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Purpose: Red blood cell distribution width (RDW), neutrophil-to-lymphocyte ratio (NLR),

and platelet count (PLT) have been reported to be associated with the prognosis of malig-

nancies; this study aimed to evaluate the prognostic significance of the inflammatory prog-

nostic scoring index (IPSI), comprised of RDW, N LR, and PLT for overall survival (OS) in

newly diagnosed multiple myeloma patients in the bortezomib-based chemotherapy era.

Patients and methods: The prognostic significance of variables associated with the OS of

175 newly diagnosed multiple myeloma patients was evaluated through univariate and

multivariate analyses. The cut-off values of RDW, NLR, and PLT were obtained from

references. Patients with high RDW (RDW>14) were given a score of 1; patients with

high NLR (NLR>2) or low PLT (PLT≤150) were given a score of 2. According to the

obtained scores, the inflammatory prognostic scoring index (IPSI) was formed, in which

patients were grouped into high-risk group (4–5 points), intermediate-risk group (3 points)

and low-risk group (0–2 points).

Results: OS varied significantly in different IPSI groups (P< 0.001). On multivariate analysis,

the IPSI was an independent prognostic factor for OS (intermediate-risk group HR 2.89, 95% CI

1.60–5.22, high risk-group HR 14.50, 95% CI 7.26–28.93, P<0.001). Importantly, with IPSI as

supplement to the International Staging System (ISS), a significant difference in OS was

observed among IPSI subgroups (ISS I, P<0.001; ISS II, P=0.008; ISS III, P<0.001).

Conclusion: The IPSI, comprised of RDW, NLR, and PLT, played specific role in the

prognosis of patients preliminarily diagnosed with multiple myeloma in the bortezomib-

based chemotherapy era and could be a beneficial supplement for ISS staging.

Keywords: multiple myeloma, red blood cell distribution width, neutrophil-to-lymphocyte

ratio, platelet count, inflammatory prognostic scoring index

Introduction
Multiple myeloma (MM) is a malignant plasmocyte disease that accounts for 10% of

hematopoietic tissue tumors and 1% of all malignancies.1 It is the common malignant

hematologic tumor.2 MM is characterized by clonal proliferation of malignant plasma

cells in bone marrow and excessive secretion of monoclonal immunoglobulins in the

blood and/or in urine.3 In recent years, with advancing biological-targeted therapy

and the development of new drugs, the treatment and prognosis of MM has improved

greatly. In particular, the wide application of lenalidomide and bortezomib increased
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the 5-year survivorship from 25% to 47%.4–6 Currently,

tumor burden and malignancy grade based on the Revised

International Staging System (R-ISS) is the most widely

applied MM prognosis system.7 However, MM shows sig-

nificant heterogeneity in disease progression and prognosis.

Clinically, some patients considered low risk on the R-ISS

may also present poor prognosis. A possible explanation

might be that tumor survival not only depends on tumor

burden and malignancy degree but is also closely related to

factors such as patients’ performance status and inflamma-

tory state.8 Thus, even if the current staging could system-

atically evaluate tumor burden and malignancy degree,

determining a novel index that reflects the patient’s inflam-

matory status and facilitates a more precise prognostic

diagnosis and individualized therapy is necessary.

