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Background: Nomograms have been widely used for estimating cancer prognosis. The aim of this study
was to construct a clinical nomogram that would well predict overall survival of early stage non-small cell
lung cancer (NSCLC) patients after surgery resection.

Methods: A total of 443 patients diagnosed with pathologic stage I and II NSCLC who had undergone
curative resection without neoadjuvant chemotherapy or radiotherapy were recruited and analyzed. The log-
rank test and multivariate Cox regression analysis were used to select the most significant predictors in the
final nomogram for predicting overall survival. Furthermore, the model was validated by bootstrap methods
and measured by concordance index (C-index) and calibration plots.

Results: Four independent predictors for overall survival were identified and included into the delineation
of the nomogram (tumor differentiation, station of sampled lymph nodes, pathologic T and pathologic N).
The model showed comparatively stable discrimination (bootstrap-corrected C-index =0.622, 95% CI:
0.572-0.672) and good calibration.

Conclusions: We successfully developed a nomogram incorporating available clinicopathological variables
to predict overall survival of early stage NSCLC patients after surgery resection, which might help clinician

select better appropriate treatment decisions.
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Introduction

Lung cancer remains the most common cause of cancer
death worldwide (1), with non-small cell lung cancer
(NSCLC) accounting for the major histology (2). For early
stage NSCLC, surgery resection is the best treatment,
with 5-year overall survival of only 36-73% (3). The TNM
staging system based on the extent of the primary tumor,
involvement of regional lymph nodes and spread to distant
sites, is widely used as a guide for predicting prognosis of
lung cancer in clinical practice (3). Moreover, the wide
range of survival rates in NSCLC patients within the same
stage indicates that other factors, such as age, gender,
histology, cell differentiation and the number of examined
lymph nodes also contribute to the prognosis of NSCLC (4).

Recently, nomogram has been widely used to quantify risk
in several types of cancers (5-7), which creates an intuitive
graph of a statistical predictive model by incorporating
biological and clinical variables to generate a numerical
probability of a clinical event (8). Some studies have
reported that nomograms are more reliable in predicting
the recurrence than the traditional staging systems
for patients with early stage resected NSCLC (9-12).
However, few study has referred to nomograms that predict
overall survival after surgery treatment in early stage
NSCLC patients, particularly in Chinese population.

Thus, we aimed to construct a prognostic nomogram
with demographic and clinicopathologic variables to
investigate whether such nomogram would provide accurate
prediction for overall survival of early stage NSCLC
patients after surgery resection.

Methods
Patients

Our study was approved by the Institutional Review Board
of Nanjing Medical University (FWA00001501). All patients
were consecutively recruited between September 2002
and December 2011 from the Cancer Hospital of Jiangsu
Province and the First Affiliated Hospital of Nanjing
Medical University, Nanjing, China. All cases underwent
complete resection and confirmed histopathologically by at
least two qualified pathologists. TNM stage was classified
according to the Union for International Cancer Control/
American Joint Committee on Cancer (UICC/AJCC) 7th
stage system (3). Only patients diagnosed with pathologic
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stage I or pathologic stage II NSCLC were included.
Those who had (I) a prior history of malignancy, (II) local
advanced or metastatic disease (pathologic stage III or
pathologic stage IV), (III) neoadjuvant chemotherapy and
radiotherapy and (IV) a wedge resection were excluded.

The subjects were recruited after being diagnosed
with lung cancer by the hospital's pathological report
system. After signing informed consent, all participants
were interviewed face-to-face by trained interviewers to
collect demographics data (e.g., age and sex) and exposure
information (e.g., smoking history and family history
of cancer). Clinicopathologic variables (type of surgical
resection, tumor location, station of examined lymph nodes,
histology type, lymph node invasion, tumor differentiation,
and pathologic TNM stage) were prospectively retrieved
from the medical records.

Follow-up

All patients were followed up every 3 months through
telephone contacts by trained investigators from the time of
enrollment until death or last contact (last follow-up: July
2015). The follow-up data included image examination,
treatment information (chemotherapy or radiotherapy)
and survival status (alive, dead, time of death and cause of
death). Additionally, the latest medical records were also
checked as a complement. Finally, a total of 443 patients
who had both follow-up and available clinical information
were included in this study. Overall survival time was
defined as the interval between diagnosis and the date of
death or latest follow-up.

Construction of the nomogram

Continuous variables were transformed into categorical
variables according to the median, such as age and station
of sampled lymph nodes. In the univariate analysis, log-
rank test was used to compare the survival time for
categorical variables and survival curves were depicted using
the Kaplan-Meier method. Next, variables with P value
<0.05 through above analysis entered into multivariate
Cox regression model to identify independent prognostic
factors. A nomogram was then formulated based on these
independent prognostic factors (P<0.05) in the final model
and delineated by using the R package ‘rms’. The selection
of the final model was using a backward step-down process
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with the Akaike information criterion (13).

