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Background
Lung cancer is the most commonly diagnosed can-
cer in the world, and non-small cell lung cancer 
(NSCLC) accounts for approximately 85% of all 
lung cancer cases.1 In recent years, the increasing 

use of high-resolution computed tomography 
(CT) and low-dose CT in lung cancer screening 
and diagnosis have helped identify more cases of 
NSCLC at an early stage, and complete surgical 
resection has remained the mainstay treatment.
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Abstract
Background: Assessing the prognosis of patients with early-stage non-small cell lung cancer 
(NSCLC) has become a major clinical issue. This study aimed to devise an effective clinical 
nomogram and heat map for assessing the survival of patients with stage I NSCLC receiving 
complete resection.
Methods: Nomograms were established based on a retrospective study of 654 patients with 
stage I NSCLC who underwent radical resection at Sun Yat-Sen University Cancer Center 
between January 2009 and December 2014. The concordance index (C-index) and calibration 
curve were used to measure the accuracy and discriminative ability of the final nomogram. 
Heat maps were constructed with prognostic factors and survival probabilities. Survival curves 
were depicted using the Kaplan–Meier method, and the log-rank test was used to determine 
significance. Patients were classified into low- and high-risk subgroups using recursive 
partitioning analysis based on nomogram scores.
Results: In univariate and multivariate analyses, the independent factors for overall survival 
(OS) and disease-free survival (DFS) were age, sex, tumor size, and visceral pleural invasion, 
which were all selected in the nomogram. The C-indices of the nomogram for predicting OS 
and DFS were 0.694 [95% confidence interval (CI) 0.651–0.737] and 0.653 (95% CI 0.61–0.696), 
respectively. The calibration curves for OS and DFS probabilities showed a good agreement 
between the nomogram prediction and actual observation. A heat map was generated using 
the above independent factors for OS and DFS. High-risk patients had shorter OS [hazard ratio 
(HR) = 3.535, 95% CI 2.444–5.113, p < 0.001] and DFS (HR = 2.607, 95% CI 1.922–3.537, p < 0.001) 
than low-risk patients.
Conclusion: We established a prognostic nomogram and heat map that can be useful for 
evaluating survival in patients with stage I NSCLC after complete resection. The tools resulted 
in more accurate prediction and may guide clinicians in making treatment decisions.
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Recently, clinical nomograms have been regarded 
as reliable methods for quantifying risks in cancer 
because they incorporate and demonstrate impor-
tant factors for prognosis.2–4 Several studies have 
proposed that nomograms confer more accurate 
survival prediction than the traditional tumor-
node-metastasis (TNM) staging systems for vari-
ous malignancies.5–8 For stage I NSCLC, the 
prognosis is generally favorable with 5-year sur-
vival rate ranging from 73% to 90%.9,10 The most 
common problems that patients encounter are 
tumor recurrence (including locoregional and 
distant), which may lead to mortality after surgi-
cal resection. Recurrence rates have been reported 
to be 20–37.4%, depending on length of follow-
up.11–13 Therefore, outcomes remain to be heter-
ogeneous and difficult to estimate. Thus, building 
a valid clinical nomogram for patients with stage I 
NSCLC treated with radical resection would help 
clinicians in identifying those with high risk and 
promote more individualized planning, treat-
ment, and follow-up among the multidisciplinary 
team. This study therefore aimed to establish a 
clinical nomogram and heat map with improved 
prediction of long-term survival in this patient 
population.

Methods

Patient selection
This study included 654 patients with stage I 
NSCLC who underwent radical surgery at Sun 
Yat-Sen University Cancer Center between 
January 2009 and December 2014. The radical 
surgery consisted of complete resection of the pri-
mary tumor (lobectomy) and mediastinal lymph 
node dissection with microscopically radical 
resection (R0). All patients underwent pretreat-
ment evaluations, which included medical history 
taking, physical examination, routine hemato-
logic and serum biochemical test, chest radiogra-
phy, electrocardiogram, chest and upper 
abdominal CT, brain magnetic resonance imag-
ing (MRI), and bronchoscopy. Whole-body bone 
scan, or positron emission tomography-computed 
tomography (PET-CT) was conducted when 
metastasis was suspected. The exclusion criteria 
were as follows: patients who had a previous 
malignant disease, those with a second primary 
tumor, and those who received neoadjuvant and/
or adjuvant treatments. Tumor stage was reclassi-
fied according to the eighth edition of the TNM 
classification system.9 This study was approved 
by the institutional ethics committee of Sun 

Yat-Sen University Cancer Center (number: 
B2020-227). All patients provided written 
informed consent prior to treatment.

