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Purpose: Neutrophil-to-lymphocyte ratio (NLR) has been suggested as an independent risk
factor for progression-free survival (PFS) and overall survival (OS) in small cell lung cancer
(SCLC). However, it is still unknown whether there is a linear relationship between the NLR
and the risk of death in SCLC. The objective of this study is to provide further results.
Patients and Methods: A retrospective cohort study was performed among a total of 251
participants with SCLC. Smooth curve fitting and piecewise Cox regression model were used
to determine the linear relationship between NLR and mortality risk. A multivariable Cox
regression model was used to estimate the effects of NLR on OS. Interaction and stratified
analyses were conducted according to covariates.

Results: The analysis indicated no significant nonlinear relationship or threshold effect
between NLR and hazard of death. Multivariate analysis revealed that every unit increase
in NLR was associated with a 10% increase in mortality risk. High NLR (>3.5) at baseline
was associated with poor OS (hazard ratio [HR]=1.97, P=0.009). The difference in median
OS duration between the high and low NLR groups was statistically significant (9.1 months
vs 14.6 months, P=0.0067). Furthermore, interaction analysis identified the chemotherapy
regimen to play an interactive role in the association between NLR and hazard of death.
Conclusion: NLR was identified as an independent risk factor for OS in SCLC and the
linear correlation was observed between them. Administration of etoposide plus cisplatin
(EP) regimen in patients with low NLR resulted in better long-term outcome than that of
etoposide plus carboplatin (EC) regimen, while administration of the EC regimen conferred
longer OS than that of the EP regimen in patients with high NLR.

Keywords: neutrophil-to-lymphocyte ratio, NLR, overall survival, small cell lung cancer,
SCLC, etoposide plus carboplatin/cisplatin, mortality risk

Introduction

Small cell lung cancer (SCLC), which accounts for about 13% of all the primary
lung cancer cases,’ is characterized by rapid cell division, poor differentiation,
high grade of histological classification, early metastasis, aggressive disease pro-
gression, and short survival duration. Most of the patients present with an
advanced disease stage at initial diagnosis and lost the opportunity of radical
resection, and only a small number of patients at T;.,NoM, of limited stage (LS)
can receive radical surgery.” Currently, systemic chemotherapy is recommended
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for patients with extensive stage (ES)-SCLC, while
a combination of chemotherapy and radiotherapy is the
standard treatment recommended for patients with inoper-
able LS-SCLC.? The objective response rate to front-line
treatment is very high, although the duration of progres-
sion-free survival is relatively short, and disease progres-
sion is inevitable along with the emergence of resistance
in a majority of cases. Thus, identifying the prognostic
predictors of SCLC may change current treatment strate-
gies and improve patients’ long-term prognosis.

One of the clear predictors of prognosis is the stage
of SCLC, with a median OS duration of 19.7-27.2
months in
10.3-12.3 months in patients with ES.** Furthermore,

multiple factors are confirmed to influence the prognosis

inoperable patients with LS and only

of SCLC. For instance, the peripheral blood indicators
such as lactate dehydrogenase (LDH), C-reactive protein
(CRP) and the clinical characteristics such as age,
Eastern Cooperative Oncology Group Performance
Status (ECOG PS), smoking status, and nutritional sta-
tus can affect prognosis in SCLC.”® Additionally, the
TNM staging and the Veterans Administration Lung
Study Group of the United States staging are widely
used in SCLC, although there are limitations in deter-
mining prognosis as these methods cannot provide com-
prehensive  evaluation of the readily available
information. Moreover, the staging information may
not be available for certain reasons, including the lack
of radiographic data. Therefore, it is imperative to
explore the factors affecting patient survival to provide
better treatment and establish an accurate prognostic
model in SCLC.

The occurrence and development of tumors is linked to
the dysfunction of the body’s immune system. Moreover,
inflammation is a critical aspect of cancer progression.”'
Previous studies have presented that NLR could serve as
a systemic inflammatory response index to provide impor-
tant information regarding inflammation and immune
state. NLR has been identified as a prognostic biomarker
in several cancer types, including urinary tract epithelial
tumors, prostate cancer, and non-small cell lung cancer
(NSCLC),""™"* although the relationship between NLR
and long-term outcomes in SCLC remains to be comple-
tely understood. Thus, this study was designed to further
explore the effects of NLR on the prognosis and identify
other factors that modify this association in patients with

SCLC.

