PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Takada K, Takamori S, Matsubara T,
Haratake N, Akamine T, Kinoshita F, et al. (2020)
Clinical significance of preoperative inflammatory
markers in non-small cell lung cancer patients: A
multicenter retrospective study. PLoS ONE 15(11):
€0241580. https://doi.org/10.1371/journal.
pone.0241580

Editor: Anna Halama, Weill Cornell Medical College
in Qatar, QATAR

Received: June 16, 2020
Accepted: October 18, 2020
Published: November 2, 2020

Copyright: © 2020 Takada et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Clinical significance of preoperative
inflammatory markers in non-small cell lung
cancer patients: A multicenter retrospective
study

Kazuki Takada®'*, Shinkichi Takamori®?2, Taichi Matsubara?, Naoki Haratake?,

Takaki Akamine®, Fumihiko Kinoshita', Yuki Ono', Sho Wakasu', Kensuke Tanaka',
Yuka Oku', Taro Oba', Atsushi Osoegawa’, Tetsuzo Tagawa', Mitsuhiro Takenoyama?,
Mototsugu Shimokawa®?, Yoshinao Oda®, Masaki Mori'

1 Department of Surgery and Science, Graduate School of Medical Sciences, Kyushu University, Higashi-ku,
Fukuoka, Japan, 2 Department of Thoracic Oncology, National Hospital Organization Kyushu Cancer Center,
Minami-ku, Fukuoka, Japan, 3 Department of Surgery, Saiseikai Fukuoka General Hospital, Chuo-ku,
Fukuoka, Japan, 4 Department of Biostatistics, Yamaguchi University Graduate School of Medicine, Ube,
Yamaguchi, Japan, 5 Department of Anatomic Pathology, Graduate School of Medical Sciences, Kyushu
University, Higashi-ku, Fukuoka, Japan

* k_takada@surg2.med.kyushu-u.ac.jp

Abstract

Inflammatory biomarkers have been associated with clinical outcomes in non-small cell lung
cancer (NSCLC). However, the best prognostic marker(s) has not been identified, and the
association between inflammatory markers and clinical characteristics is poorly understood.
We selected 1,237 patients with resected NSCLC from Kyushu University (2003—2015) and
Kyushu Cancer Center (2009-2015) in Japan. Pearson product-moment correlation coeffi-
cient among inflammatory markers and area under curve (AUC) of receiver operating char-
acteristic (ROC) curve analyses for overall survival (OS) were calculated. We analyzed the
associations between inflammatory markers and clinical factors using Student’s t-test. Uni-
variate and multivariate analyses with Cox proportional hazards regression analyses were
performed to evaluate the relationship between survival and clinical factors. The cut-off val-
ues for neutrophil-lymphocyte ratio (NLR), lymphocyte-monocyte ratio (LMR), platelet-lym-
phocyte ratio, and derived NLR (dNLR) were determined by ROC curve analyses for OS.
We found a strong positive correlation between NLR and dNLR (r = 0.9629). The AUC of
LMR was the highest amongst the measured metrics, and the AUC of NLR was higher than
dNLR. Levels of some inflammatory markers were associated with sex, smoking, squamous
cell carcinoma, and pathological stage. LMR > 5.11 and lactate dehydrogenase (LDH) con-
centration > 222 (U/L) were independent predictors of both disease-free survival (DFS) and
OS (LMR; P=0.0009 and 0.0008, LDH; P=0.0195 and 0.0187, respectively). Certain
inflammatory markers, potentially linked to smoking, were associated with an advanced
pathological stage in NSCLC. LMR and LDH were independent predictors of both DFS and
0S.
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Introduction

Lung cancer is the leading cause of cancer-related death worldwide, and non-small cell lung
cancer (NSCLC) accounts for 85% of all lung cancers [1, 2]. In recent years, molecular targeted
therapies, such as epidermal growth factor receptor (EGFR) inhibitors and anaplastic lym-
phoma kinase inhibitors, and immune checkpoint inhibitors targeting the programmed cell
death-1/programmed cell death-ligand 1 (PD-L1) pathway, have been used in the clinic. These
have greatly improved clinical outcomes for NSCLC patients, especially those with advanced-
stage disease [3-9]. In patients with stage I to III disease, surgical resection is the main treat-
ment method. However, prognosis is still unsatisfactory [10]. Robust, simple, and inexpensive
prognostic markers in patients with resectable NSCLC could be used to improve outcomes.

