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Abstract. Conditional survival (CS) is used to describe 
dynamic survival possibility, taking account of the change 
in the survival risk that occurs with longevity. The present 
study aimed to explore the CS of four treatment strategies for 
stage I non‑small cell lung cancer (NSCLC), staged according 
to the eighth edition of the American Joint Committee on 
Cancer/Union for International Cancer Control NSCLC 
staging system. Using the Surveillance, Epidemiology and 
End Results Program cohort obtained between 2004‑2014, 
the current study first extracted data for 27,116 patients with 
stage I NSCLC. The actuarial cancer‑specific survival rates 
(ACSs) and conditional cancer‑specific survival rates of four 
treatment strategies were then compared. ACS was assessed 
using the Kaplan‑Meier method and a log‑rank test. The 
3‑year conditional cancer‑specific survival (CCS3) of patients 
who had already survived for n years was calculated as 
CCS3=ACS(n+3)/ACS(n). Cox regression and propensity‑score 
matching (PSM) was applied to adjust confounding factors. The 
5‑year ACS of patients who underwent lobectomy, sublobar 
resection, radiation and observation was 80.3, 72.0, 40.8 and 
19.6%, respectively. The 5‑year CCS3 of patients who under-
went lobectomy, sublobar resection, radiation and observation 
was 91.7, 86.4, 77.0 and 58.2%, respectively. CCS3 increased 
with an increase in survival time and patients who underwent 
lobectomy had the highest CCS3 estimates and flattest growth, 
with the smallest survival gap between CCS3 and ACS. The 
results were similar in the PSM analysis. In conclusion, CS 
estimates may provide a more accurate survival prediction for 
patients with stage I NSCLC, and may assist with treatment 
decisions and surveillance strategies. In addition, the current 

study provided evidence that suggests lobectomy may be the 
optimal treatment strategy for stage I NSCLC compared with 
sublobar resection.

Introduction

Lung cancer is the leading cause of cancer‑associated mortality 
worldwide; however, the prognosis of patients with early‑stage 
non‑small cell lung cancer (NSCLC) is relatively better 
compared with advanced NSCLC (1,2). Cumulative survival 
following diagnosis is frequently applied to estimate prognosis, 
which is useful for comparisons between different groups in 
a study. However, this method has its limitations particularly 
for patients with long‑term survival, as the mortality risk may 
change as the survival time increases (3).

Conditional survival (CS) is a concept of evaluating 
survival information for long‑term prognosis, which takes 
into consideration the dynamic change in the risk of mortality 
as the survival period increases  (4). Referring to NSCLC, 
certain studies have estimated CS according to a number of 
aspects, however, to the best of our knowledge, no study has 
specifically focused on CS associated with different treat-
ment strategies of early‑stage NSCLC (5‑9). In the present 
study, the CS calculated according to actuarial cancer‑specific 
survival (ACS) was termed the conditional cancer‑specific 
survival  (CCS) and the 3‑year conditional cancer‑specific 
survival  (CCS3) was evaluated as an example. Actuarial 
cancer‑specific survival (ACS) is designated as the cumula-
tive survival using only cancer‑associated mortalities as the 
outcome of interest. The CCS3 at nth year following diagnosis 
was termed CCS3(n). For example, the CCS3 at the third year 
after diagnosis was termed CCS3(3), which means the prob-
ability for patients who have survived for n years will survive 
an extra 3 years. The calculation method can be described as 
CCS3=ACS(n+3)/ACS(n), where ACS(n) indicates the actual 
cancer‑specific survival rate at n years.

As Shirvani et al (10) reported, the cancer‑specific survival 
of patients with early‑stage NSCLC varies depending on 
different treatment strategies, with patients treated by lobec-
tomy exhibiting the highest survival rate and patients treated by 
observation presenting with the lowest survival rate. To accu-
rately estimate the prognosis of early‑stage NSCLC, the present 
study, which was based on The Surveillance, Epidemiology, 
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and End Results (SEER) database, aimed to assess the ACS 
and CCS3 of patients with stage I NSCLC, according to the 
8th edition of the American Joint Committee on Cancer/Union 
for International Cancer Control (AJCC/UICC) NSCLC 
staging system AJCC/UICC, who underwent different treat-
ment strategies.