Patients and Methods
Study Design and Study Population

This was a retrospective cohort study. We consecutively
collected data for patients with SCLC between
March 2008 and March 2019 from Guangxi Medical
University Affiliated Tumor Hospital, Guangxi province,
China. The study was approved by the institutional ethics
committee of the Guangxi Medical University Cancer
Hospital, and conducted in compliance with the
Declaration of Helsinki. Patients’ identifiable data were
anonymized, and the requirement for informed consent
was waived due to the observational nature of the study.
Patients with a histologically or cytologically con-
firmed diagnosis of SCLC were enrolled for further
screening. Peripheral blood examination and clinical
records of patients’ sex, age, body mass index (BMI),
clinical stage, ECOG PS, smoking status, distant metas-
tases, histological classification, and first-line treatments
could be obtained. All patients enrolled in this study
received standard first-line treatment regimen in accor-
dance with relevant guidelines and protocols. The exclu-
sion criteria were: a) Early stage patients who can
undergo surgery; b) No treatment after diagnosis; c)
Second primary tumor; d) Appearance of hematological
changes (including autoimmune disease, infection, leu-
kemia, lymphoma, and myelodysplastic syndrome); e)
tumors with mixed pathological pattern and other histo-
logical types (including adenocarcinoma, squamous car-
cinoma, adenosquamous carcinoma, alveolar carcinoma,
mesohyloma, carcinoid, and large cell carcinoma).
Finally, a total of 251 participants were enrolled in the

study based on the inclusion and exclusion criteria.

Data Collection

The target-independent variable was NLR, which was
obtained during routine blood examination prior to admin-
istration of chemotherapy, and the dependent variable was
OS duration. The OS duration was calculated as the time
from pathological diagnosis till death or the last follow-up,
before January 31, 2020.

Covariates involved in the present study can be sum-
marized as follows: 1) We collected information about
demographic data and clinical characteristics including
sex, age, BMI, clinical stage, ECOG PS, smoking history,
sites, and number of distant metastases; and 2) We also
collected information about laboratory markers that are
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reported to affect NLR or overall survival, such as albumin
(ALB), LDH, CRP, and first-line treatments.> !>

Definitions of clinicopathological characteristics or
parameters used in this study included: 1) Patients’ physi-
cal status were scored using ECOG PS; 2) Non-smokers
were defined as patients who had smoked less than 100
cigarettes in their lifetime. Smokers were individuals who
were actively smoking or those who smoked more than
100 cigarettes in their lifetime; 3) Tumor histology was
classified according to the fourth edition of WHO classifi-
cation of lung tumors;'” 4) Clinical staging was divided
into LS and ES in accordance with the staging methods of
the Veterans Administration Lung Study Group of the
United States; and 5) OS duration was specified as the
time period from pathological diagnosis to death or last
follow-up.

Statistical Analysis

The continuous variables NLR, ALB, BMI, CRP, and
LDH were divided into low and high groups based on cut-
off values determined by time-dependent receiver operat-
ing characteristic (ROC) curve and Youden’s index.
Categorical variables were expressed as frequency and
percentage. We used y*/Fisher’s exact probability test to
identify the differences in variables between low and high
NLR. The association between NLR and hazard of death
was visually displayed using the smoothing plot after
adjustment for potential confounders. Cox proportional
hazard model and two-piecewise Cox proportional hazard
model was used to examine the linear relationship between
NLR and death hazard based on the smoothing plot.
Further, Wald test and log likelihood ratio test were
applied to examine the saturation effect and determine
which model was more suitable for fitting the relationship,
respectively. Univariate and multivariate Cox proportional
hazard model were employed to evaluate the effect of the
independent variable. The subgroup analyses were per-
formed using stratified Cox proportional hazard model.
For analysis of continuous variable, we first converted it
into a categorical variable based on the cutoff value, and
then possible modifications of the association between
baseline NLR and hazard of death were evaluated by
performing an interaction test. Kaplan Meier curves and
Log rank tests were used to assess differences in OS
between groups. All the analyses were performed with
the statistical software R packages (http:// www.R-project.

org, The R Foundation) and EmpowerStats (http://www.
empowerstats.com, X&Y Solutions, Inc, Boston, MA).

Two-sided P-values<0.05 were considered statistically
significant.