Serum inflammatory markers are simple to evaluate because they are measurable from
peripheral laboratory data routinely obtained in the clinic. Inflammation, as measurable by serum
biomarkers, plays an important role in the progression of cancer cells, and it reflects underlying
host immune condition [11]. Many studies have shown associations between inflammatory mark-
ers and prognosis in resectable NSCLC patients [12-17]. However, the inflammatory marker with
the most use for survival prognosis has not been identified, and the association between inflam-
matory markers and clinical characteristics is poorly understood. Recent studies have assessed
derived neutrophil-lymphocyte ratio (ANLR) as a novel serum inflammatory marker in patients
with advanced or recurrent NSCLC, treated with molecular targeted therapy or immunotherapy
[18-23]. However, there has been no investigation of the association between dNLR and survival
in NSCLC patients who undergo curative lung resection.

In this study, we examine the association between clinical characteristics and a panel of inflam-
matory markers; albumin (Alb), C-reactive protein (CRP), lactate dehydrogenase (LDH), neutro-
phil-lymphocyte ratio (NLR), lymphocyte-monocyte ratio (LMR), platelet-lymphocyte ratio
(PLR), and dNLR. In addition, we evaluated the relationship of clinical factors and these inflam-
matory markers with survival in NSCLC patients who undergo curative surgical resection.

Materials and methods

Patients and samples

We retrospectively identified and enrolled 1,237 patients with stage I-III primary NSCLC who
had undergone complete surgical resection. Patient data were taken from two institutions in
Japan; Kyushu University Hospital between January 2003 and December 2015, and National
Hospital Organization Kyushu Cancer Center from January 2009 to December 2015. We
excluded patients who had received neoadjuvant therapy from this study. Clinicopathological
features were examined including; age at surgery, sex, smoking history (never smoked or
smoking history), tumor location (left or right, upper lobe or other), pathological stage (as
defined by International Association for the Study of Lung Cancer guidelines, 7" edition)

[24], surgical procedure, tumor histology, pleural or lymphovascular invasion, adjuvant che-
motherapy treatment, and serum inflammatory marker metrics for; Alb, CRP, LDH, NLR (cal-
culated as absolute neutrophil count/absolute lymphocyte count), LMR (absolute lymphocyte
count/absolute monocyte count), PLR (absolute platelet count/absolute lymphocyte count),
and dNLR (absolute neutrophil count/[white blood cell concentration-absolute neutrophil
count]). EGER status had been determined in tumor tissue using the peptide nucleic acid-
locked nucleic acid (PNA-LNA) polymerase chain reaction clamp method (Mitsubishi Chemi-
cal Medience, Tokyo, Japan) in 487 patient specimens [25]. Regarding surgical procedure, the
criteria for intentional sublobar resections were as follows: (i) the total tumor size < 2.0 cm;
(ii) a consolidation/tumor ratio < 0.25 [26]. In addition, compromised sublobar resections
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were performed when patients could not tolerate a lobar resection, due to decreased pulmo-
nary function or comorbidities. Serum inflammatory markers were determined on hospital
admission, before surgery. Cut-off values for Alb, CRP, and LDH were set at 3.5 (g/dL), 0.3
(mg/dL), and 222 (U/L), respectively (with reference to previous reports [27, 28]). Cut off val-
ues for NLR, LMR, PLR, dNLR and the ratio of LMR to LDH (LMR/LDH (%)) were deter-
mined from receiver operating characteristic (ROC) curve analyses for 5-year overall survival
(OS). Clinical information and follow-up data were obtained from patients’ medical records,
and we accessed the patients’ medical records for two months (from January 2020 to February
2020). The end of the follow-up period was December 31, 2019. All data were fully anon-
ymized before we accessed them. This study was conducted in accordance with the amended
Declaration of Helsinki, and has been approved by our institutional review boards (Kyushu
University, IRB No. 2019-232 and Kyushu Cancer Center, IRB No. 2019-57).

