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Abstract

Background/Aims: The objectives of this study were to evaluate the impact of the neutrophil
to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) on overall survival (OS) and
to explore the value of changes in the NLR and PLR with treatment as a response indicator.
Methods: A total of 934 patients were eligible for retrospective analysis between 2008 and
2014. The pretreatment and post-treatment PLR and NLR in all patients were calculated based
on complete blood counts. Univariate and multivariate Cox regression analyses were performed
to determine the associations of the PLR and NLR with OS. Results: The pretreatment NLR and
PLR were correlated with different disease status and response to chemotherapy. Patients with
lower NLR and PLR had a significantly better complete response (CR) rate to chemotherapy
versus those with a higher NLR and PLR (p<0.001). The NLR and PLR were sustained in patients
who obtained a CR compared with moderate or poor response patients. The lower NLR of
pretreatment was independently associated with a favourable prognosis in whole patients
with lung cancer (HR: 0.69, 95% CI, 0.55-0.85, p<0.001). In the patients under control after
chemotherapy, the NLR of post-chemotherapy had a greater impact on survival, and the low
NLR level maintained during chemotherapy was identified a predictor for favourable survival.
PLR was not an independent prognostic indicator in the whole cohort or any subgroups.
Conclusion: Our results suggested that NLR was well-connected with outcomes and response
to chemotherapy in patients with lung cancer. As a response indicator, NLR may predict benefit
from chemotherapy and improve patient selection.
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Introduction

Lung cancer is one of the most common tumours in the world, and its mortality accounts
for 28% in males and 26% in females, ranking first in all cancers [1]. The main treatments for
lung cancer are surgery and chemotherapy [2]. Although the treatments in lung cancer have
made great progress, more effective treatment strategies must consider patient selection
and evaluate the prognosis of patients with lung cancer.

Previous studies showed that cancer-related inflammation has been recognized
as one of the markers of cancer with an essential role in the modulation of the tumour
microenvironment [3, 4]. Inflammation may play an important role in the tumour genesis
process and progression by promoting cancer cell proliferation and survival, angiogenesis,
and tumour metastasis, as well as impacting tumour response to systemic therapies
[5]. Lymphocytes, which have been thought to play an essential role in cancer immune
surveillance, are hypothesized to suppress tumour maturation [6]. In addition, the NLR and
PLR are easily measured and repeatable markers, which may provide a simple and cheaper
avenue for cancer-related inflammation. The imbalances in the ratio of NLR and PLR may
provide insight into understanding tumour progression and prognosis in individuals with
cancer [7]. These ratios have shown prognostic relevance across a large variety of tumour
types [7-12]. In lung cancer, a number of retrospective studies have estimated the prognostic
significance of baseline NLR and PLR [12-22].

However, those studies typically focused on specific types or specific populations with
lung cancer. There are few studies evaluating the roles of the NLR and PLR in whole lung
cancer cohorts with different subtypes and treatments. The prognostic value of different
treatments and the association with response to treatment remain unclear.

The current study aimed to assess the prognostic roles of the NLR and PLR in patients
with lung cancer during different treatment status. We also analysed the predictive value of
pre/post-treatment NLRs and PLRs for response to chemotherapy.

Materials and Methods

Participants

Patients included in this dataset were hospitalized between January 2008 and Dec 2014. The inclusion
criteria included the following: 1) diagnosed lung cancer by biopsy, and 2) data about complete blood count,
blood chemistries and other inflammatory factors before and after different treatments. This study was
approved by the Ethical Committee of West China Hospital of Sichuan University. All patients signed written
informed consent before entering the study.

Data collections and follow up

Data were collected retrospectively from individual medical case notes, electronic patient records
and pathology reports, including age, gender, histological subtype, stage, smoking status and therapy. Stage
was determined according to the American Joint Committee on Cancer Staging System (AJCC), 7" Edition
[23]. The NLR was defined as the absolute neutrophil count divided by the absolute lymphocyte count, and
the PLR referred to the absolute platelet count divided by the absolute lymphocyte count. Values of the
pretreatment NLR and PLR were measured as the baseline values at the initial diagnosis before treatment.
The post-treatment NLR and PLR were recorded within 7 days after the first cycles of chemotherapy. All the
responses to chemotherapy were evaluated according to Response Evaluation Criteria in Solid Tumours,
which was a commonly accepted standard to evaluate patient response from a certain treatment [24].
Survival status was determined from the date of last follow-up in Dec 2014. The overall survival time was
defined as the time from the confirmed diagnosis of lung cancer to the date of death or to the date of last
follow-up for patients who had not died before the censor date. Follow-up was done every 3 months by
telephone. The contents of following up included tumour progression, recurrence, metastasis and survival
days.
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Statistical methods

