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INTRODUCTION

Multiple myeloma (MM) is a malignant neoplasm of 
plasma cells derived from a single clonal expansion in 
the bone marrow (BM) and characterized by bone de-

struction, renal failure, anemia, and hypercalcemia [1]. In 
the United States in 2015, the American Cancer Society 
estimated that there were 26,850 new cases of MM and 
11,240 deaths caused by the disease, and MM accounts 
for slightly more than 10% of all hematologic malignan-
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Background/Aims: The aims of this study were to identify the value of inflamma-
tory markers as pretreatment prognostic factors for patients with multiple myelo-
ma (MM) and to estimate the value of a prognostic index including these markers 
at diagnosis.
Methods: A total of 273 newly diagnosed MM patients undergoing active treat-
ment were analyzed in this study. The prognostic values for survival of the pre-
treatment inflammatory markers were investigated. A myeloma prognostic index 
(MPI) was derived using prognostic factors determined to be independently sig-
nificant on multivariate analysis.
Results: A high pretreatment neutrophil-lymphocyte ratio (NLR), low platelet 
count, and high C-reactive protein (CRP) level had independently unfavorable 
significance for overall survival (OS). The MPI was derived based on these factors. 
Per the MPI, 1 point each was assigned to high NLR, low platelet count, and high 
CRP. Risk categories were stratified into low- (score 0), intermediate- (score 1), and 
high-risk (score 2 or 3) groups. The MPI demonstrated independent statistical 
significance for OS on multivariate analysis ([intermediate: hazard ratio (HR), 1.91; 
95% confidence interval (CI), 1.12 to 3.24] and [high: HR, 3.37; 95% CI, 2.00 to 5.69]; 
p < 0.001). Moreover, this significance could be observed regardless of age, renal 
function, and exposure to novel agents. In addition, the International Staging 
System risk group could be further significantly stratified using the MPI. 
Conclusions: The MPI, consisting of pretreatment inflammatory markers, NLR, 
platelet count, and CRP, might be effective in predicting the survival of newly di-
agnosed MM patients undergoing active treatment. 
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cies [2]. There has been a notable improvement in 5-year 
survival rates from 25% in 1977 to 47% in 2010 since the 
introduction of novel agents such as bortezomib and le-
nalidomide into the management of MM [2]. However, 
patients with MM have highly variable prognoses, and 
accurate assessment of prognosis is required for opti-
mal treatment. The International Staging System (ISS) is 
the most widely accepted prognostic scoring system for 
patients with MM [3].

The relationship between cancer and inflammation 
has been a subject of interest since Rudolf Virchow 
noted a connection between inflammation and cancer 
in 1863 [4]. The systemic inflammation and immune 
response triggered by cancer are considered critical 
components of tumor progression, and the tumor mi-
croenvironment, largely orchestrated by inflamma-
tory cells, is an indispensable participant in tumor cell 
proliferation, survival, and migration [5]. Many studies 
have reported the close relationship between systemic 
inflammation and cancer [4,5]. In this context, several 
studies have investigated effective markers to measure 
the systemic inflammatory response in cancer patients, 
and these markers include C-reactive protein (CRP), al-
bumin, and the neutrophil-lymphocyte ratio (NLR) and 
platelet-lymphocyte ratio (PLR), among others [6-8].

The NLR is considered worthy of notice. The NLR, 
simply calculated as neutrophil count (cells/µL) divided 
by lymphocyte count (cells/µL), can be determined from 
the complete blood count and is known as a marker of 
systemic inflammation. The NLR was recently identi-
fied as a prognostic factor for various types of both solid 
and hematologic malignancies [9]. In hematologic ma-
lignancies, the NLR has been reported to have prognos-
tic value in patients with lymphoma or MM [10-12]. The 
platelet count, as an acute phase reactant, may reflect 
the inflammatory response in several types of cancer. 
Reactive thrombocytosis is associated with poor cancer 
prognosis, and a high PLR has been identified as a poor 
prognostic factor in various solid tumors [6]. CRP is also 
widely known as a major inflammatory marker, and the 
association between CRP and cancer prognosis has been 
demonstrated in previous studies [13]. The prognostic 
role of CRP has also been revealed in hematologic ma-
lignancies such as MM [14].