Materials and methods

Patient data. Data for the current study were obtained from the 
SEER database (11) which covers ~30% of the population of 
the USA. A total of 270,938 cases were singularly diagnosed 
with primary NSCLC and recorded in the SEER database 
from January 2004‑December 2014. The inclusion criteria of 
NSCLC was as previously described (12). For all patients, the 
following variables were collected from SEER: Ethnicity, age 
at diagnosis, sex, tumor size, primary site, laterality, lymph 
nodes, extension, metastasis, histologic type according the 
3rd edition of the International Classification of Diseases for 
Oncology (13), grade, surgery procedures, reason for no surgery, 
survival months, radiation procedures, chemotherapy and SEER 
cause‑specific death classification (11). The exclusion criteria 
were as follows: i) distant metastases or lymph node metastases; 
ii) tumor size >4 cm; iii) tumor invading chest wall, pericardium, 
phrenic nerve, mediastinum, diaphragm, heart, great vessels, 
recurrent laryngeal nerve, carina, trachea, esophagus and spine; 
iv) separate tumor nodule(s) in the same lobe or tumor nodule(s) 
in a different ipsilateral lobe; v) unknown survival months or 
incomplete clinicopathologic information, and vi) patients with 
stage I NSCLC who didn't received standard therapies, including 
lobectomy, sublobar resection, radiation or observation. Finally, 
these criteria yielded a sample of 27,116 patients (Fig. 1). The 8th 
edition of the AJCC/UICC NSCLC staging system was used to 
define the stage of disease (14).

Statistical analysis. ACS was assessed using the Kaplan‑Meier 
method and a log‑rank test. Furthermore, the variables with 
statistical significance (P<0.05) in univariate analysis were 
included in multivariate analysis to identify independent prog-
nostic factors by Cox proportional hazard regression model.

Due to the baseline covariate differences among treatment 
strategies, a further exploratory analysis was performed, namely 
propensity‑score matching (PSM), to compare both ACS and 
CCS3 in surgical groups and non‑surgical groups for the purpose 
of ultimately avoiding bias introduced by other independent 
prognostic factors. PSM was calculated using a logistic model 
with independent prognostic factors following assessment 
by Cox proportional hazard regression model. Patients were 
matched 1:1 using the nearest neighbor matching method (15).

All statistical analysis was performed using R program 
(version 3.2.2; http://www.r‑project.org/) or SPSS (version 23.0; 
IBM Corp., Armonk, NY, USA). P<0.05 was considered to 
indicate a statistically significant difference.. Categorical vari-
ables were described as counts and the difference among them 
were compared with Pearson's χ2 test.

Results

Baseline characteristics of cases. Overall, 27,116 patients were 
included in the present study. The baseline characteristics of 

the included cases are presented in Table  I. Ethnicity was 
classified as Caucasian or non‑Caucasian as the majority of 
the study population were Caucasian. The median age was 
70 years; therefore, the age was divided into <70 or ≥70 years 
old. The histological type of the majority of NSCLC cases 
was adenocarcinoma or squamous cell carcinoma; therefore, 

Figure 1. Flow chart for generation of the patient's cohort dataset. NSCLC, 
non‑small cell lung cancer.
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other histologic types of NSCLC were categorized into the 
non‑small cell cancer group.

Actuarial cancer‑specific survival. The 5‑year ACS of patients 
with stage I NSCLC was 73.0% and the hazard rate increased 
immediately after diagnosis, peaked at approximately the 
18th month and then decreased over time (Fig. 2A and B). In 
terms of different treatment strategies, the 5‑year ACS was 
highest for lobectomy (80.3%) followed by sublobar resection 
(72.0%), radiation (40.8%) and observation (19.6%), respec-
tively (P<0.05; Fig. 2C). The hazard rate (HR) value varies 
greatly with time, which indicates that the survival possibility 
is dynamic following diagnosis (Fig.  2D). The results of 

multivariate analysis revealed that age, T classification, sex, 
grade, sites in lung, histology and treatment strategies were 
significantly associated with prognosis (P<0.05; Table  II). 
The number of patients at risk in each year is demonstrated in 
Tables III and IV.

CCS3 and comparison with ACS. For all the patients 
involved in the present study, the CCS3(0) was equal to 
ACS(3), which was 80.6%. As time progressed, the CCS3 
demonstrated a stepwise improvement from 80.6% at 
CCS3(0) to 90.4% ay CCS3(5), while the ACS gradually 
decreased from 80.6% at ACS(3) to 66.0% at ACS(8) 
(Fig. 3).

Table I. Clinical characteristics of patients with early stage non‑small cell lung cancer stratified by treatments.