Continuous data were presented as the mean # standard deviation. Categorical data were described
by the frequency and percentage. Student’s t test or one-way ANOVA (Analysis of Variance) were used
for continuous variables, and Fisher’s exact test or x2 test was used for comparisons of categorical data
separately. SNK was used for multiple samples. ROC curve analysis was carried out to assess the prognostic
ability of the PLR and NLR. The optimal cutoff values were identified as the values that maximize the You
den index (sensitivity + specificity - 1) (Fig 8) [25]. The cutoff values for the NLR and PLR were 3.0 and
160, respectively. Survival curves were estimated with the Kaplan-Meier method. The associations of the
NLR and PLR with survival were evaluated in univariable and multivariable Cox regression models. In the
multivariable model, all variables with a statistically significant univariate association were included. HRs
and 95% ClIs were provided for univariable and multivariable Cox regression models. A Cox proportional
hazards model was fitted to all individual prognostic variables to determine their independent effect.
Analyses were performed in SPSS 21.0 software.

Results

Population characteristics Table 1. Baseline characteristics of patients. #

The clinical characteristics of the pop- Mortality in patients with surgery was less than 50%,
ulation are summarized in Table 1. A total  S© median survival time could not be calculated. SCC:
of 934 patients were eligible for analysis ~ Squamous cell carcinoma; AC: adenocarcinoma; SCLC:
between 2008 and 2014. The median age small cell lung cancer; CR: complete response; PR:
of the subjects was 60 (24-89 years); 634 partial response; SD: stable disease; PD: progressive
of the participations were male (67.9%) disease; TKI: Tyrosine kinase inhibitor; OS: overall
and 300 were female (32.1%). The major- ~ Survival
ity of patients were current or ex-smokers Variables

Number of patients (%)

(n=514, 55.0%). Information about treat-  Age (range), years (n=934) 60 (24-89)
ment was also collected; 639 of 934 pa- Se’;,gg%ﬂ 634 (67.9%)

tients had received chemotherapy with a Female
median survival time of 24 months. Clini- Smoking Statlll(S_ (n=934)
cal response was evaluated after two or Never smoking

Current or ex-smoker
three cycles of chemotherapy. Among 639 Stage (n=888)
I

300 (32.1%)

420 (45.0%)
514 (55.0%)

patients, 442 (69.1%) obtained at least a 97(10-9;%)
partial response. Patients with TKI ther- gl 2%75((357/;2)

apy represented a proportion of 4.7% in v
892 with a median OS of 28 months. The Histology (n=934)
5-year survival rate was 66.8% in patients Ac

449 (50.6%)

490 (52.5%)
scc 240 (25.7%)

with surgery. The median survival time in SCLC 153 (16.4%)
all patients was 26.31 months with a fol- hOtherh ( ) 51 (5.5%)
; . Chemotherapy (n=934
low-up time of 5 years. Yes 639 (68.4%)
No 295(31.6%)
Association Of the pretreatment Response for initial chemotherapy (n=639)
. ; . CR 153(23.9%)
NLR and 'Pl',R 'Wlth baseline clinical PR 161(25.2%)
characteristics in lung cancer SD 128(20.0%)
Correlations between the PD 197(30.8%)
pretreatment NLR and PLR and clinical TK;etsklerapy (n=892) 42 (4.79%)
characteristics are shown in Table 2. No 850 (95.3%)
Females, patients who never smoked Surgery (n=934)
; . . Yes 278 (29.7%)
and patients with adenocarcinoma were No 656 (70.3%)

more abundant in the lower NLR group
compared with the higher group. A high
NLR was associated with unfavourable
tumour characteristics, including late
tumour stage and a poor response to
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chemotherapy (all p<0.01,
Table 2). The values of the
pretreatment PLR were also
associatedwiththestageand
response to chemotherapy.
Furthermore, the
pretreatment NLR and PLR
were positively correlated
with the post-chemotherapy
NLR and PLR.