Validation of the NOMOGRAM

The performance of the nomogram was assessed by
Harrell’s concordance index (C-index) that ranged from 0.5
(no discriminative ability) to 1 (perfect discrimination) (14).
Bootstrap resamples (1,000 times) was used for internal
validation of predictive accuracy and to provide a relatively
unbiased estimate of C-index (13). Then, calibration plots
for 3-, 5-year overall survival probability were depicted to
compare the predicted survival and observed survival after
the bias correction of bootstrap resample (1,000 times).

Statistical analyses were carried out using R software
(version 3.6.1; The R Foundation for Statistical Computing,
http://www.cran.r-project.org/). All tests were two-sided,
with the significance level at P<0.05.

Results

By July 2015 (the maximum follow-up time: 10.9 years;
the median follow-up time: 3.5 years), 140 patients died
from NSCLC and the median survival time (MST) was
8.5 years. Among 443 patients, there were 307 males
(69.30%) and 136 females (30.70%), and the mean age was
62 years (range, 25-83 years; standard deviation, 9 years).
Most of the patients had a smoking history (58.69%), but
few of them had a family history of cancer (19.64%). The
majority of NSCLC patients had adenocarcinoma (58.47%)
and squamous cell carcinoma (36.79%), and the others
included large cell and mixed-cell carcinoma (4.74%).
Detailed demographic and clinicopathologic characteristics
are summarized in Table 1.

The results of the univariate analysis indicated that
patients with poor differentiation (vs. well/moderate
differentiation) and less than 5 stations of sampled lymph
nodes (vs. more than 5 stations of sampled lymph nodes)
had worse prognosis (log-rank P<0.05). Additionally,
pathologic T, pathologic N and pathologic TNM stage
were also significantly associated with survival time of early
stage NSCLC patients (log-rank P<0.05) (7able 1). Then,
multivariate Cox regression analysis further revealed that
differentiation, station of sampled lymph nodes, pathologic
T and pathologic N remained as independent prognostic
factors for overall survival (Table 2). The Kaplan-Meier curves
of four independent risk factors were shown in Figure 1.

Moreover, a nomogram incorporating above four
independent prognostic factors was constructed to predict
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the 3- and 5-year overall survival for early stage NSCLC
patients (Figure 2). The pathologic T shared the largest
weight in the nomogram, followed by station of sampled
lymph nodes, differentiation, and pathologic N. The
calibration plot demonstrated that the predicted 3- and
S-year overall survival probabilities corresponded closely
with the actually observed probabilities (Figure 3). Finally,
for predictive accuracy of overall survival, nomogram had a
bia-corrected C-index of 0.622 (95% CI: 0.572-0.672). And
for the conventional TNM staging system, the C-index was
0.596 (95% CI: 0.551-0.641).

Discussion

The TNM staging system is widely used for predicting
prognosis of cancer, however, the ability of such staging
system in predicting the survival of cancer was limited. In
this study, we built a nomogram that well predicted the
overall survival of early stage NSCLC patients after surgery
resection with four independent prognostic factors (tumor
differentiation, station of sampled lymph nodes, pathologic
T and pathologic N). Furthermore, the discrimination
of nomogram was comparatively stable with a fairly high
C-index and the calibration plot also showed moderate
goodness of fit.

In our study, the 5-year survival in pathologic stage
Ia NSCLC patients who underwent complete surgical
resection was 72%, which was consistent with previous
study result (3). However, the 5-year survival in stage Ib-IIb
were relatively higher than that of previous study (Ib: 66%
vs. 58%; Ila: 54% wvs. 46%; 11b: 48% vs. 36%) (3). Although
the follow-up in our study was relatively long and regular,
the limited sample size might contribute to such difference.

According to the present TNM staging system, the
dominant factors for prognosis of early stage NSCLC were
pathologic T (T'1a/T1b/T2a/T2b/T3) and pathologic N
(NO/N1) (3). However, for our overall survival model, the
C-index of the stage alone accounted for only approximately
60% of information, with the other factors we considered
accounting for the rest (15). Our study revealed that
there were other prognostic factors, including tumor
differentiation and station of sampled lymph nodes, which
significantly affected the overall survival of early stage
NSCLC. Therefore, we added these prognostic factors in
the nomogram model, and found the C-index of the model
increased to 0.62.

