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Role of Neutrophil to Lymphocyte Ratio or Platelet to
Lymphocyte Ratio in Prediction of Bone Metastasis of Prostate Cancer
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SUMMARY
Background: Accumulating evidence has revealed that inflammation might play an important role in the genesis
and development of cancer. High levels of neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ration
(PLR) are parameters of systemic inflammation which have been identified to be associated with poor prognosis
in PCa. Bone is one of the most common sites of metastasis from prostate cancer; however, there are few studies
concerning the correlation of NLR, PLR, and bone metastases in PCa. The aim of this study was to evaluate the
performance of neutrophil to lymphocyte ratio (NLR) or platelet to lymphocyte (PLR) in diagnosis of bone metastasis of prostate cancer (PCa).
Methods: Data of 74 PCa patients without metastases, 51 PCa patients with bone metastases, and 43 patients with
benign prostatic hypertrophy (BPH) were retrospectively reviewed. The difference of patients’ clinical and laboratory characteristics of the three groups was comparatively studied. ROC analysis was used to evaluate the benefit of adding NLR or PLR to prostate specific antigen (PSA) in prediction of bone metastases. Depending on this
cutoff value, patients were divided into high-NLR or low-NLR group, high-PLR or low-PLR group.
Results: There were significant differences in NLR and PLR between groups with bone metastases and without
bone metastases (p = 0.044; p = 0.030), while there was no significant difference between NLR and PLR of the patients with localized prostate cancer and BPH (p = 0.462; p = 0.102). NLR and PLR were correlated with PSA level in the patients with prostate cancer (p = 0.006, r = 0.247; p = 0.025, r = 0.200). The distribution of PSA showed
significant differences between the high-NLR and low-NLR group, as well as between the high-PLR and low-PLR
group. By applying the ROC curve method, the AUC values of PSA with NLR or PLR were 0.725 and 0.838 (0.763
- 0.913), respectively. Although PSA + PLR had the largest area, there was no statistical significance between PSA
+ PLR and PSA (p = 0.6992).
Conclusions: NLR and PLR significantly increase in PCa patients with bone metastases and are valuable in the diagnosis of bone metastases in PCa patients.
(Clin. Lab. 2019;65:xx-xx. DOI: 10.7754/Clin.Lab.2018.181040)
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(Roche MODULAR E170). NLR was calculated using
the neutrophil counts and the lymphocyte counts, while
PLR was computed using the platelet counts and lymphocyte counts. All blood samples were collected and
tested before biopsy.

INTRODUCTION
Prostate cancer (PCa) is the most common cancer
among men and is the second leading cause of cancer
death among men in the western world [1]. Bone is the
most common target of distant metastasis, which is an
important factor of cancer progression, and the main
cause of death in prostate cancer. Prostate specific antigen (PSA) is a widely used diagnostic biomarker for
prostate cancer, which can predict bone metastasis of
prostate cancer. Many studies revealed that inflammation might play an important role in the genesis and development of cancer [2-4]. The neutrophil to lymphocyte ratio (NLR) and the platelet to lymphocyte ration
(PLR) are parameters of systemic inflammation which
have been identified to be associated with the prognosis
in several types of malignancies including PCa [5-8].
The baseline NLR and PLR have been reported to be an
independent prognostic factor of prostate cancer and elevated levels of NLR and PLR were associated with
poor survival in PCa. There are few studies concerning
on the correlation of NLR, PLR, and bone metastases in
PCa. In the current study, we aim to find the potential
association between pretreatment NLR and PLR levels
and bone metastases of PCa in order to access the ability of NLR and PLR to identify bone metastases of PCa.

Statistical methods
Continuous variables were presented as the mean and
standard deviation or median (IQR) depending on the
distribution. The correlation of variables was assessed
using Spearman’s correlation. Categorical variables
were presented in percentage form. Chi-square tests
were used to evaluate correlations between categorical
variables and t-tests or Mann-Whitney U was used for
comparison of continuous variables. The NLR and PLR
cutoff values were calculated by the ROC curve based
on Youden’s index. Their diagnostic value was evaluated using the area under the curve (AUC) analyses. Statistical analyses were conducted using SPSS Statistics
version 19.0 (IBM Corp, Armonk, NY, USA). A p-value of less than 0.05 was considered statistically significant. The differences of AUC were accessed using
MedCalc 18.2.1.
RESULTS
Patient characteristics
The median age of the 125 prostate cancer patients included was 66.68 ± 7.40 years and the median PSA value was 67.99 (13.14 - 473.65) µg/L. In the present
study, bone metastases were found in 51 patients by CT
or MR. PCa patients were categorized into groups according to bone metastasis. Clinical characteristics and
blood parameters of the patients of the study groups included in the present study were summarized in Table 1.
We found significant differences in NLR, PLR between
groups with bone metastasis and without bone metastasis (p = 0.044; p = 0.030) (Figure 1A and 1B). We did
not find any significant differences of other parameters
between the two groups. There was no significant difference between NLR and PLR of the patients with localized prostate cancer and BPH (p = 0.462; p = 0.102)
(Figure 1A and 1B). NLR and PLR were correlated
with PSA level in the patients with prostate cancer
(p = 0.006, r = 0.247; p = 0.025, r = 0.200).
ROC analysis was used to measure the sensitivity and
specificity in PCa prediction of NLR, PLR, and PSA
(Figure 2). The AUC analysis of different methods was
listed in Table 2. The cutoff value of NLR was set at
2.35 based on the maximal Youden’s index on the ROC
curve. The cutoff value of PLR was set at 114.52 based
on the maximal Youden’s index on the ROC curve.
Depending on this cutoff value, patients were divided
into high-NLR or low-NLR group, high-PLR or lowPLR group (detailed in Table 3). The distribution of
PSA was significantly different between the two
groups. Depending on the cutoff values, we classified
patients and assessed clinical usefulness of PSA, NLR,

