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Abstract
Background: The current study aimed to evaluate the serum pretreatment lac-
tate dehydrogenase (LDH) and overall survival (OS) in small cell lung cancer
(SCLC) patients who received first-line platinum-containing chemotherapy.
Methods: A total of 234 SCLC patients, who received first-line platinum-based
chemotherapy between 2013 and 2018, were retrospectively analyzed. The data
of hematological characteristics, age, gender, ECOG score, staging, metastatic site,
smoking history, chemotherapy cycle, thoracic radiotherapy and hyponatremia
were collected. Overall survival was calculated using the Kaplan-Meier method.
The statistically significant factors in the univariate analysis were selected for the
multivariate COX model analysis.
Results: Age, ECOG score, stage, thoracic radiotherapy, hyponatremia, liver
metastasis, brain metastasis, bone metastasis, LDH, NSE and neutrophil-to-
lymphocyte ratio (NLR) were closely correlated to OS in the univariate analysis.
Furthermore, the multivariate analysis revealed that age (<65 years), ECOG score
(<2 points), limited-stage (LD), thoracic radiotherapy and LDH <215.70 U/L
were the independent prognostic factors for survival. The median OS time was
worse for patients with LDH ≥215.70 U/L. In the subgroup analysis, LDH
≥215.70 U/L was significant for survival in both limited and extensive disease.
Patients who achieved CR + PR in the first-line treatment had lower initial LDH
levels. It was found that the pretreatment LDH increased the incidence of
patients with liver metastasis.
Conclusions: Positive independent prognostic factors for SCLC patients were
age < 65 years old, ECOG score < 2 points, LD-SCLC, and pretreatment LDH
<215.70 U/L. These factors may be useful for stratifying patients with SCLC for
treatment approaches.

Key points
Significant findings of the study: Age < 65 years old, ECOG score < 2 points,
LD-SCLC, and pretreatment LDH <215.70 U/L are the positive independent
prognostic factors for SCLC patients.
What this study adds: The current study provided more references for SCLC
diagnosis and treatment and determined more factors for stratifying patients
with SCLC for treatment approaches.
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Introduction

A malignant tumor is a disease regulated by multiple fac-
tors and genes, which seriously threatens human health.
Each year, new cases and death from lung cancer has
remained at the top rank among malignant tumors in the
world. Among these, SCLC accounts for 15%–20% of all
lung cancer pathological types.1 According to the classifica-
tion of the Veterans Affairs Administration Lung Cancer
Study Group (VALG), this can be classified as limited-stage
small cell lung cancer (LD-SCLC) and extensive stage small
cell lung cancer (ED-SCLC). SCLC has poor survival due
to its aggressiveness and early hematogenous metastasis,
with a five-year survival rate of <10%.2 Currently, clinically
sensitive and specific tumor markers with limited progno-
sis remain limited. Finding new tumor markers to better
select patients who can use presently available methods
(such as immunotherapy) would significantly contribute to
clinical decision-making.
Studies have revealed that tumor cells have the Warburg

effect. That is, under normal oxygen partial pressure condi-
tions, tumor cells can break down glucose through glycoly-
sis to obtain energy, and produce lactic acid.3 The
Warburg effect represents the transformation of glucose
utilization through tumor cells from oxidative phosphory-
lation to glycolysis. This not only enhances the glycolysis,
but also inhibits mitochondrial oxidative phosphorylation
by converting pyruvate to lactic acid. Although glycolysis
produces ATP much less efficiently than mitochondrial
oxidative phosphorylation, its short pathway, which can be
completed in the cytoplasm, is beneficial to the rapid
demand for energy of tumor cells. In addition, glycolysis
provides advantageous conditions for the survival and
invasion of tumor cells. The aerobic glycolysis of tumor
cells can not only metabolize more glucose, and provide a
material basis for the synthesis of various biological macro-
molecules, but also promote the production and release of
lactic acid. The formation of a local acidic microenviron-
ment would be beneficial for the invasion and metastasis of
tumor cells. The increase in activity of the pentose phos-
phate alternative pathway leads to the increase in produc-
tion of reduced nicotinamide adenine dinucleotide
phosphate (NADPH) and glutathione, and both of which
can promote tumor cell resistance to oxidative killing and
chemotherapy drugs.4, 5