A close relationship was noted between tumor and

inflammation. Chronic inflammation is an important indu-

cer of tumors. In an environment rich in inflammatory

factors, growth factors, and activated matrix, continuous

cell proliferation increases neoplastic risk.9 Inflammatory

factors are essential for tumor cell proliferation, angiogen-

esis, invasion, and migration. These factors also regulate

the communication between tumor and cell matrix, as well

as its interaction with extracellular matrix.10,11

Recently, the number of studies on inflammatory factors

and tumor prognosis has been increasing. Moreover, the red

blood cell distribution width (RDW) is reported to be instruc-

tional in the prognosis of laryngeal squamous cell carcinoma

and nasopharyngeal carcinoma.12,13 The neutrophil-to-lym-

phocyte ratio (NLR) is instructional in the prognosis of head

and neck tumors and intrahepatic cholangiocarcinoma,14,15

and platelet count (PLT) is instructional in the prognosis of

esophageal cancer and lung cancer.16,17 Further, studies have

indicated that RDW, NLR, and PLT may be clinically

instructive for the prognosis of MM patients.18–20

However, the significance of inflammatory indicators

in the prognosis of MM patients still lacks support from

large-scale retrospective data, and whether the comprehen-

sive evaluation of inflammatory indicators could comple-

ment the existing staging system and refine the risk

stratification remains inconclusive. Thus, this study

aimed to determine inflammatory indicators, including

the inflammatory prognostic scoring index (IPSI) which

is composed of RDW, NLR, PLT, and the risk ratio of

these three indexes; to evaluate the role of the IPSI in the

prognosis of patients initially diagnosed with MM; and to

determine whether the IPSI is supplemental to ISS staging.

Materials And Methods
This retrospective study enrolled a total of 175 MM

patients who were newly diagnosed in Henan Provincial

People’s Hospital, Kaifeng Central Hospital, and Xinxiang

Central Hospital from October 2012 to February 2019.

The study was approved by the Ethical Committee of

Henan Provincial People’s Hospital and all patients

involved have signed informed consent. The defining char-

acteristics of MM were based on the 2014 International

Myeloma Working Group.

The exclusion criteria were patients diagnosed with

reactive plasmacytosis, monoclonal gammopathy of

unknown significance, Waldenstrom macroglobulinemia,

amyloidosis, and plasma cell leukemia. In addition, as a

result of poor compliance, limitation of physical fitness

and economics, there were only eight cases of autologous

stem cell transplantation (ASCT), which could not make

effective statistics possible. Therefore, these eight ASCT

cases were excluded from this study. Accordingly, a total

of 205 patients were identified. Among them, 30 patients

(14.63%) were lost to follow-up, finally, 175 patients were

included in the analysis.

All 175 patients received bortezomib-based regimen che-

motherapy, including bortezomib, 1.3 mg/m2, subcutaneous

injection at days 1, 8, 15, and 22; dexamethasone, 40 mg, PO

at days 1, 8, 15, and 22 (BD). bortezomib, 1.3 mg/m2,

subcutaneous injection at days 1, 8, 15, and 22; cyclopho-

sphamide, 300 mg/m2, oral administration at days 1, 8, 15,

and 22; dexamethasone, 40 mg PO at days 1, 8, 15, and 22

(VCD). Patients’ physical fitness and tolerance were taken

into consideration for discretionary reduction. The treatment

duration was 4 weeks, with a total of 6–8 courses.

Maintenance therapy was conducted according to ISS and

lactate dehydrogenase (LDH), and BD regimen was adopted

to relatively high-risk population (ISS III and/or LDH >

250U/L), and immunomodulator such as Lenalidomide or

thalidomide was adopted to relatively middle- and low-risk

population (ISS I or II and LDH≤250U/L).
Clinical data collected were sex, age, and date of

diagnosis. One week prior to the patient’s first chemother-

apy session, laboratory data including bone marrow

plasma cell count, peripheral blood neutrophil count, lym-

phocyte count, RDW, hemoglobin, PLT, serum calcium

ion, serum creatinine, serum LDH, serum albumin, β2

microglobulin, and M protein type were recorded.

Peripheral blood samples were collected from the anterior

elbow vein. The M protein type was obtained by blood
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immunofixation electrophoresis. The NLR was obtained

by dividing the absolute neutrophil count by the absolute

lymphocyte count.

For the three indexes of the IPSI, i.e., RDW, NLR, and

PLT, the optimal RDW cut-off value was determined

according to Di Zhou et al,21 and patients were divided

into the low RDW group (RDW≤14) and high RDW group

(RDW>14). The optimal cut-off value of NLR was deter-

mined according to Kelkitli et al,19 and patients were

divided into the low NLR group (NLR ≤2) and high

NLR group (NLR >2). The optimal cut-off value of PLT

was determined according to Kim et al,20 and patients

were divided into the low PLT group (PLT ≤150) and

high PLT group (PLT >150).