Comparison  of the
NLR and PLR among
different  treatments
and disease statuses
The values of the NLR
and PLR were estimated
according to treatment
status (Fig 1). The values
of the pretreatment NLR
and PLR were 4.01+3.35
and 158.55+112.22,
respectively, which were
significantly increased after
surgery (NLR: 11.36+8.73,
PLR: 195.78+105.73) at
one week and after one
cycle of chemotherapy
(NLR:  5.59+9.28, PLR:
200.34+198.84) (all
p<0.001). There was no
significant difference
between the PLR of post-
surgery and chemotherapy

(p=0.685).
Furthermore, among
patients who  received

chemotherapy, cases with a
lower NLR had significantly
better complete response
rates  (30.6%)  versus
those with a higher NLR
(17.1%, p<0.001, Table 2).
The values of the NLR and
PLR for both pretreatment
and post-chemotherapy in
the CR-group were reduced
compared with patients
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Table 2. Association of pretreatment NLR/PLR with baseline clinical
characteristics in lung cancer. *: p<0.05 is significant pNLR: NLR of
pretreatment; pPLR: PLR of pretreatment

. pNLR<3 pNLR=3 pPLR<160 pPLR2160
Vemikliss (n=439)  (n=495) i (n=589)  (n=345) ?
Age, years (n=934) 0.442 0.745
<60 208(47.4) 247(445) 286(48.3)  160(49.4)
=60 231(52.6) 248(50.1) 306(51.7)  173(50.6)
Sex (n=934) <0.001* 0.245
Male 265(60.4) 369(74.5) 410(69.6)  224(64.9)
Female 174(39.6) 126(25.5) 182(30.7)  118(34.5)
Smoking status (n=934) 0.002* 0.725
Never smoking 220(50.1)  199(40.2) 263(44.4)  156(45.6)
Current or ex-smoker  219(49.9) 296(59.8) 329(55.9) 186(53.9)
Stage (n=888) <0.001* <0.001*
I 63(15.1)  34(7.2) 79(14.2)  18(10.9)
11 45(10.8) 42(8.9) 64(11.4) 87(9.8)
1 124(29.7) 130(27.7) 163(29.0)  91(28.0)
v 186(44.5) 264(56.2) 257(45.6) 193(59.4)
Histology (n=934) <0.001* 0.171
AC 262(59.7) 228(46.1) 325(54.9) 165(48.2)
scc 80(18.2) 160(32.3) 138(23.4) 102(29.6)
Other 24(5.5) 27(5.4) 34(5.8) 17(4.9)
SCLC 73(16.6)  80(16.2) 95(16.0)  58(17.0)
Post-chemotherapy NLR (n=290) <0.001* 0.025*
<3 68(53.5)  43(26.4) 78(43.3) 33(30)
>3 59(46.5) 120(73.6) 102(56.7) 77(70)
Post-chemotherapy PLR (n=290) <0.001* <0.001*
<160 81(63.8)  63(38.7) 117(65.0)  27(24.5)
=160 46(36.2) 100(61.3) 63(35.0) 83(75.5)
Response for initial chemotherapy (n=639) <0.001* <0.001*
CR 99(30.6)  54(17.1) 124(29.7)  29(13.7)
PR 73(22.5)  88(27.9) 85(20.3) 76(34.4)
SD 72(22.2)  56(17.8) 90(21.5) 38(17.2)
PD 80(24.7) 117(37.1) 119(28.5)  78(35.3)
A B
p<0.001
180, e 3000
p0.001 . penact D
100 2000
o . " .
E‘ . : * A
50 . R 1000
‘e a a“ . S iy A:‘
0o d80% 00 At YR LT ¥ H
0 0
Pretreatment Postsurgery  Post-chemotherapy Pretreatment Post-surgery  Post-chemotherapy

Fig. 1. The values of NLR and PLR were estimated according to
treatment status. The pretreatment NLR (A) and PLR (B) were
significantly increased after operation in one week and after one cycle
of chemotherapy.

