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Introduction

Multiple myeloma (MM) is a hematological malignant 
disease characterized by the proliferation of monoclonal 
plasma cells. This disease causes numerous clinical 
complications, including elevated calcium, renal failure, 
anemia, bone lesions, opportunistic infections and weight 
loss (1). Although novel therapeutic measures, such as 
steroids, chemotherapy, thalidomide or lenalidomide and 
stem cell transplant have been developed to yield improved 
clinical outcomes, the relapse rate and mortality remain high 

and the prognosis of MM is also highly heterogeneous (2).  
Thus, the accurate and rapid prediction of disease prognosis 
is essential for treatment planning. Prognostic factors, 
including cytogenetics and International Staging System 
(ISS), have been proposed, but cytogenetics requires complex 
detection methods and expensive costs. Although ISS, which 
is based on albumin and β2 microglobulin, is simpler and less 
expensive than other methods, the prognosis of Asian patients 
through ISS is weaker than that of Westerners. Data used 
to build ISS were obtained before 2002 when few patients 
accepted novel agents (2). Therefore, simple, accurate and 
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inexpensive tumor markers should be established to predict 
recurrence and poor outcomes.

 Chronic inflammation plays a positive role in tumor 
progression. A tumor microenvironment exists in tumor-
type-specific manners. Inflammatory cells in tumor 
microenvironments induce the proliferation and survival 
of cancer cells, promote angiogenesis and metastasis, and 
depress antitumor immunity (3), and inflammatory factors 
in clinical practice may be more easily and cost effectively 
detected. Neutrophils and lymphocytes are regarded as 
cardinal cells closely correlated with local inflammation 
and immune responses (4) and can be easily collected from 
complete blood. Neutrophil-to-lymphocyte ratio (NLR) 
indicates the balance between pro-tumor and anti-tumor 
status and thus a useful index to predict the prognosis of 
patients with malignant tumors.

NLR associated with poor prognosis in many tumor types, 
including lung cancer, laryngeal carcinoma, bladder cancer, 
colorectal cancer, and rectal cancer, has been comprehensively 
examined (5-15). However, we have yet to determine the 
role of NLR in predicting the prognosis of MM when 
bortezomib was developed. In this study, patients with MM 
treated with bortezomib-thalidomide-dexamethasone (VTD) 
in our hospital were retrospectively analyzed to investigate 
the association between NLR and prognosis in Chinese 
MM patients and to determine the optimum value for the 
screening of patients with poor prognosis.

Methods

Patients and data collection

A total of 157 patients newly diagnosed with MM and 
subjected to bortezomib-thalidomide-dexamethasone 
chemotherapy for at least three cycles were followed up at 
the Nanjing Drum Tower Hospital between 2008 and 2016. 
Two patients were excluded because pretreatment NLR 
and pretreatment bone marrow biopsy were unavailable. 
Eleven patients who undergo autotransplantation, and 
eight patients who changed to cyclophosphamide-
thalidomide-dexamethasone chemotherapy after one cycle 
of bortezomib-thalidomide-dexamethasone chemotherapy, 
were also excluded. The data of the 136 remaining patients 
were complete blood count (CBC), serum calcium, 
inorganic phosphorus, alkaline phosphatase (ALP), lactate 
dehydrogenase (LDH), blood urea nitrogen (BUN), serum 
β2 microglobulin and the results of FISH analyses. The 
data obtained from CBC were used to calculate NLR. All of 

the patients provided informed consent for data analysis in 
compliance with the Declaration of Helsinki, and the existence 
of other treatment options was explained in accordance with 
the Ethics Committee of Nanjing University.