LDH is an integral part of the Warburg effect, and is
closely correlated to the proliferation and invasion of
malignant tumors. As a critical enzyme in the glycolytic
pathway, a large amount of pyruvate can be converted into
lactic acid. LDH is a class of NAD-dependent kinases with
three subunits: LDHA, LDHB and LDHC. Among these,
the type A and B subunits can constitute five LDH iso-
zymes (LDH1-5), while the C subunit constitutes only one

LDH isoenzyme, LDH-C4. There is a difference in the abil-
ity of LDH1-LDH5 to catalyze the mutual conversion of
pyruvate and lactic acid.6 Studies have revealed that LDH5
expression is significantly elevated in tumor tissues.7, 8

LDH-C4 is a tumor testis-associated antigen.9 Present
studies have suggested that LDH-C4 can also obtain energy
by fermenting glucose, and promoting tumor cell growth
and metastasis.10 Lactate in healthy cells can enhance
helper T cell function, and inhibit cytotoxic T lymphocyte
(CTL) proliferation and cytokine production, leading to
reduced cytotoxicity. In tumor cells, LDH-C4 is involved
in high levels of glycolytic pathways. The lactic acid envi-
ronment destroys the function of healthy helper T cells
and cytotoxic T lymphocytes, resulting in loss of immune
function.11 LDH-C4 is polymerized by four C subunits,
and has high thermal stability. Hence, this can be specifi-
cally separated from the other five isozymes. LDH-C4 may
be a new target for tumor immunotherapy.12

The increase in LDH has been considered to be associ-
ated with poor survival and adverse reaction rates in mela-
noma.13 Lung cancer,14 breast cancer15 and renal cell
carcinoma16 have also been found in tumor tissues with a
high expression. LDH is expected to become a useful
molecular marker or potential therapeutic target in the
clinical diagnosis and treatment of tumors. Various present
treatment strategies have attempted to target aerobic gly-
colysis to inhibit tumor progression. However, there are
few studies on SCLC. The present study aims to determine
the concentration between pretreatment serum LDH and
survival in SCLC patients.

Methods

Patients

The patients were retrospectively identified from our
patient database after the review and approval of the ethics
committee of The Affiliated Hospital of Qingdao Univer-
sity. Written informed consent was obtained from all par-
ticipants. The inclusion criteria were as follows: (i) Patients
with SCLC newly confirmed by pathology from January
2013 to August 2018; (ii) patients with baseline data, such
as whole blood cells, serum lactate dehydrogenase, D-
dimer, NSE and CEA; (iii) patients with small cell lung
cancer treated by surgery; (iv) patients who received first-
line treatment with platinum-containing drugs: 4–6 cycles
of platinum-based chemotherapy was routinely performed
(patients who responded to chemotherapy received consol-
idation thoracic radiotherapy [TRT] in the chest, and
patients with brain metastases received whole-brain radio-
therapy [WBRT] before or after chemotherapy, depending
on the symptom); (v) patients with adequate imaging evi-
dence that could be used to determine the SCLC stage
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before treatment; and (vi) patients with complete follow-up
data. Exclusion criteria were as follows: (i) patients with
composite SCLC, which contained the components of
other pathological types; and (ii) patients with other blood
systems and solid tumors.

Data collection

Variables including clinical characteristics and treatment
characteristics were collected from the case system. From
the day of diagnosis to the start of any treatment (chemo-
therapy or radiation therapy), the required monitoring
indicators were collected in whole blood, serum blood and
plasma before treatment. NLR was calculated by dividing
the total neutrophil count by the lymphocyte count (TLC).
Similarly, the platelet-lymphocyte ratio (PLR) was calcu-
lated by dividing the total platelet count by the TLC. The
time-dependent ROC curve was then drawn based on the
baseline hematological indicators (LDH, plasma D-dimer,
CEA, NSE, platelets, neutrophils, TLC, NLR and PLR), the
optimal cutoff value was determined, and the patients
stratified. The other variable clinical features included age
(<65 or ≥ 65 years old), gender, smoking history, stage,
ECOG score, metastatic site (liver, brain and bone), and
blood sodium status.

