
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(7):4186-4194jtd.amegroups.com

Introduction

Lung cancer remains the leading cause of cancer mortality 
in the world (1,2). Prevalence of lung cancer is extremely 
increasing in developing countries especially in China (2). 
With the help of chest computed tomography (CT) and 

some other techniques, more curable-stage lung cancers 
including a subset of stage III cancers are detected and they 
are well completely resected (3,4). It is well known that the 
seventh tumor, node, metastasis (TNM) staging system is 
widely used for staging and survival predicting based on T 
and M descriptors and in the nodal map (5). Although this 
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system achieved satisfied accuracy in predicting survival 
outcomes, additional information, if added, can help 
increase the prediction performance of the model, especially 
in postoperative patients. So it is believed that there are 
some other independent prognostic factors such as patient-
related and treatment-related factors which contribute to 
the individualized prediction of relapse and survival (6).

Nomograms have been widely developed in the majority 
of cancers for more individualized prognostic information 
of recurrence and survival outcome based on a combination 
of variables compared with traditional TNM staging system 
(7-10). They can also be used for predicting long-term 
survival outcome after surgery precisely (11). For resected 
non-small-cell lung cancer (NSCLC), a well-established 
nomogram can successfully provide an individual prediction 
of overall survival (OS) (11). For advanced NSCLC, 
nomogram can also help physicians to predict short-
term survival before treatment and make optimal clinical 
decisions (10).

In this study, several clinical factors such as sex, age, 
smoke status, histology, and some tumor-related factors 
are selected and nomograms are developed for predicting 
the recurrence and survival of postoperative chemotherapy 
patients with resected IIIA NSCLC, in order to estimate 
the recurrence and survival of post-chemotherapy patients 
with resected IIIA NSCLC more precisely.

Methods

Patients 

We retrospectively analyzed a consecutive database 
of pathological IIIA NSCLC patients treated with 
postoperative chemotherapy at Fudan University Shanghai 
Cancer Center between October 2007 and May 2013. All 
patients were initially treated with surgery according to 
our treatment strategy (12). The inclusion criteria were: (I) 
NSCLC under complete resection; (II) pathological IIIA 
stage according to the seventh edition; (III) underwent 
postoperative chemotherapy. Exclusion criteria were: (I) 
small-cell lung cancer (SCLC); (II) tumor metastasis or 
uncertain origin; (III) cannot under complete resection; 
(IV) not belong to pathological IIIA stage; (V) not receive 
chemotherapy; (VI) perioperative death; (VII) receive 
neoadjuvant therapy.

For all these qualified patients, we conduct a well-
performed follow up focusing on the relevant information 

including: patient-related data (sex, age, smoke history, 
comorbidity, family history); treatment-related data 
(resection extent, post radiotherapy, post targeted therapy); 
tumor-related data (tumor size, N stage, count of positive 
lymph nodes in N1 group, count of positive lymph nodes 
in N2 group (8), histology and EGFR mutation). Two 
pathologists (Y Li and X Shen) independently confirmed 
the histology of resected tumor samples and count and 
group of lymph node samples.

Patients’ relapse-free survival (RFS) was defined as the 
date of surgery to the date of relapse and patients’ OS is 
defined from the date of surgery to the date of death or last 
contact. Patients were regularly followed every 3 months 
during the first 3 years postoperatively, and every 6 months 
during 3 to 5 years postoperatively. Enhanced chest CT 
scan and abdominal ultrasonography were recommended 
for every clinic visit. Brain magnetic resonance imaging and 
bone scanning were recommended every 6 months. If tumor 
recurrence was suspected, pathologic confirmation was 
usually obtained. Patients whose tumor recurred in organs 
that were impossible to obtain biopsies were confirmed by 
the multidisciplinary tumor board, decisions were made 
mainly based on the dynamic changes in imaging or liquid 
biopsy.

Statistical methods

Cox proportional hazards regression was performed for 
univariable analyses of RFS and OS. Only those prognostic 
variables which achieved the significance at P<0.05 
can be selected into the multivariable analyses of Cox 
proportional hazards regression (10,11). Both univariable 
and multivariable analyses of cox proportional hazards 
regression were conducted by SPSS 20.0 for windows.