Follow-up

After surgical resection, routine check-ups (including a physical examination, blood tests including
serum tumor markers, and chest x-ray) were performed at 3-month intervals for the first 3 years
and at 6-month intervals thereafter. Computed tomography (CT) was performed twice each year
for the first 3 years and then at least annually thereafter. '*F-fluorodeoxyglucose positron emission
tomography/CT and brain magnetic resonance imaging were performed as clinically required.
Adjuvant chemotherapy was administered in some patients as required. The eligibility criteria for
patients receiving adjuvant chemotherapy were as follows: (i) pathological stage IB to IIIA disease,
(ii) less than 76 years of age, (iii) Eastern Cooperative Oncology Group performance status of 0
and 1, and (iv) provided written informed consent. The regimen for pathological stage IB disease
was uracil-tegafur, and for stage ITA to IIIA disease was a platinum-based combined regimen.

Statistical analysis

Patient demographics and baseline characteristics were summarized using descriptive statistics
or contingency tables. Pearson product-moment correlation coefficient (r) among inflamma-
tory markers and the area under curve (AUC) for ROC curve analyses of OS were calculated.
We examined the association between inflammatory markers and clinical factors using Stu-
dent’s t-tests. Disease-free survival (DFS) was considered as the period between surgery and
the date of recurrence, and OS was considered as the period between surgery and the date of
last follow-up or death. The rates of DFS and OS were estimated using the Kaplan-Meier
method and compared statistically with log-rank tests. Univariate and multivariate analyses
with Cox proportional hazards regression analysis were performed to evaluate the relationship
between survival and clinical factors, including inflammatory markers. For multivariate Cox
proportional hazards regression analyses, we used the backward elimination method: Briefly,
the model was run with all the variables, and the variable with the highest P value was
excluded. This process was repeated with the remaining variables until all remaining variables
had P values of < 0.05. P < 0.05 was used as the significance threshold, and all statistical analy-
ses were performed using JMP 14.0 software (SAS Institute, Cary, NC, USA).

Results
Patient characteristics

The clinical characteristics of the 1,237 patients with NSCLC (171 with squamous cell carci-
noma (Sq) and 1,066 with non-Sq) included in this study are listed in Table 1. The median age
was 69 years (range: 29-89 years), 656 (53.0%) were male, 686 (55.5%) were smokers, 751
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Table 1. Clinicopathological characteristics of all patients (N = 1,237).

Factors Variable/group Value/no. of patients
Age (years) Median 69
Range 29-89
Sex Female 581 (47.0%)
Male 656 (53.0%)
Smoking history Never smoked 551 (44.5%)

Past/present smoker

686 (55.5%)

Tumor in left or right lung

Left

486 (39.3%)

(
(
(
(
751 (60.7%)
(
(
(
(

Right
Tumor in upper lobe or other Upper 688 (55.6%)
Others 549 (44.4%)
Pathological stage I 953 (77.0%)
1I 167 (13.5%)
111 117 (9.5%)

Surgical procedure

> Lobectomy

963 (77.9%)

Sublobar resection

274 (22.1%)

Tumor histology Sq 171 (13.8%)
Non-Sq 1,066 (86.2%)
Pl No 991 (80.1%)
Yes 246 (19.9%)
Ly No 1,120 (90.5%)
Yes 117 (9.5%)
\Y% No 987 (79.8%)
Yes 250 (20.2%)
Adjuvant chemotherapy No 983 (79.5%)
Yes 254 (20.5%)
EGER status® Wild-type 267 (54.8%)
Mutant-type 220 (45.2%)
Alb (g/dL) Mean 4.2
Range 2.2-53
CRP (mg/dL) Mean 0.38
Range 0.01-40.7
LDH (U/L) Mean 198
Range 78-548
NLR Mean 2.46
Range 0.40-22.83
LMR Mean 5.45
Range 0.37-20.94
PLR Mean 143
Range 21-646
dNLR Mean 1.79
Range 0.23-14.87

* Data only available for 487 patients.