Prior studies were controversial about the prognostic
value of tumor differentiation. For example, several studies
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Table 1 Patient characteristics and univariate analysis of predictors for overall survival of early-stage NSCLC

Variables Patients, N=443 (%) Deaths, N=135 (%) HR (95% ClI) Log-rank P
Age 0.102
<63 235 (53.05) 63 (46.67) 1
>63 208 (46.95) 72 (53.33) 1.33 (0.95-1.86)
Gender 0.328
Male 307 (69.30) 98 (72.59) 1
Female 136 (30.70) 37 (27.41) 0.83 (0.57-1.21)
Smoking status 0.386
Ever 260 (58.69) 82 (60.74) 1
Never 183 (41.31) 53 (39.26) 0.86 (0.61-1.21)
Area 0.197
Rural 160 (36.12) 53 (39.26) 1
Urban 283 (63.88) 82 (60.74) 0.80 (0.56-1.13)
Family history® 0.901
Yes 87 (19.64) 27 (20.00) 1
No 307 (69.30) 93 (68.89) 1.03 (0.70-1.58)
Extent of operation 0.657
Lobectomy 413 (93.23) 127 (94.07) 1
Bi-lobectomy or pneumonectomy 30 (6.77) 8 (5.93) 0.85 (0.42-1.74)
Tumor location 0.538
Left upper lobe 124 (27.99) 42 (31.11) 1
Left lower lobe 74 (16.70) 20 (14.81) 0.80 (0.47-1.37)
Right upper lobe 104 (23.48) 29 (21.48) 0.90 (0.56-1.44)
Right middle lobe 32 (7.22) 13 (9.63) 1.60 (0.86-2.99)
Right lower lobe 76 (17.16) 22 (16.30) 1.97 (0.58-1.62)
Others” 33 (7.45) 9 (6.67) 0.80 (0.39-1.64)
Histology 0.912
SC 163 (36.79) 46 (34.07) 1
ADC 259 (58.47) 82 (60.74) 1.06 (0.74-1.52)
Others® 21 (4.74) 7 (5.19) 1.05 (0.47-2.32)
Differentiation® 0.008
Well/moderate 355 (80.14) 99 (73.33) 1
Poor 73 (16.48) 31 (22.96) 1.58 (1.05-2.39)
Station of sampled LNs 0.003
>5 244 (55.08) 58 (42.96) 1
<5 199 (44.92) 77 (57.04) 1.66 (1.18-2.33)

Table 1 (continued)
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Table 1 (continued)

Variables Patients, N=443 (%) Deaths, N=135 (%) HR (95% ClI) Log-rank P
Pathologic T stage 0.012
T1a 68 (15.35) 13 (9.63) 1
T1b 58 (13.09) 12 (8.88) 1.13 (0.51-2.47)
T2a 224 (50.56) 69 (51.11) 1.71 (0.95-3.09)
T2b 66 (14.90) 29 (21.48) 2.60 (1.35-5.01)
T3 27 (6.09) 12 (8.88) 2.49 (1.13-5.48)
Pathologic N stage 0.042
NO 349 (78.78) 99 (73.33) 1
N1 94 (21.22) 36 (26.67) 1.48 (1.01-2.17)
Pathologic TNM stage 0.004
IA 97 (21.90) 18 (13.33) 1
B 186 (41.99) 54 (40.00) 1.60 (0.94-2.72)
1A 106 (23.93) 37 (27.41) 2.29 (1.30-4.01)
1B 54 (12.19) 26 (19.26) 2.69 (1.47-4.92)
Treatment after surgery 0.816
No 227 (51.24) 69 (51.11) 1
Chemo only 200 (45.15) 62 (45.93) 0.88 (0.62-1.24)
Chemo + Rad 16 (3.61) 4 (2.96) 0.99 (0.37-2.77)

2 variables with missing data; °, others means the tumor was located at the junction between the upper left lobe and the lower left lobe, or
the junction between the upper right lobe, the middle right lobe and the lower right lobe; °, others histological types include large cell lung
cancer and mixed cell lung cancer. ltalic P values were less than 0.05. NSCLC, non-small cell lung cancer; SC, squamous cell carcinoma;
ADC, adenocarcinoma; LN, lymph node; Chemo, chemotherapy; Rad, radiotherapy.

Table 2 Independent predictors of overall survival in patients with Table 2 (continued)
early-stage NSCLC

Multivariable analysis

) Multivariable analysis Variables
Variables Adjusted HR (95%C1° - Adjusted HR (95%ClI) P?
Differentiation T2a 1.87 (1.01-3.46) 0.046
Well/moderate 1 T2b 2.37 (1.17,4.79) 0.020
Poor 1.51 (1.00-2.26) 0.019 3 2.85(1.27-6.42) 0.012

Station of sampled LNs Pathologic N stage

>5 1 NO 1
<5 1.74 (1.23-2.48) 0.002 N1 1.55 (1.02-2.35) 0.034
) ?, adjusted for differentiation, stations of sampled LNs, pathologic
Pathologic T stage