The aims of the current study were to identify the val-
ue of inflammatory markers as pretreatment prognostic 

factors for patients with MM and to estimate the value of 
a prognostic index including these markers at diagnosis.

METHODS

Patients who were newly diagnosed with MM between 
September 2001 and December 2013 at three tertiary 
hospitals (Korea University Anam Hospital, Korea Uni-
versity Guro Hospital, and Korea University Ansan Hos-
pital) of Korea University Medical Center were analyzed. 
The diagnosis of MM was based on International My-
eloma Working Group (IMWG) criteria 2014. Patients 
who were diagnosed with monoclonal gammopathy of 
undetermined significance, smoldering myeloma, soli-
tary plasmacytoma, Waldenstrom’s macroglobulinemia, 
or primary plasma cell leukemia were excluded. All pa-
tients were actively treated with chemotherapy includ-
ing novel agents such as thalidomide, lenalidomide, and 
bortezomib. Transplant-eligible patients were treated 
with an autologous stem cell transplantation after in-
duction chemotherapy.

Before treatment, all patients were screened by age, 
sex, and Eastern Cooperative Oncology Group perfor-
mance status (PS). Clinical features at the time of diag-
nosis including levels of serum and urine M-protein, 
percentage of BM plasma cells, the presence of osteo-
lytic bone lesions, and hemodialysis were analyzed. 
Baseline laboratory evaluations including hemoglobin 
level, total white blood cell count and differential count, 
platelet count, serum albumin, serum β2-microglobu-
lin (β2-mg), serum calcium, serum creatinine, CRP, and 
serum lactate dehydrogenase were performed to evalu-
ate the pre-chemotherapy status and risk. Cytogenetic 
analysis of BM specimens was performed using con-
ventional cytogenetic protocols and interphase fluores-
cence in situ hybridization (FISH). For conventional cy-
togenetics, at least 20 metaphases were analyzed in each 
case. In our institute, the FISH panel for MM including 
IGH (14q32) break apart, translocation of chromosomes 
4 and 14 (t(4;14)), translocation of chromosomes 14 and 16 
(t(14;16)), deletion of 13q14 and deletion of 17p13 had been 
used since 2008. According to IMWG consensus criteria 
2014, we considered cytogenetically detected 17p dele-
tion, and chromosome 14 translocation to indicate poor 
risk. In FISH analysis, t(4;14), t(14;16), and del(17p13) were 
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also considered poor-risk cytogenetics [15,16]. Prognos-
tic factors for overall survival (OS) were determined via 
univariate and multivariate analysis. A prognostic index 
was designed using the variables that were the most sig-
nificant prognostic factors on multivariate analysis. Sub-
groups divided by age, renal function, and use of novel 
agents were analyzed. This study was approved by the 
Korea University Hospital Institutional Review Board.

Statistical analysis
Data analysis was performed using the IBM SPSS ver-
sion 20.0 (IBM Co., Armonk, NY, USA). Differences 
among treatment groups were compared using the Stu-
dent t test and the chi-square test. OS was defined as the 
time interval from the date of diagnosis to the date of 
death. OS was calculated using the Kaplan-Meier meth-
od. Univariate and multivariate analysis for prognostic 
factors for OS were performed using the log-rank test 
and Cox proportional hazards method with the follow-
ing variables: age, PS, M-protein, BM plasma cells, cyto-
genetic risk, bone lesions, NLR, platelet count, CRP lev-
el, β2-mg, serum lactate dehydrogenase, serum calcium, 
serum creatinine, and use of novel agents. p values < 0.05 
were considered significant.