Follow-up and outcome
After the primary treatment was completed, the 
patients were followed up every 3 months for 
1 year, every 6 months for 2–3 years, and annually 
thereafter. Tumor recurrence or metastasis was 
recorded at the first detection of locoregional 
recurrence or distant metastasis after the comple-
tion of surgery confirmed based on CT, MRI, or 
PET-CT with or without an increase in tumor 
biomarkers. Follow-up data were obtained from 
the most recent medical review. The survival sta-
tus of the patients was verified again in October 
2019. Overall survival (OS) was calculated from 
the date of surgery to the date of death or the last 
day of follow-up, while disease-free survival 
(DFS) was defined as the interval between the 
date of surgery and the date of recurrence/metas-
tasis or the last day of follow-up.

Statistical analysis
Cox proportional-hazards regression models were 
used to identify prognostic factors. Factors 
assessed included sex, age, pathology, tumor 
location, tumor size, grade, and pleural invasion. 
All factors that achieved potential significance 
(p < 0.1) in the univariate analysis were included 
in the multivariate analysis based on the Cox 
regression models. Survival curves were depicted 
using the Kaplan–Meier method, and the log-
rank test was used to determine significance. All 
statistical analyses were performed with SPSS 
software version 26.0 (SPSS Inc., Chicago, IL, 
USA), unless otherwise indicated. A two-sided 
p-value of < 0.05 was considered statistically 
significant.

Nomograms were formulated based on the results 
of the univariate and multivariable analyses. 
Using a backward step-down selection process 
with the Akaike information criterion, we selected 
the final prognostic nomogram model.14,15 The 
performance of the nomogram was measured 
based on the concordance index (C-index) and 
assessed by comparing the predicted survival 
with the observed survival probability. Bootstraps 
with 1000 resamples were used for these activi-
ties. The larger the C-index, the more accurate 
was the prognostic stratification.16 Heat maps 
were provided to visualize the correlations of 
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independent factors with survival probabilities 
obtained from nomogram scores. Patients were 
categorized into new risk groups (low-risk and 
high-risk) using recursive partitioning analysis 
(RPA) based on nomogram scores. Nomograms 
and heat maps were formulated, and RPA was 
conducted using the rms and rpart packages of R 
version 3.3.2 (http://www.r-project.org).17

The authenticity of this study has been validated 
by uploading the key raw data onto the Research 
Data Deposit public platform (www.research-
data.org.cn), with the approval RDD number as 
RDDA2020001664.

Results

Clinical and pathological characteristics  
of patients
Figure 1 displays the CONSORT diagram to 
obtain the study population. Among the 654 
patients enrolled in this study, 400 (61.2%) were 
men. The age of the patients ranged from 25 to 
82 years, and the median age was 62 years (inter-
quartile range 55–68.8 years). Adenocarcinoma 
was the most common pathological type (492 
patients, 75.2%). The median tumor size was 

2.4 cm (range 0.3–4.0 cm). There were 31, 154, 
138, and 331 patients who were classified as hav-
ing a pathological status of T1a, T1b, T1c, and 
T2a, respectively. The clinical and pathological 
characteristics of the patients are detailed in 
Table 1.

Prognostic analysis and independent prognostic 
factors
To determine the independent prognostic factors 
for survival, we analyzed the OS and DFS using a 
Cox regression model. The results of the univari-
ate and multivariate analyses are shown in 
Table 2. In the univariate analysis, the signifi-
cant independent factors for OS included sex, 
age, pathology, tumor size, grade, and pleural 
invasion, while in the multivariate analysis, the 
significant independent factors were sex 
[adjusted hazard ratio (HR) = 0.422, p < 0.001], 
age (adjusted HR = 2.321, p < 0.001), tumor size 
(adjusted HR = 1.498, p < 0.001), and pleural 
invasion (adjusted HR = 1.508, p = 0.022). For 
DFS, the factors that showed potential signifi-
cance in the univariate analysis included sex, age, 
tumor size, grade, and pleural invasion. In the 
multivariate analysis, sex (adjusted HR = 0.557, 
p < 0.001), age (adjusted HR = 1.853, p < 0.001), 

Figure 1. CONSORT flow diagram.
NSCLC, non-small cell lung cancer; R1/2, microscopic/macroscopic residual tumor.
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tumor size (adjusted HR = 1.391, p < 0.001), and 
pleural invasion (adjusted HR = 1.466, p = 0.01) 
were significantly associated with prognosis.

