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Introduction

Small-cell lung cancer (SCLC) is one of the most lethal
and aggressive types of lung cancer, with the majority of
patients first diagnosed as extensive disease.' Platinum-
based chemotherapy has remained the first line standard
treatment for extensive-stage SCLC for decades.® How-
ever, despite the initial sensitive response to chemother-
apy, most patients relapse after three months of
treatment, or even show signs of cancer progression dur-
ing treatment. To date, targeted therapy and immuno-
therapy have only made modest improvements in SCLC
patients’ prognosis. The overall survival
extensive-stage SCLC is poor and the prognosis for these

patients is highly variable.
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Abstract

Background: Small-cell lung cancer (SCLC) is one of the most aggressive types
of lung cancer. The prognosis for SCLC patients depends on many factors. The
intent of this study was to construct a nomogram model to predict mortality for
extensive-stage SCLC.

Methods: Original data was collected from the Surveillance, Epidemiology, and
End Results (SEER) database of the National Cancer Institute in the United
States. A nomogram prognostic model was constructed to predict death probabil-
ity for extensive-stage SCLC.

Results: A total of 16 554 extensive-stage SCLC patients from 2004 to 2014 in
the SEER database were included in this study. Gender, race, age, TNM staging
(including tumor extent, nodal status, and metastasis), and treatment (surgery,
chemotherapy, and radiotherapy) were identified as independent predictors for
lung cancer-specific death for extensive-stage SCLC patients. A nomogram model
was constructed based on multivariate models for lung cancer related death and
other cause related death. Performance of the two models was validated by cali-
bration and discrimination, with C-index values of 0.714 and 0.638, respectively.
Conclusion: A prognostic nomogram model was established to predict death
probability for extensive-stage SCLC. This validated prognostic model may be
beneficial for treatment strategy choice and survival prediction.

The American Joint Committee on Cancer (AJCC)
TNM classification and Veterans Administration Lung
Study Group (VALSG) system are commonly used for
the prognosis of small cell lung cancer patients. AJCC
TNM classification stratifies the disease by primary
tumor (T stage), lymph node involvement (N stage),
and distant metastasis (M stage)*, while VALSG divides
tumors into limited disease (LD) and extensive disease
(ED). However, even for patients at the ED stage, their
survival varies dramatically. Previous studies have indi-
cated that clinical pathological characteristics might be
related to the survival of SCLC patients.>”” However, the

(0S) for

predictive value of these clinical factors remains

unclear.
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A nomogram is a mathematical model to predict cer-
tain endpoints, such as disease progression or death?,
based on several parameters. Several studies have con-
structed nomogram models to stratify the survival prob-
ability of SCLC.*"'> However, the prognosis and
treatment strategy for limited and extensive-stage SCLC
patients are different. The aims of the current study were
to construct and validate a nomogram model utilizing
SEER database data involving clinical-pathological char-
acteristics, and to predict survival in extensive-stage
SCLC patients using this model. Compared to published
models, our nomogram model had the following advan-
tages: (i) the model was developed using a relatively
large cohort; (ii) the model was developed to focus
uniquely on extensive-stage SCLC; and (iii) the model
used the more accurate AJCC TNM staging criteria to
classify SCLC patients.

Methods

Study patients

We utilized the SEER program (https://seer.cancer.gov/
seerstat, 23 March 2017) of the National Cancer Institute
to select the population for this study. Patients diagnosed
between 2004 and 2014 with SCLC as a first primary
malignancy were selected for the study (SEER datasets
opened 2004-2014 period data for researchers are freely
available). Patients with the following International Classi-
fication of Diseases for Oncology, Third Edition (ICD-O-
3), histology codes were included in the study population:
8002/3: malignant tumor, small cell type; 8041/3: small cell
carcinoma, NOS; 8042/3: oat cell carcinoma; 8043/3: small
cell carcinoma, fusiform cell; 8044/3: small cell carcinoma,
intermediate cell; 8045/3: combined small cell carcinoma;
the ICD-O-3 site codes: lung and bronchus including main
bronchus (C34.0); upper lobe, lung (C34.1); middle lobe,
lung (C34.2); lower lobe, lung (C34.3); overlapping lesion
of lung (C34.8); and lung, NOS (C34.9).

