
© 2018 Journal of Laboratory Physicians | Published by Wolters Kluwer - Medknow 363

Is the platelet‑to‑lymphocyte ratio 
a new prognostic marker in multiple 
myeloma?
Serife Solmaz, Ozcan Uzun1, Celal Acar, Omur Gokmen Sevindik2, Ozden Piskin3, 
Hayri Guner Ozsan3, Fatih Demirkan3, Bulent Undar3, Ahmet Alacacioglu4, 
Mehmet Ali Ozcan3, Inci Alacacioglu3

Abstract:
BACKGROUND: Recent reports showed neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte 
ratio (PLR), and monocyte-to-lymphocyte ratio (MLR), as a predictor of progression-free survival (PFS) 
and overall survival (OS) in various malignancies.
MATERIALS AND METHODS: We retrospectively examined the PLR, NLR, and MLR in a cohort 
of 186 newly diagnosed multiple myeloma (MM) patients. This study investigated the prognostic 
relevance of NLR, PLR, and MLR in MM patients. NLR, PLR, and MLR were calculated from whole 
blood counts before therapy. The Kaplan–Meier curves and multivariate Cox models were used for 
the evaluation of survival.
RESULTS: Applying cutoff of 1.9 (NLR), 120.00 (PLR), and 0.27 (MLR), decreased PLR showed 
a negative impact on the outcome. Decreased PLR is an independent predictor for PFS and OS. 
There were no significant differences in median survival between the high and low NLR (P = 0.80) 
and MLR (P = 0.87) groups.
CONCLUSIONS: In this study, thrombocytopenia and low PLR are associated with poor survival 
in MM patients does this P value apply to thrombocytopenia or low PLR and may serve as the 
cost-effective prognostic biomarker.
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Introduction

Multiple myeloma (MM) is the second 
most common hematologic malignancy 

accounting for 1% of all tumors in the adults 
and approximately 15% of all hematologic 
malignancies.[1] MM is characterized by 
abnormal clonal proliferation of plasma 
cells in the bone marrow.[2] MM is a disease 
that affects plasma cells and can lead 
to devastating clinical features such as 
anemia, lytic bone lesions, hypercalcemia, 
and renal disease.[3,4] Proliferation and 
survival of these malignant plasma cells 

heavily depend on signals coming from 
the microenvironment. Cytokines and 
growth factors (interleukin‑6 [IL‑6], vascular 
endothelial growth factor, insulin‑like 
growth factor 1, tumor necrosis factor, 
transforming growth factor β1, and IL‑10) 
are produced by stromal cells in the 
microenvironment that regulate myeloma 
cell growth, survival, and migration.[5] These 
inflammatory cytokines were also shown 
to have prognostic effect in patients with 
MM.[6] The international staging system (ISS) 
has demonstrated the prognostic value 
of serum β2 microglobulin and albumin 
levels in patients with MM.[7] Recently, 
platelet‑to‑lymphocyte ratio (PLR), 
neutrophil‑to‑lymphocyte ratio (NLR), 
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and monocyte‑to‑lymphocyte ratio (MLR) are gaining 
ground as valuable prognostic markers in solid and 
other hematologic malignancy.[8‑14] Therefore, our study 
aimed to investigate the role of pretreatment PLR, 
NLR, and MLR on the survival time of patients with 
MM. There are a number of studies investigating the 
relationship between NLR, MLR, and PLR and prognosis 
with myeloma patients in the literature. However, the 
relationship between PLR and prognosis has not been 
clearly demonstrated.

Materials and Methods

This retrospective study analyzed 186 newly diagnosed 
MM patients between 2005 and 2015 in the Department 
of Hematology, Dokuz Eylul University of Turkey. 
We described the age, gender, disease staging, 
immunoglobulin (Ig) subtypes at diagnosis, and 
survival of all patients. In all patients, complete blood 
count (CBC), biochemical examinations (including 
calcium, lactate dehydrogenase, albumin, and β2 
microglobulin), erythrocyte sedimentation rate, and 
C‑reactive protein were taken at the diagnosis, and 
ISS was used as the staging criterion. Samples for 
laboratory investigations were collected in a standard 
and dispensed into appropriate bottles. Complete 
blood was performed with Beckman Coulter LH 780 
among automated systems, and PLR, NLR, and MLR 
were calculated using data from the CBC count at the 
time of diagnosis. The PLR was calculated as platelet 
count divided by the absolute lymphocyte count, 
NLR was calculated as the absolute neutrophil count 
divided by the absolute lymphocyte count, and MLR 
was calculated as the absolute monocyte count divided 
by the absolute lymphocyte count of treatment‑naive 
patients.

