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Background: We aim to establish neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) related nomograms based on the clinical data and peripheral blood markers to predict the survivals of
patients with limited-stage small-cell lung cancer (LS-SCLC).

Methods: A total of 299 LS-SCLC patients after surgery were enrolled in this study. Univariate and
multivariate analyses were conducted to select independent prognostic factors to develop the nomograms and
then subjected to bootstrap internal validation. The optimal cutoff value of NLR and PLR before surgery
was calculated by X-tile (version 3.6.1) and the overall survival (OS) was analyzed by Kaplan-Meier method
and compared by log-rank test.

Results: According to the X-tile calculation, the NLR value and PLR cutoff values are 2.6 and 156.7,
respectively. The prognosis of patients with elevated NLR or PLR value was significantly worse than patients
with lower NLR (HR =1.798, 95% CI: 1.284-2.518, P=0.001) or PLR (HR =1.781, 95% CI: 1.318-2.407,
P<0.001) value. Two Nomograms were developed according to the two multivariate cox regression models
based on NLR and PLR. Concordance index (C-index) curves and calibration curves show that the two
models have a better effect in predicting prognosis. At the same time, compared with the tumor node
metastasis (TNM) staging system, our models also show better accuracy and stability.

Conclusions: Elevated NLR and PLR predict poor prognosis in their respective nomograms in patients
with LS-SCLC.

Keywords: Limited-stage small-cell lung cancer (LS-SCLC); neutrophil-to-lymphocyte ratio (NLR); platelet-to-
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Introduction

Small cell lung cancer (SCLC) represents approximately
15% of all lung cancers (1). It is characterized by rapid
progress and prone to distant metastasis. Although SCLC
is highly sensitive to chemotherapy and radiotherapy, the
prognosis of most patients with this disease is still poor. A
systematic analysis shows that the 5-year OS rate of small
cell lung cancer is only between 10% and 15% (2).

Inflammation plays a key role in the occurrence and
development of tumors, and the development of cancer
is easily regulated by immune cells (3). Neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) are considered to be potential systemic inflammatory
markers and is of great significance to predict the survival
and prognosis of various malignant solid tumors (4-12).
However, the role of inflammatory markers in SCLC is
rarely studied (13,14). The immunotherapy of programmed
death receptor-1 (PD-1) antibody changed the mode of
SCLC treatment, and these checkpoint inhibitors showed
better results than standard therapy, the results from two
large clinical studies (IMpower133 and CASPIAN) show
that immunotherapy can significantly improve the prognosis
of patients with SCLC (15,16). Intriguingly, recent studies
have shown that NLR and PLR have predictive value for
checkpoint inhibitors in the treatment of non-small cell
lung cancer (NSCLC), elevated NLR and PLR indicate
poor prognosis of immunotherapy (17-20). Exploring the
effect of NLR and PLR on the prognosis of patients with
SCLC may provide reference significance for the selection
of patient subgroups in immunotherapy.

In this study, we explored the relationship between
inflammatory markers and survival of limited-stage small-
cell lung cancer (LS-SCLC) patients, and attempted to
evaluate the prognostic value of NLR and PLR in SCLC,
hoping to provide clues for immunotherapy in patients with
SCLC.

We present the following article in accordance with the
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-20-997).

Methods
Patients

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
the institutional review board of Shanghai Chest Hospital
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(No. KS(Y)1755). Because of the study’s retrospective
nature, the need for written informed consent was waived.
From January 2006 and January 2014, a total of 438 patients
with pathologically-confirmed SCLC who underwent
complete surgical resection as initial treatment for primary
tumor were collected. The study flow chart is shown in
Figure 1. Finally, A total of 299 patients met the inclusion
criteria.