Statistical analysis

The clinicopathological and therapeutic characteristics
were summarized through descriptive analysis. The differ-
ences between the higher-LDH (≥215.60 U/L) and lower-
LDH groups were compared using a chi-square test or
Mann-Whitney U test, as appropriate. The log-rank test
was used to compare the Kaplan-Meier survival estimates
between groups. Statistical analysis was performed using
SPSS Statistics 21 (SPSS Inc., Chicago, IL, USA). The main
purpose was to observe the overall survival (OS), which
was calculated from the date of diagnosis to the date of
death or last follow-up. With the exception of first-line
treatment evaluations, all pretreatment characteristics were
evaluated as covariates. A univariate proportional hazard
Cox model was used to assess the potential association
between these characteristics and OS. Factors with a
P-value of <0.05 were included in the multivariate assess-
ment. The Wald test was used to evaluate the role of
covariates in the model. All statistical tests were two-sided,
and a P-value of <0.05 was considered statistically
significant.

Results

A total of 234 patients met the inclusion criteria, and were
included in the present analysis (Table 1). The median age

of patients was 60 years (interquartile range [IQR] 53–65).
Furthermore, 54% of patients had LD-SCLC, 73% of
patients had a history of smoking, 24% of patients were
female, 6% of patients had an ECOG score of ≥2, and 25%
had hyponatremia. In addition, 90% of patients had
≥4 cycles of platinum chemotherapy, and 57% had received
consolidation or remission after TRT. ED patients (44%)
with higher (≥215.70 U/L) preconditioning LDH were
greater than patients with LD (31%) (P = 0.033). Further-
more, there were more patients with liver metastases (64%)
with higher pretreatment of LDH, when compared to
patients without liver metastases (51%) (P = 0.033). The
pretreatment platelet, neutrophil, D-dimer and NSE counts
were generally lower in patients who had low LDH. For
the treatment details, 134 patients (63%) received TRT,
120 (45%) patients received ≥45 Gy, and 14 (6%) patients
received <45 Gy. TRT was used for 34 patients for pallia-
tive or salvage, while 100 patients did not receive TRT. As
for the chemotherapy, merely 23 patients received
1–3 cycles of chemotherapy, while 211 patients received
≥4 cycles (Table 1).
The median OS time for all patients was 18.7 months

(95% CI: 16.4–21.0). The median OS time was
21.3 months (95% CI: 17.6–25.0) for patients with pre-
treatment LDH ≥215.70 U/L versus 16.1 months (95% CI:
14.2–18.0) for patients with pretreatment LDH <215.70
U/L (log-rank P < 0.001, Fig 1a). The one-year survival
rates were 77.6% and 67.8%, respectively, the two-year
survival rates were 42.7% and 20.9%, respectively, and the
three-year survival rates were 17.9% and 4.0%, respec-
tively. After grouping by stage, it was found that without
the limitation of the stage, LDH has significance for
predicting patients with LD and ED SCLC. The median
OS time for LD patients was 22.7 months (95% CI:
20.5–24.9). The median OS was 23.5 months for LD
patients with pretreated LDH <215.70 U/L (95% CI:
21.0–26.1), and 21.0 months for patients with pretreated
LDH ≥215.70 U/L (95% CI: 16.2–25.7) (log-rank
P = 0.049, Fig 1b). The median OS time for ED patients
was 13.0 months (95% CI: 11.1–15.0). The median OS
was 15.2 months for ED patients with pretreated LDH
< 215.70 U/L (95% CI: 11.7–18.7), and 12.3 months for
ED patients with pretreated LDH ≥ 215.70 U/L (95% CI:
10.8–13.7) (log rank P = 0.028, Fig 1c).
A total of 12 survival-related factors were identified in