Statistical analysis
Data were entered analyzed using Statistical Package 
for the Social Sciences (SPSS) statistics v 21.0 (Armonk, 
IBM Corp., N.Y., U.S.A). Pearson’s Chi‑square test 
for discrete variables or the Kruskal–Wallis test 
for continuous variables was used to compare the 
patient characteristics. The Kaplan–Meier method 
was used to estimate progression‑free survival (PFS) 
and overall survival (OS). OS was defined as the time 
from diagnosis to death as a result of any cause. PFS 
was defined as the time from diagnosis to disease 
progression. PFS and OS curves were compared using 
the log‑rank test. We determined the optimum cutoff 
points for the NLR and PLR as a predictor for OS 
based on the receiver operating characteristic (ROC) 
curve. The optimum cutoff points were the point on 
ROC curve. NLR, PLR, MLR, age, and ISS staging all 
were tested in the multivariate analysis. P < 0.05 was 
considered statistically significant.

Results

The baseline characteristics of the patients are summarized 
in Table 1. Among 186 MM patients, 56% were male, 
and 44% were female. The median age was 60 years 
(range 29–89). ISS staging of patients had been diagnosed 
with Stage I 24%, Stage II 28%, and Stage III 35% (not 
evaluated in 13% of the patients). The most prevalent 
MM type was IgG (51%). Forty‑one patients (8%) had 
severe renal failure.

Among all patients 100 (54%) received vincristine/
doxorubicin/dexamethasone, 34 (18%) received 
cyclophosphamide/dexamethasone, 21 (11%) received 
bortezomib/dexamethasone, and 31 (17%) were taken 
another regimens as induction regimens. A total 
of 115 (62%) were directed to autologous stem cell 
transplantation as part of induction regimen.

At the end of follow‑up time (median: 44 months), 82 
deaths (44%) were recorded. The median OS and PFS were 
44 months (2–146 months) and 24 months (0–104 months), 
respectively. The OS and PFS were 96% and 80% at 
1 year, while OS and PFS were 52% and 25% at 5 years, 
respectively.

ISS staging was reported in only 161 (86.5%) of patients 
whom β2 microglobulin and albumin values were 
assessed. The median OS and PFS were calculated for all 

Table 1: The baseline characteristics of the patients
Characteristics Value
Median age 60 (29-89)
Gender (%) male 104 (56)
Hb (g/dl) 11±5
WBC (mm3) 7±4
ANC (mm3) 3.9±1.8
ALC (mm3) 1.9±0.9
Platelet (×103/mm3) 228.00±88.00
Median LDH (U/L) 226±107
Sedimentation rate (mm/h) 82±33
Serum albumin (g/dL) 3.5±0.75
Serum β2 microglobulin (mg/L) 6.4±7

Ig type (%)
Ig G 95 (51)
Ig A 43 (16.7)
Liğht Chain kappa and lambda 26 (14)

Another 22 (18.3)
ISS stage (%)

I 45 (24)
II 52 (28)
III 64 (35)

Not evaluated 25 (13)
Stem cell transplantation (%) 115 (62)
Death (%) 82 (44)
ISS = International staging system, WBC = White blood counter, ANC = Absolute 
neutrophil count, ALC = Absolute lymphocyte count
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ISS stages. The median OS and PFS were 59 months and 
33 months, respectively, for ISS I. The median OS and PFS 
were 44 months and 24 months, respectively, for ISS II, 
and 31 months and 16 months, respectively, for ISS III. 
We found a statistically significant relationship between 
ISS staging and OS (P = 0.001) and PFS (P = 0.001) in 
multivariate analysis.