Alb, albumin; CRP, C-reactive protein; dNLR, derived neutrophil-lymphocyte ratio; EGFR, epidermal growth factor

receptor; LDH, lactate dehydrogenase; LMR, lymphocyte-monocyte ratio; Ly, lymphatic invasion; NLR, neutrophil-

lymphocyte ratio; Pl, pleural invasion; PLR, platelet-lymphocyte ratio; Sq, squamous cell carcinoma; V, vascular

invasion.

https://doi.org/10.1371/journal.pone.0241580.t001
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(60.7%) had NSCLC in the right lung and 688 (55.6%) had NSCLC in the upper lobe. The dis-
tribution of disease pathological stage among the patients was: stage I, N = 953 (77.0%); stage
II, N = 167 (13.5%); stage III, N = 117 (9.5%). EGFR status was available for 487 patients; 267
(54.8%) had wild-type EGFR, and 220 (45.2%) had mutant-type EGFR. The mean values for
marker levels were: Alb, 4.2 g/dL (range: 2.2-5.3); CRP, 0.38 mg/dL (range: 0.01-40.7); LDH,
198 U/L (range: 78-548); NLR, 2.46 (range: 0.40-22.83); LMR, 5.45 (range: 0.37-20.94); PLR,
143 (range: 21-646); and dNLR, 1.79 (range: 0.23-14.87).

Statistical associations between inflammatory markers and with OS

We calculated the Pearson product-moment correlation coefficients (r) between inflammatory
markers and the AUC of ROC curve analyses for OS for each inflammatory marker. As shown
in Fig 1A, there were negative and positive correlations between inflammatory metrics, and
notably a strong positive correlation (r = 0.9629) between NLR and dNLR. Fig 1B shows the
changes in AUC of ROC curve analyses for OS over time after surgery for NLR, LMR, PLR,
and dNLR data: The AUC of LMR was the highest, and the AUC of NLR was higher than that
of dANLR at any point after surgery.

Associations between inflammatory markers and clinical factors

We next examined the association between inflammatory markers and clinical factors using
Student’s t-tests (Fig 2 and S1 Fig). The marker levels were significantly different between
female and male or never-smoker and smoker except for ANLR. Alb, CRP, NLR, and LMR
metrics were significantly different according to tumor histology. All markers showed a signifi-
cant difference between pathological stage groups (I vs. II/III). In the analyses of the cases for
which EGFR status was available, there were significant differences for Alb, CRP, and LMR
metrics between wild-type and mutated groups.

Associations between inflammatory markers and survival

We investigated the association between the inflammatory markers and survival using multi-
variate analyses with Cox proportional hazards regression analysis (Table 2). We excluded the
dNLR because there was a strong positive correlation (r = 0.9629) between NLR and dNLR,
and the AUC of NLR was higher than that of ANLR. The median follow-up time was 5.16 years
(range: 0.03-16.27). Multivariate analyses revealed that age, sex, tumor location (upper or oth-
ers), pathological stage, histology, status of pleural or lymphovascular invasion, LDH and LMR
levels were all independent prognostic factors for DFS. For OS, a patient’s age, sex, pathologi-
cal stage, surgical procedure, histology, status of pleural or lymphovascular invasion, LDH and
LMR levels were independent prognostic factors.

Fig 3A shows the change in the AUC of ROC curve analysis for OS over time after surgery
for the LMR/LDH ratio. The AUC of LMR/LDH was the highest of the inflammatory marker
metrics, NLR, LMR, PLR, dNLR, and LMR/LDH, at any point after surgery (Figs 1B and 3A).
Moreover, survival analyses using the Kaplan-Meier method showed that patients with LMR/
LDH < 2.91 had significantly shorter DFS (P < 0.0001) and shorter OS (P < 0.0001) after sur-
gery, than patients with LMR/LDH > 2.91 (Fig 3B and 3C).