Follow-up assessment was performed every 3 months

in the first year and every 6 months thereafter. Each

assessment included physical examination, laboratory

examination, with or without bone marrow aspiration

according to the patients’ wishes. The last follow-up was

performed in April 2019. Overall survival (OS) was

defined as the time from diagnosis to death or the last

follow-up.

Statistical Analysis
Data analysis was performed using SPSS software version

22.0 (IBM Corp., Armonk, NY, USA). Patients were

divided into groups based on RDW, NLR, and PLT. The

Student’s t-test or chi-square test was used to compare

baseline data characteristics from different groups. The

Kaplan–Meier method and Cox regression model were

used to perform univariate and multivariate survival ana-

lyses. P<0.05 was considered statistically significant.

Results
Patients’ Baseline Characteristics
Of the 175 MM patients, 95 (54.29%) were men and 80

(45.71%) were women. The average age was 61 years

(61.29±9.38). There were 60 (34.29%) monoclonal immu-

noglobulin subtype IgG patients, 57 (32.57%) IgA patients,

23 (13.14%) IgD patients, and 35 (20.00%) light chain

patients. There were 23 (13.14%) cases of ISS stage I, 44

(25.14%) cases of stage II, and 108 (61.71%) cases of stage

III (Table 1).

For RDW, there was no significant difference in age,

sex, bone marrow plasma cell count, ISS stage, monoclo-

nal immunoglobulin subtype, serum calcium level, serum

creatinine level, serum LDH, and β2 microglobulin

between the low RDW group and high RDW group.

However, in the high RDW group, the hemoglobin level

was significantly lower than that in the low RDW group

(79.19±20.43 vs 90.85±22.91, P=0.001) (Table 1).

With regard to NLR, there was no significant differ-

ence in age, sex, bone marrow plasma cell count, mono-

clonal immunoglobulin subtype, and hemoglobin level

between the high NLR and low NLR group. However, in

the high NLR group, significantly more patients presented

with ISS III, serum calcium >2.65 mmol/L, serum creati-

nine >177 µmol/L, serum LDH>250 U/L, and β2 micro-

globulin ≥5.5 mg/L than in the low NLR group (73.30% vs

49.40%, P<0.001; 31.10% vs 16.50%, P=0.023; 44.40%

vs 25.90%, P=0.010; 22.20% vs 8.20%, P=0.010; 73.70%

vs 49.40%, P=0.001) (Table 1).

In the analysis for PLT, there was no significant differ-

ence in age, sex, monoclonal immunoglobulin subtype,

serum creatinine level, and serum LDH level between the

high PLT and low PLT groups. However, the proportion of

patients in the low PLT group who presented with ISS III,

bone marrow plasma cell count >40%, serum calcium

>2.65 mmol/L, and β2 microglobulin ≥5.5 mg/L was sig-

nificantly larger than that of the high PLT group (75.30%

vs 52.00%, P=0.004; 56.20% vs 38.20%, P=0.019;

34.20% vs 16.70%, P=0.007; 75.30% vs 52.00%, P

=0.002). The hemoglobin level in the low PLT group

was significantly lower than that in the high PLT group

(76.97±20.59 vs 89.12±22.02, P<0.001) (Table 1).

Prognostic Factor Analysis For OS
The final follow-up time in this study was April 2019, with

a median follow-up of 33.63 (2.17–79.33) months. At the

last follow-up, 90 (51.43%) patients had died, with a

median OS of 29.33 (23.51–35.49) months. The univariate

analysis indicated that significant OS prognostic factors

were age (P=0.020), number of bone marrow plasma

cells (P=0.005), serum calcium (P=0.002), serum creati-

nine (P=0.048), serum LDH (P<0.001), β2 microglobulin

(P<0.001), RDW (P<0.001), NLR (P<0.001), PLT

(P<0.001), ISS stage (P<0.001), and maintenance therapy

(P<0.001). The multivariate analysis showed that serum

LDH (P=0.004), RDW (P=0.016), NLR (P<0.001), PLT

(P<0.001), and ISS stage (P=0.008) were independent

prognostic factors for OS (Table 2).