Statistical analysis

Overall survival (OS) was calculated from the date of 
diagnosis to the day of death from any cause or the last 
day the patient was known to be alive. Progression-free 
survival (PFS) was determined from the date of inducing 
chemotherapy to death or disease progression. The 
prognostic value of NLR was analyzed by establishing a 
receiver operating characteristic (ROC) curve to select 
the cutoff. Pearson chi-squared or Fisher’s exact test was 
used to assess the association between NLR and clinical 
characteristics. Mann-Whitney text was used to compare 
the values of NLR between patients with and without 
genetic alterations. Kaplan-Meier method was employed to 
estimate survival probabilities, and log-rank test was carried 
out to compare survival differences. Prognostic factors were 
subjected to multivariate analysis by using Cox proportional 
hazards method with the following variables: age, gender, 
hemoglobin (HB), red blood cell distribution width (RDW), 
serum calcium, inorganic phosphorus, ALP, LDH, BUN, 
serum β2 microglobulin, and NLR. All data were analyzed 
using SPSS 13.0 (IBM Corp, Armonk, NY, USA). P<0.05 
was considered significant, and two-sided tests were 
conducted in all of the calculations.

Results

Clinical characteristics

A total of 136 patients were enrolled in this study. The 
median age of the study patients was 61 years (range, 40 
to 80 years). A total of 73 males (53.7%) were examined. 
According to ISS, 106 patients were in stage II and 
accounted for the largest proportion (77.9%), 10.3% of the 
patients were in stage I, and 11.8% of the patients were in 
stage III. The estimated median OS was 27 months, and 
the median PFS was 17 months. Eight patients died during 
follow up. The median absolute neutrophil count was 
2.6×109, with a ranging of 0.7×109 to 8×109. The median 
absolute lymphocyte count was 1.5×109, with a range from 
0.4×109 to 6.5×109. HB ranged from 39 to 158 g/L, and 
its median was 92 g/L. Other clinical characteristics are 
summarized in Table 1.
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Prognostic variables of NLR

The ROC curve confirmed that 2 was the optimal cutoff 
point to discriminate between the survival and death of 
patients in our study. In Figure 1, the area under the curve 
of NLR was 80.9% (P=0.000).

Patient characteristics according to NLR

The correlations between NLR and clinical characteristics 
are shown in Table 2. The patients were divided into 
different groups based on the cutoff value of NLR. Eight-
seven patients presented values of NLR <2, and forty-nine 
patients had NLR ≥2. No significant differences were found 
between the two groups in age, gender, type of monoclonal 
protein, levels of serum β2 microglobulin, RDW, ALP, and 
inorganic phosphorus. By contrast, patients with high NLR 
were significant difference from patients with low NLR in 
the ISS (P=0.000), HB level (P=0.029), LDH (P=0.008), 
calcium (P=0.001), and BUN (P=0.017), which were 
associated with poor prognosis, such as anemia, skeletal 
destruction, and renal failure. The ISS of the patients in 
the high-NLR group was more advanced than those in the 
low-NLR group. The percent of patients with low HB in 
the high-NLR group exhibited a larger percent than the 
other group (28.6% vs. 8.0%). The same phenomenon was 
identified in the content of BUN (51.7% vs. 35.6%).

The results of FISH analyses of 82 MM patients were 
collected (Figure 2). However, no significant differences were 
observed in the value of NLR between patients with and 
without 1q21 amplification. And the same phenomenon was 
found between patients with and without IGH rearrangement.

Survival analysis

The Kaplan-Meier survival analysis demonstrated that 

Table 1 Characteristics of patients

Characteristic Value

Age, yr 61 [40–80]

Gender

Male 73 (53.7)

Female 63 (46.3)

R-ISS

I 14 (10.3)

II 106 (77.9)

III 16 (11.8)

Monoclonal protein

IgG 62 (45.6)

IgA 36 (26.5)

IgD 6 (4.4)

Light chain disease 18 (13.2)

Others 14 (10.3)

OS (month) 27 [2–102]

PFS (month) 17 [0–90]

Hemoglobin (g/L) 92 [39–158]

RDW 14.5 (11.4–31.1)

Absolute neutrophil count, ×109 2.6 (0.7–8)

Absolute lymphocyte count, ×109 1.5 (0.4–6.5)

Serum β2 microglobulin (ng/mL) 4155 [945–20,000]

