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Background: Small cell lung cancer (SCLC) is a subtype of lung cancer with poor prognosis. In this study,
we aimed to build a nomogram to predict the survival of individual with SCLC by incorporating significant
clinical parameters.

Methods: The patients with SCLC were enrolled from the First Affiliated Hospital of Guangzhou Medical
University (GMUFAH) between 2009 and 2013. We identified and incorporated the independent prognostic
factors to build a nomogram to predict the survival of SCLC patients. The predictive accuracy and
discriminative ability of the nomogram were evaluated by concordance index (C-index) and calibration curve.
We also compared the accuracy of the built model with the 7" AJCC TNM and VALSG staging system. The
nomogram was further validated in an independent cohort of 80 patients with SCLC from Cancer Center of
Guangzhou Medical University (GMUCC) between 2009 and 2013.

Results: A total of 275 patients with SCLC were included in the primary cohort, and seven independent
prognostic factors were identified including age, N stage, metastasis status, histology, platelets to lymphocyte
ratio (PLR), neuron specific enolase (NSE) and CYFRA21-1 as independent prognostic factors after using
Cox regression model. A nomogram incorporating these prognostic factors was subsequently built. The
calibration curves for possibilities of 1-, 2-year overall survival (OS) revealed optimal agreement between
nomogram prediction and actual observation. The C-index of this nomogram was higher than that of TNM
and VALSG staging system in both primary and validation cohort (nomogram vs. TNM, primary cohort 0.68
vs. 0.65, P<0.01, validation cohort 0.66 vs. 0.62, P<0.05; nomogram vs. VALSG, primary cohort 0.68 vs. 0.66,
P<0.01, validation cohort 0.66 vs. 0.64, P<0.05).

Conclusions: In this study, we established and validated a novel nomogram for the prediction of OS
for the patients with SCLC. This model could provide more accurate individual prediction of survival
probability of SCLC than the existing staging systems.
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Introduction

Small cell lung cancer (SCLC) is a subtype of lung cancer
with poor prognosis. It is estimated that nearly two
million individuals are diagnosed as lung cancer every
year, approximately 15% of which are SCLC (1). SCLC is
characterized by a rapid doubling time and the propensity
for early dissemination. Chemotherapy remains the first
line therapy for SCLC. Despite the initial response to
chemotherapy, most tumors ultimately would develop
drug resistance which is associated with the unsatisfied
prognosis. Only 10-15% of patients with limited disease
(LD) are still alive 2 years after diagnosis, while the overall
survival (OS) of patients with extensive disease (ED) is
even shorter (2-4).

Tumor staging is commonly used to predict the prognosis
of patients. The two most widely used staging systems for
SCLC are Veterans Administration Lung Study Group
(VALSG) system and the seventh edition of American Joint
Committee on Cancer (7" AJCC) TNM classification.
VALSG staging system stratifies the SCLC patients into
LD and ED based on whether all tumors are within the
scope of single tolerable radiotherapy field or not (5).
Whilst, the 7" TNM classification stratifies the patients
according to the extent of the primary tumor (T-stage),
lymph node involvement (N-stage) and distant metastasis
(M-stage) (6-8). However, the survival of the SCLC patients
in the same stage varied dramatically, previous studies
showed that various clinical factors of SCLC patients were
predictive factors (9-12). Unfortunately, the predictive value
of these factors remained unknown.

A nomogram is a graphical representation of a
mathematical model involving several factors to predict
a particular endpoint based on statistical methods (13).
Through incorporating significant factors, nomograms
could provide an estimated probability of an event, such
as death or recurrence, which is tailored to the profile of
individual patients. Nomograms have been considered
as reliable tools to predict the clinical outcomes in many
cancer types (14-16). The prediction of the nomogram has
been proved to be more precise than the current staging
systems in several types of cancer (15,16).

To predict the clinical outcome of SCLC patients
more accurately, we therefore employed this strategy to
investigate the prognostic value of various clinical variables,
and establish a nomogram by analyzing the Chinese SCLC
patients from the First Affiliated Hospital of Guangzhou
Medical University (GMUFAH). We also validated the
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proposed nomogram in a separate cohort of Chinese SCLC
patients.

