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Abstract

Recent reports identify the ratio between absolute neutrophil count (ANC) and absolute 

lymphocyte count (ALC), called neutrophil to lymphocyte ratio (NLR), as a predictor of 

progression-free survival (PFS) and overall survival (OS) in various malignancies. We 

retrospectively examined the NLR in a cohort of 309 newly diagnosed multiple myeloma (MM) 

patients treated upfront with novel agents. NLR was calculated using data obtained from the 

complete blood count (CBC) at diagnosis and subsequently correlated with PFS and OS. The 

median NLR was 1.9 (range 0.4–15.9). Higher NLR was independent of international staging 

system (ISS) stage, plasma cell infiltration or cytogenetics. The 5-year PFS and OS estimates 

were, respectively, 18.2 and 36.4 % for patients with NLR≥2 versus 25.5 and 66.6 % in patients 

with NLR<2. Among younger patients (age <65 years, N=179), NLR≥2 had a negative prognostic 

impact on both PFS and OS, in all ISS stages. By combining ISS stage and NLR in a model 

limited to young patients, we found that 19 % of the patients were classified as very low risk, 70 

% standard risk and 11 % very high risk. The 5-year estimates were 39.3, 19.4 and 10.9%for PFS 

and 95.8, 50.9 and 23.6%for OS for very low, standard-risk and very high-risk groups. We found 

NLR to be a predictor of PFS and OS in MM patients treated upfront with novel agents. NLR can 

be combined with ISS staging system to identify patients with dismal outcome. However, larger 

cohorts and prospective studies are needed to use NLR as additional parameter to personalise MM 

therapy in the era of novel agents.
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Introduction

The introduction of very active new therapies is changing the outcomes of treatment for 

multiple myeloma (MM) patients. Recent reports indicate that overall survival has increased 

from 4.6 years for patients treated between 2001 and 2005 to unreached median for patients 

treated between 2006 and 2010 [1], after the introduction of novel agents including 

proteasome inhibitors, such as bortezomib and carfilzomib, and immunomodulator agents 

(IMiDs), such as thalidomide and its derivatives lenalidomide and pomalidomide.

A major prognostic system used in MM is the international staging system (ISS) which was 

developed using survival data from patients treated from 1981 through 2002 (in the era 

preceding the availability of novel agents) [2]. The ISS combines serum 2-β-microglobulin 

and albumin levels to classify patients into three groups with different overall survival (OS) 

outcomes. The ISS was validated in both autologous stem cell transplantation (ASCT) 

eligible and ineligible patients, but not in patients treated upfront with novel agents, except 

for thalidomide [3]. Thus, its validity in the era of new therapeutic regimens is unclear [4]. 

Recently, ISS has been evaluated in patients treated upfront with novel agents. In 

combination with lactate dehydrogenase levels and poor cytogenetics, ISS can identify 

patients with high risk of early MM-related death [5].

Moreover, ISS does not take into account the role of the tumour microenvironment in 

sustaining MM recurrence. Recently, the immunological impairment in MM has been 

investigated as an additional tool in predicting outcome [6]. Long-term survival in MM is 

associated with a distinct immunological profile, which is consistent with decreased immune 

suppression [7]. A subpopulation of myeloid cells can suppress T-cell function in both 

murine [8, 9] and human MM [9–13]. These cells, defined as myeloid-derived suppressor 

cells (MDSC), consist of both neutrophils and immature myeloid cells [14, 15]. The real in 

vivo activity of this subpopulation of cells on the function and balance of immune system is 

difficult to measure. A good surrogate in peripheral blood for MDSCs could be the absolute 

neutrophil count (ANC). Considering their potential negative effect of a cellular immune 

response, examination of the ANC to absolute lymphocyte count (ALC), known as a 

neutrophil to lymphocyte ratio (NLR), can have prognostic significance. In fact, NLR has 

previously reported as an independent prognostic marker in solid [16–24] and hematological 

cancers [25], including MM, where NLR≥2 is correlated to poor outcomes [26]. However, 

the impact of NLR on the outcome of MM patients treated upfront with novel agents has 

never been investigated. The aim of our study was to define in a retrospective series a simple 

prognostic index including NLR and ISS to predict outcome of patients from three different 

institutions treated upfront with novel agents.