the univariate analysis: age, gender, ECOG score, staging,
metastasis in the liver, bone, or brain, thoracic radiother-
apy, LDH, TLC, NLR and NSE (P < 0.05). However, no
significant differences were observed in survival, based on
hyponatremia and smoking status. Furthermore, there was
no significant correlation among PLR pretreatment, CEA,
d-dimer count, lymphocyte count, platelet count and sur-
vival time (Table 2).
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The final multivariate analysis revealed that high pre-
treatment LDH (HR: 1.468, 95% CI: 1.069–2.017,
P = 0.018) was an independent predictor of decreased sur-
vival. In the multivariate analysis, four other clinicopatho-
logical features (age ≥ 65, ECOG score ≥ 2, no thoracic
radiotherapy, and extensive phase) were also identified as

independent predictors of OS deterioration (P < 0.05)
(Table 3).
Although the NSE count ≥40.80 ng/mL and NLR ≥4.8

in the univariate analysis were better correlated with prog-
nosis (HR: 1.413, 95% CI: 1.022–1.954, P = 0.011, HR:
1.418, 95% CI: 1.089–1.924, P = 0.037), this apparent

Table 1 Patient characteristics

Characteristic All Patients (n = 234) Patients with LDH <217 U/L (%) Patients with LDH ≥217 U/L (%) P-value

No. of patients (%) 234 (100) 147 (63) 87 (37)
Age at diagnosis, years, median (IQR) 60 (53–66) 60 (51–65) 60 (56–66) 0.472
Gender 0.313
Male 178 (76) 115 (78) 63 (72)
Female 56 (24) 32 (22) 24 (28)

ECOG PS 0.572
0–1 219 (94) 139 (95) 80 (92)
≥2 15 (6) 8 (5) 7 (8)

Smoking status 0.706
Yes 173 (74) 109 (74) 64 (73)
No 61 (26) 38 (26) 23 (27)

Stage 0.033
LS-SCLC 126 (54) 87 (59) 39 (45)
ES-SCLC 108 (46) 60 (41) 48 (55)

Metastasis to liver 0.003
Yes 25 (11) 9 (6) 16 (18)
No 209 (89) 138 (94) 71 (82)

Metastasis to brain 0.75
Yes 15 (6) 10 (7) 5 (6)
No 219 (94) 137 (93) 82 (94)

Metastasis to bone 0.069
Yes 25 (10) 11 (8) 13 (15)
No 210 (90) 136 (92) 74 (85)

No. of chemotherapy cycles 0.838
<4 23 (10) 14 (10) 9 (10)
≥4 211 (90) 133 (90) 78 (90)

Receipt of thoracic RT 0.822
Yes 134 (57) 85 (58) 49 (56)
No 100 (42) 62 (42) 38 (44)

First-line treatment evaluation 0.05
CR + PR 153 (65) 44 (30) 37 (42)
SD + PD 81 (35) 103 (70) 50 (58)

Hyponatremia 0.282
Yes 58 (25) 33 (78) 25 (29)
No 176 (75) 114 (22) 62 (71)

Median platelets ×109/L (IQR) 239 (205–303) 235 (194–293) 250 (214–333) 0.03
Median neutrophils ×109/L (IQR) 4.3 (3.3–5.2) 4.1 (3.1–5.1) 4.6 (3.6–5.6) 0.036
Median TLC ×109/L (IQR) 1.8 (1.3–2.2) 1.7 (1.3–2.2) 1.8 (1.1–2.2) 0.512
Median NLR (IQR) 2.5 (1.7–3.5) 2.4 (1.6–3.3) 2.5 (1.9–4.0) 0.072
Median PLR (IQR) 143.7 (105.8–196.2) 140.0 (98.0–193.7) 150.0 (112.6–217.7) 0.054
Median LDH, U/L (IQR) 189.5 (157.5–238.1) 166.0 (142.0–186.0) 254.0 (230.0–308.5) 0.001
Median D-dimer, ng/mL (IQR) 460.0 (260.0–653.0) 230.0 (390.0–606.0) 606.0 (300.0–800.0) <0.001
Median CEA, ng/mL (IQR) 3.7 (2.3–8.3) 3.5 (2.2–5.9) 5.0 (2.4–13.4) 0.091
Median NSE, ng/mL (IQR) 47.0 (26.7–80.3) 40.7 (21.4–66.6) 66.6 (45.0–126.9) <0.001