Results
Baseline Characteristics of Selected

Patients

Final data analysis was performed with the 251 partici-
pants selected based on the stringent screening criteria.
According to the ROC curve analysis and Youden’s
index, a value of 3.5 was selected as a cut-off value to
differentiate the high and
a sensitivity and specificity of 0.414 and 0.691, respec-

low NLR group with

tively. Using the same method, the cut-off values of ALB,
BMI, CRP, and LDH were determined to be 37.2, 20.4, 22,
and 223, respectively. Based on the cut-off value of NLR,
baseline characteristics of the selected patients are sum-
marized in Table 1. The patients had an average age of 60
+8.6 years, and 32 (approximately 13%) were women.
Seventy-two (about 28.7%) and 170 (about 67.7%)
patients were confirmed with LS and ES, respectively,
but staging status could not be confirmed in nine (0.03%)
patients. The analysis of survival data indicated that 53
patients survived and 142 patients died, while 56 were lost
during follow-up. The median OS duration for patients
with LS was 16 months, which was 4.1 months longer
than that for patients with ES, but without statistical sig-
nificance (P=0.18). Further, there were no significant dif-
ferences between the low and high NLR groups (P>0.05)
with respect to the confounders, viz. age, sex, smoking
status, ECOG PS, BMI, and data for metastases to the
brain, lung, pleura, pericardia, adrenal gland, and bone.
However, high NLR was associated with increased CRP
and LDH, and decreased ALB (P<0.05) than low NLR.
Moreover, patients in the high NLR group had a higher
proportion of ES, liver metastases, number of distant
metastatic organs>2, and EC regimen than those in the
low NLR group (P<0.05). These potential confounding
factors, which were significantly associated with mortality
risk in the univariate analysis (P<0.05), were enrolled in
the multivariable Cox regression model.

Univariates Analysis

Next, we used the univariate Cox proportional hazard
model to perform the univariate analysis, and the results
are as summarized in Table 2. We found pleural metastases
(HR=1.68), liver metastases (HR=2.19), other metastases
(HR=2.40), metastatic sites>2 (HR=1.71), male sex
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Table | Association Between the NLR and Other Confounders

of Study Population

Table | (Continued).

NLR NLR<3.50 | NLR>3.50 | P-value NLR N':Ti:'so NE';:HO Prvalue
(n=159) (n=92) (n=159) (n=92)
Age 0380 Bone metastases 0.256
<60 80 (50.3%) 41 (44.6%) No 125 (78.6%) 64 (69.6%)
>60 79 (49.7%) 51 (55.4%) Yes 28 (17.6%) 23 (25.0%)
Unknown 6 (3.8%) 5 (5.4%)
Sex 0.093
Male 143 (89.9%) 76 (82.6%) Other metastases . ) 0.065
Female 16 (10.1%) 16 (17.4%) No 148 (93.1%) 78 (84.8%)
Yes 5 (3.1%) 9 (9.8%)
Clinical stage 0.002% Unknown 6 (3.8%) 5 (5.4%)
LS 57 (35.8%) 15 (16.3%)
ES 9% (60.4%) 74 (80.4%) Number of metastatic 0.012%
Unknown 6 (3.8%) 3 (33%) sites
<2 114 (71.7%) 49 (53.3%)
Smoking history 0.415 22 39 (24.5%) 38 (41.3%)
Yes 28 (17.6%) 19 (20.7%) Unknown 6 (3.8%) 5 (5.4%)
No 129 (81.1%) 70 (76.1%) N
Unknown 2 (1.3%) 3 (3.3%) Chemotherapy 0.045*
regimen
ECOG PS 0.182 EC 75 (47.2%) 47 (51.1%)
<2 135 (84.9%) 72 (78.3%) EP 64 (40.3%) 24 (26.1%)
2 24 (15.1%) 20 (21.7%) IP 5 (3.1%) 3 (3.3%)
Brain metastases 0,653 Unknown 15 (9.4%) 18 (19.6%)
No 141 (88.7%) 78 (84.8%) ALB (g/L) <0.001*
Yes 12 (7.5%) 9 (9-8%) <372 71 (46.1%) 62 (68.1%)
Unknown 6 (3.8%) 5 (5.4%) 237.2 83 (53.9%) 29 (31.9%)
Lung metastases 0.333 BMI 0.213
No 128 (80.5%) 67 (72.8%) <20.4 46 (30.1%) 33 (37.9%)
Yes 25 (15.7%) 20 (21.7%) 220.4 107 (69.9%) 54 (62.1%)
Unknown 6 (3.8%) 5 (5.4%)
CRP (mg/L) 0.001*
Pleural metastases 0.194 <22 86 (73.5%) 29 (49.2%)
No 125 (78.6%) 61 (66.3%) >22 31 (26.5%) 30 (50.8%)
Yes 28 (17.6%) 26 (28.3%) N
Unknown 6 (3.8%) 5 (5.4%) LDH (UrL) <0.001
<223 73 (47.4%) 22 (25.3%)
Pericardial metastases 0.207 >223 81 (52.6%) 65 (74.7%)
No 134 (84.3%) 75 (81.5%) Notes: Results in table: N (%). *P-value less than 0.05 is considered as significant
Yes 7 (4.4%) 9 (9.8%) difference between groups.
Unknown 6 (3.8%) 5 (5.4%) Abbreviations: NLR, neutrophil-to-lymphocyte ratio; LS, limited stage; ES, extensive
stage; ECOG PS, Eastern Cooperative Oncology Group Performance Status; EC, etopo-
Liver metastases 0.002* side plus carboplatin; EP, etoposide plus cisplatin; IP, irinotecan plus platinum; ALB,
No 136 (85.5%) 62 (67.4%) albumin; BMI, body mass index; LDH, lactate dehydrogenase; CRP, C-reactive protein.
Yes 17 (10.7%) 25 (27.2%)
Unknown 6 (3.8%) 5 (5.4%)
(HR=1.78), elevated NLR (HR=1.58), CRP (HR=1.69),
Adrenal gland 0.674
st g LDH (HR=1.70), decreased ALB (HR=1.93), and BMI
metastases
No 142 (89.3%) 79 (85.9%) (HR=1.74) to be positively associated with the mortality
Yes Il (6.9%) 8 (8.7%) risk (P<0.05). Furthermore, better prognosis was observed
Unknown 6 (3.8%) > (34%) in patients who received etoposide plus cisplatin (EP) than
(Continued) in those who received etoposide plus carboplatin (EC) or
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Table 2 Univariate Analysis of Factors Potentially Associated
with Overall Survival