Methods

Patients and methods

Our analysis included 309 newly diagnosed MM patients treated upfront with novel agents 

in two Italian centres (AOUP Vittorio Emanuele, Catania and Policlinico San Matteo, Pavia) 

and an American centre (Johns Hopkins University, Baltimore) enrolled in phase 2–3 trials 
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(GIMEMA MMY-3006, GIMEMA MM03-05, RV-MM-PI209, J0231) between January 

2006 and December 2012.

Details on treatment regimens and final or ongoing results of these studies have previously 

been reported [27–30]. Institutional review boards of each single centre approved all studies. 

Patients provided written informed consent before entering the studies, performed in 

accordance with the Declaration of Helsinki.

In all patients, complete blood count (CBC) and routine biochemical examinations were 

taken before treatment (including pulsed high dose of dexamethasone) and NLR was 

calculated using data obtained from the CBC differential count.

Statistical methods

Logistic regression was used to construct the index. The event was the progression-free 

survival (PFS) at 3 years from the time of inclusion until the date of progression, relapse, 

death or the date the patient was last known to be in remission.

Independent variables were the following: age, sex, isotype, β2-microglobulin and albumin 

levels, lactate dehydrogenase (LDH) relative to normal levels, ISS, adverse cytogenetics 

defined as t(4;14) or del(17p) by fluorescent in situ hybridization (FISH), NLR, C-reactive 

protein, ESR, and myelomatous bone marrow infiltration.

Qualitative results were summarised in counts and percentages. Descriptive statistics were 

generated for the analysis of results, and a p value under 0.05 was considered significant. 

The Kaplan-Meier method was used to estimate progression-free survival (PFS) and OS. 

PFS was defined as the maximum time from either the start of diagnosis or the start of 

treatment date to the occurrence of death from any cause, disease progression or relapse, or 

censored at the date of last contact. OS was defined as the maximum time from either the 

diagnosis or the treatment date to the date of death from any cause, or censored at the date of 

last contact. PFS and OS curves were compared by the log-rank test. All analyses were 

performed using Graph Pad Prism version 6.00 for Windows, Graph Pad Software, San 

Diego California USA, www.graphpad.com, except proportional hazards model analyses 

which were performed using R programming language (R 2.15.0, Vienna, Austria).

Results

Baseline characteristics of patients are listed in Table 1. Median age was 63 (range 28–88); 

108 patients (35 %) were stage III according to ISS classification. FISH analysis was 

available for 166 (54 %) patients, and when missing was due to artefact in samples or 

insufficient material (in elderly patients). An abnormal karyotype was observed in 43 % of 

the cases, consistent with the expected findings. Adverse chromosomal abnormalities were 

observed in 29/166 (17 %) patients.

Induction regimens for patients eligible for ASCT included thalidomide and dexamethasone, 

with or without bortezomib, according to the GIMEMA MMY-3006 trial [27], or 

lenalidomide and dexamethasone, according to the GIMEMA RV-MM-PI209 [29]; 27 

patients from Johns Hopkins University received bortezomib and thalidomide in a steroid-
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free regimen [30]. Patients not eligible for ASCT received bortezomib, melphalan, 

prednisone with or without thalidomide for 9 cycles, according to the GIMEMAMM-03-05 

trial [28]. Thus, 157 patients (51 %) received bortezomib, 91 (29 %) received lenalidomide 

or thalidomide, 61 (20 %) bortezomib with lenalidomide or thalidomide; 113 (37 %) patients 

underwent to autologous stem cell transplantation (ASCT) as consolidation therapy.

By definition, beta-2 microglobulin and albumin to assess ISS stage and NLR levels were 

available for all the patients. The median NLR was 1.9 (range 0.4–15.9).A higher NLR did 

not correlate with ISS stage, plasma cell infiltration or an adverse karyotype (Fig. 1).

Table 2 summarizes the correlations between the ISS stage and (i) NLR, (ii) use of high-

dose therapy followed by ASCT, (iii) age, (iv) cytogenetics, and (v) single or double-novel 

agent-based induction therapy. As shown, ISS failed to correlate with NLR. However, 

ASCT was more common in patients with lower 1–2 ISS stage (p=0.0007); single novel 

agent use was more common in stage I ISS, while elderly patients (65 years) were more 

frequently stage II or III (p value 0.0003). Since the type of treatment could have impact in 

NLR, we considered separately differences based on the induction regimen (group 1, based 

on proteasome inhibitors alone; group 2, based on IMiDs alone; group 3, based on the 

combo proteasome inhibitor + IMiDs), but no significant differences were found, as reported 

in Supplementary Table 1 and Supplementary Figure 1 (Table 3).