The cutoff values for NLR, PLR, and MLR were not 
uniform in the previous reports for cancers. Hence, 
we performed ROC curve analysis for finding optimal 
cutoff points for the PLR, NLR, and MLR. The median 
NLR was 1.9 (range 036–9.4), the median PLR was 120.00 
(range 7.50–765.00), and MLR was 0.27 (range 0–1.1). 
Based on the cutoff points for the NLR, PLR, and MLR, 
the patients were categorized into the groups as follows: 
high NLR group (≥1.9), low NLR group (<1.9) (with 
a sensitivity of 52.9% and specificity of 46.3%), high 
PLR group (≥120.00), low PLR group (<120.00) (with 
a sensitivity of 42.3% and specificity of 57.3%), high 
MLR group (≥0.27), and low MLR group (<0.27) (with 
a sensitivity of 48% and specificity of 51%).

There was no statistical difference in OS between high 
NLR and low NLR groups (45 months [4–146 months] 
and 43 months [2–130 months]; P = 0.80, consistency). 
However, the OS of high PLR group was higher 
than low PLR group (48 months [4–146 months] and 
40 months [2–109 months] P = 0.006, consistency) [Figure 1].

There was no significant difference in PFS between high 
NLR and low NLR groups (16 months [2–72 months] 
and 24 months [3–98 months], P = 0.14, consistency). 
H o w e v e r ,  t h e  m e d i a n  P F S  w a s  h i g h e r  i n 
high PLR group (26 months [2–104 months] and 
22 months [2–98 months], P = 0.005, consistency) [Figure 2].

The 5‑year PFS and OS estimates were 51% and 56% for 
patients with PLR <120.00 group versus 61% and 66% in 
patients with PLR ≥120.00 group, respectively (P = 0.006, 
consistency). The baseline characteristics of the patients 
in PLR groups are summarized in Table 2.

We studied that the prognostic value of MLR also. 
However, there was no significant difference in PFS 

Figure 1: (a) The impact of platelet‑to‑lymphocyte ratio on overall survival in multiple myeloma patients, (b) the impact of platelet‑to‑lymphocyte ratio on progression‑free 
survival in multiple myeloma patients

a b

Figure 2: (a) The impact of neutrophil‑to‑lymphocyte ratio on overall survival in multiple myeloma patients, (b) the impact of neutrophil‑to‑lymphocyte ratio on progression‑free 
survival in multiple myeloma patients

a b
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and OS between high and low MLR groups (PFS: 
24 months [2–104 months] and 24 months [2–98 months], 
P = 0.81; OS: 43 months [4–146 months] and 
44 months [2–130 months], P = 0.87).

We examined affecting to OS of five variables, namely 
NLR, PLR, MLR, young age, and all ISS stage within 
multivariate analysis. We found that PLR, NLR, and 
ISS stage were statistically significant independent 
predictors for OS in the multivariate analysis [Table 3].

We made a subgroup analysis for each ISS stage for all 
patients; we combined the ISS stage and PLR. As shown in 
Table 4, OS and PFS were lower in all ISS subgroups of the 
patients with PLR <120.00; however, survival times were 

lowest in patients with ISS III and PLR <120.00. Thus, 
ISS‑PLR very high‑risk group was defined in this group 
with ISS stage III and PLR <120.00. At the same time, as 
shown in Table 4, OS and PFS were highest in patients 
with ISS I and PLR ≥120.00. As a result, this group with 
ISS I and PLR ≥120.00 was defined as a ISS‑PLR low‑risk 
group. In all, 13, 5% of the patients were classified into 
the very low‑risk group (ISS stage I and PLR ≥120.00), 
65% in standard risk group (patients not included in 
other two groups), and 21,5% in very high‑risk group (ISS 
Stage III and PLR <120.00). The 5‑year OS estimates were 
88% (93 months), 71% (63 months), and 22% (42 months), 
for ISS‑PLR very low, standard, and very high‑risk 
groups, respectively. The 5‑year PFS estimates were 70%, 
30%, and 10% in ISS‑PLR very low, standard, and very 
high‑risk groups, respectively [Figures 3 and 4].