Hematological indexes were routinely examined within
one week before operation. SCLC staging was performed
according to the 8th tumor node metastasis (TNM)
classification, and overall survival (OS) was defined as the
date of diagnosis until the date of death or last follow-
up visit. The records of neutrophil, lymphocyte and
platelet count from peripheral blood tests prior to surgery
(within 1 week) were retrieved. We also collected data
on preoperative serum tumor markers including CA125,
CA19-9, carcinoembryonic antigen (CEA), neuron-specific
enolase (NSE) and squamous cell carcinoma antigen (SCCA)
levels. The expression of common neuroendocrine markers
in the resected tumor samples [NSE; SYN (synaptophysin);
CGA (chromogranin A) and CD56] was confirmed by

immunohistochemistry.

Statistical analysis

Chi-square test and the Student’s 7-test were used to compare
the categorical and continuous variables, respectively.
Univariable and multivariable Cox regression analyses were
performed to predict the independent risk factors of OS. The
curves of OS, as well as the comparisons, were calculated
by Kaplan-Meier survival curves and the log-rank test. The
optimal truncation value of NLR and PLR affecting the
prognosis was determined by using X-tile software (version
3.6.1) and the minimum P value method (21).

Based on the results of multivariate analysis, the
nomograms are established and subjected to 1,000
bootstrap resamples for internal validation of the primary
training cohort. Concordance index (C-index) was used to
evaluate the model performance of the prediction results.
By comparing the predicted survival rate and the observed
survival rate after bias correction, the calibration plot
curves of the nomograms for 1-, 3- and 5 -years OS were
performed.

All the data were analyzed by SPSS 23.0 software
package (SPSS Inc., Chicago, IL, USA), unless otherwise
indicated. And the C-index curves and calibration curves
were drawn by R software (version 3.6.1; R Foundation for
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(N=299)

Figure 1 Flow diagram of patient selection process.

Table 1 Demographic and tumor data of all patients

Characteristic No. (%)
Total 299
Age, years
Mean + SD 59.4+8.6
Gender
Male 255 (85.3)
Female 44 (14.7)
Smoking status
No 60 (20.1)
Yes 239 (79.9)
Preoperative serum NSE abnormality
No 239 (79.9)
Yes 60 (20.1)
Other serum TM positive
No 212 (70.9)
Yes 87 (29.1)
Neuroendocrine markers by IHC
None positive NE marker 11 (3.7)
1 positive NE marker 69 (23.1)
>2 positive NE markers 141 (47.1)
Unknown 78 (26.1)
Surgery type
Lobectomy 237 (79.3)
Pneumonectomy 34 (11.4)
Segmentectomy 28 (9.4)
Histology
Pure SCLC 196 (65.6)
Combined SCLC 103 (34.4)

Table 1 (continued)
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Table 1 (continued)
Characteristic No. (%)

NLR

Median (range)

PLR

2.13 (0.57-8.38)
Median (range) 115.5 (40-420)
Tumor size

Mean + SD 3.8+£1.6

Tumor Stage

| 67 (22.4)

Il 94 (31.4)

1l 138 (46.2)
Adjuvant

No 24 (8.0)

Yes 275 (92.0)
Cycles of chemotherapy

>4 251 (83.8)

0-4 48 (16.1)
Postoperative RT to chest

No 104 (34.8)

Yes 195 (65.2)
PCI

No 200 (66.9)

Yes 99 (33.1)
PET scan

No 78 (26.1)

Yes 221 (73.9)

PCI, prophylactic cranial irradiation; SCLC, small cell lung
cancer; RT, radiation therapy; SD, standard deviation; IHC,
immunohistochemistry; NSE, neuron specific enolase; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; PET, positron emission tomography.

Statistical Computing). All tests were 2-tailed; P value <0.05
was considered statistically significant.