Methods
Study cobort and data collection

This retrospective study was approved by the institutional
Review Board of GMUFAH and Cancer Center of
Guangzhou Medical University (GMUCC) (GMUFAH
approval No: 2017-03; GMUCC approval No: P2017-001).
In the primary cohort, 388 patients who were diagnosed
as SCLC were constitutively enrolled from GMUFAH
between January 2009 and December 2013. Only
patients with SCLC as the initial diagnosis in the hospital
were included. Patients who were previously received
chemotherapy, radiotherapy or other anti-cancer treatment
were excluded. And patients with incomplete data of eligible
variables or follow-up data were also excluded.

In addition, 165 patients who were diagnosed as SCLC
were also enrolled as a separate cohort from GMUCC
between 2009 and 2013. After applying the exclusion
criteria, a total of 80 SCLC patients were eventually
included in this study for an external validation.

Clinical information retrieval

The patients’ clinicopathological information was retrieved
from the electronic medical record system. We recorded
the characteristics of all patients, including gender, age,
smoking status, tumor size, underlying disease, disease
stage, number of lesions, pathology subtype, pretreatment
basic laboratory parameters and therapeutic strategies. The
AJCC 7" TNM staging system and VALSG staging system
were used to classify the patients. In all patients initial
staging included CT scans of the thorax, upper abdomen
and bone scintigraphy. The patients would undergo the
brain MRI scan at initial diagnosis if the brain metastasis
was highly suspected. Bronchoscopy or CT-guided biopsy
was also used to tumor staging and sample the tumor for
histopathology. Laboratory parameters were collected
from hematologic tests which had been performed at initial
diagnosis and prior to any anti-cancer treatment. These
data included hemoglobin, white blood count (WBC),
serum sodium, neutrophil-, lymphocyte- and platelets
counts, blood albumin, gamma-glutamyltranspeptidase
(GGT), fibrinogen (FIB), carcinoembryonic antigen (CEA),
neuron specific enolase (NSE), cytokeratin 19 fragment
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(CYFRA21-1) and red cell distribution width (RDW).

Definition of NLR and PLR

The neutrophil-to-lymphocyte ratio (NLR) is defined as
the absolute neutrophil granulocyte count divided by the
absolute lymphocyte count, and the PLR was defined as the
absolute platelet count divided by the absolute lymphocyte
count (17).

Follow-up

The follow-up information was retrieved directly from the
electronic medical record system or obtained by phone call.
"The last follow-up was obtained on May 31, 2015. The OS was
calculated from the date of diagnosis to May 31, 2015 or death
for any cause. Patients who did not die at the last follow-up
were defined as alive. Patients who were lost to follow-up were
defined as censored.

Data analysis

Continuous variables were presented as means = SD or
medians and ranges. Frequencies and proportions were
calculated for categorical variables. Continuous variables
were compared using the #-test or the non-parametric
Mann-Whitney U test as indicated. Chi-square tests or
the Fisher’s exact tests were adopted to compare between
groups. The optimal cutoff values for NLR and PLR were
determined using time-dependent receiver operating curve
(ROC) analysis with survival ROC package (17). NLR and
PLR cutoff points of 4.5 (11,12) and 258 (11) were used to
stratify the patients, respectively.

In terms of survival analyses, Kaplan-Meier method with
log-rank test was used to analyze the correlation between
variables and OS. We used the Cox regression model to
conduct the multiple factor analysis. The factors in multiple
regression were selected using a backward step-down process,
while the smallest Akaike’s information criterion (AIC) was
used as a stopping rule. On the basis of the final model, a
nomogram was built by R software with the rms package. To
compare the performances between nomogram and other
staging systems, we used rcorrp.cens package of Himsc.

Construction of nomogram

The independent covariates were selected using AIC. The
nomogram was then constructed based on the results of
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multiple survival analysis according to the method as described
previously. The scheme of nomogram was drawn using R
package. The survival curves were depicted using Kaplan-
Meier methods and were compared with log-rank test.

Validation and calibration of the nomogram

The nomogram was subjected to 1,000 bootstrap resamples
for internal validation of the primary cohort (GMUFAH
data) and external validation with the GMUCC cohort.
The model performance was evaluated with respect
to discrimination and calibration. Discrimination was
quantified in the form of concordance index (C-index),
which was similar to the area under the receiver-operating
characteristics (ROC) curves (18). The C-index was
calculated using survConcordance function in rms package
in R software and used to compare the performance between
the nomogram and the TNM or VALSG staging systems.
Calibration was estimated by graphic representations of the
relationships between observed outcome frequencies and
predicted probabilities (calibration cures) for the groups of
patients defined by quartiles (each quartile included at least
68 patients) (18). The overlap with reference line indicated
perfect agreement on the model. We also compared the
performance of our nomograms with those of the GMUCC.

