearrangements of MYC are also common in newly
diagnose myeloma and most of these rearrangements affect
enhancers and superenhancers of MYC causing an increase
in MYC expression [21].

2.4.Mutations. RASwas one of the commonlymutated genes
in MM, detected in 20–45% of newly diagnosed myeloma
patients depending on study cohort and methods used for
mutation detection [6]. Both N-RAS and K-RAS can be
mutated, with different studies showing different frequency of
mutations in these genes. In a large ECOG study,mutations in
N-RAS (about 70% of all RAS mutations) are more common
than inK-RAS (about 30% of all RASmutations) [22]. On the
other hand, a study from the University of Arkansas found
that the frequencies of N- and K-RAS mutations are quite
similar [23]. Recently, sequencing studies in 203MMpatients
found that K-RAS and N-RAS mutations are found in 23%
and 20%, respectively [24]. RAS mutation is rare in MGUS
[25]. This suggests that it is a potential transforming genetic
factor andmay also be involved in disease progression. TP53,
a well-known tumor suppressor gene, is also mutated in
myeloma although it is not very common. A large ECOG
study using conformation sensitive gel electrophoresis found
TP53mutated in 3% of cases [26]. More recently, mutation in
TP53 was found in 9% of cases using whole exome or whole
genome sequencing.The use of deep sequencing has resulted
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Table 2: Genes affected by recurrent mutations in multiple
myeloma.

Gene Frequency (%)
KRAS 23
NRAS 20
DIS3 11
FAM46C 11
TP53 8
BRAF 6
TRAF3 5
PRDM1 5
RB1 3
CYLD 2

in the identification of previously unknown genes that are
recurrently mutated at a significant frequency in myeloma.
These include DIS3, FAM46C, BRAF, TRAF3, PRDM1, and
RB1 (Table 2) [24].

2.5. Clustering. Amongst all these genetic chaos, some pat-
terns and clustering around certain pathways exist. The
recurrent primary translocations are predominantly seen in
nonhyperdiploid myeloma. The primary events of transloca-
tions and hyperdiploidy seem to converge on the activation
of one or more of the Cyclin D proteins [27].

Deletion 13 is also more common in nonhyperdiploid
myeloma [28].However,MYC rearrangements and activation
occur more commonly in hyperdiploid myeloma. As MYC
activation and chromosome 13 deletion are considered early
events likely to play a role in disease transformation from
MGUS to MM, it suggests that different genetic subtypes of
myeloma may have different requirements for transforma-
tion. RAS mutations are not enriched according to ploidy
but are significantly more common in tumors overexpressing
Cyclin D1. More recent studies suggest that DIS3 mutations
are significantly associated with nonhyperdiploid myeloma
[24]. This suggests that there are specific combinations of
genetic abnormalities that may collaborate during disease
progression.On the other hand, secondary events such as IgH
translocations involving unknown partners as well as chro-
mosome 1 abnormalities and chromosome 17p13 deletions are
distributed similarly across the main genetic subtypes.

Besides disease developmental pathways where there
appears to be some preferential combination of abnormal-
ities, overall, there are some pathways that are recurrently
deregulated by different mechanisms in myeloma.TheNFKB
is affected through mutations, deletions, and amplifications
of different genes including CYLD, TRAF3, TRAF2, and
NFKB1A [24, 29, 30]. Cell cycle related genes are also com-
monly affected including CCND1, CCND2, CCND3, RB1,
p16, and p18 [4, 23, 24]. Another commonly affected signaling
pathway is the RAS-MAPK pathway with N-RAS, K-RAS,
and BRAF recurrently mutated [24, 31]. Histone modifying
enzymes, coagulation cascades, and the telomerase related
pathways are also commonly affected (Table 3) [24, 31].

2.6. Clinical Implication. Theclinical impact of these different
genetic andmolecular abnormalities is 3-fold. One, the differ-
ent abnormalities has different prognostic relevance. Studies
have consistently shown that deletion of 17p13 and the t(4;14)
translocation whether detected by FISH or cytogenetics is
an independent bad prognostic factor, although the adverse
effect of t(4; 14) can be partially abrogated by velcade-
based treatment [8, 32, 33]. Other abnormalities such as 1p21
amplification [34–36] and t(14; 16) [37–39] have also been
commonly associated with poor outcome although this is not
observed in every study. More recently a number of studies
has shown that 1p deletion is independently and significantly
associated with shorter survival, confirming earlier data from
cytogenetic analysis [16, 40, 41]. Two, an understanding of
the potential driving mutations in myeloma could lead to
opportunities for precision medicine and targeted therapy.
The recent description of a relapse patient with BRAF
mutation responding spectacularly to BRAF inhibitor is one
such proof of concept example [42]. It is therefore critical to
identify driver mutations and pathways in myeloma so that
patients can be matched to the most appropriate treatment.
In this regard, treatment targeting the recurrently affect and
functionally important pathway would be an important way
forward. The cell cycle pathway, NFKB and RAS-MAPK
pathways, would be good starting point.Third, some of these
genetic mutations are predictors of response to drugs. In
particular NFKB mutations, especially TRAF3 mutation, are
associated with better response and progression free survival
with bortezomib treatment [29]. More recently, mutation of
NRAS but not KRAS has been shown to reduce myeloma
sensitivity to bortezomib therapy [43].

3. Clinical Heterogeneity

3.1. Important Determinant of Outcomes. The variable out-
come of patients with the same therapy suggests that there is
underlying clinical heterogeneity. While some of this can be
explained by the underlying biology of the tumor as described
in the sections above, other factors such as host factors and
extent of disease involvement are also important.

Age is an important prognostic factor. It impacts on the
ability of patient to tolerate treatment and cope with disease
complications. A large global study showed that there is
progressive shortening of survival with increasing age even in
patients treated with novel agents [44]. Conversely, a young
age is an important independent factor associated with very
long outcome [45].

A number of factors that may reflect underlying dis-
ease burden have been developed. The Durie-Salmon stag-
ing system combines a number of factors including renal
function and number of bone lesions [46]. However, the
system is cumbersome and lacks sensitivity. It has since been
superceded by the International Staging System which is
made up of 2 factors, beta-2 microblobulin, which reflects
disease activity, and albumin, which reflects host fitness. The
ISS is robustly derived and validated in large global cohorts
and is easy to apply. These 2 factors emerged as the most
significant and independent prognostic factors, trumping
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Table 3: Pathways commonly affected by mutations.

Pathway Mutated genes
Cell cycle pathway including G1-S
phase transition and checkpoints

CCNA1, CCNB1, CCND1, CDK4, CDK6, CDK7, CDKN1B, CDKN2A, CDKN2C, RBL1, CDK4,
PRB1, ABL1, ATM, ATR, CDK6, SKP2, TGFB1, TGFB2, TGFB3

TERT pathway MAX, MYC, SP1, SP3, WT1

p38 MAPK pathway ATF2, DAXX, GRB2, HMGN1, MAP2K6, MAP3K7, MAP3K9, MAPK14, MAX, MEF2A, MEF2D,
MKNK1, MYC, PLA2G4A, RAC1, RIPK1, RPS6KA5, SHC1, TGFB1, TGFB2, TGFB3, TRAF2

Histone methyltransferase KDM6A, MLL, MLL2, MLL3, NSD1, WHSC1, WHSC1L1

NFKB pathway
BIRC2, BIRC3, BTRC, CARD10, CARD11, CARD6, CARD8, CYLD, FBXW11, IKBIP, IKBKAP,
IKBKB, IKBKE, IL1R1, IRAK1, MAP3K14, MAP3K7, MYD88, NFKB2, NFKBIB, NOD2, RELA,
RIPK1, RIPK2, RIPK4, TLR4, TRAF2, TRAF3, TRAF3IP1

Clotting pathway COL4A1, COL4A2, COL4A3, COL4A5, COL4A6, F11, F3, F5, F7, F8, FGA, FGG, TFPI

Table 4: GEP-based prognostic signatures.

GEP signature Methods

UAMS 70-gene [49] Derived by comparing expression of profiles of patients with top and bottom quartile of
survival treated on total therapy II

IFM signature [50] Derived by comparing expression of profiles of patients with good and poor outcome in IFM
trials

Centrosome index [51] Based on expression of constituents of the centrosome

HZD cell death signature [52] Signature derived from genes homozygously deleted in myeloma as detected by array
comparative genomic hybridization

IL6-HMCL signature [53] 13-gene signature from genes induced upon IL6 stimulation of human myeloma cells lines
Proliferation index [54] Curated signature based on proliferation genes

EMC 92-gene signature [55] 92-gene signature based on differentially expressed genes between patient with good and poor
outcome on HOVON trial

Chromosome instability genomic
event count (CINGEC) signature [56]

Based on differentially expressed genes between patients with the top and bottom quartile of
genomic instability score based on number of genetic abnormalities identified by array
comparative genomic hybridization

more traditional prognostic factors such as blood counts,
m-protein levels, bonemarrowplasma cell involvement, renal
function, calcium level, and the types of immunoglobulin
[47]. The incorporation of ISS with high-risk genetics pro-
vides further refinement to the prognostic system [48].

Can we further refine this dissection of clinical hetero-
geneity to more accurately segregate patients with different
response to treatment and outcome?Gene expression profiles
are very strong predictors of outcome. There are a number
of signatures that are independently associated with poor
outcome (Table 4). However, the confusion surrounds which
one is best, how best to use them, and why they hardly share
any individual genes. We undertook a meta-analysis to look
at these signatures individually and in combination to set
up a framework for applying gene expression signature for
the prognosis of patients in the clinical setting. We found
that combinations of signatures aremore powerful predictors
of outcome than any individual signature and we develop a
package, which will be available to all investigators to apply
to their own data for real-time prospective validation (Chung
TH et al. in press).

The next challenge will be to assess this GEP signature in
combination with ISS and high-risk genetics in an interna-
tional exercise along the lines of ISS to hopefully arrive at a
unified prognostic system.

3.2. Therapeutic Implications. The ability to carefully dissect
the risk of patients in relation to the different treatment
regimen and strategy is important. While the path towards
precision medicine in myeloma will be a long process as we
have to develop the treatment to match to patients’ different
mutations and also importantly identify the criticalmutations
to target, what we already have now are very effective
treatments that have benefitted a large number of patients.
How best to use the current treatment in terms of optimizing
benefit while minimizing unnecessary treatment and toxicity
is therefore a highly relevant clinical questions. Based on cur-
rently available prognostic factors, patients can be stratified
into 3 risk groups. While at present, there is no evidence
that different treatment should be recommended for the
different risk groups, it will be important for risk stratification
to be incorporated into future trial design to ensure that we
can optimize treatment according to risk groups [57].

4. Clonal Heterogeneity

Data from next generation sequencing studies has challenged
the traditional dogma that clonal evolution in cancer occurs
in a linear fashion through stepwise accumulation of muta-
tions. Numerous studies now propose a branching pattern of
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Table 5: Driver mutations that may be responsible for clonal evolution in MM.

Affected gene Type of mutation Normal function Postulated role in disease
evolution Study

AFF1 Damaging Histone methylation Driver of Myelomagenesis
(found at all disease time points) Egan et al. 2012 [61]

RUNX2 Inactivating Regulates osteopontin a bone matrix
glycoprotein involved in cell survival HR SMM to MM Walker et al. 2014 [64]

BRCA2 Disrupted due to t(13; 21) DNA repair HR SMM to MM Walker et al. 2014 [64]
UNC5D Inactivating Induces apoptosis, regulated by p53 HR SMM to MM Walker et al. 2014 [64]
ZKSCAN3 Truncating Possible effects on VEGF PCL transformation Egan et al. 2012 [61]
Rb1 Truncating Key tumour suppressor gene PCL transformation Egan et al. 2012 [61]
VEGF = Vascular endothelial growth factor, PCL = Plasma cell leukaemia, and HR SMM = High risk smouldering multiple myeloma.

clonal evolution in keeping with Darwinian principles [58].
In myeloma it is no different. Furthermore, these studies
suggest related clones with different composition of genetic
abnormalities coexist.

4.1. Evidence for Clonal Heterogeneity and Evolution in MM.
Recent studies using single nucleotide polymorphism (SNP)
arrays and whole exome sequencing [59], array comparative
genomic hybridization (aCGH) [60], and whole genome
sequencing (WGS) [61] have clearly demonstrated the pres-
ence of multiple clonally related tumor cell populations
within the same patient that has different composite of
genetic aberrations.

In a clinical study using SNP arrays and whole exome
sequencing on 67MM patients, the percentage of subclonal
mutations in each patient varied from 10% to 80% [59]. In
a study using WGS on bone marrow samples obtained from
a patient with MM at serial time points from diagnosis to
demise, 15 mutations were found to be present at all time
points, representing the mutational profile of the common
ancestor clone.The samples taken at each relapse had unique
mutations, some of which disappeared at the first relapse and
returned at subsequent relapse [61]. These findings strongly
support the hypothesis that clonal evolution occurred in this
patient and contributed to her disease progression; it also
raises the possibility of alternating clonal dominance thatmay
be selected under treatment pressure.

Using aCGH in 28 patients with serial samples, Keats et al.
identified three patterns of clonal evolution among the
patients: loss of copy number abnormalities (CNA), gain of
CNA, and both losses and gains of CAN, with increasing
number of CNAs as the disease progress. There is also an
association between increase CAN and high-risk genetic
abnormalities. In a patient whom they have material to study
in depth, they were able to identify four clones that showed
alternating dominance at different time points. In addition,
specific clones were selected for by proteasome inhibitor
treatment andmelphalan. Clonal dominance and selection by
treatment is further demonstrated using a mouse model of
myeloma [60].

4.2.Mechanisms of Clonal Evolution. Clonal evolution occurs
due to driver mutations or larger scale genomic crises,

which can be stimulated by tumour, host, environmental,
and treatment-related factors. A number of driver mutations
have been implicated in the clonal evolution ofMM (Table 5).
Chromothripsis is an example of a genomic crisis, which
is characterized by spontaneous catastrophic chromosome
breakage followed by reassembly resulting in significant loss
of chromosomal material [62]. Features of chromothripsis
were detected in 1.3% of patients in a study of 764 patients
with newly diagnosedMM.Of the 10 patients with chromoth-
ripsis, five relapsed within one year and three died during
that period [63]. This study suggests that chromothripsis is
associated with rapid clinical progression and a poor pro-
gnosis that needs to be validated in further studies.

It has recently been shown by whole exome sequencing
that clonal heterogeneity is also present at the asymptomatic
MGUS and SMM stages. The investigators went on to
demonstrate that themajority of subclones present at theMM
stage are already present at the SMM stage. Genetic lesions
that may trigger the transformation from SMM to MM were
identified [64] (Table 5).

4.3. Clinical Implications of Clonal Heterogeneity. The emerg-
ing concept of clonal heterogeneity and alternating clonal
dominance in myeloma has clear therapeutic implications.
In the patient studied by Keats et al., the dominant clone
detected during her first relapse had mutations leading to
NFkB activation, this clone was effectively treated with carfil-
zomib. At her second relapse however the dominant clone
was associated with a different mutational profile and she
had an inferior response to bortezomib [60]. These findings
suggest that we should have an understanding of the clonal
composition of the tumor at each treatment phase and use
this information to guide treatment.The challenge is to iden-
tify treatment modalities and combinations effective against
the main functionally relevant genetic abnormalities in MM.
While the current treatment armamentarium is expanding, it
is still limited to a few classes of drugs. We need to expand
this portfolio in a systematic manner to match treatment
withmutational profiles.The use of patient-derived xenograft
models and faithful myeloma mouse models such as the
V∗K-MYC model [65] and the availability of an increas-
ingly broad range of novel therapeutics should facilitate
the generation of this knowledge.
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5. Cellular Differentiation Heterogeneity

Evidence is emerging that the clonal cells that constitute
myeloma are not homogenously of mature plasma cell phe-
notype. In fact, a hierarchy of precursor cells with different
clonogenic potential, different gene expression, phenotype,
and sensitivity to therapy may exist. Sitting at the apex of this
hierarchy of clonally related cellular population is the putative
clonogenic myeloma progenitor cells (MPC).

5.1. Evidence for the Existence of MPC. MM plasma cells are
quiescent and have a low proliferative index. As a result, its
tumorigenic potential and ability has been questioned [66].
It is therefore postulated that a precursor population might
be responsible for disease initiation.

Early work by Hamburger and colleagues showed that
bonemarrow cells fromMMpatients were capable of in vitro
colony formation [67]. Bakkus and coworkers later identified
a population of mature B-cells in the peripheral blood and
marrow of MM patients that were clonally related to MM
plasma cells and hence postulated to be MPCs [68]. In a sep-
arate report, a patient with MM, who went on to developed
B lymphoblastic leukaemia, has B lymphoblasts that share
similar clonal immunoglobulin gene rearrangement as the
malignant PCs detected at diagnosis. The leukaemic B-cells
when grafted intoNOD/SCIDmice led to the development of
lytic bone lesions. The B-cells identified in the bone marrow
of thesemicewereCD45+,CD19+,CD20+, andCD138−.This
study suggested that some of the circulating B-cells in the
patient were MPCs capable of initiating MM in vivo [69].

More recently, Matsui et al. isolated CD138− mature B-
cells from MM cell lines as well as clinical samples. This
population had a greater capacity for colony formation in
vitro and in vivo than CD138+ MM plasma cells and their
expression of Ki 67 was greater [70]. They also showed that
these MM forming mature B-cells had a CD19+, CD20+, and
CD138− phenotype with light chain restriction, consistent
with the phenotype of the putative MM clonogenic cells
identified in earlier studies [71].

The expression of aldehyde dehydrogenase (ALDH) is
characteristic of cancer stem cells [72]. Using ALDH as a
marker, Reghunathan and coworkers identified a CD138−
population constituting 2.5% of cells in a human MM
cell line. Indeed, 45% of the CD138− population expresses
ALDH compared to less than 1% of the CD138+ cells. These
CD138−ALDH+ cells had superior colony forming capacity
both in vitro and in vivo. They also have similar gene
expression profiles compared to hematopoietic stem cells
(HSC) and leukaemic stem cells (LSC). These data further
support the existence of a clonogenic population in the
CD138− fraction of MM [73].

5.2. Hierarchical Organization of MPC. Clonally related sub-
populations of MPCs, sharing common IgH gene rearrange-
ment, have been detected in bone marrow of MM patients.
Amongst these immunophenotypically distinct subpopula-
tions, the CD19+CD138− cells had a superior colony forming
capacity compared to the CD138+ population [75]. Chaidos

and colleagues analyzed bone marrow samples from 10MM
patients and identified four clonally related subpopulations of
MPC. Using a mathematical growth model they showed that
differentiation occurred in the following sequence: memory
B-cell followed by plasmablast followed by preplasma cell
and finally plasma cell. Importantly, they demonstrated that
the CD138− dim plasma cells were also capable of reverting
back to a preplasma cell phenotype [76]. A hierarchical
organization of clonally related MPCs was furtherly demon-
strated by studying the expression of XBP-1, a transcription
factor important for the differentiation of plasma blasts into
plasma cells. In this study, five clonally related subpopulations
of MPCs in bone marrow samples of MM patients were
identified with XBP-1 expression universally negative in the
CD38−CD138− populations [77].

These studies strongly suggest the presence of a clonal
hierarchy of MPCs consisting of phenotypically distinct
subsets with a defined maturation sequence (see Table 6).

5.3. Gene Expression Differs betweenMPC andMature Plasma
Cells. Several studies have compared the gene expression
profile of CD138− to CD138+ clonal myeloma cells. In 2 of
these studies [73, 76], the polycomb repressor complex 2
(PRC2) related genes, such as EZH2, EED, and SUZ12, were
upregulated in the CD138− subsets. The PRC genes promote
histone methylation and reduced expression of their targets.
The overexpression of PRC2 genes and subsequent reduced
expression of target genes such as the cyclin dependent kinase
inhibitors (such as p21) would increase the proliferative
capacity of the CD138−MPCs. In one of these studies, other
genes involved in epigenetic regulation of gene expression
such as histone demethylases, histone acetyltransferases, and
deacetylases also have altered expression. The resultant “epi-
genetic plasticity” may explain the bidirectional transition
of MPCs observed in the study [76]. In another study, the
RAR𝛼2 gene was found to be overexpressed in the CD138−
subset. Overexpression of RAR𝛼2 resulted in the activation
of the Wnt and Hedgehog pathways, increased expression of
ALDH, expression of embryonic stem cell genes, and greater
clonogenic potential in the MM cells. These effects were
reversed upon silencing of RAR𝛼2 [78].

Two groups have also looked at the clinical relevance
of gene expression signature derived from these clonogenic
myeloma cells. Kassambara and colleagues focused on genes
differentially expressed in clonogenic myeloma cells that
are not related to proliferation or previous prognostic gene
expression signatures. They identified 50 genes which were
of prognostic significance in MM. Thirty-seven of these 50
genes were also found to be overexpressed in three human
stem cell populations, pluripotent stem cells, hematopoietic
stem cells, andmesenchymal stem cells.Theywent on to build
a “stem cell score” based on the expression of these
genes, which proved strongly prognostic in two independent
patient cohorts [79]. In the study of Reghunathan and
colleagues, the gene signature comprising genes differentially
expressed in CD138− clonogenic population compared to the
CD138+ population was associated with poorer outcome in
stem cell transplant as well as velcade-treated MM patient



BioMed Research International 7

Table 6: Subtypes of MPC and their phenotypes described in the key publications.

Study MPC subpopulation and phenotype
Rasmussen 2000
[74]

Early B cell
CD38+, CD19+

More differentiated B cell
CD38−, CD19+

Boucher et al.
2012 [75]

LCR B-cells
CD138−/CD34+/CD19+

More Differentiated B cells
CD138−/CD34−/CD19+

Plasma cells
CD138+/CD34−/CD19−

Chaidos et al.
2013 [76]

Memory B cells
CD 19+, CD 138−, CD 38−

Plasmablasts
CD 19+, CD 138−, CD38+

Preplasma cells
CD 19−, CD 138−,
CD38+, CD56+

Plasma cells
CD 19−, 138dim or
+, CD 56+, CD38

Leung-Hagesteijn
et al. 2013 [77]

B cell
CD20+, CD38−, CD138−

Activated B-cell
CD20low, CD38−,

CD138−

Preplasmablast
CD20−, CD38−, CD138−

Plasmablast
CD20−, CD38+,

CD138+/−

Plasma cell
CD20−, CD38+,

CD138+
LCR = Light chain restricted.

Table 7: Summary of differential gene expression between CD 138− and CD 138+ subsets. The list of genes is not exhaustive but includes
selected genes of importance described in the studies.

Study Gene Differential expression Function

Reghunathan et al. 2013
[73]

PRC2 related
(EZH2, EED, SUZ12)

PRC1 related
(BMI1)

Upregulated in CD 138− subset.
Via histone methylation, reduces the
expression of p21 and other CDK
inhibitors, driving proliferation.

BMP 2, BMP3, BMP4 Upregulated in CD 138+ subset Promote differentiation of plasmablasts to
mature plasma cells.

Yang et al. 2013 [78] RAR𝛼2 Upregulated in CD 138− subset.
Increased ALDH expression, increased
activity of WNT and Hedgehog pathway

signaling as well as Cyclin D1.
Oct 4, SOX 2, Nanog, Lin 28A Upregulated in CD 138− subset Genes expressed in pluripotent stem cells.

cohorts. Table 7 summarizes the important genes differen-
tially expressed between MPC and mature PC.

5.4. Clinical Significance of MPC

5.4.1. Implications for Minimal Residual Disease (MRD)
Assessment. Recent studies have shown the importance of
MRD, as assessed by flow cytometry (FC) [80, 81], allele
specific oligonucleotide (ASO) PCR [82], or PET imaging
[83], in predicting early relapse and poorer outcome in
patients who have achieve conventional complete remission
as defined by the International Myeloma Working Group.
While potentially clinically useful, each technique has its
technical advantages and limitations but importantly they
also assess different tumor cell populations of the disease. As
a result, the recent insights into the hierarchical organization
of clonally related myeloma precursors need to be taken
into consideration when we choose the techniques to utilize.
Both the FC and PCR methods only assess the bone marrow
tumor cells as these tests are performed on bone marrow
samples. Therefore, disease outside the bone marrow or even
disease within the bone marrow, that is, not in the area
sampled, may bemissed forMRD assessment.This limitation
is relevant as studies have shown that the CD138− clonogenic
MPCs have propensity for extramedullary sites [76]. This
is where whole body imaging such as PET-CT may be
useful in identifying extramedullary disease. However, the
sensitivity of PET-CT in terms of MRD assessment is still

unclear. Comparing FC and PCR, there is also subtle yet
important difference in the population they may detect. FC-
based MRD assessment is based on the detection of the
aberrant phenotype of myeloma plasma cells and is therefore
predominantly detecting the plasma cell component and
hence will miss the clonogenicMPCs. PCR on the other hand
detects the clonal rearrangements of IgH gene and therefore
will identify any clonally related cells, including the MPCs
(Figure 1). The predominant limitation of the PCR method
is that clone specific rearrangements can only be identified
in only less than 50% of cases in MM. This limitation may
be overcome by using sequencing-based method to detect
IgH gene rearrangement, which can be applied to more
than 90% of cases (Martinez-Lopez et al. blood in press).
Due to the challenge of cellular heterogeneity in MM, it is
likely that more than 1 technique will need to be used for
comprehensive MRD assessment in the future. Prospective
study should be conducted to correlate PET-CT with FC and
PCR/sequencing-based methods and to develop clinically
useful algorithm for the application of these techniques
possibly in a step-wise manner.

5.5. The Role of MPC in Drug Resistance and Disease Relapse.
CD138− clonogenic MPCs have been shown by a number
of groups to be more resistant to drugs used for myeloma
treatment such as lenalidomide, dexamethasone, and borte-
zomib. This is in part due to the increased expression of
ABCG2/BCRP drug transporter as well as higher levels of
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Figure 1: Implications of heterogeneity onMRDdetection.MM involvementmay be patchy and involve extramedullary sites. All these lesions
may be detected by whole body imaging modality such as PET-CT scan. Within the individual lesions, 2 dimensions of heterogeneity may
exist in the population of tumor cells. On one hand, theremay be clonal heterogeneity where related clones with different genetic composition
may coexist. On the other hand, clonally related progenitor populations at earlier stage of differentiationmay exist. Flow cytometry can detect
the plasma cell component but not the precursor population while ASO-PCR can detect all the clonal cells including the precursor population
but its applicability is limited. The development of NGS methods may allow utility in larger population of patients.

ALDH [84]. The expression of these drug transporters may
be induced by an increased expression of RAR𝛼2 [78]. More
recently, through a series of elegant experiments, it was shown
that in Velcade resistant patients, there is an increase in
XBP1 low expressing MPCs which share common genetic
changes as the myeloma plasma cells.These cells produce less
immunoglobulin and have less endoplasmic reticulum (ER)
stress and express less unfolded protein response (UPR) genes
and are therefore more resistant to velcade, which induce cell
death in plasma cells with high immunoglobulin production
and ER stress by inhibiting the UPR, which requires an active
proteasome [77].

MPCs have also been shown to rely on survival and prolif-
eration pathways used by stem cells. Peacock and colleagues
demonstrated that CD138− CD19+ B-cells from MM cell
lines and patient samples had constitutive activation of the
Hedgehog (Hh) signaling pathway evident by the increased
expression of the smoothened (SMO) protein [85]. It is
possible that MPCs rely on these to avoid cell death induced
by agents that are active against mature plasma cells.

5.6. TargetedTherapy against MPCs. Signaling pathways and
other lesions unique to the clonogenic MPCs may form
the basis for targeted therapy against MPCs. The histone
methyltransferase inhibitor DZNep inhibits PRC2 and was
shown to be more effective in killing CD138− compared to
CD138+MMcells [73]. Inhibition ofHh pathway signaling by
cyclopamine was shown to reduce the clonogenic capacity of
the CD138−CD19+ MPC fraction in two MM cell lines [85].
A phase I trial using another Hh pathway antagonist GDC-
0449 (Vimodegib) in patients with high risk MM postautol-
ogous stem cell transplant has been completed and results
are awaited. Blockade of the JAG-NOTCH interaction using

NOTCH-Fc chimeric molecules resulted in impaired self-
renewal capacity inMMcell lines [86]. Targeting theNOTCH
pathway using the NOTCH inhibitor R0490927 in combina-
tion with melphalan has also been investigated in a phase
II clinical trial for which the results are awaited. Based on
the identification of high RAR𝛼2 expression in the CD138−
MPC, Yang and coworkers showed that al-trans retinoic
acid (ATRA) preferentially induced apoptosis in the CD138−
fraction [78]. Telomerase activity is required for the survival
of normal stem cells. Brennan and colleagues treated MM
stem cells from cell lines and clinical samples with the
telomerase inhibitor imetelstat. They found that telomerase
inhibition resulted in inhibition of clonogenic growth as
well as reduced expression of genes expressed by stem cells
[87]. Clinical trials using telomerase inhibitors in MM are
awaited. The long-term remissions achieved by selected MM
patients who survive allogeneic stem cell transplant suggest
the presence of a graft versus myeloma stem cell effect [88].
This has led to investigation of cellular therapy modalities
targeting MPCs. Swift and colleagues demonstrated that
the natural killer (NK) cell lines KHYG2 and NK-92 were
selectively toxic to the MPC fraction in vitro [89]. Clinical
trials using NK cells in MM are in progress. The concepts are
still in early phase of clinical development and results from
early phase clinical trials are still pending (Table 8).

6. Conclusion

Multiple levels of heterogeneity exist in MM, providing
tremendous clinical challenges in diagnosis, prognosis, treat-
ment, and monitoring. The understanding of biological
relevance of the heterogeneity at the molecular, clonal, and
cellular level and how these relate to clinical heterogeneity
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Table 8: Summary of agents in development which may be selectively toxic to MPC.

Drug/molecule Mechanism of action Phase/used in combination with other agents
DZNep inhibitor Disruption of PRC2 Preclinical
Vimodegib (GDC-0449) Hedgehog signaling inhibitor Phase I/after auto SCT
R0490927 NOTCH signaling inhibitor Phase II/melphalan
MK571 MRP3 inhibitor Preclinical/bortezomib
ATRA Induces degradation of RAR𝛼2 Preclinical
Imetelstat Telomerase Inhibitor Preclinical
NK cell therapy Cellular cytotoxicity Preclinical
SCT = Stem cell transplant.

will provide important mechanistic insights that will guide
future development of diagnostic, prognostic, therapeutic,
and monitoring modalities to further personalize treatment,
improve treatment precision, and lengthen the survival of
MM patients.
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Recurrent chromosomal translocations are central to the pathogenesis, diagnosis, and prognosis of hematologic malignancies. The
translocation t(4; 14)(p16; q32) is one of the most common translocations in multiple myeloma (MM) and is associated with very
poor prognosis. The t(4; 14) translocation leads to the simultaneous overexpression of two genes, FGFR3 (fibroblast growth factor
receptor 3) andMMSET (multiplemyeloma SET domain), both of which have potential oncogenic activity. However, approximately
30% of t(4; 14)MM patients do not express FGFR3 and have poor prognosis irrespective of FGFR3 expression, whereas MMSET
overexpression is universal in t(4; 14) cases. In this review, we provide an overview of recent findings regarding the oncogenic roles
of MMSET in MM and its functions on histone methylation. We also highlight some of MMSET partners and its downstream
signalling pathways and discuss the potential therapeutics targeting MMSET.

1. Introduction

Compelling data has emerged that epigenetic changes under-
lie a wide variety of pathologies, including cancer [1, 2].
Epigenetic regulation includes DNA methylation and cova-
lent histone modifications. These processes may play an
important role in the initiation and progression of many
cancers, including the haematological malignancy multiple
myeloma (MM).

MMSET (multiple myeloma SET domain), also known
as Wolf-Hirschhorn syndrome candidate 1 (WHSC1) or
nuclear receptor-binding SET domain 2 (NSD2), is amember
of the NSD histone methyltransferase (HMT) family also
including NSD1 and NSD3 [3–5]. The MMSET gene spans
120 kb, consists of 24 exons, and undergoes complex alter-
native splicing. Two major transcripts were identified: type
I encodes a protein of 647 amino acids and type II encodes a
protein of 1365 amino acids. Both proteins share a common
amino terminus [6]. A third transcript initiated within a
middle intron ofMMSET encodes a protein named RE-IIBP

[7] (Figure 1). Conserved domain architecture analysis indi-
cated that MMSET is a multidomain protein containing a
set domain (determining protein lysine methyltransferase
activity), 2 PWWP (named for a conserved Pro-Trp-Trp-
Pro motif) domains, a HMG (high mobility group) box,
and 3 PHD (plant homeodomain) fingers (Figure 1). The
PWWP, HMG, and PHD domains are responsible for nuclear
localization, DNA-binding, and recognition of histonemarks
[8–11]. The importance of MMSET in malignancy was first
highlighted by characterization of the t(4; 14) translocation
in about 15% of MM, which fuses the MMSET gene to the
immunoglobulin heavy-chain promoter/enhancer, leading to
dramatic upregulation of MMSET expression [6, 12].

2. Oncogenic Role of MMSET in MM

Recurrent chromosomal translocations are central to the
pathogenesis, diagnosis, and prognosis of hematologicmalig-
nancies. In the past decade, it has become apparent that
approximately 50% of MM harbor recurrent translocations
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Figure 1: Schematic primary structure of three major MMSET isoforms. PWWP, named for a conserved Pro-Trp-Trp-Pro motif; HMG-
b, high mobility group (HMG) box domain; PHD, plant homeodomain zinc finger; AWS, associated with SET domain; and SET, lysine
methyltransferase catalytic domain. Conserved domain architecture was analyzed through http://blast.ncbi.nlm.nih.gov.

involving the immunoglobulin heavy chain (IgH) locus on
chromosome 14q32 [13–15]. The translocation t(4; 14)(p16;
q32) is one of the most common translocations in MM,
affecting 15% of patients, and is associated with very poor
prognosis [16].The t(4; 14) translocation leads to the simulta-
neous overexpression of two genes, FGFR3 (fibroblast growth
factor receptor 3) and MMSET. FGFR3 has transforming
activity in vitro and in vivo, but approximately 30% of t(4; 14)
MM patients do not express FGFR3, whereas overexpression
of MMSET isoforms is a universal feature of t(4; 14) cases
[12, 17, 18]. Furthermore, the poor prognosis of t(4; 14) persists
irrespective of FGFR3 expression [12].These data suggest that
MMSET may be the critical oncogene in this translocation.
Downregulation of MMSET expression in MM cell lines
indicated that t(4; 14) MM cells rely on MMSET expression
for clonogenic growth and tumorigenicity in vivo [13]. These
results provide the first direct evidence that MMSET is an
oncogene and plays a significant role in t(4; 14) MM. Later
several groups reported that depletion of MMSET could also
inhibit proliferation and induce cell cycle arrest and apoptosis
[19–22]. Consistent with MMSET knockdown results, wild
type MMSET, but not the MMSET catalytic mutants, could
restore proliferation and colony formation of t(4; 14) MM
cells uponMMSET deletion. Furthermore, complementation
of MMSET knockout cells with wild type MMSET instead of
catalytic mutants could restore their tumorigenicity in vivo
[10, 22]. These data further conformed that MMSET is an
oncogene and its oncogenic role is dependent on its catalytic
activity. Recent study has shown that MMSETmRNA level is
also upregulated in 15 of 40 tumor types compared to their
normal tissue counterparts. Furthermore, MMSET mRNA
levels are associated with tumor aggressiveness or prognosis
in several of these tumors [23]. Thus, in addition to t(4; 14)
MM, MMSET may contribute to the development of other
cancer types.

3. MMSET Function on Histone Methylation

Histones are the stage of diverse posttranslational modifica-
tions that ultimately regulates the gene transcription. Lysine
methylation is one prominent feature of the posttransla-
tional histone modifications in the regulation of chromatin
structure and function. Lysine-HMTs target specific histone
residues on H3 and H4 and can transfer one, two, or
three methyl groups on specific lysines on the histone tails

[24]. The MMSET protein contains AWS (associated with
set) SET-PostSET domains that are highly conserved with
yeast H3K36-specific methyltransferase Set2 [25]. It is first
reported that the MMSET protein is a H4K20 methyl-
transferase with characteristics of a transcriptional core-
pressor [19]. Later, several reports suggested that MMSET
could generate numerous different histone marks, including
H3K4me2, H3K9me2, H3K27me3, H3K36me2, H3K36me3,
and H4K20me2 [26–30]. Biologically, MMSET is reported to
repress transcription through generation of H4K20me3 [19],
H3K27me3 [27], orH3K36me3 [29], to enhance transcription
through generation of H3K4me2 [26] and H3K36me2 [21],
and to mediate accumulation of 53BP1 to DNA damage
sites through generation of H4K20me2 [30]. Recently mul-
tiple independent biochemical and cellular approaches were
used to investigate and resolve the discrepancies regarding
MMSET enzymatic activity. It is suggested that the principal
physiologic activity of MMSET at chromatin is dimethyla-
tion of H3K36, and in the process rules out generation of
H3K36me3, H4K20me2, and several other putative methyl
products of MMSET [22]. This conclusion is in agreement
with a study reporting in vitro dimethylation activity at
H3K36 by the three NSD family members NSD1, NSD2, and
NSD3/WHSC1L1 [28].

4. MMSET Interacting Proteins and
Downstream Targets

A preliminary step in understanding protein structure and
function is to determine which proteins interact with each
other, thereby identifying the relevant biological pathways.
MMSET is a multidomain protein containing a catalytic set
domain and other highly conserved domains, such as PWWP,
PHD, and HMG-box, to mediate chromatin interaction and
recognition of histone marks. Coprecipitation experiments
indicated that MMSET could interact with histone modifiers
HDAC1, HDAC2, and LSD1 [19, 31]. SET domain containing
methyltransferases seems to be particularly sensitive to the
sequence and posttranslational modifications surrounding
the target lysine site [32]. Hence, the histone modification
signature of MMSET is complex and might be mediated
both by direct action of MMSET and by interplay with
other histone modifiers. To determine the genes regulated
by MMSET, Martinez-Garcia et al. profiled gene expression
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Figure 2: MMSET interacting proteins and downstream targets. MMSET interacts with its partners and activates oncogenic signalling
pathways, which establish causal roles forMMSET in driving cancer initiation, development, and survival. Orange boxes:MMSET interacting
proteins. White boxes: MMSET target genes.

in the loss-of-function (MMSET knockdown) and gain-of-
function (MMSET reexpression in theMMSET knockout cell
line) systems [21]. Signaling pathway analysis indicated that
MMSET could regulate cell death and the p53 pathway (e.g.,
BAX, BCL2, and caspase 6), the cell cycle (cyclin E2, E2F2,
TP53INP1, and CDC25A), genes for DNA repair (ATM,
E2F2, and GADD45A), and integrin-mediated signaling
(CDC42 and integrin alpha-L). These results are consistent
with phenotypes of proliferation inhibition and apoptosis
induction upon MMSET knockdown in t(4; 14) MM cells.
Recently a microRNA (miRNA) profiling in t(4; 14) MM cells
identified miR-126∗ as an MMSET-regulated miRNA, which
could specifically target the 3-untranslated region of c-Myc
and inhibit its translation [33]. Moreover, the expression of
miR-126∗ was sufficient to decrease the proliferation rate of
t(4; 14) MM cells. Chromatin immunoprecipitation (ChIP)
analysis showed that MMSET binds to the miR-126∗ pro-
moter along with the KAP1 corepressor and histone deacety-
lases to repressmiR-126∗ transcription.Through quantitative
mass spectrometry analysis we found that overexpression of
SLAMF7 (also known as CS1) was associated with MMSET
overexpression in t(4; 14) MM cells [34]. Quantitative RT-
PCRandChIP analysis indicated thatMMSETmight regulate
the transcription level of SLAMF7 and be an important
functional element for SLAMF7 promoter activity.

Nimura et al. found that MMSET is associated with the
cell-type-specific transcription factors Sall1, Sall4, andNanog
in embryonic stem cells (ESCs) and Nkx2-5 in embryonic
hearts [29]. These results suggested that MMSET functions
together with developmental transcription factors to pre-
vent the inappropriate transcription that can lead to vari-
ous pathophysiologies. Immunoprecipitation combined with
mass spectrometry analysis revealed IQGAP1 and TIAM1
as candidate interacting partners with MMSET, and these
interactions were confirmed by coimmunoprecipitation [35].

IQGAP1 and TIAM1 are both involved in theWNT signaling
pathway through interaction with 𝛽-catenin protein. Gene
expression array and real-time PCR analysis indicated that
the expression levels of CCND1, an established downstream
target of the 𝛽-catenin/Tcf-4 complex, were reduced signif-
icantly upon MMSET knockdown. ChIP analysis showed
that MMSET bounds the promoter region of CCND1 [35].
These results suggested that MMSET may regulate the WNT
signaling pathway through interaction with 𝛽-catenin. Yang
et al. reported that MMSET is a strong coactivator of NF𝜅B
by directly interacting with NF𝜅B for activation of target
genes, including those for interleukin-6 (IL-6), IL-8, vascular
endothelial growth factor A (VEGFA), cyclin D, Bcl-2, and
survivin, in castration-resistant prostate cancer (CRPC) cells
[36]. They also found that MMSET is critical for cytokine-
induced recruitment of NF𝜅B and acetyltransferase p300
and histone hyperacetylation. Ezponda et al. reported that
MMSET could activate TWIST1 to promote an epithelial-
mesenchymal transition and invasion in prostate cancer [37].
Whether the aforementioned MMSET interacting proteins
and downstream targets in ESCs and solid tumors play
critical roles in t(4; 14) MM remains to be determined. The
MMSET interacting proteins and downstream targets were
summarized in Figure 2.

5. Potential Therapeutics Targeting MMSET or
Its Downstream Signalling

MMSET overexpression is a universal feature of t(4; 14) MM.
Furthermore, t(4; 14) MM cells rely on MMSET expression
for proliferation, survival, and tumorigenicity in vivo. These
findings highlightMMSETas an attractive target for the treat-
ment of t(4; 14)MM. HMT activity ofMMSET is essential for
its oncogenic function, so it would seem straightforward to
design small molecular inhibitors to targetMMSET substrate



4 BioMed Research International

binding pocket. However, very few lead compounds have
been published to selectively inhibit MMSET catalytic func-
tion. The development of MMSET inhibitors might be ham-
pered by the lack of crystallographic structural information
on enzyme-substrate complexes. Recently Cao et al. reported
a novel strategy for selective targeting of HMT activity [38].
Instead of directly targeting the catalytic SET domain, they
exploit the unique regulation of theMLL1 complex byWDR5
and target MLL1 complex assembly without affecting other
MLL family HMTs. As a result, the compound MM-401
shows no inhibition for global H3K4me and little toxicity
for normal cells. Transcriptome analyses also confirmed the
remarkable selectivity of MM-401, which induces changes in
gene expression that are highly correlative with MLL1 gene
deletion. MMSET is multidomain protein and several of its
partners have been identified, so it is a promising strategy to
target MMSET complex assembly for inhibitor development.
Numerous HDAC inhibitors are being developed, some of
which are at clinical trial stages for MM therapy [39]. These
HDAC inhibitors might be promising candidates to inhibit
MMSET complex assembly, because MMSET associates with
HDACs in a large complex [19, 27, 31].

Sequence-specific gene silencing with small interfering
RNA (siRNA) has transformed basic science research, and the
efficacy of siRNA therapeutics toward a variety of diseases is
now being evaluated in preclinical and clinical trials [40].The
key therapeutic advantage of using siRNA lies in its ability
to specifically and potently knock down the expression of
disease-causing genes of known sequence. However, clinical
use of siRNAs encounters one of the obstacles: delivery of
siRNAs to the appropriate cells. Antibody-mediated delivery
is an effective method of targeting siRNA to particular cells
[41]. Our study showed that SLAMF7 overexpression in t(4;
14) MM was associated with MMSET expression [34]. Thus,
it is potential to develop t(4; 14) MM targeted therapy by
SLAMF7 antibody mediated MMSET siRNA delivery. This
therapeutic strategy will achieve two levels of targeting for
t(4; 14) MM: tumor cell selective delivery by the SLAMF7
antibody and gene pathway selectivity by theMMSET siRNA.
Furthermore, it was found that, similar to the effects of
knocking down MMSET, overexpression of miR-126∗ could
inhibit proliferation of t(4; 14) MM cells in vitro. It will be
appealing to test whether expression of miR-126∗ can cause
therapeutic effects in vivo.

6. Conclusion

The outcome of MM patients has dramatically improved
in recent years and this has been possible essentially due
to the introduction of the new active agents thalidomide,
bortezomib, and lenalidomide, autologous stem-cell trans-
plantation (ASCT), and improvements in supportive care
[42].Themedian survival is in excess of 5 years. Nevertheless,
MM is still considered an incurable disease in the vast
majority of patients and the classical pattern of evolution
of the disease is of subsequent responses/relapses, with each
relapse generally being of shorter duration than the previous
ones [43]. Therefore, additional potent therapeutic strategies
are urgently needed. The translocation t(4; 14) is one of the

most common translocations in MM and is associated with
very poor prognosis. MMSET overexpression characterizes
all t(4; 14) MM patients, and furthermore MMSET protein is
required for t(4; 14) MM cell survival in vitro and in vivo. The
key role of MMSET in t(4; 14) MM allows speculating that a
specific pharmacological therapy, which targets this protein,
may constitute a novel approach to the treatment of MM.
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We conducted a prospective multicenter study identifying the role of bortezomib in patients with relapsed or refractory plasma
cell myeloma (PCM) in bone resorption and formation via bone turnover markers. A total of 104 patients received at least 1 cycle
of bortezomib. Most of them had advanced disease (𝑛 = 89). Among them, 75 patients completed 4 cycles of treatment. Most of
the patients (81.7%) were treated in combination with steroid. After the 4th cycle treatment, 47 of 75 patients achieved CR, nCR,
VGPR, and PR (64.4%), while 26 patients achieved less than PR (35.6%). The proportion of patients who achieved ≥ PR increased
as patients received more treatment cycles, reaching 90% after the 8th cycle. DKK-1 levels decreased significantly posttreatment.
Bone formation markers (bALP and OC) and osteoclast regulator such as sRANKL also decreased significantly. These findings
were observed primarily in patients who received steroid and who had a longer disease duration. While sRANKL demonstrated
significant reduction posttreatment, osteoprotegerin (OPG) level did not significantly change posttreatment, resulting in a
decreased sRANKL/OPG ratio (𝑃 = 0.037). In conclusion, our clinical data suggest that treatment with bortezomib and steroid
may rearrange the metabolic balance between osteoblast and osteoclast activities in PCM.
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1. Introduction

Plasma cell myeloma (PCM) is a neoplasm of plasma cells
characterized by the appearance of monoclonal immuno-
globulin, that is, bone pain caused by osteolytic lesions and
pathologic fracture, hypercalcemia, renal insufficiency, and
anemia [1]. Prognosis of PCM is variable, with the survival
ranging from several months to over 10 years.

Myeloma bone disease is the result of increased destruc-
tion of bone that cannot be compensated by new bone
formation, which develops in approximately 80% of the
patients. Myeloma cells activate osteoclasts through various
osteoclast activating substances and suppress the activity of
osteoblasts, causing an imbalance between bone resorption
and formation. This imbalance induces myeloma-related
bone problems, which are themost debilitatingmanifestation
of the disease and have direct relationship with patient’s
quality of life. Therefore, controlling myeloma bone disease
has been regarded to be an important goal of treatment.
Currently, various types of bisphosphonate have been used
for myeloma bone disease [2]. Bisphosphonates inhibit
osteoclastic function which reduces bone resorption and
bone pain, improve patient’s performance, and preserve one’s
quality of life [3–5]. However, bisphosphonates are known to
be associated with renal impairment [2] and an increase in
the risk of osteonecrosis of the jaw [6]. Furthermore, these
agents have been shown to have little impact on osteoblasts.

Bortezomib (Velcade) has been approved to treat PCM
as it activates osteoblasts [7–13] and suppresses osteoclasts
[7, 10, 11, 13–15], in addition to an antimyeloma effect,
ultimately leading to bone formation [16–18]. Preclinical
studies indicate that bortezomib induces mesenchyme stem
cells to preferentially undergo osteoblastic differentiation,
resulting in increased bone formation and rescue from bone
loss [19]. Clinically, bortezomib containing treatment for
relapsed or refractory PCM demonstrated an improvement
in bone lesions on radiologic examination [20] with an
association of direct bone anabolism. These studies indicate
that bortezomib provides a differential advantage from other
agents used for treatment of PCM. It should be preferentially
considered as a treatment method as bone disease has signifi-
cant impact on mortality and morbidity of the patients. Until
now, there have been no other antimyeloma agents to have
anabolic effect on bone. In clinical practice, however, most of
treatment regimens contain steroid, which exerts differential
effects on bonemetabolism. As far as we know, there have not
beenmuch data exploring the role of bortezomib in combina-
tion with or without steroid specifically in bone metabolism.
Therefore, we conducted a prospective multicenter study to
identify the role of bortezomib along with steroid among
patients with relapsed or refractory PCM in bone resorption
and formation using bone turnovermarkers prior to and after
treatment.

2. Patients and Methods

2.1. Patients. Eligible patients were at least 18 years old
and treated with bortezomib as a second line treatment for

relapsed or refractory PCM. All patients provided a written
informed consent to blood sampling to measure serum bone
markers before and after therapy. Exclusion criteria included
hypersensitivity to bortezomib, inadequate organ function,
and pregnancy. The study was approved by each institutional
review board of the participation centers in accordance with
the Declaration of Helsinki.

2.2. Study Design and Treatment. Between March 2008 and
June 2009, this multicenter prospective study was conducted
at 20 centers in the Republic of Korea to investigate the role of
bortezomib in bone resorption and formation.The details on
treatment schedule were given elsewhere [9]. Briefly, borte-
zomib was administered as intravenous bolus (1.3mg/m2
twice weekly in a 21-day cycle) in various combinations with
other chemotherapeutic agents including steroid, thalido-
mide, or alkylating agents. If patients experienced grade 4
hematologic toxicities or nonhematologic toxicities ≥grade
3 other than peripheral neuropathy related to bortezomib,
bortezomib was withheld until toxicity recovered to grade
≤1. Once the toxicity resolved, bortezomib was readminis-
tered with a reduced dose of 25% (1.3mg/m2 to 1.0mg/m2;
1.0mg/m2 to 0.7mg/m2).

The primary end point was changes in the levels of bone
markers before and after 4 cycles of bortezomib infusion.
Secondary end points included complete response (CR) rate,
overall response rate, correlation between changes in bone
markers and response rate, numeric rating scale (NRS) pain
score, and safety profiles.

2.3. Assessment. Blood samples were obtained before and
after bortezomib infusion at baseline, after 4 cycles, and after
5–8 cycles of treatment, respectively. Patients who received
at least 4 cycles of bortezomib with blood samples from
each bortezomib infusion were included for the evalua-
tion. As an osteoclast regulator, soluble receptor activator
of nuclear factor-𝜅B ligand (sRANKL) and osteoprotegerin
(OPG) were measured. Dickkopf-1 (DKK-1) was measured
as an osteoblast inhibitor. Bone-specific alkaline phosphatase
(bALP) and osteocalcin (OC) were measured as bone forma-
tion indices.

Assessment of response, relapse, and progression was
based on serum and/or urine M-protein quantification, bone
marrow evaluation, and skeletal survey using European Bone
and Marrow Transplantation (EBMT) criteria [21] and Inter-
national Myeloma Working Group (IMWG) criteria [22].
Pain was graded using NRS (numeric rating scale), and pain
scale was measured before day 1 of each bortezomib cycle.
The pain was regarded as mild, moderate, and severe if the
visual analogue scale (VAS) was 0 to 3, 4 to 6, and 7 to 10,
respectively.

2.4. Statistical Analysis. Differences between pre- and post-
bortezomib values of the studied parameters were evaluated
using the Wilcoxon rank sum test. Differences between pre-
treatment and posttreatment values within each group were
analyzed. Results were considered statistically significant
when 𝑃 < 0.05.
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3. Results

A total of 104 patients received cycle 1 bortezomib treatment
(Table 1). Among them, 75 patients (72.1%) completed the
4th treatment cycle and 23 patients (22.1%) finished 8 cycles
of treatment. The reasons for not completing the whole
treatment cycle were the termination of the clinical study as
decided by the investigators (𝑛 = 18), adverse drug reactions
or death of any cause (𝑛 = 16), obtaining CR before the 8th
treatment cycle (𝑛 = 7), withdrawal by patients (𝑛 = 5), loss
of followup (𝑛 = 3), and other reasons (𝑛 = 32). The median
of treatment cycles for all patients was 4.6 ± 2.2. The majority
of the patients were stages II and III (𝑛 = 89, 85.6%) via
the international staging system. The first line of treatment
included vincristine + adriamycin + dexamethasone (VAD),
melphalan + prednisolone (MP), and autologous stem
cell transplantation (ASCT). Most of the patients received
bortezomib in combination with other agents, with the most
common one being steroid (81.7%).

3.1. Response to Bortezomib Treatment. Of 75 patients who
finished the 4th cycle treatment, 64% of patients who finished
the 4th cycle treatment achieved ≥PR, while the remaining
36% did not reach PR (Figure 1). Meanwhile, the proportion
of patients who achieved ≥PR increased as patients received
more treatment cycles, reaching 90% after the 8th cycle.

The median VAS for pain at baseline and after the 4th
cycle was 3.1 ± 2.3 and 3.1 ± 2.2, respectively. Although there
was no significant reduction in bone pain in terms of total
VAS after cycle 4, the proportion of patients who reported
severe bone pain (VAS ≥ 7) decreased from 11.5% to 6.7%
after cycle 4. The number of skeletal lesions did not show
significant changes (2.5±1.9 at baseline, 2.5±1.9 after cycle 4,
and 3.3 ± 2.9 after cycle 8, resp.) after bortezomib treatment.
Most of the patients experienced peripheral neuropathy with
the progress of treatment, but the severity of peripheral
neuropathy was grade I/II in most cases (58.7% after cycle
4 and 73.9% after cycle 8, resp.; Figure 2). The proportion
of grade II neuropathy decreased while that of grade I
neuropathy increased as treatment progressed.

3.2. Changes in Bone Markers. There were no significant
differences in bone turnover markers (OC, bALP, DKK-
1, sRANKL, OPG, and sRANKL/OPG ratio) at baseline
according to gender and age except for OPG.OPG levels were
significantly higher in patients aged ≥65 years (𝑃 = 0.002).
Changes in the level of bone markers before treatment and
posttreatment are shown in Table 2. sRANKL demonstrated
a significant reduction posttreatment (𝑃 = 0.011), and OPG
levels did not change significantly, resulting in a decreased
sRANKL/OPG ratio (𝑃 = 0.037). Despite a significant
decrease in levels of DKK-1 (𝑃 = 0.035), an osteoblastic
inhibitor, after bortezomib treatment, the levels of OC and
bALPwere also significantly lower posttreatment (𝑃 < 0.0001
and 0.004, resp.). The inconsistency in changes of DKK-1
and OC/bALP may result from the long disease duration
(relapsed and/or refractory status) and advanced disease
status (stages III and IV, 85.6%). The type of agents used in

Table 1: Patient characteristics.