T stage and pathologic N stage where appropriate in Cox
Tla 1 regression model. ltalic P values were less than 0.05. NSCLC,

non-small cell lung cancer; LN, lymph node.
T1b 1.04 (0.46-2.37) 0.937

Table 2 (continued)
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Figure 1 Kaplan-Meier curves of overall survival according to tumor differentiation (A), station of sampled lymph nodes (B), pathologic T (C)
and pathologic N (D).
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Figure 2 Postoperative prognostic nomogram for patients with early stage non-small cell lung cancer after surgery resection. To use, for
example, the user should find one patient’s differentiation on the differentiation axis, then draw a straight line upward to the point axis
to determine how many points toward death the patient receives for differentiation. Do above process again for the other axes (station of
sampled lymph nodes, pathologic T stage and pathologic N stage), each time drawing a straight line upward toward point axis. Sum points
received for each predictor, and find sum on the total point axis. Draw straight line down to survival-probability axes to find patient’s 3- or

5-year survival probability. LNs, lymph nodes.
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indicate a perfect calibration model in which the predicted probabilities are close to the actual probabilities.
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indicated that poorly differentiated NSCLC after resection
contributed to the poor prognosis (16,17); however, other
studies showed that poor differentiation was not associated
with the worse outcome of early stage NSCLC (18). In
our study, poor differentiation was significantly associated
with poor survival of early stage NSCLC, suggesting that
this factor may provide useful information in defining the
aggressiveness of tumor. The diversity of results might be
due to sample size and non-standardized histologic grade
classification of lung cancer (16,19).

Previous studies mainly reported that the higher number
of obtained lymph nodes was associated with the better
prognosis of NSCLC (20,21). The possible reason was
that the thoroughness of lymph nodes sampling would
determine the likelihood of clearing out the metastasized
lymph nodes, and result in precise staging and therefore,
guide adjuvant treatments for patients (21). However, the
number of obtained lymph nodes might be confounded
by fragmentation or confluence of lymph nodes (22),
leading to overestimation or underestimation of accurate
number of lymph nodes (23,24). Thus, we used the station
of sampled lymph node as a surrogate (25,26). Finally,
our study identified the station of sampled lymph nodes
as an independent factor for overall survival in early stage
resected NSCLC patients.

Nomogram, which integrates multiple risk factors
to predict survival, has been identified as a useful and
convenient tool in lung cancer study. For example,
nomograms have been established to predict brain
metastases after curative resection in NSCLC patients,
the overall survival after resection of synchronous lung
cancer in more than one lobe, the overall survival of stage
IIT NSCLC patients, the response to tyrosine kinase
inhibitors in EGFR-mutation NSCLC patients and the
overall survival in small cell lung cancer patients (12,27-30).
Whereas, for the nomogram of early stage (pathologic
stage I or pathologic stage II) NSCLC, recent study
mainly focused on predicting the disease-free survival after
surgical resection (9,31). Sun ez 4/. constructed a nomogram
to predict prognosis after surgery in early stage non-
small cell lung cancer in elderly patients (=65 years) (32).
They included sex, age, pathology, differentiation, tumor
diameter, and surgery type these six factors. The C-index
of their study was similar to ours here, but their conclusion
was for the elderly patients. Kent ez /. (33) reported that
age, baseline percent diffusing capacity of lung for carbon
monoxide, and maximum tumor diameter were significantly
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associated with the survival. However, they only included
clinical stage I NSCLC patients who underwent sublobar
resection with or without brachytherapy, as opposed to
our study that enrolled pathologic stage I and pathologic
stage II patients with multiple types of surgical resection.
Additionally, they did not consider the result of tumor
differentiation as a potential prognostic factor.

Our study had some limitations that should be addressed.
Firstly, because of missing values for some variables, we
failed to integrate other potential prognostic factors, such
as vascular invasion, perineural invasion, performance
status, pulmonary function testing and genetic factors (e.g.,
EGFR mutation, ALK-EML4 fusion) (33-35). In addition, a
relative small sample in this study limited the power of the
statistics analysis, and there was no statistical significance
in the comparison of the C-index of 7th TNM staging with
our nomogram. Finally, although the method of bootstrap
resampling was used to avoid overfitting (36), both
predictive accuracy of the nomogram and its widespread
applicability should be validated in other studies. So, further
efforts on multi-center study and prospective data collection
including other potential factors are encouraged to refine
this nomogram.

Conclusions

We developed and validated a nomogram incorporating
available clinicopathological markers to predict survival in
resected early stage NSCLC patients and it showed better
prediction value of survival than standard TNM staging.
Such nomogram may guide appropriately postoperative
decisions including intensified treatment and rigorous
surveillance.
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