All statistical analyses were performed using SPSS
ver.19.0 software (SPSS Inc. Chicago, IL, USA) and R
software ver.3.1.3 (http://www.r-project.org/). Two-tailed
P values <0.05 were considered statistically significant.

Results
Patient’s characteristics

A total of 388 patients diagnosed as SCLC in GMUFAH
between 2009 and 2013 were retrospectively enrolled in this
study. The patients who were lost to follow up (n=95), or
had received prior chemotherapy/radiotherapy (n=18) were
excluded. Eventually, a total of 275 patients were included in
this study after applying the exclusion criteria. For validation
cohort, we enrolled 165 patients from GMUCC. And a total
of 80 patients with SCLC were included in the validation
cohort according to our inclusive and exclusive criteria. The
detailed clinical pathologic characteristics of the patients
in the primary cohort and validation cohort were listed in
Table 1. In the primary cohort, the median age at diagnosis
was 62 years (range, 33-86 years), majority of patients
were smokers (179/275, 70%) and male (239/275, 87%),
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Table 1 Demographic and clinicopathologic variables in the primary and validation cohort of patients with SCLC

Demographic or clinicopathologic characteristic Primary cohort (n=275), n [%] Validation cohort (n=80), n [%)] P value

Age (years) 0.467
Mean 62.59 61.83
Standard deviation 9.29 7.92

Tumor size(mm) 0.038
Mean 54.84 47.72
Standard deviation 24.81 23.21

Gender 0.565
Male 239 [87] 72 [90]
Female 36 [13] 8 [10]

Underlying disease Missing value -
No 164 [60]
Yes 111 [40]

Smoking status 0.890
No 82 [30] 25 [31]
Yes 193 [70] 55 [69]

Weight loss 0.565
No 189 [73] 61 [76]
Yes 71 [27] 19 [24]
NA 15

Clinical T stage 0.090
T1 41 [15] 51[6]
T2-T3 108 [39] 31[39]
T4 126 [46] 44 [55]

Clinical N stage 0.137
NO 30 [11] 10[12]
N1 28 [10] 15[19]
N2 151 [55] 42 [52]
N3 66 [24] 13[16]

Clinical metastasis 0.899
Mo 145 [53] 41 [51]
M1 130 [47] 39 [49]

Lesion <0.001
Single 195 [71] 72 [90]
Multiple 80 [29] 8[10]

Histology 0.010
Pure 242 [88] 78 [98]
Compound 33[12] 21[2]

Therapy <0.001
No treatment 17 [6] 10[12.5]
Chemotherapy 106 [39] 60 [75]
Chemoradiotherapy 99 [36] 6 [7.5]
Operative® 53 [19] 4 [5]

Table 1 (continued)
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Table 1 (continued)

Demographic or clinicopathologic characteristic Primary cohort (n=275), n [%] Validation cohort (n=80), n [%] P value

Hemoglobin (g/L) 0.244
Mean 130.91 133.30
Standard deviation 15.67 16.15

WBC (g/L) 0.866
Mean 8.29 8.35
Standard deviation 3.34 3.17

Neutrophil (10%/L) 0.695
Mean 5.57 5.71
Standard deviation 2.92 2.81

Lymphocyte (10%/L) 0.491
Mean 1.8 1.73
Standard deviation 0.8 0.69

Platelets (10°/L) 0.118
Mean 266.02 288.51
Standard deviation 98.55 116.02

Serum sodium (mmol/L) -
Mean 136.03 Missing value
Standard deviation 5.37

Albumin (g/L) <0.001
Mean 34.93 39.93
Standard deviation 5.84 4.66

GGT (U/L) 0.767
Median 28 35
Range 5-928 12-1,214

FIB (g/L) 0.140
Mean 4.78 5.16
Standard deviation 1.56 2.13

CEA (ng/mL) 0.510
Median 4.36 5.55
Range 0.49-1,991 1.41-689.52

NSE (ng/mL) 0.103
Median 47.8 51.09
Range 10.3-370 10.31-1,503.70

CYFRA21-1 (ng/mL) 0.788
Median 3.75 4.44
Range 0.19-500 1.48-46.65

RDW -
Mean 14.39 Missing value
Standard deviation 3.67

Operative’, surgery alone or with adjuvant therapy.
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which were consistent with the previous reports (19). There
were 235 events (deaths). The median OS was 12 months
(range, 0-86 months), and the 1-, 2-year OS rates were
50% and 21%, respectively.