Table 2 (Continued).

(Continued)

Variabl N (% HR (95% CI) P-val
Variables N (%) HR (95% CI) P-value artables ) (95% C1) P-value
Sex Bone metastases
Female 32 (1275%) 10 :lo ;?9 2((7)53;§A) :(I)B 0.76—1.67) 0.5413
Male 219 (87.25%) | 1.78 (1.02-3.09) 0.0421* es (20.32%) 13 (0.76-167) 0.
Unknown 11 (4.38%) 0.63 (0.27-1.44) 0.2718
Age
<60 121 (4821%) | 1.0 O“:ler metastases 126 90080 | Lo
>60 130 (51.79%) | 1.09 (0.78-1.51) 0.6121 ° (90.04%) ’
Yes 14 (5.58%) 2.40 (1.26—4.59) 0.0080%*
Clinical stage Unknown 11 (4.38%) 0.63 (0.28-1.44) 0.2781
LS 72 (28.69%) 1.0 Numb c ]
ES 170 (67.73%) | 1.29 (0.89-1.88) 0.1797 rumber of metastatic
Unknown 9 (3.59%) 1.92 (0.75-4.90) 0.1721 sites
<2 163 (64.94%) | 1.0
ECOG PS 22 77 (30.68%) 1.72 (1.20-2.46) 0.0033*
<2 207 (82.47%) | 1.0 Unknown 11 (4.38%) 0.70 (0.31-1.61) 0.4031
22 44 (17.53%) 1.26 (0.83-1.91) 0.2724
Chemotherapy regimen
Smoking history EC 122 (48.61%) | 1.0
No 47 (18.73%) 1.0 EP 88 (35.06%) 0.82 (0.57-1.17) 0.2702
Yes 199 (79.28%) | 1.43 (0.93-2.22) 0.1057 P 8 (3.19%) 1.0l (0.41-2.50) 0.9899
Unknown 5 (1.99%) 2.48 (0.95-6.51) 0.0640 Unknown 33 (13.15%) 0.99 (0.56—1.73) 0.9583
Brain metastases NLR
No 219 (87.25%) | 1.0 <35 159 (63.35%) | |
Yes 21 (8.37%) 1.24 (0.72-2.12) 0.4332 >35 92 (36.65%) 1.58 (1.13-2.21) 0.0073*
Unknown 11 (4.38%) 0.62 (0.27-1.42) 0.259%4
ALB (g/L)
Lung metastases 237.2 112 (45.71%) | 1.0
No 195 (77.69%) | 1.0 <37.2 133 (54.29%) | 1.93 (1.37-2.73) 0.0002*
Yes 45 (17.93%) 1.34 (0.87-2.07) 0.1906
Unknown 11 (4.38%) 0.64 (0.28-1.46) 0.2861 BMI
2204 161 (67.08%) | 1.0
Pleural metastases <20.4 79 (32.92%) 1.74 (1.22-2.48) 0.0022*
No 186 (74.10%) | 1.0 /
Yes 54 (21.51%) 1.76 (1.19-2.61) 0.0047* CRP (mglL) .
< o B
Unknown 11 (4.38%) 0.67 (0.29-1.54) 0.3495 <22 115 (65.34%) | 1.0
>22 61 (34.66%) 1.69 (1.13-2.54) 0.01 1 I*
Pericardial metastases /
No 224 (89.24%) | 1.0 LDH (UTL)
< OO .
Yes 16 (6.37%) 1.71 (0.89-3.26) 0.1058 <223 % (39'42/0) 10
Unknown 11 (4.38%) 0.63 (0.27-1.43) 0.2645 >223 146 (60.58%) | 170 (1:20-241) 0.0029%
Notes: Figures in the table: N (%) or HR (95% CI) P-value. *P-values less than 0.05.
Liver metastases Abbreviations: HR, hazard ratio; Cl, confidence interval;, ECOG PS, Eastern
No 198 (78.88%) | 1.0 Cooperative Oncology Group Performance Status; EC, etoposide plus carboplatin; EP,
etoposide plus cisplatin; IP, irinotecan plus platinum; NLR, neutrophil-to-lymphocyte ratio;
Yes 42 (16.73%) 2.14 (1.39-3.30) 0.0005* ALB, albumin; BMI, body mass index; CRP, C-reactive protein; LDH, lactate
Unknown 11 (4.38%) 0.67 (0.29-1.53) 0.3381 dehydrogenase.
Adrenal gland
me;asmses 21 @8.05%) | 10 irinotecan plus platinum (IP) chemotherapy regimen, but
o . © B
Yes 19 (7.57%) 156 (0.86-2.82) 0.1429 without significant differences between the outcomes, con-
Unknown Il (438%) | 0.63 (0.28-1.43) 0.2700 sistent with available literature.'® Additionally, advanced