Establishment Of The IPSI
In the multivariate analysis, inflammation-related indica-

tors RDW (P=0.016), NLR (P<0.001), and PLT (P<0.001)
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were independent prognostic factors for OS and were

included into the IPSI. The risk scores of RDW, NLR,

and PLT against OS in the multivariate analysis were

calculated according to their risk ratio. The coefficient

with the lowest absolute value was used as the basis, the

coefficient of other variables was divided by this

Table 2 Univariate Analysis And Multivariate Analysis For Overall Survival

Factor Univariate Analysis Multivariate Analysis P Value

Median OS, Mon P Value HR 95% CI

Age, yrs. 0.020 0.349

≤65 33.97 1

>65 17.70 1.26 0.77–2.06

BM plasma cells, % 0.005 0.137

≤40 40.87 1

>40 25.47 1.42 0.90–2.25

Hemoglobin, g/L 0.740

>85 29.33

≤85 26.57

Serum calcium, mmol/L 0.002 0.292

≤2.65 33.97 1

>2.65 17.80 1.30 0.80–2.11

Serum creatinine, μmol/L 0.048 0.635

≤177 33.60 1

>177 19.87 0.88 0.53–1.48

Serum LDH, U/L <0.001 0.004

≤250 31.03 1

>250 13.77 2.24 1.29–3.88

Serum β2-microglobulin, mg/L <0.001

<5.5 46.13

≥5.5 20.63

NLR <0.001 <0.001

NLR≤2 38.07 1

NLR>2 17.00 3.80 2.27–6.36

RDW <0.001 0.016

RDW≤14 43.70 1

RDW>14 25.47 1.85 1.12–3.04

PLT, 109/L <0.001 <0.001

PLT>150 43.70 1

PLT≤150 17.70 3.99 2.42–6.57

ISS <0.001 0.008

ISS I 50.57 1

ISS II 38.07 1.94 0.74–5.06

ISS III 20.63 3.66 1.44–9.27

Maintenance therapy <0.001

Immunomodulator 50.57

BD 20.63

Notes: 1.3 mg/m2, subcutaneous injection at days 1, 8, 15, and 22; dexamethasone, 40 mg, PO at days 1, 8, 15, and 22.

Abbreviations: BM, bone marrow; LDH, lactic dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; RDW, red blood cell distribution width; PLT, platelet count; ISS,

International Staging System; BD, bortezomib.
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coefficient, and the obtained value was rounded to the

closest integer to obtain the risk score of the variable.

Accordingly, at initial diagnosis, RDW>14 (HR 1.85)

was recorded for 1 point, NLR>2 (HR 3.80) for 2 points,

and PLT≤150 (HR 3.99) for 2 points. Then, 0, 1, 2, 3, 4,

and 5 score groups were established based on the inflam-

mation index score (P<0.0001), where there were no sig-

nificant differences in the OS between the 0 score group

and 1 score group, 1 score group and 2 score group, and 4

score group and 5 score group (P=0.084, P=0.222,

P=0.198). Different score groups that were statistically

the same were combined to form the IPSI, which cate-

gorizes patients into the low-risk group (0–2 points), inter-

mediate-risk group (3 points), and high-risk group (4–5

points). In the group analysis, a significant difference in

OS was found among different IPSI groups (P<0.001), and

the OS in the high-risk group was significantly lower than

those in the intermediate-risk group and low-risk group

[8.43 (5.43–11.44) vs 26.43 (21.88–30.99), P<0.001; 8.43

(5.43–11.44) vs 46.40 (37.03–55.77), P<0.001]. In the

intermediate-risk group, the OS was significantly lower

than that in the low-risk group [26.43 (21.88–30.99) vs

46.40 (37.03–55.77), P<0.001] (Figure 1). In the multi-

variate analysis, the IPSI was an independent prognostic

factor for OS (intermediate-risk group HR 2.89, 95% CI

1.60–5.22, high-risk group HR 14.50, 95% CI 7.26–28.93,

P < 0.001) (Table 3).

Subgroup Analysis
The IPSI could be used for further risk stratification in the

ISS I, II, and III groups. The results demonstrated significant

differences in different IPSI stratifications in the ISS I, ISS II,

and ISS III groups (ISS I group P<0.001, ISS II Group

P=0.008, ISS III group P<0.001) (Figure 2A–C).