ALP (IU/L) 76.5 (22.7–436.7)

LDH (IU/L) 158 [43–1,248]

Serum calcium (mmol/L) 2.4 (0.73–3.53)

Inorganic Phosphorus (mmol/L) 1.39 (0.67–10.1)

BUN (mmol/L) 6.4 [2–374]

Data are shown as number (%) or median (range). R-ISS, 
Revised International Staging System; Ig, immunoglobulin; 
OS, overall survival; DFS, disease free survival; ALP, alkaline 
phosphatase; LDH, lactate dehydrogenase; BUN, blood urea 
nitrogen.
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Figure 1 Receiver operating characteristic curve (ROC) and 
area under the curve (AUC) for NLR at diagnosis (AUC=0.809, 
P=0.000; 87.5% sensitivity and 70.8% specificity). The cutoff value 
of NHL was 2. AUC, area under the curve; NLR, neutrophil-
lymphocyte ratio; ROC, receiver operating characteristic curve.
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Table 2 Associations between pretreatment NLR and characteristics of MM patients
Variables NLR <2 (n=87) NLR ≥2 (n=49) χ² P

Age, yr 0.166 0.684

>60 43 26

≤60 44 23

Gender 0.934 0.334

Male 44 29

Female 43 20

R-ISS 20.845 0.000

I 10 4

II 75 31

III 2 14

Monoclonal protein 4.597 0.331

IgG 44 18

IgA 23 13

IgD 2 4

Light chain disease 10 8

Others 8 6

Serum β2 microglobulin (ng/mL) 5.890 0.053

<3,500 34 14

>5,500 23 23

3,500–5,500 30 12

HB (g/L) 4.741 0.029

F<110, M<120 67 45

F [110–150], M [120–160] 20 4

RDW 0.289 0.591

10–15 48 30

>15 39 19

ALP, IU/L 5.116 0.077

40–110 68 36

<40 8 1

>110 11 12

LDH, IU/L 9.606 0.008

135–225 41 27

<135 36 9

>225 10 13

Table 2 (continued)
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patients in the high-NLR group had poorer OS and PFS 
than those in the low-NLR group (χ²=6.503, 6.087, P=0.011, 
0.014) (Figure 3). The 5-year OS and PFS in the high-NLR 
and low-NLR groups were 82.20% vs. 96.67% and 76.58% 
vs. 87.76%, respectively. The multivariate survival analysis 
is shown in Table 3. In the Cox survival analysis, NLR at 
diagnosis was an independent prognostic factor for MM 
patients [95% confidence interval (CI): 0.012 to 0.783, 0.005 
to 0.596, P=0.028, 0.018]. ALP also remained as a prognostic 
factor (95% CI: 0.023 to 0.942, 0.025 to 0.965, P=0.043 and 
0.046). Other potential prognostic factors, including HB, 

RDW, and serum β2 microglobulin, were not significantly 
correlated with OS and PFS (P>0.05). NLR and ALP 
were two prognostic factors for MM patients. Therefore, 
we combined NLR and ALP to explore whether such a 
combination could improve the predicting effect of prognosis 
on MM. We divided patients into two groups. One group 
comprised patients with high NLR and deviant ALP (the 
ALP level did not belong to the range from 40 to 110 IU/L), 
and the other group consisted of the remaining patients. The 
numbers of patients in the two groups were 13 and 123. The 
first group had shorter OS time (35 vs. 93 months) and PFS 

Table 2 (continued)