age, ES, high ECOG PS score, smoker status, and

Cancer Management and Research 2020:12

submit your manuscript

10345

Dove


http://www.dovepress.com
http://www.dovepress.com

Liu et al Dove

A B .

™ © Chemotherapy regimen

. EC
- EP

S © —
2 - =
I . §Y
o} P - o
S e 1S
o O ~ P . . 3
i -t S
e rd e
[ s 74 R
o< | 2 °
S 3 b

o - _ﬂ"" -
N )
) 4
fl\l —
| T T T T T T T T T
5 10 15 0 5 10 15 20 25 30
NLR NLR

Figure | Smooth curve fitting for the relationship between baseline NLR and log (RR) for risk of mortality in SCLC patients. Red dotted lines represent the spline plots of
log (RR) for mortality, and blue dotted lines represent the 95% Cls of the spline plots. (A) The relationship between NLR and log (RR) for mortality. Adjusted for sex, tumor
stage, smoking status, number of metastatic sites, ALB, BMI, CRP, and LDH. (B) The relationship between NLR and log (RR) for mortality stratified by first-line

chemotherapy regimen without adjustment.

metastases were also associated with higher mortality risk,
but without statistical significance (P>0.05). Variables sig-
nificantly or potentially associated with mortality risk were
included in multivariate Cox regression analysis, except
pleural, liver and other metastases due to their overlap
with the number of metastatic organs.

Linearity of NLR and Mortality Risk

We analyzed the linear relationship between NLR and over-
(Figure 1A). Spline smoothing using
a generalized additive model showed that NLR tended to

all survival

Table 3 Analysis of Threshold Effect of NLR (per Unit Increase)
on Death Risk

Outcome HR (95% CI) P-value
Model | 1.10 (1.01-1.19) 0.0283*
Model Il

Inflection point (K=4.5)
<K 1.32 (1.03-1.69) 0.0258*

>K
Wald test
Log likelihood ratio test

1.02 (0.89-1.16) 0.8079
0.1110
0.107

Notes: Figures in the table: HR (95% CIl) P value. Model I: Cox proportional hazard
model; Model II: two-piecewise Cox proportional hazard model; both models
adjusted for sex, tumor stage, smoking status, number of metastatic sites, ALB,
BMI, CRP, and LDH. The Wald test was performed to determine whether HR (<K)
was equal to HR (>K); Log likelihood ratio test was performed to determine any
differences between model | and model Il. *P-values less than 0.05.

have a saturation effect on mortality risk after adjusting for
sex, tumor stage, smoking status, number of metastatic sites,
ALB, BMI, CRP, and LDH. We used both adjusted Cox
proportional hazard model and adjusted two-piecewise Cox
proportional hazard model (Table 3) to fit the association and
select the best fit model based on P-value in the log like-
lihood ratio test. Wald test indicated an insignificant non-
linear relationship and saturation effect between NLR and
death risk, meanwhile the Cox proportional hazard model
was more suitable to fit the association between NLR and
mortality risk according to log likelihood ratio test.