IQR, interquartile range; ECOG PS, Eastern Cooperative Oncology Group performance status; RT, radiation therapy; TLC, total lymphocyte count;
NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LDH, lactate dehydrogenase; CEA, carcinoembryonic antigen; NSE, neuron-
specific enolase.
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association did not hold in the multivariate analysis
(Tables 2 and 3).

Discussion

Previous studies have indicated that age, ECOG score, stag-
ing and thoracic radiotherapy are independently correlated
to the OS of SCLC,17, 18 and the present study also reached
the same conclusion. The data obtained from the present
study indicates that age ≥ 65 years old, ECOG score < 2
points, localized, and first-line thoracic radiotherapy were
independent favorable prognostic factors for survival in
SCLC, based on the platinum chemotherapy. The present
study also implies that pretreatment serum LDH ≥215.70
U/L is significantly correlated to prognosis. Hence, the cor-
relation of pre-treated LDH mentioned in previous studies
has been confirmed.
LDH has been widely investigated as a prognostic indi-

cator in various malignancies, including lung cancer.19–22

The most recent LDH and SCLC studies have suggested
that high LDH levels indicate worse results. The findings
reported by Sagman et al.23 included 288 SCLC patients,
and it was established that serum LDH appears to be a sig-
nificant independent pretreatment prognostic factor for
patients with SCLC, which correlates with the stage of the
disease, response to treatment, and survival. The median
for patients with elevated LDH was 39 weeks, while for
patients with low LDH levels, the median was 53 weeks.
The incidence of abnormal increase in LDH in ED patients
was significantly higher, when compared to LD patients.
The subgroup analysis revealed that the CR rates were
inversely proportional to the LDH levels in LD patients
(P = 0.026), and that patients with elevated LDH levels had
higher mortality rates (1.63:1.00), which was not the same
for ED patients. Lassen et al.24 investigated 484 patients
who underwent first-line chemotherapy, and multivariate

analysis revealed that in addition to the presence or
absence of platinum-induced chemotherapy as an indepen-
dent risk factor for survival, elevated LDH was also an
independent factor for prognosis. The study conducted by
Zhou et al.25 revealed that a relatively short survival time
(P = 0.008) was predicted in patients with elevated LDHs,
and that patients with elevated LDHs had a 1.41 times
higher risk of death, when compared to the normal group.
When these were stratified by stage, there was a significant
correlation between LDH levels and OS in ED patients
(P = 0.003), but there was no statistical significance in
patients with localized stages. However, the study con-
ducted in South Korea by Jong et al.26 indicated that LDH
is not an independent prognostic factor for SCLC.
It has been hypothesized that LDH has a prognostic

value, and can better predict the overall survival of SCLC
patients. The multivariate analysis indicated that there was
a significant difference in survival between patients with
LDH ≥215.70 U/L and patients with LDH <215.70 U/L
(P = 0.018), with a median OS of 21.279 months and
16.131 months, respectively. Patients with elevated LDH
(≥215.70 U/L) had a 1.459-fold higher risk of death, when
compared to patients with low LDH (95% CI:
1.054–2.020). The one-, two- and three-year survival rates
in the low LDH group were better, when compared to the
high LDH group. The subgroup analysis indicated that
regardless of the stage, LDH ≥215.70 suggests a poor prog-
nosis in both LD and ED patients (P = 0.049, P = 0,028),
and that the difference was more pronounced in patients
with extensive stages.
In the present retrospective study, the relationship

between LDH levels and treatment response was analyzed.
The study conducted by Wen et al.27 indicated that LDH
levels could not independently predict whether patients
with SCLC are platinum-sensitive, but LDH was an inde-
pendent prognostic factor for OS. These present findings