Independent prognostic factors in the primary cobort

We performed the univariate analysis to identify the
clinical parameters which were significantly associated with
OS of the patients. As shown in Table 2, age, tumor size,
number of the lesions, type of histology, T stage, lymph
nodes metastasis (N stage) and distant metastasis (M stage)
were significantly associated with OS. A set of laboratory
variables including NLR and PLR were also determined as
significant factors that had significant impact on the survival.
With respect to the factors associated with treatment, the
patients who received surgery had better survival compared
to those who did not. Whether surgery was an effective
treatment in SCLC patients was still controversial. Some
current studies reported by various institutes had put
such topic back under debate, especially in the early stage
disease (T'1-T2N1). In our study, 37 patients with stage
T1-2NO-1MO0 were analyzed. Among them,22 patients
underwent surgery, 15 patients received chemotherapy with
or without radiotherapy. According to univariate analysis,
patients who received surgery had improved 2-year survival
rates compared with patients without operation. Although
the sample size was insufficient, it indicated that surgery
with or without adjuvant chemotherapy was associated with
significantly improved OS (median OS 25.5 vs. 14 months;
2-year OS 66.0% vs. 20.0%, P<0.01). Similarly,
chemotherapy with or without radiotherapy were also found
to be associated with favorable outcomes.

All the original factors entered into multiple Cox
regression. In order to identify the independent covariates
which were strikingly contributed to the prognosis, AIC
was used to do variable selection. As shown in Table 3, seven
important predictors were identified including age, N stage,
M stage, histology, NSE, CYFRA21-1, and PLR.

Nomogram model

All the significant factors identified by multiple factor
analysis were used to establish the nomogram. As shown
in Figure 1, the nomogram predicted 1- and 2-year OS
that was constructed based on selected variables with
hazard ratio. The nomogram revealed that N stage had
the largest contribution to the prognosis, followed by PLR
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and M stage. The total score projected to the bottom scale
indicates the probability of 1- and 2-year survival. The
C-index calculated for the independent primary cohort was
0.68 (95% CI, 0.64-0.72), indicating excellent accuracy
in predicting OS in this group of patients. Moreover, the
results were internally validated using 1,000x bootstrap

resampling (C-index =0.65).

Comparison of predictive accuracy for OS between
nomogram and existing staging system

We also compared the accuracy of prediction between
this nomogram and the 7" TNM and VALSG staging
system. As shown in Table 4, the performance of nomogram
discrimination was 0.68 (95% CI, 0.64-0.72), which was
superior to the 7" TNM classification (0.65; 95% CI,
0.62-0.69; P<0.01). Moreover, the C-index was higher
in nomogram model than the VALSG (C-index, 0.68 vs.
0.66, P<0.01). The results suggested that this nomogram
provided more accurate prediction in OS than existing
staging systems both in the short and long term survival.

Validation of the predictive accuracy of the Nomogram for OS

The calibration plots presented an excellent agreement
in the primary cohort between the nomogram prediction
and actual observation for 1- and 2-year OS (Figure 2). We
further performed external validation in an independent
cohort of 80 patients with SCLC from GMUCC. As shown
in Figure 3, the calibration curves showed great agreement
between the nomogram prediction and actual observation
for the 1-, 2-year OS. This result indicated that this
nomogram was useful for predicting the survival of patients
with SCLC.