Results of Unadjusted and Adjusted Cox

Proportional Hazard Model

Independent effects of NLR on overall survival were ana-
lyzed by two models — univariate and multivariate Cox
proportional hazard model — in this study. The HR and
95% confidence intervals are listed in Table 4. The results
of both models showed a statistically significant correlation
between NLR and the risk of death (P<0.05). In the unad-
justed model, the effect value was 1.04, indicating that every
unit increase in NLR would contribute to an extra 4% risk of
death when other variables remained unadjusted. After the
NLR was divided into low and high groups by cut-off point
3.5, the risk of death increased by 58% in the high group
than that in low group. Kaplan-Meier survival analysis indi-
cates that patients in the high NLR group showed
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Table 4 Multivariate Cox Regression Model for Death Risk in SCLC

Exposure

Non-Adjusted

Adjusted

NLR, per unit increase

1.04 (1.00-1.08) 0.0389*

1.10 (1.01-1.19) 0.0283*

NLR

<3.50 1.0 1.0

>3.50 1.58 (1.13-2.21) 0.0073* 1.97 (1.18-3.29) 0.0090*
NLR tertile

Low 1.0 1.0

Middle 1.20 (0.78-1.83) 0.4059 1.47 (0.83-2.61) 0.1861
High 1.68 (1.13-2.50) 0.0109* 2.35 (1.29—4.31) 0.0055*
P for trend 0.0107* 0.0057*

Sex

Female 1.0 1.0

Male 1.78 (1.02-3.09) 0.0421* 7.32 (2.24-23.95) 0.0010%*

Number of metastatic sites

<2 1.0 1.0

22 1.72 (1.20-2.46) 0.0033* 1.81 (1.10-3.00) 0.0208*
ALB (g/L)

237.2 1.0 1.0

<372 1.93 (1.37-2.73) 0.0002* 1.40 (0.86-2.28) 0.1718
BMI

220.4 1.0 1.0

<20.4 1.74 (1.22-2.48) 0.0022* 1.19 (0.73-1.92) 0.4894
CRP (mg/L)

<22 1.0 1.0

>22 1.69 (1.13-2.54) 0.01 I I'*¥ 1.06 (0.66—1.71) 0.8151
LDH (U/L)

<223 1.0 1.0

>223 1.70 (1.20-2.41) 0.0029* 1.81 (1.11-2.95) 0.0177*

Notes: Figures in the table: HR (95% CI) P-value. *P-values less than 0.05. Non-adjusted model adjusted for: None; Adjusted model adjusted for
sex, stage, smoking status, number of metastatic sites, ALB, BMI, NLR, CRP, and LDH other than itself.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; ALB, albumin; BMI, body mass index; CRP, C-reactive protein; LDH, lactate dehydrogenase.

significantly shorter OS duration than those in the low NLR
group (9.6 months vs 14.6 months, P=0.0067) (Figure 2A).
Moreover, mortality risk was found to be significantly
increased in patients in the high tertile than those in middle
and low tertiles (P for trend=0.0107). Patients with middle
NLR had shorter OS duration than those with low NLR
(13.2 months vs 17.2 months), while they had longer OS
duration than those with high NLR (13.2 months vs 9.1
months), and the difference was statistically significant
(Figure 2B). Further, in the full-adjusted mode, the results
remained significant and robust after adjusting for sex,
tumor stage, smoking status, number of metastatic sites,
ALB, BMI, CRP, and LDH. Every unit increase in NLR
was found to be associated with a 10% increase in mortality

risk, and the mortality risk in patients with high NLR (>3.5)
was about twice that of patients with low NLR (<3.5). Thus,
the two models suggested a stable correlation between NLR
and long-term prognosis. Furthermore, multivariate analysis
also identified male sex, number of metastatic sites>2, and
elevated LDH as independent risk factors for the death of
SCLC patients.

Subgroup Analysis

A series of potential confounders were regarded as the
stratification variables to analyze the association between
NLR and prognosis in patients with SCLC. (Figure 3). In
the stratified Cox proportional hazard model, none of the
stratification  variables  significantly modified the
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Figure 2 Survival curve of each index. (A) Survival curves of SCLC patients stratified by NLR=3.5; (B) survival curves of SCLC patients stratified by NLR tertile; (C) survival
curves of LS-SCLC patients stratified by NLR=3.5; (D) survival curves of ES-SCLC patients stratified by NLR=3.5; (E) survival curves of SCLC patients with NLR<3.5
stratified by chemotherapy regimen; (F) survival curves of SCLC patients with NLR>3.5 stratified by chemotherapy regimen; (G) survival curves of SCLC patients with
NLR<4.8 stratified by chemotherapy regimen; (H) survival curves of SCLC patients with NLR>4.8 stratified by chemotherapy regimen.