There was no statistical significance between PLR groups 
for OS and PFS in the different treatment regimen 
subgroups. Since the numbers of patient were very small 
and the groups were heterogeneous.

Discussion

During systemic inflammation, neutrophilia and relative 
lymphopenia are expected as physiological response of 
the innate immune system.[15] Recently, the immunological 
profıle of patients with MM has been investigated in many 
studies, and the distinct immunological profile has been 
found to be associated with overall survival.[16] The NLR 
directly reflects the balance between neutrophilia and 
lymphopenia. A high NLR has been shown to be associated 
with poor prognosis for pancreatic, esophageal, rectal, 
lung, gastric, breast, ovarian cancer, and hematologic 
malignancy.[12,17‑19] NLR can be prognostic factor in severe 
disease conditions and various cancers. In the literature, 
there are some discrepancies about the effect of NLR on 
OS in patients with hematologic malignancies.[10,11,20,21] 
Wongrakpanich et al. found a significant relationship 
between high NLR and OS in the patients with MM (NLR 
cutoff point 2.59).[11] In another study, which was reported 
by Kelkitli et al., the study groups were divided into two 
groups according to the NLR cutoff point of 2.0. They 
found that MM patients with a NLR <2.0 survived longer 
compared with NLR >2.0.[10] This was the first study that 
found a significant relationship between NLR and OS in 
MM. Romano et al. found NLR to be a predictor of PFS and 
OS in MM patients treated upfront with novel agent. They 
showed that the 5‑year PFS and OS estimates were 18.2% 
and 36.4% for patients with NLR >2.0 versus 25.5 and 66.6% 
in patients with NLR <2.0. The prognostic relevance of 
NLR was even more prominent in the young patients and 
treated with autologous stem cell transplantation upfront.[20]

In contrast to these studies, Atallah et al. did not able 
to show any significant relationship between OS 

Table 3: The results with multivariate analysis of the 
neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte 
ratio, monocyte-to-lymphocyte ratio, age, and 
international staging system for overall survival
Variables P
PLR (<120.00 vs. ≥120.00) 0.01
NLR (<1.9 vs. ≥1.9) 0.045
MLR (<0.27 vs. ≥0.27) 0.3
Age (<65 vs. >65) 0.42
ISS (I, II, III) 0.001
PLR = Platelet-to-lymphocyte ratio, ISS = International staging system, 
NLR = Neutrophil-to-lymphocyte ratio, MLR = Monocyte-to-lymphocyte ratio

Table 2: The baseline characteristics of the patients 
according to platelet-to-lymphocyte ratio groups
Characteristics Low PLR 

n=94 (%)
High PLR
n=92 (%)

Median age 61 (33-85) 59 (29-89)
Gender % male 50 (53) 54 (58)
Hb (g/dl) 10±2 12±6
WBC (mm3) 7±5 7±2
ANC (mm3) 3.5±1.5 4.4±2
ALC (mm3) 2.4±0.9 1.5±0.6
Platelet (×103/mm3) 183.00±62.00 273.00±88.00
Median LDH (U/L) 222±119 230±94
Sedimentation rate (mm/h) 84±33 79±33
Serum albumin (g/dL) 3.3±0.7 3.7±0.7
Serum β2 microglobulin (mg/L) 6.9±8 5.9±6

Ig type
Ig G 55 (58.5) 40 (43.5)
Ig A 24 (25.5) 19 (20.2)
Liğht Chain kappa and lambda 8 (8.5) 18 (20)

Another 7 (7.4) 15 (16.3)
ISS stage

I 20 (21) 25 (27)
II 27 (29) 25 (27)
III 40 (43) 24 (26)

Not evaluated 7 (7) 18 (20)
Stem cell transplantation 55 (58) 60 (65)
Death 35 (37) 47 (51)
ISS = International staging system, WBC = White blood counter, ANC = Absolute 
neutrophil count, ALC = Absolute lymphocyte count, PLR = Platelet-to-lymphocyte ratio
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Figure 3: The impact of platelet‑to‑lymphocyte ratio on progression‑free survival according to the international staging system Stages I, II, and III

Figure 4: The impact of platelet‑to‑lymphocyte ratio on overall survival according to the international staging system Stages I, II, and III

and NLR. They used 2.28 as NLR cutoff point. They 
defended their result on the basis of small sample 
size (96 patients).[21] We also did not find any statistical 
significant relationship between OS and NLR groups, 
although the survival seems to be better in low NLR 
group but not statistically significant (5‑year OS: 66% 
in low NLR, 54% in high NLR, P = 0.80). Due to these 
discrepancies, we think that prospective studies are 
needed, to clarify the effect of NLR on OS.

