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Background: Small cell lung cancer (SCLC) makes up 13% of lung malignancies. Only one-third of
SCLC patients received their diagnosis at the limited stage. Treatment for symptomatic extensive-stage (ES)
SCLC with persistent intrathoracic disease is still controversial. The present research aimed to analyze the
impact of palliative thoracic radiotherapy (TRT) as a treatment for this patient group and build a prognostic
nomogram.

Methods: In this retrospective, multi-center study, we analyzed 120 patients with ES-SCLC and a World
Health Organization performance status of 1-2 who were diagnosed between March 2014 and September
2019. A nomogram was formulated to predict the patients’ 1- and 2-year overall survival (OS).

Results: The study cohort had a median age of 62 years, and males accounted for 85% of enrollees. A
significant extension was observed in the median OS in the TRT group compared to the no TRT group
(P<0.001). When the patients were stratified by TRT dose, no significant differences in OS were noted
(P=0.530). However, higher levels of inflammatory markers prior to TRT were associated with a shorter OS
(neutrophil-to-lymphocyte ratio, P=0.002; platelet/lymphocyte ratio, P=0.023). The nomogram’s Harrell’s
concordance (C)-statistic reached 0.70, and the calibration curve analysis revealed goodness of fit.
Conclusions: The neutrophil-to-lymphocyte ratio is an independent factor predicting survival in ES-
SCLC patients treated with palliative TRT. Our nomogram, which incorporates immunological markers, has
higher accuracy than existing models for the prediction of individuals’ chances of survival, and it could be a

significant tool for clinicians in the development of tailored therapeutic strategies.

Keywords: Extensive stage small cell lung cancer (ES-SCLC); palliative thoracic radiotherapy (TRT); neutrophil-
to-lymphocyte ratio (NLR); platelet/lymphocyte ratio (PLR); nomogram
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Introduction

With a 5-year survival rate of <10%, small cell lung cancer
(SCLC) is a malignancy which exhibits a high level of
aggression and has the characteristics of growing rapidly
and metastasizing early. SCLC comprises around 13% of
all lung cancers and claims 250,000 lives globally each year
(1,2). One-third of SCLC cases are classified as limited
stage (LS), and the rest are diagnosed as extensive-stage
SCLC (ES-SCLC) (3). Common presenting signs and
symptoms of ES-SCLC include the following: shortness
of breath, cough, bone pain, weight loss, fatigue and
neurologic dysfunction. The standard first-line treatment
strategy for ES-SCLC is 4-6 cycles of cisplatin-based
doublet chemotherapy with immunotherapy (4,5). However,
intrathoracic disease progression remains a major problem
and the overall survival is not satisfactory. Consolidative
thoracic radiotherapy (TRT) has shown a survival benefit
for patients with ES-SCLC in several prospective and
retrospective studies. For instance, a single-institution
randomized study in which 210 patients were designated at
random to receive TRT (54 Gy in 36 fractions given twice
per day) with concurrent chemotherapy vs. chemotherapy
alone, suggested a benefit of adding TRT in terms of
median survival (17 vs. 11 months, P=0.041) (6). In the
phase 3 Chest Radiotherapy Extensive-Stage Small Cell
Lung Cancer Trial (CREST), TRT (a dose of 30 Gy in 10
fractions) significantly improved 2-year overall survival (OS)
and progression-free survival (PFS), although these did
not constitute the study’s primary endpoints (7). As such,
the true benefit of TRT for patients with ES-SCLC and a
World Health Organization (WHO) performance status
(PS) of 1-2 and the optimal dose of palliative TRT are
unknown. The identification of markers and models that
could potentially predict patients’ prognoses also massively
impacts the creation of clinical therapeutic strategies.
Systemic immune and inflammatory status have pivotal
involvement in tumorigenesis, cancer progression, and
responses to therapies (8). Evidence exists suggesting close
associations between systemic inflammatory response
markers, such as the neutrophil-to-lymphocyte ratio
(NLR), the platelet/lymphocyte ratio (PLR), and lactate
dehydrogenase (LDH), and SCLC prognosis (9,10). The
NLR is a simple and cost-effective biomarker that can
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be used as part of routine laboratory evaluation, even in
resource-limited settings (11,12). However, currently, the
relevance of this pretreatment inflammatory biomarker to
the prognosis of patients receiving palliative TRT for ES-
SCLC remains poorly understood.