Results

The characteristic information of patients included in
the study were shown in Table 1; Of the 299 patients
included in the study, there were 255 males (85.3%) and
44 females (14.7%), with an average age of 59.4 years
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Table 2 Univariable and multivariate cox regression analysis of factors associated with overall survival
Univariable Multivariable
Variable Model 1 Model 2
P HR 95% Cl
P HR 95% Cl P HR 95% ClI
Age, years 0.339 1.007 0.991-1.023
Gender 0.237  1.254  0.862-1.823
Smoking status 0.542 0.899 0.637-1.267
NLR <0.001 1.215 1.095-1.350 0.001 1.798  1.284-2.518 - - -
PLR 0.004  1.004 1.001-1.006 - - - <0.001 1.781 1.318-2.407
NSE positive 0.067  1.352  0.979-1.866 0.382 1172 0.821-1.674 0.395 1.164 0.820-1.653
Other TM positive 0.615 1.080  0.801-1.456
Neuroendocrine markers 0.313 1.106 0.909-1.345
PET scan 0.220 0.830 0.615-1.118
Surgery type 0.224  1.139  0.923-1.406
Histology 0.179  0.817  0.608-1.097
Pathologic tumor size 0.014  1.105 1.021-1.197 0.225 1.055  0.967-1.151 0.147  1.066 0.978-1.163
p-stage <0.001  1.399 1.169-1.675 <0.001 1.817 1.459-2.262 <0.001 1.559 1.273-1.909
Adjuvant <0.001 0.485  0.340-0.692 0.400 1.345  0.675-2.679 0.271  1.471 0.739-2.929
Cycles of chemotherapy 0.003  0.911 0.858-0.968 <0.001 0.374  0.225-0.621 <0.001 0.284 0.172-0.468
Postoperative RT to chest 0.038 0.736  0.551-0.983 0.016 0.680  0.497-0.931 0.006 0.642 0.466-0.883
PCI 0.010 0.765  0.501-0.911 0.006 0.651 0.481-0.882 0.002 0.625 0.461-0.847

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; NSE, neuron specific enolase; PET, positron emission tomography;

PCI, prophylactic cranial irradiation.
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Y =24.97*X + 69.36
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Figure 2 Scatter plots of NLR and PLR. NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

(33-79 years). Adjuvant chemotherapy regimens are
shown in Table S1, all of which are platinum-containing.
Moreover, postoperative radiation therapy to chest was
performed in 195 (65.2) patients, and prophylactic cranial

© Translational Lung Cancer Research. All rights reserved.

irradiation (PCI) was performed in 99 (33.1%) patients.

Univariate and multivariate analysis

In univariate analysis, NLR (P<0.001), PLR (P=0.004),
pathologic tumor size (P=0.014), p-Stage (P<0.001),
adjuvant therapy (P<0.001), cycles of chemotherapy
(P=0.003), Postoperative RT to chest(P=0.003) and PCI
(P=0.010) were associated with OS of patients (1able 2). The
factors included in the final multivariate Cox regression
analysis were unadjusted factors closely related to survival
and progress in univariate analysis (P<0.10). Considering
that there is a strong collinearity between NLR and PLR
(Figure 2), we established two cox regression models
based on NLR and PLR, respectively. Finally, in the two
multivariate analysis models, NLR and PLR were both
significant predictors for OS.

NLR and PLR analyses
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Figure 3 X-Tile analysis of survival based on NLR and PLR. The cutoff value of NLR and PLR are 2.6 and 156.7, respectively. NLR,

neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

The mean NLR and PLR level were 2.13 (0.57-8.38) and
115.5 (40.0-420), respectively. According to the results
of multivariate analysis of model 1 and model 2, NLR
and PLR were independent risk factors for OS in their
respective models, so we tried to find their optical cutoff
value to predict the prognosis. The optimal truncation value
of NLR and PLR affecting the prognosis was determined
by using X-tile software (version 3.6.1) and the minimum
P value method. The best cutoffs of NLR (2.6) and PLR
(156.7) were defined as those with the minimum P value of
log-rank test in the X-tile. (Figure 3). Patients with higher
pretreatment NLR (>2.6) had worse OS time than patients
with lower pretreatment total lymphocyte count (<2.6;
P<0.001). Similarly, patients with higher pretreatment PLR
(>156.7) had worse OS performance than patients with
lower pretreatment PLR (<156.7; P=0.004).