MATERIALS AND METHODS
Study population
A total of 125 patients who were newly diagnosed with
prostate cancer and 43 patients who were newly diagnosed with benign prostatic hypertrophy (BPH) by ultrasound-guided prostate biopsy in Tianjin Medical
University Cancer Institute and Hospital from April
2014 to November 2017 were enrolled in this study.
The medical data of patients regarding their clinical
characteristics including blood cell counts indexes such
as white blood cell, neutrophil, lymphocyte, and platelet
count and prebiopsy prostate specific cancer (PSA) level at diagnosis, clinical tumor stage, and prostate volume were collected. Biopsy Gleason score of patients
who were diagnosed with PCa was also reviewed.
Patients who had evidence of acute prostatitis, systemic
inflammatory diseases, or had a history of hematological diseases, autoimmune diseases, and cerebrovascular
diseases, high-grade prostatic intraepithelial neoplasia,
liver disorders, who had received anticancer therapy or
used anti-inflammatory drugs within 2 weeks before the
biopsy were excluded. We also excluded the patients
whose relevant data were missing or who had other
types of cancer.
Laboratory Data
White blood cell, neutrophil, lymphocyte, and platelet
counts were obtained using an automatic blood cell analyzer (Sysmex XN20[A]) and PSA was obtained using
an electrochemiluminescence immunoassay analyzer
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Table 1. Clinical characteristics and blood parameters of the patients with participants.
Variables median
(range, mean ± SD)
Ages (years)
Neutrophil count
(x 109/L)
Lymphocyte count
(x 109/L)
Platelet count
(x 109/L)
NLR

Benign prostate
hyperplasia
66.58 ± 7.83

Non-bone metastasis

Bone metastasis

p-value

67.22 ± 6.82

65.90 ± 8.17

0.331

3.45 (2.89 - 4.40)

3.52 (2.70 - 4.53)

3.95 (2.56 - 5.29)

0.125

1.84 (1.50 - 2.26)

1.93 (1.39 - 2.32)

1.78 (1.46 - 2.15)

0.351

203.00 (171.00 - 244.00)

202.50 (180.00 - 256.75)

235.00 (181.00 - 278.00)

0.148

1.85 (1.35 - 2.61)

1.86 (1.34-2.34)

* 2.10 (1.69-3.19)

0.044

PLR

112.44 (84.54 - 133.15)

110.71 (90.00-140.68)

* 129.23 (104.92-159.46)

0.030

tPSA (ng/mL)

8.85 (5.55-12.36)

25.45 (9.61-95.14)

601.90 (116.60 - 1270.00)

< 0.001

Prostate volume (cm3)

-

72.20 (54.02 - 119.27)

83.60 (60.48 - 133.95)

0.154

* p < 0.05. Bone metastases compared with non-bone metastases group.

Table 2. AUC analysis of different methods.
Marker

Sensitivity

Specificity

AUC

PSA + NLR

0.529

0.959

0.725 (0.627 - 0.823)

PSA + PLR

0.686

0.905

0.838 (0.763 - 0.913)

PSA

0.706

0.878

0.831 (0.753 - 0.910)

NLR

0.451

0.757

0.606 (0.505 - 0.707)

PLR

0.706

0.568

0.615 (0.515 - 0.714)

Table 3. Association between clinical characteristics of prostate cancer patients and NLR and PLR.
Variable

NLR

p

PLR

≥ 2.35

< 2.35

Age (years)

66.80 ± 9.03
334.00
(36.08 - 976.75)

≥ 114.52

< 114.52

66.62 ± 6.52
52.87
(10.34 - 199.60)

0.907

66.69 ± 8.13
147.00
(20.46 - 783.30)