RESULTS

Patient selection and baseline characteristics
A total of 273 patients newly diagnosed with MM were 
enrolled in this study. Among them, 87 were treated 
with only conventional chemotherapy without novel 
agents. This treatment included high-dose dexametha-
sone, melphalan plus prednisone or vincristine, adria-
mycin, and dexamethasone. A total of 186 patients re-
ceived more than one novel agent during the course of 
treatment (141 patients received bortezomib, 117 patients 
received thalidomide, and 10 patients received lenalid-
omide). The median age of all patients at the time of 
diagnosis was 64 years (range, 30 to 83). The immuno-
globulin (Ig) subtypes were IgG (70.1%), IgA (21%), and 
others (2.6%), and 17 patients (6.3%) secreted only free 
light chain. At diagnosis, 59.0% of patients had anemia 
(hemoglobin < 10.0 g/dL), 16.3% had hypercalcemia (se-
rum calcium > 11.0 mg/dL), 23.3% had renal dysfunction 
(serum creatinine > 2.0 mg/dL), and 81.3% had bone le-

sions. Table 1 shows the patients’ baseline characteris-
tics. There were no significant differences between the 
groups that received conventional chemotherapy and 
those that received novel agents. However, slightly more 
patients in the novel agent group than in the conven-
tional chemotherapy group received stem cell trans-
plantation (22.2% vs. 6.9%, p = 0.002). 

Cytogenetic abnormalities were investigated in 252 
patients using a conventional chromosome study and in 
116 patients using FISH. Chromosomal abnormalities 
were found in 33.7% (85/252) of the patients. The inci-
dence of the complex karyotype, which has more than 
two abnormalities, was 27.8% (70/252). Hyperdiploidy 
was detected in 11.5% (29/252) of the patients and hypo-
diploidy was detected in 9.1%. A 14q32 rearrangement 
was detected using FISH in 45 patients (38.8%), which 
most commonly included IGH break apart (21.6%) fol-
lowed by t(4;14) and t(14;16) (11.2%, and 6.0%, respec-
tively). Deletion of p53 (17p13) and deletion of Rb1 (13q14) 
were found in 22.4% and 19.0% of patients, respectively.

Rates of complete or near complete response with 
initial treatment were higher in the group receiving 
bortezomib containing chemotherapy than thalido-
mide based group or conventional chemotherapy group 
(17.9%, 14.6%, 7.8%, p = 0.046). In addition, the rates of 
very good partial response or better in the bortezo-
mib group were significantly higher than other groups 
(42.9% vs. 35.4% vs. 22.8%, p = 0.009).

Prognostic factors of survival
First, we performed univariate analysis to identify the 
prognostic factors for OS. On univariate analysis for OS, 
age ≥ 65 (p = 0.001), PS ≥ 2 (p < 0.001), high serum M-
protein (p = 0.024), high BM plasma cells (p < 0.001), cy-
togenetic high risk (p < 0.001), high NLR (p < 0.001), low 
platelet count (p < 0.001), elevated CRP (p < 0.001), low al-
bumin (p = 0.009), β2-mg (p < 0.001), use of novel agents 
(p = 0.004), and stem cell transplantation (p = 0.001) were 
statistically significant prognostic factors (Table 2). Mul-
tivariate analysis for OS showed that PS ≥ 2 (p = 0.009), 
high BM plasma cells (p < 0.001), cytogenetic high risk 
(p = 0.007), high NLR (p = 0.019), low platelet count (p = 
0.047), elevated CRP (p = 0.002), use of novel agents (p < 
0.001), and stem cell transplantation (p = 0.05) were inde-
pendently significant prognostic factors (Table 2).
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Derivation of myeloma prognostic index
The myeloma prognostic index (MPI) was designed us-
ing the variables that are associated with inflammation 
among those found to be significant prognostic factors 
for OS on multivariate analysis. Pretreatment high NLR 
(≥ 2.25), low platelet count (< 150,000 cells/µL), and high 
CRP (≥ 5 mg/L) had unfavorable significance for OS in-
dependent of other prognostic factors. We used these 
variables to construct a MPI for prognosis. Our prog-
nostic index assigned 1 point each to high NLR, low 