Extensive-stage SCLC patients (AJCC staging IV) were
selected for further analysis. Cancers diagnosed by autopsy
or as the result of death certificates only were excluded.
Other exclusion criteria for this study included collabora-
tive stage (CS), tumor size code of 990 (microscope), or
996-999 (unknown); CS tumor extent code of 950, 980, or
999 (unknown extent); CS metastasis code 75 (stated as
MI1, NOS) or 99 (unknown); lymph node involvement
(unknown or lymph node involvement, not otherwise
specified).

The analysis of the SEER patients used de-identified
summary-level data and required no ethical approval.
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Statistical analysis

Cause-specific mortality was the primary endpoint. Consis-
tent with the COD code, we classified cause of death as
cancer-specific death and death from other causes. Cancer-
specific death was defined as those that met the following
criteria: (i) Dead = attributable to this cancer dx; and
(ii) COD TO SITE RECORD = lung and bronchus; death
from other causes defined as cause specific death = dead of
other cause. Covariates included in the prediction model
were selected based on known clinically prognostic factors
and availability in the SEER database and included: age,
gender, race (white, black or others/unknown), marriage
(married or other status), anatomic sites (upper, middle,
lower, bronchus or others), primary tumor location (left or
right), tumor size, extent of tumor (local or regional),
nodal status (NO, N1, N2 or N3), metastasis (mla or mlb),
grading (well, moderately, poorly, undifferentiated or
NOS), surgery (yes or no), chemotherapy (yes or no), and
radiotherapy (yes or no). The cumulative incidence func-
tion (CIF) was used to describe the probability of death,
and the CIF difference between category groups was deter-
mined by Gray’s test.'> When CIF was evaluated, the age at
diagnosis and tumor size were divided into three groups.
The age at diagnosis was regrouped as less than 60, 60 to
75, and above 75 years. Tumor size was regrouped as less
than 3 cm, 3-5 cm and above 5 cm.

Fine and Gray proportional hazards regression was per-
formed to predict 3, 6 and 12 month probabilities of two
competing mortality outcomes." The continuous variables
were fitted and modeled using restricted cubic splines with
three knots at the 10%, 50%, and 90% empirical quantiles,
and interactions were not evaluated. We used a model
selection technique based on Bayesian information criteria
when establishing competing risks models to avoid over-
fitting. Discrimination and calibration were both measured
to internally validate the performance of the nomogram.
Discrimination was indicated by the Harrell C index, and
was defined as the ability of the model to separate subject
outcomes.'> With respect to competing risks, an ordered
pair was considered as evaluable if the first patient experi-
enced the event of interest at a time when the second
patient was still at risk. The C-index of the model ranged
from 0.5 to 1.0 (0.5 represented random chance, while 1.0
represented a perfectly discriminating model). Calibration
referred to the agreement between predictions and
observed outcomes. Calibration was evaluated at 3, 6, and
12 months with a calibration plot in which we compared
the final reduced model-predicted probability of death with
the observed cumulative incidence of death. The model-
predicted probabilities were averaged within quintiles
defined by the magnitude of the predictions. The marginal
cumulative incidence of death was calculated within each
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quintile of individuals using the method provided by Gray.
Finally, a calibration curve was plotted representing the
marginal estimate versus model average predictive proba-
bility. Predictions in a perfect calibration plot should fall
on the 45-degree diagonal line, which indicated the model
predicted the actual survival very well. Bootstrapping with
1000 resamples was adopted in internal validation.

All statistical analyses were performed using R software
(version 3.3.3; http:// www.r-project.org). The R packages
cmprsk, rms, and mstate were used for modeling and
developing the nomogram. All reported significance levels
were two-sided, with statistical significance set at 0.05.

Results

Patient characteristics

We identified 18 027 eligible extensive-stage SCLC patients
from 2004 to 2014 in the SEER database. The flow chart
for patient selection is in Figure 1, and the list of the
patient demographics and clinical characteristics are dis-
played in Table 1. The majority of patients were Caucasian
(87.1%) and over 60 years old (74.8%). Most received che-
motherapy (69.4%) and did not undergo surgical proce-
dures associated with their treatment (99.1%).

The median follow-up time was 5 months (interquartile
range 1-10 months). A total of 16 554 (91.8% of 18 027)
patients died during the follow-up period: 15683 (94.7% of
16 554) from cancer-specific death and 871 (5.3% of
16 554) from causes other than their cancer. Of those who
died of other causes, the most common causes were heart
disease (28.0%), chronic obstructive pulmonary disease
(COPD). (11.4%), cerebrovascular diseases (3.8%), acci-
dents and adverse effects (3.3%).