© Translational Lung Cancer Research. All rights reserved.

Table 3 summarizes the clinical baseline information of
patients between NLR groups and PLR groups. There
was no difference in NLR and PLR levels among groups
with different variables, except for the stage. Patients with
a higher tumor stage tend to have higher NLR values.
Subgroup analysis according to the tumor stage was
performed and the results are shown in Figure 4. The results
showed that the elevated NLR and PLR had poor prognosis
in each stage.

Nomograms development and validation

We established 2 nomograms based on Model 1 and Model
2, respectively, including significant prognostic factors in
multivariate analysis, and were able to reflect 1-, 3- and
S-year OS (Figure 5). The nomograms included important
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Table 3 Comparison of baseline data of patients grouped by NLR and PLR cutoff values (total: n=299)
NLR PLR
Characteristic
<2.6 (n=192) >2.6 (n=107) P <156.7 (n=225) >156.7 (n=84) P

Age, years 0.416 0.422
Mean + SD 60.04+8.9 59.54+8.3 59.18+8.5 60.07+8.9

Gender 0.202 0.391
Male 160 (83.3) 95 (88.8) 181 (84.2) 74 (88.1)
Female 32 (16.7) 12 (11.2) 34 (15.8) 10 (11.9)

Smoking status 0.096 0.813
No 33(17.2) 27 (25.2) 39 (18.1) 21 (25.0)
Yes 159 (82.8) 80 (74.8) 176 (81.9) 63 (75.0)

Preoperative NSE abnormality 0.096 0.713
No 159 (82.8) 80 (74.8) 173 (80.5) 66 (78.6)
Yes 33(17.2) 27 (25.2) 42 (19.5) 18 (21.4)

Other TM positive 0.304 0.683
No 140 (72.9) 72 (67.3) 151 (70.2) 61 (72.6)
Yes 52 (27.1) 35 (32.7) 64 (29.8) 23 (27.4)

Histology 0.972 0.286
Pure SCLC 126 (65.6) 70 (65.4) 137 (63.7) 59 (70.2)
Combined SCLC 66 (34.4) 37 (34.6) 78 (36.3) 25 (29.8)

Tumor size 0.949 0.085
Mean + SD 3.8+1.6 3.8+1.6 3.7£1.6 4.0+£1.7

Tumor stage <0.001 0.479
I 49 (25.5) 18 (16.8) 52 (24.2) 15(17.9)
Il 85 (44.3) 9 (8.4) 67 (31.2) 27 (32.1)
M 58 (30.2) 80 (74.8) 96 (44.7) 42 (50.0)

PET scan 0.262 0.575
No 46 (24.0) 32 (29.9) 58 (27.0) 20 (23.8)
Yes 146 (76.0) 75 (70.1) 157 (73.0) 64 (76.2)

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; NSE, neuron specific enolase; SCLC, small-cell lung cancer; PET,

positron emission tomography.

prognostic factors, such as NLR, PLR, pathological stages,
cycles of chemotherapy, postoperative RT to chest and
PCI. Nomograms showed that NLR and PLR contribute
significantly to survival.

The comparison of the C-index of Model 1 and Model
2 after 1,000 bootstrap internal validation was shown in
Figure 6. We found that there is little difference in the
degree of differentiation between the two models, and both

© Translational Lung Cancer Research. All rights reserved.

of them show good prediction capacity. The calibration
curves of these two Models show acceptable consistency
between the prediction of 1-year, 3-year and 5-year OS and
the actual observations (Figure 7).

The C-index of the two models was compared with
that of the TNM staging system. After bias correction,
the results showed that both model 1 and model 2 were
significantly better than the TNM staging system in
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Figure 4 Survival curve of patients with stage I, II and III according to NLR and PLR dichotomy. NLR, neutrophil-to-lymphocyte ratio;

PLR, platelet-to-lymphocyte ratio.

predicting the prognosis of patients (Figure 8). The
calibration curves of 1-, 3- and 5-year OS show that the
stability of the two models is better than that of the TNM
staging system (Figure 9).