We first built a nomogram for OS that included 
the abovementioned independent prognostic fac-
tors [Figure 2(A)]. The nomogram showed tumor 
size as sharing the largest contribution to progno-
sis. Each patient within these variables was 
assigned a score on the point scale. By adding up 
the total score and locating it on the total point, 
we were easily able to draw a straight line down to 
determine the estimated probability of survival at 
each time point. Scores were totaled for each case 
to obtain the nomogram score of each case 
(median 126.4, range 7.5–218.4). The calibra-
tion curves showed a good agreement between 
the prediction by the nomogram and the actual 
observation for 3-, 5-, and 10-year OS [Figure 
2(B)]. The C-index of the nomogram for predict-
ing OS was 0.694 [95% confidence interval (CI) 
0.651–0.737].

Figure 2(C) shows the prognostic nomogram for 
DFS incorporating all significant independent 
factors. This nomogram also showed tumor size 
as sharing the largest contribution to prognosis. 
The total points of each case were also calculated 
according to the established nomogram (median 
119.8, range 7.5–210.1). The calibration curves 
for the probability of 3-, 5-, and 10-year DFS pre-
sented a good agreement between the nomogram 
prediction and actual observation [Figure 2(D)]. 
The C-index value of the nomogram for predict-
ing DFS was 0.653 (95% CI 0.61–0.696).

Heat maps and survival curves based on the 
nomogram scores
Heat maps were provided to observe the relation-
ships of the combination of independent prognos-
tic factors with survival probabilities extracted 
based on the nomogram scores. We found that 
the heat maps could visualize differences in vari-
ables (age and tumor size) associated with the 
probability of 3-, 5-, and 10-year OS and DFS 
(Figure 3).

We also performed RPA for OS and DFS based 
on the nomogram scores. Using 134 and 120 as 
the cutoff points, we distinguished two risk 
groups in terms of OS (low-risk subgroup, <134, 
and high-risk subgroup, ⩾134) and DFS (low-
risk subgroup, <120, and high-risk subgroup, 

Table 1. Baseline characteristics of patients with 
stage I non-small cell lung cancer.

Variable N = 654 (%)

Sex

 Male 400 (61.2)

 Female 254 (38.8)

Age, median (IQR), years 62 (55–68.8)

 <60 264 (40.4)

 ⩾60 390 (59.6)

Pathology

 Squamous 119 (18.2)

 Adenocarcinoma 492 (75.2)

 Others 43 (6.6)

Tumor location

 RUL 220 (33.6)

 RML 60 (9.2)

 RLL 133 (20.3)

 LUL 168 (25.7)

 LLL 73 (11.2)

Tumor size, median ± SE, cm 2.4 ± 0.9

pT stage

 T1a 31 (4.8)

 T1b 154 (23.5)

 T1c 138 (21.1)

 T2a 331 (50.6)

Grade

 Good 75 (11.5)

 Moderate 359 (54.9)

 Poor 220 (33.6)

Pleural invasion

 No 429 (65.6)

 Yes 225 (34.4)

IQR, interquartile range; LLL, left lower lobe; LUL, left 
upper lobe; RLL, right lower lobe; RML, right middle lobe; 
RUL, right upper lobe; SE, standard error.
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⩾120). The patients in the low-risk subgroup 
had statistically better survival than those in the 
high-risk subgroup (OS, HR = 3.535, 95% CI 
2.444–5.113, p < 0.001; DFS, HR = 2.607, 95% 
CI 1.922–3.537, p < 0.001) (Figure 4).

Discussion
In this study, we constructed a prognostic nomo-
gram and heat map to improve the prediction of 
survival in patients with stage I NSCLC who 

underwent radical surgery. Our findings that 
address the continuous nature of tumor size pro-
vided more accurate estimations for the survivals 
of stage I NSCLC than the methods that catego-
rize the variables. Furthermore, our scheme 
could categorize patients into high-risk and low-
risk subgroups with significant differences in OS 
and DFS.

Clinical nomograms have been recently consid-
ered as reliable methods for quantifying risk in 

Table 2. Prognostic factors for overall survival and disease-free survival on univariate and multivariate analyses.

