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Background: Research indicates that the presence of a systemic inflammatory response plays
an important role in predicting survival in patients with cancer. The aim of this study was to
investigate the prognostic value of preoperative neutrophil-to-lymphocyte ratio (NLR), lympho-
cyte-to-monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR), prognostic nutritional index,
and the combination of preoperative LMR and PLR (LMR-PLR) in predicting the survival of
patients with stage IB non-small-cell lung cancer (NSCLC).

Materials and methods: We retrospectively analyzed clinical data of 577 patients with stage
IB NSCLC who underwent pneumonectomy from January 1999 to December 2009. Univariate
and multivariate Cox survival analyses were used to evaluate the prognostic indicators, including
LMR-PLR. The cutoff values for LMR and PLR were defined by the receiver operating char-
acteristic (ROC) curve analysis. According to the ROC curve, the recommended cutoff values
of LMR and PLR were 3.16 and 81.07, respectively. We divided the patients into three groups
according to their LMR and PLR status and defined them with different scores. Patients with
both high LMR (>3.16) and low PLR (<81.07) were given a score of 2, whereas those with one
or neither were scored 1 or 0, respectively. Survival curves were plotted using the Kaplan—-Meier
method and compared with the log-rank test. Cox proportional hazards analyses were used to
identify the factors associated with overall survival (OS).

Results: The median follow-up time was 93.77 months. The allocation of the LMR-PLR score
was as follows: LMR-PLR =0, 193 (33.4%) patients; LMR-PLR = 1, 308 (53.4%) patients; and
LMR-PLR =2, 76 (13.2%) patients. After multivariate analysis, our results showed that LMR-PLR
was an independent prognostic indicator for OS (P=0.001). The 10-year OS rates were 70.0%,
60.4%, and 49.5% for LMR-PLR =2, LMR-PLR =1, and LMR-PLR =0, respectively (P<0.001).
Conclusion: This study demonstrated that preoperative LMR and PLR are simple, readily
available, and low-cost biomarkers. Preoperative LMR-PLR score can be used as a valuable
prognostic marker for long-term survival in stage IB NSCLC patients who underwent surgery.
Keywords: IB non-small-cell lung cancer, platelet-to-lymphocyte ratio, lymphocyte-to-mono-
cyte ratio, prognostic factors, systemic inflammation, pneumonectomy

Introduction

Non-small-cell lung cancer (NSCLC), accounting for ~85% of all lung cancers, has
become a leading cause of cancer-related mortality and morbidity worldwide. Accord-
ing to the latest world cancer epidemiology statistics report, it is the most common
malignant tumor and is accountable for the highest cancer mortality rates in the world
for men and women in developed countries.'?
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In the past few years, many early or asymptomatic lung
cancers have been detected with cancer screening conducted
by the Chinese cancer society in areas with high lung cancer
incidence.? Although NSCLC therapy has recently seen sub-
stantial progress, the diagnostic accuracy of this condition in
the early stages remains unsatisfactory and the 5-year overall
survival (OS) rate of NSCLC ranges from 15% to 35.9%
even after radical resection of lung cancer.** Therefore, it is
necessary to identify prognostic factors for predicting stage
IB NSCLC. At the same time, precise prognosis in patients
is very important to ensure that the best treatment plan and
follow-up strategy are selected. In recent years, the theory
of inflammatory reactions involved in the occurrence and
development of various malignant solid tumors has been
widely studied and has become a potential and promising
prognostic indicator. In addition, as most stage IB patients
with NSCLC have long-term survival, only tumor diameter,
low-differentiated tumor, angiolymphatic invasions, pleural
involvement, and bronchial infiltration have been found to
be independent prognostic indicators for the postoperative
OS reported.®” Studies so far have found that neutrophil-
to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio
(LMR), platelet-to-lymphocyte ratio (PLR), and prognostic
nutritional index (PNI) are good inflammatory response
follow-up markers and predictive survival markers in
patients with different carcinomas.®'* However, only a few
studies have reported results in this regard in early NSCLC,
especially the IB period. For patients with stage IB NSCLC,
we can use cranial magnetic resonance imaging (MRI) and
chest and abdomen enhancement computed tomography
(CT) scans to assess the patient’s clinical status and disease
severity. However, these tests are both expensive and incon-
venient. Therefore, it is necessary to establish other simple,
inexpensive, and promising prognostic factors for stage IB
NSCLC. More importantly, they can be easily obtained in
everyday practice, without additional costs.!!!? Recently,
in an aim to further refine prognostication, hematological
indices have been variably combined to generate a number of
prognostic inflammatory scores, including the combination
of platelet count and NLR and the combination of LMR and
PLR (LMR-PLR) which were developed and shown to be
independently associated with shortened survival in several
tumor types.'*'¢ Moreover, the prognostic role of LMR-PLR
in stage IB NSCLC in terms of survival outcomes has not
been studied.'