Nomograms were developed by R 3.2.2 using “rms” 
package after analyzing the multivariable cox regression 
(13,14), and concordance index (C-index) was calculated 
to quantify the discrimination between outcomes and 
models (14-16). Values of C-index 0.5 and 1 indicate poor 
and perfect discriminative ability, respectively (16). Next, 
calibration curves were performed including 3-year and 
5-year of RFS and OS, to identify the difference between 
predicted model and observed data (17). Finally, we tried to 
conduct risk stratification according to risk scores calculated 
by nomograms of RFS and OS. Risk stratifications were 
presented by Kaplan-Meier survival curves and Log-rank 
test (11).
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Results

Clinicopathological characteristics and survival of the 
patients

From October 2007 to May 2013, there were 437 
qualified patients included in our study. Among them, 
281 (64.3%) patients were male, and 156 (35.7%) patients 
were female. There were 244 (55.8%) smokers and 186 
(42.6%) non-smokers. In this study, 86 (19.7%) patients 
received post radiotherapy (patients with multi-station N2 
involvement and high positive lymph node ratio (>50%) 
were suggested to receive adjuvant radiotherapy). And 80 
(18.3%) patients received post targeted therapy. Most of the 
patients (87%) finished four to six full cycles of platinum-
based chemotherapy (pemetrexed plus cisplatin for lung 
adenocarcinoma, and gemcitabine plus cisplatin for lung 
squamous cell carcinoma as first-line chemotherapy). 
The rest of the patients discontinued chemotherapy 
because of intolerance or serious complications. The 
clinicopathological characteristics were summarized in 
Table 1. With a median follow-up of 25.4 months (range 
0.3 to 81.9 months), 303 (69.3%) patients had experienced 
recurrence and 182 (41.6%) patients had died. The median 
RFS is 13.1 (95% CI: 11.1–15.1) months, and the median 
OS is 47.7 (95% CI: 37.8–57.6) months.

Cox proportional hazards regression of univariable and 
multivariable analyses

In the first step, we put all the clinicopathological variables 
including sex, age, smoke status, post radiotherapy, post 
targeted therapy, resection extent, tumor size, N stage, 
pathology, tumor differentiation, and EGFR mutation 

Table 1 Clinicopathologic characteristics of 437 patients with 
resected IIIA NSCLC

Characteristics No. %

Sex

Male 281 64.3

Female 156 35.7

Age

≤60 251 57.4

>60 186 42.6

Smoke

Yes 244 55.8

No 193 44.2

Post radiotherapy

Yes 86 19.7

No 351 80.3

Molecular targeted therapy

Yes 80 18.3

No 357 81.7

Resection extent

Lobectomy/bilobectomy 400 91.5

Pneumonectomy 37 8.5

Tumor size (cm)

0–7 400 91.5

>7 37 8.5

N stage

N0 12 2.7

N1 42 9.6

N2 383 87.6

N1 positive

≤10 424 97.0

>10 13 3.0

N2 positive

≤10 411 94.1

>10 26 5.9

Pathology

A 282 64.5

S 133 30.4

AS 11 2.5

Other 11 2.5

Table 1 (continued)

Table 1 (continued)

Characteristics No. %

Differentiation

Well/moderate 218 49.9

Poor 219 50.1

EGFR mutation

Yes 256 58.6

No 181 41.4

Other pathology includes sarcomatoid carcinoma, colloid 
carcinoma, and enteric carcinoma. NSCLC, non-small cell lung 
cancer; A, adenocarcinoma; S, squamous cell carcinoma; AS, 
adenosquamous carcinoma.
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in univariable cox regression analyses of RFS and OS, 
respectively. We also counted the number of positive 
lymph nodes in N1 group and N2 group, and performed 
univariable analyses. In RFS, post radiotherapy (P<0.001), 
post-targeted therapy (P<0.001), tumor size (P=0.001), 
N stage (P=0.007), positive lymph node count in N1 
group (N1p) (P<0.001) and positive lymph node count 
in N2 group (N2p) (P<0.001) were significantly related 
to prognosis. With respect to OS, sex (P=0.010), smoke 
(P=0.025), tumor size (P<0.001), N1p (P<0.001), N2p 
(P<0.001), tumor differentiation (P<0.001), pathology 
(P=0.009), and EGFR mutation (P=0.021) were significantly 
related to prognosis. 

In the second step, all potential prognostic factors 
selected by univariable analysis were entered into 
multivariable analysis of cox proportional hazards 
regression. There were five independent factors (post 
radiotherapy, post targeted therapy, tumor size, N1p and 
N2p) left in the RFS model and two (tumor size and N2p) 
left in the OS model (Table 2).

Nomogram development

According to the multivariable analyses, all the independent 
prognostic factors related to RFS and OS were included in 
building two nomograms, respectively. It was obvious that 
tumor size made a huge contribution to the prognosis not 
only in recurrence but also in OS. In nomogram of RFS 
(Figure 1), N2p showed much more significant influence 
than N1p. Post radiotherapy and post targeted therapy 
showed a moderate impact on prognosis. While both tumor 
size and N2p shared great contribution to prognosis in the 

nomogram of OS (Figure 2).