Analysis of the relationship between inflammatory markers and survival
according by clinical factor

Finally, we conducted subset analyses of the relationship between inflammatory markers and
survival according to clinical factors, using forest plot analyses. Data for DFS are shown in Fig
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A o T [« 4 [+ o 5
I 5 8 2 3 7 2
Alb CRP LDH NLR LMR PLR dNLR
Alb K
il Alb 1.0000 | -0.2401 | -0.0362 | -0.1595 | 0.2183 | -0.0440 | -0.1050
CRP
CRP |-0.2401 | 1.0000 | 0.0957 | 0.1764 |-0.1568 | 0.0286 | 0.1468
LDH
LDH -0.0362 | 0.0957 | 1.0000 | 0.1341 | -0.0587 | 0.0409 | 0.1297
NLR
0 NLR -0.1595 | 0.1764 | 0.1341 | 1.0000 | -0.5108 | 0.5796 | 0.9629
LMR
LMR 0.2183 | -0.1568 | -0.0587 | -0.5108 | 1.0000 | -0.4313 | -0.4246
PLR
PLR -0.0440 | 0.0286 | 0.0409 | 0.5796 | -0.4313 | 1.0000 | 0.5264
dNLR 1
dNLR |-0.1050 | 0.1468 | 0.1297 | 0.9629 | -0.4246 | 0.5264 | 1.0000
B 0.7 ~——NLR =—=LMR ——PLR dNLR
0.65
0.6 e
)
> 055
<
0.5
0.45
0.4
1 2 3 4 5
Time after surgery (years)
1 2 3 4 5
NLR | 0.58755 | 0.58716 | 0.60662 | 0.61310 | 0.60460
LMR | 0.65565 | 0.63304 | 0.64635 | 0.65213 | 0.64837
PLR | 0.41505 | 0.48540 | 0.50453 | 0.51331 | 0.51898
dNLR | 0.55666 | 0.55494 | 0.57655 | 0.58491 | 0.57229

Fig 1. Analyses of correlation between inflammatory marker metrics and their prognostic ability for OS over time. (A) Pearson product-moment correlation
coefficients (r) between inflammatory markers in tabular and graphic representation. (B) The transition in AUC of ROC curve analyses of inflammatory markers for OS
according to time after surgery. The table shows AUC data for each inflammatory metric and year after surgery. Alb, albumin; CRP, C-reactive protein; dNLR, derived
neutrophil-lymphocyte ratio; LDH, lactate dehydrogenase; LMR, lymphocyte-monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

https://doi.org/10.1371/journal.pone.0241580.9001

4 and for OS in Fig 5. For several inflammatory markers, differences were observed within
clinical subgroups. For instance, LMR was more strongly associated with DFS and OS among
patients who were under 75 years old, or female, or had a history of smoking (Figs 4 and 5).
While LMR/LDH was more strongly associated with DFS and OS among the patients who
were under 75 years old, or had a history of smoking, or pathological stage I disease (Figs 4

and 5).
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| P I 0.0532 | 0.2168 | 0.5731 | 0.4802 | 0.1527 | 0.1109 l 0.0030 I
PLOS ONE | https://doi.org/10.1371/journal.pone.0241580 November 2, 2020 7/16


https://doi.org/10.1371/journal.pone.0241580

PLOS ONE

Inflammatory markers in NSCLC

Fig 2. Associations between inflammatory markers and clinical factors. The panels show the levels of each inflammatory
marker (mean = standard error) grouped according to the clinical factors. (A) Alb (g/dL), (B) CRP (mg/dL), (C) LDH (U/L),
(D) NLR, (E) LMR, (F) PLR, and (G) dNLR. Age, < 75 vs > 75; Sex, Female vs Male; Smoking, Never-smoker vs Smoker; Left
or right, Left vs Right; Upper or others, Upper vs Others; Histology, Sq vs Non-Sq; Pathological stage, I vs II or III. P values
were calculated with Student’s #-test. Alb, albumin; CRP, C-reactive protein; dNLR, derived neutrophil-lymphocyte ratio; LDH,
lactate dehydrogenase; LMR, lymphocyte-monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

https://doi.org/10.1371/journal.pone.0241580.9002

Discussion

In this study, we examined the association between inflammatory markers and clinical charac-

