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Background: Chemotherapy is a common treatment for patients with resected non-small cell lung cancer
(NSCLC). However, there are few models for predicting the survival outcomes of these patients. Here, we
developed a clinical nomogram for predicting overall survival (OS) in this cohort.

Methods: A total of 16,661 patients with resected NSCLC treated with chemotherapy were extracted
from the Surveillance, Epidemiology, and End Results (SEER) database. We identified prognostic factors
and integrated them into a nomogram. The model was subjected to bootstrap internal validation using the
SEER database and external validation using a database in China and the National Cancer Database (NCDB).
The model’s predictive accuracy and discriminative ability were tested by calibration and concordance index
(C-index).

Results: Age, sex, number of dissected lymph nodes, extent of surgery, N stage, T stage, and grade were
independent factors for OS and were integrated into the model. The calibration curves for probability of 1-,
3-, and 5-year OS showed excellent agreement between the predicted and actual survivals. The C-index of
the nomogram was higher than that of the Tumor-Node-Metastasis staging system for predicting OS (training
cohort, 0.62 vs. 0.58; China cohort, 0.68 vs. 0.63; NCDB cohort, 0.59 vs. 0.57).

Conclusions: We developed a nomogram that can present individual prediction of OS for patients with
resected NSCLC who are undergoing chemotherapy. This practical prognostic tool may help clinicians in

treatment planning.
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Introduction patients with stage I and II disease and a subset of patients

. . with stage III disease, the standard curative treatment is
Lung cancer is the most commonly diagnosed cancer

(11.6% of total cases) and the leading cause of cancer-
related death (18.4% of total cancer deaths) worldwide (1). Metastasis (TNM) classification, adjuvant chemotherapy
For NSCLC patients without distant metastases, including is also recommended for stage II-III patients according to

radical resection (2). In the 8" edition of the Tumor-Node-
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the National Comprehensive Cancer Network (NCCN)
guidelines (2). In addition, adjuvant chemotherapy is
occasionally administered in high-risk patients with stage
I NSCLC (3,4). Further, some stage III patients undergo
chemotherapy before surgery (5). Consequently, there
is a large proportion of patients with resected NSCLC
undergoing chemotherapy in the real world.

The TNM classification is stratified based on tumor
size and lymph node involvement in resected NSCLC
patients. However, there are various other independent
prognostic factors, such as sex, age, tumor histology, tumor
differentiation, and number of dissected lymph nodes, that
may contribute considerably to individualized predictions
of survival (4,6). A nomogram allows for such individualized
survival prediction (6,7). Established nomograms for
NSCLC have provided a more accurate prediction than
traditional TNM staging systems (6,8,9). However, there
are few models for predicting the survival of patients with
resected NSCLC receiving chemotherapy. In this study,
our aim was to develop a clinical nomogram for predicting
overall survival (OS) in patients with resected NSCLC
undergoing chemotherapy based on the data from the
Surveillance, Epidemiology, and End Results (SEER)
database. Furthermore, we used external validation cohorts
from China and the National Cancer Database (NCDB) to
validate the nomogram. We present the following article in
accordance with the TRIPOD reporting checklist (available
at http://dx.doi.org/10.21037/tler-20-1220).

Methods
Patient selection criteria

Details of patients with resected NSCLC undergoing
chemotherapy between 2004 and 2015 were extracted from
the SEER-18 database using SEER*Stat software (v8.3.5).
The inclusion criteria were as follows: pathologically
confirmed primary NSCLC between January 2004 and
December 2015; history of lobectomy, pneumonectomy,
segmentectomy, or wedge resection as curative treatment
for lung cancer; treatment with chemotherapy; and the
presence of one malignant primary lesion. The exclusion
criteria were as follows: distant metastasis; invasion of the
diaphragm, mediastinum, heart, great vessels, trachea,
recurrent laryngeal nerve, esophagus, vertebral body,
or carina; N3 disease; those who died within 30 days of
surgery; and incomplete information. A standardized data
form was created to obtain all relevant data, including age,
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sex, tumor size, T stage, tumor location, examined lymph
node, N stage, differentiation, histological type, extent of
surgery, radiation and VPI (visceral pleural invasion). The
TNM staging system was characterized according to the
sixth edition of the American Joint Committee on Cancer
(AJCQO). Histology and tumor location codes were listed in
‘Table S1.