Discussion

SCLC is a tumor with a high malignant degree and
poor prognosis, representing approximately 15% of all
lung cancers worldwide. Despite the high response to
chemotherapy, most patients still died of postoperative
recurrence. Immunotherapy is a rising means of tumor
therapy in recent years, and clinical trials on immunotherapy
for SCLC are being carried out. Results from two large
clinical studies IMpower133 and CASPIAN) show that
immunotherapy can significantly improve the prognosis for
patients with SCLC (15,16). Recently, studies have shown
that NLR and PLR are closely related to the efficacy of

© Translational Lung Cancer Research. All rights reserved.

immune checkpoint inhibitors in patients with NSCLC
(17-20). Amaral er al. (17) revealed that elevated pre-
treatment NLR and PLR were independent predictors of
decreased PFS and OS for patients with locally advanced
and metastatic non-small cell lung cancer treated with
Nivolumab and Pembrolizumab. Diem et 4/ (22) also
revealed that the elevated value of NLR and PLR before
treatment was associated with shorter OS and PFS and
lower response rate in patients with metastatic NSCLC
treated with nivolumab. Although PD-L1 antibodies or
tumor mutation burden (TMB) are the most common
biomarkers in immunotherapy, their stability and reliability
are still controversial. Compared with expensive PD-L1
antibody tests or TMB tests, it is meaningful to evaluate
additional, cheap and easily available prognostic markers to
initially identify patients with SCLC who can benefit from
immunotherapy.

The data in this study were based on our previous
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studies of patients with surgically resected SCLC (23-25).
In this study, we established two nomograms for predicting
prognosis based on NLR and PLR, respectively, and
validated the model internally. At the same time, we also
compared it with the TNM staging system. The results
show that our model has good stability and accuracy.

To our knowledge, this is the first report on the
relationship between NLR or PLR and the prognosis of
patients with SCLC based on Chinese data. Xie et a/. (13)
reported the effects of NLR and PLR on the prognosis
of patients with advanced and limited small cell lung
cancer based on Mayo Clinic data and the results shown
that elevated PLR (P<0.001) and NLR (P<0.001) were
significantly associated with a worse prognosis in patients
with SCLC, which was consistent with our research results.
But their data lack some common clinical indicators of
SCLC, such as levels of neuroendocrine markers such
as NSE, CGA, and preoperative tumor markers. And
our research contains this part of the data, although the
abnormal tumor markers was not associated with prognosis.

Transl Lung Cancer Res 2021;10(2):866-877 | http://dx.doi.org/10.21037/tler-20-997



Translational Lung Cancer Research, Vol 10, No 2 February 2021

Al

1]

Q N

g 100% —"I\'Al\?l\c}leé)jstem

E)

g 75%

©

2 50%

5

2]

B 25%

2

% 1-year OS calibration curves of Model 1 and TNM system

8 0%
0% 25% 50% 75% 100%

Bl Predicted survival probability

1]

© 100% | —

g ° —"\I'Al\?l\c/’leé)jstem

[}

T 75%

Qo

2 s0%

E (]

>

%]

B 25%

5

é 0% 3-year OS calibration curves of Model 1 and TNM system
0% 25% 50% 75% 100%

Cl Predicted survival probability

1]

£ 100%) — Mgy stem

T 75%

QL

g 50%

E (o]

>

2]

T 25%

5

é 0% 5-year OS calibration curves of Model 1 and TNM system
0% 25% 50% 75% 100%

Predicted survival probability

875

A2
3
'©100%, — Mﬁdel 2
g — TNM system
=)
& 75%
©
=
s 50%
>
2]
o
Q 25%
@
[%]
8 0% 1-year OS calibration curves of Model 2 and TNM system