platelet count, and high CRP. After the final score was 
obtained (maximum score of 3), risk categories were 
stratified into low (score 0), intermediate (score 1), and 
high (score 2 or 3) risk groups, respectively. This MPI 
showed statistical significance for OS on univariate and 
multivariate analysis (p < 0.001) (Table 3). The median OS 
was significantly different among risk groups by MPI as 
well as ISS (Fig. 1A, MPI: low risk, 6.21 years; intermedi-
ate risk, 2.43 years; high risk, 1.01 years; p < 0.001) (Fig. 1B, 
ISS: low risk, 4.91 years; intermediate risk, 2.7 years; high 

Table 1. Patients’ baseline characteristics and treatment response

Characteristic Total (n = 273)
Conventional chemotherapy 

(n = 87)
Novel agents 

(n = 186)
p value

Age, yr 64 (30–83) 65 (34–79) 62 (30–83) 0.705a

Sex, male/female 160/113 49/38        111/75 0.600b

ECOG PS ≥ 2 57 (21.2) 21 (24.4) 36 (19.7) 0.374b

Monoclonal protein 0.177b

IgG 190 (70.1) 63 (72.4) 127 (69)

IgA 57 (21.0) 21 (24.1) 36 (19.6)

IgD or IgE 7 (2.6) 1 (1.1) 6 (3.3)

Light chain disease 17 (6.3) 2 (2.3) 15 (8.2)

International Staging System 0.955b

1 56 (20.5) 18 (20.7) 38 (20.4)

2 110 (40.3) 36 (41.4) 74 (39.8)

3 107 (39.2) 33 (37.9) 74(39.8)

Serum M-protein ≥ 3.0 g/dL 122 (47.1) 44 (51.8) 78 (44.8) 0.294b

BM plasma cells ≥ 40% 117 (45.7) 37 (45.1) 80 (46.0) 0.778b

Hemoglobin < 10.0 g/dL 157 (59.0) 56 (64.4) 101 (56.4) 0.217b

Serum calcium > 11.0 mg/dL 31 (11.8) 8 (9.4) 23 (12.9) 0.409b

Serum creatinine > 2.0 mg/dL 62 (23.3) 22 (25.3) 40 (22.3) 0.595b

Bone lesion 208 (81.3) 63 (75.9) 145 (83.8) 0.129b

Neutrophil count, × 109/L 3.5 (0.4–27.7) 4.0 (0.5–27.7) 3.2 (0.4–12.1) 0.016a

Lymphocyte count, × 109/L 1.8 (0.3–8.70) 1.7 (0.3–5.5) 1.7 (0.4–8.7) 0.947a

Platelet count, × 109/L 186 (15–744) 173 (28–496) 186 (15–744) 0.308a

Serum LDH > upper limit of normal 66 (25.9) 25 (29.8) 41 (24.0) 0.322b

Cytogenetics risk 0.163b

Standard 180 (71.4) 59 (79.7) 121 (68.0)

High 72 (28.6) 15 (20.3) 57 (32.0)

Stem cell transplant 47 (17.3) 6 (6.9) 41 (22.2) 0.002b

Values are presented as median (range) or number (%).
ECOG PS, Eastern Cooperative Oncology Group performance status; Ig, immunoglobulin; BM, bone marrow; LDH, lactate 
dehydrogenase.
aStudent t test. bChi-square test.
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Table 2. Prognostic factors for overall survival