To assess the generalizability of the model, two external
validation cohorts that met the inclusion and exclusion
criteria were used to examine the applicability of the model.
One cohort was composed of 1,108 patients from the First
Affiliated Hospital of Guangzhou Medical University,
China between 2009 and 2014. The other cohort comprised
43,767 patients from the NCDB between 2000 and 2015.
The NCDB is a joint project of the Commission on
Cancer (CoC) of the American College of Surgeons and
the American Cancer Society. The CoC’s NCDB and the
hospitals participating in the CoC NCDB are the sources
of the de-identified data used herein; they have not verified
and are not responsible for the statistical validity of the data
analysis or the conclusions derived by the authors. The
data is considered as hospital-based rather than population-
based. All the data and analysis using NCDB were
conducted by Nicholas Mayne and Chi-Fu Jeffrey Yang in
Duke University Medical Center. All procedures performed
in this study were in accordance with the Declaration of
Helsinki (as revised in 2013).

Construction of the nomogram

The training dataset (n=16,661) from SEER was used for
the original nomogram development. OS was calculated
using the Kaplan-Meier method and compared using
the log-rank test. Multivariable Cox proportional hazard
regression was used to identify independent prognostic
factors. Based on the significant independent factors,
nomograms were developed using R 3.5.3 (http://www.
r-project.org) with the survival and rms packages (10).

Validation and calibration of the nomogram

The model was subjected to bootstrap internal validation in
the training cohort and external validation with the cohorts
from the First Affiliated Hospital of Guangzhou Medical
University and the NCDB. The discrimination ability was
identified by applying the concordance index (C-index) (11).
Calibration for the 1-, 3-, and 5-year OS, which compared
the predicted survival with the observed survival, was
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performed with a calibration curve.

Statistical analysis

The chi-square test was used to evaluate the statistical
significance of differences in the proportions of variables
for the three cohorts. Overall survival (OS) was defined
as the time from medical diagnosis to death from any
cause. OS were estimated using the Kaplan-Meier method
and compared using the log-rank test. Multivariate Cox
proportional hazard regression was used to determine
independent prognostic factors. The hazard ratio (HR)
and corresponding 95% confidence interval (CI) were
calculated. Statistical analyses were performed using SPSS
22.0. The C-indexes of two different models were compared

Zeng et al. Nomogram for OS in resected NSCLC with chemotherapy

as previously described (12). Statistical analyses were
performed utilizing MedCalc 18.2.1. P<0.05 was considered
statistically significant.

Results
Clinical characteristics

A total of 16,661 patients with resected NSCLC treated with
chemotherapy from the SEER database met the inclusion
criteria. The median (interquartile range) follow-up was
27 months (13-52 months). For the external validation
cohorts, there were 1,108 patients from hospitals in China
and 43,767 patients from the NCDB. The median follow-
up times in these cohorts were 41 months (28-59 months)
and 36 months (22-49 months), respectively. Tuble 1

Table 1 Demographics and clinicopathologic characteristics of the training and external validation cohorts

Training cohort (n=16,661)

External validation cohort (China)

External validation cohort

Characteristic (n=1108) (NCDB) (n=43767) P
No. % % No. %
Age <0.001
<60 5,488 32.9 512 46.2 12,652 28.9
60-70 6,601 39.6 394 35.6 16,985 38.8
>70 4,572 27.4 202 18.2 14,130 32.3
Gender <0.001
Male 8,711 52.3 656 59.2 21,733 49.7
Female 7,950 47.7 452 40.8 22,034 50.3
Race
White 13,801 82.8 - - -
Black 1,610 9.7 - - -
Other 1,250 7.5 - - -
Location <0.001
Upper 9,951 59.7 558 50.4 25,118 57.4
Middle 771 4.6 6.2 1,996 4.6
Lower 5217 31.3 415 37.5 14,285 32.6
Other 722 4.3 5.9 2,368 5.4
Examined lymph node <0.001
0-9 8,361 50.2 286 25.8 21,425 49
10-15 4,260 25.6 238 21.5 11,627 26.6
>16 4,040 24.2 584 52.7 10,715 24.5

Table 1 (continued)
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Table 1 (continued)