Discussion

SCLC is a subtype of lung cancer associated with dismal
prognosis. The 7" TNM classification and VALSG
staging system are the most widely used models to predict
the clinical outcome of SCLC currently. However, the
prognosis of some patients at same stage in the conventional
staging systems varies widely. A number of factors might
contribute to such heterogeneity. Firstly, SCLC had a
completely different biological behavior and pathological
structure comparing to the NSCLC. In addition, recent
progress in the cancer genome sequencing of SCLC
unveiled that SCLC was a relative heterogeneous disease
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Table 2 Univariate Cox regression analyses for OS in the primary and validation cohort of patients with SCLC
Primary cohort (n=275) Validation cohort (n=80)
Variables
HR 95% ClI P value HR 95% Cl P value

Age (years) 1.01 1.00-1.03 0.044 1.01 0.98-1.04 0.624
Tumor size (mm) 1.00 1.00-1.01 0.005 1.01 0.99-1.02 0.348
Gender (male vs. female) 1.20 0.82-1.77 0.353 1.07 0.74-1.55 0.722
Underlying disease (yes vs. no) 1.09 0.84-1.42 0.513 Missing value
Smoking status (yes vs. no) 0.84 0.63-1.11 0.223 1.20 0.85-1.42 0.494
Weight loss (yes vs. no) 1.14 0.86-1.52 0.352 1.73 1.00-2.97 0.046
VALSG stage (ED vs. LD) 2.40 1.82-3.19 <0.001 1.41 0.86-2.29 0.174
Clinical T stage <0.001 0.030

T2-T3 vs. T1 1.62 1.06-2.48 3.15 0.74-13.37

T4 vs. T1 2.61 1.72-3.97 4.93 1.18-20.50
Clinical N stage <0.001 0.131

N1 vs. NO 1.20 0.63-2.72 2.44 0.92-6.49

N2 vs. NO 2.39 1.48-3.84 2.35 0.98-5.61

N3 vs. NO 3.25 1.95-5.42 3.18 1.17-8.63
Clinical metastasis (M1 vs. M0O) 2.31 1.78-3.00 <0.001 2.08 1.28-3.37 0.002
Lesion (multiple vs. single) 1.72 1.30-2.28 <0.001 2.46 2.30-5.26 0.017
Histology (pure vs. compound) 1.99 1.27-3.11 0.002 1.86 0.69-5.00 0.220
Therapy <0.001 <0.001

No treatment vs. chemotherapy 2.82 1.68-4.74 4.13 2.04-8.33

No treatment vs. chemoradio 4.87 2.87-8.26 2.01 0.72-5.56

No treatment vs. operative” 13.16 7.04-24.39 9.80 2.56-33.33
Hemoglobin (g/L), anemic (<110 g/L) 1.17 0.95-1.44 0.151 1.15 0.75-1.75 0.58
WBC, elevated (>10x10%/L) 1.02 0.89-1.16 0.817 1.38 1.09-1.75 0.008
Neutrophil, elevated (>8x10°%L) 1.30 1.00-1.70 0.049 2.27 1.51-3.42 <0.001
Lymphocyte, low (<0.9x10°%L) 1.52 1.19-1.94 0.001 1.1 0.76-1.60 0.595
Platelets, elevated (>400x10°L) 1.10 0.87-1.38 0.434 1.12 0.83-1.52 0.455
Serum sodium, low (<134 mmol/L) 1.15 1.00-1.34 0.055 Missing value
Albumin, decreased (<35 g/L) 1.19 1.04-1.35 0.01 1.58 1.12-2.24 0.01
GGT, elevated (>50U/L) 1.14 0.98-1.33 <0.082 1.08 0.83-1.41 0.58
FIB, normal (=4 g/L) 1.28 1.11-1.47 0.001 1.15 0.90-1.48 0.271
CEA, elevated (>5 ng/mL) 1.1 0.85-1.43 0.447 0.75 0.46-1.22 0.244
NSE, elevated (>81.4 ng/mL) 1.43 1.24-1.65 <0.001 1.39 1.10-1.77 0.007
CYFRA21-1, elevated (>3.3 ng/mL) 1.29 1.13-1.47 <0.001 1.03 0.81-1.32 0.806
NLR, elevated (>4.5) 1.26 1.08-1.46 0.003 1.29 1.00-1.65 0.046
PLR, elevated (>258) 1.31 1.09-1.57 0.004 1.17 0.89-1.53 0.263

OS, overall survival; SCLC, small cell lung cancer; VALSG, Veterans Administration Lung Study Group; ED, extensive disease; LD, limited
disease; GGT, gamma-glutamyltranspeptidase; FIB, fibrinogen; CEA, carcinoembryonic antigen; NLR, neutrophil-to-lymphocyte ratio;
PLR, platelets to lymphocyte ratio. Operative’, surgery alone or with adjuvant therapy.
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Table 3 Multivariate analysis of the primary cohort
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Primary cohort (n=275)