Probability of death

The cumulative incidence function curves are plotted in
Figure 2. 15 683 patients died from cause-specific death
and 871 from causes other than their cancer. The probabil-
ities of cancer-specific death and death from other causes
were as follows: 6 months, 51.2% and 3.1%, respectively;
one year, 75.7% and 4.0%, respectively; three years, 92.3%
% and 5.0%, respectively. Based on univariate analysis, the
probability of death increased with age (P < 0.001) for
patients who died from lung cancer-specific death and
other causes. Male and Caucasian patients exhibited higher
cumulative incidences of death compared with their coun-
terparts (Table 1) for both groups. For patients who died
from lung cancer-specific deaths, anatomic sites, tumor
size, nodal status, tumor extension, and metastasis staging
and differentiation showed significant associations with the
probability of death. Surgery (P < 0.001), chemotherapy

1790  Thoracic Cancer 10 (2019) 1788-1797

J. Zhong et al.

Patients diagnosed with SCLC as first primary
malignancy between 2004 and 2014.
(N=46238)

Patients with the 6th edition of American Joint
Committee on Cancer (AJCC) staging IV.
(N=29781)

|

Excluded unknown tumor size.
(N=20379)

|

Excluded unknown tumor extension.
(N=19144)

|

Excluded American Joint Committee on Cancer
(AJCC) NX staging.
(N=18495)

|

Excluded unknown metastasis.
(N=18027)

Figure 1 Flow chart of study patients’ selection.

(P <0.001), and radiotherapy (P < 0.001) significantly
lowered the cumulative incidence of death among patients
who received these treatments. For patients who died from
other causes, only metastasis staging was significantly asso-
ciated with death probability. Chemotherapy (P = 0.015)
and radiotherapy (P < 0.001) also decreased the cumulative
incidence of death from other causes. The estimates of the
crude cumulative incidence of cause-specific and other cau-
ses of death by age at diagnosis, gender, race, marriage,
anatomic sites, primary tumor location, tumor size, extent
of tumor, nodal status, metastasis, grading, and treatment
can be found in Table 1.

The results of competing risk model found that age at
diagnosis, tumor size, gender, race, extent of tumor, nodal
status, metastasis, surgery, chemotherapy, and radiotherapy
could strongly predict cause-specific death (Table 2).
Extensive-stage SCLC patients with advanced age, larger
tumor size, distant and lymph node metastasis, and those
both male and Caucasian had a higher probability of death
as a result of lung cancer. Patients who underwent surgery,
chemotherapy or radiotherapy had a lower rate of lung
cancer-specific mortality. For those patients who died from
other causes, the tumor related factors such as tumor size,
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Death from other causes

Cancer-specific death

Table 1 Continued

Six months One year Three years P-value Six months One year Three years P-value

Event %

%

Characteristics

Thoracic Cancer 10 (2019) 1788-1797

0.846

0.024

Grading

3.7
49

3.7
41

3.7
2.9
3.0
3.1

65.1 89.3

37.0

04

8.1
19.3

74
1342
3193

11945

0.5

82
1464
3399

13 082

Well or moderately

Poorly

91.9

74.5

50.2

8.1

53
4.9

44

74.7 91.8

18.9 50.2

Undifferentiated

NOS
Treatment characteristics

3.9

92.4

76.2

51.7

72.2

72.6

0.566

<0.001

Surgery

52
5.0

3.7
4.0

24
3.1

57.8 81.1

35.8

0.9
99.1

0.9 141
16 413

9.1

171
17 856

Yes

75.9 92.4

51.4

9

No
Chemotherapy

0.015

<0.001

4.7

3.5

2.2

69.4 91.6

37.1

67.7

11199

69.4

12513

Yes

5.4

53

4.9

90.0 93.9

30.6 5355 323 83.4

5514

No
Radiotherapy

<0.001

<0.001

43

3.0
43

2.0
3.9

68.4 91.1

421 6752 40.8 40.3

7587
10 440

Yes

5.5

93.1

81.0

59.2

9802 59.2

57.9

No

J. Zhong et al.

tumor extension, nodal status, and treatment (chemother-
apy and surgery) were no longer associated with death
from other causes.