Ext | validati hort (Chi Ext | validati hort
Training cohort (=16,661) xternal validation cohort (China) xternal validation coho

Characteristic (n=1108) (NCDB) (n=43767) P
No. % No. % No. %

T stage <0.001
T1 3,183 19.1 681 61.5 10,831 24.7
T2 6,971 41.8 273 24.6 23,128 52.8
T3 3,287 19.7 106 9.6 8,471 19.4
T4 3,220 19.3 48 4.3 1,337 3.1

Extent of surgery <0.001
Lobectomy 13,891 83.4 972 87.7 35,069 80.1
Segmentectomy 233 1.4 36 3.2 848 1.9
Wedge Resection 776 4.7 71 6.4 3,836 8.8
Pneumonectomy 1,761 10.6 29 2.6 4,014 9.2

Differentiation grade <0.001
Grade | 1,062 6.4 86 7.8 3,067 7.0
Grade Il 6,231 37.4 632 57 17,851 40.8
Grade Il or IV 8,027 48.2 194 17.5 20,136 46.0
Unknown 1,341 8.0 196 17.7 2,713 6.2

Histology <0.001
Squamous carcinoma 4,634 27.8 218 19.7 12,036 27.5
Adenocarcinoma 9,507 57.1 797 71.9 22,247 50.8
Others 2,520 15.1 93 8.4 9,484 21.7

N stage <0.001
NO 6,621 39.7 631 56.9 17,649 40.3
N1 4,905 29.3 111 10.0 15,334 35.0
N2 5,135 30.8 366 33.0 10,784 24.6

Radiation
Radiation before surgery 1,553 9.3 - - - -
Radiation after surgery 3,808 22.9 - - - -
No radiation 11,071 66.4 - - - -
Others 229 1.4 - - - -
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summarizes the demographics and clinicopathological
characteristics in the three cohorts.

Independent prognostic factors in the training cobort

The outcomes of the univariate analysis are shown in
Table 2. All significant predictors of overall survival in the
univariate analysis were accessed into the multivariate
analysis. The multivariate analysis showed that age
(P<0.001), sex (P<0.001), primary site (P<0.001), number
of dissected lymph nodes (P<0.001), extent of surgery
(P<0.001), differentiation (P<0.001), histology (P=0.031), T
stage (P<0.001), and N stage (P<0.001) were independent
prognostic factors for OS (1able 2).

Development of a prognostic nomogram

Significant independent factors, including age, sex,
primary site, number of dissected lymph nodes, extent of
surgery, differentiation, histology, T stage, and N stage,
were integrated to create the nomogram (Figure I). The

Zeng et al. Nomogram for OS in resected NSCLC with chemotherapy

nomogram demonstrated N stage, T stage, and age as
having the greatest contribution to prognosis, followed by
extent of surgery, gender, and differentiation. The number
of dissected lymph nodes, primary site, and histology
showed a relatively small impact on survival. By calculating
the total score and comparing it to the highest possible
score, it was possible to obtain the predicted 1-, 3-, and
S-year OS.

Calibration and validation of the nomogram

The calibration plots indicated excellent agreement between
the nomogram prediction and the actual observation for
1-, 3-, and 5-year OS in the training cohort (Figure 2).
The calibration plots also showed acceptable agreement in
the external validation cohorts. In the training cohort, the
Harrell’s C-index for the nomogram to predict OS [0.62;
95% confidence interval (CI), 0.61-0.63] was considerably
greater than that of the American Joint Committee on
Cancer 8" edition TNM staging system (stage IA, 1B, TIA,
IIB, IIIA, and IIIB) (0.58; 95% CI, 0.58-0.59; P<0.001). In

Table 2 Univariable analysis and Cox proportional hazards regression analysis

Selected factors for building the model multivariable analysis

Characteristic Univariable analysis P

Hazard ratio 95% Cl P

Age <0.001 <0.001

<60 1 (reference)

60-70 1.250 1.187-1.316 <0.001

>70 1.676 1.586-1.770 <0.001
Gender <0.001

Male 1 (reference)

Female 0.803 0.769-0.839 <0.001
Race 0.008

White - -

Black - -

Other - -
Location <0.001 0.016

Upper 1 (reference)

Middle 1.025 0.925-1.135 0.640

Lower 1.104 1.055-1.157 <0.001

Other 0.930 1.005-0.904 0.930

Table 2 (continued)
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Table 2 (continued)