Table 3. Comparison of NLR and PLR among patients with different
response for initial chemotherapy *: p<0.05 is significant CR:
complete response; PR, Partial response; SD: Stable disease; PD:
progressive disease

At diagnosis After one cycle of chemotherapy
CR PR+SD+PD P CR PR+SD+PD P
NLR 3.07+1.39 3.99+£3.19 0.004* 3.05+1.69 5.39£5.01 0.014*
PLR  148.12+78.00 160.75+93.12 <0.001* 148.50+74.12 202.4+138.75 0.042*

with a moderate or poor response (all p<0.05, Table 3). The NLR and PLR were sustained
in patients who obtained a complete response after two or three cycles of chemotherapy
(p>0.05); in patients with a moderate or poor response, the post-chemotherapy NLR and
PLR were dramatically increased compared with pretreatment (all p<0.001, Fig 2).
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Association of the NLR
and PLR with prognosis
in all patients with lung

cancer
In all patients, a lower
level of  pretreatment

NLR and PLR conferred
a favourable prognosis
in the univariate survival
analysis (all p<0.001, Table
4, Fig 3). Furthermore,
age, smoking status, stage,
surgery and chemotherapy
were significant prognostic
factors for OS. The patients
receiving TKI treatment
seemed not show a
significant difference
compared  with  other
patients. But due to the
limitation of the patients
we included in, the results
should be treated with
cautions. The multivariate
Cox regression analysis
also identified the NLR as
an independent prognostic
factor, except smoking
status, stage, chemotherapy
and surgery (all p<0.05,
Table 4). The pretreatment
PLR, however, did not reach

statistical significance
by the multivariate Cox
analysis.

We also did some extra
analysis of the current data
and provided these result.
As for histology, the patients
with adenocarcinoma (AC)
showed worse OS in high-
NLR group at diagnosis (Fig
4B).In addition, the patients
with higher NLR in small
cell lung cancer (SCLC)
and AC showed worse 0OS
compared with patients
with lower ones after one
cycle of chemotherapy (Fig
4E, Fig. 4F).
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Fig. 2. The dynamic change of NLR and PLR during chemotherapy in
patients with different response. NLR (A) /PLR (B) were sustained in
patients obtained complete response (CR) after two or three cycles
of chemotherapy, while in patients with moderate or poor response
(PR+SD+PD), the post-chemotherapy NLR and PLR were dramatically
increased.

Table 4. Univariate and multivariate survival analysis in relation to OS

in all patients with lung cancer.

*: p<0.05 is significant

Univariate Multivariate

Variables HR, 95% CI HR, 95% CI P
Age (260 vs. <60) 133 (1.11-1.60)* 1.19(0.98-1.46)  0.083
Sex (Female vs. Male) 0.87 (0.72-1.06)
Smoking status (Current/ex vs. Never) — 1.24 (1.03-1.48)* 1.25(1.03-1.51)  0.027*
Stage

[ 1.0 1.0

11 1.13 (0.63-2.01) 1.03(0.58-1.84) 0921

111 2.79 (1.78-4.38)* 1.76 (1.10-2.81)  0.018*

I\ 3.82 (2.50-5.97)* 1.89 (1.19-3.00)  0.007*
Histology

Other 1.0

scc 0.87 (0.58-1.33)

AC 0.91 (0.61-1.36)

SCLC 1.04 (0.68-1.61)
Surgery (Yes vs. No) 0.25 (1.19-0.33)* 0.31(0.22-0.42) <0.001*
Chemotherapy (Yes vs. No) 0.53 (0.44-0.64)* 0.71(0.58-0.87) <0.001*
TKI (Yes vs. No) 0.83 (0.53-1.29)
pretreatment NLR (<3 vs. >3) 059 (0.49-0.71)*  0.69 (0.55-0.85) <0.001*
pretreatment PLR (<160 vs. >160) 0.66 (0.55-0.79)*  0.92 (0.74-1.13)  0.410

T
0 20

Cum Survival

T
40

T
50

mmmmmmmmmmm

Overall survival (months)

pretreatment PLR
FnRs160

T T —r-
20 40 60

Overall Survival (months)

eeeeeee

T T
80 100

Fig. 3. Kaplan-Meier curves for OS according to pretreatment NLR and
PLR in whole lung cancer patients.
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Association of the NLR
and PLR with prognosis
in patients received dif-
ferent treatment strate-
gies

Since  surgery and
chemotherapy had dramatic
impacts on survival in pa-
tients with lung cancer, we
divided all participants into
subgroups according to dif-
ferent treatment strategies.