Therefore, in this study, we aimed to explore the prog-
nostic value of these biomarkers in patients with stage 1B
NSCLC.

Materials and methods

Patients

We retrospectively examined data from consecutive
patients with NSCLC who underwent radical resection
of lung cancer at Sun Yat-Sen University Cancer Center
from January 1999 to December 2009. Patient demograph-
ics, tumor characteristics, preoperative treatment, and
follow-up results were reviewed in detail from the medical
records and the follow-up system. The present study was
undertaken according to ethical standards of the World
Medical Association Declaration of Helsinki. Approval
was obtained from the Institute Research Medical Ethics
Committee of Sun Yat-Sen University Cancer Center (no
B2018-011), and written informed consent was obtained
from all patients prior to the use of these sera. The enrolled
patients met the following inclusion criteria: 1) no neoad-
juvant treatment before operation; 2) surgical resection of
lung lobectomy; 3) postoperative diagnosis of T2a stage
NSCLC established by two board-certified pathologists
independently; and 4) all lymph nodes confirmed negative
(NO). Patients were excluded based on following criteria:
1) missing data on the number of blood cells before lung
resection; 2) accompaniment with preoperative infection or
other bone marrow, hematological, or autoimmune disease;
and 3) loss to follow-up. A total of 598 patients was diag-
nosed with stage IB NSCLC. According to the exclusion
criteria, 577 patients were finally enrolled in this study.

Surgery and postoperative chemotherapy
Preoperative preparation of patients selected for surgery
included cardiac ultrasound, pulmonary function assess-
ment, CT, and MRI. Tumor stage was classified according
to the seventh edition of the American National Compre-
hensive Cancer Network for NSCLC. The clinician, based
on the size and location of the tumor, chose lung cancer
radical mastectomy (pulmonary lobectomy and node
dissection). Standard systematic lymph node dissection
requires at least six groups, including three intrapulmonary
lymph nodes and three mediastinal lymph nodes. Accord-
ing to the postoperative pathological results, clinicians
recommended postoperative adjuvant chemotherapy for
patients with high-risk recurrence factors. High-risk fac-
tors for recurrence included: 1) tumor diameter >4 cm and
2) invasion of visceral pleura or bronchus. Postoperative
adjuvant chemotherapy is generally recommended 4-6
weeks after surgery and includes platinum-containing
drugs pemetrexed, docetaxel, gemcitabine, vinorelbine,
and paclitaxel.
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Inflammatory index calculation

Systemic inflammatory data represent neutrophil, lympho-
cyte, monocyte, and platelet counts that were obtained from
routine blood tests performed a week prior to the surgery
using Sysmex XE-5000™ Automated Hematology System
(Sysmex Corporation, Kobe, Japan). PLR was defined as the
ratio of the platelet count to the lymphocyte count, LMR was
the ratio of the lymphocyte count to the monocyte count, NLR
was the ratio of the neutrophil count to the lymphocyte count,
and the PNI was calculated as 10 X serum albumin value
(g/dL) + 0.005 X peripheral lymphocyte count (per mm?).