Selected factors for building the model multivariable analysis

Characteristic Univariable analysis P
Hazard ratio 95% ClI P

Examined lymph node <0.001 <0.001

0-9 1 (reference)

10-15 0.876 0.831-0.922 <0.001

>16 0.815 0.771-0.861 <0.001
T stage <0.001 <0.001

T1 1 (reference)

T2 1.099 1.035-1.167 0.002

T3 1.267 1.181-1.361 <0.001

T4 1.587 1.481-1.700 <0.001
Extent of surgery <0.001 <0.001

Lobectomy 1 (reference)

Segmentectomy 1.160 0.979-1.376 0.087

Wedge resection 1.401 1.275-1.538 <0.001

Pneumonectomy 1.187 1.106-1.275 <0.001
Differentiation grade <0.001 <0.001

Grade | 1 (reference)

Grade Il 1.156 1.050 to 1.272 0.003

Grade lll or IV 1.269 1.154 to 1.396 <0.001

Unknown 1.100 0.977 to 1.238 0.116
Histology <0.001 0.031

Squamous carcinoma 1 (reference)

Adenocarcinoma 1.027 0.975 to 1.081 0.628

Others 1.093 1.023 to 1.169 0.009
N stage <0.001 <0.001

NO 1 (reference)

N1 1.400 1.326-1.478 <0.001

N2 1.800 1.710-1.896 <0.001
Radiation <0.001

Radiation before surgery - - -
Radiation after surgery - - —
No radiation - - -

Others - - -
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Figure 1 Nomogram predicting 1-, 3-, and 5-year survival for resected NSCLC patients receiving chemotherapy. NSCLC, non-small cell
lung cancer.
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Figure 2 The calibration curves for predicting patient survival at each time point in the training cohort (A), the China external validation
cohort (B), and the NCDB external validation cohort (C). NCDB, National Cancer Database.

the China validation cohort, the C-index was also higher

for the nomogram prediction (0.68; 95% CI, 0.64-0.71)

than for the TNM prediction (0.63; 95% CI, 0.59-0.67),

Discussion

although this difference was not statistically significant

(P=0.27). In the NCDB validation cohort, the C-index
was higher for the nomogram prediction (0.59; 95% CI,
0.58-0.59) than for the TNM prediction (0.57; 95% CI,

© Translational Lung Cancer Research. All rights reserved.

0.566-0.575; P<0.001).

As only the T and N factors determine the TNM
classification for resected NSCLC patients, nomograms
with more prognostic factors may be more accurate in
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predicting survival than the TNM classification. Although
there are several prognostic models for lung cancer, a
nomogram has not been established for patients with
resected NSCLC undergoing chemotherapy. Therefore,
the aim of this study was to establish a practical survival
prediction model for individualized predictions about the
survival of these patients. The model was more predictive
than the TNM staging system, with superior C-indices.

In this large population study, we discovered that age,
sex, primary site, number of dissected lymph nodes, extent
of surgery, differentiation, histology, T stage, and N stage
were independent factors for OS. Most of these factors were
consistent with other findings on risk factors for NSCLC
(4,6,13). However, no previous study has identified many
prognostic factors for patients with resected NSCLC who
are receiving chemotherapy (14,15). Despite histology and
primary site showing little impact on survival, we tried to
incorporate as many clinical prognostic factors into the
model as possible to increase its accuracy. Notably, tumors
in the upper lobe led to a better prognosis, and tumors in
the trachea and translobes are associated with the worst
survival. We also found that the extent of surgery and
the number of dissected lymph nodes had a considerable
impact on survival. This suggests that lobectomy is still the
best surgical method to improve prognosis. Additionally,
the number of examined lymph nodes is a vital prognostic
factor in various kinds of cancer (16-18). Similar studies (4,6)
in NSCLC also suggested that a larger number of examined
lymph nodes is associated with a better prognosis. Radiation
was not included in nomogram as prognostic factor because
it is not recommended as standard for resected NSCLC
according to the NCCN guidelines. Secondly, we can
no obtain radiotherapy data in the external validation
cohorts. Therefore, we identified age, gender, T stage, N
stage, extent of surgery, differentiation grade, histology,
location and examined lymph nodes as variables used in the
nomogram.