For patients receiving
surgery, the NLR and PLR
of pretreatment were not
associated with a progno-
sis, although patients with
a higher NLR and PLR of
pretreatment had trends
towards poor survival after
30 months (Fig 5).

We divided patients re-
ceiving chemotherapy into
subgroups according to re-
sponse. In patients with dis-
ease control (CR+PR+SD),
age, stage, surgery, pre-
treatment NLR and PLR
and post-chemotherapy
NLR were significantly cor-
related with survival in the
univariate analysis (Table
5). After adjustment for
these factors, only a lower
post-chemotherapy ~ NLR
still conferred a favourable
prognosis in the multivari-
ate analysis (Fig 6, Table 5).
However, the pretreatment
NLR showed no significant
difference in these patients.
These results indicated that
the post-chemotherapy
NLR had a greater impact
on prognosis than the pre-
treatment NLR in patients
who had disease control af-
ter initial chemotherapy.

A lower post-chem-
otherapy NLR had a trend
towards an association with
response to initial chemo-
therapy in the multivariate
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Table 5. Univariate and Multivariate Cox survival analyses in relation to
OS in patients obtained disease control after chemotherapy. *: p<0.05
is significant; #: Since coefficients did not converge, no further models
will be fitted

Univariate Multivariate

Variables HR, 95% CI HR, 95% CI P
Age (260 vs. <60) 1.65 (1.14-2.34)* 0.60 (0.31-1.16)  0.130
Sex (Female vs. Male) 1.00 (0.68-1.48)
Smoking status (Current/ex vs. Never) 1.22 (0.85-1.77)
Stage

1 1.0 1.0

11 0.90 (0.35-2.32) 0.82 (0.09-7.54) 0.862

11 2.20 (1.05-4.58)* 0.85(0.26-2.78)  0.785

v 3.14 (1.56-6.32)* 1.27 (0.44-3.71)  0.660
Histology

Other 1.0

scc 0.84 (0.55-1.29)

AC 0.63(0.23-1.78)

SCLC 1.25 (0.73-2.14)
Surgery (Yes vs. No) 0.23 (0.14-0.37)*#
TKI (Yes vs No) 1.09 (0.51-2.35)
pretreatment NLR (<3 vs. >3) 0.62 (0.43-0.89)* 0.83 (0.41-1.66)  0.589
pretreatment PLR (<160 vs. >160) 0.59 (0.41-0.86)* 0.88 (0.45-1.74)  0.712
post-chemotherapy NLR (<3 vs. >3) 0.33 (0.16-0.67)* 0.36 (0.17-0.76)  0.007*

postchemotherapy PLR (<160 vs. >160) 0.56 (0.30-1.04)

A D
ol o —ue o] i
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ol AL hH
5 N M
£ o o, i. _H_\_‘
-3 I e B H 4
5. L E ’ 1
2 o @ s ) 5 o EY ;ns s £
B E
o o — 4 e s
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o . o] :
1. L z, el
g i .
Cc F
5 ¥ T, -]
o T “'
3 e B b
gl et e ,
3o : H y L.
g b} EM
os os °

Fig. 4. Kaplan-Meier curves for overall survival according to NLR,
Histology and treatment course. OS stratified according to the
NLR at diagnosis in (A) SCC (NLR<3 vs NLR=3, median OS 36 vs 25
months, P=0.096) (B) AC (NLR<3 vs NLR=23, median OS 40 vs 17
months, P<0.001) (C) SCLC (NLR<3 vs NLR=3, median OS 31 vs 15
months, P=0.200). OS stratified according to the NLR after one cycle
of chemotherapy in (D) SCC (NLR<3 vs NLR=3, median OS 24 vs 18
months, P=0.104) (E) AC (NLR<3 vs NLR=23, median OS 28 vs 16
months, P<0.001) (F) SCLC (NLR<3 vs NLR23, median OS 31 vs 20
months, P=0.014). Abbreviations: NLR: neutrophil-to-lymphocyte
ratio; SCC: squamous cell carcinoma; AC: adenocarcinoma; SCLC: small
cell lung cancer; OS: overall survival.
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logistic analysis (p=0.051, R
OR, 0,95% CI: 0.281-1.002), ol b

providing a limited sugges- Hnmﬂ__ﬂ

tion of a differential effect of
chemotherapy between the
two NLR groups.

