Medicine

| observational study

Prognostic value of neutrophil-to-lymphocyte ratio
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Abstract N\
The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have been presented to be a prognostic indicator in |
several types of cancer. However, these issues have not been concluded yet. The present study was therefore performed to
determine the prognostic value of NLR and PLR in gastric cancer (GC).

A total of 182 GC patients, diagnosed between January 2011 and January 2014, were enrolled in the study. The
clinicopathological parameters, laboratory analyses, and outcomes were collected. The association between NLR, PLR, and
clinicopathological characters was analyzed with univariate and multivariate analyses.

NLR was significantly related to age (P=.026), surgery (P=.006), node status (P=.004), and clinical stage (P=.009). The median
overall survival (OS) and progression-free survival (PFS) were poor in the High-NLR group (OS: 36.0 vs 20.5 months, P < .001, PFS:
33.0 vs 12.0 months, P<.001) and High-PLR group (OS: 31.5 vs 18.5 months, P=.003, PFS: 26.0 vs 11.0 months, P=.01).
Multivariate analyses indicated both surgery [for OS hazard ratio (HR)=2.092, 95% confidence interval (95% Cl): 1.345-3.253,
P=.001; for PFS HR=1.939, 95% CI: 1.259-2.988, P=.003] and NLR (for OS HR=1.585, 95% Cl: 1.011-2.485, P=.045) were
independent prognostic factors.

Elevated NLR and PLR were related with poor prognosis in GC patients before treatment. The NLR was an independent
prognostic factor for OS. More studies should be conducted to address the potential prognostic value of NLR and PLR in GC.

Abbreviations: AUC = area under the curve, Cl = confidence interval, GC = gastric cancer, HR = hazard ratio, NLR = neutrophil-
to-lymphocyte ratio, OS = overall survival, PFS = progression-free survival, PLR = platelet-to-lymphocyte ratio, ROC = receiver

operating characteristics, TNM = tumor-node-metastasis.
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1. Introduction

Gastric cancer (GC) is one of the most common causes of cancer-
related deaths even with improvements in treatment modalities.!"!
The ability to predict the precise prognosis is critical for choosing
the personally treatment plan and follow-up strategies for a
patient. The established prognostic factors were tumor, node,
tumor-node-metastasis (TNM) stage, and pathological type,
etc.”! However, it was reported that even within the same tumor
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stage, the clinical outcomes of patients can be heterogeneous.'!

This implies that further studies should be performed to find more
prognostic factors for taking into account.

The role of the systemic inflammatory response in cancer has
been highlighted in several studies.'*"®! A significant association
between elevated neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR) with poor prognosis in
various types of cancer has been shown.” %" Compared with
other factors, NLR and PLR are easily, routinely, and
inexpensively obtained. Although several studies have valued
the relationship between NLR, PLR, and the prognosis of GC, the
prognostic importance of these inflammatory markers is still in
controversy.

We conducted this study to evaluate the relationship between
NLR, PLR, and survival of GC, and investigate the prognostic
value of NLR and NLR in GC patients before treatment.

2. Materials and methods

2.1. Study population

This study included 182 histologically confirmed gastric
adenocarcinoma cases, which were diagnosed in Kunshan
First People’s Hospital Affiliated to Jiangsu University
between January 2011 and January 2014. Patients with
incomplete follow-up data or active concurrent infection were
excluded. At recruitment, personal data of each participant
regarding clinical characters and survival information were
collected from clinical record or family contact. The overall
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survival (OS) was defined as time from the data of diagnosis to
the data of death or last visit. The progression-free survival
(PFS) was calculated from the time of diagnosis to the time of
progression, relapse, death, or the last follow-up. This
prospective observational study was reviewed by our Institu-
tional Review Board and written informed consent was
provided by each patient.