We previously developed a nomogram model with six
independent predictors for OS in patients with resected
NSCLC (6). Zhang (9) also developed a survival model
incorporating four clinical variables to predict OS in early-
stage NSCLC patients after surgical resection. In addition,
nomograms have also been developed to predict survival
after surgery in patients with stage I-II adenosquamous
carcinoma (19), in elderly patients with early-stage
NSCLC (20), and in patients with IIIA-N2 NSCLC (21)
and stage I NSCLC (4). However, chemotherapy factors are
not included in these models. Therefore, this study mainly

© Translational Lung Cancer Research. All rights reserved.
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focused on NSCLC patients undergoing chemotherapy.
Most patients with resected stage II-III NSCLC receive
chemotherapy in the real world in accordance with the
NCCN guidelines (2), and some high-risk stage I patients
also receive chemotherapy (4). However, a recent study (22)
reported that NSCLC patients who received chemotherapy
alone achieved a low objective response rate (29%);
therefore, it is important to predict survival rates to guide
other treatment.

In our study, the calibration plots showed excellent
agreement between the predicted survival and the actual
survival in all cohorts, which confirmed the repeatability
and stability of the nomogram. Furthermore, the model
also fit the China and NCDB cohorts, which supports
the worldwide use of this model, regardless of race or
geography. Discrimination was exposed by the considerably
superior C-index of the nomogram when compared with
the TNNM stage in the training cohort and the NCDB
external validation cohort. We consider the small sample
size to be the key factor to the insignificant difference in
C-index in the Chinese cohort (P=0.06). Moreover, we can
also more accurately distinguish and predict the survival of
each TNM stage according to the nomogram.

Our study provides one of the first nomograms that can
predict OS in patients with resected NSCLC undergoing
chemotherapy using a large population-based database.
Both doctors and patients will be able to understand
individualized survival expectations using the scoring
system. This prognostic model provides an instrument
for research study and clinical decision, including patient
stratification and therapeutic suggestions. In addition,
with the development of comprehensive treatment of lung
cancer, more treatment methods are needed to improve
survival in patients with a low survival rate. A recent study
reported (23) that gefitinib plus pemetrexed and carboplatin
chemotherapy significantly prolonged survival in EGFR-
mutant NSCLC. Gandhi et 4/. (24) found that the addition
of pembrolizumab to standard chemotherapy resulted
in significantly longer survival than chemotherapy alone
in NSCLC patients without EGFR or ALK mutations.
Therefore, targeted therapy or immunotherapy may be an
option for patients with low survival rates according to the
nomogram.

There are still some limitations associated with
this study. First, the nomogram was developed using
retrospective data from the SEER database, which may
introduce the possibility of selection bias. Second, the
SEER program lacks data on other prognostic factors,
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such as specific chemotherapy regimens, tumor recurrence,
proportion of pathological subtypes, surgical margin
status, comorbidity, and molecular factors. In particular,
some important molecular factors, including EGFR, ALK,
ROS1, c-met, PD-1, and PDL-1, are very important for
patient prognosis and treatment. In addition, the SEER
data do not distinguish between adjuvant and neoadjuvant
chemotherapy. Despite it have some limitations, the
nomogram was created applying a large population and
was validated using data in two different regions, providing
a practical clinical tool to predict survival in patients with
resected NSCLC undergoing chemotherapy.

Conclusions

We developed a prognostic model that can provide
individual prediction of OS for patients with resected
NSCLC undergoing chemotherapy. Using this model,
we can make more precise individualized predictions of
the survival of patients after surgery and chemotherapy.
This practical nomogram may also support physicians in
treatment planning and guide future studies.
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Supplementary

Table S1 Histology code and tumor location code

Location

Upper C34.1-Upper lobe, lung

Middle C34.2-Middle lobe, lung

Lower C34.3-Lower lobe, lung

Others C34.0-Main bronchus; C34.8-Overlapping lesion of lung; C34.9-Lung, NOS
Histology

Squamous carcinoma 8052, 8070 to 8073, and 8083 to 8084
Adenocarcinoma 8140, 8230, 8254 to 8255, 8260, 8310, 8333, 8470, 8480, 8481, 8490 8550, 8250, 8252, 8251 and 8253
Others
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