Figure 1 The Kaplan-Meier plot for survival stratified by pretreatment LDH level in (a) all SCLC patients ( ) <215.7, ( ) ≥215.7, ( )
<215.7-censored, ( ) ≥215.7-censored; (b) LD-SCLC patients ( ) <215.7, ( ) ≥215.7, ( ) <215.7-censored, ( ) ≥215.7-censored; (c)
ED-SCLC patients ( ) <215.7, ( ) ≥215.7, ( ) ≥215.7-censored, ( ) ≥215.7-censored.
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Table 2 Univariate analysis of factors potentially associated with overall survival

Variable Hazard ratio 95% CI P-value

Age 1.009–1.868 0.044
<65 1
≥65 1.373

Gender 1.017–1.955 0.04
Female 1
Male 1.41

ECOG PS 1.175–3.404 0.011
0–1 1
≥2 2

Smoking status 0.944–1.763 0.111
No 1
Yes 1.29

Stage 1.555–2.714 <0.001
LS-SCLC 1
ES-SCLC 2.055

Metastasis to liver 1.863–4.367 <0.001
No 1
Yes 2.852

Metastasis to brain 1.322–4.150 0.004
No 1
Yes 2.343

Metastasis to bone 1.571–3.739 <0.001
No 1
Yes 2.424

No. of chemotherapy cycles 0.422–1.044 0.076
<4 1
≥4 0.664

Receipt of thoracic RT 0.419–0.732 <0.001
No 1
Yes 0.554

Hyponatremia 1.042–1.927 0.026
No 1
Yes 1.417

Pretreatment platelets 0.721–1.267 0.753
<269 × 109/L 1
≥269 × 109/L 0.956

Pretreatment TLC 0.647–1.141 0.295
<2.0 × 109/L 1
≥2.0 × 109/L 0.859

Pretreatment NLR 1.022–1.954 0.037
<3.80 1
≥3.80 1.413

Pretreatment PLR 0.814–1.425 0.605
<124.70 1
≥124.70 1.077

Pretreatment LDH 1.255–2.233 <0.001
<215.70 U/L 1
≥215.70 U/L 1.674

Pretreatment D-dimer 0.825–1.449 0.386
<585 ng/mL 1
≥585 ng/mL 1.093

Pretreatment CEA 0.973–1.688 0.078
<4.80 ng/mL 1
≥4.80 ng/mL 1.281

Pretreatment NSE 1.089–1.924 0.011
<40.80 ng/mL 1
≥40.80 ng/mL 1.448

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; RT, radiation therapy; TLC, total lymphocyte count; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LDH, lactate dehydrogenase; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase.
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revealed that LDH was correlated not only to survival, but
also to the incidence of LDH elevations that reached CR
+ PR, which were lower in patients with stable and pro-
gressive disease (P = 0.050).
Previous studies have suggested that elevated LDH may

be associated with tumor metastasis.28, 29 Dong et al.30

reported that the expression of LDH in tumor tissues and
serum LDH status are closely correlated to the occurrence
of brain metastases in triple-negative breast cancer, and
that these were predictors of brain metastasis in triple-
negative breast cancer. The study conducted by Anami
et al.31 implicated that the increase in LDH is associated
with the occurrence and prognosis of brain metastases in
SCLC patients, and that the increase in LDH in patients

with brain metastases suggests a shorter survival. A Swiss
study32 demonstrated that LDH is a predictor of bone
metastases in SCLC, and that the increase in LDH levels is
positively correlated with the incidence of bone metastases.
These above results suggest that the increase of LDH may
predict the possibility of metastasis in SCLC patients. The
present study demonstrated that the LDH levels of patients
were correlated with the occurrence of liver metastases
(P = 0.050). LDH levels were higher in patients with liver
metastases. In the group analysis for liver, bone and brain
metastasis, the worst OS was found in patients with liver
metastasis, which is consistent with the results of a previ-
ous study.33 Indeed, the link between LDH levels and the
occurrence of SCLC liver metastasis still needs to be con-
firmed through further large-scale prospective studies.
Inflammation plays a vital role in cancer development.