We chose an NLR cut-off of 2 based on previously published reports [26]. The 5-year PFS 

and OS estimates were, respectively, 18.2 and 36.4% for patients with NLR≥2 versus 25.5 

and 66.6%in patients with NLR<2 (p value respectively 0.015 and 0.0002, Fig. 2). NLR was 

assessed separately for ISS stages I, II and III, as shown in Fig. 3. NLR≥2 reduced the PFS 

for stage I (Fig. 3a) and OS significantly for stages I and III (Fig. 3d–f). Conversely, for 

stage I patients with an NLR <2, the outcomes were excellent with 5-year OS estimates of 

89.2 %.

Among younger patients, NLR≥2 had a negative prognostic impact on both PFS and OS, in 

all ISS stages (Fig. 4), while it could not add any prognostic information in the setting of 

older patients (data not shown).

The NLR impact was also assessed on the outcomes for different therapies including 

induction therapy using one- versus two-novel agents based as well as the use or not of high-

dose therapy (Fig. 5). Outcomes for upfront treatment with either single- or double-novel 

agents was independent of NLR status (Table 1). However, the prognostic significance of 

NLR was seen when examining clinical outcomes from ASCT (Fig. 5). The median PFS 

was 22.1 for an NLR≥2 versus 43.4 months for an NLR<2 (p=0.017) and the median OS 

was 57.6 months versus undefined respectively in patients with or without NLR≥2 at 

diagnosis (p=0.002).

Thus, we limited further deeper analysis to the young patients (N=179) and we combined 

ISS stage and NLR (Fig. 6). The ISS-NLR very low-risk group was defined as ISS stage I 

Electronic supplementary material The online version of this article (doi:10.1007/s00277-015-2462-4) contains supplementary 
material, which is available to authorized users.
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and NLR <2; ISS-NLR standard risk was defined by either ISS stage II, ISS stage I and 

NLR≥2, or ISS stage III and NLR <2. Finally, ISS-NLR very high-risk group was defined 

by ISS stage III and NLR≥2. In all, 19 % of the patients were classified in the very low-risk 

group, 70 % standard risk and 11 % very high risk. The 5-year PFS estimates were 39.3, 

19.4 and 10.9 % for ISS-NLR very low, standard-risk and very high-risk groups, 

respectively (Fig. 6a). Figure 6b shows the 5-year OS estimates, which were 95.8, 50.9 and 

23.6% for ISS-NLR very low, standard-risk and very high-risk groups, respectively. In 

panels C and D, we reported the PFS and OS for the same cohort based only on ISS. In 

contrast to the ISS-NLR classification, ISS alone was unable to separate out cohorts based 

on either PFS or OS. In order to overcome statistical bias due to the retrospective analysis in 

a limited series, we split randomly 50:50 the cohort into a training set (N=155) and a 

validation set (N=154, Supplementary Table 2) to test the ISS-NLR risk stratification in the 

whole cohort (Supplementary Figure 2, A1 through B2) and in the subset of patients <65 

years (training test N=85, validation set, N=94, Supplementary Figure 2, A3 through B4). In 

both training and validation sets, the larger part of patients belonged to intermediate-risk 

category (Supplementary Table 2). In the training set, when analysis was limited to young 

patients, the 5-year PFS estimates were 76.3, 42.9 and 25 % for ISS-NLR very low, 

standard-risk and very high-risk groups, respectively, confirmed in the validation set (47.8, 

24.1 and 17.1 %, Fig. 6a). The 5-year OS estimates were 82.1, 42.8 and 50 % for ISS-NLR 

very low, standard-risk and very high-risk groups, respectively, and 100, 61.5 and 22.3 % 

confirmed in the validation set (Supplementary Figure 2).

Discussion

A high neutrophil-to-lymphocyte ratio (NLR) has been reported to have a negative 

prognostic impact in several solid tumours [31] and lymphomas [25]. A recent report 

indicates that a NLR>2 can be considered a bad prognostic factor for both PFS and OS also 

in MM patients. However, in that report, treatment details were not provided and most 

patients were treated upfront with regimens that did not include novel agents (melphalan and 

prednisone, PAD) [26].