Cum Survival

Analysis  of dynamic
change of the NLR

pretreatment NLR L pretreatment PLR
—NLRs3 30 . PLR5160
—NLR>3 e —PLR>160
PLR=160-censored
PLRZ180-censored

1 L k p=0.052
Log-rank p=0.342 0.8 — og-rank p=

I

Cum Survival

and PLR during
chemotherapy

T T
o 20

Overall survival (months)

T T T T r
[ 20 0 50 80
Overall survival (months)

T T T
40 60 80

We observed the dynamic
changeofthe NLRinpatients
under  control  during
chemotherapy. Patients
receiving chemotherapy were divided into
four groups, including maintained a low
NLR, maintained a high NLR, increased NLR
and decreased NLR groups. The analysis
revealed that patients who maintained a
low NLR had the best survival (median,
56 months), whereas patients with an
increased NLR had the worst OS, with a
median of 24 months. With adjustments for
age, stage and pretreatment PLR, a dynamic
change of the NLR during chemotherapy
remained an independent predictor of
overall survival (HR: 0.196, 95% CI, 0.064-
0.602, p=0.004, Fig 7). The changes in the
PLR did not show a significant difference;
even patients with an increased PLR had
the shortest median survival time (data not
shown).

Discussion

In our study, we investigated the
prognostic effect of the NLR and PLR on
lung cancer by a retrospective analysis of
934 patients with lung cancer. We found
that the NLR and PLR were correlated with
different disease status and responses
to chemotherapy. A lower pretreatment
NLR was independently associated with a
favourable prognosis in all patients with
lung cancer. In the patients with disease
control after chemotherapy, a maintained
low NLR during chemotherapy was
identified as a predictor for favourable
survival. The findings suggested thatalower
NLR at diagnosis might predict a benefit
from chemotherapy among all patients
with lung cancer. Although the elevation of
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Fig. 5. Kaplan-Meier curves for OS according to pretreatment NLR and
PLR in patients received surgeries.

post-chemotherapy NLR
— —INLR<3
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Fig. 6. Overall survival according to post-
chemotherapy NLR in patients obtained disease
control  patients (CR+PR+SD) after initial
chemotherapy.
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Fig. 7. Overall survival according to dynamic change
of NLR during chemotherapy in patients obtained
disease control patients (CR+PR+SD) after initial
chemotherapy.
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It is increasingly
recognized that the host
systemic inflammatory response plays a critical role in the development and progression
of many cancers [26, 27]. An elevated NLR conferred adverse survival in gastrointestinal
cancer, pancreatic cancer, breast cancer, bladder cancer and other cancers [7, 9, 28, 29]. A
recent meta-analysis of 40599 patients with solid tumours showed that an NLR greater than
4.00 was associated with a substantial increase in the risk for all-cause mortality (HR: 1.81,
95% CI: 1.67-1.97) [8]. Previous studies also demonstrated that the PLR was a prognostic
factor in lung cancer. A meta-analysis including 3430 patients proved that an elevated PLR
predicted poor OS and poor disease-free survival and progression-free survival in non-small
cell lung cancer [30]. The prognostic value of the NLR and PLR in patients with lung cancer
appears to have been established by our study and previous studies [12-22]. However, the
cutoff value and prognostic effect of the NLR and PLR remain controversial. It has been
reported that the optimal cutoff value for prognostic indicators could be better selected by
validating previously established values from other studies. Herein, we analysed the optimal
cutoff by ROC curve analysis. Based on our findings, a cutoff value of 3.0 for the NLR and 160
for the PLR were determined to distinguish between patients with a higher risk of adverse
outcomes and patients with a lower risk. Furthermore, we analysed the association of the
NLR and PLR with prognosis according to different cofounders. Our study confirmed the
previous conclusion that the NLR is an independent prognostic factor and the PLR has little
influence on prognosis after adjustments for other confounders [17, 21, 22].