Follow-up

Follow-up observations commenced from the date of radical
resection. Follow-up visits were held every 3 months for the
first 2 years after the completion of surgery, every 6 months
for the third through fifth years, and then once every year
thereafter. Evaluations at each visit included complete blood
count, biochemical examination, common tumor markers, chest
radiography, and upper abdominal ultrasonography. In addition,
chest and abdomen enhancement CT scans were performed
every 6 months for the first 3 years and then annually until death.
Brain MRI was performed annually. OS was calculated from
the date of lobectomy to the date of death from any cause and
censored at the time of the last follow-up visit for patients still
alive. All follow-up statistics were reviewed by May 1, 2018.

Statistical analysis

All statistical analyses were completed using SPSS 20.0 (IBM
Corporation, Armonk, NY, USA). All the performed tests
were two-sided. P-values <0.05 were considered significant.
First, the best cutoff values of these inflammation-based
prognostic scores were determined by the maximum Youden
index, which was generated by the respective receiver operat-
ing characteristic (ROC) curves, to evaluate the predictive
values in prognosis. In addition, differences in categorical
variables between groups were studied using chi-squared test.
Needless to say, the prognostic factors of OS were confirmed
by Kaplan—Meier univariate analysis using log-rank test.
Significantly prognostic variables (P<0.050) obtained from
the Kaplan—Meier analysis were enrolled in Cox multivariate
regression analysis based on the forward stepwise method.

Results
Clinicopathological characteristics of

patients
All patients underwent surgery for stage IB NSCLC. The
baseline clinicopathological characteristics of 577 patients

with stage IB NSCLC are summarized in Table 1. There were
410(71.1%) males and 167 (28.9%) females, the median age
was 60 years (range 23—87 years). Meanwhile, 339 (58.8%)
patients had smoking history. After complete resection, 331
(57.4%) patients had adenocarcinoma, 193 (33.4%) patients
had squamous cell carcinoma, and 71 (19.8%) patients
had other histologies. Approximately 39% of the patients
had visceral pleura invasion and 25.8% of the patients had
bronchial invasion. Furthermore, the median and average
count of resected lymph nodes (RLNs) were 13.0 and 14.1,
respectively (interquartile range 8—19), and the median and
average stations of RLNs were 5.0 and 4.5, respectively
(interquartile range 3—6) (Table 1).

Best cutoff values for NLR, LMR, PLR,

PNI, and LMR-PLR definition

At baseline, the median values of NLR, LMR, PLR, and
PNI for the study population were 2.09 (range 0.11-19.25),
3.67 (range 1.14-57.67), 116.49 (range 30.73—626), and
52.40 (range 11.70-76.80), respectively. The maximum
Youden indexes for these measures were 0.080, 0.150,
0.879, and 0.098. The optimal cutoff values for the pre-
diction of OS by ROC analysis were 3.13 for NLR, 3.16
for LMR, 81.07 for PLR, and 49.55 for PNI (Figure 1).
Consequently, patients were separately divided into two
groups of high or low levels according to the optimal

Table | Clinicopathologic features of patients involved in this study

Cancer Management and Research 2018:10

Characteristics Total
n=577 (%)
Age (years) <60 297 (51.5)
>60 280 (48.5)
Sex Female 167 (28.9)
Male 410 (71.1)
Smoking Yes 339 (58.8)
No 238 (41.2)
Cell types Adenocarcinoma 331 (57.4)
Squamous 193 (33.4)
Others 53 (9.2)
Tumor differentiation Well or moderately 347 (60.1)
Poorly or undifferentiated 230 (39.9)
Visceral pleura invasion | Yes 225 (39.0)
No 352 (61.0)
Bronchial invasion Yes 149 (25.8)
No 428 (74.2)
Postoperative Yes 94 (16.3)
chemotherapy No 483 (83.7)
Resected lymph node <l2 255 (44.2)
numbers >12 322 (55.8)
Resected lymph node <6 413 (71.6)
stations >6 164 (28.4)
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cutoff values. Moreover, 448 patients (77.6%) had NLR
<3.13, 207 patients (35.9%) had LMR <3.16, 90 patients
(15.6%) had PLR <81.07, and 190 patients (32.9%) had
PNI £49.55 (Table 2).