Factor
Univariate analysis Multivariate analysis

OS, mon p valuea HR 95% CI p valueb

Age, yr 0.001
< 65 45.2
≥ 65 22.2

Performance status < 0.001 0.009
0–1 42.0 1
≥ 2 13.0 1.73 1.15–2.60

Serum M-protein, g/dL 0.024
< 3.0 39.7
≥ 3.0 22.2

BM plasma cell, % < 0.001 < 0.001
< 40 38.0 1
≥ 40 20.2 1.89 1.32–2.69

Cytogenetic risk < 0.001 0.007
Standard 45.2 1
High 15.3 1.71 1.16–2.53

NLR < 0.001 0.019
< 2.25 44.2 1
≥ 2.25 16.0 1.56 1.08–2.27

Platelets, cells/µL < 0.001 0.047
≥ 150,000 45.2 1
< 150,000 18.5 1.48 1.01–2.18

CRP, mg/L < 0.001 0.002
< 5.0 47.7 1
≥ 5.0 15.3 1.82 1.25–2.64

Albumin, g/dL 0.009
≥ 3.5 39.7
< 3.5 23.3

Serum creatinine, mg/dL 0.066
≤ 2.0 32.9
> 2.0 16.8

β2-mg, mg/L < 0.001
< 3.5 47.1
≥ 3.5 and < 5.5 32.9
≥ 5.5 18.1

Use of novel agent 0.004 < 0.001
No 14.9 2.07 1.41–3.04
Yes 38.0 1

Stem cell transplant 0.001 0.050
No 26.3 1.82 1.00–3.32
Yes 69.4 1

OS, overall survival; HR, hazard ratio; CI, confidence interval; BM, bone marrow; NLR, neutrophil-leukocyte ratio; CRP, C-
reactive protein.
aLog-rank test. bCox proportional hazards model.
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Table 3. Multivariate analysis including myeloma prognostic index for overall survival

Factor
Multivariate analysis

HR 95% CI p value

Performance status 0.003
0–1 1

≥ 2 1.82 1.22–2.73

BM plasma cell, % 0.001

< 40 1

≥ 40 1.82 1.29–2.58

Cytogenetic risk 0.002

Standard 1

High 1.82 1.25–2.65

Myeloma prognostic index < 0.001

Low 1

Intermediate 1.91 1.12–3.24

High 3.37 2.00–5.69

Use of novel agents < 0.001

No 2.15 1.46–3.17

Yes 1

Stem cell transplant 0.040 

No 1.87 1.03–3.38

Yes 1

The multivariate analysis results including myeloma prognostic index (MPI) with prior significant prognostic factors. The 
MPI achieved statistical significance in multivariate analysis.
HR, hazard ratio; CI, confidence interval; BM, bone marrow. 

MPI No. Median OS, yr

Low   78    6.21 (4.43–7.99)
Intermediate   95    2.42 (1.91–2.95)
High 100    1.01 (0.62–1.39)
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ISS No. Median OS, yr

Low   56    4.91 (3.37–6.45)
Intermediate 110    2.70 (1.77–3.64)
High 107    1.49 (1.20–1.78)

Intermediate risk

Figure 1. Survival curve according to scoring system in all patients. Both scoring systems showed statistical significance. (A) 
Myeloma prognostic index (MPI). (B) International Staging System (ISS). OS, overall survival.
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risk, 1.49 years; p < 0.001).
In the subgroup analysis, the MPI was suitable for 

risk stratification in patients treated with novel agents 
as well as in patients treated with conventional chemo-
therapy (Fig. 2). In the subgroup analysis according to 
age, both the young age group (age < 65 years, transplant 
candidates) and the older age group (age ≥ 65 years, 
non-transplant candidates) could be clearly stratified by 
the MPI (Fig. 3). Our index also demonstrated effective 
risk stratification in patients with abnormal serum cre-

atinine levels (serum creatinine level > 2 mg/dL) (Fig. 4). 
Moreover, we were able to further stratify the ISS risk 

categories using this inflammation index. When the 
MPI was applied to each ISS risk category group, the pa-
tients in each ISS risk group were subdivided into three 
risk groups. The patients were adequately distributed 
among the subgroups, and the risk stratification in all 
three ISS subgroup showed statistical significance (ISS 
I, p < 0.001; ISS II, p = 0.013; and ISS III, p < 0.001) (Fig. 5). 
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MPI No. Median OS, yr