The mechanism by which the NLR and PLR may impact prognosis remains unclear.
The peripheral NLRs are thought to be proxies of the ongoing inflammatory process in the
tumour microenvironment [7]. Several studies demonstrated that neutrophils and platelets
contribute to pro-tumour activities in vivo, including enhanced angiogenesis, which promote
tumour cell proliferation and the metastatic potential of tumour cells [31-33]. Meanwhile,
lymphocytes have been thought to have an essential role in cancer immune surveillance and
are hypothesized to suppress tumour maturation [6]. It is therefore biologically plausible
that imbalances in the ratio of the peripheral neutrophils/platelets to lymphocytes may
provide insight into understanding tumour progression and prognosis in individuals with
cancer [7].

Systemic inflammation in patients with malignancy is considered to reflect the cytokine
profile produced both by the tumour and as a component of the host response to the tumour
[34]. Increased levels of systemic inflammation have been shown to correlate with worse
survival and a poor response to treatment in a number of solid organ tumours [35, 36].
As our findings showed, patients with a lower NLR had significantly better chemotherapy
response versus those with a higher NLR. Both pretreatment and post-chemotherapy NLRs
were closely associated with a poor response to chemotherapy. Similarly, a recently reported
large retrospective series found that patients with an NLR<3 had significantly better tumour-
control among patients receiving first line platinum with gemcitabine in advanced biliary
tract cancer. Additionally, the post-chemotherapy NLR has a greater impact on the prognosis
of patients under control in our study. The level of the NLR changed with the disease status
and treatment strategies. Patients who maintained a low NLR during chemotherapy had the
most favourable prognosis in patients under control, whereas patients with increased NLR
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Fig. 8. The ROC curve for pretreatment NLR (A) and PLR (B).
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had the shortest survival. The findings suggested that a maintained low level of NLR could
be a surrogate for predicting the response to chemotherapy. Chua et al [37]. investigated a
total of 162 patients with metastatic colorectal cancer who received palliative chemotherapy
and reported that patients with pretreatment NLR values of >5 that decreased to <5 before
the second chemotherapy cycle showed a significantly longer progression-free survival
and a trend towards longer OS compared with patients with a persistent NLR of >5. Data in
patients with oesophageal and biliary cancer have also suggested an association between the
NLR and response to cisplatin-based chemotherapy [38, 39]. These results indicated that the
NLR was predictive for the prognosis and response to chemotherapy regardless of tumour
origin. The potential mechanism could be explained by the fact that the inflammation also
affects the efficacy of chemotherapy drugs.

Our current study found that the pretreatment NLR and PLR were not correlated
with survival in patients receiving surgery. These results are different from a previous
study that demonstrated that the NLR is a prognostic biomarker in patients with early
stage NSCLC undergoing surgery [13]. The difference could be because our study enrolled
a larger population in the real world, including different subtypes of lung cancer and a
larger proportion of patients with advanced disease. These differences may account for
the different results. Unlike Kang et al [22]., we observed that the NLR and PLR level were
increased dramatically after one cycle of chemotherapy, as well as before and after surgery.
The distinction may be caused by different definitions of pre and after treatment of NLR and
PLR.

Our research was conducted on a relatively large number of participants and confirmed
the results of previous studies that showed an association between the NLR and PLR and
lung cancer. We investigated the roles of the NLR and PLR at the time of pretreatment and
post-treatment in patients with lung cancer. We found that the dynamic change of NLR
during chemotherapy could predict the response to chemotherapy. A major advantage of
our research is that detailed information on tumour characteristics and treatment were
recorded, which allowed for extensive confounder adjustment. In addition, our research was
the first to include all other subtypes of lung cancer in the assessment of the prognostic
significance of the NLR and PLR.

There are some limitations in our research. As a retrospective study, there are several
limitations inherent to the design, including the retrospective data collection. Furthermore,
there are several confounding factors, such as inflammatory conditions and steroid
treatments [17, 22]. Moreover, the prognostic value of the NLR was found in many types of
tumours, indicating that the NLR might not be a tumour-specific marker.

Conclusion

Our results suggested that the NLR showed a strong association with outcome, and its
dynamic change may predict a benefit from chemotherapy in a retrospective analysis. These
inflammation markers could be used as response indicators for different treatments and may
improve patient selection. The NLR may be readily available in clinical practice as prospective
stratification criteria in estimating response and assisting clinicians in evaluating patients’
overall prognosis.
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