Based on these cutoff values, we calculated the LMR-
PLR score. Patients with both high LMR (>3.16) and low
PLR (<81.07) were given a score of 2. Patients with either
high LMR (>3.16) or low PLR (<81.07) were given a score
of 1. Patients without either abnormality were scored 0.
Table 3 illustrates the relationship of the clinicopathologic
characteristics with patients grouped by their LMR-PLR
score. The allocation of the LMR-PLR score was as follows:
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LMR-PLR =0, 193 (33.4%) patients; LMR-PLR = 1, 308
(53.4%) patients; and LMR-PLR =2, 76 (13.2%) patients.

Association of inflammation-based factors

with clinicopathological characteristics

The relationship between patient characteristics and NLR,
LMR, PLR, and PNI is shown in Table 2. The high-LMR
group and high-PLR group were significantly inclined
to males (P<0.001, P=0.011), and patients with high-
LMR were significantly well or moderately differentiated
(P=0.003) than those with LMR <3.16. Moreover, patients
who used tobacco also had higher PLR (P=0.006). The

B ROC curve
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Figure 1 ROC curve for determination of the cutoff value for LMR (A), PLR (B), PNI (C), and NLR (D) in patients undergoing surgery with stage IB non-small-cell lung cancer.
Abbreviations: AUC, area under the curve; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic

nutritional index; ROC, receiver operating characteristic.
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Table 3 Correlation between preoperative LMR-PLR and patient characteristics

Characteristics LMR-PLR score, n (%) P-value
0 | 2

Age (years) 0.777
<60 98 (50.8) 157 (51.0) 42 (55.3)
>60 95 (49.2) 151 (49.0) 34 (44.7)

Sex <0.001
Female 39 (20.2) 112 (36.4) 16 (21.1)
Male 154 (79.8) 196 (63.6) 60 (78.9)

Smoking 0.092
Yes 119 (61.7) 169 (54.9) 51 (67.1)
No 74 (38.3) 139 (45.1) 25 (32.9)

Cell types 0.043
Adenocarcinoma 102 (52.8) 190 (61.7) 39(51.3)
Squamous 77 (39.9) 90 (29.2) 26 (34.2)
Others 14 (7.3) 28 (9.1) Il (14.5)

Tumor differentiation 0.040
Well or moderately 102 (52.8) 197 (64.0) 48 (63.2)
Poorly or undifferentiated 91 (47.2) 111 (36.0) 28 (36.8)

Visceral pleura invasion 0.804
Yes 114 (59.1) 191 (62.0) 46 (60.5)
No 79 (40.9) 117 (38.0) 30 (39.5)

Bronchial invasion 0.605
Yes 47 (244) 79 (25.6) 23 (30.3)
No 146 (75.6) 229 (74.4) 53 (69.7)

Postoperative chemotherapy 0.372
Yes 26 (13.5) 53(17.2) 15 (19.7)
No 167 (86.5) 255 (82.8) 61 (80.3)

Resected lymph node numbers 0.370
<l2 86 (44.6) 141 (45.8) 28 (36.8)
=12 107 (55.4) 167 (54.2) 48 (63.2)

Resected lymph node stations 0.461
<6 133 (68.9) 222 (72.1) 58 (76.3)
>6 60 (31.1) 86 (27.9) 18 (23.7)

Note: P-value, the correlation between clinicopathological characteristic parameters and preoperative LMR-PLR, was assessed by the chi-squared test or Fisher’s exact test.
Abbreviations: LMR, lymphocyte-to-monocyte ratio; LMR-PLR, combination of preoperative LMR and PLR; PLR, platelet-to-lymphocyte ratio.

association between LMR-PLR and clinicopathologic
indexes of patients with NSCLC is shown in Table 3.
We found significant correlation of LMR-PLR with sex
(P<0.001), smoking (P=0.032), cell types (P=0.043), and
tumor differentiation (P=0.040).