2.2. Data collection

Clinical characteristics including age, gender, surgery, chemo-
therapy, tumor location, clinical TNM stage, pathologic type as
well as outcomes were collected. The tumors were staged
according to the TNM staging system of the American Joint
Committee on Cancer (AJCC 7th ed., 2010). The blood cell
counts including neutrophil, platelets, and lymphocyte before
treatment were extracted from the medical records. The NLR was
calculated by dividing the absolute neutrophil count by the
absolute lymphocyte count. In the same way, PLR was defined as
the absolute platelet count divided by the absolute lymphocyte
count.
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2.3. Statistical analysis

The optimal cutoff values of NLR and PLR were estimated by the
receiver operating characteristics (ROC) curve. The area under
the curve (AUC), sensitivity, and specificity were calculated.
Continuous variables were expressed using mean +SD. Compar-
isons between groups were performed using Chi-squared test.
The Kaplan—-Meier method and log-rank tests were used to
compare survival curves. Moreover, we conducted multivariate
analyses to assess the effects of multiple covariates on the survival
outcome. Hazard ratios (HRs) estimated from the multivariable
analysis were expressed as relative risks with 95% confidence
interval (95% CI). For all the analyses, a 2-sided P value of <.05
was defined as significant. Statistical analyses were performed
using SPSS version 16.0 (SPSS, Chicago, IL).

3. Results

3.1. Clinicopathologic characteristics

The clinical/pathological characteristics of the 182 patients are
summarized in Table 1. Of 182 patients, 122 (67%) were male,

Association of the patients’ characteristics with the platelet-to-lymphocyte and neutrophil-to-lymphocyte ratios.

NLR PLR
Characteristics All n=182 (%) <2.88 n=84 (%) >2.88 =98 (%) P <172 n=118 (%) >172 n=64 (%) P
Age, y .026 079
>65 92 (50.5) 35 (41.67) 57 (58.16) 54 (45.76) 38 (59.38)
<65 90 (49.5) 49 (58.33) 41 (41.84) 64 (54.24) 26 (40.62)
Sex .827 106
Male 122 (67.0) 57 (67.86) 65 (66.33) 84 (71.19) 38 (59.38)
Female 60 (33.0) 27 (32.14) 33 (33.67) 34 (28.81) 26 (40.62)
Tumor location .637 465
cardia 56 (30.77) 25 (29.76) 31 (31.63) 40 (33.90) 16 (25.0)
Gastric body 78 (42.86) 34 (40.48) 44 (44.90) 48 (40.68) 30 (46.88)
antrum 48 (26.37) 25 (29.76) 23 (23.47) 30 (25.42) 18 (28.12)
Surgery .006 071
No 48 (26.37) 14 (16.67) 34 (34.69) 26 (22.03) 22 (34.38)
Yes 134 (73.63) 70 (83.33) 64 (65.31) 92 (77.97) 42 (65.62)
Chemotherapy 191 710
No 31 (17.03) 1(13.10) 20 (20.41) 21 (17.80) 10 (15.63)
Yes 151 (82.97) 73 (86.90) 78 (79.59) 97 (82.20) 54 (84.37)
Histologic type 478 200
Poorly differentiated 121 (66.48) 52 (61.90) 69 (70.41) 73 (61.86) 48 (75.00)
Moderately differentiated 57 (31.32) 30 (35.72) 27 (27.55) 42 (35.59) 15 (23.44)
Well-differentiated 4 (2.20) 2 (2.38) 2 (2.04) 3 (2.55) 1 (1.56)
Depth of invasion .083 818
T 3(7.14) 7 (8.33) 6 (6.12) 0 (8.47) 3 (4.69)
T2 6 (8.79) 12 (14.29) 4 (4.08) 0 (8.47) 6 (9.38)
T3 38 (20.88) 15 (17.86) 23 (23.47) 24 (20.34) 14 (21.87)
T4 115 (63.19) 50 (59.52) 65 (66.33) 4 (62.72) 41 (64.06)
Node status .004 .097
NO 9 (21.43) 5 (29.76) 4 (14.29) 0 (25.42) 9 (14.06)
N1 7 (20.33) 2 (26.19) (15 31) 27 (22.88) 10 (15.63)
N2 51 (28.02) 7 (20.24) 4 (34.69) 8 (23.73) 23 (35.94)
N3 5 (30.22) 0 (23.81) (35 71) 3 (27.97) 22 (34.37)
Stage .009 157
| 9 (10.44) 11 (13.10) 8 (8.16) 4 (11.87) 5 (7.81)
Il 33 (18.13) 22 (26.19) 11 (11.23) 6 (22.03) 7 (10.94)
[ 9 (48.90) 39 (46.43) 50 (561.02) 55 (46.61) 34 (563.13)
v 1 (22.53) 12 (14.28) 29 (29.59) 3 (19.49) 18 (28.12)

NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, bold P values <0.05.
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Figure 1. Kaplan-Meier survival curves of overall survival according to
neutrophil-to-lymphocyte ratio (NLR).

and the median age was 635 years (range 29-87 years). Among all
the cases, 56 (30.77%) patients were esophagogastric junction
adenocarcinoma and 48 (26.37%) were diagnosed with gastric
antrum cancer. Overall, 134 (73.63%) patients received surgical
resection, and 151 (82.97%) patients received at least 1 cycle of
chemotherapy. More than half (66.48%) of the patients were
diagnosed of poorly differentiated adenocarcinoma, while the
clinical stage IIl and IV patients were accounted for 48.90% and
22.53%, respectively.

3.2. The association between NLR or PLR and
clinicopathologic variables

The optimal cutoff level for the NLR was 2.88 for both OS and
PFS when the Youden index was maximal. Similarly, the cutoff
level for the PLR was 172 for both OS and PFS (supplementary
Figure 1-4, http:/links.lww.com/MD/C163). The NLR level
before treatment was elevated in 98 (53.85 %) patients and a total
of 64 (35.16%) patients were with higher PLR level. As
summarized in Table 1, increased NLR level was significantly
associated with age (P=.026), surgery (P=.006), node status
(P=.004), and clinical stage (P=.009). However, PLR was not
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Figure 2. Kaplan-Meier survival curves of progression-free survival according
to neutrophil-to-lymphocyte ratio (NLR).
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Figure 3. Kaplan-Meier survival curves of overall survival according to platelet-
to-lymphocyte ratio (PLR).

associated with age, sex, surgery, tumor location, histological
type, or clinical stage.

3.3. Prognostic factors for OS and PFS

In this study, the median OS for all patients was 28.5 months,
while PFS was 19.5 months. We further found that the median
OS and PFS were poor in the High-NLR group (OS: 36.0 vs 20.5
months, P<.001, PFS: 33.0 versus 12.0 months, P <.001) and
High-PLR group (OS: 31.5 vs 18.5 months, P=.003, PFS: 26.0
versus 11.0 months, P=.01), as shown in Figure (1-4).

The prognostic effect of clinicopathologic variables is
summarized in Tables 2 and 3. In univariate analysis, the older
age (P=.002), no surgery (P<.001), poorly differentiated
histologic type (P=.048), advanced T (P<.001), N (P<.001)
and clinical stage (P <.001), higher NLR (P<.001) and higher
PLR (P=.004) were identified as poor prognostic factors
associated with OS. Although no surgery (P <.001), advanced
T (P<.001), N (P<.001) and clinical stage (P <.001), higher
NLR (P<.001) and higher PLR (P=.012) were also associated
with poor PFS. After multivariate analysis with these selected
parameters using Cox regression model, both surgery (HR=
2.092, 95% CI: 1.345-3.253, P=.001) and NLR (HR=1.585,
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Figure 4. Kaplan—-Meier survival curves of progression-free survival according
to platelet-to-lymphocyte ratio (PLR).
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Univariate and multivariate analyses of factors for the prediction of overall survival.
Univariate analysis Multivariate analysis