Significant differences were also found in the IPSI risk

stratification among different groups on age, serum creati-

nine, serum calcium levels, and maintenance treatment

(P<0.001 for age ≤65 years, P<0.001 for age >65 years;

P<0.001 for serum creatinine ≤177 µmol/L group, P<0.001

for serum creatinine >177 µmol/L group; P<0.001 for serum

calcium ion ≤2.65 µmol/L group, P = 0.002 for serum

calcium ion >2.65 mmol/L group; P<0.001 for BD group,

P<0.001 for Immunomodulator group) (Figure 3A and B,

Figure 4A and B, Figure 5A and B, Figure 6A and B).

Discussion
The results showed that the IPSI, comprised of RDW, NLR,

and PLT, played a specific role in the prognosis of patients

preliminarily diagnosed with multiple myeloma in the

Table 3 Multivariate Analysis For Overall Survival Including IPSI

Multivariate Analysis Factor HR 95% CI P Valve

Age, yrs. 0.834

≤65 1

>65 1.06 0.64–1.74

BM plasma cells, % 0.025

≤40 1

>40 1.75 1.07–2.85

Hemoglobin, g/L 0.320

>85 1

≤85 0.78 0.48–1.27

Serum calcium, mmol/L 0.225

≤2.65 1

>2.65 1.34 0.84–2.15

Serum creatinine, μmol/L 0.230

≤177 1

>177 0.73 0.44–1.22

Serum LDH, U/L 0.001

≤250 1

>250 2.75 1.55–4.86

ISS 0.001

ISS 1 1

ISS II 1.93 0.74–5.02

ISS III 4.28 1.69–10.88

IPSI <0.001

IPSI low risk 1

IPSI intermediate risk 2.89 1.60–5.22

IPSI high risk 14.50 7.26–28.93

Abbreviations: BM, bone marrow; LDH, lactic dehydrogenase; IPSS, inflammatory

prognostic scoring system.

Figure 1 Survival curve according to IPSI in all patients.

Liu et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2019:119414

Powered by TCPDF (www.tcpdf.org)

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


bortezomib-based chemotherapy era. Inflammatory response

has been identified as a risk prognostic factor for various

tumors.22–24 The presence of inflammatory factors in tumors

promotes tumorigenesis, development, and immunosuppres-

sion. Besides, tumor susceptibility may be associated with

functional polymorphism in inflammatory factor genes. In

vitro experiments have shown that loss or inhibition of

inflammatory factors could reduce tumor occurrence and

progression.25 Therefore, the level of inflammatory factors

in tumor cells is instructive and meaningful for cell survival,

proliferation, differentiation, and mutation. Based on these

theories, several effective indicators were already adopted to

reflect the inflammatory state of cancer patients and further

evaluate the prognosis.

RDW is a parameter of RBC volume heterogeneity,

which mainly reflects the proportion of heterogeneous RBC

in peripheral blood, thereby predicting the efficiency of RBC

production. RDW increase is usually induced by anemia

caused by insufficient hematopoietic materials or increased

RBC destruction. Therefore, RDW is mainly used for the

diagnosis of anemia, especially iron deficiency anemia and

megaloblastic anemia. Recently, RDW has been recognized

as an inflammation marker, as inflammation could increase

RDW by affecting iron metabolism and inhibiting the body’s

response against erythropoietin.26 It is closely related to

common markers such as C-reactive protein, erythrocyte

Figure 2 (A) Survival curve of IPSI in patients with ISS I. (B) Survival curve of IPSI

in patients with ISS II. (C) Survival curve of IPSI in patients with ISS III.