NLR and PLR are markers of inflammation and immune
status, and these have been investigated as prognostic indi-
cators in various malignancies.34-37 There are also many
related studies in SCLC. Suzuki et al.38 conducted a study
on 252 ED-SCLC patients, and revealed that the OS of
patients with TLC counts >1.5 × 103/μL before treatment
was significantly different, when compared to that of
patients with TLC counts <1.5 × 103/μL before treatment.
The OS was 12.0 months and 9.8 months (P = 0.021),
respectively. The median OS time of patients with NLR
≥4.0 before treatment was 9.40–13.90 months (P = 0.002),
respectively. However, there was no significant difference
between PLR groups. Another study39 revealed that TLC,
NLR and PLR are independent indicators of survival in
patients with LD-SCLC (P = 0.028, P = 0.011 and
P = 0.030). The results from two other single institutions40,
41 suggest that pretreatment NLR, rather than PLR, is an
independent predictor of prognosis. However, Xie et al.42

conducted separate studies on ES-SCLC and LS-SCLC, and
found that NLR before treatment was only valid for ES-
SCLC patients, and that PLR before treatment was only
active for LS-SCLC patients. The present results revealed
that there was no significant correlation between pre-
treatment PLR and TLC with OS. The subgroup analysis
revealed that PLR was only different among patients in the
extensive phase (log-rank P = 0.048). Furthermore, NLR
was significant in the univariate analysis, while NLR was
not significant in the multivariate analysis. This is different
from previous research results. NLR and PLR are not spe-
cific markers of tumors, and are easily affected by radiation
and inflammation. It has been confirmed that the high het-
erogeneity of SCLC and the difference in population selec-
tion had an impact on these results. Further studies are
needed to confirm the importance of preprocessing NLR
and PLR in SCLC outcomes.
There were several limitations in the present study. The

present study was a single-center retrospective study. The

Table 3 Multivariate analysis of factors potentially associated with
overall survival

Variable Hazard ratio 95% CI P-value

Age 1.087–2.062 0.014
<65 1
≥65 1.497

Gender 0.888–1.751 0.203
Female 1
Male 1.247

ECOG 1.317–4.198 0.004
0–1 1
≥2 2.351

Stage 1.120–2.233 0.009
LS-SCLC 1
ES-SCLC 1.581

Metastasis to liver 0.825–2.296 0.221
No 1
Yes 1.376

Metastasis to brain 0.710–2.471 0.378
No 1
Yes 1.324

Metastasis to bone 0.865–2.311 0.167
No 1
Yes 1.414

Receipt of thoracic RT
No 1 0.498–0.956 0.026
Yes 0.69

Hyponatremia
No 1 0.922–1.768 0.141
Yes 1.277

Pretreatment NLR 0.606–1.270 0.489
<3.80 1
≥3.80 0.878

Pretreatment LDH 1.069–2.017 0.018
<215.70 U/L 1
≥215.70 U/L 1.468

Pretreatment NSE 0.898–1.709 0.191
<40.80 ng/mL 1
≥40.80 ng/mL 1.239

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group;
RT, radiation therapy; LDH, lactate dehydrogenase; NLR, neutrophil-to-
lymphocyte ratio; NSE, neuron-specific enolase.
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relatively few qualified patients limited the heterogeneity of
these patients, and the impact of WBRT on the prognosis
was not collected from these patients.
In conclusion, patients age < 65 years old, ECOG

score < 2 points, thoracic radiotherapy, and LDH <215.70
U/L are positive independent prognostic factors for SCLC
patients, based on first-line platinum-based chemotherapy.
Accordingly, more extensive prospective studies are needed
to confirm these results.
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