Analysis of the prognostic values for OS

The median follow-up time for the 577 patients was 93.77
(range 5.03—198.10) months. A total of 232 patients died
during the observation period. The 1-, 3-, 5-, and 10-year
OS rates were 96.3%, 84.3%, 71.9%, and 58.0%, respec-
tively. In our study, only 94 (16.3%) individuals received
postoperative adjuvant chemotherapy. During the follow-
up period, there were only 141 patients with postoperative
recurrence of NSCLC including 67 (11.6%) with distant
metastasis and 74 (12.8%) with local recurrences. Based
on the cutoff values, we segregated the patients into dif-

ferent groups. In the univariate analysis, we found that
LMR, PLR, PNI, and LMR-PLR were correlated with OS
(P=0.001, P=0.009, P=0.014, and P=0.001, respectively).
Five clinical characteristics were found to be significant (all
P<0.050) for OS by the univariate analysis: age, smoking
status, cell type, bronchial invasion, and RLNs were also
significant for OS.

As shown in Table 4, the multivariate analysis showed
that LMR-PLR (HR, 0.434; 95% CI, 0.265-0.710;
P=0.001), age >60 years (HR, 1.701; 95% CI, 1.304—
20.218; P<0.001), smoking status (HR, 0.717; 95% CI,
0.542-0.950; P=0.020), and RLN 212 (HR, 0.736; 95%
CI, 0.567-0.956; P=0.022) were significant prognos-
tic factors for the 10-year OS rate. Consequently, age,
smoking status, cell type, and RLN were also revealed as
independent prognostic factors (Table 4). The multivari-
ate analysis also showed that LMR-PLR was considered
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Table 4 Univariate and multivariate analyses using Cox proportional hazards models using factors influencing OS

Characteristics os
Univariate P-value Multivariate P-value
analysis analysis
HR (95% CI) HR (95% CI)
Age (years)
<60 | (reference) <0.001 | (reference) <0.001
>60 1.785 (1.372-2.321) 1.701 (1.304-2.218)
Sex
Male | (reference) 0.053
Female 0.743 (0.550-1.004)
Smoking
Yes | (reference) 0.033 | (reference) 0.020
No 0.748 (0.572-0.977) 0.717 (0.542-0.950)
Cell types
Adenocarcinoma | (reference) 0.003 | (reference) 0.002
Squamous 0.741 (0.559-0.983) 0.687 (0.510-0.925)
Others 0.402 (0.223-0.724) 0.429 (0.237-0.775)
Tumor differentiation
Poorly or undifferentiated | (reference) 0.134
Well or moderately 0.820 (0.632—1.063)
Visceral pleura invasion
Yes | (reference) 0.403
No 0.893 (0.684—1.165)
Bronchial invasion
Yes | (reference) 0.024
No 0.689 (0.499-0.952)
Postoperative chemotherapy
Yes | (reference) 0.091
No 1.392 (0.948-2.044)
Resected lymph node numbers
<2 | (reference) 0.016 | (reference) 0.022
212 0.728 (0.563-0.942) 0.736 (0.567-0.956)
Resected lymph node stations
<6 | (reference) 0.910
6 0.984 (0.742—1.305)
NLR
<3.13 | (reference) 0.072
>3.13 1.354 (0.974-1.884)
LMR
<3.16 | (reference) 0.001
>3.16 0.647 (0.499-0.839)
PLR
<81.07 | (reference) 0.009
>81.07 1.757 (1.151-2.682)
PNI
<49.55 | (reference) 0.014
>49.55 0.717 (0.551-0.934)
LMR-PLR
0 | (reference) 0.001 | (reference) 0.001
[ 0.687 (0.524-0.899) 0.685 (0.523-0.898)
2 0.426 (0.261-0.934) 0.434 (0.265-0.710)

Note: P-value; in Cox hazards regression analysis, variables that were found to be statistically significant (P<0.05) in the univariate analysis were entered into a Cox regression
multivariate model using a forward conditional method.
Abbreviations: LMR, lymphocyte-to-monocyte ratio; LMR-PLR, combination of preoperative LMR and PLR; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; PLR,
platelet-to-lymphocyte ratio; PNI, prognostic nutritional index.
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an independent prognostic indicator for OS in stage IB
NSCLC after surgery.