Figure 3 (A) Survival curve of IPSI in patients with young age (age≤65 years). (B)
Survival curve of IPSI in patients with old age (age>65 years).
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sedimentation rate, soluble tumor necrosis factor, and inter-

leukin-6 in the acute phase during inflammation.27 Studies

have shown that high RDW is an independent prognostic risk

factor for various solid tumors such as lung cancer,28 prostate

cancer,29 cardiovascular disease,30–32 and chronic lympho-

cytic leukemia.33 In MM patients, high RDW also suggests

poor prognosis.34

The systemic inflammatory response of the tumor

could be manifested as a relative change in leukocyte

levels in the circulation, which is an increase in neutrophil

counts and a decrease in relative lymphocyte counts.35–37

Neutrophil increase is caused by de-margination of neu-

trophils, delayed apoptosis, and stimulation of progenitor

cells by growth factors. Lymphocyte decrease is caused by

the redistribution of lymphocytes in the lymphatic system

and acceleration of apoptosis.38 The survival of tumor

cells depends on the proliferative signaling and anti-apop-

totic signaling from the tumor microenvironment, which is

mainly composed of immune cells and cell matrices.39 As

members of the immune cell family, neutrophils and lym-

phocytes play essential roles in tumor invasion, recur-

rence, and metastasis. Souto et al pointed out that

neutrophils could slow tumor progression through cyto-

toxicity and reactive oxygen species secretion during Fas/

Fas ligand interactions.40 However, studies have indicated

that neutrophils could also promote the progression of

malignant tumors by releasing growth stimuli, matrix-

degrading proteases, and angiogenic mediators.41 The

prognostic effect of lymphocytic infiltration on tumors

depends entirely on the phenotype, location, and function

of lymphocytes. CD4+T regulatory cells (T-reg) infiltra-

tion suggests poor prognosis, while CD8+ cytotoxic effec-

tor cell infiltration suggests better prognosis.42 Given the

complexity of immune cell population and its synergistic

and inhibitory effects during tumor infiltration, the inter-

action mechanism between tumor cells and immune cells

Figure 4 (A) Survival curve of IPSI in patients with normal renal function (serum

creatinine ≤117μmol/L). (B) Survival curve of IPSI in patients with Abnormal renal

function (serum creatinine >117μmol/L).

Figure 5 (A) Survival curve of IPSI in patients with low serum calcium (calcium

≤2.65mmol/L). (B) Survival curve of IPSI in patients with high serum calcium

(calcium>2.65mmol/L).
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and the role of immune cell subsets in tumorigenesis

remain to be illuminated, which would become an inter-

esting topic in future cancer research.

NLR could effectively represent the changing propor-

tion in neutrophil and lymphocyte levels, which could

partially indicate the influence of tumor inflammatory

response on the immune system. Recently, several studies

have found that high NLR is an independent prognostic

risk factor for patients with gastric cancer,43 colorectal

cancer,44 post-transplantation hepatocellular carcinoma,45

and diffuse large B-cell lymphoma.46 In MM patients, a

high NLR also suggests poor prognosis.19,20

Platelets are important components of the inflammatory

response and could act directly on tumor cells. Platelets

contain various factors that promote tumor growth, invasion,

and angiogenesis.47 They protect tumor cells from natural

killer cell-mediated cleavage, thereby promoting the metas-

tasis and growth of tumor cells.48 A high PLT is reported to

be significantly associated with poor prognosis in colorectal

cancer,49 gastric cancer,50 and non-small cell lung cancer.51

However, in MM patients, a low PLT is an independent

predictor of poor prognosis.20,52 The reason for the contrary

prediction from solid tumors may be the fact that malignant

plasma cells of MM are produced in the bone marrow, and

platelet production is inhibited along with the accumulation

of plasma cells in the medullary cavity. Moreover, studies

have shown that the half-life of platelet was significantly

shortened in MM patients.53

Recent studies have shown that prognostic scoring

systems based on inflammation, such as the Glasgow

Outcome Score and the Lung Cancer Inflammation

Index, are effective prognostic models for colorectal

metastases and small cell lung cancer.54,55 However, an

inflammation-based prognostic scoring system is rarely

used for survival prediction in MM patients.