Characteristics HR (95% Cl) P HR (95% Cl) P
Age, y

<65 1.000 1.000

>65 1.514 (1.040-2.205) .031 1.386 (0.913-2.104) 126
Sex

Male 1.000 1.000

Female 1.166 (0.787-1.727) 443 1.095 (0.720-1.664) 672
Tumor location

cardia 1.000 1.000

Gastric body 0.852 (0.547-1.325) 476 0.723 (0.453-1.154) A74

antrum 1.015 (0.626-1.647) .951 1.028 (0.613-1.722) 918
Surgery

Yes 1.000 1.000

No 3.179 (2.154-4.692) <.001 2.092 (1.345-3.253) .001
Chemotherapy

Yes 1.000 1.000

No 1.056 (0.637-1.749) 834 1.342 (0.777-2.318) 291
Histologic type

Poorly differentiated 1.522 (1.004-2.308) .048 1.468 (0.919-2.347) 108

Moderately differentiated 1.000 1.000

Well differentiated 0.431 (0.059-3.158) 407 0.992 (0.115-8.522) 994
Depth of invasion

T1/T2 1.000 1.000

T3/T4 2.055 (1.430-2.954) <.001 1.852 (0.742-4.622) 187
Node status

NO/N1 1.000 1.000

N2/N3 1.858 (1.496-2.307) <.001 1.425 (0.781-2.598) 248
Stage

1l 1.000 1.000

v 2.081 (1.589-2.727) <.001 1.842 (0.825-4.115) 136
NLR

Low NLR 1.000 1.000

High NLR 1.538 (1.260-1.877) <.001 1.585 (1.011-2.485) .045
PLR

Low PLR 1.000 1.000

High PLR 1.325 (1.094-1.605) .004 1.262 (0.820-1.941) 290

95% Cl = 95% confidence interval, HR = hazard ratio, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, bold P values <0.05.

95% CI: 1.011-2.485, P=.045) were identified as independent
prognostic factors associated with OS.

4. Discussion

This study investigated the prognostic value of NLR and PLR in
GC patients before treatment. We found that a high NLR was
associated with age, surgery, node status, and clinical stage.
Similar to previous studies, both the elevated NLR and PLR levels
predicted poor OS and PFS in GC patients.''""'?! NLR was an
independent risk factor for OS in Cox regression analysis.
Many types of cancer were proved to have links with infection
and inflammatory reaction, such as GC. Helicobacter pylori
infection is characterized by an inflammatory infiltrate, consisting
mainly of neutrophils and T cells.""*! The inflammation reaction
is an important factor in tumor cell microenvironment.!'*'5! The
inflammatory cells, chemokines, and cytokines are responsible
for cell proliferation, angiogenesis, invasion, and metastasis.'*®!
The inflammation results are involved in lymphocytopenia,
neutrophilia, and thrombocytosis.'”>'8! The lymphocyte re-
sponse plays an important role in immune responses, and it is also
a major factor in the suppression of cancer progression.!'”! The
mechanisms of neutrophilia in proliferation and metastasis

include release of reactive oxygen species or nitric oxide and
remodeling of the extracellular matrix.*”! Platelets might
participate in the inflammatory reaction by increasing angiogen-
esis or releasing growth factors.!*1*!