Variable Univariate analysis ptrend Multivariate analysis ptrend

 HR 95% CI p HR 95% CI p

Overall survival

Sex (male versus female) 0.413 0.276–0.617 <0.001 0.422 0.279–0.637 <0.001  

Age (<60 versus ⩾60) 2.049 1.397–3.006 <0.001 2.321 1.575–3.420 <0.001  

Pathology

 SCC 1 0.080 1 0.403

 ADC 0.638 0.426–0.956 0.029 1.121 0.723–1.738 0.609  

 Others 0.856 0.431–1.698 0.656 1.624 0.80–3.297 0.179  

Tumor size (cm) 1.563 1.274–1.917 <0.001 1.498 1.219–1.842 <0.001  

Grade

 Good 1 0.001 1 0.066

 Moderate 1.749 0.838–3.652 0.137 1.491 0.712–3.122 0.290  

 Poor 3.052 1.461–6.379 0.003 2.079 0.981–4.367 0.056  

Pleural invasion (no versus yes) 1.383 0.982–1.949 0.064 1.508 1.066–2.135 0.022  

Disease-free survival

Sex (male versus female) 0.542 0.395–0.743 <0.001 0.557 0.403–0.771 <0.001  

Age (<60 versus ⩾60) 1.701 1.250–2.316 0.001 1.853 1.357–2.529 <0.001  

Tumor size (cm) 1.472 1.242–1.744 <0.001 1.391 1.171–1.654 <0.001  

Grade

 Good 1 0.001 1 0.056

 Moderate 1.806 0.990–3.292 0.054 1.562 0.855–2.856 0.147  

 Poor 2.779 1.515–5.098 0.001 2.009 1.085–3.521 0.036  

Pleural invasion (no versus yes) 1.406 1.055–1.873 0.020 1.466 1.096–1.961 0.010  

ADC, adenocarcinoma; CI, confidence interval; HR, hazard ratio; SCC, squamous cell carcinoma.
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Figure 2. Nomogram for 3-, 5-, and 10-year overall survival (OS) in patients with stage I non-small cell lung 
cancer (NSCLC) (A); calibration curve of nomogram for predicting OS (B); nomogram for 3-, 5-, and 10-year 
disease-free survival (DFS) in patients with stage I NSCLC (C); calibration curve of nomogram for predicting 
DFS (D). To use the nomogram, an individual patient’s value is located on each variable axis, and a line is 
drawn upward to determine the number of points received for each variable value. The sum of these numbers 
is located on the total point axis, and a line is drawn downward to the survival axes to determine the likelihood 
of 3-year, 5-year, and 10-year survival.
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cancer. A series of studies have revealed that 
nomograms present a more accurate prognostic 
prediction than traditional staging systems for 
various cancers, including colorectal cancer,3,18 
gastric cancer,4 breast cancer,19,20 cholangiocarci-
noma,8 and nasopharyngeal cancer.6,21 However, 
there has been no effective nomogram for 

predicting survival in patients with stage I NSCLC 
to date. Despite great advances in NSCLC treat-
ment, including target therapy, chemotherapy, 
and immunotherapy, the primary treatment for 
patients with stage I NSCLC remains complete 
surgical resection. Moreover, although the prog-
nosis for this cohort is generally favorable, it 

Figure 3. Heat maps for tumor size (x-axis) and age (y-axis) corresponding to 3-year disease-free survival 
(DFS) (A), 3-year overall survival (OS) (B), 5-year DFS (C), 5-year OS (D), 10-year DFS (E), and 10-year OS (F). 
Red regions indicate relatively better outcomes than pink regions.
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remains heterogeneous, with a probability of 
locoregional or distant recurrence.11–13 An 
increasing number of stage I NSCLC cases have 
been detected in recent years with the help of 
high-resolution low-dose CT for screening and 
diagnosis; however, the clinical nomograms for 
NSCLC were mostly established for patients with 
an advanced stage.5,22–24

Estimation of survival is important in the man-
agement of early stage NSCLC. Tumor size plays 
a prominent role in stage I NSCLC. In addition, 
T category is determined by invasion into vis-
ceral pleura. Thus, the existing scheme in pre-
dicting survival (e.g. The Eighth Edition Lung 
Cancer Stage Classification) is based on tumor 
size and visceral pleural invasion, but it is 
unknown whether the chosen cutoff values are 
optimum. More importantly, for stage I NSCLC, 
the available scheme categorizes tumor size, 
which probably results in a loss of prognostic 
information and causes abrupt changes in the 
estimated survivals when tumor size is close to a 
cutoff value. We think an influence of tumor size 
on survival of stage I NSCLC, with a larger effect 
per one unit of measurement at low values com-
pared with high value. To address this issue, 
using tumor size as a continuous variable, we 
constructed user-friendly nomogram and heat 
maps for estimating survivals of NSCLC patients 
with stage I disease. This information might be 
useful in patient counseling. To our knowledge, 
this is the first study to show an innovative use of 
nomogram and heat map for visualizing progno-
sis in early stage NSCLC.