Variables NLR <2 (n=87) NLR ≥2 (n=49) χ² P

Ca, mmol/L 13.043 0.001

2.25–2.75 56 30

<2.25 24 5

>2.75 7 14

P, mmol/L 2.383 0.304

0.96–1.62 60 35

<0.96 4 5

>1.62 23 9

BUN, mmol/L 5.646 0.017

3.2–7.1 55 21

>7.1 32 28

R-ISS, Revised International Staging System; β2 MG, Serum β2 microglobulin; Ig, immunoglobulin; HB, hemoglobin; RDW, red blood cell 
distribution width; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; BUN, blood urea nitrogen; NLR, neutrophil-lymphocyte ratio; M, 
male; F, female.
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Figure 2 The impact 1q21 amplification or IGH rearrangement on NLR in MM. (A) The impact 1q21 amplification on NLR (P>0.05); (B) 
the impact IGH rearrangement on NLR (P>0.05). NLR, neutrophil-lymphocyte ratio; MM, multiple myeloma.
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Figure 3 The impact of NLR on PFS and OS in MM. (A) Overall survival (P=0.011); (B) progression-free survival (P=0.014). PFS, 
progression-free survival; NLR, neutrophil-lymphocyte ratio; MM, multiple myeloma.
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Table 3 The multivariate survival analysis for OS and PFS outcomes

Covariates
OS PFS

HR 95％ CI P HR 95％ CI P

Univariate analysis

Age (yr) (≤60 vs. >60) 0.315 0.063–1.575 0.160 0.257 0.051–1.296 0.100 

Male vs. female 0.502 0.118–2.140 0.352 0.466 0.110–1.966 0.298 

Hb (g/L) (F:110–150 & M:  
120–160 vs. F<110 & M<120)

0.675 0.083–4.489 0.713 0.566 0.069–4.610 0.595 

RDW (10–15 vs. >15) 2.211 0.442–11.045 0.334 2.127 0.425–10.654 0.359 

ALP (IU/L) (40–110  
vs. <40 & >110)

0.224 0.055–1.809 0.065 0.247 0.060–1.015 0.052

LDH (IU/L) (135–225  
vs. <135 & >225)

2.479 0.540–11.376 0.243 2.530 0.574–11.156 0.220 

Ca (mmol/L) (2.25–2.75  
vs. <2.25 & >2.75)

1.378 0.276–6.884 0.696 1.518 0.305–7.567 610

P (mmol/L) (0.96–1.62  
vs. <0.96 & >1.62)

3.910 0.481–31.803 0.202 3.050 0.374–24.863 0.298

BUN (mmol/L) (3.2–7.1  
vs. <3.2 & >7.1)

0.492 0.117–2.067 0.332 0.497 0.119–2.080 0.338

Serum β2 MG (ng/mL)  
(<5,500 vs. ≥5,500)

0.474 0.117–1.922 0.296 0.415 0.099–1.739 0.229

NLR (<2.0 vs. ≥2.0) 0.161 0.032–0.801 0.026 0.169 0.034–0.840 0.030

Multivariate analysis

ALP (IU/L) (40–110  
vs. <40 & >110)

0.148 0.023–0.942 0.043 0.156 0.025–0.965 0.046 

NLR (<2.0 vs. ≥2.0) 0.098 0.012–0.783 0.028 0.052 0.005–0.596 0.018

HB, hemoglobin; RDW, red blood cell distribution width; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; BUN, blood urea 
nitrogen; β2 MG, Serum β2 microglobulin; NLR, neutrophil-lymphocyte ratio; F, female; M, male.
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time (28 vs. 82 months), and the difference was statistically 
significant (χ²=4.097, 4.028, P=0.043, 0.043) (Figure 4).

Discussion

The prediction of prognosis has been playing an important 
role in treatment planning for MM patients. Inflammation is 
closely related to tumor progression (3), and neutrophils and 
lymphocytes are the main cells to participate in inflammation 
and immune responses (4). Accordingly, we studied the data 
of patients treated in our hospital to determine the association 
between NLR and prediction of prognosis in MM. This 
study showed that the NLR value in MM patients was a 
risk factor for recurrence-free and cancer specific survivals. 
Patients with NLR ≥2 had short durations of OS and PFS, 
advanced stage, high risk of anemia, skeletal destruction, and 
renal insufficiency. Combination of NLR and ALP could be 
a prognostic factor for patients with MM.