Our study retrospectively evaluated the prognostic significance of NLR in newly diagnosed 

patients treated upfront with novel agents, and our findings confirmed the importance of 

NLR in predicting PFS and OS. The prognostic relevance of NLR was even more evident in 

the non-elderly patients and in those treated with ASCT upfront.

The biological significance of NLR and the mechanisms that relate this finding with a poor 

outcome remain to be defined. It probably reflects the immunosuppressive capacity of a 

subpopulation of myeloid cells, the so-called myeloid-derived suppressor cells (MDSC) that 

has been found to be elevated in the peripheral blood and bone marrow of MM patients [9, 

10, 12] and that have many functional and phenotypic similarities with neutrophils [32], but 

this will have to be fully explored in a prospective manner. Myeloid dysfunction could be an 

actor in the immune surveillance imbalance that only high-dose therapy (ASCT) can modify. 

This could explain why NLR is still significantly different in young versus old patients, and 

in particular in those receiving ASCT. To avoid bias in patient selection, NLR should be 

investigated in a larger prospective series.
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Considering the significance of NLR in correlating with clinical outcomes, we also 

examined whether the NLR could improve the prognostic impact of the international staging 

system that is based on levels of albumin and beta-2 microglobulin in peripheral blood and 

distinguishes patients in three prognostic groups, with median survival variable from 62 

months (stage I) to 29 months (stage III) [2]. The ISS staging was retrospectively validated 

on patients treated prior to the advent of new drugs/strategies. Interestingly, in our series, the 

ISS was unable to provide any clear distinction in the outcomes for either PFS and OS. In 

contrast, the addition of NLR to the ISS further defined prognosis particularly in stage I and 

non-elderly patients (<65 years). We thus propose an algorithm that combines these two 

variables to define three groups of patients with different prognosis, which could possibly 

improve the predictive value of the ISS staging system and assist in individualising 

therapies.

For ASCT candidates, a new index based on ISS stage III, high LDH levels and adverse 

cytogenetics has been recently released which identifies a small subgroup comprising 

approximately 5–8 % of patients who die early as a result of disease progression [5]. The 

addition of fluorescent in situ hybridization (FISH) in the same set of patients used to 

validate ISS staging system can add prognostic information resulting in three different 

iFISH-ISS groups with different prognosis [33]. The Intergroupe Francophone du Myelome 

has tested the combination of t(4;14), del(17p) and high β2- microglobulin levels obtaining 

similar results [34].

In our series, ISS-NLR was able to identify a subset of very high-risk patients (11 %) and 

very low-risk patients (19 %) and if confirmed in further series could further improve risk 

stratification in MM treated with novel agents. Other variables such as age, cytogenetics and 

FISH have a tremendous impact on survival and should be taken in account in developing 

novel prognostic score. However, in our series, FISH was available only for half of the 

patients examined, and thus, no correlations with FISH to the ISS_NLR staging can be 

examined. It is highly probably that the use of FISH and other more sophisticated techniques 

such as gene-expression profile or next-generation sequencing has the potential of further 

define the prognostic profile of every single patient. However, such techniques are not 

broadly available. In contrast, the ISS and NLR are easily available for all patients and 

appear to have profound prognostic significance which could be used worldwide to design 

and tailor therapeutic strategies.
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Fig. 1. 
NLR in newly diagnosed MM patients based on ISS stage (a), plasma cell infiltration in 

bone marrow (b) and cytogenetics (c)
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Fig. 2. 
Progression-free survival (a) and overall survival (b) by NLR≥2 (grey line) or NLR<2 

(black line)
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Fig. 3. 
Progression-free survival (a–c) and overall survival (d–f) by ISS stages I, II and III with 

NLR≥2 (grey line) and NLR<2 (black line). Abbreviations: ISS international staging system, 

NLR neutrophil to lymphocyte ratio
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Fig. 4. 
Progression-free survival (a–c) and overall survival (d–f) by ISS stages I, II and III with 

NLR≥2 (grey line) and NLR<2 (black line) in the setting of younger patients (age <65 

years). Abbreviations: ISS international staging system, NLR neutrophil to lymphocyte ratio
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Fig. 5. 
Progression-free survival (a) and overall survival (b) by ASCT with NLR≥2 (grey line) and 

NLR<2 (black line). Abbreviations: ASCT autologous stem cell transplantation, NLR 

neutrophil to lymphocyte ratio
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Fig. 6. 
Progression-free survival (a) and overall survival (b) by ISS-NLR risk stratification in the 

setting of younger patients (age <65 years). ISS-NLR very low-risk group was defined as 