The present work aimed to investigate the benefit of
palliative TRT in ES-SCLC, as well as the prognostic
relevance of NLR as a pretreatment inflammatory
biomarker with regard to OS in patients with ES-SCLC
receiving palliative TRT.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tlcr-21-211).

Methods
Patients

We conducted this retrospective study of patients
treated between March 2014 and September 2019 at 3
hospitals: Tongji Hospital of Tongji Medical College,
Fudan University Shanghai Cancer Center, and Fujian
Cancer Hospital. Patients meeting the following criteria
were included in the study: (I) pathologically confirmed
SCLC; (II) newly diagnosed ES-SCLC (namely, disease
extending beyond the hemithorax, hilar, mediastinal, and
supraclavicular nodes); (IIT) aged >18 years; (IV) complete
clinical, laboratory, imaging, and follow-up data; (V)
no previous anticancer therapies; (VI) WHO PS of 1-2
with hemoptysis, blood in sputum, face and neck edema,
wheezing, chest pain, headache, or persistent cough.
The exclusion criteria included evidenced infection,
bone marrow, hematological, or autoimmune disease.
Early mortality (i.e., occurring in the 3 months following
diagnosis) was also an exclusion criterion, as it was likely
to have resulted in the patient not being considered for the
entire course of TRT and chemotherapy.

Eligible patients were allocated to either the no-
TRT group or the TRT with sequential or concurrent
chemoradiotherapy group. The median dose in the TRT
cohort (dose ranging from 30 to 60 Gy) was 50 Gy using
intensity modulated radiation therapy (IMRT), with
most patients receiving 45 Gy/30 f or 60 Gy/30 f (13).
Chemotherapy consisted of 4-6 cycles of cisplatin plus
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etoposide. Additionally, some patients in both groups
received radiation to target lesions in the brain or metastatic
lesions in the bone. Patients were typically followed up at
30 days after treatment initiation, then at 3-month intervals
for the first 2 years, and at 6-month intervals thereafter.

This research was approved by the institutional review
board of Tongji Hospital of Tongji Medical College,
Huazhong University of Science and Technology (T]-
IRB20190404). All procedures were conducted in
accordance with the principles of the Declaration of
Helsinki (as revised in 2013). Individual patient information
was protected and has not been shown. Individual consent
for this retrospective analysis was waived.

Data collection

Histological diagnosis was made according to the WHO
classification version 7. The 8" edition of the American
Joint Cancer Committee (AJCC) tumor-node-metastasis
(TNM) classification was used for disease staging, with
stage IV constituting ES-SCLC. Patient characteristics,
such as age (<60 vs. 260 years), sex, smoking history,
and details of treatment strategies were collected for the
analysis. In the week preceding TRT initiation, patients
underwent a full blood count and routine biochemistry
test. The NLR was obtained by dividing the neutrophil
count by the lymphocyte count, and the PLR was obtained
by dividing the platelet count by the lymphocyte count.
Receiver operating characteristic (ROC) curve analysis was
used to determine the best cutoff values for pretreatment
NLR and PLR. Follow-up was performed until June 2020.
OS was calculated as the interval commencing on the date
of diagnosis or treatment initiation to the date of death
or the final follow-up appointment. The symptom relief
rate was defined as the proportion of patients who attained
symptom relief.

Statistical analysis

Summary statistics were reported for discrete variables. For
the OS evaluation of the ES-SCLC patients, Kaplan-Meier
(KM) curves were drawn to express the cumulative survival
probability, and the log-rank test was used to compare OS
between groups. We conducted univariate and multivariate
analysis to identify prognostic factors, including
clinicopathological variables and pretreatment hematologic
markers, by adopting the Cox proportional hazards model.
We also plotted a nomogram to predict 1- and 2-year
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OS, and determined the ability of the model to accurately
predict prognosis by employing Harrell’s concordance
index (C-index). Calibration curve analysis was carried
out to evaluate the model’s goodness of fit. We internally
validated the predictive accuracy of the model and avoided
overfitting by using 1,000 bootstrap resamples. All P values
were 2-tailed, with P <0.05 being statistically significant. All
statistical analyses were performed with R language, version
4.0.2 with the rms and survival libraries (The R Foundation
for Statistical Computing, Vienna, Austria, http://www.
r-project.org/).