Total enrolled patients, 𝑛 (%) 104
Cycle 1 104 (100.0)
Cycle 4 75 (72.1)
Cycles of bortezomib treatment, mean ± SD 4.6 ± 2.2

Sex, 𝑛, M/F (%) 56/48 (53.9/46.1)
Age at treatment, 𝑛, <65/≥65 (%) 67/37 (64.4/35.6)
ECOG performance status, 𝑛 (%)

0 23 (22.1)
1 56 (53.9)
2 23 (22.1)
3 2 (1.9)
4 0

Quantity of M-protein (g/L) in SPEP, median
(range) 1.3 (0.0–6.7)

Hb ≤ 10.0 g/dL, 𝑛/median (%/range) 41/10.7
(39.4/6.9–15.3)

Platelet, median, 𝑛 (range) 203.0 (30.0–760.0)
Creatinine, median (range) 0.98 (0.5–5.6)
Calcium (g/dL), median (range) 8.7 (6.5–11.1)

LDH > 472 IU/L, 𝑛/median (%/range) 20/350.0
(19.2/15.0–1452.0)

Albumin (g/L), median (range) 3.7 (2.4–6.4)
Stage, 𝑛 (%)
Durie-Salmon Staging System

I 13 (12.5)
II 21 (20.2)
III 70 (67.3)

Stage, 𝑛 (%)
International Staging System

I 15 (14.4)
II 44 (42.3)
III 45 (43.3)

Previous treatment, 𝑛 (%)
VAD 37 (35.6)
MP 30 (28.9)
Dexamethasone 29 (27.9)
ASCT 21 (20.2)
Thalidomide 19 (18.3)
Others 21 (20.2)

VAD: vincristine + Adriamycin + dexamethasone; MP: melphalan + pred-
nisolone; ASCT: autologous stem cell transplantation.

combination with bortezomib also could be associated with
the discordance. Therefore, we analyzed the changes in OC
and bALP before and after bortezomib treatment according
to disease duration and combination with corticosteroid.
The levels of OC and bALP decreased more significantly
in longer diagnosis-treatment period group (≥6 months,
longer prevalence period group) than those in the shorter
group (Table 3). Influences of steroid in combination with
bortezomib on bone markers are also shown in Table 3.
Serum OC and bALP levels decreased significantly in the
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Figure 1: Response to bortezomib treatment.
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Figure 2: Peripheral neuropathy according to bortezomib treatment
cycles.

steroid combination group (𝑃 = 0.0002 and 0.001, resp.),
while the same bone marker changes were not significant in
the bortezomib single-treatment group.

4. Discussion

There have been multiple studies of bortezomib, alone
and in combination, in both previously untreated and
relapsed/refractory PCM patients and its effect on bone
remodeling markers [8, 10, 12, 13, 18, 23–26]. Most studies
revealed that biomarkers of osteoblastic activity increased
and the levels of osteoblast inhibitors decreased, while the
levels of markers of osteoclastic activity have also been
shown to decrease. Bortezomib treatment is associated with
increased ALP and OC, while depressing sRANKL and OPG.
Additionally, bortezomib was associated with a decrease in
DKK-1 levels.

In our study, despite bortezomib treatment, the levels
of biomarkers related to bone formation (bALP and OC)
substantially decreased, especially in the patients with longer
prevalence period and steroid combination. Most of the

patients (81.7%) in our study were treated in combination
with corticosteroid. Overall patterns in changes of bone
markers (decreased levels in OC and bALP) were similar to
those in steroid combination group, but these patterns were
not observed in bortezomib single-treatment group and the
shorter prevalence group. In general, the effects of steroid are
represented by a reduction in bone formation markers and a
trend towards an increase or no change in bone resorption
markers, which implies that steroids have a dominant effect
on bone formation rather than bone resorption [27]. As
a result, corticosteroid has been known to depress serum
OC level, mainly due to the reduction in the rate of bone
formation [28]. bALP, an enzyme released from osteoblasts,
decreased in patients receiving steroid due to the reduction
in the number of osteoblasts. Therefore, the reduction seen
in the level of bone formation-related markers, bALP and
OC in our study, is thought to result from the dominant
effect of corticosteroid over bortezomib on bone formation.
In a similar context, patients with longer prevalence duration
also have a probability of longer exposure to steroid at a
higher dose, which could explain the similar pattern in
biomarkers in that group. The fact that significantly low
levels of OC and bALP were found in the longer prevalence
group before bortezomib therapy could also explain the
decreased level posttreatment in the group. Terpos et al. also
showed that the combination of bortezomib with melpha-
lan, dexamethasone, and intermittent thalidomide (VMDT)
did not increase the bone formation markers (bALP and
OC) although a reduction in DKK-1 levels was observed
[12]. On the other hand, bortezomib was associated with a
decrease in DKK-1 levels. Consistent with these results, our
study showed decreased serum DKK-1 level posttreatment.
However, patients in steroid combination group did not
show statistical significance in DKK-1 level (data not shown).
Decreased production of DKK-1 by bortezomib might be
offset by increased production of DKK-1 by steroid. Gener-
ally, concentrations of osteoclast regulators such as sRANKL
and OPG were shown to be reduced following treatment
with bortezomib in previous reports [12]. In our study,
sRANKL level diminished significantly, whereas there were
no significant changes in OPG levels posttreatment, resulting
in marked reduction in sRANKL/OPG ratio. The reasons for
the inconsistency of results in our study remain unclear but
may be explained by the predominant effect of steroid on
bone formation rather than increased bone resorption. As
for bone formation markers, such as OC and bALP, they
appear to decrease significantly due to the predominant effect
of steroid on bone formation, while the effect of bortezomib
predominates for osteoclast regulators such as sRANKL.

As the treatment in our study also included combina-
tion with dexamethasone in most cases and some patients
received thalidomide, it is difficult to interpret exactly the
role of bortezomib in the bone markers. The effect of cor-
ticosteroid on biochemical markers of skeletal turnover can
be varied according to a number of biases. These include the
different effects on differentmarkers; different steroids, expo-
sure time, and amount of administered steroids; different
routes of administration, evaluation of the effect on normal
subjects (men versus women, fertile versus postmenopausal
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Table 2: Changes in bone markers.

Variables Pretreatment Posttreatment Difference† 𝑃

𝑛 (%) 75 (100.0) 73 (97.3) 73 (97.3)
Osteocalcin ECLIA (ng/mL) 17.7 ± 18.6 13.7 ± 16.0 4.0 ± 15.9 <0.0001
Bone ALP (U/L) 25.9 ± 16.2 21.8 ± 11.2 4.2 ± 14.3 0.004
DKK-1 (pmol/L) 136.4 ± 86.3 116.3 ± 58.8 20.2 ± 78.6 0.035
sRANKL (total, pmol/L) 75.1 ± 86.8 48.4 ± 47.2 28.1 ± 101.6 0.011
OPG (pmol/L) 3.9 ± 1.8 4.0 ± 1.9 −0.1 ± 1.1 0.464
sRANKL/OPG ratio 22.2 ± 34.4 13.5 ± 16.1 9.4 ± 36.6 0.037
ECLIA: electrochemiluminescence immunoassay.
†Pretreatment value − posttreatment value.

Table 3: Changes in bone markers according to the duration of the disease and steroid combination.

Osteocalcin 𝑃
∗ Bone ALP 𝑃

∗∗

Disease duration

0.009 0.050

<6 months
Pretreatment 18.6 ± 13.9 29.3 ± 18.8
Posttreatment 19.6 ± 24.3 25.7 ± 13.0
Difference 1.2 ± 24.1 4.2 ± 17.0
𝑃
∗ 0.058 0.088

≥6 months
Pretreatment 13.9 ± 19.6 23.4 ± 14.0
Posttreatment 10.1 ± 9.7 18.0 ± 6.4
Difference† 4.9 ± 13.3 5.5 ± 12.4
𝑃
∗

<0.0001 0.002
Steroid

Combination
Pretreatment 16.5 ± 18.0 27.3 ± 18.0
Posttreatment 13.6 ± 15.6 22.0 ± 10.5
Difference 4.2 ± 18.7 5.4 ± 15.7
𝑃
∗ 0.0002 0.001

Without combination
Pretreatment 15.5 ± 12.1 22.7 ± 9.3
Posttreatment 20.5 ± 30.9 20.9 ± 13.2
Difference −2.8 ± 22.3 2.1 ± 9.0
𝑃
∗ 0.153 0.275

∗
𝑃 value represents difference from pretreatment value to posttreatment value within each group.
∗∗
𝑃 value represents difference of treatment outcome by prevalence duration.
†Posttreatment value − pretreatment value.

subjects, or young versus adults) or on patients with disease;
or the inability to control parameters (gonadal function,
parathyroid function, vitamin D status, etc.) that per se
influence turnover [27].

Overall, these clinical data suggest that the combination
treatment with bortezomib and steroid could rearrange the
metabolic balance between osteoblast and osteoclast activi-
ties in PCM and the effects of corticosteroid predominate in

inhibiting bone formation. Bortezomib appears to dominate
in inhibiting bone resorption, while the effect of steroid is
minimal in the inhibition of bone resorption.
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p53 abnormalities are regarded as an independent prognostic marker in multiple myeloma. Patients harbouring this genetic
anomaly are commonly resistant to standard therapy.Thus, various p53 reactivating agents have been developed in order to restore
its tumour suppressive abilities. Small molecular compounds, especially, have gained popularity in its efficacy against myeloma
cells. For instance, promising preclinical results have steered both nutlin-3 and PRIMA-1 into phase I/II clinical trials. This review
summarizes differentmodes of p53 inactivation inmyeloma and highlights the current p53-based therapies that are being utilized in
the clinic. Finally, we discuss the potential and promise that the novel small molecules possess for clinical application in improving
the treatment outcome of myeloma.

1. Introduction

Located at the chromosome 17p13.1, TP53 encodes for p53
tumor suppressor protein. Deemed the guardian of the
genome, p53 safeguards the integrity of the genome and
ensures that the tissue homeostasis is kept in check. Under
normal physiological conditions, cellular p53 is expressed
at low levels, thereby turning off the activity of p53 net-
work. With stress induction, p53 is stabilized by means of
posttranslationalmodifications, such as phosphorylation and
acetylation [1, 2]. The subsequent accumulation of p53 in the
nucleus ultimately results in the massive activation of the
downstream signaling, whereby a range of diverse antipro-
liferation and proapoptotic genes are actively transcribed
by the p53 transcription factor. These genes mediate tumor
suppressive mechanisms such as the cell cycle arrest (p21,
Gadd45, 14-3-3𝜎), senescence (p21), apoptosis (Bax, PUMA,
Noxa), and inhibition of angiogenesis (TSP1, maspin) [1, 2].

Thirty years of intensive research on p53 have yielded
significant understanding of its structure and basic functions.
The high percentage of patients with p53 germline mutations
succumbing to a wide range of cancer in Li-Fraumeni
syndrome [3] is a testament of p53 being a critical tumor

suppressor gene. Furthermore, the importance of p53 as
a tumor suppressor is underscored by the fact that it is
mutated in approximately 50% of human cancer [1, 2, 4, 5]. In
contrast to all other types of human cancer, p53 abnormalities
in hematological malignancies are uncommon events. This
review summarizes the current knowledge about the p53
abnormalities in multiple myeloma (MM) and discusses the
current and potential therapeutics targeting p53 abnormali-
ties in this disease.

2. p53 Abnormalities in Multiple Myeloma

In MM, mutation of p53 gene is a rare occurrence at diagno-
sis; however, the incidence increases as the stage of disease
advances, suggesting its essential role in disease progression
[6–8]. Overall, p53 mutations were found to occur in about
3% of newly diagnosed patients [6–9]. The next generation
sequencing methods that were recently employed into p53
mutational studies have also recapitulated low incidence
rate of p53 mutations in MM [6, 7]. Nonetheless, it is
often associated with poor prognosis and accounts for a
significantly low survival rate [6, 8].
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Deletion of chromosome 17p13 region, which contains
the p53 gene locus, is a recurrent cytogenetic abnormality
in MM and has been associated with less favorable outcome
[6–11]. p53 deletion which was found to be predominantly
monoallelic has a reported incidence rate ranging from 10% to
34% of the cases [6, 8, 12, 13]. In particular, this chromosomal
abnormality was identified as one of the few factors that
defined high risk and poor prognosis in MM [14]. In line
with this, p53 deletion has been reported as an important
factor associated with resistance to chemotherapy [15]. Fur-
thermore, Chang et al. reported that myeloma patients with
central nervous system involvement were found to have
p53 deletion and this finding may suggest the association
of this genetic abnormality with metastatic properties of
myeloma cells [16]. Consistently, Elnenaei et al. and Billecke
et al. also reported a higher percentage of patients with
p53 deletions being in MM stage IIIb or having plasma cell
leukemia, with advanced stage of organ infiltrations [15, 17].
Moreover, another recent study has also reported more rapid
progression of MM to plasma cell leukemia in 17p13(del)
cases as compared to patients without this abnormality [18].
Essentially, loss of p53 has also been reported to be important
in the progression of MM which involved reprogramming
of the hematopoietic progenitor cells to malignant plasma
cells [19].Therefore, these reports collectively highlighted the
critical value of p53 deletion in the pathogenesis of MM.

Fifty percent of cancer harbours p53 mutations, while in
the remaining 50%, the wild type p53 is deemed to lose its
function via various mechanisms that affect the expression
and activity of p53. The main inhibition mechanism of p53
has been described to be the amplification or overexpression
of its negative regulator mouse double minute 2 homolog
(MDM2). MDM2 is an E3 ubiquitin ligase which promotes
proteasomal degradation of p53 as well as inhibiting the
transactivation domain of the tumor suppressor protein [20–
23]. Under normal physiological conditions, p53 is a labile
protein with very short half-life ranging only from 5 to 30
minutes, owing to the incessant degradation by MDM2 [23].
Importantly, MDM2 itself is the product of a p53-inducible
gene. Thus, the two molecules interact with each other
through an autoregulatory negative feedback loop aimed at
maintaining low cellular p53 levels in the absence of stress.
Of importance, MDM2 has been found to be deregulated in
various types of cancers, including MM [24–27]. Deregula-
tion of MDM2 gene gives rise to the overexpression of its
protein, thereby increasing the turnover rate of p53, keeping
p53 level low at all times, and ultimately suppressing its tumor
suppressive actions. In particular, overexpression of MDM2
was shown to be essential in promoting both the entry into
cell cycle and tumor cell survival in myeloma cells [27].

MDM4, a homolog ofMDM2, does not have E3 ubiquitin
ligase activity but inactivates p53 by binding to and inhibiting
the transactivation domain of p53. Due to its essential role
in inactivating p53, MDM4 dysregulation in cancer has also
been receiving important attention lately [24, 25]. In fact,
MDM4 was said to enhance the E3 ligase activity of MDM2
and to increase p53 proteasomal degradation rate [21, 24].
This genetic abnormality is also relevant in the perspective
of MM because amplification of chromosome 1q, a region

at which the MDM4 gene resides, has been established as
an independent and significant prognostic factor [28, 29].
Indeed, patients harbouring this abnormality are categorized
in the subgroup of high risk MM [29].

On top of that, epigenetic regulation of TP53 is also a
subject of intense research of late. Deregulation of miRNAs
in cancer is being rigorously explored and this has led to
the hypothesis of the role of this group of noncoding genes
in the pathogenesis of MM [30, 31]. miRNAs are a set of
noncoding RNA sequence of 19 to 25 nucleotides that play
a major role in regulating gene expression by degrading its
target coding mRNA and by repressing protein translation
throughpartial or complete base pairing to its complimentary
sites on target mRNA [31]. miR-125b and miR-504 were
described as bona fide negative regulators of p53 in human
cell lines [32, 33]. Importantly in MM, studies on the miRNA
regulation on p53 expression have identified that both miR-
25 andmiR-30d directly target the 3-UTR of p53 mRNA and
subsequently result in the decrease of p53 protein expression,
depletion of the apoptosis response rate, and diminishment
of cellular senescence [34]. Introduction of the inhibitors
of miR-25 and miR-30d to a human myeloma cell line,
NCI-H929, in turn increased the endogenous level of p53
protein, accompanied by the upregulation of proapoptotic
gene PUMA and ultimately the increase of apoptosis [34].

In addition, epigenetic factors are also possible regulators
of the expression and the activity of p53. For instance, the
deregulation of p14ARF has been reported to be responsible
in abolishing the integrity of the p53 pathway [35]. ARF
has an essential role in downregulating the expression of
MDM2, thereby reinstating the stability of p53 which then
leads to the activation of its downstream pathway [2].
Hypermethylation of p14ARF has been described in various
tumors [2, 36, 37] and more relevantly for this review, this
epigenetic abnormality has been reported in MGUS and
MM samples [38]. This finding reflects a situation where
p14ARF hypermethylation occurs as an early event during the
pathogenesis and development of MM.

Hypermethylation of the promoter region of TP53 gene
itself has also been demonstrated in human myeloma cell
lines [39, 40]. Reversal of this epigenetic alteration by
zebularine (DNA methyltransferase inhibitor) restored the
expression of p53 in the cells followed by decreased cell
viability and increased apoptosis [39, 40].

Collectively, these findings describe the diverse mecha-
nisms of p53 inactivation in multiple myeloma.

3. p53 Reactivating Agents in
Cancer and Myeloma

Due to the fact that p53 is the nexus of various tumor
suppressive pathways, it is imperative to study the means of
reactivating or restoring p53 functions in human cancer in
order to revert or rescue cells from resistance towards stan-
dard chemotherapeutic treatments. In fact, many anticancer
drugs induce apoptosis throughmultiple pathways that are at
least in part dependent upon functional p53 activation. In the
late 1980s and early 1990s, the introduction of wild type p53
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gene into a variety of human tumor cells has shown induction
of efficient growth inhibition and apoptosis [41]. In line
with this, multiple efforts have been channeled into research
for effective p53-based therapy. In fact, p53 gene therapy
(Gendicine) has been approved as the standard treatment for
a number of cancers in China [41].

In myeloma, a preclinical study demonstrated that ade-
novirus mediated delivery of wild type p53 could potently
induce apoptosis in myeloma cells while sparing the nor-
mal hematopoietic cells and normal lymphocytes [42]. Fur-
thermore, when p53 was ectopically reexpressed in human
myeloma cell lines that are absent of p53 expression, a
reduction in cell viability, with increased rate of apoptosis and
cell cycle arrest, was observed [13]. These findings suggest
that functional p53 pathways have a therapeutic effect on
MM. Therefore, various drugs have been developed with
this purpose of p53 pathway reactivation. The following
section briefly describes the current p53-based antimyeloma
therapies that are being administered in the clinic.

3.1. Current p53-Based AntimyelomaTherapy

3.1.1. Chemotherapy. The use of conventional or high-dose
chemotherapy has been a long-standing approach to treat
MM patients. First line therapy for eligible patients remains
autologous stem cell transplantation following high-dose
chemotherapy.This is often preceded by induction therapy to
decrease tumor load by utilizing a combination of treatments
that often include chemotherapeutic agents such as alkylating
compounds [43]. In relapsed or chemoresistant cases, com-
bination chemotherapy is used as salvage therapy [44]. The
most commonly prescribed chemotherapeutic drugs are as
follows: melphalan, dexamethasone, prednisone, and etopo-
side [44]. Chemotherapy is useful in MM and other cancers
due to its efficiency in killing malignant cells via a genotoxic
mechanism.Themajority of traditional chemotherapy agents
target fast-growing tumor cells based on the notion that
cancer cells are rapidly dividing and, therefore, are more
sensitive to drugs that affect DNA replication. Bymechanism,
chemotherapy drugs potently induce DNA damage in cancer
cells, thereby activating the p53 pathway which ultimately
manifests as cell death [1, 2].The importance of p53 in execut-
ing cytotoxicity is attested by the finding that p53 mutation
and deletion conferred chemoresistance and significantly
unfavorable outcome [6, 15]. In view of the mechanism of
action of these genotoxic drugs targeting highly dividing cells,
normal host cells that are rapidly growing are also damaged
in the treatment process.

3.1.2. Proteasome Inhibitors. Bortezomibwas approved by the
Food and Drug Administration (FDA) for MM treatment
in 2008 [44]. Bortezomib belongs to a class of proteasome
inhibitor. 26S proteasome is an enzyme complex located in
the cytoplasm and nucleus of cells that degrades unneeded,
damaged, or misfolded proteins that have been polyubiquiti-
nated by E1, E2, and E3 ubiquitin ligases [45]. As mentioned
in the earlier section, MDM2 is an E3 ubiquitin ligase that
induces polyubiquitination of p53 protein and subsequently

promotes its proteolytic degradation in the 26S proteasome
complex, thereby keeping basal expression of p53 at bay under
normal conditions [41, 46, 47]. In MM, overexpression of
MDM2 will lead to a high production of polyubiquitinated
p53 ready proteasomal degradation. In this instance, borte-
zomib was developed to rescue this mechanism by inhibiting
and blocking the actions of proteasome, thus preventing p53
from being degraded [48–50]. Proteasome inhibition stabi-
lizes p53 itself and its downstream targets such as p21 andBax,
resulting in halting of cell cycle progression and, ultimately,
apoptosis [48–50]. Promising results arising from clinical
trials have brought bortezomib into the clinic [51, 52]. The
emergence of bortezomib represented a paradigm shift in the
treatment of myeloma and has brought improved outcome
and longer survival of MM patients [53]. Indeed, in MM
patients, including both newly diagnosed and relapsed or
refractory cases, bortezomib treatment demonstrated good
efficacy with response rate (partial and complete response)
ranging from 35% to as high as 80% [51–54]. However,
like any other antimyeloma drug in the clinic, resistance
towards bortezomib remains inevitable. Nearly a third ofMM
patients never respond to this drug treatment and those who
responded initially developed resistance over time.

3.2. Potential Therapeutics Targeting p53. Despite the intro-
duction of bortezomib shifting the paradigm of MM treat-
ment, the disease remains incurable and resistance towards
this remarkable drug still arises. Given this situation, novel
therapeutics targeting the critical p53 pathway is of utmost
importance in order to reactivate the tumor suppressor
network to execute apoptosis, in the hope of improving
the treatment outcome in MM. In view of this, novel p53-
reactivating agents have been developed and these agents are
relevant to the nature and pathology of MM. The following
describes these p53-reactivating drugs and the potential they
hold for clinical applications. Figure 1 depicts the mechanism
of actions these drugs undertake in their course to reactivate
the p53 pathway.

3.2.1. Inhibitors of p53-MDM2 Interaction. Due to the fact
that newly diagnosed cases of MM are often presented
with wild type p53, therapeutic induction of p53 is an
attractive potential treatment strategy for this disease. The
conventional way of inactivating wild type p53 is through
deregulation/overexpression of MDM2, which inhibits the
transcriptional activity of p53 as well as increasing the rate
of the p53 degradation. In view of this, the development of
drugs to reactivate wild type p53 has focused on developing
small molecule inhibitors to the MDM2-p53 complex.

(i) Nutlin.The first reported and themost well studiedMDM2
inhibitor is the nutlins [29, 41]. Nutlins are a group of cis-
imidazole analogs with high affinity for the p53-binding
pocket on the amino terminal of MDM2 [56]. Nutlin was
shown to resemble three important residues (Phe19, Trp23,
and Leu26) on the transactivation domain of p53 that are
critical for MDM2 binding [56]. In other words, nutlin
competitively displaces p53 from the binding on MDM2 and
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Figure 1: Schematic representation of mechanism of action of small molecules targeting p53 abnormalities. Simplified from [55].

effectively causes the stabilization of p53. Accumulation of
p53 protein subsequently leads to its downstream pathway
activation in cancer cells with wild type p53.

Because MDM2 inhibitors depend on p53 activation in
cells expressing wild type p53, hematological malignancies
that mostly retain wild type genotype of TP53 are potential
attractive targets for MDM2 inhibitor-based therapy. Nutlin-
3 has been shown to be a potent inducer of apoptosis in cell
lines deriving from hematological malignancies, including
MM, ALL, AML, CLL, and Hodgkin’s lymphoma [57, 58]. In
MM, nutlin-3 demonstrated potent antimyeloma activity in
MMcell lines, primaryMMpatient samples, as well as inMM
cells grown in the bone marrow microenvironment [58, 59].
It was shown to reactivate the p53 pathway of the cells with
wild type p53 by inducing the transcription of its downstream
targets, p21 and MDM2, alongside the proapoptotic genes,
PUMA, Bax, and Bak, which subsequently triggered cell
death [58, 59]. This effect was observed specifically only
in wild type but not in mutant p53 cells [58, 59]. The
molecular mechanisms behind nutlin-induced apoptosis in
MM were associated with both p53-transcription dependent
and independent pathways [59]. Imperatively, nutlin was
found to be lacking toxicity towards normal bone marrow
hematopoietic cells [58]. In fact, this drug was demonstrated
to have antigrowth instead of apoptosis-inducing effects
on the normal hematopoietic stem cells [58]. This finding
implicates the efficiency of nutlin acting as a nongenotoxic
drug, killing myeloma cells while sparing normal host cells.

Furthermore, nutlin displayed wide synergy with various
conventional chemotherapeutic drugs, namely, melphalan,
etoposide, and velcade [58, 60, 61]. Taken together, these
studies support the usage of nutlin as a novel treatment for
MM either as a single agent or in combination with cytotoxic
drugs. Nutlin could be utilized as a prechemotherapy agent
in order to halt the growth of normal host cells, and sub-
sequently standard and conventional chemotherapy drugs
may be administered to induce cytotoxic death only to the
cancerous cells. This strategy can be employed to minimize
the chemotherapy-induced toxicity in normal dividing and
growing cells, while concurrently tapering the high doses of
cytotoxic chemotherapy.

Asmentioned earlier,monoallelic deletion of p53with the
remaining allele being a wild type is a recurrent cytogenetic
abnormality in MM patients and this group of patients often
suffers from poor prognosis. It still remains inconclusive
whether the single allele of wild type p53 in MM cells is
actually still functional or is able to be reactivated by a
nongenotoxic agent such as nutlin-3. Our lab has shown that,
in WT/- cases with high p53 expression, nutlin-3 was able to
induce a functional p53 pathway, but with a compromised
activity compared to the WT/WT cells, whereas in WT/-
cases with low or zero p53 expression, nutlin-3 showed no
efficacy. The findings indicate a haploinsufficient activity of
p53 in myeloma (P.J. Teoh et al. Leukemia in Press [62]).

The current evidence holds a lot of promise for nutlin-
3 to be translated into the clinic as a treatment for MM
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with wild type p53. However, it must be kept in mind that
sporadic mutations of p53 could arise from selective pressure
in the cells upon prolonged nutlin treatment, rendering
a state of resistance towards the drug [63]. Furthermore,
overexpression of MDM4 (MDM2 homolog), another potent
p53 negative regulator, could also bring about nutlin resis-
tance. This follows the mechanism by which the freed p53
from MDM2 control could very possibly be in turn bound
and inactivated by the high levels of MDM4. In fact, cells
overexpressing MDM4 showed a decreased nutlin efficacy
of inducing p53 activity, whereas silencing of the former
enhanced the efficiency of nutlin in inducing apoptosis [64].
Even though MDM4 overexpression in MM is rare, its locus
on chromosome 1q is frequently amplified [28]; thus it would
be important not to rule out the possibility of nutlin resis-
tance arising from this genetic deregulation. These findings
also suggest the importance of designing small-molecule
inhibitors of the MDM4-p53 interaction, or preferably, a
dual inhibitor of both MDM2-p53/MDM4-p53 interactions
to completely reactivate p53.

(ii) RITA (Reactivation of p53 and Induction of Tumor Cell
Apoptosis). RITA is a small molecule compound identified in
a cell-based screen. It has a reversed mechanism from nutlin,
whereby RITA binds to the amino terminal on p53 domain
instead of on MDM2 protein.This binding causes conforma-
tional changes of p53 that reduces the p53-MDM2 interaction
and hence decreases p53 ubiquitination which then leads
to p53 accumulation, MDM2 downregulation, and p53-
dependent apoptotic pathway induction [65]. Antimyeloma
activity of RITA was first described in 2010 by Saha et al. by
demonstrating that RITA also potently activates p53 pathway
and showed efficient killing of myeloma cells with wild type
p53, just like nutlin-3. Further validating the in vitro findings,
mouse xenograft models of MM which were subjected to
RITA treatment displayed tumor regression and lengthened
survival [66].

The efficiency of RITA as an antimyeloma agent was
further strengthened when RITA was found to be able to
overcome resistance of MM cells towards MDM2 inhibitors
such as nutlin-3 and MI-63 [67]. In this instance, RITA
potently induced cell cycle arrest and apoptosis in resistant
cells which were found to harbor p53 mutations after pro-
longed exposure to both nutlin-3 and MI-63 [67]. This piece
of data suggests that RITA may very well possess a p53-
independent role in exerting its antimyeloma activity. In line
with this, another earlier study has reported a novel function
of this compound in apoptotic signaling. Besides activating
the p53 pathway, JNK signaling was also found to be induced
upon RITA treatment, suggesting that this compound may
function as a multitarget molecule [66]. Future investigations
are needed to decipher this issue.

The clinical translation of RITA as an antimyeloma agent
was further highlighted by its synergistic relationship with
nutlin in inhibiting the growth and killing of MM cells [65].

(iii) Other Small Molecules Inhibitors of p53-MDM2. The
importance of MDM2 inhibitors in hematological malig-
nancies was emphasized when these compounds, MI-63,

MI-219, and MI-319, showed preclinical efficacies [57]. Like
nutlin, these MI compounds also bind to the p53 pocket on
the surface of MDM2 only in cells with wild type p53 to
reactivate the tumor suppressor pathway. MI-219 was shown
to be effective in inducing apoptosis in p53 wild type cells
of solid tumors originating from breast, colon, and prostate
[41, 68]. The efficacy of MI-219 in hematological malignancy
was evidenced when it was demonstrated to enhance the
rate of MDM2 autoubiquitination, thereby increasing the
degradation of this p53 negative regulator [69]. On the
other hand, MI-319, which is a more potent derivative of
MI-219, was found to be effective against another form of
blood cancer, follicular lymphoma, with in vitro and in vivo
evidence of reactivation of the p53 pathway [70]. These
results suggest that the MI compounds could potentially be
promising in myeloma although preclinical data is yet to be
established.

3.2.2. Reactivation of p53 Mutants

(i) PRIMA-1 (p53 Reactivation and Induction of Massive
Apoptosis). p53 mutations are often associated with resis-
tance to chemotherapy treatment in cancer [6, 15]. These
findings, together with the evidence that mutant p53 is
often expressed at high levels, render mutant p53 as an
important study target for cancer therapy. In view of this,
p53 mutant reactivating agents have been developed. One
such agent is the PRIMA-1. PRIMA-1 is a small molecule
drug that reactivates mutant p53 by restoring its wild type
conformation and transcriptional functions, consequently
triggering massive apoptosis in tumor cells carrying mutant
p53. Investigations into the molecular mechanism of the
drug demonstrated that PRIMA-1 is converted into a by-
product (methylene quinuclidinone) that forms adducts with
thiols in mutant p53 [71]. This covalent modification of the
mutant protein is sufficient to restore its binding ability to
its transcriptional targets [71]. Since mutant p53 is often
overexpressed in cancer cells, the restoration of wild type
function in these high numbers ofmutants ultimately triggers
massive apoptosis, rendering this drug to be a highly effective
anticancer strategy.

PRIMA-1 has been shown to have good efficacy against
various types of solid cancer cells, namely, breast cancer [72],
small cell lung carcinoma [73], and thyroid cancer [74]. This
drug was able to reactivate the p53 pathway by inducing the
transcription of various downstream targets (p21, MDM2,
and Bax) and a consequent mutant-p53-dependent apoptosis
[75]. It has also been shown that this drug has good antitumor
effects at the in vivo level, whereby it potently inhibits the
growth of tumor in human tumor xenograft model [73,
76]. PRIMA-1 was also shown to synergize with various
chemotherapeutic agents to induce cancer cell death [77–
79]. Due to its promising anticancer properties, PRIMA-
1Met/APR246, amore potent derivative of the first generation
drug, was developed and is currently in phase I/II clinical
trials [80].

The potency of PRIMA-1 in hematological malignancies
came to light when it was found to have an antileukemic
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effect in CLL and AML cells [78, 81]. Interestingly, it was
found to be more cytotoxic to AML cell with hemizygous p53
deletion [81]. However, there is still very little information
reporting antimyeloma activity of PRIMA-1 until recently it
was shown to induce apoptosis in several human myeloma
cell lines tested, irrespective of their p53 status [79]. Further
investigation demonstrated that PRIMA toxicity was actually
mediated by p73 (the p53 subfamily member) and Noxa [79].
This interesting finding denotes that the drug could be a
versatile agent in treating MM patients with or without p53
abnormalities. Preliminary studies in our lab have revealed
a p53-independent mechanism of PRIMA-1 in myeloma cell
lines, consistent with the findings reported by Saha et al.
[79]. Importantly, we also found that cell lines with no p53
expression were particularly more sensitive to the drug and
when the response was further probed and elucidated, we
found that the activation of the endoplasmic reticulum stress
pathway seems to be themechanism behind PRIMA-induced
apoptosis. In fact Lambert et al. once reported that treatment
of human sarcoma cell lines by PRIMA-1 induces multiple
signaling pathways that eventually converge on a common
apoptosis route, and ER stress was noted to be increased in
response to the drug treatment as well [82]. This interesting
finding calls for a more in-depth study to explore the drug
efficacy, including its functional and biochemical effects in
myeloma.

(ii) MIRA-1. MIRA-1, structurally distinct from PRIMA-1, is
a maleimide compound that targets mutant p53 with higher
potency than PRIMA-1 [83]. MIRA-1 was described to shift
the equilibrium between the native and unfolded confor-
mation of p53 towards the native conformation, leading to
restoration of p53-mediated transactivation of target genes
and induction of apoptosis in a mutant-p53-dependent man-
ner [83]. First investigation of MIRA-1 in multiple myeloma
was conducted by Saha et al. whereby, with resemblance to
PRIMA-1 treatment, MIRA-1 showed antimyeloma activity
independently of p53 status [57].

3.2.3. Drug Combinations. Since drug resistance is ubiq-
uitous in multiple myeloma, drug combination has been
employed as a treatment regime to improve the treatment
outcome. For instance, nutlin-3 has been shown to act
in concert with various conventional chemotherapeutics to
activate p53, in efforts to improve the treatment efficacy
and reduce the collateral damage caused by chemotherapy.
Nutlin-3was reported to induce growth arrest in normal cells,
and upon removal of the drug, cell cycle resumes [84]. As
chemotherapy targets actively dividing cells, this mechanism
of nutlin can be exploited to halt the growth of normal cells,
preventing the toxicity caused by subsequent administration
of chemotherapy. Table 1 summarizes the combination thera-
pies that have been reported to be effective in killingmyeloma
cells. The nongenotoxic small molecular agents, nutlin-3 and
PRIMA-1, were shown to exert synergistic effects with a
wide variety of chemotherapeutics. This indicates potential
therapeutic efficacy utilizing these small molecules in the
treatment of chemorefractory myeloma patients.

Table 1: Synergistic response of small molecules with various
anticancer agents.

Drug Synergistic drug Target Reference
Nutlin Melphalan WT p53, MDM2 [58]
Nutlin Etoposide WT p53, MDM2 [58]
Nutlin Bortezomib WT p53, MDM2 [60, 61]
Nutlin Lexatumumab WT p53, MDM2, DR5 [85]
Nutlin RITA WT p53, MDM2 [65]
RITA MI-63 WT p53, mutant p53 [67]
PRIMA-1 Dexamethasone p53-independent [79]
PRIMA-1 Doxorubicin p53-independent [79]

4. Conclusion and Future Directions

As p53 is the bridging point of apoptotic mechanisms,
reactivation of the p53 pathway itself confers an excellent
therapeutic approach in treating cancer. The current per-
spective points towards the importance of utilizing small
molecular agents to reactivate the wild type p53 or to restore
the transcriptional activities of the mutant p53. Even though
each agent on its own was reported to show potent in vitro
and in vivo antimyeloma effects, promising results arising
from drug combinations suggest that combined use is a more
attractive therapeutic option. The fact that p53-independent
activities are involved in the drug mechanisms denotes that
further investigations in this aspect are strongly called for so
that we could fully utilize the versatility of the drug while
maximizing its killing capacity. Of course, understanding the
precise mechanism of action of these drugs would also aid in
the future design of a novel and improved compound for the
treatment of multiple myeloma.
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We evaluated the association between the expression of myeloid antigens on neoplastic plasma cells and patient prognosis. The
expression status of CD13, CD19, CD20, CD33, CD38, CD56, and CD117 was analyzed on myeloma cells from 55 newly diagnosed
patients, including 36men (65%), ofmedian age 61 years (range: 38–78). Analyzed clinical characteristics and laboratory parameters
were as follows: serum 𝛽2-microglobulin, lactate dehydrogenase, calcium, albumin, hemoglobin, serum creatinine concentrations,
bone marrow histology, and cytogenetic findings. CD13+ and CD33+ were detected in 53% and 18%, respectively. Serum calcium
(𝑃 = 0.049) and LDH (𝑃 = 0.018) concentrations were significantly higher and morphologic subtype of immature or plasmablastic
was more frequent in CD33+ than in CD33− patients (𝑃 = 0.022). CD33 and CD13 expression demonstrate a potential prognostic
impact and were associated with lower overall survival (OS; 𝑃 = 0.001 and 𝑃 = 0.025) in Kaplan-Meier analysis. Multivariate
analysis showed that CD33 was independently prognostic of shorter progression free survival (PFS; 𝑃 = 0.037) and OS (𝑃 = 0.001)
with correction of clinical prognostic factors. This study showed that CD13 and CD33 expression associated with poor prognosis
in patients with MM implicating the need of analysis of these markers in MM diagnosis.

1. Introduction

Flow cytometry (FCM) is widely used for the diagnosis
and monitoring of hematological disorders, such as acute
leukemias or lymphomas, in order to detect and characterize
abnormal compartments or to enumerate rare events [1].
Flow cytometric analysis of neoplastic plasma cells in patients
diagnosed with multiple myeloma (MM) can distinguish
clonal cell populations and can be used to determine the
numbers of neoplastic cells and to monitor residual disease
during treatment [2].

In plasma cells, aberrant expression of CD56 and
CD28 but lack of CD19 and CD27 showed the associa-
tion with malignancy [3]. Downregulation of CD56 and
a higher expression of CD44 have been associated with
extramedullary spreading ofmalignant plasma cells [4, 5] and
expression of CD28 has been related to disease activity [6, 7].
Thoughmany studies have reported the associations between
the expression of several antigens, including CD19, CD28,
CD56, andCD117, and patient prognosis [8–10], no consensus
has been reached regarding the expression status of antigens
and their clinical relevance. Here we evaluated the impact of
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antigen expression of neoplastic plasma cells on survival of
patients diagnosed with MM.

2. Materials and Methods

Bonemarrow (BM) aspiration sampleswere obtained from55
patients newly diagnosed with MM from November 2007 to
March 2013. Flow cytometric analyses perfomed in condition
of plasma cells over 5% in the specimens.Whole erythrocyte-
lysed BM samples were stained using the following four-
color combinations of antibodies (FITC/PE/PerCP/APC):
CD19/CD117/CD138/CD45, CD20/CD33/CD138/CD45, CD-
38/CD13/CD138/CD45, -/CD56/CD138/CD45, and cyto-
Kappa/cyto-Lambda/CD138/CD45. Antibody combinations
were changed once from anti-CD38/CD13/CD138/CD45 to
anti-CD38/CD28/CD138/CD45 during the study period. To
assess antigens expression an aliquot of approximately 1 × 106
cells was labeled with preconjugated monoclonal antibodies
in accordance with the manufacturer’s recommendations
(BD Biosciences, USA). The cells were then washed with
phosphate buffered saline (PBS). For CD138 gating, at least
1 × 103 events per tube were acquired. Analyses were carried
out using the FACS Diva software (BD Biosciences). Cells
were also incubated with irrelevant isotype-matched anti-
bodies to determine background fluorescence. Side scatter
and high level expression of CD138 were used to gate each
preparation of plasma cells. CD138 gated cells from patients
with MM were retrospectively defined as neoplastic plasma
cells when it was diagnosed as monoclonal gammopathy
on serum and/or urine electrophoresis and light chain
restriction on immunohistochemical staining of BM biopsy
section. Positivity for antigen expression on flow cytometry
was defined as staining of >20% of the cells.

Patient characteristics were retrospectively evaluated,
including laboratory parameters including serum 𝛽2-mic-
roglobulin, calcium, albumin, hemoglobin, lactate dehy-
drogenase (LDH), serum creatinine concentrations, and
immunoglobulin type of monoclonal protein. Fifty-five
patients with MM were analyzed, 36 males (65%) and 19
females (35%), of median age 61 years (range: 38–78 years)
(Table 1). BM histologic findings were classified as mature
(𝑛 = 39), immature (𝑛 = 9), plasmablastic (𝑛 = 2), or
pleomorphic (𝑛 = 5) myeloma cell types. Infiltration was
categorized by interstitial (𝑛 = 16), focal (𝑛 = 3), or diffuse
(𝑛 = 36) pattern. The FISH panels included p53 (17p13), Rb1
(13q14), IGH/FGFR t(4;14), and trisomy 1q (1q21). Cytogenetic
abnormalities of t(4;14) or del(17p) were designated as high
risk [11].

The initial treatment regimen consisted of including
thalidomide and dexamethasone (57%), bortezomib (19%),
combination of thalidomide and bortezomib (6%), lenalido-
mide (4%), and others (14%). Autologous peripheral blood
stem cell transplantation (PBSCT) was performed in 33%
of patients. Stage was classified by the international staging
system and Durie-Salmon staging system [12, 13]. Risk
group and disease progression were defined according to
the International Myeloma Working Group (IMWG) risk
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Figure 1: Frequency of antigen expression in patients newly diag-
nosed with multiple myeloma. CD56 and CD13 were the most
common aberrant antigens in neoplastic plasma cells (56% and 53%,
resp.), followed by CD33, CD117, and CD20. CD13 and CD33, the
traditional myeloid markers, showed relatively high prevalence.

stratification and response criteria for MM, respectively [14,
15].

Progression-free survival (PFS) was calculated from the
date of diagnosis to the date of relapse, disease progression, or
death from any cause. Overall survival (OS) was calculated as
the time from the date of diagnosis to death from any cause.
PFS and OS were determined by the Kaplan-Meier method
and log-rank test. Continuous variables were compared using
independent t-tests or Mann-Whitney tests and categorical
variables using Pearson chi-square or Fisher’s exact tests.
Multivariate analysis was performed using Cox regression
analysis. Data were analyzed using SPSS 21 software (IBM
Corp. 2012, IBM SPSS Statistics, version 21.0, Armonk, NY).
This study was approved by the institutional review board of
National Cancer Center of Korea (NCCNCS-13-774).

3. Results

The expression of CD38 was detected in 85% of cases (47
of 55) in CD138+ gated plasma cells. The expression of
CD56, amarker involved in anchoring plasma cells to stromal
structures, was found in 56% of cases (31 of 55). CD13 and
CD33, the markers of myeloid lineage, were detected in
53% (20 of 38) and 18% (10 of 55) of cases, respectively.
CD117, a tyrosine kinase receptor was detected in 9% (5 of
54). CD20, an antigen associated with the early stages of B-
cell maturation, was detected in only 6% (3 of 55) of cases
(Figure 1).

CD33 positivity was significantly associated with higher
serum calcium (𝑃 = 0.049) and LDH (𝑃 = 0.018) concen-
trations (Table 2).Moreover, immature and plasmablastic cell
type was more frequently observed in CD33+ than CD33−
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Table 1: Clinical characteristics of the 55 patients with multiple myeloma.

Characteristics Number (%) or median (range)
Number of patients 55
Age 61 (38–78)
Gender (male : female) 36 : 19 (65 : 35)
Durie-Salmon stage (I : II : III) 5 : 10 : 40 (9 : 18 : 73)
ISS stage (I : II : III) 22 : 18 : 15 (40 : 33 : 27)
Calcium (mg/dL) 9.1 (7.2–13.0)
Creatinine (mg/dL) 1.2 (0.7–3.9)
Albumin (mg/dL) 4.0 (2.3–4.9)
𝛽2-Microglobulin (mg/dL) 3.8 (1.6–19.0)
Hemoglobin (g/dL) 10.3 (6.0–16.2)
Lactate dehydrogenase (U/L) 167 (79–1832)
C-reactive protein (mg/dL) 0.27 (0–10.01)
IgG : IgA : IgM : IgD : IgE : light∗ : biclonal 33 : 11 : 0 : 0 : 0 : 9 : 2 (60 : 20 : 0 : 0 : 0 : 16 : 4)
Kappa : Lambda (electrophoresis) 23 : 22† (51 : 49)
Plasma cell type

Mature 39 (71)
Immature 9 (16)
Plasmablastic 2 (4)
Pleomorphic 5 (9)

Infiltration pattern
Interstitial 16 (29)
Focal 3 (5)
Diffuse 36 (66)

Frequency of CD138-positive cells on biopsy‡ 80 (10–100)
Cytogenetics (FISH)

1q gain† 21/47 (45)
13q deletion† 19/47 (40)
t(4;14)† 8/48 (17)
17p deletion† 2/41 (5)

ISS: international staging system; FISH: fluorescent in situ hybridization; ∗light chain type; †absent values due to tests not done; the percentages are calculated
based on the number of tests completed; ‡immunohistochemical stain on bone marrow biopsy.

patients (𝑃 = 0.022). CD13 expression did not show the
association with clinical characteristics except infiltration
pattern (𝑃 = 0.046). High risk cytogenetics, IMWG risk
stratification, ISS stage, or Durie-Salmon stage has no signif-
icant difference in expression of myeloid antigens. Univariate
analysis showed that CD13 positivity (𝑃 = 0.008), 𝛽2-
microglobulin > 3.5mg/dL (𝑃 = 0.003), and LDH > 202U/L
(𝑃 = 0.007) were significantly associated with shorter PFS.
In addition, CD13 positivity (𝑃 = 0.025), CD33 positivity
(𝑃 = 0.001), 𝛽2-microglobulin > 3.5mg/dL (𝑃 = 0.007), and
LDH> 202U/L (𝑃 < 0.001) were significantly associatedwith
shorter OS.

The prognostic indicators found to be significant in
univariate analyses were included in multivariate analyses.
CD33 positivity was the factor independently prognostic for
OS (HR: 14.2, 95%CI: 3.3–61.8,𝑃 < 0.001).𝛽2-Microglobulin
> 3.5mg/dL was another independent prognostic factor
associated with PFS (HR: 6.93, 95% CI: 2.0–24.1, 𝑃 = 0.002)
(Table 3).

CD33 and CD13 expression were associated with lower
OS (𝑃 = 0.001 and 𝑃 = 0.025) at a median followup of
51 months. The estimated 2-year OS rate was significantly
lower in CD33+ than in CD33− patients (38% versus 78%,
𝑃 = 0.046) and CD13+ than in CD13− patients (55% versus
83%, 𝑃 = 0.046). PFS was significantly shorter in CD13+ than
CD13− patients (𝑃 = 0.008, Figure 2). Other antigens did not
influence OS or PFS as follows: CD56 (𝑃 = 0.252, 𝑃 = 0.417),
CD117 (𝑃 = 0.912, 𝑃 = 0.975), and CD20 (𝑃 = 0.679,
𝑃 = 0.253).

The numbers of patients with CD13+/CD33+, CD13+/
CD33−, CD13−/CD33+, andCD13−/CD33− groupswere 3, 17,
3, and 15, respectively, and the CD13+/CD33+ group showed
significantly shorter PFS andOS than other groups (Figure 3).

4. Discussion

This study showed myeloid antigens CD13 and CD33 were
associated with poor prognosis in MM patients. Univariate
analysis showed that both antigens were associated with
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Table 2: Comparison of clinical data in groups positive and negative for CD33 and CD13.

Clinical parameters

CD33
Mean or number (%)

CD13
Mean or number (%)

Negative
(𝑁 = 44)

Positive
(𝑁 = 10)

𝑃
Negative
(𝑁 = 18)

Positive
(𝑁 = 20)

𝑃

Age 61.2 61.1 0.978 61.9 60.4 0.688
Calcium (mg/dL) 9.03 9.78 0.049 9.03 9.60 0.145
Creatinine (mg/dL) 1.36 1.28 0.710 1.32 1.50 0.434
Albumin (mg/dL) 3.81 3.55 0.270 3.66 3.91 0.243
𝛽2-Microglobulin (mg/dL) 4.76 4.71 0.966 3.09 4.28 0.635
Hemoglobin (g/dL) 10.6 9.8 0.277 10.3 10.6 0.687
LDH (U/L) 172 369 0.018 140 302 0.078
Monoclonal heavy chain 0.793 0.454

IgG 24 (77) 7 (23) 12 (60) 8 (40)
IgA 10 (91) 1 (9) 2 (29) 5 (71)
IgD 3 (100) 0 (0) 1 (33) 2 (67)
Light chain only 7 (29) 2 (71) 3 (38) 5 (52)

Monoclonal light chain 0.603 0.207
Kappa 27 (82) 6 (18) 9 (39) 14 (61)
Lambda 17 (81) 4 (9) 9 (60) 6 (40)

BM aspirate plasma cell (%) 38 48 0.903 36 48 0.198
Plasma cell type 0.022 0.519

Mature 35 (90) 4 (10) 14 (54) 12 (46)
Immature 4 (50) 4 (50) 2 (29) 5 (71)
Plasmablastic 1 (50) 1 (50) 0 (0) 1 (100)
Pleomorphic 4 (80) 1 (20) 2 (50) 2 (50)

Infiltration pattern 0.487 0.046
Interstitial 14 (88) 2 (12) 5 (100) 0 (0)
Focal 2 (67) 1 (33) 1 (50) 1 (50)
Diffuse 28 (80) 7 (20) 12 (44) 15 (56)

Cytogenetics (FISH)‡

t(4;14) 7/40 1/4 0.566 3/18 4/19 0.532
1q amplification 14/39 4/7 0.258 6/18 9/19 0.297
13q deletion 14/39 4/7 0.258 5/18 8/19 0.286
17p deletion 2/33 0/7 0.677 0/15 2/15 0.241
Cytogenetic high risk group¶ 9/35 1/7 0.461 3/16 6/16 0.217

International staging system 0.742 0.647
Stage I 19 (86) 3 (14) 6 (43) 8 (57)
Stage II 14 (78) 4 (22) 6 (43) 8 (57)
Stage III 11 (79) 3 (21) 6 (60) 4 (40)

Durie-Salmon stage 0.753 0.766
Stage I 5 (100) 0 (0) 2 (67) 1 (33)
Stage II 9 (82) 2 (18) 3 (38) 5 (62)
Stage III 30 (77) 9 (23) 13 (48) 14 (52)

IMWG risk 0.867 0.791
Low 8 (82) 1 (18) 3 (60) 2 (40)
Standard 30 (79) 8 (21) 12 (46) 14 (54)
High 6 (86) 1 (14) 3 (43) 4 (47)
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Table 2: Continued.

Clinical parameters

CD33
Mean or number (%)

CD13
Mean or number (%)

Negative
(𝑁 = 44)

Positive
(𝑁 = 10)

𝑃
Negative
(𝑁 = 18)

Positive
(𝑁 = 20)

𝑃

IMWG response 0.742 0.698
Complete response 8 (80) 2 (20) 4 (50) 4 (50)
Very good partial response 6 (86) 1 (14) 2 (40) 3 (60)
Partial response 10 (83) 2 (17) 5 (71) 2 (29)
Stable disease 1 (50) 1 (50) 1 (100) 0 (0)
Progressive disease 5 (71) 2 (29) 3 (43) 4 (57)

BM: bone marrow; LDH: lactate dehydrogenase; IMWG: International Myeloma Working Group; ‡numbers of positive cases among FISH tests done;
percentages were not written because meanings were different from that of other parameters; ¶including t(4;14) or del(17p).

Table 3: Multivariate regression analysis of factors significantly associated with PFS and OS.

Variables PFS OS
HR 95% CI 𝑃 HR 95% CI 𝑃

CD13+ 3.46 0.8–14.8 0.093 2.77 0.4–17.7 0.283
CD33+ 3.86 1.1–13.7 0.037 13.8 3.1–61.3 0.001
𝛽2-Microglobulin > 3.5mg/dL 6.93 2.0–24.1 0.002 4.02 1.0–16.7 0.055
LDH > 202U/L 1.84 0.5–6.9 0.370 2.88 0.6–14.2 0.195
Age ≥ 65 years 0.40 1.1–0.1 0.076 1.50 0.5–4.6 0.481
t(4;14) 0.51 0.1–2.2 0.368 1.21 0.2–6.4 0.823
PFS: progression free survival; OS: overall survival; HR: hazard ratio; CI: confidence interval.

short OS; moreover multivariate analysis showed that CD33
expression was independent prognostic factor for poor prog-
nosis. Both CD13+/CD33+ group showed significantly short
OS and PFS and it suggests that expression of CD13 andCD33
has additive effect on unfavorable prognosis even though
each group was not big enough to conclude. Though CD33
expression on plasma cells showed significant difference in
OS, it did not show correlation with PFS. Since our study has
limitation which included several treatment regimens, PFS
which reflects more treatment response rather than biologic
entity of myeloma did not reached the significant level.

With correlation of clinical parameters, the previous
study has shown CD33 positivity was associated with
higher serum LDH and 𝛽2-microglobulin concentrations
and higher incidence rates of anemia or thrombocytopenia
[16], and this study showed a significant association between
CD33 positivity and higher serum LDH concentration (𝑃 =
0.018). For cytogenetic risk, there was the study showing
higher incidence of t(4;14) in CD33-positive patients [17];
however, the association with t(4;14) was not observed in our
study.

For mechanism of CD13 and CD33 in myeloma cells,
there was no suggested pathway. The normal function of
CD13 and CD33 in myeloid lineage is a zinc-dependent
metalloproteinase anchored to cells as a type II transmem-
brane protein [18] and a sialic acid dependent cell adhe-
sion molecule with a cytoplasmic tail bearing two tyro-
sine residues [19] which recruits Src homology-2 domain-
containing tyrosine phosphatases [20]. These markers have
been shown correlation with cancer in increased motility of

lung cancer cells resulting in high invasiveness [21] and drug
resistance and refractoriness with significantly lower 1-year
survival rate in MM [16].

The clue why our study represented correlation with
prognosis lied in plasma cell type and infiltration pattern.
Morphologic subtype of MM plasma cells and infiltration
pattern were reported as prognostic factors by the previous
studies, which showed plasmablastic cells and diffuse infil-
trations were associated with poor prognosis [22–24]. In the
present study, immature and plasmablastic types of plasma
cells were significantly associated with CD33 positivity. This
implicated CD33+ myeloma associated with poorly differ-
entiated neoplastic plasma cell type. Also CD13+ myeloma
patients showed either focal or diffuse pattern of infiltration
which suggests the association of antigen expression with
infiltration characteristics.