ISS stage I and NLR <2; ISS-NLR standard-risk was defined by either ISS stage II, ISS 

stage I and NLR≥2, or ISS stage III and NLR <2. Finally, ISS-NLR very high-risk group 

was defined by ISS stage III and NLR≥2. Abbreviations: ISS international staging system, 

NLR neutrophil to lymphocyte ratio
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Table 1

Characteristics at baseline of 309 newly diagnosed MM patients

Characteristic Patients
N=309
(100 %)

NLR <2
N=165
(100 %)

NLR ≥2
N=144
(100 %)

p value

Median age, years (range) 63 (28–88) 63 (28–88) 63 (31–88) 0.85

Males, N (%) 161 (52) 88 (53) 73 (51) 0.81

Paraproteins (isotype), N (%)

  Immunoglobulin G 216 (70) 120 (73) 96 (67) 0.30

  Immunoglobulin A 58 (19) 26 (16) 32 (22) 0.23

  Immunoglobulin D-M 4 (1) 2 (1) 2 (1) 0.56

  Light chain only 31 (10) 17 (10) 14 (10) 0.84

WBC, cells/mmc (mean±SD) 5730±261 5654±167 7375±294 <0.0001

ANC, cells/mmc (mean±SD) 3370±194 2771±96 5298±239 <0.0001

ALC, cells/mmc (mean±SD) 1736±69 2271±65 1425±63 <0.0001

NLR(range) 1.9 (0.4–15.9) 1.2 (0.4–1.9) 4.5 (2–16)

Cytogenetics (FISH, IWMG criteria)

  Not available 143 (46) 74 (45) 69 (48) 0.68

  Favourable 137 (44) 79 (48) 58 (40) 0.19

  Adverse 29 (9) 12 (7) 17 (12) 0.19

Serum albumin, g/dL (mean±SD)beta-2 4.0±0.21 4.4±0.4 3.9±0.22 0.95

Microglobulin, mg/L(mean±SD)ESR 4.0±2.6 4.5±5 3.9±2.6 0.48

mm/h(mean±SD) 64±5.6 66.1±3.6 71.1±9.9 0.59

Stage ISS, N (%)

  I 95 (31) 49 (30) 46 (32) 0.79

  II 106 (34) 59 (36) 47 (33) 0.66

  III 108 (35) 57 (34) 51 (35) 0.95

Treatment upfront, N (%)

  Proteasome inhibitors—group 1 157 (51) 74 (45) 83 (58) 0.03

  IMiDs—group 2 91 (29) 56 (34) 35 (24) 0.07

  Proteasome inhibitors+IMiDs—group 3 61 (20) 35 (21) 26 (18) 0.6

  High-dose melphalan and ASCT 113 (37) 61 (37) 52 (36) 0.94

Overall response rate, N (%)

  N (%) 275 (89) 150 (91) 125 (87) 0.35

  CR/VGPR/PR Proteasome inhibitors—group 1 24/25/87 16/9/41 8/16/46

  CR/VGPR/PR IMiDs—group 2 17/11/50 10/9/30 7/2/20

  CR/VGPR/PR Proteasome inhibitors+IMiDs—group 3 18/4/39 12/4/19 6/0/20

ISS international staging system, IMiDs immunomodulatory drugs (thalidomide or lenalidomide), WBC white blood cell count, ANC absolute 
neutrophil count, ALC absolute lymphocyte count, SD standard deviation, CR complete remission, VGPR very good partial remission, PR partial 
remission
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Table 2

Cross-correlations between NLR, high-dose chemotherapy followed by ASCT, age, cytogenetics, single-novel 

agent use and ISS stage

Factor ISS I ISS II ISS III p value

NLR ≥2 44/95 (46 %) 48/106 (45 %) 51/108 (47 %) 0.96

High-dose therapy followed by ASCT 44/95 (46 %) 43/106 (41 %) 26/108 (24 %) 0.0007

Age >65 years 30/95 (32 %) 43/106 (41 %) 65/108 (60 %) 0.0003

Adverse cytogenetics 12/51 (24 %) 7/53 (13 %) 10/62 (16 %) 0.1

Single novel agent 68/95 (72 %) 88/106 (83 %) 92/108 (85 %) 0.04

ISS international staging system, ASCT autologous stem cell transplantation
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