Patients’ survival

The Kaplan—Meier method was used to investigate the sig-
nificance of age, smoking, cell types, RLNs, LMR, PLR, and
LMR-PLR for predicting the OS of patients with NSCLC.
Kaplan—Meier analysis indicated that the 10-year OS rate in
the high-LMR group was significantly higher than that in
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the low-LMR group (62.3% vs 50.4%, P<0.001; Figure 2A).
The 10-year OS rate in the low-PLR group was significantly
higher than that in the high-PLR group (69.2% vs 55.8%,
P=0.008; Figure 2B). Additionally, the 10-year OS rate in the
high-PNI group was significantly higher than that in the low-
PNI group (61.8% vs 50.1%, P=0.013; Figure 2C). However,
no significant relationship was observed between NLR and
prognosis in patients with stage IB NSCLC (P=0.120 for OS;
Figure 2D). We performed the Kaplan—Meier analysis and

B —— Low PLR (n=90)
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S
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10-year OS rate: 69.2% vs 55.8%
Log-rank P=0.008
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Time after surgery (months)

Figure 2 Kaplan—Meier curves of LMR (A), PLR (B), PNI (C), NLR (D), and LMR-PLR (E) for |0-year OS.
Abbreviations: LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; LMR-PLR,

combination of preoperative LMR and PLR; OS, overall survival.
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log-rank test to determine survival differences among the
three groups classified by the LMR-PLR score. The 10-year
OS rates were 70.0%, 60.4%, and 49.5%, and the median
survival times were 95.4, 87.8, and 83.2 months for LMR-
PLR =2, LMR-PLR =1, and LMR-PLR =0, respectively
(P<0.001; Figure 2E). Further analyses were conducted in
subgroups (adenocarcinoma and squamous carcinoma). We
demonstrated that patients with LMR-PLR =2 displayed
higher OS than those with LMR-PLR =1 or LMR-PLR =0
in the adenocarcinoma and squamous carcinoma subgroups
(adenocarcinoma: P<0.001 for OS; Figure 3A; squamous
carcinoma: P=0.025 for OS; Figure 3B). There was a sig-
nificant difference between the 10-year OS values for ages
<60 and >60 years (67.8% vs 46.8%, P<0.001). The 10-year
survival rate for patients without a history of smoking was
significantly better than that of patients with a history of
smoking (63.4% vs 54.4%, P=0.032). We found that the
10-year OS was significantly greater for RLN =12 than for
RLN <12 (62.4% vs 52.6%, P=0.015).

Discussion

In this study, we investigated the prognostic value of clinico-
pathological variables (age, sex, smoking, cell types, tumor
differentiation, visceral pleura invasion, bronchial invasion,
postoperative chemotherapy, RLNs numbers, and RLNs
stations) and inflammation-based factors (NLR, LMR, PLR,
PNI, and LMR-PLR) in patients with stage IB NSCLC fol-
lowing radical surgical treatment. Confirmed by the univari-
ate analysis, in addition to age, smoking history, cell type,
bronchial invasion, RLNs numbers, LMR, PLR, PNI, and
LMR-PLR were significantly associated with OS, whereas
in the multivariate analysis, only age, smoking history, cell
type, RLNs numbers, and LMR-PLR remained independent

A LMR-PLR
100
—_ 2
751 — 1
;\? — 0
o 501
(@)
25
10-year OS rate: 72.7% vs 53.1% vs 41.8%
Log-rank P<0.001
0 T T T T 1
0 50 100 150 200 250

Time after surgery (months)

prognostic markers of OS. We found that preoperative LMR-
PLR was an independent positive prognostic factor in stage
IB NSCLC.