Results
Patient characteristics

The baseline characteristic information for each group was
similar (Table I). In the entire cohort, the median diagnostic
age was 62 years (30-77 years), and males were in the
majority (85%). Metastasis to the brain, liver, and bones
was reported in 44.0%, 26.4%, and 36.3% of the study
population, respectively. The chemotherapeutic regimens
of 114 (95%) patients combined platinum with etoposide. A
total of 6 patients did not receive or stopped chemotherapy
(2 cases due to refusal, and 4 cases due to treatment-
related toxic effects). In the chemotherapy cohort, the
disease control rate reached 73.5%. The median TRT dose
received by patients was 50 Gy; 31 and 40 patients were
given <50 and >50 Gy, respectively. Both groups had a
similar symptom relief rate (90%).

In line with the clinical criteria devised by the
Department of Clinical Laboratory at Tong Hospital of
Tongji Medical College, a value of 225 U/L was used to
differentiate high and low levels of serum biomarker LDH.
The cutoff values for NLR and PLR in the survival outcome
prediction of ES-SCLC served as a basis for dichotomizing
NLR and PLR, respectively. We took the values showing
the best relative risk coefficients at 5 and 210 as the optimal
cutoffs for NLR and PLR. The areas under the time-
dependent ROC curves (AUCs) for the dichotomized NLR
and PLR were also calculated. PLR was the indicator with
the greatest AUC value (0.741), which suggested that it
possessed the highest predictive value (Figure I).

Survival

The median OS for patients who received radiotherapy was
19 months compared to 14 months for patients without
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Table 1 Clinicopathological characteristics of ES-SCLC patients
(n=120)

Characteristics NO-?]T;S)I’OUP TF\;;I]'=g7r$)u P
Age (years) (n [%])

<60 17 30

=60 32 41
Sex [n (%)]

Female 7 1

Male 42 60
Smoking

Former 27 36

Current 22 35
Chemotherapy

No 6 0

Yes 43 71
Brain radiotherapy

No 25 42

Yes 24 29
Bone radiotherapy

No 44 67

Yes 5 4
Immunotherapy

No 46 67

Yes 3 4

ES-SCLC, extensive-stage small cell lung cancer.

radiotherapy [hazard ratio (HR) = 0.443, 95% confidence
interval (CI): 0.247-0.796, P<0.001] (Figure 2). In the TRT
group, 52% and 39% of patients experienced intrathoracic
recurrence and brain progression, respectively. We further
partitioned dose groups into low- and high-dose categories;
however, high-dose radiotherapy did not show significant
survival advantages over low-dose radiotherapy (P=0.530)
(Table 2).

During a median 13-month follow-up, the KM analysis
revealed a low NLR and PLR to bear significance in the
prediction of prolonged survival (Figure 3). When age, sex,
smoking history, chemotherapy sequence, and radiotherapy
dose were adjusted for in the multivariable analysis, NLR
remained an independent predictor (7zble 2). Next, a
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Figure 1 Survival outcomes of ES-SCLC patients receiving
thoracic radiotherapy compared to patients without radiotherapy.

ES-SCLC, extensive-stage small cell lung cancer.
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Figure 2 ROC curve analysis of different markers to predict

patients’ survival status. ROC, receiver operating characteristic.

nomogram incorporating variables such as age, sex, sequence
of chemotherapy and radiation, radiotherapy dose, and
symptoms after TRT was created to evaluate the prognostic
relevance of these clinical parameters in ES-SCLC treated
with TRT (Figure 4). The Harrell’s C-index for the
clinicopathologic multivariate model was 0.63. Of note, when
NLR and PLR were incorporated into the clinicopathologic
model, a significant improvement was observed in the
prognostic accuracy, with the Harrell’s C-index rising to 0.70.
The model exhibited moderate discriminative ability and was
adequately calibrated (Figure S1).

Discussion

SCLC is among the most malignant of lung cancers
worldwide. At present, standard treatment for patients
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Table 2 Univariate and Multivariate Cox regression analyses of multiple variables for OS in ES-SCLC treated with palliative thoracic

radiotherapy (n=71)

Characteristics

Univariate analysis

Multivariate analysis

HR (95% ClI) P value HR (95% ClI) P value

Age (years)

<60 1 (Referent) 1 (Referent)

>60 1.048 (0.589,1.866) 0.872 1.105 (0.576,2.119) 0.765
Sex

Male 1 (Referent) 1 (Referent)

Female 0.582 (0.266,1.273) 0.175 0.683 (0.266,1.755) 0.428
Smoking

Former 1 (Referent)