2 0% 25% 50% 75% 100%
B Predicted survival probability
2 100% —Mogel2
g —TNM system
@
T 75%
o
2 s50%
<
>
"
B 25%
2
@
2 0% 3-year OS calibration curves of Model 2 and TNM system
o r T T 1

0% 25% 50% 75% 100%

C2 Predicted survival probability
1]
© 100%, —
g —Wlsleéygstem
@
5 75%
QL
£ 50%
<
=)
2]
B 25%
e
@
2 0% 5-year OS calibration curves of Model 2 and TNM system
° 0% 25% 50% 75% 100%

Predicted survival probability

Figure 9 The calibration curve of the TNM staging system compared with model 1 and model 2 for predicting patient survival of (A1, A2)

1-, (B1, B2) 3- and (C1, C2) 5-year OS in the primary cohort after 1,000 bootstrap internal validation. TNM, tumor node metastasis; OS,

overall survival.

At the same time, the research results of Japanese scholars
Suzuki et al. (14) also show that higher NLR and PLR are
significantly correlated with poor median and 2-year OS
(NLR: 14.9 vs. 17.8 months, 29% vs. 31%; P=0.026; PLR:
14.8 vs. 18.9 months, 24% vs. 37%; P=0.009).

Shi et al. (12) revealed that NLR (HR =2.46, 95%
CI: 1.508-4.011, P<0.001) and PLR (HR =2.086, 95%
CI: 1.279-3.402, P=0.003) are independent factors for
predicting the survival of patients with pulmonary large
cell neuroendocrine carcinoma (LCNEC). Like SCLC, as
a highly malignant neuroendocrine tumor, the results also
support the reliability of our study. But their research has an
obvious drawback, their data lack some important clinical
treatment data, such as radiotherapy and chemotherapy
information, and these treatments are of great significance
to this part of patients.

© Translational Lung Cancer Research. All rights reserved.

In addition, the collinear relationship between NLR
and PLR is not clear in some studies. If both are included
in the multivariate study, it is easy to ignore the prognostic
significance of one of them. Therefore, we suggest that
NLR and PLR should be modeled separately. Shi et
al. (12) made it clear that there is a linear relationship
between NLR and PLR, but still included them into
multivariate regression at the same time, resulting in the
loss of significant meaning in PLR, while Suzuki er al.
(14) modeled the two separately, retaining their respective
significant significance, and we more agree with the latter.

Some studies have shown that NLR and PLR have
different prognostic significance in different stages,
and high NLR and high PLR values were significantly
associated with higher tumor stages. Therefore, we did a
subgroup analysis according to the tumor stage, and the
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results showed that the elevated NLR and PLR had poor
prognosis in each stage.

Our results may also give some enlightenment to
clinicians. Patients with higher NLR and PLR before
treatment may need to individually choose drug dose or
multi-mode treatment, and single treatment may not be
applicable. Of course, this is only a point of view, and the
specific treatment model needs to be verified by prospective
clinical trials, but the choice of treatment mode should be
different between the two groups of patients with elevated
and decreased NLR and PLR before treatment.

The study has some limitations. It is a single-center
clinical retrospective study, the establishment and validation
of our models were conducted internally without external
validation.

Conclusions

In patients with LS-SCLC after surgery, the elevation of
preoperative NLR and PLR was associated with poor OS.
NLR and PLR are cheap and readily available biomarkers
that may help oncologists initially identify patients with
small cell lung cancer who can benefit from immunotherapy.
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Supplementary

Table S1 The regimens of adjuvant chemotherapy

Chemotherapy agent

Platinum + VP 16 288
Platinum + Docetaxel 3
Platinum + Paclitaxel 2
Platinum + Gemcitabine 1
Platinum + Vinorelbine 2
Platinum + VP 16 + IFO 1
Platinum + Vinorelbine + IFO 2

PCI, prophylactic cranial irradiation; VP-16, etoposide; IFO,
ifosfamide
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