Nomogram

A nomogram was constructed in order to produce a user-
friendly model that would allow users to estimate the risk
for lung cancer specific death and death from other causes
by entering a patient’s clinicopathologic characteristics
and treatment information. The nomogram based on Fine
and Gray’s model can be found in Figure 3. For example,
consider a 60 year-old Chinese man classified using the
American Joint Committee on Cancer (AJCC) stage IV
(T3N2Mla) SCLC, who only received chemotherapy. The
probabilities of death from lung cancer in 3, 6, and
12 months predicted by the nomogram model were 0.14,
0.24 and 0.42, respectively.

Model performance was internally validated for discrim-
ination and calibration. Discrimination, as measured by
the 1000 resample bootstrap-corrected C-index, was 0.714
(95% CI, 0.712-0.716) for the cancer-specific death and
0.638 (95% CI, 0.628-0.649) for death from other causes.
The calibration plot (Figure 4) showed good agreement
between predicted and observed outcomes.

Discussion

The treatment of extensive-stage SCLC is relatively uni-
form. However, the prognosis for most patients is highly
variable. Veterans Administration and AJCC TNM staging
are currently used for the prognosis of SCLC; however,
more accurate prognostic models integrating additional
demographic and clinical parameters are needed. Several
prognostic scoring systems have been developed for SCLC,
including the Manchester Score'® and the Spain prognostic
index."” However, patients in both studies received treat-
ment nearly 40 years ago (1979-1993). The intensive treat-
ment regimens involved in both studies, including
cyclophosphamide, etoposide, and methotrexate, are no
longer used.

The nomogram has been considered a more accurate
model to predict patient prognosis.'>'® Our study devel-
oped a prognostic model for the prediction of lung cancer
related death for extensive-stage SCLC. Although several
studies have identified clinical-pathologic and treatment
predictors for survival of SCLC.*™" to our knowledge, the
current study is the first to develop a nomogram predic-
tion model for extensive-stage SCLC. Additionally, our
study was based on a relatively large cohort of patients
and involved various treatment strategies. This is the first
nomogram model for SCLC based on the SEER database,

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd



J. Zhong et al.

Nomogram for mortality in ED-SCLC

Age at diagnosis Age at diagnosis Gender Gender
g g < g — £ =
g o vears g 60 years g Tl g Female
£ 8 60-75 years £ 8 60-75 years £ 8 Male £ 8 - Male
8 g >75 years. g g >75 years L S s
5 s 5 5
B B z 2 z Q
3 H 3 H
g & "é" & g g ‘.; ]
£ o £ 5 [ T 5
— T T T T T T — T T T T T
0 20 40 60 80 100 120 20 40 60 80 100 120
Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months)
Race Race Marriage Marriage
& = — £ 4 White £ —Aarie £ = - Married
£ 8 Black £ 8 Black £ 8 Others £ 8 --- Ofners
3 2 Others g g Others g 2 g g
5 s 5 s
s s R z °
2 2 2 2
g & g R g 8 g 8
Y T o [ L ———
— T T T T T T — T T T T T — T T T T T
0 20 4 60 8 100 120 20 40 60 8 100 120 20 40 60 80 100 120 0 20 40 60 8 100 120
Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months)
Anatomic sites Anatomic sites Primary tumor location Primary tumor location
g £ Upper g & - Leftsided
'.Ia @® Middle % © Middle n‘I'n' @® % @© - Right-sided
8 o Lower 8 o Lower & o 8 o
s ® Bronchus/Other § ® Bronchus/Other s e § @
z s z S z 8 z S
% 9 ) % 9 g 3
s ~ s © s ° s
T o L P — £ o L
— T T T T T T — T T T T T e — T T T T T
0 20 40 60 8 100 120 20 40 60 80 100 120 20 40 60 80 100 120 0 20 40 60 8 100 120
Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months)
Tumor size Tumor size Tumor extension Tumor extension
[ —=5m £ o E £ o --- Local
£ 8 3-5cm £ 8 £ 8 Regional £ 8 - Regional
$ 4 >5cm g g § 4 Distant 8 g - pistnt
5 s 5 s
< £ 9 z % z 9
2 2 2
5 4 g 3 | 8 g
- L I — & o L P —
— T T T T T T — T T T T T — T T T T T — T T T T T T
0 20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120 0 20 40 60 8 100 120
Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months)
Nodal status Nodal status Metastasis Metastasis
g — £ g ] —wm g e
s 8 N1 s 8 s 8 b s 8 --- Mib
3 N2 8 3 8
] N3 S 8 e 8 S 8
5 5 5 5
B z 2 Bl z 2
3z 3z j g g
S S S S
. o . o . o . o
T T T T T T T T T T T
0 20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months)
Grading Grading Surgery Surgery
o Tately g o Well or Moderately g o —Yes g °
8 oorly £ 8 Poorly £ 8 £ 8
o Undifferentiated & o Undifferentiated & o & o
@ S ©7 --- Nos = a e
5 5 5
e z Q z 9 -
s 8 o 8 o g o
] g g R g8
o o e o
T T T T T T T T T T T T T T T T
o 20 40 60 80 100 120 20 40 60 80 100 120 0 20 40 60 80 100 120
Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months) Time Since Diagnosis (months)
Chemotherapy Chemotherapy Radiotherapy Radiotherapy
s 8 No £ 8 No £ 8 No s 8
8 8 8 8
c 8 c 8 c 8 S 8
> e > e > 2 > e
2 z Q z 2 z %
H ] 8 o g g
4 ] H g s R g R
[ £ o & & o