Current 1.056 (0.603,1.852) 0.848 0.586 (0.268,1.282) 0.181
Chemotherapy

Sequential 1 (Referent)

Concurrent 0.681 (0.435,1.068) 0.094 0.662 (0.314,1.398) 0.280
Palliative thoracic RT

DT <50 Gy 1 (Referent) 1 (Referent)

DT >50 Gy 1.200 (0.679, 2.124) 0.530 0.783 (0.421,1.456) 0.440
Relief

No 1 (Referent)

Yes 0.333 (0.134,0.828) 0.018 0.232 (0.078, 0.687) 0.008
LDH

Low 1 (Referent) 1 (Referent)

High 1.923 (1.055,3.504) 0.0327 1.730 (0.817, 3.663) 0.152
NLR

<5 1 (Referent) 1 (Referent)

>5 2.591 (1.392,4.824) 0.002 3.046 (1.302,7.124) 0.010
PLR

<210 1 (Referent) 1 (Referent)

>210 1.9983 (1.085,3.662) 0.023 1.330 (0.539,3.283) 0.536

ES-SCLC, extensive-stage small cell lung cancer; OS, overall survival; Cl, confidence interval; HR, hazard ratio; LDH, lactate
dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet/lymphocyte ratio.

with ES-SCLC consists of 4-6 cycles of platinum- treatment decreased with PS. A recent study of ES-SCLC
based chemotherapy with immunotherapy. However, patients aged >70 years reported a 7.8- and 0.6-month
approximately 20% of those diagnosed with SCLC are not median OS among participants who received chemotherapy
offered chemotherapy (14). The chance of being offered and no treatment, respectively (15); those who received
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OS rate in ES-SCLC. ES-SCLC, extensive-stage small cell lung cancer; OS, overall survival; PLR, platelet/lymphocyte ratio.
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chemotherapy had substantially increased OS. In the
present research, we examined data from a large group of
patients enrolled from multiple institutions, all of whom had

© Translational Lung Cancer Research. All rights reserved.

a PS of 1-2, and performed a comparison of the outcomes
of patients who received either chemoradiotherapy or
only chemotherapy. Compared to the no-TRT group
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(14 months), chemoradiotherapy led to a substantial
increase in OS (19 months). These findings are largely
consistent with those of previous retrospective and
randomized research on TRT, which have suggested the
survival benefit of TRT concurrent with chemotherapy for
systematic ES-SCLC. Apart from survival benefit, TRT
was associated with symptomatic chest recurrences in only
13% of patients. In a clinical trial, 32 ES-SCLC patients
who attaining an objective response to chemotherapy
were enrolled to define the rate of symptomatic chest
failures after undergoing post-chemotherapy consolidation
TRT (16). Of the 19 intrathoracic recurrences, only 5
were symptomatic. This indicated that TRT could not
only improve local control but also provide an excellent
symptomatic control in the irradiated chest region for ES-
SCLC patients.

Recurrent intrathoracic disease is observed in more
than 40% of patients who receive TRT, indicating that
increasing the radiation dose might be more efficacious (16).
Hasan et al. organized ES-SCLC patients into low-dose
(30-39 Gy), intermediate-dose (40-59 Gy), and high-dose
(59.4-75 Gy) TRT groups, and the median OS reached
10.7, 12.9, and 14.9 months, respectively (P<0.001) (17).
However, in the present study, high-dose radiotherapy
did not show a significant survival advantage over low-
dose radiotherapy. One of the reasons for this may be that
disease progression occurred in areas other than the thorax
and the brain in many patients, in spite of the use of TRT;
thus, the additional dose of radiotherapy to thoracic disease
sites may have been futile and only increased the toxicity
in frail patients. Professor Han ever conducted a study to
evaluate the clinical outcomes of 244 ES-SCLC patients
who received TRT at different times and fractionations
and tried to explore practice patterns for the radiation time
and fractionation (18). Patients who received TRT within 6
cycles of chemotherapy and hyperfractionated radiotherapy
(45 Gy in 30 fractions) had relatively long OS. In this
study, we also find that concurrent TRT had a tendency to
prolong survival for ES-SCLC patients. Further studies are
warranted to clarify this hypothesis.