Validation and calibration for nomogram

Harrell’s C-index for prediction of RFS was 0.656 (95% CI: 
0.626–0.687), and C-index for prediction of OS was 0.651 
(95% CI: 0.611–0.691). Calibration curves of 3- and 5-year 
of RFS and OS were also drawn, which showed moderate 
agreement between prediction and actual observation, 
respectively (Figure 3 and Figure S1). 

Application of nomogram

Risk score in RFS based on nomogram was calculated by the 
following equation: RFS score = (19 × post radiotherapy) 
+ (30 × post targeted therapy) + (5 × tumor size) + (3.10 × 
N1p – 0.05) + (2.08 × N2p – 0.04). And risk score in OS 
was calculated as follows: OS score = (5 × tumor size) +  
(2 × N2p). 

For example, a 70-year-old male patient, he was 
pathologically diagnosed as IIIa lung adenocarcinoma 
after surgery. According to his pathology report, his tumor 
size was 3.2 cm. There were two positive lymph nodes in 
N1 group and four in N2 group. He then received post 
chemotherapy and post targeted therapy. Therefore his 
RFS score was 60.43 and his OS score was 24. To predict 
his 5-year relapse free survival probability, we firstly identify 
the point of 60.43 in the “total points” scale in nomogram 
of RFS. Then we draw a line perpendicular to this scale 
down until it meets the “5-year survival” scale. The cross 
point is approximate 0.09, which means the probability of 
this patient living free from relapse for 5 years is about 9%.

Table 2 Univariable and multivariable analyses of 437 patients with resected IIIA NSCLC

Variable

RFS OS

Univariable 
analysis, P

Multivariable analysis Univariable 
analysis, P

Multivariable analysis

Hazard ratio 95% CI P Hazard ratio 95% CI P

Post radiotherapy (yes/no) <0.001 1.499 1.122–2.002 0.006 0.506 NA

Molecular targeted therapy 
(yes/no)

<0.001 1.895 1.413–2.542 <0.001 0.884

Tumor size (continued) 0.001 1.114 1.061–1.168 <0.001 <0.001 1.167 1.104–1.233 <0.001

N1p (continued) <0.001 1.068 1.028–1.110 0.001 <0.001 NA

N2p (continued) <0.001 1.046 1.023–1.069 <0.001 <0.001 1.064 1.042–1.087 <0.001

NSCLC, non-small cell lung cancer; RFS, recurrence-free survival; OS, overall survival; N1p, count of positive lymph nodes in N1 group; 
N2p, count of positive lymph nodes in N2 group.
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Risk group stratification based on nomogram

We first calculated the risk score for every patient according 
to nomogram. Then we sorted all patients from small risk 
scores to large ones. Finally, we divided these sorted patients 
into three equal parts, named low risk group, median risk 
group and high risk group. Kaplan-Meier survival curves 
of RFS and OS were delineated (Figure 4 and Figure S2). It 
was obvious that different groups have distinct prognoses. 

Risk score could effectively predict the outcome. 

Discussion

Though TNM classification still remains the predominant 
and powerful indication to the prognosis of NSCLC (18), 
there are some other prognostic factors such as performance 
status, sex, age, as well as histology cell type playing an 
important role in survival prediction (19). And with respect 

Figure 1 Nomogram for RFS in 437 post-chemotherapy patients with resected IIIA NSCLC. RFS, recurrence-free survival; NSCLC, non-
small cell lung cancer.

Figure 2 Nomogram for OS in 437 post-chemotherapy patients with resected IIIA NSCLC. OS, overall survival; NSCLC, non-small cell 
lung cancer.
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to stage I to stage IIIA NSCLC after surgical treatment, 
it still holds several prognostic factors in addition to 
TNM staging (18,20). In recent years, several predicting 
models have been created for NSCLC (10,21), even 
for postoperative NSCLC (11). Nomograms have been 
successfully applied to early-stage and advanced patients, 
chemo-naive patients, and TKI-treatment patients. Both 
PFS and OS can be precisely predicted. The emerging 
nomograms reflect the insufficient of current treatment 
based on TNM staging system, and the desire of clinicians 
for individualized treatment of lung cancer. However, 
predicting model for resected IIIA patients with post-
chemotherapy is still scarce. Therefore we tried to develop 
the nomograms for predicting the recurrence and survival 
of post-chemotherapy with resected IIIA NSCLC.