Increasing evidence suggests that inflammatory cells
are essential components of the microenvironment that
play an important role in tumor progression. For nearly half
a century, Coussens and Werb speculated that the occur-
rence and development of tumors were mediated by chronic
inflammatory response. Inflammatory reactions are involved
in the progression of tumors through a range of inflamma-
tory cells, including lymphocytes, monocytes, platelets, and
various signaling molecules in the cellular immune system.!”
Epidemiological and clinical research reports support their
view that >15% of human cancers worldwide is caused by
chronic inflammation.!® Research has shown that tumors
have the ability to alter their host’s systemic inflammation
and immune response. As the tumor progresses, tumor pro-
moting inflammation will overwhelm antitumor immunity.
Inflammation is conducive to tumor cell division, prolifera-
tion, invasion, metastasis, angiogenesis, and suppression of
antitumor adaptive immune responses. !>

LMR is a measure of the relative difference between
lymphocyte and monocyte counts and is an index of sys-
temic inflammation. Lymphocytes and monocytes are two
key components of the human immune system. The host’s
anticancer immune response relies mainly on lymphocytes,
which activate the antitumor immune response processes
of the host by releasing lymphatic factor to kill tumor
cells.?'?? Tt was discovered that T lymphocytes in animal
models, such as Ku and Crowe, can lead to increased car-
cinogenicity in the head and neck and a reduction in the
latency of the tumor.”® Monocytes can stimulate tumor
cells or immune cells to produce a variety of chemokines,

B LMR-PLR
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Figure 3 Survival curves of patients with adenocarcinoma or squamous carcinoma in LMR-PLR.
Note: OS curve of patients with (A) adenocarcinoma with LMR-PLR =2, LMR-PLR =1, and LMR-PLR =0 (log-rank test, P<0.001) and (B) squamous carcinoma with LMR-PLR

=2, LMR-PLR =1, and LMR-PLR =0 (log-rank test, P=0.025).

Abbreviations: LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR-PLR, combination of preoperative LMR and PLR; OS, overall survival.
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such as vascular endothelial growth factor, tumor necrosis
factor alpha, and monocyte chemoattractant protein-1 to
promote tumorigenesis, angiogenesis, and distant metasta-
sis.”*?7 Extensive studies have shown that tumor-associated
macrophages (TAMs) originate from circulating monocyte
precursors in blood. Tumor promoting TAMs orchestrate the
tumor microenvironment by several mechanisms including
regulating senescence, interacting with and contributing to
extracellular matrix remodeling, promoting proliferation,
progression, angiogenesis, and lymphangion genesis.?®* This
phenomenon explains why an elevated monocyte count leads
to poor prognosis in patients with tumors. The prognostic
value of LMR in lung cancer has already been investigated.
The cutoff value of LMR in NSCLC varies from 3.09 to
4.56.3932 By using the ROC curve, the cutoff value of LMR
was determined to be 3.16 in our study, which is comparable
with that in previous studies.**** Additionally, as dynamic
reservoirs of various factors, platelets stimulate tumor cell
proliferation and enhance angiogenesis by secreting a large
number of cytokines and growth factors. Tumors, by secret-
ing factors that retain platelets, protect the environment, thus
positively affecting their survival.’* In addition, tumor cells
can induce platelet aggregation, the so-called tumor cell-
induced platelet aggregation, which allows for tumor cells
to escape from immune surveillance and protect tumor cells
from cytolysis.** Similarly, elevated PLR has been correlated
with poor survival in several malignancies.>>*¢ Furthermore,
it is now indisputable that LMR and PLR provide informa-
tion regarding the activity of tumor cells, and metastasis and
invasion in patients, and that they reflect the degree of cancer
progression. '’ Although inflammation is complex, LMR and
PLR are easily measurable biomarkers that reflect inflamma-
tion, and it has been shown that LMR and PLR are associ-
ated with prognosis in different types of carcinoma.'**%3 A
high LMR indicates an increased lymphocyte count and/
or a decreased monocyte count. Elevated lymphocytes can
play a role in tumor defense by increasing the induction of
cytotoxic cell death and inhibiting tumor cell proliferation
and invasion. Recent studies have shown the effect of LMR
on the prognosis of lung cancer patients. Go et al showed
that low-LMR pretreatment is an independent, adverse
prognostic indicator for predicting small-cell lung cancer
survival.*® Our findings are consistent with previous studies
on the relationship between LMR, PLR, and the prognosis of
many other cancers, such as gastric cancer, pancreatic cancer,
hepatocellular carcinoma, and breast cancer.***