teristics and evaluated the influence of clinical factors, including inflammatory markers, on

survival in NSCLC patients who undergo curative surgical resection. Several inflammatory

markers tended to be associated with male sex, a history of smoking, Sq histology, and patho-
logical stage II or III. Moreover, we found significant associations between EGFR status and
Alb, CRP, and LMR, where data were available. In our multivariate analyses, LMR and LDH
levels were independent predictors of both DFS and OS. Our results agree with previous
reports [12, 29]. However, to our knowledge, this is the first detailed examination of the associ-
ation between inflammatory markers and clinical characteristics in NSCLC patients who
undergo curative surgical resection.
As mentioned in our previous report, inflammation is well known to be both a cause and
consequence of tumor development and growth [30]. The status of inflammatory markers
could represent the host’s chronic inflammatory status and/or host immune response to

tumor. In NSCLC patients, smoking history is likely to contribute to a patient’s chronic

inflammatory status. Chronic inflammatory status is significantly associated with PD-L1

Table 2. Multivariate analyses of clinical factor associations with DES and OS (N = 1,237), showing hazard ratios (HR) with associated confidence intervals (CI) for
DFS and OS and their significance for each factor.

Factors

Age (years)

Sex

Smoking history

Tumor in left or right lung
Tumor in upper lobe or other
Pathological stage

Surgical procedure
Histology

pl

Ly

\%

Adjuvant chemotherapy
Alb (g/dL)

CRP (mg/dL)

LDH (U/L)

NLR

LMR

PLR

Groups

>75/< 75
Male/Female
Smoked/Never smoked
Right/Left
Upper/Others

> 1I/1

> Lobectomy/Sublobar resection
Sq/Non-Sq

Yes/No

Yes/No

Yes/No

Yes/No

>3.5/<3.5
>0.3/<0.3

>222/< 222

> 2.56/< 2.56
>5.11/< 5.11

> 164/< 164

Disease-free survival

HR (95%CI)
1.42 (1.13-1.77)
1.82 (1.43-2.32)

0.72 (0.58-0.89)
2.68 (2.10-3.41)
1.58 (1.22-2.05)
1.68 (1.31-2.12)
2.64 (2.01-3.47)
1.41 (1.10-1.81)

1.35 (1.05-1.73)

0.69 (0.55-0.86)

P value
0.0025
< 0.0001

0.0021
< 0.0001
0.0005
< 0.0001
< 0.0001
0.0064

0.0195

0.0009

Overall survival

HR (95%CI)
1.87 (1.44-2.44)
2.14 (1.59-2.88)

2.61 (1.93-3.54)
0.69 (0.49-0.98)
2.17 (1.62-2.90)
1.33 (1.00-1.78)
2.21 (1.59-3.07)
1.41 (1.05-1.89)

1.42 (1.06-1.89)

0.64 (0.49-0.83)

P value
< 0.0001
< 0.0001

< 0.0001
0.0371
< 0.0001
0.0496
< 0.0001
0.0224

0.0187

0.0008

Alb, albumin; CRP, C-reactive protein; LDH, lactate dehydrogenase; LMR, lymphocyte-monocyte ratio; Ly, lymphatic invasion; NLR, neutrophil-lymphocyte ratio; P,

pleural invasion; PLR, platelet-lymphocyte ratio; Sq, squamous cell carcinoma; V, vascular invasion.

https://doi.org/10.1371/journal.pone.0241580.t002

PLOS ONE | https://doi.org/10.1371/journal.pone.0241580 November 2, 2020

8/16


https://doi.org/10.1371/journal.pone.0241580.g002
https://doi.org/10.1371/journal.pone.0241580.t002
https://doi.org/10.1371/journal.pone.0241580