As the reactive thrombosis may be related to 
inflammatory response, the interaction between PLR 
and prognosis has been investigated in many studies, 

and high PLR was reported as a predictor of poor 
prognosis in both hematological and nonhematological 
malignancies.[11,13,14,22,23] However, in contrast to these, a 
low platelet count or low PLR have been demonstrated 
to be a poor prognostic factor in myeloma patients.[24‑26] 
This difference in MM may be due to the pathology 
of the disease. Normal thrombopoiesis is inhibited 
by the accumulation of malignant plasma cells in the 
bone marrow in MM. The inflammatory response is 
related to cancer pathophysiology, the markers of 
inflammation, such as lymphocyte count, platelet count, 
C‑reactive protein, and hypoalbuminemia, have been 
investigated in cancer. Takagi et al. investigated the 

Table 4: Progression-free survival and overall survival results according to ISS and PLR
OS ISS I ISS II ISS III

Events/n 3-years estimate (%) P Events/n 3-years estimate (%) P Events/n 3-years estimate (%) P
PLR <120 20/45 74 0.017 27/52 76 0.045 40/64 22 0.009
PLR ≥120 25/45 96 0.018 25/52 77 0.01 24/64 51 0.90
PFS Events/n 3-years estimate (%) P Events/n 3-years estimate (%) P Events/n 3-years estimate (%) P
PLR <120 20/45 50 0.008 27/52 47 0.015 40/64 10 0.007
PLR ≥120 25/45 68 0.05 25/52 56 0.019 24/64 21 0.4
PLR = Platelet-to-lymphocyte ratio, ISS = International staging system, PFS = Progression-free survival, OS = Overall survival
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association of platelet activation status with clinical 
stages in MM patients and showed the role of platelets 
in MM progression. They found that IL‑1β is critical to 
platelet‑mediated MM progression.[27] In another study 
shown also that the half‑life of platelets has been reported 
to be significantly reduced in patients with MM.[28] In 
the study by Shi et al., it was shown that elevated NLR 
and MLR and decreased PLR were associated with 
unfavorable outcomes in newly diagnosed MM patients. 
The cutoff points for NLR, PLR, and MLR were 4, 100, 
and 0.3, respectively, in their study.[29]

In this study, we evaluated the prognostic significance of 
PLR in newly diagnosed myeloma patients and found a 
statistically significant difference in OS and PFS between 
patients with high and low PLR (OS: 48 months and 
40 months P = 0.006; PFS: 26 and 22 months P = 0.005). 
However, high NLR and MLR did not affect the survival 
times significantly in the MM patients. We think this may 
be due to low sample size of our study.

Onec et al. showed that high NLR was associated 
with poor prognosis in the myeloma patients.[29] Li 
et al. retrospectively analyzed 315 newly MM patients 
and showed that MM patients with high NLR(>2) 
experienced shorter OS (P = 0.02) and PFS (P = 0.01).[30] 
However, the differences in OS and PFS by PLR were 
not found in these MM patients. Contrary to this, in 
this study, it was shown that there were statistically 
significant effects of PLR on OS and PFS in MM patients; 
however, there were no significant differences of OS 
and PFS according to NLR and MLR in MM patients. 
However, in multivariate analysis, it was concluded that 
PLR, NLR, and ISS stages were statistically significant 
independent predictors for OS.

Conclusions

As a result, we concluded that PLR is a significant 
prognostic factor for OS and PFS in newly diagnosed 
MM patients. The prognostic effect of PLR, NLR, and 
MLR in MM patients is still unclear. Further prospective 
studies will be necessary to the use of PLR as a prognostic 
marker in MM patients in routine practice.
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