NLR has been reported to be a useful biomarker to mea-
sure the inflammatory status of the immune system.*® The
neutrophil is known to be able to aid the proliferation and

survival of malignant cells, and promote angiogenesis and
metastasis. Conversely, lymphocytes suppress tumor growth
and invasion through their cytolytic activity. Taken together,
patients with high NLR have relative lymphocytopenia and, as
aresult, may exhibit a poorer immune response to malignant
advanced tumors, thereby worsening their prognosis.** In
this study, NLR was inconsistent in its results with other
research reports. Among the inflammation-based scores
examined, in addition to NLR, LMR and PLR were also
based on lymphocyte count. Furthermore, PLR and PNI were
defined as the combination of lymphocyte count and other
factors. Therefore, there is a possibility that the prognostic
power of NLR was offset.

PNI is based on serum albumin and lymphocyte. Low
serum albumin level is correlated with malnutrition and
weight loss and it is a risk factor for cancer mortality. NLR,
LMR, PLR, and PNI are all based on peripheral lymphocyte
counts. In the univariate analysis, low PNI was independently
associated with poor OS in patients with stage IB NSCLC.
However, we found no significant correlation between PNI
and prognosis in the multivariate analysis, contrary to the
findings of other studies.*’*® This is due to the fact that
our study included various inflammation-related factors
to evaluate the prognostic value in patients with stage 1B
NSCLC, which can better represent inflammatory condi-
tions of patients.

In this study, we assessed the performance of preopera-
tive NLR, LMR, PLR, and PNI in predicting the survival of
patients with stage IB NSCLC. Among single factors, LMR
is superior to PLR as a predictive factor for IB NSCLC.
However, among combination factors, LMR-PLR was better
than LMR alone or PLR alone.

In patients with stage IB NSCLC, cranial MRI and chest
and abdomen enhancement CT scans can be used to assess the
patient’s clinical status and disease severity; however, these
are both expensive and inconvenient. Preoperative LMR-PLR
is poised as a convenient and inexpensive prognostic marker,
as both LMR and PLR are widely used in conventional clini-
cal practice. Routine blood tests are noninvasive and cost-
effective. Therefore, these ratios can be used as important
indexes to predict disease prognosis. In this study, the loss
rate for follow-up is low. We therefore believe that the results
of this study are reliable.

However, there are some limitations in our research. First,
we did not analyze other potential prognostic factors in this
study. These factors should be included in future studies.
Second, since only 577 patients were involved in the study,
the sample volume was small, which could lead to a larger
bias. Third, several disease conditions, such as ischemia and

submit your manuscript

5420

Dove

Cancer Management and Research 2018:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Prognostic value of combined preoperative LMR-PLR for stage IB NSCLC

trauma, which may bias the blood circulating cell counts,
were not taken into consideration.

Conclusion

The findings of our study indicate that the preoperative
LMR-PLR score can be considered a valuable prognostic
indicator in patients with stage IB NSCLC after surgery. A
close relationship between LMR-PLR and cancer progression
was also observed in patients with NSCLC who underwent
surgery. Thus, LMR-PLR may be considered for routine
clinical use as a reliable and low-cost biomarker.
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