PLOS ONE

Inflammatory markers in NSCLC

A 0.7
i L
0.65 S
0.6
O
D 055
<
0.5
0.45
0.4
1 2 3 4 5
Time after surgery (years)
1 2 3 4 5
LMR/LDH | 0.68432 | 0.63802 | 0.65215 | 0.66172 | 0.65946
B C
1.0 1.0
0.8 0.8
[Ny =
5 2 oe- 52 os
S — — —
= 2 = 2
> 8 > 8
E -8 0.4 === LMR/LDH (%) <2.91: N= 718 E -8 0.4 === LMR/LDH (%) <2.91: N = 718
— —
a8 == | MR/LDH (%) =2.91: N= 519 a8 == | MR/LDH (%) >2.91: N = 519
0.2 0.2
Log-rank P < 0.0001 Log-rank P < 0.0001
0.0 T T T T T 0.0 T T T T T
0 1 2 3 4 5 0 il 2 3 4 5
Time after surgery (years) Time after surgery (years)
No. at risk No. at risk
Low 718 604 516 465 390 295 Low 718 659 584 524 446 337
High 519 483 450 423 388 300 High 519 504 479 464 428 334

Fig 3. The LMR:LDH ratio as a prognostic indicator in NSCLC. (A) The transition in the AUC of ROC curve analyses for OS over time after surgery for LMR/
LDH. (B) Kaplan—Meier curves showing survival of the patients according to LMR/LDH for DFS and for OS (C). LDH, lactate dehydrogenase; LMR,
lymphocyte-monocyte ratio.

https://doi.org/10.1371/journal.pone.0241580.9003

expression, which is expressed in many cancers and is thought to promote evasion of the anti-
tumor immune response at the tumor site. As such, this could contribute to the progression of
smoking-associated tumors [31-34]. Many studies have examined the clinical impact of
PD-L1 expression in NSCLC, and most showed that PD-L1 expression was significantly associ-
ated with poor prognoses [34, 35]. Therefore, the relationship of inflammatory marker levels
with survival could reflect this association between PD-L1 expression and poor prognoses.
Recent studies have investigated dNLR as a novel inflammatory marker in NSCLC patients
treated with cancer immunotherapy [18, 19]. However, our results suggest NLR is more
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Fig 4. Subset analyses of the relationship between DFS and inflammatory markers, according to clinical factors.
Data are presented as forest plots, with hazard ratios (HR), associated confidence intervals (CI) and p-values for each
group. Data for each inflammatory marker appears in a separate panel, as follows (with cut-off level); (A) Alb (g/dL); >
3.5/< 3.5, (B) CRP (mg/dL); > 0.3/< 0.3, (C) LDH (U/L); > 222/< 222, (D) NLR; > 2.56/< 2.56, (E) LMR; > 5.11/<
5.11, (F) PLR; > 164/< 164, (G) dANLR; > 1.92/< 1.92, and (H) LMR/LDH (%); > 2.91/< 2.91. Alb, albumin; CRP, C-
reactive protein; dNLR, derived neutrophil-lymphocyte ratio; LDH, lactate dehydrogenase; LMR, lymphocyte-
monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

https://doi.org/10.1371/journal.pone.0241580.g004

relevant than dNLR in NSCLC patients who undergo curative surgical resection. We found a
strong positive correlation (r = 0.9629) between NLR and dNLR, but the AUC of NLR was
higher than that of dNLR at any points after surgery. As such NLR appears to be a more useful
biomarker metric for survival prognosis.