Many inflammatory indexes are related to the prognosis 
in MM, such as ALP (16-18). Numerous investigators have 
paid close attention to the prognostic value of NLR in 
malignancies in the last few years (5-15). A meta-analysis, 
including 15 studies about the prognostic role of NLR in 
breast cancer, concluded that high NLR was associated 
with adverse OS and PFS (19). Wei conducted a meta-
analysis about the prognostic role of NLR in urinary cancers 
and obtained the same conclusion (20). Although several 
studies about solid tumors exist, investigators have begun 
focused on hematological malignancies. Keam reported that  
pre-NLR ≥3 was an independent predictor for the poor 
prognosis of patients with diffuse large B-cell lymphoma (21). 
Another study has yielded the same conclusion (22).

High NLRs in patients with MM are associated with 
negative prognosis (23-26). However, the cutoff value of 
NLR was different in four studies. Li (23) selected NLR =2 
as the cutoff value; Shi (24) set NLR =4; Kim (25) obtained 
NLR =2.25; Wongrakpanich (26) set it at NHL=2.78. 
The reasons for the differences among three studies might 
be related to their different areas and the accuracy of 
detecting instruments. We analyzed the data of patients in 
our hospital to determine the most befitting cutoff values. 
We obtained a cutoff value of 2, which was similar to that 
identified by Li. All of these studies were about patients in 
East Asia. Hence, patients with NLR <2 might have a better 
prognosis. We combined NLR and ALP to improve the 
efficiency of NLR in predicting MM prognosis and found 
that patients with high NLR and deviant ALP yielded 
significantly short OS and PFS. This conclusion was not 
presented in the other studies.

Although cytogenetics has been reported to show 
a prognostic value in MM (27,28), it is not a routine 
pretreatment assessment in grass root hospitals, especially 
those in economically less-developed areas. On the contrary, 
hematological test is conducted routinely as an inexpensive 
and convenient laboratory parameter before the treatment 
of cancer patients.

The specific mechanism involved in the interaction between 
increased NLR and poor prognosis of cancer is incompletely 
understood. Some possible explanations can be used to 
interpret this result. First, lymphocytes play an important role 
in the antitumor immunological reaction by preventing the 
proliferation and metastasis of malignant cells (29). Systemic 
inflammation response from malignant cells can cause immune 
suppression by which tumor cells can escape from host immune 

Figure 4 The impact of NLR & ALP on PFS and OS in MM. (A) Overall survival (P=0.043); (B) progression-free survival (P=0.043). The 
NLR was over 2.0 and the level of ALP does not belong to the range from 40 to 110 IU/L in group 2. Group 1 was the rest patients. PFS, 
progression-free survival; ALP, alkaline phosphatase; NLR, neutrophil-lymphocyte ratio; MM, multiple myeloma.
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reaction (30). Second, many types of tumor tissues are infiltrated 
by neutrophils. Tumor-associated neutrophils are related to 
progress in cancer for they are the primary source of circulating 
vascular endothelial growth factor (VEGF), which can accelerate 
tumor-related angiogenesis (31,32). Neutrophils directly help 
tumor cells survive by inducing proliferation (33). Therefore, 
increased NLR, caused by an increase in the number of 
neutrophils and a decrease in lymphocyte count, indicates that 
the balance between pro-tumor and anti-tumor status has been 
disrupted and skewed to a pro-tumor inflammatory condition, 
which leads to tumor progress and poor prognosis.

However, this study is limited by some factors. For 
instance, the sample size used in this study was relatively 
small. Therefore, outcomes, such as NLR cutoffs, should be 
confirmed with a large, multicenter study. Additionally, the 
stage of the disease cannot be precisely judged because of 
the retrospective study design. Further analysis also should 
be performed on the mechanism of increased NLR, which 
contributes to poor prognosis.

In conclusion, this study demonstrated that NLR ≥2  
upon diagnosis was associated with poor prognosis of 
MM patients treated with bortezomib-thalidomide-
dexamethasone chemotherapy, and this parameter might be 
an important marker for the outcome of therapy in patients 
with MM in the Chinese population.
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