The concept of inflammation-based scores, such as the NLR
and PLR, has been revealed as negative prognostic factors in
various types of solid tumors, such as breast cancer,!”! colorectal
cancer,'*>**! esophageal squamous cell carcinoma,*’! liver
cancer,””®! and combined small cell lung cancer.*”! Several
studies also focused on the association between NLR, PLR, and
GC.12739 A meta-analysis including 10 studies with a total of
2952 cases indicated that elevated NLR predicated poor survival
in GC.*! Dogan et al®*! found that patients with high PLR and/
or NLR have shorter PFS and OS in metastatic GC receiving first-
line modified docetaxel, cisplatin, and 5-fluorouracil (mDCEF).
Deng et al®”! reported that preoperative NLR may serve as
potential prognostic biomarkers in patients with GC who
underwent surgical resection; however, they did not find that
NLR was significantly associated with OS (P=.648) in
multivariate analysis. Due to the differences in assays measuring
neutrophil and lymphocyte, different population and different
survival end-point, we optimized the algorithm results and
employed different cut-off values. Fortunately, our results have
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Univariate and multivariate analyses of factors for the prediction of progression-free survival.

Univariate analysis

Multivariate analysis

Characteristics HR (95% ClI) P HR (95% Cl) P
Age, y

<65 1.000 1.000

>65 1.181 (0.985-1.417) 073 1.232 (0.819-1.854) 317
Sex

Female 1.000 1.000

Male 1.069 (0.883-1.293) 496 1.089 (0.723-1.640) .684
Tumor location

cardia 1.000 1.000

Gastric body 0.880 (0.689-1.125) 307 0.794 (0.505-1.248) 317

antrum 1.124 (0.859-1.471) 393 1.124 (0.685-1.843) .644
Surgery

Yes 1.000 1.000

No 1.685 (1.392-2.039) <.001 1.939 (1.259-2.988) .003
Chemotherapy

Yes 1.000 1.000

No 0.888 (0.538-1.467) 643 1.055 (0.617-1.804) .845
Histologic type

Poorly differentiated 1.812 (0.919-3.573) .086 1.448 (0.917-2.288) 113

Moderately differentiated 1.000 1.000

Well differentiated 0.453 (0.122—1.688) 238 0.895 (0.106-7.593) 919
Depth of invasion

T2 1.000 1.000

T3/T4 2.006 (1.424-2.825) <.001 2.034 (0.865—-4.783) 104
Node status

NO/N1 1.000 1.000

N2/N3 1.780 (1.450-2.185) <.001 1.647 (0.913-2.972) .098
Stage

1 1.000 1.000

v 1.856 (1.454-2.370) <.001 1.281 (0.607-2.705) 516
NLR

Low NLR 1.000 1.000

High NLR 1.476 (1.220-1.787) <.001 1.495 (0.983-2.297) .066
PLR

Low PLR 1.000 1.000

High PLR 1.268 (1.054-1.524) .012 1.137 (0.753-1.719) 541

95% Cl = 95% confidence interval, HR = hazard ratio, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, bold P values <0.05.

shown that NLR was the independent prognostic factor for OS
(P=.045) in multivariate analysis.

Some researchers also compared the prognostic value of NLR
and PLR. Kim et all"? reported that although both the NLR and
PLR can reflect the prognosis, the NLR is more predictive of OS
than the PLR. In Our study, we also found that higher NLR and
higher PLR were associated with poor OS and PFS. After
multivariate analysis, only NLR was identified as an independent
prognostic factor for OS. We supposed that NLR has more
predictive value than PLR. As NLR is the ratio of neutrophils to
lymphocytes, high NLR means a relatively higher neutrophils and
lower lymphocyte levels. A high NLR indicated an imbalance in
the immune response, which impaired the normal anti-tumor
functions.”?®! Thus, tumor recurrence and invasion may occur.
Given that some potential limitations exist in the present study,
bias is inevitable. This retrospective study was conducted in 1
single institution, and some potential cofactors related to
systematic inflammation and immunity have not been considered
in all analyses. Our results still need more evidences to support.

In conclusion, high level of NLR and PLR was associated with
poor OS and PFS in GC patients. NLR was identified as an
independent prognostic factor for GC patients. Larger, prospec-
tive, and randomized studies are needed to confirm these findings

and to elucidate the potential mechanism of systemic inflamma-
tory response against tumor cells.
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