We have identified LMR as an independent prognostic factor for DFS and OS. Many stud-
ies have reported an association between LMR and clinical outcomes in lung cancer, not only
for surgically resected cases but also advanced or recurrent cases treated with chemotherapy or
immunotherapy [12, 36-40]. It has been previously reported that cancer-specific cytotoxic T-
cells play an important role in the anticancer response, but that tumor-associated macrophages
play a key function in promoting tumor angiogenesis, an important step in tumor progression
[41, 42]. Therefore, a high LMR is thought to be associated with better prognosis. Our subset
analyses revealed that LMR had stronger impact on survival among patients under 75 years
old, who were female, had a history of smoking, right lung cancer, cancer in the middle or
lower lobe, or pathological stage I disease. In these subgroups, we believe LMR is the inflam-
matory prognostic marker with the most significant relationship to survival. LDH was another
an independent prognostic marker for DFS and OS in resectable NSCLC patients. Elevated
LDH has been recognized as a poor prognostic marker in multiple cancers including NSCLC
[29], however, the reason behind this is poorly understood. Here, LDH levels were significantly
higher in female patients than in male patients and in non-smokers than in those with a history
of smoking. Contrastingly, LDH was significantly higher in patients with later stage disease
than in those with stage I disease. LDH level was not significantly higher in Sq patients com-
pared to non-Sq patients, and almost the same for EGFR wild-type and mutant-type groups.
Our findings suggest LDH level does not reflect smoking habits but other mechanisms. Meta-
bolic reprogramming is associated with tumor invasion, metastasis, and poor prognoses in
metastatic hormone-refractory prostate cancer patients [43]. This may also hold true for
NSCLC patients. A common feature of metabolic reprogramming is the Warburg effect, a shift
towards anabolic glycolysis [44], which is regulated by hypoxia-inducible factor-1 alpha
through the transcriptional activation of genes encoding metabolic enzymes. These enzymes
include LDH, which converts pyruvate to lactate, vital to this switch in metabolism. It has been
previously reported that LMR/LDH is an independent prognostic marker in diffuse large B-
cell lymphoma [45]. In that study, LMR/LDH was defined as the immune response to tumor
burden ratio. Our study revealed that LMR and LDH were independent predictors of both
DFS and OS, and the AUC of LMR/LDH was the highest among the inflammatory metrics
tested, NLR, LMR, PLR, dNLR, and LMR/LDH, at any point after surgery. Therefore, the clini-
cal significance of LMR/LDH in NSCLC patients merits further investigation.

This study has several limitations. First, this was a retrospective study, although this limita-
tion is mitigated as it was a multicenter study with a relatively large study cohort. Validation
studies in another cohort and prospective studies are needed to confirm these findings. Sec-
ond, this retrospective study did not include red blood cell distribution width (RDW). This is
one of the parameters of a complete blood count, unavailable because we were could not get
the data for all cases from the medical records of the hospitals. The RDW evaluates the
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Fig 5. Subset analyses of the relationship between OS and inflammatory markers, according to clinical factors.
Data are presented as forest plots, with hazard ratios (HR), associated confidence intervals (CI) and p-values for each
group. Data for each inflammatory marker appears in a separate panel, as follows (with cut-off level); (A) Alb (g/dL); >
3.5/< 3.5, (B) CRP (mg/dL); > 0.3/< 0.3, (C) LDH (U/L); > 222/< 222, (D) NLR; > 2.56/< 2.56, (E) LMR; > 5.11/<
5.11, (F) PLR; > 164/< 164, (G) dANLR; > 1.92/< 1.92, and (H) LMR/LDH (%); > 2.91/< 2.91. Alb, albumin; CRP, C-
reactive protein; dNLR, derived neutrophil-lymphocyte ratio; LDH, lactate dehydrogenase; LMR, lymphocyte-
monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

https://doi.org/10.1371/journal.pone.0241580.g005

variation in red blood cell size or volume and is a strong marker of inflammatory activity [46].
Recent reports have showed significant associations between RDW and clinical outcome in
resected NSCLC [13, 16, 47]. The inclusion of RDW data in these or future analyses is
desirable.

In conclusion, we have identified several inflammatory markers, some that possibly reflect
smoking habit, associated with advanced pathological stage in NSCLC patients who undergo
curative surgical resection. LMR and LDH were the strongest independent predictors of both
DFS and OS, and the ratio between them showed the best prognostic ability. These metrics
could be robust, simple and inexpensive prognostic markers in patients with resectable
NSCLC.

Supporting information

S1 Fig. Association between inflammatory markers and EGFR status. The values of inflam-
matory markers (mean + standard error) according to EGFR status. (A) Alb (g/dL), (B) CRP
(mg/dL), (C) LDH (U/L), (D) NLR, (E) LMR, (F) PLR, and (G) dNLR. EGEFR status, Wild-type
vs Mutant-type. P values were calculated with Student’s t-test. Alb, albumin; CRP, C-reactive
protein; dNLR, derived neutrophil-lymphocyte ratio; LDH, lactate dehydrogenase; LMR, lym-
phocyte-monocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.
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