For other antigen expressions, we found that 56% of
patients were positive for CD56, 53% for CD13, 18% for
CD33, 9% for CD117, and 6% for CD20. In comparison,
previous studies have found that 60–75% of MM patients
were positive for CD56, 18–35% for CD33, 32% for CD117,
and 17–30% for CD20 [9, 17, 25–27]. These discrepancies
in the antigen expression frequencies could result from the
differences in the definition of neoplastic plasma cell; some
studies exclude CD138+, CD19+, CD45+, CD27+, CD56−,
and CD20− cells because they were regarded as normal
plasma cells [8], but we included all CD138+ gated cells.
The immunophenotypic definition of neoplastic plasma cells
remains still unclear, because antigen expression profiles
in normal or benign plasma cells are not uniform. Other
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Figure 2: Kaplan-Meier analysis of (a) progression free survival (PFS) and (b) overall survival (OS) in groups of patients positive and negative
for CD33 and CD13. CD33 expression demonstrates a potential prognostic impact and was associated with lower OS (𝑃 = 0.001). Patients
with CD13 associated with significantly shorter PFS times (𝑃 = 0.008), not only lower OS (𝑃 = 0.025).

traditional myeloid markers have shown divergent impact in
patients with MM. CD117, c-kit receptor, has been associated
with good prognosis [3, 28] or not associated with prognosis
[29–31]. The mechanism was explained as follows: CD117

expression might act as anchor molecule resulting in a
decrease spread of plasma cells for good prognosis [28]. In
this study, CD117+ patients did not display neither different
disease characteristics nor a worse outcome. It might be due
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Figure 3: Kaplan-Meier analysis of (a) PFS and (b) OS in groups of patients with CD13−/CD33−, CD13−/CD33+, CD13+/CD33−, and
CD13+/CD33+. The CD13+/CD33+ group showed significantly shorter PFS and OS than other groups: CD13−/CD33− group (𝑃 < 0.001
in PFS and OS), CD13+/CD33− group (𝑃 = 0.013 in PFS and 𝑃 < 0.001 in OS), and CD13−/CD33+ group (𝑃 = 0.001 in PFS, 𝑃 = 0.049 in
OS). CD13+/CD33− group showed significantly shorter PFS and OS than CD13−/CD33− group (𝑃 = 0.006 in PFS, 𝑃 = 0.020 in OS).

to low frequency of CD117 positivity in the present study,
which could result from different destination of neoplastic
plasma cells.

Themajor limitation of this studywas the lack of homoge-
nous treatment. However, CD33 expression was associated
with significant short OS in both patients who underwent
PBSCT (𝑛 = 16, 𝑃 < 0.001) or who did not (𝑃 = 0.046).Thus,
our findings implicate the need of analysis of these markers
in MM diagnosis.

5. Conclusion

In conclusion, this study showed that the expression of CD13
and CD33 in neoplastic plasma cells from patients with MM
was associated with poor prognosis independently of other
prognostic factors. Further study is needed to clarify the role
of these markers in MM pathogenesis.
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Bortezomib-induced peripheral neuropathy (BiPN) in multiple myeloma (MM) patients is a common and serious side effect.
Currently, it has been reported that subcutaneous (SC) administration of bortezomib decreases the incidence of BiPN as compared
to standard intravenous (IV) bolus injection without any differences in efficacy. However, there are reports of severe injection site
reaction following SC administration of bortezomib.The aim of this study was to evaluate the response rate and incidence of BiPN
following one-hour IV infusion of bortezomib.The data was retrospectively collected fromMMpatients who had been treated with
IV administration of bortezomib for one hour. Twenty-three patients were evaluated (median age 72 years, 13 males). The median
number of treatment cycles was 5 (range 2–10). The cumulative bortezomib dose was 26.0mg/m2 (14.3–66.3) and percent of actual
per expected cumulative dose was 90% (50–100). The overall response (complete response plus partial response) rate was 65%.
The incidence of BiPN was 57% (n = 13) and incidence of severe neuropathy was 4% (n = 1). One-hour IV infusion of bortezomib
was an effective regimen for MM with reduced incidence of severe BiPN. This route of administration of bortezomib could be an
alternative mode of delivery for patients with severe injection site reactions following SC administration.

1. Introduction

With respect to patient outcomes inmultiplemyeloma (MM),
there have been significant improvements after the discovery
of novel induction agents, including bortezomib [1, 2]. How-
ever, intravenous (IV) bolus injection of bortezomib, which is
the standard mode of administration has limitations because
of bortezomib-induced peripheral neuropathy (BiPN) [3, 4].
BiPN is one of the most common, often reversible, but
significant side effects of bortezomib therapy, which leads to
dose modification [3–6]. The typical form of neuropathy is
largely sensory rather than motor and is in the feet rather
than in the hands. Although the pathogenesis underlying
BiPN is not precisely understood, most investigators agree

that bortezomib induces sensory nerve injury in a dose-
dependent manner. Furthermore, the most significant risk
factor of the onset or aggravation of BiPN is preexisting
peripheral neuropathy.

Until now, the management of BiPN has consisted of
dose reduction or discontinuation of IV bolus bortezomib.
Recent reports have demonstrated that the incidence and
severity of BiPN in patients receiving subcutaneous (SC)
bortezomib are significantly lower than those in patients
treatedwith an IV bolus of the drug, with noninferior efficacy
in MM [7, 8]. This decreased incidence and severity of
BiPN in the SC bortezomib group could be potentially due
to the lower maximum plasma drug concentration (𝐶max)
and longer time to reach 𝐶max (𝑇max) with the same area
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under the concentration (AUC) when compared to IV bolus
bortezomib.

SC bortezomib also has a different weak point, the
injection site reaction (ISR), because bortezomib itself is
one of the irritant drugs and induces an inflammatory
reaction. In most cases, the SC bortezomib-related ISR is
well tolerated, but cases of severe skin reactions including
necrosis have been reported [8, 9]. Therefore, a new route
of administration is necessary, particularly in patients with
severe ISR following SC administration of bortezomib. SC
administration of bortezomib could not be applied to Korean
MM patients, because this route has not been previously
allowed by the Korean health insurance system until recently.
Meanwhile, our group had attempted to increase the infusion
time of bortezomib to one hour, in order to maintain AUC,
without abrupt change of concentration of bortezomib, while
decreasing 𝐶max and 𝑇max of the drug in MM patients.

In this study, we retrospectively evaluated the response
rate of the drug and incidence of BiPN following one-hour
IV infusion of bortezomib.

2. Patients and Methods

This study was designed to retrospectively review the med-
ical records of patients with MM, who were treated with
bortezomib-based regimen between January 2009 andMarch
2014 at Hallym University Sacred Heart Hospital. The route
of bortezomib administration was IV infusion for one
hour. Bortezomib was reconstituted with 100mL of normal
saline. The data of patients with any regimen containing
bortezomib, any line of treatment, and previous treatment
with bortezomib were included. Patients excluded from the
study were as follows: (1) patients with dementia or other
neurologic deficits which prevent expression of subjective
neurologic symptoms, (2) patients who received less than 2
cycles of chemotherapy and could not measure the treatment
response, and to these patients BiPN should not be the
reason of treatment cessation, and (3) patients diagnosed
with peripheral neuropathy grade 3 or more according to
theNational Cancer Institute CommonTerminology Criteria
for Adverse Events (CTCAE) ver4.0 [10], before starting the
bortezomib-based chemotherapeutic regimen.

The primary end points of this study were the incidence
and severity of BiPN according to the CTCAE ver4.0. Assess-
ment of CTCAEgrades of BiPNwas dependent on the subjec-
tive symptoms of patients, physical examination by attending
physicians, andmedication history.The secondary end points
were the cumulative dose and duration of bortezomib, the
best response rate, and survival. The expected cumulative
dose of bortezomib was calculated based on the dose of the
drug at VISTA trial [11] when patients were treated with
velcade, melphalan, and prednisolone (VMP) regimen. The
dosagewas calculated based on 1.3mg/m2 at days 1, 4, 8, and 11
per one cycle for other bortezomib-containing regimens.The
dose modification of bortezomib was performed according
to the package insert of the drug [12] depending on the
adverse events of patients. Disease response was assessed
with criteria from the InternationalMyelomaWorkingGroup

(IMWG) [13, 14]. However, not all patients with negative
serum and urine protein electrophoresis and immunofixation
results underwent bone marrow biopsy to confirm complete
response (CR) in routine clinical practice. We incorporated
near complete response (nCR) [14] as a response measure-
ment. The reimbursement policy of Korean National Health
Insurance Service supports bortezomib treatment only if the
response is partial response (PR) or better at the end of four
cycles; patients withminimal response (MR) or stable disease
(SD) had to discontinue the bortezomib-based treatment.
Therefore, we incorporatedMR [15] to subdivide the response
measurement, in order to know the status of disease at the
time of drug cessation. We defined progression free survival
(PFS) as the time from initiation of treatment to disease
progression, relapse, or death from any cause or initiation of
the subsequent chemotherapy, whichever came first. Overall
survival was defined as the time from initiation of treatment
to death from any cause.

Survival was analyzed using the Kaplan-Meier methods,
and statistical analyses were performed with IBM SPSS
(version 21).The Institute Review Board ofHallymUniversity
Sacred Heart Hospital approved the protocol of this retro-
spective study.

3. Results

Twenty-three Korean patients with MM were enrolled in
this study. All patients had measureable disease. Patient
characteristics and demographics are summarized in Table 1.
Median age was 72 years. Eleven were newly diagnosed MM
(NDMM) patients and treated with VMP regimen. Twelve
were relapsed or refractory MM (RRMM) patients to previ-
ous lines of chemotherapy, and among them 3 patients had
been exposed to bortezomib. Various bortezomib-containing
regimens were administered to these patients (Table 2). The
total cycles of chemotherapy regimens were 78 cycles, and
the median number of cycles per patient was 5 cycles with
the median treatment duration of 19 weeks. The median
cumulative dose of bortezomib was 26mg/m2 (range 14–
66mg/m2) and the percent intensity of actual per expected
cumulative dose of each regimen was 90% (range 50–100%).
Seven patients (31%) discontinued therapy because of disease
progression. Four patients (17%) with MR or SD, at the end
of the 4th cycle of chemotherapy, had to finish the current
treatment.

The best overall response rate (ORR, from PR to CR)
during treatment was 65% (Table 3), including 1 (4%), 2 (9%),
and 6 (26%) patients with CR, nCR, or VGPR, respectively.
And the best ORR ofNDMMandRRMMgroupwas 55% and
75%, respectively (𝑃 = 0.4). After a median follow-up of 16.3
months (interquartile range 6.0–21.0), 5 patients (21.7%) had
died and median overall survival was not reached (Figure 1).
Causes of death were infection (𝑛 = 3) and progression of
MM(𝑛 = 2).Median PFSwas 15.0months (95%CI 10.2–19.8),
and 1-year PFS rate was 54.4% (95% CI 31.9–76.9).

Table 4 shows the safety profiles of intravenous borte-
zomib infusion treatment. Five patients (22%) discontinued
therapy because of adverse events, but peripheral neuropathy
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Figure 1: Progression free survival (a) and overall survival (b).

was not a cause for cessation of bortezomib therapy for
any patient. Anorexia, peripheral sensory neuropathy, upper
respiratory infection, and nausea were the most common
adverse effects and few patients suffered grade 3 toxicities.
However, hematology laboratory data showed 39%, 35%,
43%, and 26% of grade 3 or more results on hemoglobin,
WBC, absolute neutrophil count, and platelet, respectively.

Four out of 23 patients had peripheral neuropathy with
grade 1 (𝑛 = 2) or 2 (𝑛 = 2) before initiation of
bortezomib treatment. The grade 2 neuropathy of a patient
was exacerbated to grade 3 during bortezomib therapy, but it
turned to grade 2 after cessation of bortezomib.There was no
change on the severity of neuropathy of the other 3 patients
during chemotherapy. Rates of peripheral neuropathy events
of grades 1, 2, and 3 severity were 43.5% (𝑛 = 10), 8.7% (𝑛 =
2), and 4.3% (𝑛 = 1), respectively. Among 13 patients with
peripheral neuropathy, 7 were NDMM patients with grade 1
(𝑛 = 5) or 2 (𝑛 = 2) severity. Six patients were RRMMpatients
with grade 1 (𝑛 = 5) or 3 (𝑛 = 1) severity. The estimated time
to onset of peripheral neuropathy was 4.6 months (95% CI
1.1–8.0) from initiation of bortezomib treatment. There was
no significant difference of this time between NDMM and
RRMMpatients (4.6 months, 95%CI 3.0–6.1 and 6.5 months,
95% CI 0–14.6, resp.). Cumulative dose of bortezomib at the
first onset of peripheral neuropathy was 16.5mg/m2 (95% CI
9.2–23.6). There was no significant difference of cumulative
doses at the end of bortezomib treatment between patients
with and without peripheral neuropathy (𝑃 = 0.13).

4. Discussion

Bortezomib, a proteasome inhibitor, has improved the
response and survival of MM patients [1, 2, 11]. This study
showed that one-hour IV infusion of bortezomib was an
effective regimen for MM with reduced incidence of severe
BiPN. The patient population of this study was heteroge-
neous. Both NDMM and RRMM patients were evaluated

with various bortezomib-containing chemotherapeutic reg-
imens and schedules. Drug cessation was defined not only
by response or adverse reactions but also by insurance
guidelines. Under these circumstances, we decided to use the
best overall response rate for measurement of effectiveness.
Compared with 71% in the VISTA trial for NDMM patients
[11] and 38% in the APEX trial for relapsedMM patients [16],
the best overall response rate of our trial was 65%. Taken
together, with 17% of patients (𝑛 = 4) who had to finish the
drug to follow insurance guidelines, even with the response
of MR or SD at the end of 4 cycles, one-hour IV infusion did
not seem to affect the efficacy of bortezomib.

Several studies have reported that severe BiPN affects the
quality of life of patients receiving bortezomib and could
be a hurdle to continuation of the drug, even in patients
with a good response [3–6]. The incidence of BiPN has
been reported in up to 70% of patients, including grade
≥3 BiPN in up to 16%, increased with cumulative dose of
standard twice-weekly 1.3mg/m2 dose schedule through IV
bolus administration [5]. In theVISTA trial [11], the incidence
of grades 1, 2, 3, and 4 sensory BiPN was 14%, 17%, 13%, and
<1%, respectively, in NDMM patients on the VMP regimen.
Moreau et al. [17] reported 70% of any grade BiPN in the
bortezomib and dexamethasone treatment group, which was
used for induction before autologous stem cell transplanta-
tion in NDMM patients. Furthermore, the rates of grade 2
or worse and grade 3 BiPN were 34% and 11%, respectively.
Bringhen et al. [18] reported that the incidence of grade
3/4 BiPN was significantly decreased, yet not completely
resolved, in the once-weekly scheduled bortezomib group
compared with the twice-weekly group. Currently, theMMY-
3021 trial [8] shows that SC administration is not inferior
in efficacy to IV bolus administration with 1.3mg/m2 twice-
weekly bortezomib in relapsedMMpatients and significantly
reduces the incidence of BiPN of any grade (38% versus 53%),
≥grade 2 (24% versus 41%), and ≥grade 3 (6% versus 16%).
In our study, the incidence of BiPN was not reduced (57%);
however, most cases of BiPN were grade 1 (44%) and did
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Table 1: Patients baseline characteristics.

𝑁 = 23

Age (years) 72 (43–80)
Sex (male/female) 13 (56)/10 (44)
Diabetes mellitus 6 (26)
Time since diagnosis of MM (months) 1.9 (0–64.4)
Previous lines of treatment

0 11 (48)
One line 11 (48)

VAD 1
BTD followed by MPT 2
High dose dexamethasone 3
Thalidomide + dexamethasone 2
Lenalidomide + dexamethasone 2
Cyclophosphamide + prednisolone 1

Two lines 1 (4)
Melphalan + prednisolone → bortezomib

MM type
IgG 14 (61)
IgA 5 (22)
Light chain 4 (17)

ISS stage
I 8 (35)
II 6 (26)
III 9 (39)

Beta-2-microglobulin (mg/L) 4.6 (2–17.5)
Albumin (g/dL) 3.5 (2.2–4.6)
GFR (mL/min/1.74m2) 74.3 (15.1–151.7)
Hemoglobin (g/L) 98 (64–130)
White blood cell (×109/L) 4.9 (1.3–8.5)
Platelet (×109/L) 171 (53–408)
Data are median (range) or number (%). GFR was calculated with MDRD
equation. MM: multiple myeloma, VAD: vincristine + doxorubicine +
dexamethasone, BTD: bortezomib + thalidomide + dexamethasone, MPT:
melphalan + prednisolone + thalidomide, ISS: international staging system,
and GFR: glomerular filtration rate.

not require special management. And the rates of grade 2
or worse and grade 3 BiPN were low, only 13% and 4%,
respectively, and BiPN did not necessitate cessation of the
drug. In addition, cumulative dose of bortezomib was com-
parable to other prospective studies with the standard dose
schedule. Therefore, in conjunction with dose or schedule
modification and SC administration, one-hour infusion of
bortezomib could be an additional option to reduce severe
BiPN.

The MMY-3021 trial [8] also reported pharmacokinetic
and pharmacodynamic evaluation of bortezomib adminis-
tered through SC and IV bolus routes, and 𝐶max was ten
times lower in the SC group than in the IV bolus group,
with longer 𝑇max and similar AUC. Theoretically, one-hour
IV infusion would decrease 𝐶max and prolong 𝑇max. Until
now, there has been no conclusive evidence of the correlation
between these pharmacokinetic results and the low incidence
of BiPN. However, this could be a potential explanation

Table 2: Treatment exposure.

𝑁 = 23

Regimen
VMP 13 (57)
VD 8 (35)
PAD 1 (4)
Bortezomib 1 (4)

Number of treatment cycles 5 (2–10)
Time on treatment (weeks) 19 (7–54)
Bortezomib cumulative dose (mg/m2) 26.0 (14.3–66.3)
Bortezomib dose intensity (mg/m2/cycle) 6.5 (2.6–10.4)
Bortezomib real/expected cumulative dose (%) 90 (50–100)
Cause of treatment cessation

Progressive disease 7 (31)
Adverse events except peripheral neuropathy 5 (22)
Insurance reimbursement issue 4 (17)
On treatment 3 (13)
Patients refusal 3 (13)
Preplanned cycles 1 (4)

Data are median (range) or number (%). VMP: bortezomib, melphalan,
and dexamethasone, VD: bortezomib and dexamethasone, and PAD: borte-
zomib, doxorubicin, and dexamethasone.

Table 3: The best response rate.

𝑁 = 23 Rate (%) Cumulative rate (%)
CR 1 4 4
nCR 2 9 13
VGPR 6 26 39
PR 6 26 65
Minimal response 3 13 78
Stable disease 3 13 91
Progressive disease 2 9 100
CR: complete response, nCR: near complete response, VGPR: very good
partial response, and PR: partial response.

for the decrease in BiPN with SC administration and the
one-hour IV infusion method, and further evaluation is
warranted.

The SC mode of delivery of bortezomib is now indicated
for use in the clinic in the EU, USA, and recently in
Korea. Barbee et al. [19] surveyed MM patients in the clinic
regarding their preferences on the route of administration
between SC and IV bolus. Interestingly, not all patients
preferred SC. A quarter of the patients preferred IV bolus,
and one patient switched from SC to IV. Their reason for
favoring IV was mainly injection site reactions (ISRs) of
SC administration, such as bruising and pain. The reported
incidences of bortezomib-related ISRs of all grades were
variable up to 39% [9]. Most common reaction was erythema
and bruising, and ISRs were usually well tolerated, resolving
completely. However, 1% of patients suffered from severe
ISRs [8]. There was a case of necrotizing skin eruption on
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Table 4: Adverse events.

All grades Grade ≥ 3
Anorexia 15 (65%) 0
Peripheral sensory neuropathy 13 (57%) 1 (4%)
Upper respiratory infection 11 (48%) 1 (4%)
Nausea 11 (48%) 0
Fatigue 8 (35%) 0
Gastrointestinal pain 7 (31%) 0
Diarrhea 7 (31%) 1 (4%)
Skin rash 5 (22%) 0
Dizziness 5 (22%) 0
Constipation 5 (22%) 0
Headache 4 (17%) 0
Vomiting 3 (13%) 0
Cramping 3 (13%) 0
Myalgia 3 (13%) 0
Insomnia 3 (13%) 0
Neuralgia caused by herpes zoster 3 (13%) 0
Fever 3 (13%) 0
Dyspnea 3 (13%) 0
Noncardiac chest pain 3 (13%) 0
Hematology laboratory data

Hemoglobin 11 (48%) 9 (39%)
White blood cell count 19 (83%) 8 (35%)
Absolute neutrophil count 17 (74%) 10 (43%)
Platelets 20 (87%) 6 (26%)

the whole abdomen after SC administration of bortezomib
[9]. Cautiousmonitoring is crucial at each SC administration.

Limitations of this study include a small sample size,
single-center data, and the retrospective nature. Matsuoka
et al. [20] have presented a small retrospective study about
the incidence and severity of BiPN in patients who had been
treated with three-hour intravenous infusion of bortezomib.
Incidences of grades 1 and 2 BiPN were 30% and 15% of
patients, respectively, and there were no patients with grade
3/4 BiPN. These results are very similar to our data and
appear to support our conclusion. However, to confirm these
observations, prospective study with pharmacokinetic and
pharmacodynamic evaluation is needed.

5. Conclusion

The current study showed that one-hour IV infusion of
bortezomib-containing regimen was an effective treatment
for multiple myeloma. This administration route did not
reduce the incidence of bortezomib-induced peripheral neu-
ropathy but seemed to decrease the severity of peripheral
neuropathy.This route of administration of bortezomib could
be a promising alternative to subcutaneous administration,
particularly in patients with severe injection site reactions.
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Waldenström’s macroglobulinemia (WM) is a B-cell proliferative malignancy characterized by immunoglobulin M monoclonal
gammopathy and bonemarrow infiltration by lymphoplasmacytic cells. Clinical features and cytogenetics ofWM in Asia including
Republic of Korea remain unclear. Moreover, no study has reported treatment outcomes in patients with WM treated with novel
agent combined with conventional chemotherapy. This study investigated clinical features and assessed treatment outcomes with
novel agent and conventional chemotherapy in Republic of Korea. Data from all (𝑛 = 71) patients with newly diagnosed WM
at 17 hospitals who received chemotherapy between January 2005 and December 2012 were collected retrospectively. The median
age of patients was 66 years (range: 37–92 years) and male to female ratio was 5 : 1. Patients treated with novel agent combined
chemotherapy displayed higher overall response rate (ORR) compared to conventional chemotherapy alone (92.9% versus 52.6%,
𝑃 = 0.006).The 5-year overall survival rate was 62.6% (95% confidence interval: 34.73–111.07). Use of novel agents produced higher
ORR but survival benefit was not apparent due to the small number of patients and short follow-up duration. Further studies are
needed to confirm the efficacy of novel agents in patients with WM.

1. Introduction

The consensus group at the Second International Work-
shop on Waldenström’s macroglobulinemia (WM) in 2002
redefined WM as a distinct clinicopathologic entity charac-
terized by bone marrow infiltration by lymphoplasmacytic
lymphoma (LPL) and immunoglobulinM (IgM)monoclonal
gammopathy [1]. Diagnostic criteria for WM are IgM mon-
oclonal gammopathy of any concentration, bone marrow
infiltration by small lymphocytes showing plasmacytoid or
plasma cell differentiation, intertrabecular pattern of bone
marrow infiltration, and surface IgM+, CD5±, CD10−, CD19+,
CD20+, CD22+, CD23−, CD25+, CD27+, FMC7+, CD103−,
and CD138− immunophenotype [2].

WM is a very rare lymphoid malignancy, with an overall
incidence estimated at 0.35 forWMand0.63 for LPL/WMper
100,000 person-years during 2001–2003, representing 1.2% or
2.1% of all non-Hodgkin’s lymphomas in the United States
Surveillance Epidemiology and End Results (SEER) cancer
registries, respectively [3]. Between 1996 and 2003, the crude
incidence of LPL/WM was 0.078 per 100,000 person-years
in Japan (0.112 for men and 0.048 for women) and 0.032 per
100,000 person-years in Taiwan (0.042 for men and 0.021 for
women) [4]. A previous nationwide survey of the incidence
of lymphoma based on the REAL classification reported the
incidence of LPL in Korea as 0.8%, with the exact incidence
rate of WM/LPL not recognized [5]. The incidence rate of
WM is lower in the Republic of Korea than those in the USA,
which was documented to be about 0.3 per million person-
years according to data of the National Cancer Information
Center in the Republic of Korea.

The most common clinical manifestations are hep-
atomegaly (20%), splenomegaly (15%), and lymphadenopa-
thy (15%) [6]. The most common presenting symptom is
fatigue related to normochromic or normocytic anemia. The
median hemoglobin value at diagnosis is 10 g/dL [7]. Patients
with a disease-related hemoglobin level <10 g/dL, platelet
count <100 × 109/L, bulky adenopathy or organomegaly,
symptomatic hyperviscosity,moderate to severe or advancing
peripheral neuropathy on the basis of disease, symptomatic
amyloidosis, cryoglobulinemia, or cold-agglutinin disease
should be considered for therapy but asymptomatic patients
should be observed [8]. Recently, the superior efficacy of
chemotherapy combined with novel agent including ritux-
imab, bendamustine, bortezomib, lenalidomide, and thalido-
mide than that of conventional chemotherapy has been estab-
lished. However, little is known about the clinical features,

epidemiology, and cytogenetics of WM in Asia including the
Republic of Korea. Novel agent combined chemotherapy for
patients with WM has been restricted in the Republic of
Korea because of very low incidence and insurance coverage
limitation.

Treatment outcomes in the Republic of Korea patients
with WM treated by novel agent combined chemotherapy
are unclear. This study is aimed at investigating the clinical
features and assess the treatment outcomes of novel agent
combined chemotherapy and conventional chemotherapy.

2. Materials and Methods

2.1. Patients. Data from 71 patients newly diagnosed with
WM who received chemotherapy at 17 university hospi-
tals in the Republic of Korea between January 2005 and
December 2012 were collected retrospectively. All cases
fulfilled the diagnostic criteria [1] and were confirmed as
WM by hematopathologists and hematologists. The pre-
treatment evaluation included a physical examination with
performance status evaluation, complete blood cell count
with differential count, blood chemistry including lactase
dehydrogenase (LDH), protein electrophoresis (PEP), IgM,
free light chain kappa and lambda, bonemarrowbiopsy, chro-
mosomal study, fluorescence in situ hybridization (FISH),
and computed tomography (CT) of the chest, abdomen, and
pelvis.

2.2. Treatment. All patients were treated with conventional
chemotherapy or chemotherapy along with novel agent
(rituximab, bortezomib, thalidomide, and bendamustine).
Bendamustine is old chemotherapeutic agent but recently the
roles of this drug were rediscovered by its efficacy and toxici-
ties in indolent lymphoma including WM [9, 10]. Rituximab
combined chemotherapy included rituximab, cyclophos-
phamide, vincristine, and prednisolone (R-CVP) and ritux-
imab, cyclophosphamide, doxorubicin, vincristine, and pred-
nisolone (R-CHOP). Bortezomib combined chemotherapy
included bortezomib plus dexamethasone (VD). Thalido-
mide combined chemotherapy included thalidomide plus
dexamethasone (TD) and thalidomide plus cyclophos-
phamide and dexamethasone (TCD). Bendamustine was
used along with prednisolone. Conventional chemother-
apy included chlorambucil, CVP, CHOP, melphalan plus
prednisolone (MP), cyclophosphamide plus prednisolone
(CP), fludarabine plus cyclophosphamide (FC), and flu-
darabine plus cyclophosphamide and mitoxantrone (FCM).
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All patients were treated with one or more chemother-
apeutic regimens. Patients who displayed progression or
intolerance against previous chemotherapy were changed
from chemotherapy to a salvage regimen. Introduction of
novel agents was applied to four patients as first-line, three
as second-line, five at third-line, and two at fourth-line
chemotherapy.

2.3. Analysis. Overall response rates (ORR) of patients
treated with conventional and novel therapy were esti-
mated as the best response at first-line and applied peri-
ods. ORR were estimated by clinical para-meters in all
patients including age, sex, hemoglobin levels, platelet
counts, absolute lymphocyte counts (ALC), C-reactive pro-
tein (CRP), LDH, serum 𝛽2-microglobulin, serum albumin,
hepatosplenomegaly, Eastern Cooperative Oncology Group
(ECOG) performance status, presence of B symptoms, and
hyperviscosity syndrome. Those clinical parameters and
international staging system (ISS), International Prognos-
tic Scoring System for Waldenstrom’s Macroglobulinemia
(ISSWM), and treatment modalities were estimated to find
prognostic markers for survival. The treatment response was
assessed according to the Sixth International Workshop on
WM [11].

2.4. Statistical Analyses. We investigated independent prog-
nostic factors associated with survival in above clinical and
laboratory parameters.The definition of overall survival (OS)
was calculated from the date of diagnosis to the date of
death from disease-related cause or final follow-up date.
Progression-free survival (PFS) was from the date of start-
ing treatment (conventional chemotherapy or novel agent
combined chemotherapy) to the date of disease progression,
relapse, or death from disease-related cause. Associations
between the clinical parameters and ORR were analyzed
using the chi-square test. A multiple logistic regression anal-
ysis was used for multivariate analysis of independent prog-
nostic factors for ORR. Survival probabilities were calculated
according to the Kaplan-Meier method and compared using
the log-rank test. The Cox proportional hazards regression
model was used for multivariate analysis of independent
prognostic factors for survival. Information about the base-
line medical status and treatment modalities was collected
from the medical records. Approval for these studies was
obtained from the Institutional Review Board.

3. Results

3.1. Clinical and Laboratory Characteristics. The median age
of the 71 patients was 66 years (range: 37–92 years) and the
male to female ratio was 5 : 1 (Table 1). 25.4% and 38.0% of
patients had clinical or radiological evidence of splenomegaly
and of lymphadenopathy, respectively. 11.3% of patients had B
symptoms before the initiation of treatment. Hyperviscosity
and involvement of other organs were shown in 11.3% and
40.8% of patients, respectively. The median serum mono-
clonal protein level was 3.640 g/dL (range: 0.0183–10.795).
The cytogenetic abnormalities identified included deletion of
the long arm of chromosome 6 in two cases and absence of

Table 1: Clinical and laboratory characteristics.

Characteristic 𝑁 (%) or median (range)
Patients 71
Age, years, median (range) 66 (37–92)
Gender

Male 59 (83.1)
Female 12 (16.9)

Hemoglobin, g/dL, median (range) 9.6 (3.80–17.10)
Platelet count, ×109/L, median (range) 213 (23–575)
ALC, ×109/L, median (range) 1.70 (0.10–12.30)
CRP, mg/dL, median (range) 2.44 (0.05–23.80)
Serum 𝛽2-microglobulin, mg/L,
median (range) 4.20 (1.34–30.00)

Serum albumin, g/dL, median (range) 3.2 (1.50–4.60)
LDH, IU/L, median (range) 261.0 (74.0–968.0)
BM lymphocyte, %, median (range) 14 (5–100)
Cytogenetic abnormalities, present (%) 8 (11.3%)
Serum monoclonal protein, mg/dL,
median (range) 3640.0 (18.30–10795.0)

B symptom, present (%) 8 (11.3)
ECOG (%) ≥2 23 (32.4)
Hyperviscosity, present (%) 8 (11.3)
Lymphadenopathy, yes (%) 27 (38.0)
Extranodal involvement, yes (%) 29 (40.8)
Splenomegaly, yes (%) 18 (25.4)
Hepatomegaly, yes (%) 7 (9.9)
ISS (%)

I 13 (18.3)
II 26 (36.6)
III 26 (36.6)
Unknown 6 (8.5)

Treatment regimen
Novel agent combined
chemotherapy 14 (19.7)

Conventional chemotherapy 57 (80.3)
Treatment
Novel group

R-combined CTx; R-CVP, R-CHOP 6 (8.5)
VD 5 (7.0)
TD 2 (2.8)
Bendamustine plus prednisolone 1 (1.4)

Conventional group
Chlorambucil 25 (35.2)
CVP or CHOP 14 (19.7)
MP or CP 15 (21.1)
FC or FCM 3 (4.2)

ALC: absolute lymphocyte count; CRP: C-reactive protein; LDH: lactate
dehydrogenase; BM: bone marrow; ECOG: Eastern Cooperative Oncology
Group performance status; ISS: international staging system; R-combined
CTx: rituximab combined chemotherapy; R-CVP: rituximab, cyclophos-
phamide, vincristine, and prednisolone; R-CHOP: rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisolone; VD: bortezomib plus
dexamethasone; TD: thalidomide plus dexamethasone; MP: melphalan plus
prednisolone; CP: cyclophosphamide plus prednisolone; FC: fludarabine
plus cyclophosphamide; FCM: fludarabine plus cyclophosphamide and
mitoxantrone.

trisomy 4. Other cytogenetic abnormalities were identified in
11.3% of cases. Other clinical or laboratory characteristics are
summarized in Table 1.
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3.2. Treatment and Outcomes. The 71 patients were treated
with novel agent combined chemotherapy or conventional
chemotherapy. 25 patients were treated with chlorambucil
with or without prednisone, 14 were treated with CVP
or CHOP regimen, 15 were treated with the MP or CP
regimen, and three were treated with FC or FCM as first-
line therapy. Other patients were treated with novel agent
combined chemotherapy. Six patients were treated with R-
CVP, R-CHOP, five with VD, two with thalidomide plus dex-
amethasone, and one with bendamustine plus prednisolone
(Table 1). Overall, an objective response (complete or partial
response) and more than minimal response (MR) rates were
documented in 53.5% and 69.0% of patients, respectively.The
median follow-up was 22.97 months. The 5-year PFS and OS
rates were 50.5% and 62.6% (95% confidence interval (95%
CI): 48.32–81.41 and 34.73–111.07), respectively.

3.3. Analysis of Prognostic Factors for Response and Survival.
Multiple parameters were analyzed for their possible prog-
nostic impact on ORR and OS. Univariate analysis showed
that the following factors were associated with higher ORR
(Table 2): higher ALC (<1.0× 109/L versus≥1.0× 109/L; 20.0%
versus 64.6%, 𝑃 = 0.069), good ECOG performance status
(<2 versus ≥2; 67.4 versus 43.5, 𝑃 = 0.057), and novel agent
combined chemotherapy versus conventional chemotherapy
(92.9% versus 52.6%, 𝑃 = 0.006). The following factors
were associated with superior 5-year OS (Table 2): younger
age (<65 years versus ≥65 years; 82.2% versus 36.8%, 𝑃 =
0.024), good ECOG performance status (<2 versus ≥2; 72.6%
versus 26.9%, 𝑃 = 0.004), higher serum albumin levels
(<3.5 g/dL versus ≥3.5 g/dL; 44.8% versus 84.1%, 𝑃 = 0.010),
lower risk international staging system (ISS I, II, and III;
85.7%, 84.8%, and 36.8%, resp.; 𝑃 = 0.004), and novel agent
combined chemotherapy versus conventional chemotherapy
(100% versus 53.0%, 𝑃 = 0.067). In the multivariate analysis,
novel agent combined chemotherapy was an independent
prognostic value for ORR (𝑃 = 0.046) and lower ISS was an
independent prognostic value for OS (𝑃 = 0.008) (Table 3).

4. Discussion

The clinical manifestations and laboratory abnormalities
associated with WM are related to direct tumor infiltration
and to the amount and specific properties ofmonoclonal IgM.
The most common symptoms are weakness and fatigue, usu-
ally secondary to anemia. Symptoms of weight loss, excessive
sweating, and low-grade fever affect a quarter of patients.
Hepatomegaly, splenomegaly, and lymphadenopathy each
occur in 15%–30% of patients. Similarly, previous Korean
studies reported the most common symptoms as anemia and
thrombocytopenia, with other frequently expressed symp-
toms being (20–40%), hepatosplenomegaly (25–35%), and
lymphadenopathy (25–40%) [12–14]. In this study, anemia
was the most frequent symptom and thrombocytopenia
was secondary frequent symptom with lymphadenopathy,
hepatomegaly, and splenomegaly being expressed in 10–
40% of the cases. However, hyperviscosity syndrome was
documented only in eight cases, which was a relatively low
incidence compared towestern results [6].Themost common

cytogenetic abnormality was deletion of the long arm of
chromosome 6 (6q deletion) and trisomy 4 [15, 16]. However,
there was only one report about cytogenetics of Korean WM
patients, which documented a low rate of 6q deletion (10%)
and no trisomy 4 [13]. Similar to a previous Korean study,
this study documented a low rate of 6q deletion and other
cytogenetic abnormalities.

In this study, novel agent combined chemotherapy was
the only independent predictive factor for response rates,
although higher ALC count and good performance status
were also associated with higher ORR in univariate analysis.
Many studies have been shown to improve response and
survival rates in patients with WM. Gertz et al. presented
meaningful results about efficacy of rituximab in patients
with WM [17]. The efficacy of rituximab in WM has been
amply described. Rituximab combined chemotherapy includ-
ing R-CHOP, R-CVP, R-CP, R-F (fludarabine), R-cladribine,
and R-CD (cyclophosphamide and dexamethasone) pro-
duces superior response rates to conventional chemotherapy
[18–23]. Rituximab combined with thalidomide reportedly
produced a 72% response rate, and rituximab combined
with lenalidomide produced a 50% response rate [24, 25].
Bortezomib has high levels of activity in the management
of relapsed WM with response rates ranging from 81%
to 96% [26, 27]. In a prospective randomized study of
bendamustine plus rituximab compared with R-CHOP in
patients with WM, of whom 22 received bendamustine and
rituximab and 19 received R-CHOP, the response rate was
95% in both groups, but median progression-free survival
was significantly prolonged with bendamustine. The median
progression-free survival for R-CHOPwas 36months in con-
trast to not being reached with bendamustine and rituximab
(𝑃 < 0.0001) [28].

In our study, only lower risk ISS showed superior survival
to those of higher risk ISS although younger age, good
performance status, higher serum albumin levels, and novel
agent combined chemotherapy were associated with longer
OS in univariate analysis. Patients treated with novel agent
combined chemotherapy especially did not show superior
survival rates to conventional chemotherapy in spite of
higher ORR in patients receiving novel agents. These results
might be associated with small sample size, short follow-
up duration, and the clinical features of WM (which seems
to be indolent lymphoma). Prior studies have documented
several prognostic factors for survival [29–33]. Age, anemia,
leukopenia, thrombocytopenia, serum albumin levels, and
𝛽2-microglobulin values were linked to survival. However,
these prognostic factors were not meaningful in this study.
Very low incidence rates ofWMand restriction of using novel
agents because of the limitation of medical reimbursement
in Korea might be reasons for the insufficient comparison
between novel agent combined chemotherapy and conven-
tional chemotherapy in this study.

5. Conclusions

Clinical features of Korean WM are similar to western
WM, except for the low incidence of hyperviscosity syn-
drome. Response rates after chemotherapy were improved by
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Table 2: Clinical and laboratory values associated with survival on univariate analysis.

Characteristic ORR ≥ PR (%) 𝑃 5-year PFS (%) 𝑃 5-year OS (%) 𝑃

Age, years
<65 66.7 0.327 64.8 0.708 82.2 0.024
≥65 55.3 37.0 36.8

Gender
Male 64.4 0.197 46.8 0.530 65.9 0.130
Female 41.7 77.9 45.0

BM lymphocyte, %
<50 63.0 0.461 61.8 0.478 40.6 0.610
≥50 52.9 26.2 52.5

Cytogenetic abnormalities
Presence 75.0 0.466 64.3 0.599 50.0 0.444
Absence 58.7 50.9 42.4

Hemoglobin, g/dL
<11.5 61.3 0.732 54.3 0.140 60.2 0.700
≥11.5 55.6 0.0 87.5

Platelet count, ×109/L
<100 69.2 0.479 0.0 0.049 61.9 0.124
≥100 58.6 60.6 63.0

ALC, ×109/L
<1.0 20.0 0.069 33.3 0.611 40.0 0.224
≥1.0 64.6 54.3 64.6

CRP, mg/dL
<5 58.0 0.817 46.4 0.937 65.5 0.096
≥5 61.5 51.3 48.6

Serum 𝛽2-microglobulin, mg/L
<3 66.7 0.862 48.9 0.130 50.0 0.143
≥3 64.0 50.6 58.4

Serum albumin, g/dL
<3.5 58.5 0.683 43.1 0.712 44.8 0.010
≥3.5 63.3 64.4 84.1

LDH, IU/L
<450 59.7 0.688 50.1 0.849 61.8 0.403
≥450 66.7 65.6 72.9

B symptom
Presence 87.5 0.132 83.3 0.666 60.0 0.385
Absence 56.5 48.8 62.8

ECOG, (%)
0-1 67.4 0.057 68.7 0.012 72.6 0.004
≥2 43.5 18.1 26.9

Hyperviscosity syndrome
Presence 25.0 0.055 58.3 0.980 0.0 0.918
Absence 63.8 49.7 66.2

Splenomegaly
Presence 61.1 0.838 77.4 0.342 0.0 0.300
Absence 58.3 49.5 52.7

Hepatomegaly
Presence 57.1 0.884 40.0 0.246 28.6 0.913
Absence 60.0 42.5 45.1

ISSWM (%)
Low 57.1

0.567
66.7

0.912
50.0

0.380Intermediate 58.8 58.7 58.0
High 75.0 0.0 58.4
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Table 2: Continued.

Characteristic ORR ≥ PR (%) 𝑃 5-year PFS (%) 𝑃 5-year OS (%) 𝑃

ISS (%)
I 61.5

0.522
48.7

0.714
85.7

0.004II 69.2 41.9 84.8
III 53.8 64.7 36.8

Treatment regimen
Novel agent combined chemotherapy 92.9 0.006 79.1 0.418 100.0 0.067Conventional chemotherapy 52.6 46.3 53.0

ORR: overall response rates; PR: partial response rates; 5-year PFS: 5-year progression-free survival rates; 5-year OS: 5-year overall survival rates; BM: bone
marrow; ALC: absolute lymphocyte count; CRP: C-reactive protein; LDH: lactate dehydrogenase; ECOG: Eastern Cooperative Oncology Group performance
status; ISSWM: International Prognostic Scoring System for Waldenstrom’s Macroglobulinemia; ISS: international staging system.

Table 3: Multivariate analysis for response and survival.

Value ORR OS
RR 95% CI 𝑃 value RR 95% CI 𝑃 value

Age, years
<65
≥65 1.021 0.350–2.980 0.970

ALC, ×109/L
<1.0
≥1.0 0.362 0.060–2.193 0.369

ECOG (%)
0-1
≥2 2.006 0.711–5.660 0.188 0.421 0.147–1.208 0.108

Serum albumin, g/dL
<3.5
≥3.5 1.123 0.264–4.772 0.875

ISS (%)
I
II 0.439 0.078–2.486 0.352
III 0.209 0.066–0.665 0.008

Treatment regimen
Novel agent combined chemotherapy
Conventional chemotherapy 5.048 1.032–24.702 0.046 0.368 0.075–1.803 0.217

ORR: overall response rates; OS: overall survival rates; RR: relative risk; 95% CI: 95% confidence interval; ALC: absolute lymphocyte count; ECOG: Eastern
Cooperative Oncology Group performance status; ISS: international staging system.

introduction of novel agents such as rituximab, bortezomib,
thalidomide, and bendamustine, although survival benefit
was not shown. Independent prognostic factor for survival
was high risk ISS inKoreanWM.However, further studywith
more patients is needed to determine the efficacy of novel
agent combined chemotherapy and to definitively identify the
prognostic factors.
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The aim of this pilot study was to determine the plasma levels of osteopontin (OPN) and vascular endothelial growth factor (VEGF)
and find possible association between them and main clinical features and parameters of tumor burden in patient with multiple
myeloma (MM). Plasma levels of OPN and VEGF were determined in 44 newly diagnosed MM patients and 24 healthy persons by
ELISA method. These values were compared with the presence of anemia, renal dysfunction, and bone lesions as myeloma related
clinical manifestations and with serum beta-2 microglobulin and Durie-Salmon clinical stage as prognosticators related to tumor
mass. The value of OPN was significantly higher in MM patients with evident bone lesions (𝑃 = 0.03) and there was also a positive
correlation with serum beta-2 microglobulin (𝑟 = 0.366; 𝑃 = 0.04). Furthermore, patients with lower Durie-Salmon stage had
significantly lower OPN and VEGF levels (𝑃 = 0.05; 𝑃 = 0.04, resp.). Our preliminary results found positive association between
plasma level of OPN, tumor burden, and bone destruction. Further analysis should provide information about the possible use of
OPN as useful clinical biomarker for monitoring bone disease and tumor mass, as well as a prognostic factor, or a possible target
for pharmacological intervention.

1. Introduction

Multiple myeloma (MM) is a common haematological neo-
plasm with heterogeneous clinical manifestations, course of
disease, response to treatment, and survival [1]. This unpre-
dictable biological behaviour is a consequence of remarkably
interesting, complex, and still unclear biological interactions
between neoplastic plasma cells and other components of
bone marrowmicroenvironment. Despite the great improve-
ment in antitumor and supportive therapy, MM still remains
an incurable disease. Vascular endothelial growth factor
(VEGF) is considered one of the most potent angiogenic

promoters in many solid tumours [2–6]. According to pre-
vious studies, it plays an angiogenic and tumorigenic role in
the pathophysiology of MM [7–9], but the significance of its
plasma level is still not well recognized. VEGF is produced
by malignant plasma cells, as well as various inflammatory
and stromal cells, acting through autocrine and/or paracrine
crosstalk via their VEGFR-1 and VEGFR-2 receptors [7, 8, 10,
11].

Osteopontin (OPN) is a multifunctional, acid-rich, non-
collagenous glycol-phosphoprotein expressed in bone, which
interacts with integrin and CD44 receptors [12–14]. The
binding of OPN to these surface receptors can elicit extensive
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changes in cell functions, such as enhanced mobility and
adhesion, accelerated growth and division, prolongation of
cell survival, and angiogenesis [15]. It is involved in a variety
of physiological and pathological processes including inflam-
mation, ischemia-reperfusion, bone resorption, atherosclero-
sis, and tumour progression [15]. In many types of human
cancers the overexpression of OPN in tumour tissue or in
blood has been associated with more advanced disease and
recently it has been shown that OPN has the value as a
clinical tumour progression marker [16]. It is well known
that different stromal elements such as endothelial cells,
macrophages, especially osteoclasts, lymphocytes, smooth
muscle cells, andmyeloma cells have potential to secreteOPN
[17, 18].There is a growing evidence for the role of OPN in the
bone destruction and angiogenesis of MM [18–21].

However, until now, only a very few studies have partially
explored associations between plasma levels of VEGF and
OPN with some of the clinical features and parameters of
tumor burden in myeloma patients [18–22]. In this pilot
investigation we tried to detect possible association of plasma
OPNandVEGFwithmyeloma related clinicalmanifestations
such as anemia, renal dysfunction, and bone disease, aswell as
with serum beta-2 microglobulin and Durie-Salmon clinical
stage which are prognosticators related to tumour burden.

2. Patients and Methods

2.1. Patients. We retrospectively analyzed 44 newly diag-
nosed, previously untreated myeloma patients (21 males, 23
females; median age of 69 years; age range 44–86 years)
and 24 age-matched healthy individuals as a control group
(12 males, 12 females; median age of 67 years; age range
35–83 years). Diagnoses were established at the Department
of Hematology, Clinical Centre Rijeka, during the period
from 2010 to 2012, according to the International Myeloma
Working Group Criteria [23]. The control group consisted of
healthy volunteers who were treated in the outpatient clinic
hematology because of altered blood findings but none of
them had any hematological disease. Patients with liver or
renal impairment, current or previous other malignancies,
infectious diseases, or incapability to consent were excluded
from the control group. Blood samples were collected at the
time of diagnosis from all MM patients, before the initi-
ation of any antimyeloma treatment, including supportive
treatment (e.g., bisphosphonate administration). All blood
samples, collected from patients and controls, were aliquoted
into separate vials, stored at −20∘C, and assayed at the end
of the study, in order to avoid interassay variability. Written
informed consentwas obtained fromeach patient andhealthy
volunteer prior to their inclusion in the study. The study was
approved by the local ethics committee.

Patients were categorized according to Durie-Salmon
clinical stage [24]. Because of the small number of cases in
each Durie-Salmon stage group, we grouped clinical stages I
and II together and compared them to stage III with the intent
of separating patients with the largest tumor mass. The main
characteristics of our patients are summarized in Table 1.

Table 1: Clinical features of patients with multiple myeloma (MM)
and healthy volunteers who form the control group.

Clinical features Patients with MM
(𝑁 = 44)

Healthy control group
(𝑁 = 24)

Age and sex
distribution Cases Cases

Male 21 12
Female 23 12

Age (years) Median 69 Median 67
Range 44–86 Range 35–83

Durie-Salmon stage Cases
I 7
II 8
III 29

Renal dysfunction Cases
Yes 11
No 32

Anemia Cases
Yes 31
No 13

Beta-2
microglobulin Cases

Normal 9
Increased 33

Bone disease Cases
Yes 32
No 10

Note: renal dysfunction = serum creatinine level above the upper limit of
normal; anemia = haemoglobin value 20 g/L below the lower limit of normal;
beta-2 microglobulin = normal values less than 2.5 𝜇g/mL versus increased
plasma values; and bone disease = presence of any lytic lesion or severe
osteopenia with compressive fractures on standard radiographs of the bones.

The obtained plasma cytokine levels were correlated with
main clinical manifestations in MM: anemia (hemoglobin
20 g/L below the lower limit of normal, defined as 138 g/L
for men and 119 g/L for women), renal dysfunction (serum
creatinine level above the upper limit of normal, defined as
117 𝜇mol/L for men and 96 𝜇mol/L for women), and bone
disease (the presence of any lytic lesion or severe osteopenia
with compressive fractures on standard radiographs of the
bones). The values of OPN and VEGF were also correlated
with serum beta-2 microglobulin and with Durie-Salmon
clinical stage (stages I and II combined versus stage III) as
a measure of tumor mass.

2.2. Measurement of Cytokines. The concentrations of OPN
and VEGF were determined in plasma samples by enzyme-
linked immunoassay (ELISA, Quantikine RD Systems, Min-
neapolis, MN, USA) according to the manufacturer’s instruc-
tions. In brief, these assays employ the quantitative sandwich
immunoassay technique. A monoclonal antibody specific
for protein was precoated onto microplates. Standards and
samples were pipetted into the wells. After binding and
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Table 2: Comparison of measured plasma OPN and VEGF levels with clinical parameters in patients with MM.

Durie-Salmon stage
𝑃 value Bone lesions

𝑃 value Anemia
𝑃 value Renal dysfunction

𝑃 value
I, II III Yes No Yes No Yes No

OPN (ng/mL)
Median 5.65 8.9 0.05 7.4 2.8 0.03 7.6 6.6 0.29 12.6 7.05 0.13
Range 0.3–14.6 2.2–26.5 3.3–26.5 0.3–12.9 0.3–26.5 2.3–12.9 3.7–26.5 0.3–22.2

VEGF (pg/mL)
Median 35.9 60.15 0.04 48.1 55.75 0.79 57.4 47 0.43 46.9 59 0.51
Range 5.3–111.7 20.3–178.9 5.3–178.9 22.6–111.7 5.3–178.9 29.2–69.2 20.3–148.9 5.3–178.9

washing, an enzyme-linked polyclonal antibody specific for
each growth factor was added to each well. After a wash to
remove any antibody-enzyme reagent, a substrate solution
was added to the wells and color developed in proportion to
the amount of each growth factor that was bound in the first
step. The color development was stopped and optical density
of each well was measured using the microplate reader set at
450 nm. The concentration of each specific growth factor in
each plasma sample was calculated from standard curves and
reported in pg/mL for VEGF and ng/mL for OPN.

2.3. Statistical Analysis. Statistical analyses were performed
using MedCalc for Windows, version 12.2.1.0 (MedCalc
Software, Ostend, Belgium). The distribution of data was
tested for normality using the Kolmogorov-Smirnov test.The
measures of central tendency for continuous data such as
OPN and VEGF values were compared by Student’s 𝑡-test
or Mann-Whitney 𝑈 test, depending on data distribution.
The independent 𝑡-test and Mann-Whitney 𝑈 test were used
to assess whether continuous variables differed significantly
between categories (patients with bone lesions versus patients
without bone lesions, Durie-Salmon clinical stages I and II
versus stage III, patients with anemia versus patients without
anemia, etc.). Correlation between continuous variables was
studied using Pearson correlation. Statistical differences with
𝑃 < 0.05 were considered significant.

3. Results

Certain amounts of both cytokines, OPN and VEGF, were
detected in plasma samples from all patients. In addition,
OPN value was significantly higher in MM patients (median
6.5 ng/mL, range 0.3–21.7 ng/mL) in comparison with the
control group (median 2.4 ng/mL, range 0.2–8.9 ng/mL;
𝑃 < 0.0001; Figure 1). Such differences were not observed
regarding VEGF (median 52.5 pg/mL, range 5.3–178.9 pg/mL
in MM patients versus median 60.5 pg/mL, range 12.2–
205.6 pg/mL in control group; 𝑃 = 0.67).

In contrast with VEGF, plasma OPN levels were signifi-
cantly higher in patients with evident bone lesions (𝑃 = 0.03;
Figure 2). However, there were no statistically significant
differences in levels of the analyzed cytokines in patients
with anemia and renal insufficiency compared to those
without these myeloma related complications. Further aim
was to compare plasma levels of OPN and VEGF with
parameters of tumor burden, and statistically significant
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Figure 1: Comparison of plasma OPN levels between patients with
MMand healthy volunteers who form the control group.The plasma
concentrations of OPN were significantly higher in MM patients
than in healthy volunteers (𝑃 < 0.0001, Mann-Whitney 𝑈 test).
The upper and lower borders of the box indicate the 75th and
25th percentiles, respectively, and the line in the box represents
the median. The ends of the whiskers represent the minimum and
maximum of all of the data excluding outliers. Outliers are plotted
as individual points.

differences amongDurie-Salmon stages were observed.More
specifically, patients in stages I and II had significantly lower
plasma OPN (𝑃 = 0.05) and lower plasma VEGF (𝑃 =
0.04) values compared to patients in stage III of the dis-
ease. Furthermore, a significant positive correlation between
plasma OPN concentration and serum beta-2 microglobulin
level (𝑟 = 0.366; 𝑃 = 0.04) was determined, while there
was no correlation for VEGF plasma values. The results are
summarized in Table 2.

4. Discussion

There is a certain body of evidence demonstrating the
involvement ofVEGF andOPN in angiogenesis and bone dis-
ease during MM progression. However, little is known about
the possible clinical significance of plasma OPN and VEGF
regarding other aspects of disease. As we know, myeloma
is a collection of related disorders rather than a single
disease. For that reason, the present study was conducted
with the purpose of correlating serum concentrations of these
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Figure 2: Comparison of plasma OPN levels between patients with
bone disease and those without manifest bone lesions. The plasma
concentrations of OPN were significantly higher in patients with
bone disease (𝑃 = 0.03, Mann-Whitney 𝑈 test). The upper and
lower borders of the box indicate the 75th and 25th percentiles,
respectively, and the line in the box represents the median.The ends
of the whiskers represent the minimum and maximum of all of the
data excluding outliers. Outliers are plotted as individual points.

cytokines with the most common presenting symptoms of
MM (e.g., anemia, renal insufficiency, and bone disease), as
well as with routine prognosticators beta-2 microglobulin
andDurie-Salmon clinical stage, which reflect tumor burden.

The first result of this study revealed significantly higher
plasma OPN in myeloma patients than in healthy controls.
This finding agrees with some [25, 26], but not all, inves-
tigations [20, 27]. Furthermore, Saeki et al., Scudla et al.,
and Minarik et al. have observed differences in plasma OPN
levels between monoclonal gammopathy of undetermined
significance and MM [26, 28–30]. All of these results taken
together implicate OPN in the biology of MM. Although
several groups have demonstrated significantly increased
plasma VEGF among myeloma patients in comparison with
control groups [31–33], our current study and Sezer et al. [34]
did not confirm this finding.