So far, there are no standard criteria for perform-
ing intentional sublobectomy (wedge resection or 
segmentectomy) for lung cancer.25,26 Therefore, 
most sublobectomy procedures were performed 
only for patients with compromised preoperative 
pulmonary function or severe underlying comor-
bidities. Sublobectomy is commonly considered 
in most studies when building nomograms for 
patients with early-stage NSCLC.27,28 However, 
most of these studies were retrospective, and the 
evaluations were mostly performed without dis-
tinguishing the purpose of sublobectomy (com-
promised or intentional resection). Therefore, 
one major limitation of the nomograms developed 
by these studies is the underlying selection bias 
among the different sublobectomy groups. In 
light of this, we strictly set the inclusion criteria in 
this study and included only NSCLC patients 
with stage I disease who were treated with stand-
ard lobectomy and mediastinal lymph node 
dissection.

In this study, the significant independent factors 
for OS in the univariate and multivariate analyses 
were the same for DFS, and these included sex, 
age, tumor size, and pleural invasion. These fac-
tors have been well established in the literature 
and have served as a basis for devising clinical 
nomograms. We also found that the calibration 
curves for 3-, 5-, and 10-year OS and DFS 
showed a good agreement between the nomo-
gram prediction and the actual observation. The 
C-index of the nomogram was 0.694 (95% CI 
0.651–0.737) for OS and 0.653 (95% CI 0.610–
0.696) for DFS. These findings suggest that our 

Figure 4. Kaplan–Meier survival curves for overall survival and disease-free survival by recursive partitioning 
analysis method.
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nomogram displayed better accuracy in predict-
ing patient clinical outcome.

Malignancies with poor cell differentiation gener-
ally indicate a more invasive biological behavior 
than those with good cell differentiation. Cell dif-
ferentiation has been well known as an important 
independent prognostic factor and was therefore 
introduced into the TNM staging system for vari-
ous human cancers. In this study, cell differentia-
tion was significantly associated with OS and 
DFS. For patients with good, moderate, and poor 
cell differentiation, the estimated 5-year OS was 
91.5%, 82.9%, and 73.8%, while the estimated 
5-year DFS was 86.2%, 76.3%, and 64.4%, 
respectively. In the multivariate analysis, cell dif-
ferentiation showed a borderline significant trend 
with OS (adjusted p = 0.066) and DFS (adjusted 
p = 0.056). There were only 75 NSCLC cases 
with good differentiation in this study, so we 
speculate that the prognostic impact of cell dif-
ferentiation might achieve more statistical signifi-
cance if the sample size is increased. It is plausible 
that the impact of cell differentiation is fragile and 
could be only observed in patients with early-
stage NSCLC.

Administration of adjuvant therapy (chemother-
apy and radiotherapy) to all patients with stage I 
NSCLC is unnecessary and harmful for some 
patients, who are cured with surgery alone. Our 
results indicated that nomogram and heat map 
accurately estimate survival and stratify risk sub-
group, and their use might reduce the risk of 
overtreatment with adjuvant therapy in NSCLC 
patients with stage I disease that is likely cured by 
surgery. Patients in the low-risk subgroup have 
generally favorable survival and might not be can-
didates for adjuvant therapy. In contrast, adju-
vant therapy might provide survival benefit to 
patients stratified as high risk. We believe that our 
findings could help clinicians in promoting indi-
vidualized and appropriate treatment decisions.

This study had some limitations. First, it was ret-
rospective in nature, and the cohort was extracted 
from a single-center database only. Caution 
should be considered when interpreting and gen-
eralizing the results. Second, this study failed to 
incorporate important molecular biological fac-
tors such as EGFR mutation, ALK-EML4 fusion, 
and T790M mutation, which may be potentially 
significant factors for survival in patients with 
early-stage NSCLC. Third, as we stated, due to 
the retrospective nature of the present study, it is 

difficult to find an external validation cohort 
because of diversity of standards in different hos-
pitals (e.g. surgery and follow-up). Finally, 
although we validated the nomogram using boot-
strap resampling, external validation was not 
available, and the bias could not be completely 
ruled out. Future prospective multicenter studies 
with more diverse biomarkers and external valida-
tion of results are therefore necessary.

In summary, the nomogram and heat map pro-
posed in this study accurately predicted the prog-
nosis of patients with stage I NSCLC treated with 
complete resection. The proposed nomogram 
could help clinicians in more accurately identify-
ing patients with poor prognosis after surgery and 
further promote individualized and multidiscipli-
nary treatment decisions.
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