T T T T T T T
0 20 40 60 80 100 120

Time Since Diagnosis (months)

Time Since Diagnosis (months)

T T T T T T
20 40 60 8 100 120

Time Since Diagnosis (months)

Time Since Diagnosis (months)

Figure 2 Cumulative incidence estimates of death according to patient characteristics (solid line indicates cause-specific death; dotted lineindicates
other causes of death).
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Figure 3 Nomogram for a

Nomogram for mortality in ED-SCLC
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which is one of the largest cancer-related databases
worldwide.

We identified age, gender, race, TNM staging (includ-
ing tumor extent, nodal status, and metastasis), and
treatment (surgery, chemotherapy and radiotherapy) as
independent predictors for lung cancer-specific death.
Advanced age, male, and Caucasian ethnicity’ !> have
been reported as risk factors of SCLC survival. Chemo-
therapy also reduced the risk of death in previously pub-
lished SCLC nomogram models.”'> Notably, our model
demonstrated that radiotherapy and surgery also
reduced the risk of death in our extensive-stage SCLC
cohort. Although previous clinical trials' have found
extensive-stage SCLC patients do not benefit from radio-
therapy and surgery, recent studies reported that tho-
racic radiotherapy improved survival and local control
for extensive-stage SCLC patients who responded to
chemotherapy.”*** Similarly, certain subgroups of
extensive-stage SCLC patients might still benefit from
surgery, and this possibility requires further study.

We assessed the performance of a nomogram by calibra-
tion and discrimination. The C-index indicated the

Thoracic Cancer 10 (2019) 1788-1797

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd

predictive value of our nomogram. In this study, internal
validation provided good discrimination power, and the
unadjusted C-index was 0.714. This nomogram performed
similarly to, or better than, the published SCLC nomo-
grams of Pan et al. (C-index 0.68, 95% CI, 0.64-0.72)"%,
Wang et al. (C-index 0.722 £ 0.004)"", Xiao et al. (C-index
0.60; 95%CI, 0.55-0.65)° and Xie et al. (C-index 0.73)."°
Therefore, the nomogram developed in our study possesses
great potential to estimate death risk for extensive-stage
SCLC patients. This nomogram can be used in clinical
practice to avoid over treatment. In randomized clinical
trials, prognostic variables in this model can also be used
for stratification.

There are several limitations of this study. Firstly, these
models were validated by 1000 resamplings, and the use of
an independent external cohort may be a better validation
method. Secondly, we did not include certain known prog-
nostic variables, such as weight loss, the level of neuron-
specific enolase (NSE), and level of lactate dehydrogenase
(LDH). Thirdly, the TNM staging in this study utilized the
sixth edition, rather than the currently used eighth edition
TNM staging guildelines. Additionally, SCLC has a unique
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genome map,” as demonstrated by next generation the forthcoming eighth edition of the TNM classification for
sequencing, and parameters such as gene mutation may be lung cancer. ] Thorac Oncol 2016; 11 (3): 300-11.
used to predict survival in future studies. 2 Rudin CM, Poirier JT. Small-cell lung cancer in 2016:

In conclusion, a novel predictive nomogram model Shining light on novel targets and therapies. Nat Rev Clin
based on a large database was constructed for prognosis of Oncol 2017; 14 (2): 75-6.
patients with extensive-stage SCLC. This validated prog- 3 Alexandrov LB, Ju YS, Haase K et al. Mutational signatures
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2016; 354 (6312): 618-22.
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