Variables Full AIC
Coefficients HR, 95% CI P value Coefficients HR, 95%ClI P value
Age (years) 0.015 1.20 (0.99-1.48) 0.068 0.019 1.28 (1.07-1.53) 0.008
Tumor size (mm) -0.001 0.96 (0.77-1.20) 0.723 Not selected
Gender, male 0.258 1.29 (0.79-2.11) 0.301 Not selected
Underlying disease, yes -0.037 0.96 (0.73-1.28) 0.797 Not selected
Smoking, yes -0.028 0.97 (0.68-1.40) 0.879 Not selected
Weight loss, yes 0.010 1.01 (0.74-1.37) 0.949 Not selected
Clinical T stage Not selected
T Reference
T2-T3 0.254 1.28 (0.76-2.19) 0.348
T4 0.366 1.44 (0.83-2.51) 0.199
Clinical N stage
NO Reference Reference
N1 0.046 1.05 (0.53-2.05) 0.893 0.029 1.03 (0.54-1.98) 0.93
N2 0.447 1.56 (0.90-2.70) 0.111 0.457 1.58 (0.95-2.62) 0.077
N3 0.635 1.89 (1.03-3.46) 0.040 0.682 1.95 (1.13-3.37) 0.015
Clinical metastasis, M1 0.380 1.46 (1.04-2.05) 0.028 0.480 1.62 (1.21-2.15) 0.001
Lesion, multiple 0.107 1.11 (0.80-1.55) 0.527 Not selected
Histology, pure 0.287 1.33 (0.80-2.21) 0.265 0.352 1.42 (0.89-2.28) 0.145
Hemoglobin, anemic (<110 g/L) 0.258 1.29 (0.82-2.06) 0.274 Not selected
WBC, elevated (>10x10%/L) 0.077 1.08 (0.81-1.44) 0.600 Not selected
Neutrophil, elevated (>8x10%L) 0.140 1.15 (0.83-1.60) 0.409 Not selected
Lymphocyte, low (<0.9x10°%L) 0.282 1.33 (0.96-1.83) 0.087 Not selected
Platelets, elevated (>400x10%/L) 0.069 1.07 (0.80-1.44) 0.644 Not selected
Serum sodium, low (<134 mmol/L) 0.015 1.02 (0.74-1.39) 0.924 Not selected
Albumin, decreased (<35 g/L) 0.017 1.02 (0.76-1.37) 0.911 Not selected
GGT, elevated (>50 U/L) 0.157 1.17 (0.82-1.67) 0.393 Not selected
FIB, normal (<4g/L) 0.091 1.10 (0.79-1.51) 0.579 Not selected
CEA, elevated (>5 ng/mL) 0.299 0.97 (0.73-1.30) 0.840 Not selected
NSE, elevated (>81.4 ng/mL) 0.446 1.56 (1.12-2.19) 0.009 0.418 1.52 (1.12-2.05) 0.007
CYFRA21-1, elevated (>3.3 ng/mL) 0.370 1.45 (1.09-1.93) 0.011 0.404 1.50 (1.13-1.98) 0.004
NLR, elevated (>4.5) 0.053 1.05 (0.71-1.56) 0.788 Not selected
PLR, elevated (>258) 0.389 1.47 (0.94-2.30) 0.088 0.525 1.69 (1.16-2.46) 0.006

AIC, Akaike’s information criterion; WBC, white blood count; GGT, gamma-glutamyltranspeptidase; FIB, fibrinogen; CEA, carcinoembryonic
antigen; NSE, neuron specific enolase; NLR, neutrophil-to-lymphocyte ratio; PLR, platelets to lymphocyte ratio.
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Figure 1 Nomogram predicting 1- and 2-year overall survival for SCLC patients. The nomogram is used by adding up the points identified

on the points scale for each variable. The total points projected on the bottom scales indicates the probability of 1- and 2-year survival.

LN metastasis, lymph nodes metastasis; M. stage, distant metastasis; NSE.C, categorical neuron specific enolase; CYFRA21.C, categorical

cytokeratins; PLR.C, categorical platelets to lymphocyte ratio; SCLC, small cell lung cancer.