association between NLR and hazard of death, except for
chemotherapy regimen. NLR had no significant correlation
with prognosis in patients receiving EC chemotherapy (per
unit increase: HR=1.01; 95% CI=0.91-1.12; P=0.8695)
after adjustment, but had a significant correlation with

prognosis in patients receiving EP chemotherapy (per
unit increase: HR=1.51; 95% CI=1.20-1.89; P=0.0003).
Moreover, the analysis indicated a significant interaction
between NLR and chemotherapy regimen with risk of
death (P for interaction=0.0006).
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Figure 3 The association between baseline NLR (per unit increase) and mortality

In the hierarchical survival curve, the median OS dura-
tion of the high NLR group was shorter than that of the
low NLR group in both LS and ES patients (Figure 2C and
D), although it was statistically insignificant (LS: 9.3
months vs 17.4 months, P=0.1125; ES: 10.1 months vs
13.2 months, P=0.0823). Additionally, in patients sepa-
rated by a NLR cut-off point of 3.5, survival analysis
indicated that administration of the EP regimen led to
increased survival over that of EC in the low NLR
group, but without a statistically significant difference
(15.4 months vs 12.7 months, P=0.1632) (Figures 2E and
F). In contrast, administration of EC conferred a better
survival outcome than that of EP in the high NLR group,
but with no statistical difference (11.9 vs 8.5 months,
P=0.6041). Further, unadjusted smooth curve fitting
(Figure 1B) indicated that curves of EP and EC intersected
at about NLR=4.8; and the mortality risk of patients
receiving an EP regimen was lower than those receiving
an EC regimen with NLR<4.8, while the risk was inverse

Favorable prognosis <& Poor prognosis

HR for NLR increasing by one unit

risk in various subgroups without adjustment.

with NLR>4.8. Correspondingly, for a cut-off value of 4.8
in patients in the low NLR group, treatment with EP
conferred a longer total survival duration than that with
EC, and the difference was statistically significant (14.7
months vs 11.8 months, P=0.0479) (Figure 2G and H).
However, in patients with NLR>4.8, treatment with the EC
regimen conferred better OS outcome than that with the
EP regimen, and the difference was statistically significant
(13 months vs 7.1 months, P=0.0303).

Disussion

In this study, we identified high NLR to be associated with
high levels of CRP and LDH as well as low levels of ALB.
Patients in the high NLR group tended to have a high propor-
tion of extensive stage, liver metastases and distant meta-
static organs>2 than those in the low NLR group. However,
the underlying biological mechanisms involved in these
be
A literature review suggested ALB and BMI to be indicators

associations remain to completely understood.
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of nutritional status, and reports by Kaya et al'>** and
Baldwin indicated high NLR to be associated with malnutri-
tion in elder patients and a poor prognosis. On the other hand,
neutrophils are known to secret interleukin-8 (IL-8), vascular
endothelial growth factor (VEGF), and elastase, which are
essential for tumor growth, infiltration, and metastasis.”!
Thus, we speculated that NLR was associated with high
tumor burden, which may explain the reason for high tumor
stage, increased metastatic sites, and elevated levels of LDH
and CRP in patients with high NLR compared to those with
low NLR.

Moreover, the univariate analysis indicated that sex,
pleural metastases, liver metastases, other metastases,
numbers of metastatic sites, ALB, BMI, CRP, and LDH
were additional factors affecting patients’ prognosis. As an
imbalance of confounding factors between low and high
NLR could nullify the results of this study, we used the
multivariate Cox regression model adjusted for the vari-
ables significantly or potentially associated with risk of
death to evaluate the independent effect of NLR on the
prognosis. Furthermore, the effect of NLR on mortality
risk in the non-adjusted univariate analysis was lower than
that in adjusted multivariate analysis, indicating that the
confounders had reduced the impact of NLR on mortality
risk and that conclusions of this should be reliable.

Previous studies have suggested NLR to be an inde-
pendent predictor of PFS and OS in SCLC.>'3?*% The
present study extends this conclusion by confirming
a linear positive correlation between NLR and risk of
death, and the association between them can be signifi-
cantly modified by chemotherapy regimen.