The recent progress with immune checkpoint inhibitors
has seen a survival extension for patients with ES-SCLC.
Despite inflammation and immunity being recognized
as participants in ES-SCLC development, the disease
has yet to be fully elucidated from an immunological
perspective. The present work investigated the correlations
of pretreatment variables, such as LDH and inflammatory
markers, with survival of ES-SCLC. The enzyme LDH,
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which facilitates lactic acid production in the glycolytic
pathway, frequently serves as an indicator for the
monitoring and assessment of the disease state. LDH has
been detected in various damaged tissues and malignancies
(19-21). However, like that of the NLR and the PLR, the
predictive value of LDH for ES-SCLC patients receiving
palliative TRT remains controversial (10). Here, we found
that a low NLR was indicative of a favorable survival
outcome, whereas we failed to identify an independent
survival association for PLR or LDH. In line with
previously reported research on other cancers, our study
evidenced the utility of the NLR as an indicator predicting
ES-SCLC prognosis (22-25). The potential of the NLR
to serve as a predictive biomarker of immunotherapeutic
efficacy in ES-SCLC is deserving of more research attention
and will be evaluated in future experiences that include
use of immunotherapy. Until such reports are available in
the published literature, the current analysis represents 1
of the largest of its kind in the pre-immunotherapy era.
Importantly, we created a nomogram which incorporates
NLR, PLR, LDH, and other clinicopathologic factors to
predict the OS of patients with ES-SCLC, and subjected
it to internal validation. Concurrent chemoradiotherapy
and higher dose demonstrated superiority in terms of OS.
Patients with higher total points of the nomogram might
benefit from concurrent chemoradiotherapy and higher
dose. We believe our nomogram will facilitate tailored OS
prognostication for patients and serve as a clinical tool to
guide treatment-related decisions. We will further define
the high-risk subgroups of extensive-stage small cell lung
cancer undergoing thoracic radiotherapy to improve overall
survival in our next study.

The present work has overseen the development of the
first prognostic model to predict the survival of patients
with ES-SCLC and WHO PS 1-2 treated with TRT.
Nevertheless, a number of limitations exist in this study.
Firstly, the retrospective nature of the research may have
introduced selection bias. Such a study design tends to lead
to overestimation of the therapeutic effect, because there
is a high likelihood that untreated patients are in a worse
state than those given the option of treatment, despite
this not always being recorded in the medical records.
Furthermore, the heterogeneity of clinical parameters (e.g.,
a high percentage of young people) could have led to longer
survival than that reported by randomized clinical trials. Our
nomogram was built and subjected to internal validation;
however, it should be externally validated in a large sample
enrolled from multiple institutions. Besides, evaluation of
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the quality of life in these patients could potentially be a
better reflection of the disease than the treatment received.
Nonetheless, we carried out an in-depth real-world study
which has preliminarily evidenced the potential value of
serum inflammation markers to predict the prognosis of ES-
SCLC. Moreover, we put forward a hypothesis that requires
validation by future prospective studies to determine the
optimal cutoff for application in clinic.

In this research, we obtained data of 120 patients with
symptomatic ES-SCLC, covering a period of 5 years.
Concurrent TRT could prolong survival for symptomatic
ES-SCLC patients. Integrating immunotherapy and TRT
possibly augment the anti-tumor immune response and
may potentiate a synergistic effect in locoregional control
and enhance the immunotherapy effect on extrathoracic
metastasis. Large-scale prospective cohort studies to put
this treatment paradigm into practice for ES-SCLC are
warranted. The results of our analysis indicate that NLR
could potentially serve as a prognostic factor for mortality
caused by ES-SCLC. Although dynamic monitoring
of NLR over the course of treatment may have higher
prognostic efficacy in ES-SCLC, we have demonstrated that
NLR testing prior to TRT is also valuable for predicting
the prognosis of frail ES-SCLC patients. The value of NLR
as a predictive biomarker of immunotherapeutic efficacy
warrants in-depth evaluative clinical research in the future.
Additionally, we used peripheral blood markers to build a
nomogram, which shows good discriminative power and
calibration for the prediction of OS. This predictive model
needs to be further validated in future prospective research.
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Figure S1 The nomogram’s performance in patients with ES-SCLC. Calibration of 2-year OS predicted by the nomogram and that actually
observed. On the calibration curve, the x-axis is the probability of OS predicted using the nomogram, and the y-axis is the observed OS.
The reference line for an ideal nomogram is represented by the dotted line. The nomogram’s performance is indicated by the solid line. The

vertical lines represent 95% Cls. ES-SCLC, extensive-stage small cell lung cancer; OS, overall survival; CI, confidence interval.
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