Table 4 Comparison of the nomogram with TNM stage system and VALSG stage system

Primary cohort

Validation cohort

Models

C-index (95%, Cl) P value C-index (95%, Cl) P value
Nomogram (model 1) 0.68 (0.64-0.72) - 0.66 (0.58-0.73) -
7" TNM (model 2) 0.65 (0.62-0.69) - 0.62 (0.54-0.70) -
VALSG stage (model 3) 0.66 (0.63-0.70) - 0.64 (0.56-0.72) -
Model 1 vs. model 2 - <0.01 - <0.05
Model 1 vs. model 3 - <0.01 - <0.05

VALSG, Veterans Administration Lung Study Group; C-index, concordance index.
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Figure 2 The calibration curve for predicting SCLC patient survival at (A) 1 year and (B) 2 years in the primary cohort. The X-axis

represents the nomogram-predicted survival, and the Y-axis represents actual survival measured by Kaplan-Meier analysis. SCLC, small cell

lung cancer.
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represents the nomogram-predicted survival, and the Y-axis represents actual survival measured by Kaplan-Meier analysis. SCLC, small cell

lung cancer.

characterized by various genetic alterations such as
mutations in TP53, RB1 and Notch, and copy number
variants in chromosome 3p, JAK2, FGFR1, and MYC as
well (20-22). Therefore, it was inappropriate that SCLC
and NSCLC shared the same or similar staging system. On
the other hand, SCLC patients were divided into only two
categories in VALSG, which might be not conclusive (9-12).

Nomograms are a pictorial representation of a complex
mathematical formula. Medical nomograms use biological
and clinical variables to determine a statistical prognostic
model that generates a probability of a clinical event, such
as cancer recurrence or death, for a particular individual.
For example, one patient’s tumor grade and age could be
used to estimate his/her probability of cancer recurrence or
death based on the nomogram. To better predict the OS of
SCLC, in this study we have developed a novel nomogram
by incorporating the clinically and laboratory relevant
prognostic factors. In fact, the seven factors (including
age, lymph node metastasis (N stage), distant metastasis
(M stage), histology, NSE, PLR and CYFRA21-1) have
been reported to be associated with the survival of SCLC in
previous studies (19,23).

It is generally believed that most of the tumors are infiltrated
by immune and inflammation cells, and inflammation
is considered as one of the hallmarks of cancer (24).
In this study, we found that the increased levels of NLR and
PLR were associated with worse clinical outcome, which
was consistent with the previous studies (25,26), although
the role of inflammation cell in the tumor pathogenesis was
not fully elucidated.

Additionally, it has been reported that the plasma level of
FIB was elevated in malignancy or systemic inflammation
diseases. Some studies showed that the level of FIB might

© Journal of Thoracic Disease. All rights reserved.
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be associated with tumor metastasis, stroma formation
and angiogenesis (10). However, the level of FIB had little
impact on the survival of SCLC in our study. It might
attribute to the unique biological character of SCLC.

In recent years, many clinical trials have proven that
surgery could extend the survival of LD-SCLC. The study
of Shepherd ez al. (27) showed that 5 years survival rate were
nearly 40%, Yu’s (28) research reported operation combined
with chemotherapy/radiotherapy was an effective method
to treat stage I SCLC patients. Three- and 5-year survival
rate were 78.9% and 64.9%, respective. In our study, we
also found that surgery had the greatest contributions to
the prognosis, which suggested that surgery should be
recommended for some specific patients, especially the early
stage patients (29).

This nomogram was shown to provide prediction of
better accuracy for the OS of SCLC. We showed that this
nomogram was superior to the existing staging systems
with higher C-index and optimal agreement between
prognostic prediction and actual observation. Furthermore,
we validated its accuracy in an independent cohort of
patients with SCLC, which also showed superiority to the
conventional staging systems.

Limitations have to be admitted in this study. First, the
primary cohort and the validation cohort were not large
enough which might attribute to the low incidence of
SCLC. Second, the SCLC patients in these two cohorts
were identify and included from two different institutes.
Furthermore, it was a retrospective study. Therefore, some
tests or clinical data of patients were not uniform. Finally,
the follow-up was performed via telephone which was not
as detailed as the re-admission. Despite these limitations,
the current study first developed the practical nomogram

F Thorac Dis 2017;9(3):507-518
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prediction for the survival of the patients with SCLC.

In conclusion, this proposed nomogram provided
accurate prediction for the prognosis of the patients with
SCLC. Further studies with large sample size are required
to warrant its application in other ethnic patients with
SCLC.
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