Chronic inflammation can dysregulate the secretion of
various cytokines and chemokines, which leads to uncon-
trolled cell repair and obstructed death processes, thus
inducing tumors.’* Studies have shown that tumor-
associated macrophages (TAMs) and tumor-associated
neutrophils (TANs) can release inflammatory mediators
in the tumor microenvironment, and contribute to tissue
remodeling, angiogenesis, and distant metastases in sev-
eral tumor types.”> >’ As NLR represents the ratio of
neutrophil count to lymphocyte count, it could reflect the
systemic inflammatory properties as a peripheral hemato-
logical index. Recent studies have found NLR to be related
to inferior prognosis in various solid tumors.>!!"+!%16:28
A higher NLR value often indicates a higher neutrophil
or lower lymphocyte count. Neutrophils can secrete essen-
tial factors, including IL-8, VEGF, and elastase for tumor
growth and metastases.”' Shaul et al*® suggested that the

peripheral blood in patients with advanced lung cancer
was the preferred site for accumulation of low-density
neutrophils that are associated with poor prognosis.
Moreover, proinflammatory neutrophils can release neu-
trophil extracellular traps (NETs) to capture pathogens and
function as an antibacterial barrier in the body, although
these neutrophils are also associated with the incidence of
chronic inflammation and cancer.?’ In the study by Yang
et al,”” neutrophils were found to release NETs to capture
and increase the immortalization and metastasis potential
of hepatocellular carcinoma cells via activation of toll-like
receptor 4/9-cyclooxygenase-2 (TLR4/9-COX2) signaling.
Therefore, a large neutrophil count indicates a high level
of low-density neutrophils and NETs, and affects the prog-
nosis of patients.

The systemic immune status plays an important role in
the occurrence and evolution of tumor and affects the
efficacy and prognosis of the immunotherapy.*
Lymphocytes are the main effector cells of anti-tumor
immunity. High circulating lymphocyte count represents
a better immune state of the body, and increased tumor
infiltrating lymphocytes confer strong anti-tumor cell
activity and better prognosis. Studies suggest that neutro-
phils could inhibit the number and function of lympho-
cytes and natural killer cells, in vitro, leading to
immunosuppression.’' * Thus, these studies support the
prognostic effects of NLR as observed in our study.

Disease management strategies and survival data of
SCLC have remained unchanged in the recent two decades
after platinum-etoposide and platinum-irinotecan were
established as first-line chf:motherelpy.34’35 After the use
of immunotherapy became popular in NSCLC, atezolizu-
mab, a drug with anti-PD-L1 property, was recently
approved as a first-line treatment regimen in combination
with platinum-etoposide in ES-SCLC, although the total
survival duration of patients was extended by only 2
months in the IMpower133 trial.* Therefore, the prognosis
remains relatively poor, and newer treatment methods and
strategies are urgently required. In the stratified analysis,
we observed an interactive effect of baseline NLR and
chemotherapy regimens with mortality risk in SCLC.
NLR was found to affect prognosis in patients receiving
EP regimen, but not in those receiving EC regimen. These
results were in contrast to those of Pan et al,”> although
they used a smaller sample size and performed stratified
survival analysis only, which affected the reliability and
evidence in their study.
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Carboplatin has overall lower toxicity than cisplatin in
all the organs, except the bone marrow. The main dose-
limiting toxicity of carboplatin is myelosuppression. When
treated with carboplatin alone, the leucopenia was reported

1%¢ observed that

in 27-38% of the patients. Ferry et a
treatment with carboplatin induced grade 3 or higher neu-
trophil cytopenia, which was about 3-times higher than
that with cisplatin (37.1% vs 13.6%) in a Phase III clinical
trial in advanced NSCLC. Therefore, we hypothesized that
the neutrophil cytopenia in patients receiving EC regimen
progressed to a higher degree due to hematological toxi-
city than that in patients using EP regimen, and the NLR
decreased with EC chemotherapy cycles, thus affecting the
prognosis in patients. We believe that checking NLR
before treatment should aid in determining first-line che-
motherapy regimen in SCLC, and be of clinical signifi-
cance after validation by future studies.

There are few limitations in the present study. First, the
research subjects were patients with SCLC who could not
undergo radical resection; thus, the universality is some-
how not ideal and the research requires further extrapola-
tion. Second, this is a retrospective study with limited
sample size, and needs to be further validated in
a prospective multicenter study with larger sample size.
Third, and finally, the cellular and molecular mechanism
remains to be explored to better comprehend the results.

Conclusion

In conclusion, elevated pretreated peripheral blood NLR
independently predicts poor OS duration in SCLC patients.
Furthermore, the chemotherapy regimen significantly
modified the association between NLR and mortality risk
in patients with SCLC. Peripheral blood indexes and other
clinicopathological features would provide alternatives to
establish better predictive models which can be more
beneficial to evaluate the prognosis of patients, which
would mainly be the future work of our group.
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