Low 29 3.49 (0.50–6.47)
Intermediate 50 1.96 (0.97–2.94)
High 49 1.31 (0.88–1.78)

Figure 2. Survival curve by subgroups divided by treatment strategies. (A) Conventional chemotherapy. (B) Novel agents. MPI, 
myeloma prognostic index; OS, overall survival.

Figure 3. Survival curve by subgroups divided by age. (A) Young age group (age < 65 years, transplant candidates). (B) Older age 
group (age ≥ 65 years, non-transplant candidates). MPI, myeloma prognostic index; OS, overall survival.
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DISCUSSION

This study was designed to identify the clinical signif-
icance of factors reflecting inflammation and a prog-
nostic index composed of these factors for patients 
with newly diagnosed MM. The MPI, which consists 
of pretreatment inflammatory markers including NLR, 
platelet count, and CRP, might be effective to stratify 
risk groups and predict survival. In fact, it showed prog-
nostic significance regardless of age, renal function, and 
exposure to novel agents. Moreover, considering that 

the prognosis of patients could be stratified by the MPI 
within each subgroup according to the ISS, the MPI 
could be considered to complement the ISS. 

The relationship between inflammation and cancer 
has been widely investigated in many studies [5,17]. In 
summary, there are some kinds of inflammation that 
provide the tumor with an environment favorable for 
survival. Inflammatory cells in the tumor microenviron-
ment such as macrophages, dendritic cells, and lympho-
cytes are known to be involved in this process by stimu-
lating tumor cell growth, progression, angiogenesis, and 
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Figure 4. Survival curve by subgroup divided by renal function. (A) Normal renal function group (creatinine ≤ 2.0). (B) Abnor-
mal renal function group (creatinine > 2.0). MPI, myeloma prognostic index; OS, overall survival.
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Figure 5. Survival curve of myeloma prognostic index in patients with International Staging System (ISS) subcategories. (A) ISS 
category I, (B) ISS category II, and (C) ISS category III. MPI, myeloma prognostic index; OS, overall survival.
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metastasis. In addition, proinflammatory cytokines and 
chemokines found in cancer patients also contribute di-
rectly to malignant progression and promote resistance 
to anti-cancer therapy [4]. That is, the balances between 
proinflammatory cytokines and anti-inflammatory cyto-
kines in cancer patients could have an effect on the level 
of protumorous inflammation, contributing to the neo-
plastic outcome [5]. In these contexts, there have been ef-
forts to investigate effective markers to reflect the protu-
morous inflammatory status in cancer patients. The NLR 
and CRP are representative examples.

The physiological response of the innate immune 
system to systemic inflammation is clinically presented 
as neutrophilia and relative lymphopenia [7]. Neutro-
philia in systemic inflammation is induced by demar-
gination of neutrophils, stimulation of progenitor cells 
by growth factors and delayed apoptosis of neutrophils. 
The mechanisms responsible for lymphopenia include 
redistribution of lymphocytes within the lymphatic sys-
tem and prominently accelerated apoptosis [7]. The NLR 
directly reflects the balance between neutrophilia and 
lymphopenia. As an elevated NLR has been recognized 
as a poor prognostic factor in various solid cancers and 
hematologic malignancies [9-11], the NLR is considered 
to be a marker reflecting the degree of protumorous in-
flammatory status.