66.67 ± 6.52
52.87
(10.32 - 195.78)

0.992

<8

6

20

0.235

8

18

0.009

≥8

35

64

59

40

1-2

14

36

27

23

3-4
Prostate volume
(cm3)

27
100.67
(67.69 - 158.80)

48
70.26
(54.58 - 112.21)

40
84.92
(59.13 - 133.95)

35
71.07
(54.43 - 113.31)

PSA µg/L

0.001

p

0.024

Gleason

T
0.351

0.010

PLR, PSA + NLR and PSA + PLR in discriminating
real PCa with bone metastasis.
By applying the ROC curve method, the AUC values of
PSA with NLR or PLR were 0.725 (95% C.I. = 0.627
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0.942

0.079

- 0.823) and 0.838 (0.763 - 0.913), respectively (Table
2). Although PSA + PLR had the largest area, there was
no statistical significance in comparison with PSA (p
= 0.6992).
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Figure 1. Comparison of NLR (A) and PLR (B) in BPH patients, PCa patients without bone metastases, PCa patients with
bone metastases.

Figure 2. ROC curve of different methods.
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mor cells growth. Intra-tumoral infiltration of neutrophils promotes tumor invasion and in turn cancer cells
secret chemokines to attract pro-inflammatory cells into
the tumor microenvironment [24]. In contrast, lymphocytes inhibit tumor cell proliferation and metastasization
mediated by cytotoxic CD8+ and CD4+ expressing T
lymphocytes. So, decreased lymphocytes inhibit anti-tumor immune response. Cells and cytokines involved in
inflammation participate in osteoclast formation and
bone destruction [25-26].
There are some limitations in the present study. First,
this study was derived from retrospective review, the
data for some of the parameters were missing and we
did not take the factors into consideration which might
easily introduce recall bias. Secondly, we were unable
to completely exclude factors that might cause influences to the white blood cell counts in PCa. Thirdly, the
patient data were collected from a single institution and
the sample size was relatively small. Our results need to
be confirmed by large-scaled prospective data from
multicenters.

DISCUSSION
The inflammation parameters can reflect systemic inflammation. As blood-based inflammation parameters,
NLR and PLR can be easily calculated from the neutrophil, lymphocyte, and platelet counts which are from
routine complete blood counts. Several studies accessed
the predictive value of pretreatment measurement of
NLR and PLR in diagnosis of PCa. However, the results
of these studies were controversial [9-14]. The prognostic value of NLR and PLR may indicate the increasing
potential for aggressive disease or tumor progression.
The bone metastases commonly happen in the development of prostate cancer which usually lead to death
from prostate cancer. However, there are few studies focusing on the role of NLR and PLR in the prediction of
bone metastases. In the present study, we observed an
interesting phenomenon that there was no significant
difference between the NLR and PLR levels of patients
with prostate cancer and BPH, but the difference between patients with bone metastases and without bone
metastases was statistically significant.
Several studies reported that NLR and PLR values between PCa patients and patients without PCa were statistically significant [13,15]. However, the controversial
results were found other studies [10,11,16]. The sample
size and the number of the excluding factors of these
studies may influence the property of the patients included. Meanwhile, the inflammation in the BPH patients might cause the insignificant difference between
the PCa patients without bone metastases and BPH patients. Sonpavde et al. also found that NLR was closely
related to PCA metastasis [17]. PSA is an important
predictor for bone metastasis [18]. We also found that
PSA was significantly higher in the PCa patients with
bone metastases than in those without bone metastases
in this study. The association of NLR and PLR with
PSA suggests that NLR and PLR might be related to
bone metastasis. However, there was little change in
predictive accuracy of PSA with or without NLR and
PLR, which may be because the NLR and PLR levels
correlated with PSA levels in patients with PCa.
High levels of NLR and PLR may be associated with
cancer progression, however, the exact mechanisms remains unclear. In the tumor microenvironment, inflammation plays a critical role in carcinogenesis, development, and progression of cancer through facilitating angiogenesis, proliferation, and protecting tumors from
apoptosis, survival of malignant cells, and metastasis
[19]. Tumor cells also generated several kinds of proinflammatory agents to induce more infiltration of inflammatory cells into tumor tissues [20]. An elevated platelet reflects promoting tumor cancer growth and metastasis. Platelets stimulate the invasiveness of PCa cells and
protect tumor cells from natural killer cell cytotoxicity
[21,22]. In breast cancer, platelets were shown to be related to bone metastasis [23]. Neutrophils significantly
influence the tumor microenvironment and mediate tumor progression by producing cytokines to stimulate tu-
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CONCLUSION
Overall, NLR and PLR are significantly elevated in PCa
patients with bone metastases and have clinical value in
the diagnosis of bone metastases in PCa patients.
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