This study demonstrated the significance of RDW, NLR,

and PLT in the prognosis of MM patients using univariate

and multivariate analyses retrospectively in a multi-center

cohort. RDW, NLR, and PLT were included in the IPSI for

MM prognostic scoring, and its prognostic significance was

evaluated. In this study, hemoglobin levels were signifi-

cantly lower in the high RDW group than in the low

RDW group. Compared to the low NLR group, a signifi-

cantly larger proportion of patients in the high NLR group

presented with serum calcium >2.65 mmol/L, serum creati-

nine >177 µmol/L, serum LDH>250 U/L, and β2 micro-

globulin ≥5.5mg/L. Moreover, compared to the high PLT

group, a significantly larger proportion of patients in the

low PLT group presented with bone marrow plasma cell

count >40%, serum calcium >2.65 mmol/L, and β2 micro-

globulin ≥5.5 mg/L. Anemia, high calcium, renal dysfunc-

tion, high bone marrow plasma cell count, high LDH level

and β2 microglobulin were some of the poor indicators in

MM prognosis. High RDW, high NLR, and low PLT were

significant factors in the poor prognosis of MM in both

univariate and multivariate analyses. There were significant

differences in OS among IPSI stratifications (low-risk, inter-

mediate-risk, and high-risk groups). In the multivariate ana-

lysis, the IPSI was an independent prognostic factor for OS.

Compared with the single inflammatory prognostic indica-

tor, the IPSI was able to stratify MM patients more

accurately.

We further performed IPSI risk analysis on different

subgroups of ISS staging to determine whether the IPSI

scoring system was a useful complement to the ISS sta-

ging system. Results indicated significant statistical

Figure 6 (A) Survival curve of IPSI in patients with bortezomib-based maintenance

therapy. (B) Survival curve of IPSI in patients with immunomodulator-based main-

tenance therapy.
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differences in different IPSI stratifications among different

subgroups of ISS staging.

Therefore, our multi-center cohort study suggested that

the inclusion of the IPSI to assess patient’s inflammatory

status contributes to a more comprehensive and accurate

prognostic stratification of MM patients, and the IPSI is

expected to be a useful complement to ISS staging.

Previously, Kim DS et al.20 used a myeloma prognostic

index and concluded similar outcomes using CRP, NLR,

and PLT. In the present study, we used RDW instead of

CRP which is closely related to acute-phase reactants such

as CRP. However, clinically, RDW is much easier to

obtain than CRP because almost everyone gets a hemato-

logical test. Therefore in the real world, the inflammatory

prognostic scoring index (IPSI) composed of RDW, NLR

and PLT is more economical and practical. Perhaps with

the continuous improvement of this study, we can make a

baseline risk stratification among MM patients through a

simple hematological test. Although most studies indicate

that inflammatory responses may be associated with poor

prognosis, few studies suggest that cancer infiltration by

inflammatory cells may correlate with a better prognosis in

breast56 and colorectal cancer.57 This difference may be

related to the cancer type, the different patterns of inflam-

mation, and the quantification of inflammatory cell reac-

tion. The possible explanation may be that inflammation

might represent an immune response against the tumor,

which can cause tumor regression. As the molecular

mechanism of a highly systemic inflammatory response

remains unclear, further research is needed. If the inflam-

matory pathway or a signal abnormality could be proven

in a tumor patient with a high inflammatory response, the

inflammatory scoring system could then be more instruc-

tive in further inflammation mechanism research and the

development of new anti-inflammatory drugs.

Certain limitations still exist in this study. First, the

IPSI was determined by retrospective data analysis, and

only 175 cases were included. Second, due to experimental

or economic constraints, most patients did not undergo

chromosomal fluorescence in situ hybridization; thus, the

cytogenetic risk was not included in the univariate and

multivariate analyses of OS. This study did not use

R-ISS staging and could not completely rule out the poten-

tial influence of cytogenetic abnormalities in different IPSI

subgroups. In further studies, patients with complete cyto-

genetic data will be collected continuously and repeat

replication of the IPSI would be added in the R-ISS sta-

ging system for the prognostic evaluation of MM patients.

In addition, given the poor compliance some experimental

data were incomplete. Moreover, because of limited phy-

sical activity and economics, none of patients included in

our study received ASCT; thus, the significance of the IPSI

for progression-free survival and the effect of transplanta-

tion were not assessed. Therefore, the significance of the

IPSI for the prognosis of MM patients still needs further

validation in large clinical independent cohort.
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