Our second finding revealed the associations of plasma
concentrations of both VEGF and OPN with Durie-Salmon
clinical stage. Plasma levels of both cytokines were signifi-
cantly elevated in stage III compared with stages I and II.
This positive association between cytokine values and Durie-
Salmon clinical stage is not unexpected and is likely related to
tumor burden. If that assumption is correct, the plasma levels
of these cytokines (which can be produced by malignant
plasma cells) might represent a measure of myeloma cell
mass, not unlike the Durie-Salmon Staging System, which is
based on a mathematical model for estimating the number
of tumor cells. This result is in accordance with the finding
that VEGF can act directly or indirectly as a growth factor
for myeloma cells, which has been reported previously by
some authors [7, 35, 36]. In addition, the present study
demonstrated a significant positive association betweenOPN
and another prognostic factor related to tumor burden and
aggressive biological behavior of MM- beta-2 microglobulin,
as previously described [20, 22]. However, we did not find the

same association between VEGF and beta-2 microglobulin,
which is intriguing and can be attributed to the relatively
small number of cases included in this study. Still, it is possible
that beta-2 microglobulin, in addition to myeloma cell mass
and renal filtering capacity, might also reflect some other
as-yet-unrecognized aspects of myeloma biology because,
in contrast to Durie-Salmon clinical stage, it has retained
prognostic value in the era of novel therapeutic agents.

We also observed significantly increased plasma OPN
levels among myeloma patients with overt bone disease
in comparison to those who had normal bone radiologic
findings. Few groups have been able to demonstrate the
same results [20, 22, 26]. Conversely, Robbiani and his group
proposed that MM-derived OPN plays a critical role in bone
disease by protecting bone from destruction [18]. Hence,
the results of this study support the idea that OPN is an
important pathophysiological factor in the biology of MM
involved in bone disease. In addition, its positive association
with parameters of tumor burden might suggest a role in
the proliferation and survival of myeloma cells which should
be explored in the future. All of this information affords us
the opportunity to modulate its role in the tumor ecosystem
through different pharmacological interventions.

According to our knowledge, only Dizdar et al. have
investigated and proven a positive correlation between OPN
and serum creatinine [22]. In contrast, we did not observe any
relationship betweenplasmaOPN level and renal impairment
or anemia, which suggests that thismultifunctional phospho-
protein is not relevantly involved in these aspects of MM.
Moreover, our study reveals that plasma VEGF level was not
associated with any of the main clinical features of MM or
beta-2 microglobulin, a finding that is in concordance with
the findings of other studies [32, 34]. Still, Di Raimondo et al.
have observed that plasma VEGF levels correlate positively
with beta-2 microglobulin, but not with osteolytic lesions,
hemoglobin concentration, or creatinine concentration [9].

One question is whether plasma OPN (or VEGF) levels
objectively reflect their concentrations in bone marrow,
where the tumor is actually growing. Previous studies have
shown that the concentrations of investigated angiogenic fac-
tors were higher in bone marrow but correlated significantly
with plasma levels [9, 37].

Important limitations of present study are rather small
sample size with missing clinical data for some patients, as
well as its retrospective design, which limits any definite
conclusions.

5. Conclusion

Our preliminary results support plasmaOPN level as a possi-
ble marker of bone destruction. Although VEGF reportedly
represents a critical angiogenic factor in the tumor microe-
cosystem, the present study did not suggest that plasma
VEGF level has similar clinical value to OPN. Furthermore,
we did not observe associations between plasma levels of
the investigated cytokines and other clinical features of MM,
such as anemia or renal impairment. However, in the present
pilot study, both cytokines were positively associated with
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tumor burden. Further prospective analysis of a larger group
of patients should provide definitive information about the
possible role of OPN as a useful clinical biomarker for
monitoring bone disease and tumor mass, as well as a
prognostic factor during the course of MM.

Ethnical Approval

Ethnical approval was received from the Ethnics Committees
of the Rijeka University Hospital Centre and School of
Medicine, University of Rijeka.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper. The authors have no
support from any organization for the submitted work; no
financial relationships with any organization that might have
an interest in the submitted work; or any other relationships
or activities that could appear to have influenced the submit-
ted work.

Acknowledgment

Funding was received from the Grant of Ministry of Science,
Education and Sport, Project no. 062-0620095-0079.

References

[1] A. Palumbo and K. Anderson, “Multiple myeloma,” The New
England Journal ofMedicine, vol. 364, no. 11, pp. 1046–1060, 2011.

[2] H. Yoshiji, D. E. Gomez, M. Shibuya, and U. P. Thorgeirsson,
“Expression of vascular endothelial growth factor, its receptor,
and other angiogenic factors in human breast cancer,” Cancer
Research, vol. 56, no. 9, pp. 2013–2016, 1996.

[3] M. Volm, R. Koomagi, and J. Mattern, “Prognostic value of
vascular endothelial growth factor and its receptor Flt-1 in
squamous cell lung cancer,” International Journal of Cancer, vol.
74, pp. 64–68, 1997.

[4] T. A. Olson, D. Mohanraj, L. F. Carson, and S. Ramakrishnan,
“Vascular permeability factor gene expression in normal and
neoplastic human ovaries,” Cancer Research, vol. 54, no. 1, pp.
276–280, 1994.

[5] L. M. Ellis, Y. Takahashi, C. J. Fenoglio, K. R. Cleary, C. D.
Bucana, and D. B. Evans, “Vessel counts and vascular endothe-
lial growth factor expression in pancreatic adenocarcinoma,”
European Journal of Cancer, vol. 34, no. 3, pp. 337–340, 1998.
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Recent studies have revealed a pivotal role played by a class of small, noncoding RNAs, microRNA (miRNA), in multiple myeloma
(MM), a plasma cell (PC) malignancy causing significant morbidity and mortality. Deregulated miRNA expression in patient’s
PCs and plasma has been associated with tumor progression, molecular subtypes, clinical staging, prognosis, and drug response
in MM. A number of important oncogenic and tumor suppressor miRNAs have been discovered to regulate important genes and
pathways such as p53 and IL6-JAK-STAT signaling.miRNAsmay also formcomplex regulatory circuitrywith genetic and epigenetic
machineries, the deregulation of which could lead to malignant transformation and progression. The translational potential of
miRNAs in the clinic is being increasingly recognized that they could represent novel biomarkers and therapeutic targets. This
review comprehensively summarizes current progress in delineating the roles of miRNAs in MM pathobiology and management.

1. Multiple Myeloma

Multiple myeloma (MM) is a tumor of antibody-secreting
plasma cells (PCs) characterized by the clonal expansion
and accumulation of monotypic PCs in the bone marrow
(BM) [1]. It causes about 1% of neoplastic diseases and 13%
of hematological malignancies [2]. Clinically, MM patients
exhibit one or more symptoms including lytic bone disease,
hypercalcemia, anemia, and compromised renal functions
[3]. MM is always preceded by an asymptomatic prema-
lignant stage called monoclonal gammopathy of undeter-
mined significance (MGUS), which progresses to myeloma
or related malignancies at a rate of 1% per year [4, 5].
Patients withMGUS are by definition symptom-free, but with
measurable concentration of monoclonal protein or have an
abnormality in serum-free light chain assay [6]. Although
MM cells are strongly dependent on BMmicroenvironment,
more aggressive tumors may extend to extramedullary sites.
ExtramedullaryMM(EMM) can also presentwith a leukemic
phase which can be classified as primary plasma cell leukemia

(pPCL) if it arises de novo, or secondary PCL if preceded
by intramedullary MM [7, 8]. Most of the human MM cell
lines (HMCLs) are generated from EMM or PCL tumors
[9]. The Durie-Salmon staging system which mainly reflects
tumor burdenwas the first commonly used staging system for
MM [10]. It has been superseded by the International Staging
System (ISS), a 3-group classification based on two simple and
routine laboratory tests widely available [11, 12].

MM is characterized by complex genetic and epigenetic
abnormalities [13, 14]. Biologically, myeloma can be broadly
divided into hyperdiploid and nonhyperdiploid categories,
each consists of about half of MGUS and MM tumors.
Hyperdiploid myeloma (H-MM) is characterized by multiple
trisomies involving odd number chromosomes except chro-
mosome 13 and a lower prevalence of primary translocation
involving the immunoglobulin heavy chain (IgH) locus
at 14q32, whereas nonhyperdiploid myeloma (NH-MM) is
characterized by IgH translocations, most commonly t(4;
14) which translocates MMSET and FGFR3 at 4p16.3 to
the IgH enhancers, t(11; 14) involving CCND1, and t(14; 16)
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involving MAF [15, 16]. H-MM and NH-MM are observed
in both MGUS and MM, suggesting that they are early
oncogenic events although high-risk MM is more common
in NH-MM cases [17]. Another early and perhaps unifying
event in MGUS and MM is the upregulation of cyclin D
genes independent of the H-MM and NH-MM dichotomy,
although it does not appear to be associated with increased
proliferation [8]. In addition, a number of secondary genetic
lesions associated with disease progression and survival
have been identified, including activating mutations in RAS
and BRAF, increasing frequency of MYC overexpression in
disease progression, chromosomal 13 deletion, chromosome
17p loss, and p53 abnormalities, chromosome 1 abnormalities,
IL6-JAK-STAT3 andNF𝜅B activation. Notably, the frequency
of 17p loss increases as disease progresses and has been
uniformly accepted as a marker for high-risk MM [18–
27].

Studies have investigated the molecular basis for MM
progression using gene expression profiling (GEP); although
normal PCs have distinct gene expression profiles with
MGUS and MM, at present it is still not possible to clearly
distinguish MGUS from MM by GEP [28–32]. Studies have
also looked at the association between gene expression pat-
terns with molecular subtypes of MM [33–36]. It was shown
that gene expression patterns are associated with primary
IgH translocations and cyclin D gene expression. Various
gene signatures associatingwith high risk have beenproposed
[33, 37–43], for instance the 70-gene signature (GEP70)
developed by the University of Arkansas Medical Sciences.
However, most of these signatures are not overlapping and
have not been integrated into routine clinical care [6].

In addition, epigenetic deregulation was implicated in
myelomagenesis. DNA methylation changes significantly
during disease progression and could silence important
tumor suppressor genes including SOCS1 [44–48]. Further-
more, the BM microenvironment also plays a crucial role
in MM pathogenesis by promoting growth, survival, and
drug resistance in MM cells. The adherence of MM cells to
bone marrow stromal cells (BMSCs) increases the release
of cytokines/growth factors, including IL-6 which activates
the JAK-STAT signaling and promotes MM cell survival and
proliferation [49–51].

However, despite enormous advances in understanding
MM biology and emergence of novel therapeutics, the mech-
anism behind MM initiation and progression remains to be
fully elucidated and the disease remains largely incurable
[52]. Therefore, research effort on the elucidation of impor-
tant role miRNA plays in MM may shed new light on MM
pathobiology and identify novel biomarkers and therapeutic
targets.

2. MicroRNAs

miRNAs are ∼20-nucleotide genome-encoded RNAs highly
conserved across different species and regulate most cellular
processes [53]. As of 2013, more than 1800miRNA precursors
have been identified and deposited in the miRNA registry,
miRBase. Each miRNA can target hundreds of different

conserved or nonconserved genes. It has been estimated
that a large proportion of the transcriptome (about 50% in
humans) is subject to miRNA regulation [54, 55].

miRNAs are mostly transcribed by RNA polymerase II
which generates long, capped, and polyadenylated precursors
known as pri-miRNAs. Each pri-miRNA is subsequently pro-
cessed by the microprocessor complex consisting of Drosha,
a member of ribonuclease III enzyme family, and dsRNA-
binding protein DGCR8/Pasha, resulting in a ∼70-nucleotide
precursor known as pre-miRNA which is actively exported
by exportin 5 to the cytoplasm where it is cleaved near
the terminal loop by another RNase III type endonuclease
Dicer, generating a ∼20-nucleotide miRNA duplex. Finally,
the mature single-stranded miRNA product is loaded onto
an Ago protein to form the effector complex called the RNA-
induced silencing complex (RISC), and the other strand of the
duplex is degraded. In RISC, the mature miRNA recognizes
complementary sequence (usually in the 3UTR region) of
target to the seed sequence of miRNA (nucleotides 2–8
at 5end), binds to the target mRNA, and regulates gene
expression by translation repression or mRNA degradation
depending on the degree of complementarity [54, 56, 57].

Deregulation of miRNAs has been associated with a
plethora of human diseases including cancer. miRNAs reg-
ulate critical processes in tumor initiation and development
by targeting oncogenes and/or tumor suppressor genes [58–
60]. miRNA expression profiles have been shown to be
able to classify human cancers with better accuracy than
traditional GEP [61–64] and could serve as novel biomarkers
for diagnosis, disease progression, and prognosis [61, 65–68].
Recently, miRNA deregulation has also been implicated in
drug resistance in cancers including leukemia [69–71].

Deregulation of miRNA in cancer arises from both
genomic and epigenetic changes [72]. Many human miRNA
genes are located at cancer-associated fragile genomic locus
that are subjected to frequent mutations [73–75]. Defect in
miRNA biogenesis machinery is also shown to be affecting
miRNA expression in cancer [76–78]. In addition, disruption
of canonical miRNA/target binding sequence, for instance
SNPs and altered splicing pattern of target mRNAs, may
deregulate miRNA function and contribute to oncogenesis
[79]. Recently, epigenetic aberrations, including DNA hyper-
methylation and/or histone modification, have emerged as a
major cause in miRNA deregulation [80–82].

Increasing evidence suggests that miRNA deregulation
is a hallmark of myeloma. This paper reviews the current
literature on the roles miRNA play in MM pathobiology,
prognosis, and therapy.

3. miRNA Deregulation in Different
Stages of MM

As mentioned above, MM is characterized by multistep
transformation and complex genomic aberrations both struc-
turally and numerically. Many molecular subtypes of MM
have been identified by GEP. Given that miRNA expression
profile has the potential of improved accuracy over tradi-
tional GEP signatures and could represent novel biomarkers,
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a number of studies have looked at miRNA expression
profiles in different stages and molecular subtypes of
MM.

In a pioneering paper, Pichiorri et al. performed global
miRNA expression profiles in samples from 5 MGUS
patients, 10 MM and 4 normal PCs, and identified miRNA
deregulated in MM and MGUS relative to normal PCs,
including upregulation of miRNAs with known oncogenic
activity such as miR-21, miR-106b∼25 cluster, miR-181a, miR-
181b, miR-32, and miR 17–92 cluster [75, 83, 84]. Among
these, miR-32 andmiR 17–92 are unique to overt MM but not
MGUS.

Roccaro et al. conducted miRNA expression profiling in
PCs from 15 relapsed/refractory MM samples, 3 MM cell
lines, and 4 healthy donors. Unsupervised analysis showed
clear separation of MM subjects and normal, although MM
samples and cell lines were not separated. miRNAs deregu-
lated in relapsed/refractory MM including downregulation
of miR-15a and miR-16. Functional studies showed that
these two tumor suppressor miRNAs inhibit proliferation
and growth of MM cells in vitro and in vivo. At the
same time, miR-15a and miR-16 decreased MM cell-induced
proangiogenic activity on endothelial cells by reducingVEGF
secretion from MM cells. Both miRNAs inhibited MM cells
in the presence of BMSCs [85].

In a study focusing on PCL, Lionetti et al. compared
miRNA expression profile in 18 primary PCL (pPCL) with
39 myeloma samples. Unsupervised analysis revealed a fairly
distinct miRNA expression profile for pPCL relative to MM,
as all PCL cases were clustered together and formed a main
cluster with a fewMM cases, whereas 4 normal samples were
clustered as a distinct group [86].

Zhou et al. profiled miRNA expression in PCs from
52 newly diagnosed MM cases and 2 healthy donors and
observed an elevated total miRNA expression level in MM.
39miRNAswere upregulated inMM, includingmiR-18,miR-
92a, miR-181a, miR-181b, miR-221, miR-222, and miR-99a
which were consistent with previous reports. Only 1 miRNA,
miR-370, was downregulated [87]. Chi et al. performed
miRNA expression profiling in PCs from 33 MM patients, 5
MGUS cases, 4 HMCLs, and 5 healthy donors. Unsupervised
analysis showed separation of normal samples from the rest.
However, MM, MGUS, and HMCL were not separated into
distinct clusters. Differentially expressed miRNAs between
MM and normal were partially consistent with other reports
[88].

These studies have explored the potential use of miRNA
todistinguishMGUS fromMM.Although somedifferentially
expressed miRNAs between PCs from MGUS and MM were
identified, no robust miRNA signature able to distinguish
MGUS andMMwere established. In a profiling study involv-
ing MM and pPCL, miRNA expression-based unsupervised
clustering separated MM and pPCL samples with mod-
erate success. Interestingly, majority of these differentially
expression miRNAs showed same trend (upregulation or
downregulation) from healthy controls, through MM, to
pPCL. It is therefore tempting to hypothesize that the degree
of miRNA deregulation correlates with the extent of tumor
progression.

4. miRNA Deregulation in Different Molecular
Subtypes of MM

Lionetti et al. profiledmiRNAexpression inMMsubjects rep-
resentative of 5 Translocation/Cyclin (TC) subtypes defined
previously [34]. Unsupervised clustering loosely classified
the samples according to their TC group. TC4 (MMSET-
FGFR3) samples tightly clustered as a single branch, with
upregulation of miR-99b, miR-125a-5p, and let-7e which
belong to a cluster at 19q13.33. All samples in the TC5 group
(MAF or MAFB translocation) except one were also tightly
clustered. Interestingly, miRNAs specifically upregulated in
TC5 group include miR-99a, let-7c, and miR-125b-2 which
belong to a paralogous miRNA cluster of the three in TC4
[89]. The upregulation of all or some members of the miR-
99b, miR-125a-5p, and let-7e cluster in t(4; 14) MM was also
observed in three other studies including the study on pPCL
[86, 88, 90].

Gutiérrez et al. compared 60 MM patients with 5
healthy donors and identified downregulation of 11 miRNAs.
Unsupervised analysis did not classify samples into clearly
separated clusters according to molecular subtype, although
the four samples with MAF translocations were tightly
clustered [91]. In another analysis with overlapping samples,
unsupervised analyses based on miRNA expression in MM
identified unique clusters not associated with chromosomal
abnormalities; one cluster is comprised of upregulated miR-
NAs including miR-21, members of the miR-17∼92, and miR-
106b∼25 clusters, although the biological relevance of the
clustering pattern remained elusive.

Studies have also looked at the association of miRNA
deregulation and other genetic features ofMM. Pichiorri et al.
compared miRNA expression profile between HMCLs with
wild-type (WT) TP53 and those with mutant TP53. Higher
expression ofmiR-192,miR-194, andmiR-215 inHMCLswere
observed inHMCLswithWTTP53, as well asmiR-34awhich
is a well-documented TP53 target. miR-192, miR-194, and
miR-215 could also be induced by nutlin-3a treatment inMM
cell harboringWTTP53 but notmutant TP53, suggesting that
these miRNAs were regulated by p53. The authors went on
to show that these miRNAs were transcriptionally activated
by p53 and target MDM2, forming a positive feedback
loop. These miRNAs exhibited anti-MM functions in a p53
dependent manner and could sensitize TP53 WT cells to
MDM2 inhibitors [92].

Rio-Machin et al. examined miRNA expression profiles
in hyperdiploid and nonhyperdiploid MM. Downregula-
tion of specific miRNAs including miR-425, miR-152, and
miR-24 was observed in hyperdiploid MM. Intriguingly,
downregulation of these miRNAs was accompanied by a
concomitant upregulation of their targets CCND1, TACC3,
MAFB, FGFR3, and MYC, which were also the oncogenes
upregulated by themost recurrent IgH translocations in non-
hyperdiploid MM. This suggested that miRNA deregulation
could be themechanism behind cyclinD as a unifying feature
in both nonhyperdiploid and hyperdiploid MM [93].

These studies have demonstrated that miRNA expression
tends to correlate with molecular subtypes of MM, most
notably with t(4; 14) and t(14; 16) translocations. Interestingly,
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miR-99b, miR-125a, and let-7e which belong to a cluster at
19q13.33 were consistently associated with t(4; 14) in multiple
studies. However the cause and effect relationships for these
are still not clear.

5. miRNA Deregulation and Clinical
Parameters in MM

A number of studies attempted to correlate miRNA with
clinical parameters such as risk group and survival. Roccaro
et al. identified a significant reduction of miR-15a level in
MM patients in ISS II and III groups as compared to ISS I
group, whichwas confirmed by another study [94], consistent
with its function as a tumor suppressor. Meanwhile, miR-181a
and miR-181b were expressed at higher levels in ISS II and
III groups [85]. Zhou et al. showed that globally elevated
miRNA expression was associated with higher GEP70 risk
score and proliferation index, suggesting that high expression
level of miRNA might confer an inferior clinical outcome.
In addition, unsupervised clustering of miRNA expression
profiles stratified patients according to risk, although no
association was found with proliferation index [87]. Chi et
al. identified differentially expressed miRNAs between light
chain only MM and nonlight chain only MM, IgG and IgA-
type MM, as well as patients with event-free survival (EFS,
median follow-up = 20months) and those who relapsed/died
in this interval. These differentially expressed miRNAs were
shown to have good prediction accuracy [88].

Wu et al. identified that higher expression of three
miRNAs miR-886-5p, miR-17, and miR-18a was significantly
associated with shorter overall survival of patients. It was
noteworthy that miR-17 and miR-18a were members of the
oncogenic miR-17∼92 cluster. Furthermore, miR-886-5p and
miR-17 formed a robust outcome classifier which could
improve the ISS/FISH based risk stratification independent
of previously validated GEP signatures [90].

In the pPCL study, Lionetti et al. identified 4 miRNAs
(miR-106b, miR-497, miR-181b, and miR-181a∗) upregulated
in pPCL patients not responding to initial therapy consisting
of lenalidomide and low-dose dexamethasone, compared to
responders. Consistent with their oncogenic roles, miR-106b
andmiR-181b were already reported to be upregulated inMM
cells compared to normal PCs [84].Moreover, the expressions
of miR-22 andmiR-146a were identified to be associated with
progression-free survival (PFS) while the expressions ofmiR-
92a and miR-330-3p were identified to be associated with
overall survival (OS) of pPCL patients, demonstrating their
relevance in clinical prognostication in this aggressive form
of plasma cell dyscrasia [86].

Besides miRNA expression, miRSNPs (SNPs in miRNA
genes, miRNA processing machinery, or miRNA target
genes) could affect the final level and function ofmiRNAs and
could be clinically important. Two miRSNPs that had prog-
nostic impact after autologous stem cell transplant (ASCT)
were identified, one in the 3UTR of a miRNA target gene,
KRT81, another in XPO5, a crucial gene in the miRNA
biogenesis pathway. Patients with different SNPs in either of
these two miRSNPs showed significant difference in OS [95].

A number of recent studies have looked into circulating
miRNAs for their potential as novel biomarkers. In one study
comparing plasma miRNA profile between MM patients and
healthy controls, six miRNAs (miR-148a, miR-181a, miR-20a,
miR-221, miR-625, and miR-99b) were found upregulated in
MMpatients.Notably,miR-181a,miR-20a,miR-221, andmiR-
625were identified previously to be unregulated in the plasma
cells of MM or MGUS [84, 87, 88]. miR-99b was upregulated
in t(4; 14) MM, consistent with previous reports [88–90].
Moreover, higher plasma levels of miR-20a and miR-148a
were found to correlate with a shorter relapse-free survival
[96].

Other deregulated serum/plasma circulating miRNAs
have been identified, including miR-92a whose expression
was lower in MM [97] and miR-29a which was expressed at
a higher level in serum of MM patients [98]. miR-1308 and
miR-720 could distinguish MGUS and MM patients from
healthy controls [99]. Lower levels ofmiR-744 and let-7ewere
associated with shorter OS and remission [100].

These studies have linked miRNAs with clinical parame-
ters, although the results are different from each other and no
consistent miRNA-based biomarker is reported. Moreover,
few studies have compared the usefulness of miRNA-based
biomarkers with the current standard of care, except one
study which identified a miRNA-based OS classifier that
performed better than traditional ISS/FISH based method
andoutperformed existingGEP-basedmodels inmultivariate
analysis [90]. Further validation of this prognostic signa-
ture in other cohort of patients is needed to ascertain its
clinical utility. Similarly, while these studies demonstrated
the feasibility of detecting miRNA in the serum and their
potential clinical relevance, these findings needs to be further
validated. Therefore, the exact clinical utility of measuring
miRNA in serum is still unclear.

6. Interaction of miRNA and Current
Therapeutic Agents in MM

In one of the earlier studies, Munker et al. studied miRNA
expression profiles between MM cell lines with acquired
resistance to doxorubicin or melphalan and the respective
parental cells. Differentially expressed miRNAs include miR-
21 and miR-181a/b, although their functional link to the
resistance was not clear [101]. Wang et al. showed that
adherence of MM cells to BMSCs upregulates miR-21 which
resulted in decreased cytotoxicity to dexamethasone, dox-
orubicin, and bortezomib. Inhibition of miR-21 sensitized
cells to dexamethasone and doxorubicin but not Bortezomib
[102]. Tessel et al. identified a link between miR-130b and
glucocorticoid resistance in MM, where miR-130b inhibited
dexamethasone-induced apoptosis [103]. Similar result was
observed in another study in which miR-125b was shown to
attenuate dexamethasone-induced cell death in MM [104].

Hao et al. showed that the reduced sensitivity ofMM cells
to bortezomib and melphalan after coculture with BMSCs is
at least partially due to inhibition of tumor suppressor miR-
15a [105], while another miRNA, miR-29b, could sensitize
MM cells to bortezomib-induced apoptosis and exerts anti-
MMactivity both in culturedMMcells and inMMxenografts
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in mice. miR-29b showed wide variation of expression in
MM and the expression was decreased with the presence of
BMSCs, again demonstrating the critical role of BMSCs in
promoting drug resistance and survival ofMM cells. Notably,
miR-29b mimic was able to overcome the protective role of
BMSCs in an in vivomodel [106].

Tian et al. identified miR-33b as an important mediator
for the anti-MM function of MLN2238, a novel, orally active
proteasome inhibitor. Inhibited in MM cells, miR-33b was
upregulated by MLN2238, but not by other agents including
dexamethasone, lenalidomide, and SAHA. Upregulation of
miR-33b decreased MM cell viability, migration, and colony
formation and increased apoptosis and sensitivity of MM
cells to MLN2238 treatment. Notably, MLN2238 induced
miR-33b even in the presence of BMSCs, and introduction
of miR-33b partially blocked the protective effect of BMSCs
on MM cells [107].

The evidence therefore suggests that a number of miRNA
may be involved in therapeutic resistance mediated by
stromal interaction. These may offer potential strategies to
overcome drug resistance in myeloma. However, it is still not
clear what the pathways affected by these miRNAs that may
be critical in mediating drug resistance are.

7. The Interplay between miRNA and
Epigenetics in MM

Aberrant miRNA expression or function in cancer can be
attributed to various mechanisms involving both genomic
and epigenetic aberrations. It has been observed in MM that
miRNA expression could be disrupted by deregulation of
miRNAhost genes, copy number (CN) atmiRNA-containing
genomic locus [86, 89, 108, 109], abnormalities in miRNA
biogenesis pathways [87], and abnormal activity of transcrip-
tion factors [110]. However, it seems that the most important
mechanism behind aberrant miRNA deregulation is epige-
netic alterations, including abnormal DNA methylation and
histone modifications [111–114]. Inactivation by methylation
of all three members of miR-34 family tumor suppressor
miRNAs was identified in MM [115–119]. Di Martino et al.
provided a proof-of-principle that formulated that lipid emul-
sion delivery of synthetic miR-34a has therapeutic activity
in preclinical, TP53 mutant xenograft models in MM [120].
Recently, the same group used a nanotechnology-based deliv-
ery system for miR-34a delivery and demonstrated similar
anti-MM effect in tumor xenograft [119].The promoter of the
other two members of the miR-34 family, miR-34b and miR-
34c, was not methylated in normal PCs, methylated in about
5.3% at MM diagnosed and increased frequency to more
than half of relapsed/progressed MM patients. Functionally,
restoration of miR-34b exhibited anti-MM activity in vitro
[117]. Similar to miR-34a, downregulation of p53-inducible
miR-192, miR-194, and miR-215 was attributed to promoter
hypermethylation, which would impair the p53/MDM2 loop
and favors MM development [92].

Another tumor suppressor, miR-203, was identified to be
methylated at its promoter region in MM but not in normal
PCs, and transfection of its precursor inhibited proliferation

of MM cells [116]. Moreover, increasing frequency of pro-
moter methylation in MM than MGUS for miR-129-2 was
observed [118]. AberrantDNAmethylation could also explain
the downregulation of othermiRNAs inMM, includingmiR-
214 which inhibited cell proliferation when overexpressed in
MM cells. Consistent with the epigenetic silencing hypothe-
sis, the level of miR-214 could be increased by treatment with
DNA demethylating agent 5aza-2-deoxycytidine [91, 121].

Besides aberrant DNAmethylation, miRNA deregulation
by histone modification had also been documented in MM.
Min et al. showed that in t(4; 14) myeloma, repression of
miR-126∗ expression, contributed to c-Myc upregulation and
enhanced proliferation of MM cells. The downregulation
of miR-126∗ was due to heterochromatin modification by
MMSET [122].

It has been shown that miRNAs themselves can regulate
the epigenetic machinery by directly targeting their enzy-
matic mediators such as DNMTs [123]. One such miRNA
in MM is miR-29b, whose tumor suppressor property was
earlier discussed. miR-29b targets de novomethyltransferases
DNMT3A and DNMT3B mRNAs and reduces global DNA
methylation in MM cells and therefore could restore expres-
sion of tumor suppressor genes silenced by hypermethylation
such as SOCS1 [124].

Various mechanisms behind miRNA deregulation have
been identified. Epigenetic aberrations, in particular abnor-
mal DNA methylation at miRNA promoter regions, seem
to be widespread and critical in silencing tumor suppressor
miRNAs such as miRs-192, -194, -215, and miR-34 family.
Our group has conducted genome-wide analysis of miRNAs
silenced by DNA methylation and functionally studies miR-
NAs upregulated by demethylating treatment. Apart from
known miRNAs that are epigenetically silenced, our study
has revealed novel tumor suppressor miRNAs relevant in
MMpathobiology (unpublished data). Again it highlights the
importance of the epigenetic-miRNA regulatory network in
MM.

8. miRNA and IL6-STAT3 Signaling in MM

The IL6-JAK-STAT axis is a major mediator of growth/
survival promoting effect onMM conferred by BMmicroen-
vironment. Secreted by the BMSCs, IL6 binds to its receptor
and activates JAK kinase, which in turn activates STAT3.The
activated STAT3 translocates into the nucleus and activates
transcription of genes that promote growth, proliferation,
and survival of MM cells. The IL6-STAT3 signaling pathway
is tightly controlled by SOCS proteins which binds to JAK
and inhibits receptor phosphorylation and STAT3 activation
[49–51]. However, SOCS1 is often silenced by promoter
hypermethylation in MM, leading to enhanced IL6-STAT
signaling [44, 45].

Studies have revealed roles of miRNAs as important
regulators and mediators of this axis in MM. miR-21 is
upregulated upon adherence ofMMcells to BMSCs [102, 125].
It can be directly induced by STAT3 and contribute to the
oncogenic potential of STAT3 [83]. At the same time, miR-
21 can indirectly induce STAT3 by targeting PIAS3, a STAT3
inhibitor, forming a positive feedback loop [126]. miR-19
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Figure 1: miRNA and IL6-STAT3 signaling in MM. miR-21 is upregulated upon adherence of MM cells to BMSCs. It can be directly induced
by STAT3 and contribute to the oncogenic potential of STAT3. At the same time, miR-21 can indirectly induce STAT3 by targeting PIAS3, a
STAT3 inhibitor, forming a positive feedback loop. miR-19 has been shown to promote STAT3 signalling by repressing SOCS1. miR-29b could
demethylate SOCS1 by targeting DNMTs, leading to upregulation of SOCS1, and negatively regulates IL6-STAT3 signalling.

has been shown to promote STAT3 signaling by repressing
SOCS1 [84]. Interestingly,miR-29b could demethylate SOCS1
by targeting DNMTs, leading to upregulation of SOCS1
levels and negatively regulates IL6-STAT3 signaling [45, 127]
(Figure 1).

9. miRNA and p53 in MM

P53 mutation in newly diagnosed MM is rare and its fre-
quency increases with disease progression. One copy loss of
p53 by FISH has been uniformly recognized to be an adverse
prognostic factor of MM [6]. It has been shown that p53 can
be directly targeted by miR-125b, miR-25 and miR-30d [104,
128], and indirectly targeted by miR-106b∼25 cluster, miR-32,
and miR-181a which target PCAF, a positive regulator of p53
[84]. Upregulation of these miRNAs in MM was observed
in multiple studies. On the other hand, p53 transcriptionally
induces miRs-192, -194, and -215 which target MDM2 [92],
and miR-34a which target SIRT1 [104]. Both pathways lead
to upregulation of p53, forming two positive feedback loops.
Deregulation of these miRNAs leads to compromised p53
tumor suppressor pathway and favors oncogenesis (Figure 2).

10. Key miRNAs with Therapeutic
Potential in MM

MiRNA possesses promising therapeutic potential in cancer
because it can targetmany important genes or pathways at the
same time. Anumber of deregulatedmiRNAs are consistently
identified and their important functions are demonstrated
(see Table 1). Discussed below are some of the miRNAs that
have demonstrated themost promising therapeutic potential.

10.1. MiR-29b and miR-21. MiR-29b has been shown to
inhibit tumor growth in HMCLs and in mouse. It can
also contribute to the antitumor activity of Bortezomib
and potentiates Bortezomib-induced apoptosis when used
together [106]. The tumor suppressor property of miR-
29b may be partially explained by its inhibition on IL6-
JAK-STAT3 signaling via targeting DNMTs and subsequent
demethylation and activation of SOCS1 [124]. Moreover,
it target proangiogenic factors including VEGFA, inhibits

migration, and negatively regulates osteoclast activity which
may alleviate lytic bone disease [127, 129, 130].

MiR-21 has been identified as a direct target of STAT3
that potentiates IL6-STAT3 signaling [83]. Upregulation of
miR-21 upon adherence to BM has been shown for HMCLs
and primary samples, which may be explained by enhanced
IL6-STAT signaling. Targeting miR-21 inhibits in vitro and
in vivo MM growth even in the context of BM and could
synergize with chemotherapeutic agents dexamethasone and
doxorubicin [102, 125].

10.2. miRs-192, -194, -215, andmiR-34a. 17p deletions, mostly
including TP53, have been unequivocally identified as a
predictor for worse prognosis in MM. miRNAs have been
implicated in p53 pathway. In particular, miRs-192, -194, -215,
and miR-34a have been extensively studied. All these four
miRNAs are direct transcriptional targets of p53, reversely;
these miRNAs indirectly induce p53, forming two positive
feedback loops and participating in the regulatory balance of
p53. Promoter hypermethylation of these miRNAs has been
found in MM and could lead to their silencing. Reexpressing
miRs-192, 194, and 215 leads to downregulation of their
direct target MDM2 and could sensitize TP53 WT cells to
pharmacological inhibition of MDM2 in vitro and in vivo.
In addition, miRs 192, -194, and -215 could inhibit migration
and invasion of MM cells by targeting IGF1 and IGF1R [92].
miR-34a is an established tumor suppressor in cancer. In
MM, miR-34 has demonstrated excellent antitumor activity
in preclinical models. Transient and prolonged expression of
miR-34a inhibited tumor growth both in vitro and in vivo.
In mouse models, both intramural injection and systemic
delivery of miR-34a in lipid particles inhibited tumor growth.
Importantly, miR-34a could overcome the BM-dependent
protective effect on MM cells, as demonstrated by a novel 3D
system [119, 120]. It should be noted thatmost of the cells used
in miR-34a study are TP53 mutant, suggesting that patients
with p53 inactivationmay in particular benefit frommiR-34a
replacement therapy.

10.3. miR-15a. MiR-15a has been closely associated with bone
marrow microenvironment. The secretion of tumor suppres-
sive miR-15a in exosomes by normal BM is reduced in tumor
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Table 1: Selected miRNA deregulations in MM.

miRNA Deregulation in MM (versus normal control
unless specified)

Targets/function/clinical
relevance Association with clinical parameters

21 Upregulated in MM and MGUS [84, 88];
upregulated in primary PCL versus MM [86]

PIAS3 [126],
PTEN [125],
Rho-B [102, 125],
BTG2 [125];
induced by STAT3 in
response to IL-6 [83]

221, 222

221: upregulated in MM [84, 87, 88];
222: upregulated in MGUS [84, 88], MM
[87, 88];
221 and 222: upregulated in relapse/refractory
MM [85]

p27Kip1, PUMA, PTEN
and p57Kip2 [132]

17-92 cluster (17, 18a,
19a, 19b-1, 20a, 92a)

Upregulated in MM but not in MGUS [84];
upregulated in MM [87, 88, 133];
Positively regulated by Myc [110];
lower plasma miR-92a level in MM than
MGUS, SMM and normal.[97]

BIM, SOCS1 [84]; P21
[87]

Higher 92a was associated with shorter
OS [86];
Higher 17, 20a, and 92-1 were
associated with shorter PFS [110, 134];
higher 17 and 18a were associated with
shorter OS [90];
Higher plasma miR-20a was associated
with shorter relapse-free survival [96]

106b∼25 cluster
(106b, 93, 25)

Upregulated in MM and MGUS [84];
upregulated in MM [133];
miR-25 is overexpressed in MM [128]

PCAF [84] miR-106b was correlated with
treatment response [86]

181a/b Upregulated in MM and MGUS [84];
upregulated in MM [85, 87, 88] PCAF [84]

miR-181a∗ and miR-181b were
correlated with treatment response
[86]

25, 30d, 125b Upregulated in MM [84, 87, 128] P53 [128]
32 Upregulated in MM not in MGUS [84] PCAF [84]

15a and 16-1

Decreased in relapsed/refractory MM [85];
decreased in MM [88];
decreased in patients with 13del as compared to
those without [88];
expressed in MM independent of chr13 status
[134, 135]

AKT3, rpS6,
MAP-kinases,
MAP3KIP, VEGF [85]

Decreased in patients with ISS stage III
[94];
higher expression correlates with
shorter PFS [134]

192, 194, 215 Downregulated in MM by promoter
hypermethylation [92]

Activated by TP53 and
targeted MDM2, IGF1,
IGF1R [92]

34 family Downregulated in MM by promoter
hypermethylation [115, 117]

BCL2, CDK6 and
NOTCH1 [120]

203
Downregulated in MM [91, 135];
decreased in MGUS and MM by promoter
hypermethylation [116]

CREB1 [116]

33b Downregulated in MM [107]

Involved in
MLN2238-induced
apoptotic signaling in
MM cells [107]

29b
Wide variation of expression in MM and
further decreased with the presence of BMSCs
[106]

DNMT3A/B [124],
CDK6 [106],
MCL-1 [106, 129],
Sp1 [106];
Targeted VEGFA, IL8;
induced SOCS1 [127]

425, 152, 24 Downregulated in hyperdiploid MM versus
nonhyperdiploid MM [93]

CCND1, TACC3, MAFB,
FGFR3, MYC [93]

214 Downregulated in MM versus normal PCs [91],
possibly by methylation [121] PSMD10 [121]

126∗
Downregulated in t(4;14) MM cells;
inhibited by MMSET by heterochromatin
modification [122]

c-Myc [122]
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Figure 2: miRNA and p53 in MM. P53 can be directly targeted by miR-125b, miR-25, and miR-30d and indirectly targeted by miR-106b∼25
cluster, miR-32, miR-181a which target PCAF, a positive regulator of p53. Upregulation of these miRNAs in MM were observed in multiple
studies. On the other hand, p53 transcriptionally induces miRs-192, -194, and -215 which targetMDM2 andmiR-34a which target SIRT1. Both
pathways lead to upregulation of p53, forming two positive feedback loops. Deregulation of these miRNAs leads to compromised p53 tumor
suppressor pathway and favors oncogenesis.

microenvironment, producing a permissible environment for
tumorigenesis and reduces sensitivity to bortezomib and
melphalan [105, 131]. Restoring miR-15 inhibited AKT, NF𝜅B
activity, and VEGF and exerted antitumor effects even in the
context of BM [85, 94].

11. Conclusion

In conclusion, miRNAs have emerged as important players
in the pathobiology of MM and have potential in improving
clinical practice. Future research should focus on the vali-
dation of miRNA signatures and the integration of validated
signatures in clinical practice for better disease classification,
prognostication, and prescription. At the same time,miRNAs
with the most promising therapeutic potential should be
moved into the pipeline of clinical development, as single
agents or in combination with current therapy, guided by
improved understanding of the disease.
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Characteristic recurrent copy number aberrations (CNAs) play a key role in multiple myeloma (MM) pathogenesis and have
important prognostic significance for MM patients. Array-based comparative genomic hybridization (aCGH) provides a powerful
tool for genome-wide classification of CNAs and thus should be implemented into MM routine diagnostics. We demonstrate the
possibility of effective utilization of oligonucleotide-based aCGH in 91 MM patients. Chromosomal aberrations associated with
effect on the prognosis of MM were initially evaluated by I-FISH and were found in 93.4% (85/91). Incidence of hyperdiploidy
was 49.5% (45/91); del(13)(q14) was detected in 57.1% (52/91); gain(1)(q21) occurred in 58.2% (53/91); del(17)(p13) was observed
in 15.4% (14/91); and t(4;14)(p16;q32) was found in 18.6% (16/86). Genome-wide screening using Agilent 44K aCGH microarrays
revealed copy number alterations in 100% (91/91). Most common deletions were found at 13q (58.9%), 1p (39.6%), and 8p (31.1%),
whereas gain of whole 1q was the most often duplicated region (50.6%). Furthermore, frequent homozygous deletions of genes
playing important role in myeloma biology such as TRAF3, BIRC1/BIRC2, RB1, or CDKN2C were observed. Taken together, we
demonstrated the utilization of aCGH technique in clinical diagnostics as powerful tool for identification of unbalanced genomic
abnormalities with prognostic significance for MM patients.

1. Introduction

Multiple myeloma (MM) is a tumor of postgerminal cen-
ter isotype switched plasma cells (PCs), which are poorly
proliferative but accumulate in the bone marrow leading to
anemia, hypercalcemia, and lytic bone disease. Evaluation
of genetic lesions associated with prognosis of MM patients

is one of the most important diagnostic tools in the field
[1]. Detection of chromosomal aberrations by means of
standard karyotyping is limited (about 30% of cases) due
to resolution and low proliferation activity of PCs [2]. This
limitation can be overcome by newer techniques, such as
fluorescent in situ hybridization (FISH) with detection rate
of chromosomal aberrations (CHAs) reaching over 90% of
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all cases [3]. However, this technique detects only a limited
number of specific target sequences and thus provides a very
limited view of the genome.

Karyotyping and FISH technique have shown that there
are two major genetic subtypes in MM. Hyperdiploid MM
(H-MM) is characterized by gains of odd-numbered chro-
mosomes (e.g., chromosomes 3, 5, 7, 9, 11, 15, 19, and 21) and
low incidence of IgH translocations and it is associated with
better prognosis, whereas nonhyperdiploid MM (NH-M) is
connected with worse prognosis due to frequent incidence of
IgH translocations [4]. Several studies described prognostic
significance of specific recurrent chromosomal aberrations,
such as del(13)(q14)/loss of chromosome 13, del(17)(p13),
gain(1)(q21), and IgH translocations for MM patients [5,
6]. However, current understanding of MM pathogenesis
together with development of modern genome-wide screen-
ing techniques proves that common prognostic FISH panels
are insufficient for description of genome heterogeneity of
malignant PCs [7].

Complete analysis of the MM tumor genome by microar-
ray techniques revealed novel recurrent copy number aber-
rations, such as deletions in 1p, 6q, 8p, 12q, and 16q, which
are now considered additional prognostic factors to high-
risk features. In addition, deletions of genes involved in
regulation of theNF-𝜅B pathway (CYLD,TRAF3, BIRC2, and
BIRC3), cell cycle (CDKN2C, CDKN2A, and CDKN2B), or
induction of apoptosis (WWOX and FAF1) were furthermore
described by genome-wide approaches and add important
information about genetic changes in MM pathogenesis [8,
9]. Recently, next-generation sequencing (NGS) techniques
discovered mutations in several key genes associated with
cancerogenesis, such as K-Ras, N-Ras, or sarcoma viral
oncogene homolog B1 (BRAF) and postulated a new theory
of clonal evolution of MM disease [10].

In our previous studies we showed that incidence of
specific cytogenetic abnormalities, such as gain(1)(q21),
del(17)(p13), and t(4;14)(p16;q32), detected by FISH in MM
patients is connected with shorter overall survival for both
newly diagnosed and relapsed MM patients [11, 12]. In
this study, we analyzed the genomic profiles of 91MM
samples using oligonucleotide-based aCGH technique. We
focused on detailed characterization of CNAs with known
prognostic importance as well as CNAs connected with IgH
translocations and incidence of homozygous deletions in
our cohort of patients in terms of better understanding and
subclassification of genetic heterogeneity ofMM. In addition,
we performed validation analysis of the FISH panel rou-
tinely used in MM diagnostic [hyperdiploidy, del(13)(q14),
del(17)(p13), and gain(1)(q21)] with genome-wide approach
to verify the possibility of replacing the standard I-FISH
technique due to scalability of genomic profiling.

2. Material and Methods

2.1. Patients’ Characteristics. Thebonemarrow aspirates from
91 (46 newly diagnosed and 45 relapsed) MM patients were
obtained from MM patients between 2007 and 2010 from
various centers in Slovakia and the Czech Republic. Patients’

clinical features are summarized in Table 1. All patients
were included into this study only after they signed the
informed consent form approved by the ethical committee
of the hospital. The enriched samples of PCs were obtained
by either anti-CD138+ immunomagnetic beads (AutoMACS
Pro, Miltenyi Biotec GmbH, Bergisch Gladbach, Germany)
or by fluorescent-activated cells sorting (FACS Aria, BD
Biosciences, San Jose, CA, USA). Detailed protocol of sorting
algorithm used in our center was described elsewhere [13].
Briefly, cutoff level of 5% for CD138+ PCs infiltration in
the bone marrow was established, and sorting technique
(<5% FACS, >5% MACS, resp.) was used according to the
manufacturer’s instructions.

2.2. Microarray Analysis. Genomic DNA (gDNA) for aCGH
experiments was extracted using commercially available kit
(Puregene Core Kit A, Qiagen) according to manufacturer’s
protocol. Quality control of gDNA, digestion, labeling, and
hybridization steps were performed as previously described
[14]. Briefly, 1.0 𝜇g of tumor and reference DNA were inde-
pendently digested with Alu1 and Rsa1 (Promega, Madison,
WI, USA) for 2 hours at 37C. Agilent Euro Female/Male
was used as the normal reference in the hybridization
experiments. Fluorescent labeling was made by BioPrime
Total for Agilent Labeling Module (Invitrogen, Carlsbad,
CA, USA) with specific fluorescent dyes Alexa3 for reference
and Alexa5 for tumor DNA. Labeled reactions were cleaned
up and hybridized at 65C for 24 hours. Human Genome
4×44k CGH Microarrays were scanned by Agilent Surescan
C scanner with 5 𝜇m resolution; features were extracted
with Feature Extraction software and log 2 ratio data were
imported and analyzed by Agilent Genomic Workbench
7.0.1.4 (Agilent Technologies, Santa Clara, CA, USA). Aber-
ration calling was made by ADM-2 algorithm [15]. Positive
aberration calls were defined by ≥3 consecutive probes
and overreaching 0.2-fold change of log

2
space. We used

recommended default threshold 6 for ADM-2 algorithm
with accuracy of aberration call confirmed on the basis of
known FISH aberrations. The regions with detected CNAs
were manually examined due to exclusion of copy number
variant (CNV) regions and only copy number changes in
exons and microRNA regions were included into further
analyses. To identify and eliminate common CNVs from
the study, we used default Database of Genomic Variants
(http://www.openhelix.com/) for hg18. Physiological loci of
the IgH, IgL-k, and IgL-lwere also excluded from the analyses.
Microarray data are available in the ArrayExpress database
(http://www.ebi.ac.uk/arrayexpress/) under accession num-
ber E-MTAB-1792.

2.3. I-FISH Analysis. The cohort of 91MM patients was
examined for incidence of IgH translocations; furthermore,
the occurrence of del(13)(q14), del(17)(p13), gain(1)(q21), and
hyperdiploidy was compared with aCGH analysis in order to
verify the results of whole-genome screening. The detection
of PCs in the bone marrow samples was performed by
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Table 1: Patients’ baseline characteristics.

Sex
Males 41
Females 50

Age median
(at the time of therapy, years); range 69 (38–87)

Follow-up median
(from therapy, months); range 37.8 (1.7–269.8)

Durie-Salmon stage (from therapy)
I 9 (9.9%)
II 11 (12.1%)
III 71 (78.0%)

Stages A-B (from therapy)
A 69 (75.8%)
B 22 (24.2%)

ISS stage (from therapy)
1 22 (24.2%)
2 25 (27.5%)
3 44 (48.4%)

Ig isotype
IgG 58 (63.7%)
IgA 15 (16.5%)
IgD 4 (4.4%)
IgM 1 (1.1%)
LC only 13 (14.3%)

Light chains
Kappa 53 (58.2%)
Lambda 38 (41.8%)

Number of previous treatment lines
None (first line treatment) 46 (50.6%)
Two 20 (22.0%)
More (>2) 25 (27.4%)

Biochemical parameter (median; min–max)
Haemoglobin (g/L) 103.50 (66–144)
Thrombocytes (count ×109) 197.50 (27–416)
Calcium (mmol/L) 2.32 (1.47–3.64)
Albumin (g/L) 38.95 (21.1–54.1)
Creatinine (umol/L) 113.00 (54–1136)
𝛽2-Microglobulin (mg/L) 5.18 (1.8–42.16)
Lactate dehydrogenase (ukat/L) 3.80 (1.52–22.92)
C-reactive protein (mg/L) 4.20 (0–174)
Plasma cell infiltration of bone marrow (%) 39.4 (0.80–94.60)

immunofluorescent labeling of cytoplasmic light chain (cIg-
FISH), as previously reported [16], or we used CD138+ PCs
obtained by cell sorting techniques. The following FISH
panel of commercial DNA probes was used for analysis:
LSI IGH/FGFR3 dual color probe, LSI 13q14 (RB1) spectrum
green probe, LSI p53 (17p13.1) spectrum orange probe, and
LSID5S23/D5S721, CEP 9, andCEP 15multicolor probe panel
(Abbott Laboratories, Abbott Park, IL, USA). Hyperdiploidy

was defined as gain of at least two of three evaluated
chromosomes in a single cell. Gain(1)(q21) was assessed by
homemade probe using fluorescent labeled bacterial artificial
chromosome (BAC) (clone RP11-205M9); protocols for BAC
isolation and labeling were followed from online resources of
University of Bari, Italy (http://www.uniba.it/). Slide prepa-
ration and FISH analyses were performed according to man-
ufacturer’s protocols.We used cutoff values recommended by
the EuropeanMyelomaNetwork [17], 20% cutoff for deletions
and numerical aberrations and 10% cutoff for translocations
and IgH rearrangements. At least, 100 cells were scored in
each sample. Digital image analysis was assessed by fluo-
rescent microscope Olympus BX-61 equipped with a CCD
Camera Vosskuhler 1300D and Lucia KARYO/FISH/CGH
imaging system (Laboratory Imaging s. r. o., Prague, Czech
Republic).

3. Results

3.1. Summary of Chromosomal Aberrations in 91MM Patients
Detected by I-FISH Technique. The evaluation of unbalanced
chromosomal abnormalities (hyperdiploidy, deletion of RB1,
deletion of TP53, and gain/amplification 1q21) and IgH
translocation t(4;14)(p16;q32) by FISH was performed in
91MM patients. In our cohort, chromosomal abnormalities
were detected in 93.4% (85/91) of cases. Hyperdiploidy
was found in 49.5% (45/91); del(13)(q14) was detected in
57.1% (52/91); del(17)(p13) was observed in 15.4% (14/91)
and gain(1)(q21) occurred in 58.2% (53/91) of samples. The
t(4;14)(p16;q32) was found in 18.6% (16/86); 5 cases were
discarded because of low amount of evaluated cells. Inci-
dence of translocation t(4;14)(p16;q32) was associated with
nonhyperdiploid (𝑃 = 0.005) cases as well as gain(1)(q21)
and deletion of RB1 (𝑃 = 0.025; 𝑃 = 0.052, resp.) and
corresponded with simultaneous incidence of del(13)(q14)
and gain(1)(q21) (𝑃 = 0.0047).

3.2. Results from Whole-Genome Screening of a Cohort of
91MM Patients Using Agilent 4×44k Microarrays. The DNA
samples from 91MM patients were analyzed by high-density
oligonucleotide aCGH technique. Genome-wide screening
using microarrays showed large genomic heterogeneity in
MM cases and revealed copy number alterations in 100%
(91/91) of samples. Graphical overview of incidence of
genomic CNAs is shown in Figure 1. Overall, we found
1557 CNAs (778 gains and 779 areas of loss of genetic
material); median was 16 CNAs per patient (range 1–52). The
average size of aberration was 26.2Mbp; 13% (204/1557) of
all aberrations were smaller than 1Mbp. Detailed description
of CNAs found in our cohort is available in Supplementary
Table 1 (see Supplementary Material available online at
http://dx.doi.org/10.1155/2014/209670).

Our results confirm that there are two distinct whole-
genome profiles reflecting major genetic subtypes in MM.
Incidence of the extra copies of odd-numbered chromosomes
is a common feature of hyperdiploid subgroup, which was
found in 50.5% (46/91) of samples, whereas 49.5% (45/91)
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Figure 1: Graphical summary of copy number abnormalities in cohort of 91 multiple myeloma patients. Green color represents areas of loss;
red corresponds with areas of gain of genetic material.

of cases were nonhyperdiploid. Most often duplicated chro-
mosomes were chromosomes 9 and 15 (both 41.8%; 38/91),
followed by chromosomes 9 (40.7%; 37/91), 19 (36.3%; 33/91),
5 (33.0%; 30/91), 11 (31.9%; 29/91), 3 (25.3%; 23/91), 7 (22.0%;
20/91), and 21 (18.7%; 17/91).

3.2.1. CNAs with Prognostic Significance in MM Diagnosis
Detected by aCGH

Deletions in 1p. In our study, we found deletion of 1p in 46.2%
of samples (42/91). The whole 1p arm was deleted in 16.7%
(7/42) of cases. Furthermore, we identified three frequently
deleted areas of 1p.

Most common deleted locus was located in 1p22.1, where
we found 480Kbp minimal deleted region (MDR), which
occurred in 32.9% of cases (30/91) and included 5 genes
(HSP90B3P, TGFER3, BRDT, EPHAX4, and BTBD8). The
second frequently deleted region was found in 1p32.3 band,
where we observed deletion in Fas +associated factor 1 (FAF1)
and CDKN2C (p18) loci in 19.8% of cases (18/91). The third
350KbpMDR was detected in 1p12 in 9.9% (9/91), including
loci withMAN1A2, FAM46C, and GDAP2.

Gain 1q. Regions of gain of genetic material in chromosome
1q were found in 71.4% (65/91) of cases; gain of whole 1q
arm was detected in 50.6% (46/91) of patients. In 5.5% (5/91)
of samples, we defined 10.9Mbp minimal region of gain
(MRG) in 1q21.2–1q23 including CKS1B and ANP32E, two
genes associated with poor prognosis in MM.