After univariable and multivariable analyses, five 
independent prognostic factors related to relapse free 
survival and two independent prognostic factors related to 
OS were selected. And nomograms for RFS and OS were 
developed. In the nomogram of RFS, tumor size was the 
predominant factor associated with recurrence, the greater 
the tumor size was, the higher the risk score was. The 
count of the positive lymph nodes in N2 group was more 
important than that in N1 group. Post targeted therapy and 
post radiotherapy showed a moderate influence in RFS. 
Several RCTs such as V-15-3 trial (22), BR 19 trial (23) and 
RADIANT trial (24), showed that there was no survival 
benefit from postoperative targeted therapy and there was 
even detriment for those mutation-unselected patients. In 
our study, however, we found that post targeted therapy 
might contribute to early recurrence. Post radiotherapy 
also seemed detrimental to RFS in our study, which was 

conflicted with recent studies for advocating postoperative 
radiotherapy in resected pN2 NSCLC (25,26). The 
contradiction mainly resulted from different endpoints. 
We used relapse free survival in our study while those 
studies focused on OS. Furthermore, N stage for post-
radiotherapy in our study was not stratified since most of 
the patients were N2 disease, which might also contribute 
to a different conclusion. In the nomogram of OS, neither 
post radiotherapy nor post targeted therapy contributed to 
prognosis. Only tumor size and count of the positive lymph 
nodes in N2 group could independently predict outcomes. 
Our data demonstrated that only tumor-related factors 
affected patients’ OS. Adjuvant treatments could affect the 
recurrence, the impact was limited. Radiotherapy or targeted 
therapy has been proven efficient in advanced NSCLC. 
However, in resected stage IIIA patients, in view of the 
intrinsic heterogeneity of this population, the effectiveness of 
these treatments is yet to be verified in clinical trials.

Validation of nomograms were performed, and 
C-index was 0.656 (95% CI: 0.626–0.687) for RFS and 
0.651 (95% CI: 0.611–0.691) for OS, respectively. These 
results indicated a moderate concordance between the 
predicting and actual RFS and OS. We could also found the 
moderate concordance in calibration curves of RFS and OS  
(Figure 3 and Figure S1). Furthermore, we made risk 
stratification according to risk scores calculated by 
nomograms. Subgroups were delineated through Kaplan-
Meier survival curves, with significant p values in different 
groups for RFS and OS (Figure 4 and Figure S2). So, the 
risk groups stratified by different risk scores were able to 
indicate different recurrence and survival outcomes. This 
method could make doctors easier to estimate the prognosis 
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of post-chemotherapy patients with resected IIIA NSCLC 
and decide different and optimal clinical decisions. 

It was also notable that what the clinical stage was of these 
patients in our study before surgery. In our hospital, every 
patient received preoperative tests including chest CT scan/
chest X-ray, brain MRI, abdominal CT or ultrasonography, 
radionuclide bone scan/PET-CT and bronchoscopy to assess 
clinical stage. For patients suspicious of mediastinal lymph 
node metastasis, EBUS-TBNA or other invasive examination 
was performed. Patients whose tumors were considered 
initially resectable were selected for surgery according to 
our treatment strategy (12). These patients were either in 
cN0–1/pN2 or minimal N2 status by imaging evaluation 
preoperatively. We routinely performed lobectomy and 
mediastinal lymph node dissection as a standard operation. 
Only in patients with negative CT scan findings and positive 
pathological findings in mediastinal lymph node, their clinical 
stages and pathological stages were inconsistent.

Still, there were several limitations and deficiencies 
in our study. First, it was a retrospective analysis of a 
limited number of patients. Second, some of the potential 
parameters such as vascular invasion, subgroups of N2, 
were not analyzed in our study (27). Third, lack of external 
validation was the major limitation to our nomograms. 
Fourth, Patients included in our analyses started from 2007. 
Great changes occurred in treatment pattern in recent 
years. Treatment strategy which was optimal ten years ago 
might not remain optimal at present. For example, the 

current immunotherapy which had significant therapeutic 
effects was not included in our study. And this inevitably 
influenced the conclusion of our study. Further great efforts 
on precise follow-ups, careful statistical analyses were 
needed to make better improvement of our models. 

Conclusions

In this study, we developed nomograms of RFS and 
OS for predicting the recurrence and survival of post-
chemotherapy patients with resected IIIA NSCLC. 
C-indexes were calculated to validate those models. With 
the help of these nomograms, clinicians could more easily 
estimate the prognosis of post-chemotherapy patients with 
resected IIIA NSCLC and choose optimal clinical decisions 
for individuals.
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Calibration for 3-year relapse free survival Calibration for 5-year relapse free survival

Nomogram predicted 3-year survival
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Figure S1 Calibration curve of nomogram for RFS. RFS, recurrence-free survival.
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Figure S2 Kaplan-Meier curve of RFS for risk groups in 437 post-chemotherapy patients with resected IIIA NSCLC. RFS, recurrence-free 
survival; NSCLC, non-small cell lung cancer.