CRP is known as an acute phase reactant, which re-
flects tissue injury and systemic inflammation. Current-
ly, an elevated CRP level is known to be an adverse prog-
nostic factor in various cancers including MM [14,18]. 
The association between CRP and cancer prognosis 
could be explained in various ways. First, tumor growth 
can directly cause inflammation of surrounding tissue, 
and this leads to increases in acute phase proteins in-
cluding CRP [4]. Second, proinflammatory cytokines 
such as interleukin 1, interleukin 6, and tumor necrosis 
factor are known to stimulate the synthesis of CRP in 
cancer patients [19]. That is, elevated CRP levels reflect 
increased concentrations of proinflammatory cytokines. 
Moreover, circulating CRP acts directly on tumor cells 
and contributes to tumor progression [20], and there-
fore, elevated levels of CRP in cancer patients might re-
flect the aggressiveness of the tumor itself.

Generally, thrombocytosis, a marker of systemic in-
flammation, is associated with poor outcomes in various 
solid cancers. Thus, a high PLR has been reported as a 

poor prognostic marker for OS in several malignancies 
[6]. However, contrary to the findings in solid cancers, 
a low platelet count or inverse PLR have been demon-
strated to be a poor prognostic factor in patients with 
MM [18,21,22]. This difference between MM and other 
solid cancers may be due to the anatomical features of 
MM, which develops from the BM. That is, thrombo-
cytopenia is considered to directly reflect the tumor 
burden because normal thrombopoiesis is gradually 
inhibited as malignant plasma cells accumulate in the 
BM. In addition to the anatomical features of MM, in-
flammatory cytokines are considered to be involved in 
decreased thrombopoiesis in MM. For example, trans-
forming growth factor-β1, which is known to be secret-
ed by malignant plasma cells and to mediate plasma 
cell growth and survival [23], has been shown to arrest 
the maturation of megakaryocyte colony-forming units 
[24]. Moreover, the half-life of platelets has been report-
ed to be significantly reduced in patients with MM [25]. 
Therefore, thrombocytopenia might reflect the adverse 
prognosis of MM by the combined effect of anatomical 
location, inhibitory cytokines, and increased turnover.

Recently, a consensus has arisen that cytogenetic ab-
normalities play an important and independent role in 
risk stratification in MM patients. As a result, the revised 
ISS, which incorporates the cytogenetics into the ISS, 
improved the prognostic significance of the ISS [15,16]. 
In this context, the results of the current study suggest 
the possibility that the MPI can show a synergistic effect 
with the ISS in predicting the prognosis of patients with 
MM. First, the MPI is based on biologic features focus-
ing on the host immune response (NLR and CRP), the 
tumor burden, and the interaction between the tumor 
and the microenvironment (platelet count). These fea-
tures are considered to be not fully reflected in the ISS. 
In fact, the present study revealed that the survival for 
each ISS group could be further stratified by each MPI 
group (Fig. 5). Another potential benefit of the MPI is 
that it showed prognostic significance for all subgroups 
of patients regardless of age, renal function, and expo-
sure to novel agents. However, a firm conclusion regard-
ing the MPI cannot be drawn owing to the limitations of 
this study. The MPI was based on retrospective analysis 
and was not validated in an independent cohort. In addi-
tion, the effects with regard to progression-free survival 
were not analyzed because of heterogeneous induction 
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treatments. In conclusion, the MPI using the NLR, CRP, 
and platelet count might have prognostic significance 
for patients with newly diagnosed MM regardless of age, 
renal function, and exposure to novel agents, and might 
function synergistically with the ISS or revised ISS. For 
confirmatory results, validation in an independent co-
hort will be required.

KEY MESSAGE

1. Myeloma prognostic index (MPI) composed 
of the neutrophil-lymphocyte ratio, C-reactive 
protein, and the platelet count could predict the 
survival of newly diagnosed myeloma patients.

2. MPI could be effective in predicting patients’ 
survival regardless of age, renal function, and 
exposure to novel agents.

3. We suggest the possibility that this model could 
function synergistically with the International 
Staging System.
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