Chromosome 17. The deletion in 17p13 locus was found in
14.3% (13/91). We found MDR of 133.5 Kbp covering 4 genes:
ATP1B2, TP53, WRAP5, and EFNB3. Moreover, we found
partial gain in 17q affecting area between 17q21.33 and 17qter
in 12.1% (11/91), and in 5 cases (5.5%) we observed incidence
of trisomy 17.

3.2.2. CNAs Associated with Chromosomes Involved in
IgH Rearrangements

Chromosome 4. The loss of genetic material was frequently
observed in 4p. The most common MDR was de-
tected in 4p16.3 area in 6.6% (6/91), affecting loci of
FGFR3 and WHSC1. Furthermore, we found breakpoint in
4p16.3 locus in 3 cases, resulting probably from unbalanced
translocation t(4;14)(p16;q32). In 7.7% of cases (7/91), we
defined 7.1MbpMDR in 4p15.2, comprising twelve genes
(LGI2, SEPSECS, PI4K2B, ZCCHC4, ANAPC4, SLC34A2,
KIAA0746, LOC389203, RBPJ, CCKAR, TBC1D19, and
STIM2).

Chromosome 8. Most common aberration in chromosome 8
was loss of whole 8p, which was found in 23.1% (21/91) of
cases. Aberrationsin 8p24.2 affecting MYC oncogene were
found in 31.9% (29/91) of samples, including both gains
and deletions (22%, 20/91; 9.9%, 9/91, resp.). In 7.7% (7/91),
we observed breakpoint in the MYC locus, resulting most
probably from unbalanced t(8;14) translocation.

Chromosome 11. We found an extra copy of chromosome 11
in 32.9% of cases (30/91), exclusively in the H-MM group
(𝑃 < 0.001). We identified breakpoint in the CCND1 locus
in 4 cases suggesting incidence of t(11;14). Most often deleted
region on chromosome 11 was 11q22 area. We found 4.3Mbp
MDR consisting of 22 genes in 9.9% (9/91) of cases, including
loci of two genes with known function in apoptosis, and
connected with the NF-𝜅B pathway, BIRC2 and BIRC3, and
matrix metallopeptidase cluster.

Chromosome 14. The most common aberration was mono-
somy 14, which was observed in 17.6% (16/91) solely in nonhy-
perdiploid cases (𝑃 < 0.001). Common MDR was observed
in 14q23 region between AKAP5 and ADAM21 genes in 8.8%
(8/91) of cases. Another MDR was located in 14q32.22 and
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Figure 2: Schematic visualization of homozygous deletions in 14q32.33 region with highlighted TRAF3 as main target of deletion in this area.

included 3 genes, TRAF3,AMN, andCDC42BPB.This region
was homozygously deleted in incoherent manner (Figure 2)
and occurred in 7.7% (7/91) of cases, with size of deletion
varying from 48.7 Kbp to 261 Kbp.

Chromosome 16.The loss of 16qwas themost frequent CNA in
our cohort of patients (25.3%, 23/91). In one casewith positive
t(14;16)(q32;q23), we found interstitial deletion in fragile site
FRA16D includingWWOX. In the short arm of chromosome
16, we found 680Kbp MDR in 16p13.3 area between CLUAP1
and NAT15 in 7.7% (7/91).

3.2.3. Other Regions of Recurrent CNAs

Chromosome 6. Whereas gains were typical genetic abnor-
malities for 6p, interstitial deletionswere commonly observed
in 6q.Themost frequently deleted area was 6q25. We defined
MDR of size 2.1Mbp, which was observed in 15.4% (14/91)
and was comprised of OPRM1, IPCEF1, CNKSR3, RBM16,
TIAM2, TFB1M, CLDN20, and NOX3. Another region with
frequent deletion was 6q16.3, which was found in 11% (10/91)
where we defined 3.4MbpMDR between COQR and GRIK2.
Partial deletion of 6q (>75%) was also observed in 11.0%
(10/91) of cases. In 6p, the most common CNA was gain in
6pter-6p22.3, observed in 8.7% (9/91).

Chromosome 12. The most common CNA in chromosome
12 was 69.2 Kbp deletion in 12p13. In 12.3% (13/91) of cases,
we found small MDR in 12p13.1 locus including cyclin-
dependent kinase inhibitor 1B (CDKN1B) and an endothelial
cell early response protein gene APOLD1. In 5 cases, we

observed deletion of whole 12p and 3 cases were missing the
whole chromosome 12.

Chromosome 13. The loss of genetic material in chromosome
13 was the most common chromosomal aberration observed
in our cohort of patients. The monosomy 13 was found in
50.6% (46/91) of cases. In 8.8% (8/91) of cases, we observed
11.2MbpMDR between LRCH1 and DIAHP3 spanning from
13q14.2 to 13q21.2 and containing genes with important roles
in cancerogenesis, RB1, DLEU7, and miRNA genes miR-
15a/miR-16-1.

Chromosome 20. The most common aberration observed in
chromosome 20 was deletion of the short arm. We found
loss affecting approximately 2/3 in 20p in 8.8% (8/91) of cases
spanning from 20pter to 20p11.23. Gains or losses of whole
chromosome 20 were observed in 7.7% (7/91) of samples
(4 cases with loss and 3 cases with gain of extra copy of
chromosome 20).

Chromosome 22. The most frequent CNA in chromosome 22
was loss of the whole chromosome, which was found in 15.4%
(14/91) of cases. In addition, 6.6% (6/91) of cases had 33.6Mbp
deletion affecting approximately 1/3 of the 22q arm between
centromere and 22q12.2 band.

3.2.4. Regions with Homozygous Deletions Detected by aCGH.
The homozygous deletions (HZDs) play an important role
in cancer biology and are considered important genetic
aberrations as they are able to fully inactivate genes contained
within them. In our cohort of patients, HZDs were found
in 30.8% (28/91) of cases. Median size was 193Kbs (range
0.039–1.4Mbp), and its incidence was noted more often
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in nonhyperdiploid cases (𝑃 = 0.02). Incidence of most
common HZDs is summarized in Table 2. The most fre-
quently affected region was 14q32.32 with HZD varying from
48.7 Kbp to 261 Kbp observed in 7.7% (7/91) of cases spanning
loci of genes (RCOR1, TRAF3, AMN, and CDC42BPB) in an
incoherent manner. The second most common locus with
HZD was 1p32.3 carrying FAF1 and CDKN2C, which was
deleted in 5.5% (5/91) of cases. The HZDs in chromosome 13
were also frequently observed. The HZDs were observed in
6.6% (6/91) of cases, but 13q14.2 locus was hit only in 3 cases
(3.3%), varying from 52Kbp to 206Kbp comprising RB1,
LPAR6, and RCBTB2. Notably, all single case HZDs affected
tumor suppressor genes, such as BRCA2 (13q12.3), INTS6
(13q14.3), or SPRY2 (13q31.1). Further loci with occurrence of
HZDswere found in a single case in 1p32.3 (PTPN14;ESRRG),
3q26.3 (PIK3CA), 4q22 (SMARCAD1), 5q15 (MCTP1), 6q22.1
(KPNA5), 11q23.2 (FAM55B, CADM1), 12p31.2 (CDKN1B),
16q23 (WWOX,MAF), and Xq23 (LHFPL1, AMOT).

3.3. Concordance of Unbalanced Chromosomal Aberrations
Detected by FISH and aCGH. In order to evaluate the
possibility of replacing FISH analyses by aCGH in clinical
diagnostics, the occurrence of characteristic recurrent unbal-
anced chromosomal aberrations was tested. The McNemar
test was used for comparison of detection of hyperdiploidy,
del(13)(q14), del (17p13), and gain(1)(q21) detected by I-FISH
with the incidence of CNAs in those loci from our aCGH
aberration list in 91MM samples.

In our dataset, a total of 36.3% (36/91) of cases were
discordant; however, we did not find statistically significant
difference between results from both techniques for single
aberrations. Detailed overview is shown in Table 3. While
in detection of structural aberrations, concordance was over
90%, the most common discrepancy was observed in detec-
tion of the ploidy status (14.3%; 13/91). From H-MM cohort
evaluated by FISH, 13.3% (6/45) of cases were classified as
nonhyperdiploid by aCGH. Similarly, 15.2% (7/46) of NH-
MM samples analyzed by FISH were classified as hyper-
diploid by aCGH because of the incidence of extra copies
of chromosomes undetectable by FISH multicolor panel.
Discordant findingswere also found in detection of structural
aberrations by both techniques. Of the 91 patients with both
aCGH and FISH results, aCGH detected 11.0% (10/91) of
CNAs that were not detected by FISH [6 cases of del(13)(q14),
2 cases of del(17)(p13), and 2 cases of gain(1)(q21)]. On
the contrary, I-FISH detected 11% (10/91) of abnormalities
not identified by aCGH [2 cases of del(13)(q14), 3 cases of
del(17)(p13), and 5 cases of gain(1)(q21), resp.].

4. Discussion

Detection of chromosomal abnormalities is one of the most
important independent prognostic markers in MM patho-
genesis and prognosis for patients. Similarly to many other
types of hematologic malignancies, MM is characterized by
numerous structural and numerical genetic lesions involving
many oncogenes, tumor suppressor genes or genes involved
in signaling pathways important for cell cycle, apoptosis,

and so forth. [2]. While karyotyping techniques are able
to detect chromosomal abnormalities roughly in 30% of
cells because of the low proliferative activity, the intro-
duction of new cytogenetic techniques, such as I-FISH or
aCGH, allows us to detect genetic lesions in more than
90% of malignant PCs [18]. Expanded panel of FISH mark-
ers includes del(13)(q14)/monosomy 13, t(11;14)(q13;q32),
t(14;16)(q32;p23), and hyperdiploidy. Even though I-FISH
is nowadays considered as a gold standard for cytogenetic
investigations inMM, it may be insufficient for description of
given genetic heterogeneity. Moreover, several studies proved
virtually 100% occurrence of CNAs in MM when techniques
of whole-genome screening were used in MM diagnosis [19].
Based on the above-mentioned studies, we utilized the global
assessment of genomic abnormalities via a high-resolution
Agilent 4x44k aCGHplatform and in combinationwith FISH
in 91MM patients. To the best of our knowledge, this is the
first study of such scale in central Europe in MM patients.

4.1. FISH Assessment of Cytogenetic Aberrations Wit Prog-
nostic Significance. Rearrangements of the IgH locus play
important role in MM pathogenesis. Several studies showed
negative prognostic impact of t(4;14)(p16;q32) in newly
diagnosed or relapsed patients. In our cohort, we found
t(4;14)(p16;q32) using FISH in 17.4% (15/86) of cases in agree-
ment with previous reports [20]. The del(17)(p13) including
tumor suppressor gene TP53 is considered an important
negative prognostic factor in MM pathogenesis. In our
cohort, we found del(17)(p13) in 15.4% (14/91) of cases in
concordance with previous observations [21]. Gain(1)(q21)
and subsequently overexpression of CKS1B are nowadays
considered as an independent prognostic factor in MM
diagnosis. In our previous studies, we showed that incidence
of this genetic lesion is associated with poor prognosis when
detected by I-FISH in both newly and relapsed MM patients.
In this cohort, we found gain(1)(q21) in 53% of cases, which
is in agreement with previously published results [22].

4.2. Whole-Genome Screening by Oligo-Based Microarrays
and aCGH Technique. The whole-genome screening using
aCGH identified CNAs >100Kbp in 100% of cases. Most
common CNAs were found in 1p, 1q, 6p, 8p, 13q, 14q, 16q,
and 22q along with gain of extra copies of odd-numbered
chromosomes. Hyperdiploidy was found in nearly half of
the cases (47.3%; 43/91). Within the hyperdiploid cohort
of patients, we observed incidence of trisomy 11 as well
as gain(1q) and del(13q) associated with worse prognosis;
however, the association did not meet statistical significance
(𝑃 = 0.112), as previously described [23].

In addition to current high-risk panel genetic abnormal-
ities, several other CNAs associated with adverse prognosis
were recently identified by genome-wide techniques. In
chromosome 1, deletion in 1p32 affecting loci of CDKN2C
and FAF1 is connected with shorter OS. In our cohort, we
defined MDR in 1p32.3 locus with incidence of this focal
deletion in 19.8% (18/91), which is in good agreement with
previous observations [24]. Another frequent deletion in 1p
was found in 1p12, including loci of MAN1A2, GDAP2, and
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Table 2: Incidence of most common homozygous deletion in a cohort of 91 multiple myeloma patients detected by array-CGH technique.

Chromosome location Size (Mb) Prevalence (%) Genes
14q32.32 0.063–0.261 7.7 RCOR1, TRAF3, AMN, CDC42BPB
1p32.3 0.068–0.387 5.5 FAF1, CDKN2C
11q22.1–11q22.3 3.6–4.7 2.8 BIRC3, BIRC2, MMP cluster
13q14.2 0.053–0.206 2.8 RB1, P2RY5, RCBTB2
16q12.1-16q12.2 1.40–1.42 1.9 CYLD, SALL1

Table 3: Comparison of array-CGH and FISH results in evaluation
of cytogenetic aberrations with known effect on prognosis in
multiple myeloma patients.

I-FISH 𝑃 value Concordance

aCGH

del(13)(q14)
Positive Negative

Positive 50 6
𝑃 = 0.289 91.2%

Negative 2 33
del(17)(p13)
Positive Negative

Positive 11 2
𝑃 = 1.000 94.5%

Negative 3 75
gain(1)(q21)
Positive Negative

Positive 48 2
𝑃 = 0.450 92.3%

Negative 5 36
Hyperdiploidy

Positive Negative
Positive 39 7

𝑃 = 1.000 85.4%
Negative 6 37

FAM46C. Recently, incidence of mutations and deletion of
FAM46C were described and associated with impaired OS
in MM patients [25]. In 1q, we observed common region
of gain of genetic sequences in 1q21.2 region with two
genes associated with negative impact on prognosis, CKS1B,
and ANP32E [26]. In agreement with previous studies, our
results also showed that in most cases, the whole 1q arm is
affected [27]. Genetic lesions involving deletions of TP53 in
17p13.1 were observed in 13.2% (12/91). Even though there
is agreement about loss/mutation of TP53 having negative
impact onMMprognosis, MDR in 17p13.1 area in our dataset
also included spermine N1-acetyltransferase SAT2, which has
been reported to be significantly underexpressed in del(17p);
it interacts with p65 subunit of the NF-𝜅B pathway and thus
is another possible candidate gene in this area [28].

4.3. Incidence and Impact of Homozygous Deletions.
Homozygous deletions play important role in cancer
biology and are considered to be important genetic events.
By the definition, this event is able to fully inactivate genes
contained within them. The most frequent region associated
with incidence of HZD in our dataset was 14q32 (7.7%;
7/91). The incidence of del(14q) is commonly observed in

hematological malignancies. In MM, several studies recently
showed that TNF receptor-associated factor 3 (TRAF3) is an
important target of deletion in this locus.TRAF3 is associated
with negative induction of noncanonical NF-𝜅B pathway,
enhances BIRC2/BIRC3mediated proteasome degradation of
NF-𝜅B inducing kinase (NIK), and thus increases autonomy
of tumor PCs from the bone marrow microenvironment
[29]. Similarly to others, TRAF3 was the target of HZDs in
our MDR in 14q32.33; its incidence was comparable with
other MM studies as well as other B-lymphomas [30, 31].
Another region affected with HZD was 1q32.3 carrying loci
of FAF1 and CDKN2C, which occurred in 5.5% (5/91) of
cases. Incidence of HZD in this region is associated with
adverse prognosis in MM patients and is also common in
mantle cell lymphoma patients [32]. Finally, HZD regions
observed in <5% of cases have relevance in MM biology due
to involvement in important signaling pathways, such as
NF-𝜅B (CYLD, BIRC2, and BIRC3), regulation of cell cycle
(CDKN1B, RB1), or connection with apoptosis (WWOX,
FAF1) [33, 34].

4.4. Comparison of FISH Evaluation and aCGH Results in
Cohort of 91MM Patients. Molecular cytogenetic analysis
using I-FISH technique is still considered to be a golden
standard for cytogenetic evaluation in MM diagnosis. How-
ever, genomic profiling using aCGH provides information
beyond the commonly detected unbalanced genetic lesions
that are observed by FISH. In our cohort, chromosomal
aberrations were detected in 93.4% (85/91) of cases using
I-FISH, while aCGH screening was able to detect CNAs
in 100% (91/91) of cases. The concordance for loss of RB1
(13q14), TP53 (17p13), gain(1)(q21), and hyperdiploidy was
91.2%, 94.5%, 92.3%, and 85.4%, respectively; median of
concordance for all aberrations was 91.8%. To our knowledge,
no similar study was done in MM, but there are data from
different hematologicalmalignancies. Comparative studies in
chronic myeloid leukemia (CLL) between FISH and aCGH
showed high degree of concordance with our results, with
the concordance between FISH and aCGH reaching up to
93% and 95.5%, respectively [35, 36]. Proportion of structural
abnormalities missed by FISH and aCGH was 18.7% (17/91)
and 17.6% (16/91), respectively, which is a little higher than
in previous studies; however, we used a larger cohort of
patients and highly purified CD138+ sorted cells as starting
material instead of bone marrow samples, which could affect
specificity of our analysis over previously published data
showing discrepancy from 9 to 12% [37, 38]. In addition,
several other studies inMM andCLL also showed that aCGH



8 BioMed Research International

is less effective when incidence of CNAs is presented to be
<30% of the cells [30, 35, 39]. In our dataset, 37.5% (6/16) of
cases with missed CNAs by aCGH fell within this condition
(2x loss of RB1, 2x gain CKS1B, and 3x loss of TP53). These
cases are hard to evaluate by default setting of the analytic
software; however, novel computing algorithms developed
for detection of mosaic samples are able to overcome this
issue [40]. Primary reason for discrepancy in detection of
hyperdiploidy was caused by higher false positivity of FISH
evaluations, when FISH signals were scored as trisomies
when only a part of the chromosome arm was duplicated but
not the whole chromosome.

5. Conclusions

The results of our study showed that our complex approach
comprising cell sorting, I-FISH evaluation of balanced chro-
mosomal changes (IgH rearrangement and translocations
associated with adverse prognosis for MM patients), and
genome-wide profiling gives us a robust diagnostic tool
suitable for precise evaluation of the high-risk genetic lesions.
The utilization of whole-genome CGH microarrays is able
to substitute routine FISH evaluations in detection of unbal-
anced genetic lesions with prognostic impact in MM and
bring additional information about changes in genome of
malignant plasma cells even though the detection of clonal
aberrations inMM samples could be challenging. Altogether,
combination of aCGH and I-FISH technique gives us new
opportunities for description of genetic heterogeneity inMM
and thus identification of novel cytogenetic features capable
of discerning prognosis in MM. However, further studies
focusing on genetic background of MM are needed for better
understanding and characterization of role of genetic changes
in MM pathology.
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[36] A. Tyybäkinoja, J. Vilpo, and S. Knuutila, “High-resolution
oligonucleotide array-CGH pinpoints genes involved in cryp-
tic losses in chronic lymphocytic leukemia,” Cytogenetic and
Genome Research, vol. 118, no. 1, pp. 8–12, 2007.

[37] A. Patel, S.-H. Kang, P. A. Lennon et al., “Validation of a targeted
DNAmicroarray for the clinical evaluation of recurrent abnor-
malities in chronic lymphocytic leukemia,” American Journal of
Hematology, vol. 83, no. 7, pp. 540–546, 2008.

[38] D. P. O'Malley, C. Giudice, A. S. Chang et al., “Comparison of
array comparative genomic hybridization (aCGH) to FISH and
cytogenetics in prognostic evaluation of chronic lymphocytic
leukemia,” International Journal of Laboratory Hematology, vol.
33, no. 3, pp. 238–244, 2011.
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Free light chains (FLCs) are useful biomarkers for the diagnosis and monitoring of various plasma cell dyscrasias. One hundred
fifty-seven samples from 120 patients for screening or monitoring of monoclonal gammopathy (MG) were included. The new N
Latex FLC assays (Siemens Healthcare Diagnostics GmbH, Germany) were compared with the Freelite FLC assays (The Binding
Site Ltd., UK) and the results were analyzed with those of immunofixation electrophoresis (IFE). The Freelite FLC assay showed
significantly wider assay ranges than theN Latex FLC assay.The correlation coefficients of the two FLC kappa (𝜅) assays, lambda (𝜆)
assays, and the 𝜅/𝜆 ratio were 0.9792, 0.8264, and 0.9064, respectively.The concordance rate was 84.7% for the FLC 𝜅 assays, 79.6%
for FLC 𝜆, and 89.2% for the 𝜅/𝜆 ratio. The clinical sensitivity and specificity of the 𝜅/𝜆 ratios were 72.2% and 93.6% for the Freelite
assay and 64.6% and 100% for the N Latex FLC assay. Two FLC assays showed good correlations and concordance. However, the
clinical sensitivity of the 𝜅/𝜆 ratio was higher in the Freelite FLC assays; clinical specificity was higher in the N Latex FLC assay.
Both FLC assays seem to have limited clinical utility in detecting MG in certain clinical settings.

1. Introduction

Monoclonal gammopathy (MG) pertains to a disease cluster
involving plasma cells: it is generally detected in the serum
and urine and is characterized by a clonal synthesis of
monoclonal proteins. To diagnose MG, test methods for
detecting monoclonal proteins, such as electrophoresis, have
been employed for decades. It has been recently shown
that MG induces excessive production of immunoglobulin
free light chains, which remain in the blood without being
bound to heavy chains [1, 2]. A test method for measuring
kappa (𝜅) and lambda (𝜆) free light chains (FLCs) and
calculations for the kappa-to-lambda ratio have recently been
introduced [3]. The test method, known as the Freelite assay
(The Binding Site Group Ltd., Birmingham, UK), has been
extensively used worldwide. FLCs are one of the response
criteria used in the diagnosis and treatment of the myeloma

and related disorders, as described by the International
Myeloma Working Group guidelines [4]. However, despite
the usefulness of this method, several analytical problems
have continuously been faced, including lot-to-lot variability
of reagents, antigen excess, unrecognizable epitopes, and
excessive polymerization [5–8]. The Freelite assay has the
limitations of poor postdilution linearity and relative impre-
cision, as well as increased likelihood of showing false neg-
ative results due to antigen excess in patients with extremely
high FLC concentration [3, 7]. To overcome these problems, a
new N Latex assay (Siemens Healthcare Diagnostics GmbH,
Marburg, Germany) using monoclonal antibodies has been
developed and recently made available [9].

This study aimed to analyze the performance of the newly
developed N Latex FLC assay compared with the Freelite
FLC assay in patients with various diseases and evaluate
the clinical usefulness of the two FLC assays compared to
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the standard diagnostic test of immunofixation electrophore-
sis (IFE).

2. Materials and Methods

2.1. Patient Samples. During a 4-month period in 2012,
from April to July, 157 pairs of samples of serum and
urine were collected from 120 patients who had registered
for laboratory screening or monitoring of MG. The study
population consisted of 63 patients with MG (MG group)
and 57 patients without MG (non-MG group). The clinical
diagnoses of the patients in each group were determined by
their physicians. The specimens in the MG group included
those fromnewly diagnosed patients andpatients undergoing
treatment. The patients in the MG group had one or more
monoclonal proteins in their serum or urine specimens
detected on the IFE.The results of FLC assays were evaluated
in relation to serum and urine IFE. This study was approved
by the Institutional Review Board of Kangnam Sacred Heart
Hospital in Republic of Korea.

2.2. FLC Assays. Two FLC assays for FLC 𝜅 and 𝜆 in
serum were used: N Latex FLC assays (Siemens Healthcare
Diagnostics GmbH, Marburg, Germany) using monoclonal
Ab-based method and Freelite assays (The Binding Site Ltd.,
Birmingham, UK) using polyclonal Ab-based method. Both
assays were performed on BehringNephelometer II (Siemens
Healthcare Diagnostics GmbH, Marburg, Germany). The N
Latex assay was subjected to a prereaction step for 2 minutes
prior to the assay, which allowed using a step with a higher
dilution factor in the presence of a large amount of antigens,
thereby reducing the false negatives caused by the antigen
excess. In this study, both assays were performed by the
next higher dilution factor, in addition to the automatically
determined dilution factor, to preclude the possibility of false
negatives caused by antigen excess.

The reference ranges of both assays were provided by
the manufacturers and were as follows: N Latex FLC 𝜅, 6.7–
22.4mg/L; Freelite 𝜅, 3.3–19.4mg/L; N Latex FLC 𝜆, 8.3–
27mg/L; Freelite 𝜆, 5.7–26.3mg/L; N Latex FLC 𝜅/𝜆 ratio,
0.31–1.56; Freelite 𝜅/𝜆 ratio, 0.23–1.65.

2.3. Immunofixation Electrophoresis. The detection limit of
IFE in serum is around 15mg/dL. A total of 157 pairs of serum
and urine samples were analyzed on IFE using an agarose
gel (Helena Laboratories, Beaumont, USA). Any M-band
detected in serum and/or urine IFE was considered positive
for MG.The gels were evaluated by two blinded independent
readers.

2.4. Comparison of Methods. We compared the principles
behind the N Latex FLC assays and the Freelite assays.
Correlation analysis was performed using the results for the
𝜅, 𝜆, and 𝜅/𝜆 ratios of the N Latex FLC and the Freelite assays.
A qualitative comparison was performed by determining
the concordance rate wherein both assays generated the
same results (abnormal low, normal, and abnormal high). In

Table 1: Study group of 120 patients.

Group Diagnosis Number of
patients

Monoclonal
gammopathy
(MG)

Multiple myeloma 35
Light chain myeloma 10

MGUS 9
Non-Hodgkin’s
lymphoma 4

Amyloidosis 2
Plasmacytoma 2
Waldenström’s

macroglobulinemia 1

Total 63

No monoclonal
gammopathy
(non-MG)

Chronic kidney
disease 10

Bone fracture 8
Pneumonia 7
Cancer 4

Neuropathy 3
Cerebral hemorrhage 3
Anemia of chronic

disease 2

Iron deficiency
anemia 2

Autoimmune diseases 2
Parkinson’s diseases 2

Miscellaneous 13
Total 57

MGUS: monoclonal gammopathy of unknown significance.

addition, we investigated the cases showing discordant results
between the two FLC assays.

2.5. Clinical Sensitivity and Specificity. The clinical sensitivity
(true positive), specificity (true negative), and percent agree-
ment of the 𝜅/𝜆 ratios of the N Latex FLC and Freelite FLC
assays were calculated based on the clinical diagnosis and the
results of the IFE analysis.

2.6. Statistical Analyses. Statistical analyses were performed
using the STATA software (STATA SE v12.0, Stata Corp LP,
Lakeway, USA). Spearman’s rank correlation coefficients and
Cohen’s kappa for concordance analysis were performed.
Normalized median differences pertain to the median value
of all differences between the sample outcomes of the two
methods as calculated in terms of percentage by [(𝑦−𝑥)/(𝑦+
𝑥)]/2 [9].

3. Results

3.1. Clinical Characteristics of Study Populations. The study
populations of 120 patients were shown in Table 1. The male
to female ratio was 1.3 : 1 in theMG group and 1 : 1 in the non-
MG group. No significant differences in age distribution were
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Figure 1: Free light chain 𝜅 versus 𝜆 for Freelite assay (a) and N Latex FLC assay (b) in 157 samples. Dotted lines indicate the reference ranges
for the specific assays. The solid line indicates the 𝑦 = 𝑥 axes.

observed; the mean ± SD was 66.5 ± 9.8 in the MG group
versus 69.3 ± 14.4 in the non-MG group (𝑃 > 0.05).

3.2. Comparisons of FLC Assays

3.2.1. Quantitative Analysis. The results of the kappa and
lambda FLC analyses, as measured by the two assays, for
all the specimens, were plotted. The MG group showed a
tendency towards the kappa or lambda axis depending upon
the monoclonal type, whereas the non-MG group showed
dense distribution around the line of identity in both assays.
The Freelite assays revealed wider distributions of both 𝜅 and
𝜆 than the Latex assay (Figure 1).

The kappa and lambda FLC measurements provided
kappa values distributed in the ranges of 6.0–29,200.0mg/L
for the Freelite assay and 2.3–8,920.0mg/L for the N Latex
assay, respectively, indicating that the Freelite assay has at
least a 3-fold broader range than the Latex assay, with an
excellent Pearson’s coefficient of 0.9792 and with a normal-
ized difference of −4.6%. In the case of lambda, the ranges
measured using the Freelite assay and the N Latex assay were
1.0–2,590.0mg/L and 2.6–599.0mg/L, respectively, demon-
strating that the Freelite has at least a 4-fold broader range
compared to the Latex, with a Pearson’s coefficient of 0.8264,
which denotes a relatively low correlation compared to kappa.
In contrast to 𝜅, the normalized difference of 𝜆 was 5.3%,
indicating 5.3% lower median value in the Freelite assay. The
maximum value of the 𝜅/𝜆 ratio of the Freelite assay was
4,687.0, which was at least 10 times higher than that of the
Latex assay, 323.2.The normalized difference of 𝜅/𝜆 ratio was
−10.1%, indicating 10% higher median value in the Freelite
assay. Correlation coefficients between the 𝜅/𝜆 ratios were

remarkably low in the non-MG group, 0.5168, compared to
the MG group, 0.9065 (Table 2, Figure 2).

3.2.2. Qualitative Analysis (Concordance Analysis). Based
on the reference ranges provided by the manufacturers of
both FLC assays, FLC results of the study population were
classified into 3 groups, namely, abnormal high, normal, and
abnormal low, and concordance rates were analyzed. The
concordance rate between two measurements with respect to
𝜅, 𝜆, and 𝜅/𝜆 ratio was 84.7%, 79.6%, and 89.2%, respectively,
for all the patients, whereas these were 81%, 76%, and 87%,
respectively, in the MG group, and 91.2%, 86%, and 93%,
respectively, in the non-MG group. The non-MG group
exhibited a higher concordance rate for all the three items
than the MG group. Cohen’s kappa values of 𝜅, 𝜆, and 𝜅/𝜆
ratio were 0.70, 0.66, and 0.82, respectively. The value of
𝜅/𝜆 ratio, greater than 0.8, indicates a good concordance
(Figure 3).

A total of 17 cases, 13 in the MG group and 4 in the
non-MG group, showed discordance for the 𝜅/𝜆 ratio, as
calculated from the two assays. Of the 13 cases in the MG
group, the IFE results were in agreement with those of the
Freelite assay results in 8 cases and with the Latex results
in 5 cases. The 4 discordant cases in the non-MG group
pertained to specimens from patients with chronic kidney
disease (CKD), chronic obstructive pulmonary disease, iron
deficiency anemia, and systemic lupus erythematosus (SLE),
and all of them showed abnormal 𝜅/𝜆 ratios with the Freelite
assay, suggesting false positive results compared to IFE. Taken
together, the 17 discordant cases consisted of 8 (47.1%) Freelite
and 9 (52.9%) N Latex results in agreement with the IFE
results. Moreover, in the lambda FLC assay, 10 cases that



4 BioMed Research International

Table 2: Method comparison between the N Latex FLC assays and the Freelite assays.

Group 𝑁
N Latex FLC,

mg/L
Freelite FLC,

mg/L

Pearson’s
correlation

(𝑟)

Passing-
Bablok slope
(95% CI)

Normalized
difference

(%)
All

FLC 𝜅 157 2.3–8920.0 6.0–29200.0 0.9792 0.76
(0.71–0.80) −4.6

FLC 𝜆 157 2.6–599.0 1.0–2590.0 0.8264 1.18
(0.99–1.35) 5.3

𝜅/𝜆 ratio 157 0.004–323.2 0.008–4687.0 0.9064 0.45
(0.37–0.51) −10.1

Monoclonal gammopathy

FLC 𝜅 100 2.3–8920.0 6.0–29200.0 0.9793 0.67
(0.61–0.75) −5.2

FLC 𝜆 100 2.6–599.0 1.0–2590.0 0.8388 0.78
(0.69–0.92) 0.43

𝜅/𝜆 ratio 100 0.004–323.2 0.008–4687.0 0.9065 0.43
(0.35–0.53) −8.0

No monoclonal gammopathy

FLC 𝜅 57 7.2–222.0 9.5–269.0 0.9867 0.78
(0.73–0.82) −4.0

FLC 𝜆 57 11.4–358.0 13.9–213.0 0.9286 1.72
(1.53–1.94) 8.15

𝜅/𝜆 ratio 57 0.261–1.243 0.646–4.347 0.5168 0.47
(0.28–0.71) −11.2

Table 3: Clinical sensitivity and specificity between FLC assay and immunofixation electrophoresis in 157 sera.

N Latex FLC assay IFE Freelite assay IFE
Positive Negative Total Positive Negative Total

Abnormal 51 0 51 Abnormal 57 5 62
Normal 28 78 106 Normal 22 73 95
Total 79 78 157 Total 79 78 157
N Latex FLC assay: agreement, 82.2%; sensitivity, 64.6%; specificity, 100%. Freelite assay: agreement, 82.8%; sensitivity, 72.2%; specificity, 93.6%.
IFE: immunofixation electrophoresis.

showed normal results in the Freelite assay revealed increased
values in the N Latex assay. Eight of these 10 cases were
present in high concentrations of kappa-type M-proteins.

3.2.3. Clinical Sensitivity and Specificity of the 𝜅/𝜆 Ratio
of FLC Assays. The clinical sensitivity (true positive) and
specificity (true negative) of the 𝜅/𝜆 ratio of N Latex FLC and
Freelite FLC assays were calculated using the outcomes of the
IFE analysis. The clinical sensitivity, specificity, and percent
agreement were 72.2%, 93.6%, and 82.8%, respectively, for
the Freelite assay, and 64.6%, 100%, and 82.2%, respectively,
for the N Latex assay, indicating that the Freelite assay
has higher clinical sensitivity, whereas the Latex assay has
higher specificity, with the percent agreement being almost
comparable (Table 3).

In the IFE-positive specimens, 20 cases with a normal
FLC ratio in both assays were investigated. Six cases showed
extremely low concentrations for the M-band on IFE, and 4
cases manifested intact immunoglobulin multiple myeloma
(IIMM) with bound heavy and light chains. Among 5 cases

of the IgM-typeMG, the FLC ratios were in normal ranges in
4 cases. In addition, 3 cases of lambda-typeMG, concomitant
with diseases such as CKD or SLE, showed either normal
or even increased ratios. Lastly, in the case of the biclonal-
type MG that involves both kappa and lambda, the 𝜅/𝜆 ratio
shifted to the M-type in higher concentration.

4. Discussion

We compared two FLC assays that have been utilized in
diagnosing and monitoring plasma cell dyscrasia. The study
populations consisted entirely of patients with or without
monoclonal gammopathy and no normal healthy individuals
were included. This is particularly important to calculate
the specificity of the laboratory tests in clinical situations
and our results could give more helpful information in
the interpretations of FLC assays in patients with various
diseases.

The results of the Freelite assay were distributed over 3–
10 times wider than those of the Latex assay.This findingmay
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Figure 2:Method comparisons between Freelite assays andNLatex FLC assays for free light chain 𝜅 (a),𝜆 (b), and 𝜅/𝜆 ratio (c) for 157 samples.
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be explained by the differences in the specificities and affinity
owing to the different antibody specificity for monoclonal
and polyclonal reagents [10]. Because of these considerable
differences in the range of the results, these FLC assays could
not be switched with each other during monitoring patients
[11]. We have designed the method of this study to perform
the next dilution step in addition to the autodilution steps to
avoid the antigen excess problems. As a result, we could not
experience any problems related to antigen excess in all study
cases and the data could be analyzed entirely on the aspects
of clinical utility.

In this study, the kappa FLC showed the best correlation
between two assays for all specimens, followed by the 𝜅/𝜆
ratio and the lambda. On comparing the FLC levels according
to the group, the kappa FLC showed high correlation in both
groups, with the correlation coefficient being greater than
0.95, and the lambda FLC of the MG group also showed
the correlation coefficient, 0.8. The 𝜅/𝜆 ratio of the non-
MG group showed the lowest correlation, 𝑟 = 0.52, and
this is in line with the international guidelines, according to
which changes in the ratio in the normal ranges should not
be considered as clinically significant [3, 4]. In a previous
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study that compared the two assays, correlation coefficients
were around 0.9 for kappa and 0.7 for lambda and 𝜅/𝜆
ratio, indicating that the current study had relatively better
outcomes [9]. This can be explained by the fact that the
present study had a higher proportion ofMGgroup specimen
than the previous study.

In the concordance analysis, the overall concordance
rate of the 𝜅, 𝜆, and 𝜅/𝜆 ratio between the two assays was
approximately 70–80%, which was lower than one previous
study, approximately 90% [9]. This result is also believed to
be associated with the proportion of the groups. The non-
MG group showed higher concordance rates in all the 𝜅, 𝜆,
and 𝜅/𝜆 ratios compared to those of the MG group. Four
cases in the non-MG group showed a discordant 𝜅/𝜆 ratio
and were shown to be false positives in the Freelite assay.
This would be relevant to broader ranges of the Freelite assay
outcomes compared to those of the N Latex assay. Among the
10 discordant cases for the lambda assay in the MG group, 8
cases had very high kappa concentration in the N Latex assay.
These lambda results presented false positives, indicating the
same patterns reported in a previous study [6].

Comparisons of the 𝜅/𝜆 ratio and IFE results showed
that the Freelite assay had higher clinical sensitivity than
the N Latex assay, that is, 72.2% versus 64.6%, and the N
Latex assay showed 100% specificity, compared to 93.6% for
the Freelite assay. These results were similar with the results
of a previous study [11]. The agreement rate with the IFE
results was comparable in both assays, approximately 82%.
The cases in disagreement with the IFE results were found
in those of very low concentration of the M-proteins, IIMM,
MG with CKD or polyclonal gammopathy, biclonal MG, and
most cases of the IgM-type MG. Some of these findings,
CKD or polyclonal gammopathy and IgM-type MG, were
reported in previous studies [11, 12]. This study has extended
our knowledge about the clinical settings which limit the
usefulness of the FLC assays in detecting MG. Therefore,
it is essential to perform the IFE along with FLC assay for

detecting M-protein in such cases as very low levels of the
M-protein, CKD, polyclonal gammopathy, biclonal MG, and
IgM-type MG.

In terms of the limitations of this study, it may be
pointed out that the MG diseases with low incidence rates
such as nonsecretory myeloma, amyloidosis, and solitary
plasmacytoma could not be sufficiently included on account
of the relatively small sample size. By conducting large-scale
studies, clinical implications of the FLCmeasurement for the
disease group with low incidence rate will have to be further
clarified.

In conclusion, the N Latex assay and the Freelite assay
showed good correlations and concordance rates. When the
𝜅/𝜆 ratios of FLC assays and the IFE were compared, the
Freelite assay showed higher clinical sensitivity and the N
Latex assay showed higher specificity. Because of the obvious
differences in the dynamic range between the assays, the same
kind of assay should be employed formonitoringMGpatients
during follow-up period. Lastly, both FLC assays seem to
have limited clinical utility in detectingMG in certain clinical
settings.
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Red blood cell distribution width (RDW) is a parameter reported in complete blood cell count tests, and has been reported as an
inflammatory biomarker. Multiple myeloma (MM) is known to be associated with inflammatory microenvironments. However,
the importance of RDWhas been seldom studied inMM. For this study, 146 symptomatic myeloma patients with available RDW at
diagnosis were retrospectively reviewed, and their characteristics were compared between two groups, thosewith high (>14.5%) and
normal (≤14.5%) RDW. RDW was correlated to hemoglobin, MM stage, 𝛽2-microglobulin, M-protein, bone marrow plasma cells,
and cellularity (𝑃 < 0.001). During induction, overall response rates of the two groups were similar (𝑃 = 0.195); however, complete
response rate was higher in the normal-RDWgroup than it was in the high-RDWgroup (𝑃 = 0.005).With amedian follow-up of 47
months, the normal-RDW group showed better progression-free survival (PFS) (24.2 versus 17.0 months, 𝑃 = 0.029) compared to
the high-RDW group. Overall survival was not different according to the RDW level (𝑃 = 0.236). In multivariate analysis, elevated
RDW at diagnosis was a poor prognostic factor for PFS (HR 3.21, 95% CI 1.24–8.32) after adjustment with other myeloma-related
prognostic factors. RDW would be a simple and immediately available biomarker of symptomatic MM, reflecting the systemic
inflammation.

1. Introduction

Red blood cell distributionwidth (RDW) is one of the param-
eters routinely reported in the complete blood cell count
test, and it reflects the size variability of mature erythrocytes
in peripheral blood and ineffective erythropoiesis of bone
marrow [1]. It has been used in routine practice for several
decades to make a differential diagnosis for various cases of
anemia, such as an iron deficiency anemia [2, 3]. Recently,
RDW has been reported as an inflammatory biomarker in
various conditions such as cardiovascular diseases [4, 5],
acute and chronic kidney diseases [6, 7], chronic pulmonary
diseases [8], and critically ill patients [9–12]. In these con-
ditions, elevated RDW level could predict severe morbidity

and mortality. Furthermore, RDW could reflect subclinical
inflammation and it is associated with poor functional status
dependence in the elderly [13].

Multiple myeloma is the hematologic malignancy orig-
inating from plasma cells; it is characterized by increased
monoclonal protein (M-protein) and specific organ injuries
resulting in hypercalcemia, anemia, renal insufficiency, and
osteolytic bone lesions. The median age at diagnosis of
multiple myeloma is greater than 65 years, and its incidence
rapidly increases by age. The prognostic factors associated
with multiple myeloma mainly reflect plasma cell burden or
intrinsic characteristics of the myeloma clones. The Interna-
tional Staging System (ISS) and cytogenetic risk groups are
well known as important prognostic models [14–16].
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Inflammatory parameters such as C-reactive protein
(CRP) and interleukin-6 (IL-6) at diagnosis have been also
reported as prognostic in patients with multiple myeloma
[17, 18]. Multiple myeloma is one of the malignancies that are
associated with inflammatory microenvironments [19, 20].
Novel therapies targeting inflammatory cytokines and tumor
microenvironment have been investigated in patients with
multiple myeloma [21, 22]. Acute kidney injury induced by
the free light chains in multiple myeloma is also associated
with a cascade of inflammatory responses [23].

With regard to these characteristics of multiple myeloma,
we hypothesized that RDWhas a prognostic value in patients
withmultiplemyeloma.We expected that RDWwould reflect
not only the tumor burden but also the global condition of
the patients, including comorbidities such as age, risk of car-
diovascular complications, and severity of renal impairment.
Use of RDW in patients with multiple myeloma has seldom
been studied; therefore, we performed a retrospective review
to investigate the prognostic value of baseline RDW level at
diagnosis in patients with symptomatic multiple myeloma.

2. Materials and Methods

2.1. Patients. This analysis included patients with multiple
myeloma who were diagnosed and treated at the National
Cancer Center, Goyang, Korea, between 2005 and 2012.
Patients who were older than 20 years with previously
untreated symptomatic multiple myeloma, who had been
administered at least one dose of systemic chemotherapy
and who had complete blood cell test results available and a
reported RDW level before treatment, were enrolled.Medical
records and laboratory results were retrospectively reviewed.

The diagnosis of symptomatic multiple myeloma was
made when the patient had (a) 10% or more clonal plasma
cells on bone marrow examination or a biopsy-proven plas-
macytoma, (b) serum and/or urinary monoclonal protein
(except in nonsecretory patients), and (c) evidence of end-
organ damage that is related to multiple myeloma [24]. Stage
was classified by the ISS [14], and a response assessment
was performed based on the criteria from the International
Myeloma Working Group [24]. Patients with hypodiploidy
or −13 by conventional chromosome analysis were regarded
as high risk. Cytogenetic abnormalities detected by fluores-
cent in situ hybridization (FISH) such as t(4;14), t(14;16),
or del(17p) were also designated as high risk [24]. Data,
including patients’ demographics, known prognostic factors
for multiple myeloma, treatments, and clinical outcomes,
were collectedwith RDW level at the time of the first systemic
chemotherapy. This study was approved by the institutional
review board of the National Cancer Center, Korea, and
conducted according to the Declaration of Helsinki.

2.2. Measurement of RDW. Baseline RDW level at diagnosis
was defined as the value that was obtained on the nearest
day within 2 weeks before the front-line treatment. RDW
wasmeasured using XE-2100 (Sysmex, Kobe, Japan). RDW is
reported as a coefficient of variation (percentage) of red blood
cell volume. The reference range for RDW in our institution

is 11.5% to 14.5%. We defined that the RDW level was “high”
when it was >14.5%.

2.3. Statistical Analysis. Based on pretreatment RDW levels,
patients were divided into the high-RDW group (>14.5%)
and normal-RDW group (≤14.5%). Between the two groups,
patients’ characteristics and survival outcomes were com-
pared. Continuous and categorical parameters were analyzed
using independent sample t-tests and 𝑥2 tests, respectively.
For survival analysis, the Kaplan-Meier method with a log-
rank test was used. Progression-free survival (PFS) was
measured from the date of the first treatment to the earliest
date that the progression of multiple myeloma or death was
documented. Initially planned induction therapy, high dose
chemotherapy with autologous stem cell transplantation, and
maintenance therapy were regarded as the front-line therapy.
Stem cell transplantation was not censored in this survival
analysis. Overall survival (OS) was defined as the duration
from the first treatment to all-cause death. The prognostic
value of pretreatment RDW level was validated using the Cox
proportional hazards model. The significant variables with
𝑃 < 0.05 defined in univariate survival analyses (by log-rank
test) andpreviouslywell-knownprognostic factors in patients
with multiple myeloma such as age, performance status,
stage at diagnosis, cytogenetic risk group, type of induction
therapy, and stem cell transplantation were included for the
multivariate analysis to validate the prognostic value of RDW.
Differences were considered statistically significant when
two-sided P values were <0.05.

3. Results

3.1. Patient Characteristics. A total of 146 patients were eli-
gible for this analysis. The median age was 61 (32–83) years,
and 91 (62.3%) were male. The mean baseline RDW level was
14.6%, and it ranged from 11.9% to 22.0%. Among these, 55
(27.7%) patients presented an RDW higher than the upper
limit of normal range (>14.5%). The mean RDW values
of normal-RDW group and high-RDW group were 13.3%
(range, 11.9–14.5%) and 16.8% (range, 14.6–22.0%), respec-
tively. Characteristics of the patients stratified according to
the pretreatment RDW level are presented in Table 1. High-
RDW group included more elderly patients compared to
normal-RDW group, although it was not statistically signif-
icant (𝑃 = 0.061). The distribution of comorbidities such
as diabetes mellitus, hypertension, cardiovascular diseases,
malignancies other than multiple myeloma, chronic liver
disease, and chronic pulmonary diseases was not different
between the two groups.

Baseline RDW level correlated to hemoglobin (negative
correlation, 𝜌 = −0.593, 𝑃 < 0.001), albumin level (negative
correlation, 𝜌 = −0.386, 𝑃 < 0.001), serum creatinine level
(𝜌 = 0.208, 𝑃 = 0.016), 𝛽2-microglobulin (𝜌 = 0.443,
𝑃 < 0.001), M-protein level (𝜌 = 0.289, 𝑃 = 0.002), bone
marrow plasma cell burden (𝜌 = 0.370, 𝑃 < 0.001), and
bone marrow cellularity (𝜌 = 0.262, 𝑃 = 0.002). Patients
with ISS-I disease presented with lower RDW (mean ± SD,
13.75% ± 1.69) compared to ISS-II (mean ± SD, 15.05% ± 2.19,
𝑃 < 0.001) and ISS-III (mean ± SD, 15.61% ± 2.11, 𝑃 < 0.001)
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Table 1: Clinical characteristics of multiple myeloma patients.

Total (𝑛 = 146) Normal-RDW (𝑛 = 91) High-RDW (𝑛 = 55) 𝑃

RDW level, mean (range) 14.6 (11.9–22.0) 13.3 (11.9–14.5) 16.8 (14.6–22.0) <0.001
Age, mean (range) 61 (32–83) 60 (32–83) 63 (41–80) 0.061
Sex, male/female 91/55 59/32 32/23 0.482
ECOG (≥2) 26/144 (18.1%) 14/80 (17.5%) 42/12 (22.2%) 0.373
Comorbidity

Diabetes mellitus 13 (8.9%) 7 (8.0%) 6 (10.0%) 0.771
Hypertension 39 (26.7%) 24 (27.6%) 15 (25.0%) 0.850
Cardiovascular diseases 6 (4.1%) 4 (4.6%) 2 (3.3%) 1.000
Malignancies 12 (8.2%) 9 (10.3%) 3 (5.0%) 0.361
Chronic liver diseases 5 (3.4%) 3 (3.4%) 2 (3.3%) 1.000
Chronic lung diseases 6 (4.1%) 2 (2.3%) 4 (6.8%) 0.226

Hemoglobin, g/dL 10.7 (5.3–16.4) 11.4 (6.2–16.4) 9.5 (5.3–14.4) <0.001
Platelet, ×109/L 218 (37–691) 224 (68–555) 210 (37–691) 0.410
Creatinine, mg/dL 1.6 (1.0–9.0) 1.4 (1.0–7.0) 1.8 (1.0–9.0) 0.083
Calcium, mg/dL 9.0 (6.8–13.7) 9.2 (6.8–13.7) 8.8 (7.2–11.1) 0.004
Albumin, g/dL 3.8 (2.3–4.9) 3.9 (2.5–4.9) 3.5 (2.3–4.7) <0.001
LDH, IU/L 199 (54–1832) 203 (54–1832) 192 (77–587) 0.762
B2MG, mg/dL 5.0 (1.2–41.9) 3.8 (1.2–18.7) 7.2 (1.6–41.9) <0.001
CRP, mg/dL 1.20 (0.01–8.65) 0.99 (0.01–5.45) 1.53 (0.01–8.65) 0.204
ISS

<0.001
I 60 (41.7%) 50 (55.6%) 10 (18.5%)
II 49 (34.0%) 26 (28.9%) 23 (42.6%)
III 35 (24.3%) 14 (15.6%) 21 (38.9%)
Unknown 2 1 1

M-protein, g/dL 2.47 (0.01–9.31) 2.06 (0.08–6.80) 3.12 (0.01–9.31) 0.006
Light chain disease 31 (21.2%) 20 (22.0%) 11 (20%) 1.000
Nonsecretory type 5 (3.4%) 5 (5.5%) 0 0.157
Plasmacytoma 51 (34.9%) 40 (44.0%) 11 (20.0%) 0.004
Cytogenetic risk (high) 21/108 (19.4%) 12/69 (17.4%) 9/39 (23.1%) 0.613
Front-line treatment

0.606

Radiation only 5 2 3
Thalidomide-based 63 44 19
Bortezomib-based 14 9 5
Bortezomib + thalidomide 9 4 5
Lenalidomide-based 4 1 3
Others 51 31 20

ASCT 43 (29.5%) 31 (34.1%) 12 (21.8%) 0.136
RDW: red blood cell distribution width; ECOG: Eastern Cooperative Oncology Group; LDH: lactate dehydrogenase; B2MG: 𝛽2-microglobulin; ISS:
International Staging System; ASCT: autologous stem cell transplantation.

patients (Figure 1). Extramedullary plasmacytoma was more
frequent in the normal-RDW group compared to high-RDW
group (44.0% versus 20.0%, 𝑃 = 0.004).

Cytogenetic data based on conventional chromosome
analysis and FISH were available for 108 (74.0%) patients.
Twenty-one (19.4%) of them were stratified as high risk. The
proportion of high-risk patients in the normal-RDW and
high-RDWgroups was not statistically different (17.4% versus
23.1%, 𝑃 = 0.613).

The front-line treatment for symptomatic myeloma is
shown in Table 1. Five (3.4%) patients received radiation
therapy without any systemic chemotherapy. Ninety patients

(61.6%) were administered with novel agents such as thalido-
mide, lenalidomide, and bortezomib as an induction regi-
men. Others (34.9%) received high-dose steroids alone or
conventional chemotherapy, such as doxorubicin or vin-
cristine. Among the evaluable patients, the overall response
rates (ORR)were not different between the normal-RDWand
high-RDWgroups (82.9%versus 73.1%,𝑃 = 0.195).However,
the complete response (CR) rate was significantly higher in
the normal-RDW group compared to the high-RDW group
(36.6% versus 13.5%, 𝑃 = 0.005). After induction, autolo-
gous stem cell transplantation was performed in 43 (29.5%)
patients. Among them, 31 (34.1%) were in the normal-RDW



4 BioMed Research International
RD

W
 (%

)

P < 0.001

P < 0.001

P = 0.318

70

116

138

84

101
1

87
145

22.0

20.0

18.0

16.0

14.0

12.0

10.0

1 2 3

∗

ISS stage

Figure 1: Red blood cell distributionwidth (RDW) level at diagnosis
of multiple myeloma according to the International Staging System
(ISS).

group and 12 (21.8%) were in the high-RDW group (𝑃 =
0.136).

3.2. Association between RDW Level and Clinical Outcomes.
With a median follow-up of 47 (3–104) months, patients
with normal-RDW showed better progression-free survival
compared to high-RDW patients (median PFS, 24.2 versus
17.0 months, 𝑃 = 0.029). Overall survival showed a similar
tendency between the two groups; however, the difference
was not statistically significant (median OS, 63.6 versus 50.6
months, 𝑃 = 0.236) (Figure 2).

Univariate analyses were performed to investigate the
prognostic factors affecting disease progression and death
(Table 2). Baseline RDW level (HR 1.69, 95% CI 1.05–2.75,
𝑃 = 0.031), performance status (HR 1.89, 95% CI 1.05–3.41,
𝑃 = 0.034), hemoglobin level (HR 0.88, 95% CI 0.79–0.99),
albumin level (HR 0.56, 95% CI 0.36–0.86, 𝑃 = 0.008),
lactate dehydrogenase (LDH) level (HR 1.84, 95% CI 1.00–
3.38, 𝑃 = 0.050), and 𝛽2-microglobulin level (HR 1.08,
95% CI 1.03–1.14, 𝑃 = 0.002) were potential risk factors
for poor progression-free survival. RDW was not prognostic
for overall survival (𝑃 = 0.238). Other potential prognostic
factors for overall survival in this analysis are shown in
Table 2.

To exclude the effect of anemia on RDW level, we
performed a subgroup analysis according to the hemoglobin
level. Patients with hemoglobin >10.0 g/L and RDW >14.5%
showed worse outcomes (𝑃 = 0.024 for PFS, 𝑃 = 0.121
for OS) compared to patients with hemoglobin >10.0 g/L and
RDW ≤14.5%. These trends were not observed in patients
with hemoglobin ≤10.0 g/L (𝑃 = 0.394 for PFS, 𝑃 = 0.652
for OS).

We also performed a subgroup analysis with 53 cases who
were transplant-eligible and who received thalidomide-based
induction to validate the prognostic value of baseline RDW
level in a homogeneous population. In this subgroup analysis,
normal-RDW patients were associated with prolonged PFS

compared to high-RDW patients (median PFS, 34.7 versus
10.2 months, 𝑃 = 0.003); however, they did not show
significantly better overall survival (60.5 versus 25.0 months,
𝑃 = 0.266) (Figure 3).

RDW at diagnosis in patients with symptomatic mul-
tiple myeloma was found to be an independent predictor
for disease progression or death by multivariable analysis
(Table 3). Patients who had RDW >14.5% at diagnosis were
associated with higher risk of disease progression or death
with a hazard ratio (HR) of 3.04 (95% CI 1.16–8.01, 𝑃 =
0.024) compared to patients with normal RDW at diagnosis.
The other factors that revealed independent predictors of
progression-free survival in this analysis set were cytogenetic
risk group (high risk, HR 3.78, 95% CI 1.50–9.56, 𝑃 = 0.005)
and type of induction regimen (novel agents, HR 0.37, 95%CI
0.16–0.86, 𝑃 = 0.020).

Inmultivariate analysis for overall survival, RDWat diag-
nosis was not an independent prognostic factor (HR 0.90,
95% CI 0.36–2.26) after adjustment with age, performance
status, cytogenetic risk group, ISS, LDH, hemoglobin, albu-
min, 𝛽2-microglobulin, type of treatment, and autologous
stem cell transplantation. As a result, cytogenetic risk group
(high risk, HR 4.24, 95% CI 1.12–16.09), 𝛽2-microglobulin
(HR 1.14, 95%CI 1.04–1.26), type of induction regimen (novel
agents, HR 0.21, 95% CI 0.07–0.60), and autologous stem cell
transplantation (performed, HR 0.05, 95%CI 0.01–0.52) were
significantly associated with overall survival.

4. Discussion

The present study showed that RDW level at diagnosis was
associated with poor prognosis in patients with symptomatic
multiple myeloma. As far as we are aware, this study is
the first report to evaluate the prognostic value of RDW
in patients with multiple myeloma. We showed that the
patients whose RDW level was high at diagnosis experienced
shorter progression-free survival compared to patients with
relatively low RDW. Progression-free survival is an important
surrogate marker of long-term survival in patients with
multiplemyeloma.Although itwas not statistically significant
in the presented data, overall survival in the high-RDWgroup
seemed to be shorter compared to the normal-RDW group.
Analysis for overall survival is complicated because there
may be more confounding factors influencing on clinical
outcomes during the long follow-up duration.

In patients with multiple myeloma, RDW level might be
influenced by anemia. Anemia is one of the major symptoms
of multiple myeloma together with hypercalcemia, renal
insufficiency, and osteolytic bone lesions, also called CRAB
signs. However, we showed that RDW was well correlated
not only to the hemoglobin level (negative correlation) but
also to other parameters for high tumor burden such as
azotemia, M-protein, bone marrow plasma cell percentages,
and ISS stages. Furthermore, anemia of multiple myeloma
does not simply reflect a decrease in red cell counts, but it is
also associated with impaired iron release from reticuloen-
dothelial macrophages, which can be observed in anemia
of inflammatory conditions [25]. This suggests that RDW
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Figure 2: Survival curves according to red blood cell distribution width level at diagnosis in patients with symptomatic multiple myeloma.

Table 2: Univariate analyses for progression-free survival and overall survival.

PFS OS
HR 95% CI 𝑃 HR 95% CI 𝑃

RDW (%) 1.69 1.05–2.75 0.031 — — 0.238
Age (year) — — 0.173 1.04 1.02–1.07 0.001
Sex (male) — — 0.591 — — 0.835
ECOG (≥2) 1.89 1.05–3.41 0.034 1.82 1.01–3.28 0.048
Hemoglobin (g/dL) 0.88 0.79–0.99 0.028 0.86 0.76–0.99 0.029
Platelet (×109/L) — — 0.633 0.99 0.99-1.00 0.001
Creatinine (mg/dL) — — 0.539 — — 0.127
Calcium (mg/dL) — — 0.435 — — 0.443
Albumin (g/dL) 0.56 0.36–0.86 0.008 0.48 0.31–0.74 0.001
LDH (IU/L) 1.84 1.00–3.38 0.050 — — 0.195
B2MG (mg/dL) 1.08 1.03–1.14 0.002 1.07 1.03–1.10 <0.001
M-protein (g/dL) — — 0.475 — — 0.802
Light chain disease — — 0.722 — — 0.282
Nonsecretory type — — 0.504 — — 0.247
Plasmacytoma — — 0.163 — — 0.410
Cytogenetic risk (high) — — 0.134 — — 0.083
Induction with novel agents∗ — — 0.542 — — 0.711
ASCT — — 0.143 0.2 0.09–0.47 <0.001
∗Induction with bortezomib, thalidomide, or renalidomide.
HR: hazard ratio; CI: confidence interval; ECOG: Eastern Cooperative Oncology Group; B2MG: 𝛽2-microglobulin; LDH: lactate dehydrogenase; ASCT:
autologous stem cell transplantation; RDW: red blood cell distribution width.

can reflect the overall inflammatory condition of multiple
myeloma, partly influenced by combined anemia.

In line with this, there is an interesting report suggesting
that hematological and inflammatory parameters, including
RDW, can discriminate patients with cancer from patients
without cancer in involuntary weight loss [26].

It is not surprising that RDW is prognostic in patients
with multiple myeloma when we consider that it can reflect
tumor burden and inflammatory conditions. We found that
RDW at diagnosis was an independent prognostic factor
for disease progression or death, even after the adjustment
with other myeloma-associated parameters. An assessment



6 BioMed Research International

1.0

0.8

0.6

0.4

0.2

0.0

0 20 40 60 80

Time (months)

P = 0.003

Normal-RDW group
High-RDW group

Pr
ob

ab
ili

ty
 o

f p
ro

gr
es

sio
n-

fre
e s

ur
vi

va
l

(a)

1.0

0.8

0.6

0.4

0.2

0.0

0 20 40 60 80

Pr
ob

ab
ili

ty
 o

f o
ve

ra
ll 

su
rv

iv
al

Time (months)

Normal-RDW group
High-RDW group

100 120

P = 0.226

(b)

Figure 3: Survival curves according to red blood cell distribution width level at diagnosis in patients with symptomatic multiple myeloma
treated with thalidomide-based induction.

Table 3: Multivariate analysis for progression-free survival.

HR 95% CI 𝑃

Age at diagnosis (year) 0.99 0.93–1.05 0.691
ECOG (≥2) 1.48 0.63–3.51 0.373
Cytogenetic risk (high) 4.12 1.63–10.41 0.003
B2MG (mg/L) 1.09 0.99–1.20 0.071
Albumin (<3.5 g/dL) 0.82 0.31–2.17 0.690
LDH (>normal) 1.35 0.56–3.26 0.499
Hemoglobin (>10 g/dL) 0.67 0.28–1.61 0.365
Calcium (>normal) 2.20 0.54–9.03 0.272
Induction with novel agents∗ 0.34 0.14–0.81 0.014
ASCT 0.96 0.28–3.25 0.945
High-RDW (>14.5%) 3.21 1.24–8.32 0.016
∗Induction with bortezomib, thalidomide, or lenalidomide.
HR: hazard ratio; CI: confidence interval; ECOG: Eastern Cooperative Oncology Group; B2MG: 𝛽2-microglobulin; LDH: lactate dehydrogenase; ASCT:
autologous stem cell transplantation; RDW: red blood cell distribution width.

of RDW level to predict clinical outcomes in patients with
symptomatic myeloma has advantages. It can be acquired
immediately when the patient is suspected of multiple
myeloma to assess the patient’s general condition objectively
in the context of various comorbidities such as age, acute kid-
ney injury, cardiovascular diseases, infectious condition, and
malnutrition. RDW is significantly associated with increased
risk in patients with heart failure [27, 28], kidney injury

[6], and venous thromboembolism [29, 30], which are often
encountered in myeloma patients.

Despite the increasing evidence for RDW as a prognostic
factor in patients with inflammatory conditions, there are few
reports addressing it in the area of oncology. Recently, there
have been a few articles about the significance of RDW as
a cancer biomarker. Although the prognostic value of RDW
level on specific cancer types has not been studied well, there
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have been some reports on breast cancer and lung cancer.
Seretis et al. showed that RDW was significantly higher in
patients with invasive breast cancer compared to the patient
with fibroadenomas. Elevated RDW showed remarkable cor-
relationwith the size of primary tumor, the number of axillary
lymph nodes, and HER2 overexpression [31]. Warwick et
al. showed that preoperative RDW in patients undergoing
pulmonary resections for non-small-cell lung cancer could
predict mortality and long-term survival [32]. In addition,
Koma et al. showed that high RDW level was associated with
poor survival in patients with lung cancer [33].

As shown in our data, it has been known that RDW
increases with age [34]. Increased age can be a confound-
ing factor which could mislead to conclude that RDW is
prognostic. In our data, age itself was not associated with
poor prognosis of myeloma, and RDW was a significant
predictive biomarker for disease progression or death even
after adjustment with other confounding factors including
age in multivariate analysis. With regard to both patient’s
age and different antimyeloma treatment according to the
age at diagnosis, which determines transplant-eligible or not,
we also have described the results of subgroup analysis in
transplant-eligible patients who received thalidomide-based
induction in the paper.

There are several limitations in this analysis. First, there
may be potential bias and inaccuracy in data collection, as
inmost retrospective analyses. Second, patient characteristics
such as treatment regimens were heterogeneous. Third, we
could not find the significant correlation between RDW
and CRP, an important and commonly used inflammatory
marker, in our dataset. Unfortunately, there were too many
missing data because CRP level was not routinely checked at
diagnosis. To validate the correlation betweenRDWandCRP,
further prospective study is warranted. Also, we only focused
on RDW level at diagnosis and did not evaluate the value of
dynamic change in RDW level during the disease courses. A
single measurement of RDW could not account for possible
variation over time and could not predict overall survival,
which may be influenced by various confounding factors.
Finally, the value of RDW in prediction of poor prognosis
may be slightly different according to the population, because
presented RDW data were collected at a single center.

Despite the limitations, this is the first documentation
on the prognostic value of RDW in patients with multiple
myeloma with long-term follow-up. Further prospective
analysis with mechanism studies is necessary to use it widely
as a practical biomarker of multiple myeloma.

5. Conclusion

Elevated RDW at diagnosis in patients with symptomatic
multiple myeloma was associated with advanced disease sta-
tus and poor prognosis. It would be a novel and immediately
available biomarker of the activity of multiple myeloma.
Although we do not know the precise mechanism, it may
reflect both the inflammatory status of myeloma itself and
the patient’s general condition. This easy and cost-effective
biomarker may be useful particularly in practice.
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We hypothesized that serum PTH might be associated with various clinicopathological parameters in multiple myeloma (MM).
So we investigated the implications of serum PTH in MM patients and the relationship with other risk factors of MM. A total
of 115 patients who were newly diagnosed with MM were enrolled. Serum PTH level was 24.7 ± 34.9 (ranged 0.0–284.1) pg/mL.
Serum levels of IgG, IgM, FLC-lambda, albumin, and LDH were in positive correlation with serum PTH. Compared to non-high
PTH (<68.3 pg/mL) group, the hazard ratio (HR) for overall survival was higher for group with high PTH level (≥68.3 pg/mL)
(HR, 1.710). Furthermore, the patient group with high PTH level showed inferior progression-free survival than non-high PTH
group (P = 0.056). Interestingly, subgroup analysis showed that serum PTH level at diagnosis was associated with risk factors
and clinical outcome in MM patients, especially in complete remission group, transplantation cases, ISS stage II cases, and cases
without chromosome abnormality. In conclusion, this study showed that blood PTH level in MM at diagnosis was associated with
risk factors and clinical outcome in MM patients.

1. Introduction

Parathyroid hormone (PTH) is synthesized and secreted by
the chief cells of the parathyroid gland. PTH has a positive
impact on hematopoietic stem cells by indirectly decreas-
ing hematopoietic cell apoptosis and is currently being
investigated as a potential therapeutic remedy to stimulate
hematopoiesis and enhance bone marrow engraftment [1–4].

According to the previous study [5], it was hypothesized
that elevated PTH may mediate the induction of multiple
myeloma (MM) through the downstream biologic effects of
interleukin 6 (IL-6). Meanwhile, PTH stimulates stromal-
osteoblastic cells to secrete IL-6 [6]. Because this cytokine
plays a key role in the development of plasma cell dyscrasias
[7], high PTH levels may facilitate the emergence and growth
of a plasma cell clone [8].

However, there were a limited number of studies regard-
ing the relationship between serum PTH level and its clini-
copathological implications in MM until now. Additionally,
pathobiology of MM suggests that serum PTH level might
be associated with clinical consequences of MM patients. So
we addressed the possible relationship between serum PTH
level and pathophysiology of MM patients with other various
clinical parameters. This study presents data which showed
the prognostic implications of serum PTH in MM patients
and their relationship with other risk factors of MM.

2. Materials and Methods

A total of 115 patients who were newly diagnosed with MM
were enrolled between 2006 and 2012. MM was diagnosed
based on the clinical, laboratory, and radiologic findings.
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The details of diagnostic criteria were as follows: monoclonal
protein in serum or urine, bone marrow clonal plasma cells
or plasmacytoma, and the evidence of related organ or tissue
impairment (hypercalcemia, renal insufficiency, anemia, and
bone lesions).

Serum PTH level was measured at the time of the diag-
nosis by automated 2-site chemiluminescent microparticle
immunoassay of AxSYM system (Abbott Diagnostics, IL,
USA) according to the manufacturer’s instructions.

Chromosome analysis was performed onG-banded prep-
arations from 48 hour bone marrow cell cultures with-
out adding mitogens. The chromosome aberrations were
described according to the International System for Cytoge-
netic Nomenclature 2005 and 2009. In additional to conven-
tional cytogenetic analysis, fluorescent in situ hybridization
(FISH) was applied in appropriate bone marrow specimens
using 13q14.3, 13q24, and 17p13.1 (p53) deletion probes and
14q32 (IGH) break apart probe (Vysis, Des Plaines, IL, USA)
according to the manufacturer’s instructions.

In addition to serum PTH, other clinical parameters were
reviewed for age, sex, plasma cell percentage in bonemarrow,
serum monoclonal protein, immunoglobulin (Ig) level, free
light chain (FLC)—kappa and lambda, FLC ratio, calcium,
creatinine, hemoglobin (Hb), albumin, beta-2microglobulin,
lactate dehydrogenase (LDH), international staging system
(ISS) stage, international myeloma working group (IMWG)
response, chromosome abnormality, bone lesion, treatment
outcome, and so forth. The diagnostic criteria of MM,
ISS stage, and the international myeloma working group
(IMWG) response were based on the precedent review [9].

According to the serum PTH level at the time of
MM diagnosis (cut-off; 68.3 pg/mL, reference range; 15–
68.3 pg/mL), the study population was divided into non-
high PTH group and high PTH group. Then, previously
reviewed parameters ofMMpatientswere compared between
the two groups. In addition, the correlations of serum PTH
level with other laboratory parameters of MM patients were
examined.

The collected data were analyzed by PASW version
18.0 (SPSS Inc., Chicago, IL, USA). In detail, Spearman’s
correlation analysiswas performed to evaluate the association
between various laboratory parameters with serum PTH
level. Pearson’s chi-square test or Fisher’s exact test was per-
formed to calculate the significance of association between
PTH group and other parameters of discrete categorical
variables including gender and IMWG response. Kruskall
Wallis test or Mann Whitney 𝑈 test was used to compare
serum PTH level according to categorical classification such
as IMWG response or monoclonal protein subtype. Addi-
tionally, Mann Whitney 𝑈 test was performed to compare
continuous variables such as age and laboratory data between
non-high PTH and high PTH group.

Time dependent Cox regression analysis was used to
dissect the individual impacts of prognostic factors of overall
survival (OS) of MM patients. Kaplan-Meier estimation was
used to plot survival curves, and log-rank tests were used to
calculate the difference of OS and progression-free survival
(PFS) between high PTH group and non-high PTH group.

All tests were two-tailed and a 𝑃 value of less than 0.05 was
considered statistically significant.

3. Results and Discussion

Serum PTH level of 115 myeloma patients was 24.7 ± 34.9
(ranged 0.0–284.1) pg/mL. The reference range of serum
PTH was 15–68.3 pg/mL in our laboratory. Of the various
laboratory data ofMMpatients, higher levels of bonemarrow
plasma cell percentage, monoclonal protein concentration,
creatinine, beta-2 microglobulin, and lactate dehydrogenase
were seen in high PTH group rather than non-high PTH
group (Table 1). And calcium level was significantly different
(𝑃 = 0.016, Figure 2(a)) by the comparison of laboratory
data (continuous variables) between non-high PTH group
and high PTH group (cut-off PTH level = 68.3 pg/mL, Mann
Whitney 𝑈 test).

Previously, Arnulf et al. [8] reported that the prevalence of
monoclonal gammopathy was high in patients with primary
hyperparathyroidism compared to general population and
that high PTH levels might facilitate the emergence of a
plasma cell clone. This is consistent with above findings
of higher levels of plasma cell percentage and monoclonal
protein concentration in high PTH group.

On the other hand, male patient case, case with age of
above 50 years, IgG kappa monoclonal protein type, bone
lesion case, ISS stage III, and progressive disease case (by
IMWG response criteria) occupied the main portion in both
non-high PTH group and high PTH group (Table 1). Of the
various clinical parameters, gender factor (male or female)
revealed significant difference between non-high PTH group
and high PTH group (𝑃 = 0.017) (Table 1).

The serum levels of IgG, IgM, FLC-lambda, albumin,
and LDH were in positive correlation with serum PTH.
However, age, plasma cell percentage, monoclonal protein,
IgA, FLC-kappa, FLC ratio, calcium, creatinine, Hb, and
beta-2 microglobulin showed negative correlation with PTH
(detailed data not shown). Among those above, IgM (rho
= 0.190, 𝑃 = 0.045) and calcium (rho = −0.220, 𝑃 =
0.043) revealed statistically significant correlationwith serum
PTH (Figure 1). PTH may mediate the induction of mul-
tiple myeloma. Also, PTH can interact with other various
chemokines, ligands, or hematopoietic niche. This process
might influence the correlation. However, in terms of patho-
genesis, the direct effect or meaning of correlation of PTH
with IgM or calcium needs to be determined through further
study.

In addition, serum PTH level in MM patients was not
significantly different according to IMWG response (𝑃 =
0.450), ISS stage (𝑃 = 0.414), monoclonal protein subtype
(𝑃 = 0.572), FISH result (𝑃 = 0.105), and chromosome
analysis result (𝑃 = 0.353). Meanwhile, there was no signifi-
cant difference of PTH according to gender (𝑃 = 0.250), age
(above 50 years or below 50 years, 𝑃 = 0.423), existence or
nonexistence of clinical events including death (𝑃 = 0.571),
disease progression (𝑃 = 0.322), bone lesion (𝑃 = 0.207),
transplantation (𝑃 = 0.233), and chromosome abnormality
(𝑃 = 0.124).
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Table 1: Baseline characteristics in MM patients with non-high and high PTH level.

Non-high PTH group (𝑁 = 108, 93.9%) High PTH group (𝑁 = 7, 6.1%) 𝑃

Gender∗ 0.017
Male 57 (52.8) 7 (100.0)
Female 51 (47.2) 0 (0.0)

Age∗ 0.351
>50 years 96 (88.9) 7 (100.0)
≤50 years 12 (11.1) 0 (0.0)

Mean survival (months) 51 29 0.789
Laboratory data†

PTH (pg/mL)‡ 12.5 (0.0–64.9) 91.1 (75.8–284.1) 0.000
Bone marrow-plasma cell (%) 32 (5–90) 44 (24–97) 0.184
Monoclonal protein (g/dL) 4.1 (0.0–8.7) 5.1 (1.9–6.2) 0.539
IgG (mg/dL) 2400 (151–80000) 772 (147–8430) 0.819
IgA (mg/dL) 48.0 (7.0–8630.0) 48.0 (10.0–8750.0) 0.593
IgM (mg/dL) 17.9 (5.3–153.0) 18.0 (17.0–226.0) 0.761
FLC-kappa (mg/L) 32.9 (0.3–62500.0) 27.0 (1.0–67.0) 0.298
FLC-lambda (mg/L) 20.0 (1.0–33900.0) 29.2 (2.8–867.0) 0.734
FLC ratio 2.2 (0.0–13242.4) 0.6 (0.0–16.3) 0.555
Ca (mg/dL) 8.7 (4.0–16.0) 7.9 (7.2–8.6) 0.016
Cr (mg/dL) 1.1 (0.6–12.0) 2.4 (0.7–9.4) 0.062
Hb (g/dL) 9.4 (5.0–15.0) 10.1 (5.7–13.2) 0.734
Albumin (g/dL) 3.1 (1.1–5.1) 3.5 (2.4–4.0) 0.721
𝛽2-MG (𝜇g/L) 3981.5 (620.4–80000) 7522.0 (2078.0–33035.5) 0.342
LD (IU/L) 356.0 (85.0–1113.0) 364.0 (239.0–714.0) 0.595

Monoclonal protein type∗ 0.932
IgG𝜅 36 (33.3) 2 (28.6)
IgG𝜆 27 (25.0) 1 (14.3)
IgA𝜅 20 (18.5) 2 (28.6)
IgA𝜆 11 (10.2) 1 (14.3)
Free 𝜅 4 (3.7) 0 (0.0)
Free 𝜆 9 (8.3) 1 (14.3)
Not available 1 (0.9) 0 (0.0)

Bone lesion case∗ 76 (70.4) 5 (71.4) 0.953
Transplantation case∗ 26 (24.1) 2 (28.6) 0.788
Chromosome abnormality case∗ 17 (15.7) 1 (14.3) 0.918
ISS∗§ 0.685

Stage I 25 (23.1) 1 (14.3)
Stage II 39 (36.1) 2 (28.6)
Stage III 44 (40.7) 4 (57.1)

IMWG response∗ 0.710
CR 23 (21.3) 2 (28.6)
VGPR 8 (7.4) 1 (14.3)
PR 17 (15.7) 0 (0.0)
Progressive disease 47 (43.5) 3 (42.9)
Stable disease 6 (5.6) 1 (14.3)
Not available 7 (6.5) 0 (0.0)

∗Number of patients (%). †Median (range).
‡The reference range of PTH was 15–68.3 pg/mL. We have classified patient cohorts into non-high PTH group and high PTH group based on this criteria.
§International staging system: I, 𝛽2-MG <3500𝜇g/L and albumin ≥3.5 g/dL; II, not fitting stage I or II; stage III, 𝛽2-MG ≥5500𝜇g/L.
PTH: parathyroid hormone; FLC: serum free light chain; Ca: calcium; Cr: creatinine; Hb: hemoglobin; 𝛽2-MG: beta-2 microglobulin; LD: lactate
dehydrogenase; 𝜅: kappa; 𝜆: lambda; ISS: international staging system; IMWG: international myeloma working group; CR: complete response; VGPR: very
good partial response; PR: partial response.
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Figure 1: The correlations of PTH values with IgM (a) and calcium (b). Out of many other results of laboratory test performed for multiple
myeloma patients, IgM (rho = 0.190, 𝑃 = 0.045) and calcium (rho = −0.220, 𝑃 = 0.043) showed meaningful correlation with serum PTH.
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Figure 2: The comparison of calcium (a) and creatinine (b) level between non-high PTH group and high PTH group. Among the various
clinical parameters of multiple myeloma patients, calcium (𝑃 = 0.016) and creatinine (𝑃 = 0.062) revealed moderate difference depending
on the PTH level.

Then again, seven patients out of total 115 multiple
myeloma patients did not receive treatment. Among 108
patients who were treated, 76 patients (70.4%) underwent a
single set of treatment, while 32 patients (29.6%) were treated
by multiple sets serially. In detail, CTD (cyclophosphamide,
thalidomide, and dexamethasone) was the basic treat-
ment modality in 48 patients, VCD (vincristine, cyclophos-
phamide, and dexamethasone) in 22 patients, MP (mel-
phalan and prednisone) in 14 patients, and dexamethasone
in 13 patients. And the therapeutic modalities were not

significantly different between non-high PTHgroup and high
PTH group.

According to Pirih et al. [1], PTH acts on bone mar-
row stromal cells to stimulate IL-6 production. Then, IL-6
synergizes with fms-like tyrosine kinase 3 ligand (Flt-3L),
and it increases hematopoietic cell numbers. Namely, PTH
acts with Flt-3L to maintain hematopoietic cells by limiting
apoptosis. Also, Shiozawa et al. [10] showed that increasing
the number of hematopoietic stem cell niche with PTH
promoted metastasis, which means that hematopoietic stem
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Figure 3: Impact of PTH on clinical outcome. Kaplan-Meier curves of overall survival (OS) and progression-free survival (PFS) stratified by
PTH level for all patients (a-b), PFS of patients on complete remission state at the end-point of present study (c), PFS of patients with ISS
stage II (d), PFS of patients with no chromosome abnormality (e), and PFS of patients who have undergone stem cell transplantation (f).

cell niche served as a specific site where disseminated cells
from original cancer gain footholds in the bone marrow.

Furthermore, the role of the bone marrow microen-
vironment in MM has been extensively studied in many
models. The bone marrow provides signals that influence the
behavior of MM cells (e.g., tumor cell growth, survival, and
migration). And the cellular elements of the bone marrow
(e.g., mesenchymal stem cells, osteoclasts, osteoblasts, and
vascular endothelial cells) interact with MM cells directly
or indirectly through secretion of stimulatory cytokines
and chemokines such as IL-6 that induces survival, growth
advantage, and drug resistance of MM [11, 12].

As the precedent study and reports mentioned above, the
present study shows interesting results as well. Compared
to non-high PTH (<68.3 pg/mL) group, the hazard ratio
(HR) for overall survival was higher for the group with
high PTH level (≥68.3 pg/mL) (HR, 1.710; 𝑃 = 0.766; 95%
confidence interval, 0.050∼58.212) (Table 2). With regard to
the prognostic implication of serum PTH value, the high
PTH group (≥68.3 pg/mL) showed moderate, more, inferior
PFS than non-high PTH group (median, 5 months versus 13
months, 𝑃 = 0.056; Figure 3(b)).

By contrast, Pennisi et al. [13] reported that in vivo
PTH treatment indirectly attenuated MM progression by
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Table 2: Time-dependent Cox regression analysis for the overall
survival in MM patients.

Factors Hazard ratio 95% CI 𝑃

PTH
≥68.3 1.710 0.050∼58.212 0.766∗

<68.3 1.0 (reference)
Age 1.004 0.952∼1.058 0.894
Sex

Male versus Female 1.294 0.422∼3.968 0.652
ISS stage

I versus II 0.138 0.015∼1.250 0.078
I versus III 0.171 0.017∼1.683 0.130

Albumin 0.136 0.038∼0.491 0.002†

𝛽2-MG 1.0 1.000∼1.000 0.963
Calcium 1.271 0.965∼1.675 0.088
Creatinine 1.126 0.735∼1.725 0.586
Hemoglobin 1.097 0.824∼1.462 0.526
FLC ratio 1.0 1.000∼1.000 0.030†
∗All parameters considered; the overall 𝑃 value of PTH was 0.557.
†Statistical significance.
PTH: parathyroid hormone; FLC: serum free light chain.

stimulating osteoblastogenesis and increasing osteoblast
production of antimyeloma factors and byminimizing oxida-
tive stress and inflammatory conditions in myelomatous
bone. On the other hand, PTH receptors were not expressed
by myeloma cells and PTH had no effect on myeloma cell
growth in vitro. Therefore, it seems that the clinical and
prognostic implication of serum PTH level in MM patients
still remains a controversial topic.

Nevertheless, present study was not based on experimen-
tal findings but on the clinical and practical data of MM
patients. In addition, following results of the present study are
consistent with the report of Pirih et al. [1].

Although no OS differences were found between high
PTHgroup and non-high PTHgroup (Figure 3(a)), subgroup
analysis revealed that the patients with high serum PTH level
significantly had an inferior PFS than those with non-high
serumPTH level. In detail, the subgroup analysis of PFS (high
PTH group versus non-high PTH group) were as follows:
patients (𝑁 = 25) who reached the complete remission (CR)
state defined by IMWG response criteria at the end of the
follow-up period (median, 3 months versus 41 months, 𝑃 =
0.001; Figure 3(c)), patients (𝑁 = 28) who have undergone
transplantation (median, 3 months versus 18 months, 𝑃 =
0.009; Figure 3(d)), patients (𝑁 = 41) who belonged to ISS
stage II (median, 1 month versus 15 months, 𝑃 = 0.006;
Figure 3(e)), and patients (𝑁 = 97) with no chromosome
abnormalities (median, 4 months versus 15 months, 𝑃 =
0.034, Figure 3(f)).

4. Conclusion

Serum PTH level at diagnosis was associated with risk factors
and clinical outcome in MM patients, especially in CR group

(IMWG response), transplantation case, ISS stage II, and case
without having chromosome abnormality.
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During the past decade, overall results of treatment of multiple myeloma (MM) have been improved and survival curves are now
significantly betterwith respect to those obtainedwith historical treatment.These improvements are linked to a deeper knowledge of
the biology of disease and to the introduction in clinical practice of drugs with different mechanism of action such as proteasome
inhibitors and immunomodulatory drugs (IMiDs). However, MM remains in most cases an incurable disease. For patients who
relapse after treatmentwith novel agents, the prognosis is dismal andnewdrugs and therapeutic strategies are required for continued
disease control. In this review, we summarize new insights in salvage therapy for relapsed/refractory MM as emerging from recent
clinical trials exploring the activity of bendamustine, new generation proteasome inhibitors, novel IMiDs, monoclonal antibodies,
and drugs interfering with growth pathways.

1. Introduction

During the past decade, overall results of treatment of multi-
ple myeloma (MM) have been improved and survival curves
are now significantly better with respect to those obtained
with historical treatment. These improvements are linked
to a deeper knowledge of the biology of disease and to
the introduction in clinical practice of drugs with different
mechanism of action such as proteasome inhibitors (borte-
zomib, carfilzomib) and immunomodulatory drugs (IMiDs;
thalidomide, lenalidomide, and pomalidomide) [1].

However,MMremains inmost cases an incurable disease,
and new drugs and therapeutic strategies are required for
continued disease control. In this perspective, several new
drugs are currently undergoing evaluation, and many appear
very promising on the basis of reported initial results [2, 3].

The natural history of MM includes recurrence of active
disease defined as relapse when salvage treatment is needed

after an off-therapy period, or refractory disease if nonre-
sponsive while on salvage therapy, or progressing within 60
days of last therapy (see the following part, [4]).

Definition of Progressive Disease in accord with MM Uniform
Reporting of Clinical Trials, Report of the 2008 International
Myeloma Workshop Consensus:

Definitions of Relapsed/Refractory MM

Refractory myeloma. It is a disease that is nonrespon-
sive while being on salvage therapy or progresses
within 60 days of last therapy.
Primary refractory myeloma. It is a disease that is
nonresponsive in patients who have never achieved a
minor response with any therapy.
Relapsed myeloma. After a period of being off therapy,
it requires the initiation of salvage therapy.
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Relapsed-and-refractory myeloma. It is nonresponsive
while being on salvage therapy (achieved minor
response (MR) or better at some point in their disease
course).

Most of the studies reporting results of the new drugs
are difficult to interpreter because they are small single arm
studies, they deal with very heterogeneous groups of patients,
and quite often relapsed and refractory patients are lumped
together. In addition, there is a lack of information about the
natural history of MM in the relapsed setting, after exposure
to novel agents.

A recent study described the poor outcome of patients
who are refractory to current treatments and provided con-
text for interpreting trials of new drugs [5]. This study
included 286 patients with relapsedMM,whowere refractory
to bortezomib and were relapsed following an IMiD. Median
age at diagnosis was 58 years, and time from diagnosis
to salvage treatment (T0) was 3.3 years. The first regimen
contained bortezomib in 26% patients and an IMiD in 33%
of patients. A minor or better response was achieved after at
least one therapy after T0 in 44% of patients, including partial
response (PR) in 32%. The median overall survival (OS) and
event-free survival (EFS) from T0 were 9 and 5 months,
respectively.

Thanks to new information on the biology ofMMplasma
cells and deeper knowledge of the metabolic pathways that
the neoplastic cells use for their growth, new drugs have
been developed. However, the new therapeutic strategies for
relapsed and refractory patients arise not only from drugs
with a new mechanism of action, targeting the deregulated
pathways in MM, but also from analogs of agents already
approved for treatment of MM such as new chemotherapy
drugs, second and third generation of proteasome inhibitors,
and new IMiDs.

In addition, it is not clear if the novel drugs should be used
in monotherapy or in combination. Looking at the emerging
tumor biology, combination therapy has the potential benefit
of suppressing and eliminating more subclones at the same
time, but patients with refractory disease may be more
debilitated and unable to tolerate aggressive combination
treatments. Among patients with early relapse, the use of
a 3-drug regimen (bortezomib, thalidomide, and dexam-
ethasone) improved overall response rate (ORR), depth of
response, and progression-free survival with a trend toward
improved overall survival [6]. Ongoing phase 3 studies will
provide further evidence to address if 3-drug based regimens
are better than 2 drugs, using other new agents such as car-
filzomib (carfilzomib/lenalidomide/dexamethasone versus
lenalidomide/dexamethasone), panobinostat (panobinostat/
bortezomib/dexamethasone versus bortezomib/dexam eth-
asone), elotuzumab (elotuzumab/lenalidomide/dexameth-
asone versus lenalidomide/dexamethasone), and poma-
lidomide (pomalidomide/bortezomib/dexamethasone versus
bortezomib/dexamethasone).

2. Novel Alkylators

Alkylators, such asmelphalan and cyclophosphamide, are the
backbone for the combination with the new drugs, although

eventually patients develop resistance against them and the
search for new alkylating agents is fully justified. In this
scenario, MM researcher has shown an increased interest for
bendamustine, an older alkylating drug developed behind the
Iron Curtain but only recently used in Western countries.

Bendamustine is a nitrogen mustard with both purine
analogue and alkylating cytotoxic effects for its unique
chemical structure: a 2-chloroethylamine alkylating group
(like melphalan and cyclophosphamide), a benzimidazole
ring, and a butyric acid side chain (like in chlorambucil) [25].
Therefore, bendamustine can activate apoptosis and inhibit
mitotic checkpoints instead of inducing necrosis alone, as all
other alkylators do.

Bendamustine is effective as a single agent and in several
combinations with novel agents (bortezomib, thalidomide,
and lenalidomide) for the treatment of relapsed/refractory
MM (Table 1).

In a phase I study involving 31 patients with progressive
disease after autologous stem cell transplantation (ASCT),
bendamustine was tested starting from 60mg/m2 on days 1
and 2 of each 28-day cycle. Dose-limiting toxicity of febrile
neutropenia developed in one patient after bendamustine
100mg/m2 with an overall response rate (ORR) of 55%.
Median duration of response was 8 months and median
progression-free survival (PFS) for the whole study popu-
lation was 26 weeks and for the patients receiving 90 or
100mg/m2 it was 36 weeks [26].

A phase I-II study including 40 MM patients previously
exposed to bortezomib or alkylators tested the association of
escalating doses of bendamustine 50, 70, or 90mg/m2 (days
1 and 4) plus bortezomib 1.0mg/m2 (days 1, 4, 8, and 11) for
up to eight 28-day cycles [7]. The bendamustine MTD was
90mg/m2. The most common grade 3/4 adverse events were
leucopenia (58%), neutropenia (50%), lymphopenia (45%),
and thrombocytopenia (30%). ORR was 48% (one CR, two
VGPR, nine PR, and seven MR) for all 40 enrolled patients,
52% (16/31) at the MTD [7].

After these encouraging results, phase II studies tested the
efficacy of bendamustine in combination with bortezomib
and steroids.

In 79 patients with relapsed/refractory MM, bendamus-
tine was given at 70mg/m2 on days 1 and 4, bortezomib
1.3mg/m2 on days 1, 4, 8, and 11, and dexamethasone 20mg
on days 1, 4, 8, and 11, every 28 days up to eight cycles (BBD).
With this regimen, grades 3 and 4 anemia and leukopenia
were seen in 18.7% of patients, while grade 4 thrombocy-
topenia was observed in 6%. Grades 3 and 4 infections were
observed in 20% of patients, with two deaths (3%) because
of infection. In addition, a doubling of the incidence of self-
assessed grade 2 neurotoxicity from baseline to cycle 8 was
documented and grade 3-4 neuropathy was observed in 7%
of patients at the last treatment cycle. BBD induced a very fast
response with an ORR of 75.9% (including 15% CR), and PFS
was 9.7 months. Preexposure to lenalidomide was correlated
with a lower response rate and shorter time to progression
(TTP). Of interest, incidence of response, its duration, and
OS were not different between patients defined as low risk or
high risk according to cytogenetics [8].
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Similar results were obtained from the Italian group
evaluating bendamustine plus bortezomib and dexametha-
sone (BVD) every 28 days for the first 6 cycles and then
every 56 days for 6 further cycles. Seventy-five patients
with relapsed/refractoryMM, treated with ≤4 prior therapies
and not refractory to bortezomib, were treated. Grade 3-4
hematologic toxicities (thrombocytopenia and neutropenia),
neuropathy (8%), and gastrointestinal and cardiovascular
events were the more frequent side effects. The ORR was
71.5% (including 16% CR). TTP was 16.5 months at a median
follow-up of 12 months and 1-year overall survival was 78%
[9].

In a multicentric study involving 78 relapsed-refractory
MM patients BVP consisted of bendamustine 60mg/m2 on
days 1 and 2, bortezomib 1.3mg/m2 on days 1, 4, 8, and 11,
and prednisone 100mg on days 1, 2, 4, 8, and 11. ORR was
69%with PFS of 11months, superior to not-heavily pretreated
patients [27]. BVP was effective also in the cohort of 36
patients with light chain-induced renal failure (creatinine
clearance <60mL/min), achieving ORR 67% [28].

The optimal dose of bendamustine associated with
thalidomide is 60mg, as shown by two independent phase
1-2 studies [10, 11]. In phase 1 study bendamustine 60mg plus
prednisone 100mg was tested in association with increasing
doses of thalidomide (50, 100, and 200mg),without achieving
the thalidomide MTD in 28 relapsed/refractory patients.
Twenty-four patients responded after at least two cycles
(4 CR, 6 VGPR, and 14 PR), with ORR 80% and PFS
of 11 months. Only mild/moderate nonhematological side
effects were observed and no patient developed dose-limiting
hematotoxicity [10].

Two recent phase 1-2 studies identified MTD of ben-
damustine as 75mg/m2 when associated with lenalidomide.
In the American study, involving 29 patients relapsed after
a median number of 3 previous treatments, bendamustine
75mg/m2 (days 1 and 2) plus lenalidomide 10mg (days 1–
21), and weekly dexamethasone 40mg resulted in ORR 76%
and PFS of 6.1 months. Hematological toxicity, including 3-
4 grade neutropenia, thrombocytopenia, and anemia, was
responsible for discontinuation of treatment in one-third
of patients. Nonhematological side effects included fatigue,
diarrhea, hypocalcemia, hyperglycemia, and nausea [12].

In the German study, enrolling 21 patients in five cohorts
treated with bendamustine (60 up to 75mg/m2), lenalido-
mide (10 up to 25mg), and prednisone 100mg, the MTD
was not reached. Authors suggested the best schedule as
bendamustine 75mg/m2 on days 1-2, lenalidomide 25mg on
days 1–21 every 28 days, and prednisone 100mg on days 1–4,
to achieve ORR 76% and PFS of 48% at 18 months [29].

Thus, bendamustine is effective in monotherapy and in
combination with novel agents at reduced doses to limit
toxicity but longer follow-up is needed to overcome the lack
of information on overall survival.

3. Novel Proteasome Inhibitors

Bortezomib is a dipeptide boronic analog that reversibly
inhibits the chymotryptic activity of the 20S subunit of
the proteasome [30]. Resistance to bortezomib has been

Table 2: The most active proteasome inhibitors currently tested in
relapsed/refractory myeloma patients.

Drug Bond to
proteasome

Route of
administration

Carfilzomib Reversible i.v.
Marizomib (NPI-0052) Irreversible i.v.; oral
Ixazomib (MLN9708/MLN2238) Reversible i.v.; oral
Oprozomib (ONX0912) Irreversible oral
Delanzomib (CEP-18770) Reversible i.v.; oral

documented both in vitro and in vivo, due to upregulation
of the proteasome subunits, mainly for increased levels
of the 𝛽5-subunit. However, there is no clear quantitative
correlation between level of resistance and the extent of 𝛽5-
subunit expression. Moreover, although specific variants of
the proteasome genes which encode the 𝛽 subunits of the
20S proteasome (PSMB5) have been previously identified in
preclinical models of bortezomib resistance, these variants
were not detected in patient tumor samples collected after
clinical relapse from bortezomib, which suggests that alterna-
tive mechanisms may underlie bortezomib lack of sensitivity
[31].

To overcome resistance to bortezomib, second and third
generations of proteasome inhibitors have been developed,
characterized by an irreversible bond to 𝛽5-subunit (such
as carfilzomib) or binding to different subunits (such as
marizomib) or the possibility of oral administration (such as
ixazomib, Table 2 and Figure 1).

Carfilzomib gained FDA approval in 2012 for MM
patients who have received at least two prior therapies,
including bortezomib and an IMiD, and have demonstrated
disease progression on or within 60 days of completion of
the last therapy, as consequence of promising findings of four
phase 2 clinical trials (PX-171-003-A0, PX-171-003-A1, PX-
171-004, and PX-171-005).

In PX-171-003-A0, 20mg/m2 carfilzomibwas evaluated in
46 refractory patients, with amedian of 3 cycles administered
[32]. Infusion reactions were observed including fever, chills,
myalgia, facial swelling or flushing, vomiting, weakness,
hypotension, chest tightness, or shortness of breath. Thus,
prophylactic premedication with very low-dose dexametha-
sone (4mg) prior to carfilzomib in cycles 1 and 2 is recom-
mended to decrease the incidence and severity of infusion
reactions.

In PX-171-003-A1, carfilzomib was tested at 20 or
27mg/m2 as single agent using dexamethasone as premed-
ication in 257 patients with relapsed/refractory MM, who
responded to at least one therapy.Median number of previous
treatment was five, including IMiD and bortezomib and
73% of bortezomib-refractory patients [33]. ORR was 36%,
with 5% VGPR (Table 3). Cytogenetic profile was available
for 229 patients. ORR was comparable between patients
with standard and high-risk profile, the subgroups (25.8%
versus 24.6%), while time-to-event endpoints showed a trend
of shorter duration in high-risk patients, including median
duration of response (5.6 months versus 8.3 months) and
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Table 3: New generation drugs in monotherapy or combined to novel agents.

Drug Association to novel agents Phase Dosage 𝑁 ORR Reference
Carfilzomib Monotherapy 2 20–27mg/m2 257 36 [13]
Carfilzomib In combination with lenalidomide and dexamethasone 1/2 27mg/m2 51 78 [14]
Carfilzomib In combination with pomalidomide 1/2 27mg/m2 82 70 [15]
Ixazomib Monotherapy 1/2 2.97mg/m2 32 26 [16]
Pomalidomide Monotherapy 1/2 4mg 38 42 [17]
Pomalidomide In combination with high dose dexamethasone 3 4mg 455 31 [18]
Pomalidomide In combination with cyclophosphamide and prednisone 1/2 2.5mg 69 50 [19]
Perifosine In combination with bortezomib 1/2 50mg 84 41 [20]
Perifosine In combination with lenalidomide 1 50–100mg 32 73 [21]
Vorinostat In combination with bortezomib 3 400mg 637 56.2 [22]
Panobinostat In combination with bortezomib 1b 20mg 47 52.9 [23]
Panobinostat In combination with bortezomib and dexamethasone 2 20mg 55 34.5 [24]
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overall survival (9.3 versus 19.0 months). Thus, carfilzomib
seems to partially overcome the impact of high-risk cytoge-
netics on heavily pretreated patients [13].

In the subsequent study PX-171-004, 164 relapsed/refrac-
tory patients, previously treated with more than one but less
than three therapies and bortezomib näıve, received carfil-
zomib as single agent (20 or 27mg/m2) [34].

In PX-171-005, 50 relapsed/refractory MM patients with
renal insufficiency received carfilzomib in monotherapy. The
dose was safely escalated to the target dose (from 15 to 20

to 27mg/m2) used in patients with normal renal function.
Carfilzomib did not appear to be associated with clinically
relevant nephrotoxicity, and most patients who experienced
irreversible worsening of renal function had clear evidence of
progressive MM [35].

Then, a cross-trial analysis examined the safety profile of
single-agent carfilzomib in 526 patients with relapsed and/or
refractory MM in the above-mentioned four phase II trials
upon which US approval was based [36]. Overall, the most
common adverse events of any grade were fatigue, anemia,
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and nausea. Aggregated cardiac-failure events (including
congestive heart failure, pulmonary edema, and decreased
ejection fraction) were reported in 7.2%, regardless of causal-
ity. The mortality rate was the same (7%) in patients who
had baseline cardiac risk factors as it was for patients without
these risk factors. Carfilzomib is not actually contraindicated
in cardiopathic patients but anecdotic reports suggest a warn-
ing in elderly patients. Serial echocardiograms are being con-
ducted in a number of ongoing carfilzomib studies, including
a substudy in the randomized phase III trial ENDEAVOR
(ClinicalTrials.gov identifier: NCT01568866), which is com-
paring carfilzomib and dexamethasone versus bortezomib
and dexamethasone. Dyspnea, a common complication from
the disease itself and from other MM treatments, was
reported in 42.2% of patients; however, most incidences were
grade 1 or 2 and transient and resolved without dose reduc-
tion or discontinuation.There are concerns that dyspneamay
develop due to fluid overload, recommended up to 250mL
saline to prevent tumour-lysis syndrome rather than drug
toxicity. Hydration has been previously recommended with
carfilzomib treatment due to concerns of acute deterioration
of renal function [36].

Higher doses of carfilzomib (up to 56mg/m2) can be
safely infused over 30 minutes and are currently under
investigation (PX-171-007, presented in abstract form at ASH
2011). In the ongoing trial ENDEAVOR mentioned above,
56mg/m2 carfilzomib is given in combination with dexam-
ethasone in relapsed patients. As shown by three phase-
2 studies, carfilzomib activity in monotherapy is inversely
correlated with the numbers of previous treatment.

Then, carfilzomib has been tested in association with
IMiDs, lenalidomide, and pomalidomide.

The combination of carfilzomib with lenalidomide and
low dose dexamethasone (Rd) has shown promising results
and appears to be well tolerated in 51 patients affected by
relapsed MM after 1–3 prior treatments (75% previously
treated with bortezomib) [14]. ORR was 78%, including 41%
≥VGPR (Table 3). Adverse events weremainly hematological
with grade 3-4 anemia, thrombocytopenia, and neutropenia.
Some patients (7.5%) experienced grade 3 or 4 fatigue. Short-
ness of breath as well as hypertension and rare cases of signif-
icant cardiac dysfunction were reported. Due to this promis-
ing findings, the combination is being further explored in
patients with relapsed MM in the randomized phase III trial
ASPIRE (ClinicalTrials.gov identifier: NCT01080391), but no
data are currently available.

The combination of carfilzomib with pomalidomide and
low dose of dexamethasone (Car-Pom-d) was investigated in
a multicenter phase I/II trial involving 82 heavily pretreated,
lenalidomide-refractory MM patients [15]. The MTD was
carfilzomib 27mg/m2 on days 1-2, 8-9, and 15-16, pomalido-
mide 4mg on days 1–21, and dexamethasone 40mg on days
1, 8, 15, and 22. Seventy-nine patients with a median of five
previous treatments were evaluable for Car-Pom-d clinical
activity. The regimen was tolerated well with no unexpected
toxicity. Toxicities were generally reversible and manageable
with G3-4 neutropenia in one-third of patients and limited
G3-4 nonhematological toxicities. Nonhematological adverse

events were mainly grade fatigue and dyspnea. However,
a case of fatal pneumonia and a case of fatal pulmonary
embolism related to treatment occurred. The ORR was
70% (with 27% VGPR, Table 3) with a median duration
of response of 17.7 months. Additional 13% of patients
experienced a minimal response for a total clinical benefit
rate of 83% and a PFS of 9.7 months. The combination
was independent fromFISH/cytogenetic risk status evaluated
according to mSMART profile [37]. Dr. Shah (ASH 2013,
abstract number 690) gave an update of the phase I/II dose
expansion trial at last ASH annual conference.

Among the new generation of proteasome inhibitors with
promising activity in relapsed/refractory, certainly Ixazomib
(MLN9708) deserves a mention since it is an oral, reversible,
specific 20S proteasome inhibitor, currently tested in clinical
trials, with promising activity and a favorable profile of
tolerability.

A phase I study evaluated single-agent ixazomib given to
32 patients on days 1, 8, and 15 of a 28-day cycle, for up to 12
cycles. After MTD was assessed at 2.97mg/m2, ixazomib was
tested in an expansion cohort of further 31 previously treated
patients (median 4 lines). In this last cohort, ORR was 26%,
including 25% PR (Table 3, [16]).

Oprozomib (ONX 0912) is a new orally bioavailable drug
structurally analogue of carfilzomib. Like the latter, opro-
zomib is a potent, selective, irreversible proteasome inhibitor.
In patients with advanced refractory solid tumors, MTD is
150mg daily [38].

Several other proteasome inhibitors are currently in phase
I or in a preclinical stage (Table 1, Figure 1). Future studieswill
be able to identify those that could represent real promises in
the treatment of MM.

4. NOVEL IMiDs

Thalidomide is a racemic glutamic acid analogue, consisting
of S− and R+ enantiomers that interconvert spontaneously
under physiological conditions thanks to hydrolysis occur-
ring in the liver. The S− form potently inhibits release of
tumor necrosis factor (TNF alpha, which regulates apoptosis)
from peripheral mononuclear blood cells and is responsible
of immunological effects [39].

Thalidomide and its analogs lenalidomide and pomalido-
mide are effective agents in MM, known for their antiangio-
genic and immunomodulatory properties thus to target at the
same time neoplastic plasma cells and MM microenviron-
ment. Recently, their molecular target has been identified in
the protein complex of cereblon ubiquitin ligase that binds
transcription factors of Ikaros family (IKZF-1, IKZF-3) [40–
42].

Although lenalidomide arises from thalidomide, the
mechanism of action can be different since thalidomide can
revert lenalidomide resistance due to aberrancies in Wnt/𝛽-
catenin pathway. Under this perspective, in a phase I/II
trial the combination of thalidomide and lenalidomide with
dexamethasone was investigated in relapsed/refractory MM
patients. After the phase I established the MTD in 25mg
lenalidomide/100mg thalidomide/40mg dexamethasone, 64
patients with a median of four prior lines of therapy were
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enrolled in the phase II of the study. Preliminary results were
presented at 2013 ASH meeting by Dr. Shah.

Another strategy to increase the therapeutic effect of
lenalidomide is based on its immunological properties, since
lenalidomide seems to expand and activate natural killer
(NK) cells. On the other hand, myeloma cells upregulate class
I antigen of the major histocompatibility complex (MHC)
that are ligands for inhibitory killer immunoglobulin-like
receptors (KIR) and in this way are able to avoid NK cell
killing [43]. IPH2101 is a monoclonal antibody against com-
mon inhibitory KIR that increases NK cell activity through
inhibition of KIR-ligand interaction. After a phase I showing
that IPH2101 is safe [44], preliminary results indicated that
this drug can be safely and efficiently combinedwith lenalido-
mide, as suggested by Dr. Cohen at 2013 ASH meeting.

However, the most exciting new IMiD in the setting
of relapsed/refractory patients is certainly pomalidomide.
After the pioneer studies of Mayo Clinic [45], Richardson
et al. have recently published a study dedicated to find the
MTD, safety, and efficacy of pomalidomide, in 38 patients
previously exposed to both bortezomib and lenalidomide
(double refractory). With an MTD of 4mg per day on days
1 to 21 of each 28-day cycle, with or without dexamethasone
(40mg/week), ORR was 42%, including 21% ≥ PR or better
and 3% CR. Toxicity was predictable and manageable, with
less than 5% of peripheral neuropathy and venous throm-
boembolism [17].

Preliminary data of the phase 2 study MM-002 have
been presented by Dr. Jagannath at 2013 ASH meeting: 221
double-refractory MM patients were randomly assigned to
receive either pomalidomide alone at 4mg days 1–21 or in
combination with low-dose dexamethasone (40mg/week,
20mg for patients over 75 years, pom + loDex). The ORR in
the pom + loDex arm was 43%, with 37% achieving at least
a PR. Median PFS and OS were 4.6 months and 16.5 months,
respectively, in the pom + loDex arm versus 2.6 mos and 13.6
mos in the pom alone arm. Adverse events led to at least one
dose reduction in 26% of patients, with neutropenia being the
most common grade 3/4 adverse event. In the pom + loDex
arm, grade 1-2 neuropathy occurred in 7% of patients.

Recently, San Miguel et al. reported the final results of
a phase 3 trial (MM-003) comparing pomalidomide plus
low-dose dexamethasone versus high-dose dexamethasone
alone (hiDex) in 455 patients with relapsed or refractory
multiple myeloma previously treated with lenalidomide and
bortezomib (Table 3). In double refractory patients, PFS was
3.2 versus 1.7 months for pom + loDex versus hiDex and
OS was not reached versus 7.4 months, respectively. The
rate of grade 3-4 anemia, thrombocytopenia, infections, and
VTE was similar in the two arms but neutropenia was
more frequent in the pom + loDex arm as well as febrile
neutropenia [18].

A final analysis, presented at the 2013 ASH meeting by
Dr. San Miguel, confirmed with a longer follow-up that pom
+ loDex is superior to hi-Dex in terms of response rate and
survival, despite 56% of patients on hiDex arm crossed to
the pom + loDex arm. In MM-003 45% of patients were
aged >65 years: the combination of pom+ loDex significantly
improved ORR also in elderly patients. Duration of response

was significantly longer for pom + loDex versus hiDex in
patients aged >65 years and >70 years. The pom + loDex
safety profile was consistent by age and study discontinuation
due to adverse events was 6% for patients aged <65 years and
13% for patients aged >65 years.

The superiority in ORR and PFS of the pom + loDex
combination over hiDex was maintained in patients with
moderate renal impairment, with a baseline creatinine clear-
ance <60mL/min, accordingly to Dr. Dimoupolos’ commu-
nication at the last ASH meeting 2013 (ASH 2013, abstract
number 2939).

On the basis of previous reports indicating that the
addition of clarithromycin to lenalidomide and dexametha-
sone could be associated with improved outcome [46],
pomalidomide was tested in association with clarithromycin
and low dose dexamethasone (ClaPD). Dr. Boyer presented
preliminary data from 114 patients (relapsed or progressed
after at least three prior therapies) at ASH 2013. ORR was
70% (with 6% CR and 17% VGPR). In most patients, PFS was
sustained for >8 months that is more than double the PFS
reported in patients treated with pom + loDex.

Pomalidomide was tested in combination with cyclo-
phosphamide and prednisone in relapsed/refractory patients
in 69 patients enrolled in a multicenter phase 1/2 trial.
MTD was 2.5mg/day pomalidomide, cyclophosphamide at
50mg every other day, and prednisone at 50mg every
other day, for 6 28-day cycles, followed by pomalidomide-
prednisone maintenance therapy. Thromboprophylaxis was
recommended. In 55 patients treated at MTD, the ORR was
50% including 23% ≥ VGPR, median PFS was 10.4 months,
and 1-year overall survival was 69%. At the MTD, grade 3 to
4 toxicities included anemia, thrombocytopenia, neutropenia
with grade 3–5 infections, and thromboembolism. Treatment
was discontinued for toxicity in 9% of patients [19].

However, the outcome after achieving novel agents’
refractoriness is poor. At Mayo, 74 patients from among
183 patients who had relapsed after pomalidomide phase 2
trials were retrospectively evaluated. The most commonly
used regimen was bortezomib based (36%), followed by
autologous stem cell transplantation (13%), alkylator-steroid
combination (11%), VDT-PACE (12%), and lenalidomide
based (11%). The highest rate of objective response of PR
or better (80%) was seen in patients treated with ASCT.
Lenalidomide was active in a proportion of patients relapsing
on pomalidomide, suggesting that a trial of lenalidomide in
these patients could be justified [47]. In other cases patients
should be addressed to clinical trials involving new drugs
described below.

5. Drugs Interfering with Growth Pathways

5.1. AKT Inhibitors. After the demonstration that the
PI3K/AKT pathway is constitutively active inMM, providing
signals that induce proliferation, angiogenesis, and devel-
opment of drug resistance, several preclinical studies have
shown that PI3K/AKT inhibition was able to induce tumor
inhibition and regression in cell-line and animal models
[48].
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Perifosine is an oral AKT inhibitor able to induce
cytotoxicity of plasma cells even in the presence of bone
marrow stromal cells (BMSC) that confer cell adhesion-
mediated drug resistance (CAM-DR). In this perspective,
perifosine has shown an in vitro synergism with bortezomib,
dexamethasone, and doxorubicin and it has been evaluated
in a phase I/II clinical study in combination with bortezomib
and dexamethasone in 84 heavily pretreated MM patients,
including patients refractory to bortezomib (73%) or to
bortezomib and dexamethasone (51%). The selected dose of
perifosine was 50mg/day plus bortezomib 1.3mg/m2 and
low-dose dexamethasone (20mg) was added if progression
occurred on perifosine plus bortezomib alone (Table 3). In
73 evaluable patients, the ORR was 41% (65% in bortezomib-
relapsed and 32% in bortezomib-refractory patients).Median
PFS was 6.4 months, and median OS was 25 months.
Therapy was generally well tolerated and toxicities, including
gastrointestinal adverse effects and fatigue, were manageable
with supportive care and dose reductions. Grade ≥ 3 toxic-
ities included thrombocytopenia (23%), neutropenia (15%),
anemia (14%), and pneumonia (12%) [20].

Perifosine has been also evaluated in a phase I trial in
combination with lenalidomide in relapsed and relapsed/
refractoryMM.Thirty-two patients received escalating doses
of perifosine 50–100mg daily and lenalidomide 15–25mg
once daily on days 1–21 of each 28-day cycle, plus dexam-
ethasone 20–40mg weekly. MTD was not reached and the
ORR was 73% (including 13% nCR and 10% VGPR). Median
PFS was 10.8 months and median OS was 30.6 months. The
most common grade 1-2 adverse events were fatigue, diarrhea
and grade 3-4 neutropenia, hypophosphatemia, thrombocy-
topenia, and leucopenia. This study also suggests that the
clinical efficacy of perifosine-lenalidomide-dexamethasone is
positively associated with phospho-Akt since PFS was longer
in patients with high immunostaining of phospho-Akt than
those with low staining [21].

Afuresertib (previously GSK2110183) is a potent, orally
available, ATP competitive inhibitor of all three isoforms of
AKT. A phase I trial has shown that afuresertib is well toler-
ated with clinical activity as single agent in heavily pretreated
MMpatients. After the demonstration that adding afuresertib
to bortezomib promotes cell death and inhibits phospho-
rylation of downstream proteins in preclinical models, a
clinical trial had been designed to evaluate MTD, safety,
tolerability, and response rate of afuresertib, bortezomib,
and dexamethasone combination. Dr. Spencer presented
promising preliminary data at last ASH 2013 that will be
updated soon.

5.2. Histone Deacetylase (HDAC) Inhibitors. Since histone
deacetylases (HDACs) regulate cell differentiation and sur-
vival, their inhibition results in caspase-dependent and
caspase-independent apoptosis. In preclinical studies, HDAC
inhibitors affected the adhesion-mediated drug resistance
and inhibited tumor growth in xenograft animal models of
humanMM.AlthoughHDAC inhibitors as single agents have
modest activity in MM [49], their combination with other
antimyeloma drugs is promising, in particular with borte-
zomib because proteasome inhibition cooperates withHDAC

inhibition of aggresome formation, leading to significant
impairment of protein turnover [50]. Moreover, bortezomib
transcriptional activity is favored by chromatin remodeling,
that represents the molecular basis of the increasing interest
in combining bortezomib with inhibitors of histone deacety-
lase or histone acetyltransferases [30, 51].

Given this rationale, two global multicenter clinical trials
(VANTAGE 088 and 095) assessed efficacy and safety of
treatment with vorinostat plus bortezomib in patients with
relapsed or refractory MM.

In the VANTAGE 088, 637 patients, with a median of two
previous treatments, were randomized to receive bortezomib
at 1.3mg/m2, on days 1, 4, 8, and 11 together with oral
vorinostat 400mg (317 patients) or placebo (320 patients)
given once daily on days 1–14 of each 21-day treatment cycle.

ORR was better in the vorinostat group than the placebo
group (56.2% versus 40.6%, 𝑃 < 0.0001) with 7.9% versus
5.3% of CR. Median PFS was 7.63 months in the vorinostat
group and 6.83 months in the placebo group. Serious adverse
events were equally distributed, and an equal percentage
of patients discontinued treatment because of drug-related
adverse events. However, by considering all grades, some side
effects weremore pronounced in the vorinostat group such as
thrombocytopenia, diarrhea, nausea, and fatigue [22].

The synergistic activity of bortezomib with another pan-
deacetylase inhibitor, panobinostat, was also investigated. In a
phase Ib dose-escalation study, panobinostat was given orally
thrice weekly every week in combination with bortezomib
(21-day cycles) in 47 relapsed/refractory patients. After MTD
was determined, additional 15 patients received treatment
with a 1-week holiday of panobinostat, and dexamethasone
was added in cycle 2. The MTD for panobinostat was 20mg
and ORR was 52.9% in the escalation phase and 73.3% in
the subsequent phase. More grade 3 or 4 adverse events were
in escalation phase than in the expansion phase, including
thrombocytopenia, neutropenia, and asthenia [23].

This study provided the basis for a phase II clini-
cal trial program called PANORAMA 2 (panobinostat or
placebowith bortezomib and dexamethasone in patients with
relapsed multiple myeloma) in patients who had a progres-
sion of disease on or within 60 days of the last bortezomib-
containing regimen. In the first part of the study, patients
received 8 three-week cycles of oral panobinostat (20mg)
3 times per week on weeks 1 and 2, bortezomib in the
classic schedule on weeks 1 and 2, and oral dexamethasone
(20mg) 4 times per week on weeks 1 and 2. Responsive
patients were enrolled in the second part of the study, which
consisted of 6-week cycles of panobinostat 3 times per week
on weeks 1, 2, 4, and 5; bortezomib once a week on weeks
1, 2, 4, and 5; and dexamethasone the same day and the day
after bortezomib until disease progression. Fifty-five patients
were included in the study and 17 completed treatment
phase 1 and entered treatment phase 2. The ORR was 34.5%
in this population of bortezomib-refractory patients. One
patient (1.8%) achieved a near-complete response, and 18
patients (32.7%) achieved a PR. Additional 18.2% achieved
an MR with a total clinical benefit rate of 52.7%. Median
duration of response was 6.0 months and median PFS was
5.4 months. OS was not reached after a median follow-up
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of 8.3 months. The most common grade 3/4 adverse was
thrombocytopenia (63.6%), managed with dose reduction or
platelet transfusions but none of the patients discontinued
treatment because of thrombocytopenia. Other commonAEs
were diarrhea, fatigue, anemia, neutropenia, and pneumonia
[24].

Based on this demonstration of synergism between
panobinostat and bortezomib, a recent study has evaluated
the safety and efficacy of the combination of panobinostat
with carfilzomib in relapsed and refractory MM patients.
Preliminary data from 44 patients were presented at ASH
2013. Eighty percent of them had received both an IMiD and
a proteasome inhibitor and 14%were considered refractory to
both. Four dose levels were evaluated. Average starting dose
was 20/45mg/m2 for carfilzomib and 30mg for panobinostat.
Maximum tolerated dose was not achieved with carfilzomib
while panobinostat frequently required both dose reductions
(62%) and discontinuations (21%). ORR was 64% (with 31%
≥ VGPR). Previous refractoriness to proteasome inhibitors
and IMiDs did not affect ORR in total patient population.
Median PFS was 6.8 months in the total population and
4.8 months in patients refractory to bortezomib. The most
frequent grade 3 or 4 treatment-related adverse events were
thrombocytopenia and neutropenia. Nonhematological side
effects included grade 3 fatigue, diarrhea, dyspnea, and
hypertension. There was also one death due to congestive
heart failure with hemolytic-uremic syndrome (ASH 2013,
abstract number 1937).

Although HDAC inhibitors are synergistic with protea-
some inhibitors, the efficacy of the combination is lower
than expected on the basis of preclinical studies.The reduced
activity could be explained in part by the side effects due to a
nonselective HDAC inhibition that is responsible for hyper-
acetylation of numerous protein networks in cells. Although
the mechanism of synergism between HDAC inhibitors and
bortezomib is not fully understood, the most important
HDAC involved in the aggresomal formation is the HDAC6
and it should be considered the new target for inhibition.
In addition, its selective inhibition could not only enhance
potency, but also reduce the toxicities related to off-target
effects of pan-HDAC inhibitors. One of the most promising
selective HDAC inhibitors is ACY-1215, that is approximately
11-fold selective for HDAC6 over HDAC3.

Low doses of ACY-1215 combined with bortezomib
induce apoptosis inMM cells and a significant delay of tumor
growth and a significant prolongation of overall survival in
2 different xenograft SCID mouse models [52]. Based on
these results, a study has been conceived in which ACY-1215
was tested alone (part 1, phase 1a) or in combination with
bortezomib (part 2, phase 1b) in MM patients relapsed or
refractory after at least two lines of treatment. In the phase
1a, 15 patients were treated at doses up to 360mg orally
on days 1–5, 8–12 schedule of 21-day cycle. No MTD was
identified. Adverse events reported were elevated creatinine,
fatigue, hypercalcemia, and upper respiratory infection (not
attributed to ACY-1215). In the phase 1b, 22 patients received
ACY-1215 on days 1–5, 8–12 with i.v. bortezomib on days 1, 4,
8, and 11 with dexamethasone perOS 20mg on days 1, 2, 4, 5 8,

9, 11, and 12. Grade 3 or 4 gastrointestinal adverse effects were
rare and hematologic adverse events were manageable with
grade 3-4 thrombocytopenia observed in 19% of patients.
In these heavily pretreated patients, the ORR rate was 25%
with a clinical benefit rate (≥SD) of 60%. Preclinical and
ongoing clinical trials are exploring the activity of ACY-1215
with carfilzomib and IMiDs, as anticipated by Dr. Vogl at the
last ASH meeting.

A less mature trial is exploring the combination of
escalating doses of ACY-1215 together with standard dose of
lenalidomide and dexamethasone, accordingly to a commu-
nication at ASH 2013. Dr. Vorhees said that ACY-1215 was
well tolerated at doses up to 160mg on days 1–5, 8–12, and
15–19 and no DLT has been observed so far. ORR was 81%,
including 1 CR and 3 VGPR. Most common adverse events,
mainly grades 1 and 2, were fatigue (50%), upper respiratory
tract infections (38.9%), and neutropenia (27.8%, ASH 2013,
abstract number 3190).

5.3. Signal Transduction Inhibitors. A new identified target
for treatment of cancer is the kinesin spindle protein (KSP),
a microtubule motor protein critical to the function of prolif-
erating cells. Filanesib (ARRAY-520-212) is a KSP inhibitor
that induces aberrant mitotic arrest and rapid cell death.
It has a preferentially activity on MCL-1 dependent cells
including MM and it is not expected to be cross-resistant
with other drugs. In a phase II study presented at last ASH
by Dr. Shah, filanesib was tested either alone (at the dose of
1.5mg/m2 for 2 days every 2 weeks) or in combination with
dexamethasone (40mg weekly). Thirty-two patients with six
median previous treatments entered the phase I (filanesib
alone) and 55 patients with eight median previous treatments
were enrolled in the phase II (filanesib and dexamethasone).
The ORR was only 16% and the duration of response was
8 months in the single agent arm and 5 months for the
combination arm. Therefore, this study confirmed the lower
response rate in respect to the expectations induced by the
preclinical studies [53]. However, this study explored the
importance of 𝛼 1-acid glycoprotein (AAG) plasma levels
in predicting the response to filanesib. AAG is an acute-
phase serum protein that increases during inflammation. It
binds to ARRY-520 and is responsible for increased IC

50
for

ARRY-520 in vitro. By dividing patients according to their
basal AAG plasma level, the study demonstrated that all
responding patients belonged to the low-level group while
none of the patients with high level of AAG responded
to filanesib. AAG levels correlated also with duration of
response and overall survival indicating that AAG is an
important selection marker for filanesib. Phase 1 studies
of combination of filanesib with bortezomib or carfilzomib
or lenalidomide are ongoing and preliminary results are
encouraging.

6. Monoclonal Antibodies

Forty-six antigens potentially targeted by antibodies have
been described in MM. Therefore a long list of monoclonal
antibodies (MoAbs) is being tested either in preclinical or
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in clinical studies. Three main mechanisms of action are
recognized for MoAbs:

(1) direct killing of the antibody;
(2) antibody-dependent cellular cytotoxicity (ADCC), in

which the binding of a MoAb to a specific target on
tumor cells is responsible for a contact between tumor
cells and effector cells;

(3) complement dependent cytotoxicity (CDC), in which
recruitment of C1q by IgG bound to the tumor cell
surface triggers a proteolytic cascade to disrupt the
target cell membrane.

The advantage of MoAbs treatment relies on their relative
mild toxicity that allows their combination with chemother-
apy or other biological agents to be used at lower doses thus
reducing the toxicity of antimyeloma treatment.

6.1. Elotuzumab, Anti CS1. The cell surface glycoprotein CS1
is constantly expressed at high levels on CD138+ purified
plasma cells obtained from MM patients and at low level in
activated B, NK, CD8+ T cells, and mature dendritic cells but
not in normal tissues or stem cells.

Elotuzumab is a humanized anti-CS1MoAb that exerts its
antimyeloma mainly through ADCC mediated by NK cells
but no CDC [54].

A phase 1 trial, that explored escalated doses of elo-
tuzumab in patients with advanced relapsed/refractory MM,
showed that adverse events (cough, headache, back pain,
fever, and chills) were generally mild to moderate in severity
but the antimyeloma efficacy was modest (26.5% only had
stable disease) [55]. However, several preclinical studies have
demonstrated that elotuzumab inhibits MM cell adhesion to
the stroma, thus reducing drug resistance [54], and that there
is a synergism between elotuzumab and other antimyeloma
drugs, in particular bortezomib and lenalidomide [56]. Based
on this, elotuzumab was administered together with borte-
zomib in a phase I/II trial in relapsed/refractory MM. An
objective response was observed in 48% of evaluable patients
with a median time to progression of 9.4 month. The most
frequent grades 3 to 4 adverse events were lymphopenia and
fatigue. Two elotuzumab-related serious adverse events (chest
pain and gastroenteritis) occurred in one patient [57].

The combination of elotuzumabwith lenalidomide seems
to be more effective. A phase I/II study of combination of
elotuzumab, lenalidomide, and dexamethasone has shown
encouraging response rates in relapse/refractory MM setting
[58], as recently updated at 2013 ASCO meeting [59]. In the
phase I of this study, 25 patients were treatedwith elotuzumab
5, 10, or 20mg/kg in 28-day cycles using standard 3 + 3
dose-escalation design. In the phase II study, 73 patients
were treated with lenalidomide 25mg/day on days 1–21 and
dexamethasone 40mg/weekly and, according to the number
of previous treatment, were stratified to receive elotuzumab
at the dose of 10 or 20mg/kg i.v. on days 1,8, 15, and 22 in
cycles 1 and 2 and on days 1 and 15 in cycles ≥ 3 (28 day
cycles). In the phase II cohort the ORR was 84%, with higher
rate observed with elotuzumab 10mg/kg versus 20mg/kg
(92% versus 76%). CR/stringent CR was recorded in 14% of

patients receiving elotuzumab 10mg/kg versus 11% in those
receiving 20mg/kg. VGPR was obtained in 50% of patients
treated with the lower dose versus 38% of patients treated
with higher dose of elotuzumab. In addition, median PFS
was longer in elotuzumab 10mg/kg arm: 33.0 months versus
18.6 months. Elotuzumab was well tolerated in combination
with lenalidomide/dexamethasone such that 52% of patients
received therapy for ≥18 months. Most common grade 3/4
adverse events included anemia, thrombocytopenia, lym-
phopenia, and neutropenia without significant differences
between the two arms and occurred during first 18 months
of therapy.

These findings prompted 2 phase III trials of elo-
tuzumab 10mg/kg with lenalidomide/dexamethasone, which
are currently ongoing for both relapsed/refractory MM
(ELOQUENT-2) and previously untreated MM patients
(ELOQUENT-1).

6.2. Daratumumab, Anti-CD38. Daratumumab is a human
CD38 MoAb with broad-spectrum killing activity. Dara-
tumumab has multiple mechanisms of action, including
apoptosis and modulation of CD38 enzymatic activity, CDC,
ADCC, and antibody-dependent cellular phagocytosis. In
preclinical studies, daratumumab was able to kill myeloma
cells and to enhance the activity of other MM treatments.
Ongoing clinical trials are investigating the safety of dara-
tumumab in combination with bortezomib or lenalidomide
and dexamethasone in patients with relapsed or refractory
MM.

In a study presented at ASH 2012 but not yet published,
the drug was tested in 32 patients relapsed or refractory to
at least two previous regimens. Doses ranging from 0.005
to 24mg/kg were given weekly for 8 weeks for the first 16
patients and then biweekly for 16 weeks. In 26% of patients,
an infusion-related reaction was observed during first full-
dose infusion but without apparent relationship between
dose and infusion-related reactions. Six patients across dif-
ferent doses experienced grade 3-4 adverse events that were
related to treatment such as anemia, thrombocytopenia,
bronchospasm, transaminases increase, and cytokine release
syndrome. However, MTD was not reached. Daratumumab
showed dose-dependent efficacy. Eight of 12 patients receiv-
ing ≥4mg/kg daratumumab had at least a minimal response
(ASH 2012, abstract number 73).

Dr. Arkenau presented at last ASH preliminary data on
11 patients indicating that the combination of daratumumab
in a dose escalation design, given twice a month together
with standard dose lenalidomide and dexamethasone, is safe
and effective in relapsed or refractory MM patients. In this
study, daratumumab at doses up to 16mg/kg has been well
tolerated (the MTD has not yet been reached) and in com-
bination with lenalidomide and dexamethasone induced in
all patients a reduction of M-component that was significant
in 8 up to 11 patients (3 CR, 2 VGPR, 3 PR). The most
frequent adverse events were neutropenia, gastrointestinal
symptoms, bone pain, andmuscle spasms.The daratumumab
pharmacokinetics profile was not affected by lenalidomide
and dexamethasone.
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6.3. Tabalumab, Anti-BAFF. Tabalumab is a MoAb directed
against membrane-bound and soluble B-cell activating factor
(BAFF), a survival factor for MM. Preclinical studies have
indicated an antimyeloma activity together with inhibition
of osteoclastogenesis. Preliminary data have been presented
at ASH 2012 and not yet published. In a phase I study,
20 relapsed/refractory MM patients were treated with a
dose escalation of tabalumab (1, 10, 30, 100, or 300mg
on day 1, cycles 1–3, 5, and 7) together with bortezomib
at standard biweekly dose (1.3mg/m2). In the expansion
phase, 28 patients received tabalumab at 100mg. Grade
3/4 toxicities included peripheral neuropathy, pneumonia,
diarrhea, gastrointestinal hemorrhage, musculoskeletal pain,
thrombocytopenia, neutropenia, and anemia. The ORR was
45% including 2 CR. Response was associated with lower
baseline serum BAFF or IL-6 levels. Median duration of
response was 7.3 months and median TTP was 4.9 months
(ASH 2012, abstract number 447). A multicentric random-
ized phase 2/3 clinical trial is ongoing to evaluate efficacy and
tolerability of dosage 100 versus 300mg on day 1 associated
with bortezomib 1.3mg/m2 on days 1, 4, 8, and 11 and
dexamethasone 40mg on days 1, 2, 4, 5, 8, 9, 11, and 12.

6.4. Indatuximab, Anti-CD138. Indatuximab ravtansine is an
antibody-drug conjugate designed to deliver the maytansi-
noid cytotoxic agent, DM4, specifically to CD138+ expressing
tumour cells. Indeed, CD138 is highly expressed in MM and
more specific to identify neoplastic plasma cells than CD38.
After binding to CD138, indatuximab ravtansine is internal-
ized and processed in the lysosome to release lipophilic DM4
metabolites that inhibit tubulin polymerization and thus to
induce cell cycle arrest and apoptosis.

Preliminary clinical data have been presented at the last
ASH meeting. After a phase I dose escalation study (80,
100, and 120mg/m2) to determine DLT and MTD, the drug
has been evaluated in a phase II in a cohort of 37 patients.
Indatuximab ravtansine was administered in a 28-day cycle
on days 1, 8, and 15 together with lenalidomide (25mg/day
for 21 days) and low dexamethasone (40mg/day, days 1, 8, 15,
and 22). MTD was defined as 100mg/m2 with anemia and
mucositis reported as dose-limiting toxicities. Among the 15
evaluated patients, the ORR was 73%, including 2 CR and 4
VGPR.This ORR was maintained in lenalidomide refractory
patients and was even higher (89%) in 8/9 patients treated at
MTD (ASH 2013, abstract number 758).

7. Conclusions

Many new encouraging studies support an optimistic view
of the future, although many dark zones remain in the
pathway to cure MM. The landscape of treatment of MM is
changing thanks to the new developments in understanding
the biology of disease and the utilization of the new drugs
although sometimes it is hard to figure out exactly the results
of the most published studies in the salvage setting since
enrolled cohorts are often heterogeneous and include patients
with different prognosis. The new therapeutic scenario is
dominated by novel therapies where drugs are able to target

specific mechanisms of neoplastic cell growth. However,
myeloma is quite a heterogeneous disease and neoplastic
plasma cells can use several metabolic pathways in order
to take a growth advantage. In addition, several studies
have shown that different neoplastic clones may emerge
in different phases of disease and it is possible that each
clone has a different profile of drug sensitivity. It is therefore
possible that each of the drugs is effective only in a subgroup
of patients and within this group only during a specific phase
of disease. To find the specific field of activity of each new
drug will be a challenge for future studies.

Another critical point is the awareness that the new drugs
often act with mechanism of action that are different from
chemotherapeutic drugs, but clinicians are still accustomed
to use them as chemotherapy. In many studies the object
is to find the MTD while it is becoming clear that for
many biological agents not always “the more is better.” One
example is elotuzumab: a lower dose yielded better results.
New methods for measuring biological drug efficacy should
be developed in the future.

In the era of the new drugs, however, it should be
underlined that the “old” chemotherapy drugs still maintain
a significant efficacy against myeloma and that in many cases
chemotherapeutic drugs represent the backbone to which the
newdrugs should be added. A fine tuning of this combination
is another skill that clinicians should acquire in the future.

Dealing with relapsing patients, quality of life should be
one of themost important goals to be achieved. However, this
kind of evaluation is often lacking in many studies and the
tools for measuring it are not widely known.

In other cancers, the identification and validation of
biomarkers have leaded to improvement of outcome while
in MM a precise definition of high risk is still lacking.
Novel biomarkers predictive of outcome include cereblon and
Ikaros for IMiDs and AAG for Akt inhibitors. However, a
better definition of the prognostic profile of the patients could
help in interpreting the trials and could be useful to clinicians
to identify treatment more appropriate for high-risk patients.
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Waldenström macroglobulinemia (WM) is a malignant lymphoplasma-proliferative disorder with IgM monoclonal gammopathy.
A recent whole-genome study identified MYD88 L265P as the key mutation in WM. We investigated MYD88 mutations in
conjunctionwith cytogenetic study in 22 consecutiveKoreanWMpatients. Conventional G-banding and interphase fluorescence in
situ hybridization (FISH) were performed at regions including 6q21 using bone marrow (BM) aspirates. Sixteen patients were sub-
jected to Sanger sequencing-basedMYD88mutation study. Five patients (28%) showed cytogenetic aberrations in G-banding.The
incidence of 6q21 deletionwas 17%by conventionalG-banding and 37%byFISH.Tenpatients (45%) showed cytogenetic aberrations
using FISH: 6q deletion in eight (37%) and IGH rearrangement in four (18%). Two patients had both the 6q deletion and IGH rear-
rangement, and two had only the IGH rearrangement. Eleven patients (69%) presented with the MYD88 L265P mutation.MYD88
mutations were significantly associated with the presence of 6q deletions (𝑃 = 0.037). Six patients with the 6q deletion for whom
sequencing was possible were found to harborMYD88mutations.TheMYD88 L265P mutation was also associated with increased
lymphocyte burden in BM biopsy. This is the first report of high frequency MYD88 L265P mutations in Korean WM patients.

1. Introduction

Waldenström macroglobulinemia (WM) is a malignant
lymphoplasma-proliferative disorder characterized by bone
marrow infiltration with lymphoplasmacytic lymphoma
(LPL) and the secretion of monoclonal immunoglobulin M
(IgM) [1–3]. Different stage B-lineage cells infiltrate into the
bone marrow (BM), including small lymphocytes, lymphop-
lasmacytoid cells, and plasma cells [4]. Consensus recom-
mendations from the Second International Workshop on
WM diagnostic criteria require LPL with BM involvement
and any concentration of IgM monoclonal gammopathy.
The incidence rates for WMwere 3.4/1,000,000 person-years
among men and 1.7/1,000,000 person-years among women

from 1988 to 1994 in the United States [5]. Meanwhile, the
incidence of LPL inKorean individualswas reported to be low
(0.8%) [6], although official data from the Korean national
cancer registry are not available [7].

The genetic changes associated with WM are not fully
elucidated. Familial clustering in WM suggests the occur-
rence of inherited genetic susceptibility, similar to chronic
lymphocytic leukemia andmultiple myeloma [2, 7]. Recently,
a whole-exome sequencing study revealed a high frequency
of the L265Pmutation in the myeloid differentiation primary
response gene 88 (MYD88) in WM [8]. In that study, 91%
of LPL patients exhibited the MYD88 L265P mutation in
their tumor cells. Depending on the sensitivity of detection
methodused, the reported incidence ofMYD88L265P ranges
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from 70% to 100% [8–14].TheMYD88 gene, located on 3p22,
encodes a cytosolic adapter protein that plays a central role in
the innate and adaptive immune responses [15].

In the present study, we analyzed the MYD88 L265P
mutation status of KoreanWMpatients using Sanger sequen-
cing. We also investigated cytogenetic aberrations using con-
ventional G-banding and fluorescence in situ hybridization
(FISH) and analyzed their correlation with MYD88 L265P
mutation status.

2. Materials and Methods

2.1. Patients. A series of 22 newly diagnosed WM patients
treated at Seoul National University Hospital between
December 2001 and November 2012 were included for this
study. At first, 23 patients who were diagnosed as WM after
BM study were selected retrospectively from the hospital
information system. Among them, 22 patients whose BM
samples were available for cytogenetic and molecular studies
were finally included. WM was diagnosed according to the
consensus recommendations from the Second International
Workshop on WM [2] and the World Health Organization
(WHO, 2008) classification criteria on LPL [3] using BM
aspiration and biopsy specimens obtained at the time of
diagnosis [3]. Each patient had IgM paraproteinemia and
lymphoplasmacytic infiltration of the BM.

Mononuclear cells from the initial BM aspirates of all
patients were fixed in Carnoy’s solution and stored at −70∘C
for further cytogenetic analysis.The following laboratory and
clinical information was obtained for each patient: date of
diagnosis and start of therapy, age, sex, ethnicity, hemoglobin
level, platelet count, and levels and type of paraprotein.
Furthermore, we recorded the percentage of BM lympho-
cytes and plasma cell infiltration, performed conventional
cytogenetic analyses of BM cells by G-banding, and assessed
the presence of hepatosplenomegaly, lymphadenopathies,
and the number of osteolytic lesions. All BM samples were
collected with informed consent, and the study was reviewed
and approved by the Institutional Review Board of Seoul
National University College of Medicine.

2.2. Conventional Karyotyping by G-Banding. Conventional
cytogenetic data were available for 18 of the 22 patients.
Cytogenetic studies using standard G-banding techniques
on heparinized BM samples were performed as part of the
diagnostic workup. At least 20 metaphases were analyzed
whenever possible. Clonal abnormalities were defined as two
or more cells with the same chromosomal gain or structural
rearrangement or at least three cells with the same chromo-
some deletion. Karyotypes were recorded according to the
International System for Human Cytogenetic Nomenclature
(ISCN) 2008 [16].

2.3. BM Histological Examination. Hematopathologists
reviewed Wright-stained BM smears and hematoxylin and
eosin- (H&E-) stained sections of BM trephine biopsies for
the percentages and patterns of BM infiltration by lympho-
cytes, lymphoplasmacytic cells, and plasma cells. Immun-
ohistochemical (IHC) staining was performed using CD3,

CD20, CD79a, CD138, immunoglobulin 𝜅, and immunoglob-
ulin 𝜆 antibodies (all from Dako, Glostrup, Denmark).

2.4. Fluorescence In Situ Hybridization. Common chromo-
somal abnormalities were investigated using commercial
FISH probes. We used two probes to detect 6q dele-
tions: A20/PRDM1/SHGC-79576 DNA-FISH probe (Cancer
Genetics Italia S.R.I., Milano, Italy) and 6q21/MYC (8q24)
dual color (Kreatech Diagnostics, Amsterdam, Netherlands).
Other FISH probes, including LSI 13 RB1 (13q14) Spectrum
Orange probe, LSI CDKN2A (9p21) Spectrum Orange/CEP
9 Spectrum Green probe, TP53/CEP 17 FISH probe mit,
LSI 1p36/1q25 probe, and LSI dual-color break-apart probe
for IGH translocations (all from Abbott Molecular/Vysis,
Des Plaines, IL), were used to detect chromosomal abnor-
malities that are commonly detected in multiple myeloma.
Interphase FISH was performed on stored patient BM aspi-
rate specimens. Slides were stained with FISH probes and
counterstained with DAPI, and fluorescence signals were
then analyzed by fluorescent microscopy (Zeiss, Göttingen,
Germany). The results of FISH were recorded according to
the ISCN 2008 [17]. The normal cut-off values for the dele-
tion, amplification, or translocation of chromosomal regions
were based on the mean (± three standard deviations),
and the binomial distribution function [17] of 20 negative
controls was analyzed. The cut-off values were 3% for 6q21,
CDKN2A, and TP53 deletions, 4.0% for RB1 deletion, 1% for
1q amplification, and 2% for IGH translocation.

2.5. DNA Extraction and Detection of MYD88 L265P Using
Sanger Sequencing. Genomic DNA was extracted from
frozen BMmononuclear cells from two patients and from the
unstained BM slides of 14 patients. DNA was extracted using
the MagNA Pure LC DNA Isolation Kit (Roche Applied Sci-
ence, Indianapolis, IN, USA) according to the manufacturer’s
instructions. The quality of DNA was analyzed by assessing
the 260/280 absorbance ratio using an ND-1000 Spectropho-
tometer (NanoDrop Technologies, Wilmington, DE, USA).

Two primers (forward, 5-CTG GCA AGA GAA TGA
GGG AAT GT-3; reverse, 5-AGG AGG CAG GGC AGA
AGT A-3) were used to amplify a 489-base pair fragment
covering the MYD88 L265P site. PCR was performed using
25 ng to 100 ng genomic DNA in 100 𝜇L of PCR solution
(10 𝜇L of 10×MGTaq-HF buffer, 0.2 𝜇Mof each primer, 10 𝜇L
of 2mMMGdNTPsmixture, 1 𝜇L ofMGTaq-HF polymerase
(Macrogen Inc., Seoul, Korea), and distilled water). PCR was
performed using an initial denaturation step of 5min at 94∘C,
followed by 35 cycles of 94∘C for 30 s, 62∘C for 30 s, and 72∘C
for 60 s, with a final extension of 7min at 72∘C. The PCR
products were purified and sequenced using a BigDye Ter-
minator v3.1 cycle sequencing kit (Applied Biosystems, Foster
City, CA) and an ABI 3730 XL automatic sequencer (Applied
Biosystems) using the same primers described above.

2.6. Statistical Analysis. Fisher’s exact test and 𝜒2 test were
used to compare categorical variables, and the Mann-
Whitney U test was used for continuous variables. Esti-
mates of overall survival (OS) were made using the Kaplan-
Meier method, and differences among survival curves were
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Table 1: Clinical and laboratory characteristics of 22 patients with
Waldenström macroglobulinemia.

Characteristic Number of patients/total (%)
Age > 65 years 11/22 50
Male sex 17/22 77
Performance status∗

0 to 2 20/22 91
3 or 4 2/22 9

B symptoms 12/22 55
Hyperviscosity 8/22 36
Cryoglobulinemia 3/10 30
Hepatomegaly 7/22 32
Splenomegaly 10/22 45
Lymphadenopathy 16/22 73
Peripheral neuropathy 2/22 9
Multiple osteolytic lesions 2/22 9
Hemoglobin ≤ 11.5 g/dL 20/22 91
Platelet < 100 × 109/L 6/22 27
Monoclonal protein type

IgM𝜅 18/22 82
IgM𝜆 4/22 18

Ig: immunoglobulin.
∗Performance status is according to Eastern Cooperative Oncology Group
(ECOG) score as follows: 0: without symptoms; 1: mild symptoms not
requiring treatment; 2: symptoms requiring some treatment; 3: disabling
symptoms but allowing ambulation for >50% of the day; 4: ambulation <
50% of the day.

analyzed using the log-rank test. Cox proportional hazards
regression analysis was used to develop a multivariate model
of prognostic factors by considering the factors that were
associated with survival. Statistical analyses were performed
using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). P
values < 0.05 were considered statistically significant.

3. Results

3.1. Clinical and Laboratory Characteristics of Patients. The
baseline characteristics of the patients are summarized in
Table 1. All patients were Korean, with a median age of
63.5 years (range 40–88 years). There were 17 male (77%)
and five female (23%) patients. IgM monoclonal protein was
observed in all patients at a median level of 2.52 g/dL (range
0.32–9.74 g/dL). Splenomegaly and lymphadenopathy were
observed in 10 (45%) and 16 patients (73%), respectively.

3.2. BMHistology. Morphologic examination of BM biopsies
and IHC staining revealed diffuse infiltration of CD20+
small lymphoid cells in 11 patients (50%), whereas others
presented with patch or nodular infiltration of lymphoid
cells. In differential counts of BM aspirations, the median
percentage of small and plasmacytoid lymphocytes was 42%
(range 3–93%). Four patients presented with <20% of total
lymphocytes (14%, 13%, 3%, and 6%).The increase in number
of plasma cells was less significant, with a median of 3%
(range 0–33%). Three patients presented with >10% of total

Table 2: Summary of interphase FISH results.

FISH Number of patients/total (%)
6q21 deletion 8/22 37
IGH (14q32) translocation 4/22 18
TP53 (17p13) deletion 1/22 5
1q25 amplification 1/22 5
CDKN2A (9p21) deletion 0/22 0
RB1 (13q14) deletion 0/22 0
FISH: fluorescence in situ hybridization.

plasma cells in BM aspirates (13%, 14%, and 33%). Finally,
one patient presented withmore plasma cells (33%) than total
lymphocytes (6%).

3.3. Results of a Conventional Cytogenetic Study. Con-
ventional cytogenetic analysis using G-banding was per-
formed in 18 patients. Five patients (28%) exhibited structural
abnormalities: three presented with 6q deletions 46,XY,
14pstk+[18]/46,XY,idem,i(6)(p10)[2],46,XY,1qh+,del(6)(q23)[2]/
46,XY,1qh+[22], and 45,X,−Y,1qh+,del(6)(q21),inc[3]/45,idem,
add(3)(q26.2),der(3)add(3)(p?23)add(3)(q26.2)[13]/46,XY,
1qh+[5] as abnormal karyotypes, which were also detected
using FISH. Two patients identified as having the IGH
rearrangement by FISH presented with abnormal karyotypes
in G-banding 46,XY,t(1;14)(p?11;q32)[5]/46,XY[4] and 46,
XX[14]46,XX,−1,der(1)add(1)(q42)dup(1)(q21q32)?dup(1)(q32q12),
+3,add (14)(q32)[1]/46,XX[19].

3.4. Prevalence of 6q Deletion and Other Cytogenetic Abnor-
malities by FISH. Among the 22 patients, ten (45%) exhib-
ited cytogenetic aberrations (Table 2). Of these, eight
patients (37%) presented with 6q21 deletion (Figure 1). The
t(14q32)/IGH rearrangement was observed in four patients
(18%), amongst whom two patients had both 6q deletion
and IGH rearrangement, and two patients had only the IGH
rearrangement. TP53 deletion was observed in one patient
who also had a 6q deletion, and 1q amplification was detected
in one patient with an IGH rearrangement. The CDKN2A
(9p21) and RB1 (13q14) FISH probes did not reveal any abnor-
malities. Among the ten patients with FISH abnormalities,
eight had G-banding data available. Of the six patients with
6q deletions revealed using FISH, three (50%) presented
normal karyotypes, whereas other three exhibited concurrent
abnormalities by G-banding analysis. Two patients with both
the 6q deletion and IGH rearrangement by FISH did not
exhibit abnormalities at the 14q21 locus by G-banding, and
two patients with only the IGH rearrangement by FISH
presented with concordant abnormalities by G-banding of
t(1;14)(p?11;q32) and add(14)(q32), respectively.

3.5. MYD88 L265P Mutation and Its Correlation with WM
Disease Characteristics. Among the 16 patients for whom the
sequencing for MYD88 gene was possible, 11 (69%) carried
the L265P mutation (Figure 2). When MYD88 mutation-
positive and mutation-negative patients were compared,
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Figure 1: Interphase fluorescence in situ hybridization (FISH)
analysis of bone marrow using a probe targeting 6q21/8q24. Abnor-
mal cells exhibit one orange (6q21) and two green (8q24) signals,
indicating the presence of a 6q deletion.

there were no significant differences in the clinical char-
acteristics and IgM monoclonal protein levels between the
two groups (Table 3). In addition, there were no significant
differences in lymphocyte counts in peripheral blood and
BM aspirates. However, when the lymphocyte burden in BM
biopsieswas compared,most patientswith theMYD88L265P
mutation presented with ≥80% of BM cellularity with diffuse
infiltration; in contrast, no mutation-negative patients had
such a high concentration of lymphocytes in their BM biopsy
(𝑃 = 0.017).

The MYD88 mutation was found in all six patients
with 6q deletion in whom sequencing was possible (𝑃 =
0.037). There was no significant difference in the presence
of the IGH rearrangement between mutation-positive and
mutation-negative patients (𝑃 = 0.350). However, neither
of the two patients with IGH rearrangement without 6q
deletion carried aMYD88mutation.When the prognosis was
compared according to the presence of the MYD88 L265P
mutation and 6q deletion, there was no significant difference
between patients with and without MYD88 mutations or 6q
deletions (Figure 3).

When we retrospectively reviewed five MYD88-negative
cases, one patient presented with 5.7% lymphocytes and
32.9% plasma cells in BM aspirates with the IGH rear-
rangement and 1q amplification, suggesting that a diagnosis
of IgM plasma cell myeloma might be considered. Addi-
tional patients presented with 3.0% lymphocytes and 3.0%
plasma cells with no FISH abnormalities, multiple large
CD20 lymphoid aggregates, and low levels of monoclonal
protein (0.86 g/dL), which might be more consistent with the
involvement of BM in diffuse large B cell lymphoma after the
review of lymph node biopsies.

4. Discussion

This is the first report describing theMYD88 L265Pmutation
status in Korean WM patients. MYD88 L265P mutation has
been commonly reported in recent studies of WM, with fre-
quencies of 70–100%, depending on the method and tissues
used for genetic analyses. The MYD88 L265P mutation can
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Figure 2: Somatic mutations of MYD88 L265P found in 11 Walden-
ström macroglobulinemia patients by Sanger sequencing method.

also be found in patients with IgMmonoclonal gammopathy
of unknown significance (IgM MGUS) at a lower frequency
than WM, ranging from 10 to 87% [10, 18, 19]. Because the
frequency of MYD88 L265P mutation is much lower in other
related chronic B cell lymphoproliferative disorders such as
splenic marginal zone B cell lymphoma, multiple myeloma,
and chronic lymphocytic leukemia (<10%), the presence of
this mutation could be a very useful diagnostic marker to
distinguish WM from other B cell-related disorders and
might represent a potential therapeutic target forWM[18, 19].

In this study, the frequency of the MYD88 L265P muta-
tion was 69% in Korean patients with WM assessed by PCR
and Sanger sequencing in unsorted BMcells, which is compa-
rable with a previous study performed in Caucasian patients
[9]. Therefore, we confirmed that MYD88 L265P is a major
mutation that is also found in most Korean WM patients.
When we compared patients with and without the MYD88
L265Pmutation,mutation-positive patients tended to exhibit
a higher lymphocyte burden on BM biopsy. All the patients
enrolled in our study satisfied the WHO criteria, although
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Table 3: Patient characteristics and interphase FISH results according to the presence of MYD88 L265P mutation.

Characteristics MYD88 L265P (+) MYD88 L265P (−) 𝑃
∗

Age ≥ 65 years 6/11 (55) 2/5 (40) 0.590
Male sex 9/11 (82) 3/5 (60) 0.350
B symptoms 7/11 (64) 3/5 (60) 0.889
Hyperviscosity 5/11 (46) 1/5 (20) 0.330
Splenomegaly 5/11 (46) 2/5 (40) 0.839
Lymphadenopathy 7/11 (64) 5/5 (100) 0.120
Multiple osteolytic lesions 1/11 (9) 1/5 (20) 0.541
Hemoglobin ≤ 11.5 g/dL 10/11 (91) 5/5 (100) 0.486
Platelet < 100 × 109/L 2/11 (18) 2/5 (40) 0.350
Death 2/11 (18) 2/5 (40) 0.350
IgM𝜅 type monoclonal protein 10/11 (91) 3/5 (60) 0.142
Monoclonal protein (g/dL) 3.56 (0.50–5.43) 2.94 (0.55–9.74) 0.777
PB lymphocytes (×106/L) 2233 (807–6100) 1415 (1067–21775) 0.955
BM lymphocytes (%) 45.0 (14.4–93.2) 20.7 (3.0–84.7) 0.234
BM plasma cells (%) 3.7 (0–14.0) 3.2 (0–32.9) 0.691
BM cellularity (%) 85 (25–95) 60 (25–85) 0.093
High lymphocyte burden in BM biopsy† 7/11 (64) 0/5 (0) 0.017
6q21 deletion 6/11 (55) 0/5 (0) 0.037
IGH (14q32) translocation 2/11 (18) 2/5 (40) 0.350
P53 (17p13) deletion 1/11 (9) 0/5 (0) 0.486
1q25 amplification 0/11 (0) 1/5 (20) 0.126
Abnormal karyotype 3/7 (43) 2/5 (40) 0.921
BM: bone marrow; FISH: fluorescence in situ hybridization; Ig: immunoglobulin; PB: peripheral blood.
∗
𝑃 values were calculated using𝜒2 test for categorical variables andMann-Whitney𝑈 test for continuous variables between patients with or without theMYD88
L265P mutation.
†BM cellularity ≥ 80% with diffuse lymphocytes infiltration in BM biopsy.
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Figure 3: Overall survival of Waldenström macroglobulinemia patients according to the presence of (a) MYD88 L265P mutations and (b)
6q deletion by fluorescence in situ hybridization (FISH).



6 BioMed Research International

some mutation-negative patients were borderline between
WM and other B-lymphoproliferative disorders or between
IgM multiple myeloma and diffuse large B cell lymphoma.
Although diagnoses are made by fulfilling the diagnostic
criteria for WM, the possibility of overlapping diseases could
be inferred in patients without the MYD88 L265P mutation.
Clinically, the presence of MYD88 L265P mutation or 6q
deletion discriminates WM from IgM MGUS [20]. Future
investigation of the MYD88 L265P mutation in overlapping
diseases would highlight the role of MYD88 L265P in the
pathogenesis of WM and as a potential diagnostic marker.

We also investigated the correlation of cytogenetic aber-
rations with the MYD88 L265P mutation. The 6q deletion
was the most frequent abnormality and was found in 37%
of Korean patients. Previous studies performed in Western
patients with WM reported the frequency of 6q deletions
to be 32–54%, identified using FISH [21–24]. Previously, we
reported a lower frequency of 6q deletions (10%) in Korean
patients compared with Caucasians [24]. We propose that
the previous low frequency of 6q deletion might be due
to the small number of patients. The second most frequent
abnormality in this study was the IGH rearrangement, which
was identified in 18% of patients. Half of the patients with the
IGH rearrangement presentedwith both 6q deletion and IGH
rearrangement, whereas the other half presented with only
the IGH rearrangement.

Interestingly, the 6q deletion was significantly associated
with the presence of theMYD88 L265Pmutation. All patients
with 6q deletions for whom sequencing was possible har-
bored MYD88 L265P mutations. In contrast, patients with
only the IGH rearrangement did not present with theMYD88
L265P mutation. The deletion of 6q is the most frequent
chromosomal abnormality in WM. Candidate tumor sup-
pressor genes identified in this region are B lymphocyte-
induced maturation protein 1 (BLIMP1) and tumor necrosis
factor𝛼-induced protein 3 (TNFAIP3 orA20) [25, 26].BLIMP1
is a transcriptional repressor that plays a pivotal role in the
differentiation of B cells into plasma cells [27–29]. Therefore,
deleting BLIMP1 would block the differentiation of B cells
into plasma cells. TNFAIP3 participates in terminating NF-
𝜅B signaling, and its loss of function by deletion might
enhance inflammatory, autoimmune, and malignant human
diseases, including WM [30, 31]. Because MYD88 is a key
player in the activation of the canonical NF-𝜅B pathway,
which is downstream of Toll-like receptor and interleukin-1
receptor signaling [32, 33], we hypothesize that the concur-
rent presence of the MYD88 L265P mutation and deletion
of BLIMP1 or TNFAIP3 enhance inflammatory reactions that
contribute to the pathogenesis of WM.

In previous studies, Jimenez et al. [10] reported that
there were no significant differences in 6q deletion between
MYD88 L265P mutated and nonmutated groups in IgM-
MGUS and WM, although higher mutation rates (84%)
were found in patients with 6q deletions. Poulain et al. also
reported that the 6q deletion was not significantly associated
with MYD88 L265P mutation status [11]. In addition, pre-
vious studies revealed some small differences in the clinical
and laboratory characteristics of carriers and noncarriers
of the mutation, such as lower levels of lymphocytosis and

a slightly higher IgMmonoclonal component in patients with
the mutation [10, 11]. These studies suggest that there are
no specific clinical characteristics associated with MYD88
L265P mutation status. Consistent with these observations,
we observed no specific differences in most clinical and
laboratory parameters between carriers and noncarriers of
the MYD88 L265P mutation. We also observed no difference
in overall survival, consistent with a previous study [10].
However, we did observe a significantly higher lymphocyte
burden in BM biopsy in mutated patients, regardless of
peripheral blood lymphocytosis or BM lymphocyte counts.
This finding is consistent with the hypothesis that more
typical WM disease features occur in patients with the
MYD88 L265P mutation.

The limitations of this study are the small number of
patients and the use of less sensitive Sanger sequencing
to detect the MYD88 L265P mutation. Because WM is a
very rare disease, an additional multicenter study should be
performed to allow a more comprehensive genetic analysis
of Korean WM patients. In addition, studies using different
molecular methods and more sophisticated approaches for
assessing mutations in minor populations of malignant cells
should be performed.

In conclusion, we observed a high incidence of MYD88
L265P mutation and 6q deletion in Korean WM patients.
We also found a novel association between MYD88 L265P
mutation and 6q deletion, though the small number of
patients should be taken into consideration for interpretation
of the findings of our studywith caution.We suggest assessing
MYD88 L265P mutation status and performing cytogenetic
studies to characterize 6q deletions in WM could help with
the diagnosis ofWM.As such, refining the current diagnostic
classification systemmight be attempted based on these novel
findings.
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The current definition of complete response (CR) in multiple myeloma (MM) includes negative serum and urine immunofixation
(IFE) tests and <5% bonemarrow plasma cells (BMPCs). However, many studies of the prognostic impact of pretransplant response
have not included BMPCs. We evaluated the prognostic impact of BMPC assessment before peripheral blood stem cell (PBSC)
mobilization on subsequent transplant outcomes. BMPCs were assessed by CD138, kappa, and lambda immunostaining in 106
patients. After a median followup of 24.5 months, patients with <5% BMPCs had a significantly better progression-free survival
(PFS) compared to those with ≥5% BMPCs (𝑃 = 0.005). Patients with <5% BMPCs + serologic CR showed superior PFS compared
to those with <5% BMPCs + serologic non-CR (𝑃 = 0.050) or ≥5% BMPCs + serologic non-CR (𝑃 = 0.001). Interestingly, the
prognostic impact of BMPCs was more apparent for patients who did not achieve a serologic CR (𝑃 = 0.042) compared to those
with a serologic CR (𝑃 = 0.647). We concluded that IFE negativity and <5% BMPCs before PBSC mobilization were important
factors to predict PFS in patients with MM undergoing ASCT. Particularly, a significant impact of <5% BMPCs was observed in
patients who did not achieve IFE negativity.

1. Introduction

The current definition of complete remission (CR) in mul-
tiple myeloma (MM) includes negative serum and urine
immunofixation (IFE) tests and <5% bone marrow plasma
cells (BMPCs) [1]. Additionally, the International Myeloma
Working Group (IMWG) has proposed a stringent CR cate-
gory, requiring a normal serum free light chain (FLC) ratio
and the absence of clonal cells in bone marrow [2]. However,
there have been several studies aimed at evaluating the role
of CR in MM without including BMPCs in the definition of

CR [3–5]. Moreover, uncertainty has been introduced by the
arbitrary 5% limit in BMPCs in patients with negative IFE.

With the introduction of novel agents for the treatment
of MM, the CR rate has increased dramatically and the
prognostic impact of CR achievement before autologous
stem cell transplantation (ASCT) needs to be evaluated.
Kim et al. analyzed 197 MM patients treated with induction
chemotherapy followed by a single ASCT and found that
CR status before ASCT is an important prognostic factor
for better survival outcome. In their study, approach of the
CR status did not require a bone marrow examination [5].
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Figure 1: Study scheme.

However, whether amore precise assessment of CR including
bone marrow examination in addition to serologic testing is
necessary has not yet been evaluated.

The goal of this study was to determine the prognostic
impact of BMPCs as well as serum and urine IFE before
peripheral blood stem cell (PBSC) mobilization on the out-
comes following ASCT. For this approach, known prognostic
factors for survival in MM were also analyzed.

2. Materials and Methods

2.1. Patient Selection. This study included 106 newly diag-
nosedMMpatients with available bonemarrow aspirates and
adequate cellularity who underwent ASCT at our institution
between June 2009 and September 2012. To assess the prog-
nostic impact of BMPCs as well as serologic response before
PBSC mobilization on outcomes following ASCT, patients
withMMwhohadmeasurablemonoclonal (M) protein levels
at diagnosis were included in this study and were divided
according to achievement of <5% BMPCs and/or negative
protein electrophoresis (PEP)/immunofixation (IFE) results
in serum and urine. The Institutional Review Board of the
Catholic University of Korea approved the research protocol
for data analysis and this study was conducted in accordance
with the Declaration of Helsinki.

2.2. Pretransplant Bone Marrow Examination. BM aspira-
tion and biopsy were performed before PBSC mobilization
(Figure 1). Plasma cell counts were assessed after CD138
immunostaining by two examiners blinded to clinical out-
comes. Lambda and kappa immunostaining were also per-
formed to confirm monoclonal plasma cell (Figure 2). In
all cases of disagreement between examiners, a common
reading was organized to achieve a consensus on the count.
Differential counts were recorded after a 500-cell count, and
marrow cellularity was determined by both BM aspiration
and biopsy section.

CD138

Kappa

Lambda

Figure 2: Representative CD138 immunostaining. Plasma cells
which express CD138 reveal lambda light chain restriction. CD138,
lambda, and kappa chain immunostaining were performed to
confirm monoclonal plasma cell on the BM biopsy samples.

2.3. Treatment Regimens and Transplant Procedures. Induc-
tion chemotherapy was consisted of bortezomib ± dexam-
ethasone (𝑁 = 51), bortezomib + thalidomide + dexam-
ethasone (𝑁 = 12), thalidomide + dexamethasone (𝑁 =
31), or high-dose dexamethasone-based regimen (𝑁 = 12).
Transplant timing was dependent on achieving more than a
partial response (PR), but some patients without progressive
MM resistant to different novel agents (bortezomib and
thalidomide) underwent ASCT. General ASCT procedures
were performed as described in previous reports [6]. Briefly,
all patients were mobilized with cyclophosphamide (3 g/m2
total) over 2 days followed by G-CSF (lenograstim, JW phar-
maceutical, Seoul, Korea) at 10 𝜇g/kg/day, subcutaneously
once a day. Conditioning consisted ofmelphalan (100mg/m2)
for 2 days. G-CSF (5𝜇g/kg/day) was administered subcuta-
neously to all patients fromone day after transplantation until
the absolute neutrophil count (ANC) was >3.0 × 109/L. All
patients received prophylactic antibiotics and an antifungal
agent (fluconazole) starting 4 days before transplantation
until the ANC reached 1.5 × 109/L.

2.4. Definitions and Evaluation of Response. Stage was clas-
sified by the Durie-Salmon staging system and treatment
response was assessed according to the criteria from the
InternationalMyelomaWorkingGroup [2]. Serologic CRwas
defined as a lack of detectable M protein in serum and urine
by PEP and IFE. Patients with a deletion of chromosome 13 or
hypodiploidy determined by conventional cytogenetic study
or t(4;14), t(14;16), and del(17p) established by fluorescent
in situ hybridization (FISH) of BM samples at diagnosis
were stratified as high risk [2]. Overall survival (OS) from
transplantation was defined as the time from ASCT to death
from any cause, and surviving patients were censored at the
last followup. Progression-free survival (PFS) was measured
as the time from ASCT to disease progression or death
(regardless of cause), whichever came first.
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2.5. Statistical Analysis. Ourmain objectives were to evaluate
the prognostic impact of BMPCs before PBSC mobilization
on the probability of PFS andOS.Theprobabilities of PFS and
OS after ASCT were plotted using the Kaplan-Meier method.
Potential prognostic factors for PFS and OS were assessed
using a two-tailed log-rank test including age, sex, stage at
diagnosis, cytogenetic risk group, serum M protein type,
induction therapy,maintenance therapy after ASCT, duration
from diagnosis to ASCT, myeloma bone disease apparent
on plain radiographs at diagnosis, hemoglobin level, serum
LDH, creatinine, calcium,𝛽2-microglobulin at diagnosis, and
percentage of BMPCs at diagnosis. Covariates having a 𝑃
value of less than 0.1 in the univariate analyses were added
to Cox proportional hazards regression models, in which all
𝑃 values were two-sided and statistical significance was set
at 𝑃 < 0.05. Associations between categorical variables were
assessed using either 𝜒2 or Fisher’s exact test. The Mann-
Whitney 𝑈 test was used to compare continuous variables.

3. Results

3.1. Patient Characteristics. A total of 106 MM patients were
included in this study, of whom 59 (56%) were male and 47
(44%) were female. The median age was 56 years (range 33–
65 years) and the median disease duration before ASCT was
6.7 months (range 2.9–15.6 months). Stage IIA, IIIA, and IIIB
diseases at diagnosis comprised 6%, 77%, and 17% of subjects,
respectively, and all patients had measurable disease at diag-
nosis. Among 106 patients, 39 patients (37%) had a negative
IFE test in serum and urine before PBSC mobilization, while
38 (36%) and 25 (23%) of patients achieved a very good
partial response (VGPR) and PR, respectively. Four patients
with MM resistant to different novel agents were in the
stable disease (SD). Table 1 lists the demographic information
for all patients and subgroups according to BMPCs before
PBSC mobilization. BM examination performed a median of
2.0 months before ASCT (range 0.4–3.7 months). Seventy-
three patients (69%) had BMPCs < 5% and 33 patients (31%)
showed BMPCs ≥ 5%. The characteristics between the two
groups differed in administered type of induction therapy and
serologic response before PBSC mobilization (Table 1).

3.2. Relation between Serologic CR and BMPCs before ASCT.
Figure 3 shows the relation between serologic CR andBMPCs
before PBSCmobilization.Themedian percentage of BMPCs
was 1% (range 0–34%) and 4% (range 0–92%) for patients in
serologic CR and non-CR, respectively (𝑃 < 0.001). Among
39 patients with serologic CR, 35 (90%) had <5% BMPCs,
whereas four (10%) had ≥5% BMPCs. The serologic non-CR
consisted of <5% BMPCs (𝑁 = 38, 57%) and ≥5% BMPCs
(𝑁 = 29, 43%; 𝑃 < 0.001). In addition, among 62 patients
who had normal serum FLC ratio, 14 (23%) and 48 (77%)
patients had ≥5% BMPCs and <5% BMPCs, respectively. For
the 44 patients with abnormal serum FLC ratio, 19 (43%)
and 25 (57%) patients had ≥5% BMPCs and <5% BMPCs,
respectively.

3.3. TransplantOutcomes and Prognostic Factors. Themedian
followup for survivors was 24.5 months (range 4.7–45.9

0

10

20

30

40

50

60

70

Serologic CR 
at ASCT

Serologic non-CR 
at ASCT

4/39 
(10%)

29/67 
(43%)

N
um

be
r o

f p
at

ie
nt

s

35/39
(90%)

38/67
(57%)

P < 0.001

BMPC ≥ 5%

BMPC < 5%

Figure 3: Relation between serologic CR and BMPCs before PBSC
mobilization.
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Figure 4: Progression-free survival according to premobilization
bone marrow plasma cells.

months). All patients achieved engraftment and no patients
died of complications before engraftment. The 2-year PFS of
patients with <5% BMPCs and ≥5% BMPCs was 55.8% and
26.9% (median PFS 27.4 versus 12.0 months; 𝑃 = 0.005),
respectively (Figure 4). The 2-year OS of patients with ≥5%
BMPCs and <5% BMPCs were 89.2% and 84.0% (median OS
was not reached; 𝑃 = 0.622), respectively.

To assess prognostic factors affecting PFS and OS, uni-
variate and multivariate analyses were performed. High risk
cytogenetics (𝑃 = 0.011), non-CR serologic response before
PBSC mobilization (𝑃 = 0.005), and ≥5% BMPCs before
PBSC mobilization (𝑃 = 0.006) were potential risk factors
for a lower PFS (Table 2). Considering the relationships
between serologic response and BMPC percentage, patients



4 BioMed Research International

Table 1: Characteristics of patients and treatment.

All patients (N = 106) (%) BMPCs before PBSC mobilization P value
<5% (N = 73) ≥5% (N = 33)

Baseline characteristics
Age, years, median (range) 56 (33–65) 56 (34–65) 56 (33–65) ns
Patient gender (M/F) 59 (56)/47 (44) 39 (53)/34 (47) 20 (61)/13 (39) ns
SerumM protein ns

Light chain 30 (28) 20 (28) 10 (30)
Other than light chain 76 (72) 53 (72) 23 (70)

Stage at diagnosis ns
IIA 6 (6) 6 (8) 0 (0)
IIIA/B 100 (94) 67 (92) 33 (100)

Cytogenetics∗ ns
Standard risk 88 (83) 63 (86) 25 (76)
High risk 18 (17) 10 (14) 8 (24)

BMPCs at diagnosis, %, median (range) 39 (3–90) 38 (3–88) 42.3 (8–90) ns
Myeloma bone disease on plain radiographs, yes/no 81 (76)/25 (24) 58 (80)/15 (20) 23 (70)/10 (30) ns
Serum calcium at diagnosis, mg/dL, median (range) 8.9 (6.8–16.2) 8.9 (6.8–15.7) 9.0 (7.4–16.2) ns
Serum creatinine at diagnosis, mg/dL, median (range) 0.9 (0.4–8.3) 0.9 (0.4–8.3) 0.9 (0.5–5.6) ns
𝛽2-microglobulin at diagnosis, mg/mL, median (range) 3.5 (0.2–41.4) 3.5 (0.2–41.4) 3.8 (1.6–36.0) ns
Hemoglobin at diagnosis, g/dL, median (range) 9.8 (6.0–17.2) 9.8 (6.0–17.2) 9.5 (6.5–14.8) ns
Serum lactate dehydrogenase at diagnosis, U/L, median (range) 374 (81–1054) 389 (165–1054) 361 (81–889) ns

Treatment and outcomes
Induction therapy 0.039

Bortezomib ± dexamethasone 51 (48) 36 (49) 15 (46)
Bortezomib + thalidomide + dexamethasone 12 (11.5) 8 (11) 4 (12)
Thalidomide + dexamethasone 31 (29) 17 (23) 14 (42)
High-dose dexa-based regimen 12 (11.5) 12 (17) 0 (0)

Duration from diagnosis to ASCT, months, median (range) 6.7 (2.9–15.6) 6.9 (2.9–15.6) 6.1 (3.9–15.3) ns
Maintenance therapy after ASCT 0.742

Yes 73 (69) 51 (70) 22 (67)
Thalidomide 50 (47) 35 (48) 15 (46)
Bortezomib or Lenalidomide 8 (8) 3 (4) 5 (15)
Prednisolone 15 (14) 13 (18) 2 (6)
No 33 (31) 22 (30) 11 (33)

Serologic response before PBSC mobilization <0.001
CR 39 (37) 35 (48) 4 (12)
VGPR 38 (36) 25 (34) 13 (39.5)
PR 25 (23) 12 (17) 13 (39.5)
SD 4 (4) 1 (1) 3 (9)

Serologic response after PBSC mobilization <0.001
CR 47 (44) 41 (56) 6 (18)
VGPR 36 (34) 22 (30) 14 (42)
PR 20 (19) 10 (14) 10 (30)
SD 3 (3) 0 (0) 3 (9)

ASCT: autologous stem cell transplantation; BMPCs: bone marrow plasma cells; CR: complete response; ns: not significant; PBSC: peripheral blood stem cell;
PR: partial response; SD: stable disease; VGPR: very good partial response.
∗High risk cytogenetics is defined as hypodiploidy or deletion 13 on conventional cytogenetics or presence of t(4; 14), t(14; 16), and del(17p) on fluorescent
in situ hybridization and/or conventional cytogenetics. All other cytogenetic abnormalities were considered standard risk.
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Table 2: Univariate analysis of potential factors affecting survival outcomes.

Potential factor Progression-free survival Overall survival
RR (95% CI) P value RR (95% CI) P value

Age at diagnosis (<60 years versus ≥60 years) 0.86 (0.46–1.58) 0.624 0.55 (0.12–2.51) 0.439
Sex (F versus M) 1.09 (0.63–1.90) 0.750 4.41 (0.96–10.13) 0.056
Immunoglobulin type (others versus Light chain only) 1.01 (0.56–1.82) 0.965 1.15 (0.35–3.83) 0.816
Durie-Salmon stage at diagnosis (II versus III) 1.08 (0.57–2.06) 0.821 1.19 (0.32–4.43) 0.791
Cytogenetics (standard versus High risk) 2.22 (1.20–4.10) 0.011 5.35 (1.71–16.71) 0.004
BMPCs at diagnosis (%) (continuous) 1.00 (0.99–1.01) 0.549 0.99 (0.96–1.01) 0.254
Serum calcium at diagnosis (<10mg/dL versus ≥10mg/dL) 1.59 (0.85–2.97) 0.151 3.42 (1.09–10.78) 0.036
Serum creatinine at diagnosis (<2mg/dL versus ≥2mg/dL) 0.81 (0.38–1.72) 0.583 1.73 (0.47–6.40) 0.413
𝛽2-microglobulin at diagnosis (<5.5mg/dL versus ≥5.5mg/dL) 1.56 (0.89–2.71) 0.119 1.36 (0.43–4.30) 0.601
Hemoglobin at diagnosis (≥10 g/dL versus <10 g/dL) 1.20 (0.69–2.08) 0.524 1.17 (0.37–3.70) 0.786
Serum lactate dehydrogenase at diagnosis (<450U/L versus ≥450U/L) 1.47 (0.85–2.56) 0.169 1.58 (0.50–5.00) 0.433
Induction therapy (novel agents∗ versus nonnovel) 0.97 (0.45–2.06) 0.927 0.50 (0.06–3.86) 0.504
Duration from diagnosis to ASCT (<6mo versus ≥6mo) 0.79 (0.45–1.39) 0.412 0.65 (0.21–2.05) 0.460
Maintenance therapy after ASCT (no versus yes) 1.02 (0.54–1.93) 0.945 0.79 (0.21–2.97) 0.723
Serologic response before PBSC mobilization (CR versus non-CR) 2.41 (1.30–4.45) 0.005 2.27 (0.61–8.44) 0.222
Serologic response after PBSC mobilization (CR versus non-CR)† 2.77 (1.53–5.04) 0.001 1.96 (0.59–6.55) 0.274
BMPCs before PBSC mobilization (<5% versus ≥5%) 2.23 (1.26–3.95) 0.006 1.35 (0.40–4.53) 0.623

Response before PBSC mobilization‡ (<5% + CR versus <5% + non-CR
versus ≥5% + CR versus ≥5% + non-CR)

1.98 (0.97–4.02)
1.44 (0.32–6.41)
3.83 (1.81–8.11)

0.005
3.45 (0.69–17.18)
4.94 (0.44–54.99)
2.58 (0.43–15.61)

0.443

ASCT: autologous stem cell transplantation; BMPCs: bone marrow plasma cells; CI: confidential interval; CR: complete response; non-CR: noncomplete
response; RR: relative risk.
∗Novel agents for induction therapies included proteasome inhibitors and immunomodulatory drug.
†Serologic responses before and after PBSC mobilization were correlated. Therefore, serologic response after PBSC mobilization was not entered into the
multivariate model.
‡BMPCs + serologic CR.

were reclassified as four groups (<5% BMPCs + serologic CR
versus <5% BMPCs + serologic non-CR versus ≥5% BMPCs
+ serologic CR versus ≥5% BMPCs + serologic non-CR) and
entered into the multivariate models. Among the factors that
affected PFS determined by univariate analyses, multivariate
analyses revealed that high risk cytogenetics (RR of 2.05,
𝑃 = 0.024) was a predictive factor for a lower PFS. Based
on the association of BMPCs with serologic response, <5%
BMPCs + serologic non-CR (RR of 2.02, 𝑃 = 0.050) and ≥5%
BMPCs + serologic non-CR (RR of 3.60, 𝑃 = 0.001) were
significantly associated with inferior PFS, compared to <5%
BMPCs + serologic CR (Table 3). In addition of the factors
affecting OS in the univariate analyses, high risk cytogenetics
(RR of 3.92, 𝑃 = 0.024) was an independent factor for OS.

3.4. Separate Analysis according to Serologic Subgroups. To
minutely evaluate the importance of premobilization BMPCs
in assessing the prognosis after ASCT, we performed a
separate analysis in two subgroups according to serologic
response before PBSC mobilization (serologic CR group ver-
sus serologic non-CR group). In the serologic CR subgroup,
the 2-year PFS rates were 75.4% and 37.5% (median PFS 36.8
versus 17.7 months; 𝑃 = 0.647) for patients with <5% BMPCs
and ≥5% BMPCs, respectively (Figure 5(a)). On the other
hand, in the serologic non-CR subgroup, the 2-year PFS rates

were 32.2% and 25.3% (median PFS 21.0 versus 12.5 months;
𝑃 = 0.042) for patients with <5% BMPCs and ≥5% BMPCs,
respectively (Figure 5(b)).

4. Discussion

Over the past 10–15 years, novel agents including immuno-
modulating drugs and proteasome inhibitors have been
increasingly incorporated duringASCT forMM.The existing
criteria for the assessment of disease response have not
proven entirely satisfactory for the analysis of disease out-
come before and after ASCT. CR has hitherto been defined
as absence of detectable paraprotein in serum and urine
according to IFE, maintained for a minimum of 6 weeks,
together with <5% BMPCs on the basis of a normal number
of plasma cells in the bone marrow (i.e., <4–5%) [1, 7].
However, the arbitrary 5% limit in BMPCs in patients with
negative IFE results can lead to uncertainty. Moreover, the
impact of BMPCs on patients with positive IFE results has
remained unclear in the context of ASCT for MM. This
study demonstrated that in addition to PEP and IFE in
serum and urine, a pretransplant conventional BM studywith
CD138 immunostaining constitutes a predictor for disease
progression in patients with MM undergoing ASCT. The
prognostic impact of BMPCs was more apparent for patients



6 BioMed Research International

Table 3: Multivariate analysis of independent factors affecting survival outcomes.

Variable E/N∗ RR (95% CI) P value
Progression-free survival

Cytogenetics
Standard 39/88 1
High risk 14/18 2.05 (1.10–3.84) 0.024

Response before PBSC mobilization†
<5% + CR 13/35 1
<5% + non-CR 20/38 2.02 (1.00–4.11) 0.050
≥5% + CR 2/4 1.52 (0.34–6.78) 0.583
≥5% + non-CR 18/29 3.60 (1.69–7.63) 0.001

Overall survival
Sex

Male 10/59 1
Female 2/47 0.29 (0.06–1.33) 0.109

Cytogenetics
Standard 6/88 1
High risk 6/18 3.92 (1.20–12.81) 0.024

Ca at diagnosis
<10mg/dL 7/87 1
≥10mg/dL 5/19 2.14 (0.65–7.06) 0.214

CR: complete response; non-CR: noncomplete response; RR: relative risk.
∗E/N: number of events/number of evaluable patients.
†BMPCs + serologic CR.
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Figure 5: Progression-free survival according to premobilization bone marrow plasma cells in serologic subgroups. (a) Progression-free
survival in the serologic CR group and (b) Progression-free survival in the serologic non-CR group.

who did not achieve a serologic CR compared to those with a
serologic CR.

In this study, a serologic CR was defined as negative
IFE for both serum and urine after induction therapy with-
out considering BMPCs. Patients who had no detectable

paraprotein on PEP without a negative IFE result (IFE either
positive or not performed) were no longer classified as CR.
Although it would be very unusual to achieve a serologic
CR in secretory myeloma patients with persisting marrow
plasma cell infiltration, we were able to detect this possibility
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by a BM examination in a small number of patients (𝑛 =
4, 3.8%). CD138 immunostaining was used to objectively
evaluate BMPCs because normal plasma cell morphology
is not specified and morphological assessment was thought
to be too subjective. Additionally, lambda and kappa chain
stains were performed to confirm monoclonal plasma cell.
CD138/syndecan-1 is a cell membrane proteoglycan that
functions as a matrix receptor and is expressed on the surface
of mature epithelial cells [8] as well as normal and neoplas-
tic plasma cells [9]. Within the spectrum of hematologic
disorders, CD138 expression is highly sensitive and specific
for plasmacytic differentiation and represents an excellent
marker for routine evaluation of tissue samples for plasma
cell disorders. CD138 is particularly helpful for plasma cell
quantification in bone marrow biopsy specimens [10]. CD138
expression, however, has been regarded as heterogeneous and
nonspecific for tumor type. Therefore, caution is required in
the interpretation of CD138+ neoplasms for which a hema-
tolymphoid derivation has not been established, particularly
because some nonhematopoietic neoplasms might exhibit
plasmacytoid features.

The use of autologous PBSCs for transplantation is asso-
ciated with the risk of contamination of the graft with tumor
cells; whether this impacts response rates, PFS, and OS is still
debatable [11]. In this study, we could not determine whether
high contamination of grafts with malignant cells [12] or
in vivo tumor mass prior to ASCT [13] contributed to an
unfavorable disease course after transplantation. In particu-
lar, the association of the percentage of pretransplant BMPCs
with posttransplant PFS in patients having M protein after
induction therapy has been unclear. Here, the percentage
of BMPCs determined before PBSC mobilization for ASCT
by means of CD138 immunostaining was associated with
PFS, especially in patients who did not achieve serologic CR
(Figure 5(b)). In our study, 38 of 106 patients (35.9%) had a
serologic non-CR with a fraction of plasma cells <5% in BM
and their survival was better than 29 patients (27.4%) with a
serologic non-CR + ≥5% BMPCs. This result reflects the fact
that the counting method of BMPCs using immunochemical
staining of CD138, kappa, and lambda chain might detect
the monoclonal plasma cells producing M protein more
sensitively than usual stain such as Wright-Giemsa stain.
The possible explanation was that measurement of the M-
component reflects the secreted product. Our data suggested
that BMPCs should be measured in patients who did not
achieve a negative IFE result before PBSC collection. Addi-
tional treatment would then be required for those patients
with high BMPCs. In vivo tumor cell purging prior to
mobilization chemotherapymight be one strategy to improve
the time to progression of high risk patients. Several studies
have been performed to detect minimal residual disease to
identify and predict patients at risk for future relapse [14, 15].

Ameta-analysis found a strong association betweenmax-
imal response to induction therapy and long-term survival
[16]. To our knowledge, sensitivity to induction therapy
measured by BMPCs at the time of ASCT has not been
appropriately evaluated. Serial BM examinations are help-
ful, although the patchy nature of marrow involvement in
myeloma makes it difficult to accurately interpret small

changes in the percentage of plasma cells present. In this
study, the prognostic impact of BMPC determination after
induction therapy was more apparent for patients who did
not achieve serologic CR compared to those with serologic
CR, suggesting that the evaluation of BMPCs after induction
therapy is required for all patients to predict disease progres-
sion after ASCT as well as to confirm the achievement of CR.

5. Conclusions

IFE negativity and <5% BMPCs prior to PBSC mobilization
are important factors to predict PFS in patients with MM
undergoingASCT. A premobilization conventional BM study
with CD138 immunostaining may constitute a useful predic-
tor for disease progression in patients who did not achieve
IFE negativity.
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The association between hyperglycemia and infections during induction chemotherapy has been reported in a number of
hematologic disorders. This retrospective study evaluated the incidence of hyperglycemia during induction therapy in 155 patients
with newly diagnosed multiple myeloma (MM) and its effect on serious infections during the first 60 days of induction. A total
of 20 (12.9%) patients developed overt hyperglycemia (≥200mg/dL) during induction therapy. Serious infections occurred in 28
(18.1%) of 155 patients and infection-related mortality within 2 months after treatment was 0.6% (1 patient). In a univariate analysis,
overt hyperglycemia, poor performance status (≥2), International Staging System III, lymphopenia (<500/𝜇L), and elevated serum
creatinine (≥2mg/dL) were found to be associated with serious infections. In multivariate analysis, only overt hyperglycemia (HR
7.846, 95% CI 2.512–24.503, 𝑃 < 0.001) and poor performance status (HR 5.801, 95% CI 1.974–17.050, 𝑃 = 0.001) remained
significant. In conclusion, this study demonstrated an association between hyperglycemia and serious infections during induction
therapy in patients with MM.

1. Introduction

Infection is a major cause of morbidity and mortality in
patients with multiple myeloma (MM). The increased sus-
ceptibility to infection results from the interplay between
antineoplastic therapies and age- and disease-related compli-
cation [1]. In a retrospective study evaluating the incidence of
infection throughout the disease course in patients withMM,
nearly half of the patients experienced at least one clinically
significant infection in 2 months of initial chemotherapy [2].
Furthermore, one study reported that up to 10% of newly
diagnosed MM patients died of infectious cause within 60
days of their diagnosis [3]. These early infections are serious
problem in management of MM, but there were few studies
to examine the risk factor for early infections in patients with
MM.

Corticosteroid is amajor treatment agent as a single agent
or in combination with other agents in patients with MM.
Treatment with steroid could cause hyperglycemia regardless
of presence of diabetes mellitus, because it increases periph-
eral insulin resistance and glucose production and suppresses
insulin production [4–6]. Steroid induced hyperglycemia
has been reported as risk factor for poor clinical outcomes
in patients with hematologic malignancies. A retrospective
study reported that patients with acute leukemia having
blood glucose levels above 200mg/dL during chemotherapy
including oral dexamethasone have shorter complete remis-
sion duration and poor survival outcomes and are more
likely to develop infection over the next 10 years than control
patients [7]. Other reports also reported that hyperglycemia
is associated with increased mortality in patients with acute
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myeloid leukemia, and increased risk of severe sepsis in
hyperglycemic group seems to be partly responsible for the
increased mortality [8]. These data suggested that steroid
induced hyperglycemia may be an important risk factor for
the development of severe infection in patients with MM.

In this study, we evaluated the incidence of hyperglycemia
and its association with development of severe infection
during early period of initial chemotherapy in patients with
MM. We did not include patients with diabetes mellitus to
focus on steroid induced hyperglycemia and infection risk in
this study.

2. Methods

2.1. Patients. We retrospectively analyzed the records of
362 patients with newly diagnosed MM between November
2002 and February 2013 at Chonnam National University
Hwasun Hospital. We excluded 82 patients who did not
have available clinical and laboratory data at diagnosis and
follow-up. Twenty-four patients were excluded if they had
an active infection during the 7 days prior to initiation of
chemotherapy. We also excluded 80 patients who received
prophylactic antibiotics during first-line chemotherapy and
21 patients who had diabetes mellitus at diagnosis. Of the
patients with MM, 155 were included in this study.

2.2. Measurements andDefinitions. Fingerstick glucose levels
were monitored at least two times a day during hospi-
talization for initial diagnosis: fasting glucose and 2-hour
postprandial glucose. If patients showed high glucose levels
during steroid containing induction therapy, fingerstick glu-
cose levels were monitored more often (up to seven times
per day). Blood glucose levels were taken at a consistent
time points. Glucose levels were measured by ACCU-CHEK
Inform II (Roche, Mannheim, Germany). Plasma blood
glucose level was also checked in patients treated with further
chemotherapy at outpatient clinic. Patients were stratified
into three groups by World Health Organization criteria [9]
and glucose levels obtained in any time points were used to
classify patients into three groups. Mild hyperglycemia was
defined as blood glucose 140–200mg/dL on ≥2 days; overt
hyperglycemia was defined as blood glucose ≥200mg/dL on
≥1 day; all other patients were considered to have euglycemia.

The infectionwas defined as clinically documented (CDI)
when there were clinical signs and symptoms of infection
but no pathogen was isolated. If a pathogen was isolated
from a blood sample or culture of any site, it was defined as
microbiologically documented (MDI). The National Cancer
Institute Common Terminology Criteria (NCI-CTC) for
Adverse Events (version 4.0) were used to grade infectious
complication. Grades 3-4 infections were classified as severe
infections. A grade 3 infection was defined as a severe infec-
tion, systemic infection requiring intravenous antibiotics,
antifungal, or antiviral intervention. A grade 4 infection was
defined as life-threatening consequences. When severe infec-
tion developedwithin 60 days of induction chemotherapy, we
defined it as early severe infection.

2.3. Statistical Analyses. The univariate analysis of factors
associated with severe infection was performed using the 𝜒2
test. Among the factors, those with 𝑃 < 0.05 were selected
and included in the multivariate logistic regression analysis.
𝑃 < 0.05 was considered significant for all analyses. All
statistical computations were performed using SPSS software
package version 18.0 (SPSS Inc., Chicago, IL, USA)

3. Results

3.1. Patient Population. The median age was 61 years (range,
38–81) and 34.2% of patients were ≥65 years. Of all patients,
78 (50.3%) were male. A total of 82 patients (52.9%) had
MM of the IgG type and 24.5% had light-chain disease.
Performance status of 0, 1, and ≥2 was found in 24, 98,
and 33 patients, respectively. With regard to the Interna-
tional Staging System, 49 patients were stage I, 48 were
stage II, and 58 were stage III. Overweight (body mass
index (BMI): 25–29.9 kg/m2) and obese (BMI ≥ 30 kg/m2)
patients were 24.5% and 4.5%, respectively. All patients
received steroid containing regimen as first-line chemother-
apy. Twenty-one patients (13.5%) received prednisone, and
134 patients (86.5%) received dexamethasone. A total of
131 patients (84.5%) received a thalidomide-based regimen,
such as cyclophosphamide, thalidomide, and dexamethasone
(CTD), melphalan, prednisolone, and thalidomide (MPT),
and thalidomide and dexamethasone (TD). Ten patients
(6.5%) were treated with high-dose dexamethasone only.
Five patients (3.2%) received a bortezomib-based regimen.
One patient (0.6%) received a combination of lenalidomide
and low-dose dexamethasone. Eight patients (5.2%) were
treated with other conventional chemotherapies including
vincristine, adriamycin, and dexamethasone (VAD), mel-
phalan and prednisolone (MP), and cyclophosphamide with
prednisolone (CP) or dexamethasone (CD).

3.2. Incidence of Severe Infections. Severe infections occurred
in 28 (18.1%) of 155 patients, defined as CDI in 25 (16.1%)
and as MDI in 3 (1.9%). Among the severe infections,
the most common was pneumonia, which occurred in 20
patients (71.4%). Median time to early severe infection
was 20 days (range, 4–57). Three different organisms were
found in patients who experienced bacteremia or fungemia:
Streptococcus pneumoniae (1), Enterobacter aerogenes (1),
and Candida parapsilosis (1). Most of the infections were
cured with broad-spectrum antibiotics or antifungal agent
therapy, but one patient died due to severe infection within 2
months after treatment. There were no patients who inserted
central venous catheter before development of early severe
infections.

3.3. Glycemic Status and Infection. A total of 20 patients
(12.9%) developed overt hyperglycemia during the first 60
days of first-line chemotherapy. Forty-four patients (28.4%)
were with mild hyperglycemia and 91 patients (58.7%) were
with euglycemia. Severe infectionwasmore common in overt
hyperglycemic group rather than mild hyperglycemic and
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euglycemic group (Table 3). There was no significant associ-
ation between steroid formulation and overt hyperglycemia
(9.4% in prednisone versus 13.4% in dexamethasone, 𝑃 =
1.000).

The univariate analysis revealed that five factors were
significantly associated with early severe infection (Table 1):
blood sugar (≥200mg/dL), Eastern Cooperative Oncology
Group (ECOG) performance status ≥2, International Staging
System III, lymphopenia <500/𝜇L, and serum creatinine
≥2mg/dL. In multivariate analysis, only overt hyperglycemia
(HR 7.846, 95% CI 2.512–24.503, 𝑃 < 0.001) and poor
performance status (HR 5.801, 95% CI 1.974–17.050, 𝑃 =
0.001) remained significant (Table 2). Additionally, there
was no statistical difference in the development of severe
infections according to the formulation of steroid (5.0% in
prednisone versus 20.1% in dexamethasone, 𝑃 = 0.126).

4. Discussion

Introduction of stem cell transplantation and novel antim-
yeloma agents, including thalidomide, bortezomib, and lena-
lidomide, has improved the outcome of patients with MM
[10, 11]. These advances have transformed myeloma into
a chronic condition. However, infections still remain the
significant cause of morbidity and mortality in patients with
MM [3]. Infections may occur at the rate of 1.46–4.68
infections per patient-year over the course of MM [2, 12].
Especially, the incidence of infections is 2-3 times higher
during the first two months of initial chemotherapy. These
early infections may be fatal and were reported as a leading
cause of early death during the induction therapy. In addition,
early infections frequently lead to substantial delays and dose
reduction in subsequent chemotherapy with increased risk of
treatment failure [2]. There were well-known various factors
that contribute to the increasing risk of infection including
immunoparesis, the placement of vascular catheters, type
of therapy applied, extent of prior therapy, and presence of
comorbidities and organ dysfunction [1]. The use of steroid
also affects the development of infection. Dexamethasone-
based regimens decrease in cell-mediated immunity and
could increase the risk of infection by encapsulated bacterial
organisms, viruses, or fungi [13]. Hyperglycemia induced
by steroid could play a role of increased susceptibility of
infection [14]. However, for hyperglycemia as well as other
risk factors for infection, it is not known how much they are
contributing to the early occurrence of the infection.

In this retrospective study, we demonstrated that MM
patients in overt hyperglycemic group have significantly
higher rates of severe infection rather than mild hyper-
glycemic and euglycemic group during 2 months of initial
chemotherapy. This result is consistent with a previous study
of patients with adult or childhood acute lymphoblastic
leukemia [7, 15]. Although the use of systemic steroid may
increase the risk of infection through effects on innate
and acquired immunity, some studies support that acute
hyperglycemia itself affects all major components of innate
immunity and impairs the ability of the host to combat infec-
tion [16]. Acute hyperglycemia reduced neutrophil activity

Table 1: Univariate analysis of risk factor for early severe infections
during induction therapy (𝑛 = 155).

Variable Infection rates
18.1% (28/155) 𝑃 value OR (95% CI)

Gender
Male 17.9% (14/78) 1.000 1.016 (0.448–2.303)
Female 18.2% (14/77)

Age
<65 years 21.6% (22/102) 0.129 0.464 (0.176–1.227)
≥65 years 11.3% (6/53)

ECOG
performance status
<2 12.3% (15/122) 0.001 4.637 (1.918–11.211)
≥2 39.4% (13/33)

Immunophenotype
Others 19.7% (23/117) 0.470 0.619 (0.218–1.761)
Light chain 13.2% (5/38)

Body mass index
<25 kg/m2 20.9% (23/110) 0.174 0.473 (0.168–1.334)
≥25 kg/m2 11.1% (5/45)

ISS
I-II 10.3% (10/97) 0.002 3.915 (1.658–9.242)
III 31.0% (18/58)

Serum creatinine,
mg/dL
<2.0 14.0% (17/121) 0.022 2.926 (1.210–7.073)
≥2.0 32.4% (11/34)

Blood sugar during
induction therapy
<200mg/dL 12.6% (17/135) <0.001 8.484 (3.068–23.460)
≥200mg/dL 55.0% (11/20)

Early response
(after 2 cycles)
≥PR 15.0% (15/100) 0.196 1.754 (0.765–4.021)
<PR 23.6% (13/55)

Neutropenia
during induction
therapy
≥1,000/𝜇L 17.6% (22/125) 0.793 1.170 (0.428–3.201)
<1,000/𝜇L 20.0% (6/30)

Lymphopenia
during induction
therapy
≥500/𝜇L 12.9% (14/108) 0.022 2.848 (1.229–6.600)
<500/𝜇L 29.8% (14/47)

Treatment with
novel agents

Yes 18.9% (26/137) 0.531 1.874 (0.405–8.660)
No 11.1% (2/18)

ECOG: Eastern Cooperative Oncology Group; ISS: International Staging
System; PR: partial response.

such as chemotaxis, formation of reactive oxygen species, and
phagocytosis of bacteria, despite the accelerated migration of
leukocytes into peripheral tissue [17–20]. Whether there is a
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Table 2: Multivariate analysis of risk factors for early severe
infections during induction therapy (𝑛 = 155).

𝑃 value HR (95% CI)
Blood sugar ≥200mg/dL <0.001 7.846 (2.512–24.503)
ECOG performance status ≥2 0.001 5.801 (1.974–17.050)
ISS III 0.089 2.654 (0.862–8.171)
Lymphopenia <500/𝜇L 0.981 1.014 (0.334–3.077)
Serum creatinine ≥2mg/dL 0.444 1.560 (0.500–4.870)
ECOG: Eastern Cooperative Oncology Group; ISS: International Staging
System.

Table 3: Rates of severe infections between blood sugar groups
during induction therapy (𝑛 = 155).

Blood sugar
groups Infection rates 𝑃 value OR (95% CI)

<140mg/dL 10.9% (10/91) 1 (reference)
140–200mg/dL 15.9% (7/44) 0.422 1.532 (0.541–4.341)
≥200mg/dL 55.0% (11/20) <0.001 9.900 (3.299–29.709)

threshold glucose level for impaired immunity is unclear. In
vitro study suggested that a threshold glucose concentration
of 250mg/dL results in impaired phagocytic function and
bactericidal activity of polymorphonuclear leukocytes from
nondiabetic patients [21].

While most of risk factors for infection such as immu-
noparesis, comorbidities, and performance status are irre-
versible, hyperglycemia induced by steroid could be reve-
rsible. A study showed that tight glucose control reduced infe-
ction risk in hyperglycemic neurosurgical patients [22]. Strict
blood glucose control with intensive insulin therapy also
has been shown to reduce morbidity and mortality among
critically ill patients in a surgical intensive care unit [23].
However, it is still unclear whether strict glycemic control
improves outcome in patients with MM. Some trial did not
show significant difference in mortality in intensive glycemic
control group [24, 25].

There were some differences in our study compared to
previous studies. Patients with overt hyperglycemia during
chemotherapy were smaller than previously reported (19.9%
versus 58%). This may be due to the lower percentage of
obese patients (3.9%) in our study. In addition, glucose levels
were not checked in a standardized fashion and there was
no standard for glucose control because of retrospective
nature of this study. Therefore, the number of patients with
overt hyperglycemia may be underestimated. In addition, we
did not evaluate incidence of infections by dose of steroid,
because the number of patients was relatively small and they
received various induction regimens.

In conclusion, overt hyperglycemia during early period
of initial chemotherapy was associated with increased risk of
severe infection in patients with MM. Further prospective
studies are required to evaluate the clinical outcomes in
patients with MM.
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High-dose melphalan (200mg/m2) as conditioning regimen followed by autologous stem cell transplantation (ASCT) rescue has
been established as a standard treatment for patients with multiple myeloma (MM) younger than 65 years of age. However, the role
of ASCT in elderly patients older than 65 years remains controversial in the era of novel agents such as thalidomide, bortezomib,
and lenalidomide. The efficacy and feasibility of ASCT have been shown in elderly patients by reducing the dose of melphalan
to 100–140mg/m2. Although the clinical benefit of reduced-intensity ASCT in elderly patients has not been clearly established in
comparison with that of novel agent-based induction therapy, recent studies have demonstrated that sequential strategies of novel
agent-based induction therapy and reduced-intensityASCT followed by consolidation/maintenancewith novel agents translate into
better outcome in the management of elderly patients. Thus, ASCT could also be a mainstay in the initial treatment of elderly MM
patients, and its indication should be evaluated based onperformance status and the presence of complications and/or comorbidities
of each elderly patient with MM.

1. Introduction

Multiple myeloma (MM) is a plasma cell malignancy char-
acterized by the production of monoclonal immunoglobulin
and the related organ damages such as hypercalcemia, renal
insufficiency, anemia, and lytic bone lesions (CRAB) [1, 2].
Most patients are elderly, aged 65 years or older, and the inci-
dence of MM is increasing according to the aging of general
population and an associated increase in life expectancy.

In the 1960s, melphalan + prednisone (MP) therapy
was introduced for the treatment of MM, which extended
the median survival from approximately 1.5 years to 2
years [3]. Since the late 1990s, high-dose melphalan therapy
(200mg/m2) followed by autologous stem cell transplanta-
tion (ASCT) has been applied after induction therapy with
vincristine + adriamycin + dexamethasone (VAD) in patients
younger than 65 years of age, which resulted in the further
improvement of survival to 5 years [4, 5]. Consequently,
induction therapy + ASCT has been regarded as a standard
therapy for younger patients with good health condition, and

MP therapy was regarded as a standard of care for elderly
patients of 65 years of age or older.

In the early phase of the 21st century, novel agents such as
thalidomide, bortezomib, and lenalidomide have entered into
clinical practice and become key drugs in the treatment of
MM. Bortezomib-based regimens are now used as induction
therapy before ASCT in transplant-eligible patients [6–9],
and MP + thalidomide [10], MP + bortezomib [11], and
lenalidomide + dexamethasone [12] are the widely used
regimens for transplant-ineligible patients. Several clinical
studies have shown an improvement of overall response
rate and progression-free survival (PFS) in both transplant-
eligible and transplant-ineligible patients by incorporating
novel agents into antimyeloma therapy [13, 14]. However,
the significant extension in overall survival (OS) has only
been observed in younger patients under 60 years of age
by population-based analyses (Table 1) [15–17]. Thus, the
prognosis of elderly patients remains poor [18], and more
effective strategies are needed to improve the outcome of
those patients.
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Table 1: Five-year estimates of relative survival in patients with multiple myeloma according to different age groups.

Authors (year) Age group Periods 𝑃 value

Brenner et al., (2008) [15]

1990–1992 2002–2004
50–59 38.8% 48.2% 0.001
60–69 30.6% 36.3% 0.09
70–79 27.1% 28.7% 0.21

Pulte et al., (2011) [16]

1998–2002 2003–2007
50–54 49.3% 58.3% <0.05
55–59 41.7% 52.5% <0.05
60–64 35.7% 44.4% 0.01
65–74 32.1% 37.4% <0.01
≥75 19.4% 22.7% 0.06

Pozzi et al., (2013) [17]

1988–1996 2006–2009
<65 58.1% 74.2% <0.001
65–74 49.9% 72.9% 0.008
≥75 29.2% 31.4% 0.567

In the following section, we review the clinical trials of
ASCT and discuss its role in the recent treatment strategies
for elderly patients with MM.

2. Efficacy and Feasibility of ASCT in
Elderly Patients

Aging is likely to be associated with reduction in organ func-
tions and drug metabolisms. Accordingly, elderly patients
aged 65 years or older are usually considered as ineligible
for high-dose melphalan therapy (200mg/m2) followed by
ASCT. Thus, clinical trials of ASCT have been mostly under-
taken in patients younger than 65 years of age, and reports of
ASCT performed in elderly patients are hardly available.

The toxicity of each high-dose or intermediate-dose
melphalan was evaluated in elderly patients by Badros et
al. [19]. Four transplant-related deaths occurred among 25
(16%) patients aged 70 years or older with the melphalan
dose of 200mg/m2, but after reducing the dose to 140mg/m2
transplant-relatedmortality was significantly reduced to 1 out
of 45 (2%) patients whilemaintaining the efficacy. Palumbo et
al. conducted a trial of 2-3 courses ofASCTwith 100mg/m2 of
melphalan in 71 patients aged 55–75 years (median, 64 years
old) without comorbidities [20]. When compared with the
matched-pair patients treatedwithMP therapy, the efficacy of
ASCT was significantly superior to the MP therapy in terms
of complete response (CR) rate, event-free survival (EFS), and
OS, without any transplant-related death.

Thereafter, elderly patients, if in a fit medical condition,
have been considered to be eligible for ASCT irrespective of
the chronological age inmost institutions [21, 22]. Several sin-
gle institution studies have reported the experience of ASCT
in elderly patients as well as in younger patients (Table 2)
[23–30]. As conditioning regimen before ASCT, reduced
dose of melphalan to 100–140mg/m2 has been used in the
elderly patients. Notably, there was no significant difference
in transplant-related mortality between elderly patients and

younger patients. Recently, the transplant-related mortality
has decreased to 3-4% probably due to the improvement of
supportive therapies [31]. In terms of the efficacy, CR rate
of the younger patients and that of elderly patients were 24–
48% and 12–44%, respectively, and most studies have shown
no significant difference in CR rates between the two age
groups, younger and elderly.Themedian PFS for the younger
patients and the elderly patients was 17–45 months and 17–
29 months, respectively. Likewise, the median OS for the
younger patients and the elderly patients ranged from 36 to
73 months and from 39 to 57 months, respectively, and there
was no significant difference between the two age groups.

Taken together, reduced-intensity ASCT is considered to
be a safe and effective therapeutic modality even in patients
aged 65–75 years in a good performance status without
comorbidities.

3. Efficacy of ASCT in Comparison with
That of Chemotherapy

To compare the efficacy of ASCT with reduced-dose mel-
phalan with that of conventional chemotherapy, several
randomized controlled trials have been performed in elderly
patients aged 65 years or older (Table 3).

Palumbo et al. conducted a randomized trial enrolling 194
patients to assess the efficacy of VAD induction therapy +
tandem ASCT (100mg/m2 of melphalan) versus MP therapy
in patients aged 50–70 years [32]. Maintenance therapy with
interferon + dexamethasone was provided for the responding
patients in both treatment arms. In older patients aged 65
to 70 years, the median EFS was significantly extended in
the ASCT group compared with the MP group (28.0 versus
16.4 months, resp., 𝑃 = 0.023). The median OS was also
significantly extended in the ASCT group compared with the
MP group (58.0 versus 37.2 months, resp., 𝑃 = 0.04). These
results suggest that intermediate-dosemelphalanwould be an
effective treatment approach in elderly patients aged 65 to 70
years.
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Table 2: Comparison of clinical outcomes of ASCT according to different age groups.

Authors (year) Median age
(range)

Number
of

patients

Conditioning
regimen TRM CR Median

PFS
Median
OS

Siegel et al., (1999) [23] 52 (37–64) 49 MEL 200 2% 43% 34mo 58mo
67 (65–76) 49 8% 20%∗ 18mo 40mo

Sirohi et al., (2000) [24] 55 (31–64) 17 MEL 200 12% 47% 23mo 36mo
67 (65–74) 17 18% 35% 24mo 43mo

Reece et al., (2003) [25] 52 (30–59) 382 MEL ± TBI and others 6% 34% 27mo 39mo
63 (60–73) 110 5% 33% 24mo 39mo

Jantunen et al., (2006) [26] 57 (39–64) 79 MEL 200 1% 36% 21mo 66mo
68 (65–73) 22 0% 44% 23mo 57mo

Gertz et al., (2007) [27] ≤65 541 MEL 200 3% 30% 17mo 44mo
>65 137 MEL 140–200 3% 40% 17mo 44mo

Kumar et al., (2008) [28] 56 (37–65) 60 MEL 200 0% 28% 18mo 53mo
72 (70–76) 33 MEL 140–200 3% 42% 29mo NR

El Cheikh et al., (2011) [29] 62 (60–65) 104 MEL 140–200 4% 48% 45mo 57% at 5 yr
69 (65–77) 82 MEL 100–200 4% 41% 27mo∗∗ 54% at 5 yr

Muta et al., (2013) [30] 60 (51–64) 63 MEL 180–200 3% 24% 21mo 73mo
67 (65–76) 25 MEL 100–200 4% 12% 17mo 41mo

TRM: treatment-related mortality; CR: complete response; PFS: progression-free survival; OS: overall survival; MEL: melphalan; TBI: total body irradiation;
mo: months; yr: years; NR: not reached.
∗
𝑃 = 0.02, ∗∗𝑃 < 0.0001.

Table 3: Results of the clinical trials of ASCT in elderly patients aged 65 years or older.

Authors (year) Regimen Number of
patients CR/nCR ≥PR Median

PFS/EFS
Median
OS TRM

Palumbo et al., (2004) [32]
MP 36 8% 50% 16.4mo 37.2mo 3%

DAV +MEL 100 44 25%∗1 68% 28.0mo∗2 58.0mo∗3 7%

Facon et al., (2007) [33]
MP 196 2% 35% 17.8mo 33.2mo 2%
MPT 125 13%∗∗1 76%∗∗2 27.5mo∗∗2 51.6mo∗∗3 0%

VAD +MEL 100 126 18%∗∗2 65%∗∗2 19.4mo 38.3mo 5%
Gay et al., (2013) [36] PAD + MEL 100 + LP-L 102 53% 95% 48mo 63% at 5 yr 8%
CR: complete response; nCR: near complete response; PR: partial response; PFS: progression-free survival; EFS: event-free survival; OS: overall survival; TRM:
treatment-related mortality; MP: melphalan + prednisone; DAV: dexamethasone + doxorubicin + vincristine; MEL: melphalan; MPT: melphalan + prednisone
+ thalidomide; VAD: vincristine + adriamycin + dexamethasone; PAD: bortezomib + pegylated liposomal doxorubicin + dexamethasone; LP: lenalidomide +
prednisone; L: lenalidomide; mo: months, yr: years.
∗1
𝑃 = 0.05, ∗2𝑃 = 0.023, ∗3𝑃 = 0.04, ∗∗1𝑃 = 0.0008, ∗∗2𝑃 < 0.0001, ∗∗3𝑃 = 0.0006 (in comparison with MP).

Facon et al. conducted a randomized trial comparing
MP therapy (𝑛 = 196), MP + thalidomide (MPT) therapy
(𝑛 = 125), and VAD induction therapy + tandem ASCT
(100mg/m2 of melphalan, 𝑛 = 126) in patients aged 65
to 75 years [33]. The median PFS was 17.8 months with
MP, 27.5 months with MPT, and 19.4 months with ASCT,
respectively, and there was no significant difference in PFS
between the MP group and the ASCT group (𝑃 = 0.25).
The median OS was 33.2 months with MP, 51.6 months with
MPT, and 38.3 months with ASCT, and no difference was
seen between the ASCT group and the MP group (𝑃 =
0.32). On the other hand, significantly longer PFS and OS
were observed in the MPT group compared with the ASCT

group (𝑃 = 0.0002 and 𝑃 = 0.027, resp.). When compared
with the results of Palumbo et al., the median OS with MP
was similar, but the median OS with ASCT was shorter
in the report of Facon et al. This was probably because
maintenance therapy was not intended in the study of Facon
et al.

Barlogie et al. reported that the median OS had reached
to 60 months with the total therapy composed of induction
therapy, tandem ASCT (140–200mg/m2 of melphalan), and
interferon + dexamethasone maintenance therapy in 136
patients aged 65 years or older [34]. Their results showed a
marked improvement ofOS in elderly patients, suggesting the
importance of continuous treatment after ASCT.
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4. New Treatment Strategy Incorporating
Novel Agents and ASCT in the Elderly

Several recent clinical trials have been designed to evaluate
the efficacy and feasibility of sequential treatment strategies,
for example, induction with novel agents, consolidation with
ASCT, and maintenance with novel agents. Palumbo et al.
and Gay et al. conducted a phase II trial of induction
therapy with 4 cycles of bortezomib + pegylated liposomal
doxorubicin + dexamethasone followed by tandem ASCT
(100mg/m2 of melphalan), consolidation therapy with 4
cycles of lenalidomide + prednisone, and maintenance ther-
apy with lenalidomide alone in patients aged 65–75 years
(Table 3) [35, 36]. The median PFS was 48 months, and the
5-year estimate of survival was 63% among the total of 102
patients. In particular, the 5-year estimate of survival of the
54 patients who obtained a CR was excellent reaching to
83%. In terms of the safety profiles, three and five patients
died during induction therapy andduringASCT, respectively.
The treatment-related mortality was significantly higher in
the older patients (5 of 26 (19%)) compared with that of
the younger patients (3 of 76 (4%)) aged less than 70 years
(𝑃 = 0.024). From these results, it would be concluded
that a sequential approach including reduced-intensity ASCT
may benefit patients younger than 70 years of age with good
performance status and without comorbidities.

Straka et al. performed a randomized controlled trial
of tandem ASCT (140mg/m2 of melphalan) + lenalidomide
maintenance therapy comparing with continued lenalido-
mide + dexamethasone therapy after induction therapy of
3 cycles of lenalidomide + dexamethasone and peripheral
blood stem cell collection in patients aged 60–75 years [37].
Preliminary results have demonstrated a successful collection
of peripheral blood stem cells in 97% of patients given
induction therapy with lenalidomide + dexamethasone. By
the long-term followup the importance of ASCT for elderly
patients in the era of novel agents would be clarified.

5. Current Status of the Treatment in
Elderly Patients

Thus, treatment strategy employing ASCT in patients aged
65–70 years has not been well established, and the indication
of ASCT varies in each institution.

Kumar et al. have reported an improvement in OS ofMM
patients diagnosed during 2001–2006 period and ascribed it
to the beneficial effects of novel agents [38]. More recently,
they have updated the outcome of 1038 patients diagnosed
and treated in Mayo Clinic between 2001 and 2010 [39].
Notably, when comparing the survival data between patients
diagnosed during the period of 2001–2005 and that of 2006–
2010, an improvement in survival was only observed in the
older patients aged ≥65 years but not in the younger patients
aged<65 years. A total of 393 patients (37%) receivedASCTas
initial treatment. When comparing patients receiving ASCT
with those who did not receive ASCT, OS was similar when
the analysis was confined to the younger age group, while it
was significantly prolonged in the older age group (𝑃 < 0.01).

Therefore, it is considered that the survival has markedly
improved and has almost reached to its maximum in the
younger patients; however, the survival of the elderly patients
has just started to increase with the use of novel agents and
an increasing application of ASCT to elderly patients.

Similarly, to assess the current treatment status, the
Japanese Society of Myeloma has surveyed the outcome of
patients aged 65–70 years including those enrolled in clinical
trials as well as those in routine practice who had received an
initial treatment between the years of 2004 and 2009 in col-
laboration with Dr. Palumbo and his colleagues of the Turin
University of the EuropeanMyeloma Network [40].The total
number of the patients was 318 (268 from the Japanese Society
of Myeloma and 50 from the Turin University) composed of
167 male and 151 female patients. M protein type was IgG
in 169, IgA in 80, Bence-Jones protein (BJP) in 56, IgD in
7, and other types in 6. International staging system (ISS)
stage was I in 86, II in 107, III in 102, and unknown in 23,
respectively. As initial treatment, 192 patients were treated
with conventional chemotherapy alone such as MP and VAD
therapy, 88 with conventional chemotherapy + novel drugs
such as bortezomib + dexamethasone and MP + bortezomib
therapy, 21 with conventional chemotherapy (VAD) + ASCT,
and 17 with novel drugs (bortezomib + dexamethasone) +
ASCT, respectively. As a total, thirty-eight of the 318 patients
(12%) aged 65–70 years were successfully treated with ASCT
without any transplantation-related mortality.

The median PFS according to the different treatment
modalities was 19.1 months for conventional chemotherapy
group, 24.5 months for conventional chemotherapy + novel
drug group, 26.8 months for conventional chemotherapy +
ASCT group, and 35.2 months for novel drug + ASCT group,
respectively, and PFS was significantly longer in the novel
drug group (𝑃 < 0.01) as well as the novel drug + ASCT
group (𝑃 < 0.04) in comparison with that of the conventional
chemotherapy group (Figure 1), respectively. As for OS, the
medianOS of the conventional chemotherapy groupwas 46.0
months with other groups being not reached. Five-year esti-
mates of survival were 40%, 62%, 63%, and 87%, respectively,
and were significantly extended in the novel drug group (𝑃 <
0.001), the conventional chemotherapy + ASCT group (𝑃 <
0.02), and in the novel drug + ASCT group (𝑃 < 0.02) com-
pared with the conventional chemotherapy group (Figure 1).

From this survey, it appeared that ASCT had been
performed by the physician’s discretion based on patient’s
condition irrespective of the age of 65 years or older.
Although the patient characteristics of each treatment group
vary, the clinical benefit represented by PFS and OS of the
conventional chemotherapy + ASCT group was almost equal
to that of the novel drug group. Furthermore, the induction
therapy with novel drugs followed by ASCT consolidation
seemed to have contributed to the significantly improved
outcome. Therefore, ASCT can be an option even in the
treatment of fit elderly patients [18].

6. Conclusion

ASCT can be applied to a selected patient of 65 years
of age or older when performance status is fit and no
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Figure 1: Retrospective analysis of outcome of newly diagnosed patients aged 65–70 years. Progression-free and overall survival according to
the treatment groups such as conventional chemotherapy, conventional chemotherapy + novel drugs, conventional chemotherapy + ASCT,
and novel drugs + ASCT is shown. Reproduced from [40] with permission from Karger.

comorbidities/complications are present. Recent studies have
demonstrated that ASCT with intermediate-dose melphalan
(100–140mg/m2) is a safe and effective treatment modality
in patients younger than 70 years of age. Although the
benefit of reduced-intensity ASCT had not been clearly
demonstrated in the past decade, it can be a viable option
if incorporated into sequential treatment strategies along
with novel agents. Therefore, the indication of ASCT should
be seriously considered in each elderly patient based on
the performance status and the presence of complications
and/or comorbidities but not on chronological age alone.The
sequential approach including ASCT can be challenging but
would be feasible approach to further improve the outcome
of elderly patients with MM.
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mäki, and T. Nousiainen, “High-dose melphalan (200mg/m2)
supported by autologous stem cell transplantation is safe and
effective in elderly (≥ 65 years) myeloma patients: comparison
with younger patients treated on the same protocol,” Bone
Marrow Transplantation, vol. 37, no. 10, pp. 917–922, 2006.

[27] M. A. Gertz, M. Q. Lacy, A. Dispenzieri et al., “Impact of age
and serum creatinine value on outcome after autologous blood
stem cell transplantation for patients with multiple myeloma,”
Bone Marrow Transplantation, vol. 39, no. 10, pp. 605–611, 2007.

[28] S. K. Kumar, D. Dingli, M. Q. Lacy et al., “Autologous stem cell
transplantation in patients of 70 years and older with multiple
myeloma: results from a matched pair analysis,” The American
Journal of Hematology, vol. 83, no. 8, pp. 614–617, 2008.

[29] J. El Cheikh, E. Kfoury, B. Calmels et al., “Age at transplantation
and outcome after autologous stem cell transplantation in
elderly patients with multiple myeloma,” Hematology/Oncology
and Stem Cell Therapy, vol. 4, no. 1, pp. 30–36, 2011.

[30] T. Muta, T. Miyamoto, T. Fujisaki et al., “Evaluation of the
feasibility and efficacy of autologous stem cell transplantation
in elderly patients with multiple myeloma,” Internal Medicine,
vol. 52, no. 1, pp. 63–70, 2013.

[31] Q. Bashir, N. Shah, S. Parmar et al., “Feasibility of autologous
hematopoietic stem cell transplant in patients aged ≥ 70 years
with multiple myeloma,” Leukemia and Lymphoma, vol. 53, no.
1, pp. 118–122, 2012.

[32] A. Palumbo, S. Bringhen, M. T. Petrucci et al., “Intermediate-
dose melphalan improves survival of myeloma patients aged 50
to 70: results of a randomized controlled trial,” Blood, vol. 104,
no. 10, pp. 3052–3057, 2004.

[33] T. Facon, J. Y. Mary, C. Hulin et al., “Melphalan and pred-
nisone plus thalidomide versus melphalan and prednisone
alone or reduced-intensity autologous stem cell transplantation
in elderly patients with multiple myeloma (IFM 99-06): a
randomised trial,”The Lancet, vol. 370, no. 9594, pp. 1209–1218,
2007.

[34] B. Barlogie, G. Tricot, E. Anaissie et al., “Thalidomide and
hematopoietic-cell transplantation for multiple myeloma,” The
New England Journal of Medicine, vol. 354, no. 10, pp. 1021–1030,
2006.

[35] A. Palumbo, F. Gay, P. Falco et al., “Bortezomib as induction
before autologous transplantation, followed by lenalidomide



BioMed Research International 7

as consolidation-maintenance in untreated multiple myeloma
patients,” Journal of Clinical Oncology, vol. 28, no. 5, pp. 800–
807, 2010.

[36] F. Gay, V. Magarotto, C. Crippa et al., “Bortezomib induction,
reduced-intensity transplantation, and lenalidomide consolid-
ation-maintenance for myeloma: updated results,” Blood, vol.
122, no. 8, pp. 1376–1383, 2013.
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