	 Surgical group	 Non‑surgical group
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 Lobectomy	 Sublobar resection		  Radiation	 Observation
Variable	 (n=18,154)	 (n=4,759)	 P‑value	 (n=2,618)	 (n=1,585)	 P‑value

Age, years			   <0.001			   0.013
  <70	   9,963	 2,058		  659	 454
  ≥70	   8,191	 2,701		  1,959	 1,131
Ethnicity			   <0.001			   <0.001
  Caucasian	 15,314	 4,116		  2,221	 1,266
  Non‑Caucasian	   2,840	 643		  397	 319
Sex			   0.433			   0.050
  Male	   8,126	 2,100		  1,151	 746
  Female	 10,028	 2,659		  1,467	 839
T classification			   <0.001			   <0.001
  T1a	   1,065	 652		  70	 52
  Tb	   6,202	 2,039		  856	 411
  Tc	   5,027	 884		  945	 575
  T2 Cent, Visc Pl	   2,653	 784		  125	 121
  T2a	   3,207	 400		  622	 426
Histology			   <0.001			   <0.001
  AD	 12,259	 3,017		  1,229	 793
  NSCC	   1,171	 342		  288	 218
  SC	   4,724	 1,400		  1,101	 574
Grade			   0.119			   0.246
  I‑II	 12,414	 3,198		  1,364	 855
  III‑IV	   5,740	 1,561		  1,254	 730
Laterality			   <0.001			   0.988
  Left	   7,218	 2,084		  1,137	 688
  Right	 10,936	 2,675		  1,481	 897
Sites in lung			   0.001			   0.752
  Upper lobe	 11,498	 3,084		  1,619	 964
  Middle lobe	   1,027	 197		  122	 71
  Lower lobe	   5,616	 1,475		  857	 534
  Main bronchus	       13	 3		  20	 16

Categorical variables were compared by using the Pearson's χ2 test. Cent, tumor involving main bronchus but not carina, atelectasis or hilum; 
Visc Pl, tumor involving visceral pleura; NSCC, histologic types of non‑small cell lung cancer other than adenocarcinoma or squamous cell 
carcinoma; AD, adenocarcinoma; SC, squamous cell carcinoma.

https://www.spandidos-publications.com/10.3892/ol.2019.10413
https://www.spandidos-publications.com/10.3892/ol.2019.10413
https://www.spandidos-publications.com/10.3892/ol.2019.10413
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In regard to the four treatment strategies, the changing 
trends of ACS and CCS3 were similar for all patients. 
The CCS3 of cases with lobectomy increased from 
86.9 to 91.7%, while the ACS decreased to 73.6% (8th year) 

from 86.9% (3rd year). In the cases with sublobar resection, 
the ACS gradually decreased from 80.8% at ACS(3) to 62.2% 
at ACS(8), while the CCS3 increased from 80.8 to 86.4%. 
Additionally, the CCS3 of patients undergoing radiation 
demonstrated a gradual improvement to 77.0% and the ACS 
decreased from 56.9 to 31.4%. Similarly, the CCS3 of patients 
undergoing observation increased from 32.3 to 58.2% and the 
ACS decreased to 11.4 from 32.3% (Fig. 4). Notably, patients 
who underwent non‑surgical therapy demonstrated a larger 
survival rate gap between ACS and CCS3 compared with 
patients who received surgical treatment. For instance, the 
difference between the ACS(8) and CCS3(5) of patients who 
received lobectomy was 18.1%, while the difference between 
ACS(8) and CCS3(5) of patients who received radiation was 
45.6%.

Comparison between CCS3 of treatment strategies. Among 
the four treatment strategies, lobectomy exhibited the highest 
CCS3 at each time point. The change in trend of CCS3 over 
time was more notable in patients who received non‑surgical 

Figure 2. The actuarial cancer‑specific survival and hazard rate of patients. (A) Actuarial cancer‑specific survival of all patients in the cohort. (B) Hazard rate 
of NSCLC‑associated mortality for all patients in the cohort. (C) Actuarial cancer‑specific survival of patients who underwent different treatment strategies. 
(D) Hazard rate of NSCLC‑associated mortality for patients who underwent different treatment strategies. NSCLC, non‑small cell lung cancer; lob, lobectomy; 
sub, sublobar resection; rad, radiation; obs, observation.

Figure 3. Comparison of ACS and CCS3 rates for all patients in the 
cohort. ACS, actuarial cancer‑specific survival; CCS3, conditional 3‑year 
cancer‑specific survival.
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treatment compared with those who received surgical 
treatment (Fig. 4). For example, the difference in CCS3 of 
patients treated with radiation between CCS3(0) and CCS3(5) 
was 20.1%, whereas, the difference in CCS3 of patients who 
received lobectomy between CCS3(0) and CCS3(5) was 
only 4.8%. The difference of CCS3 of patients who received 
sublobar resection was 5.6% between CCS3(0) and CCS3(5) 
and the group undergoing observation exhibited the most 

obvious improvement in CCS3, with a difference of 25.9% 
between CCS3(0) and CCS3(5).

Matched comparison of CCS3. Taking baseline covariate 
differences between treatment strategies into consideration, 
PSM was performed to establish two groups of compari-
sons to reveal the difference in CCS3. One comparison was 
between the surgical groups and the other comparison was 

Table II. Cox Proportional Hazard Regression Model of variables.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 P‑value	 HR	 95% CI	 P‑value	 HR	 95% CI

Age, years
  <70	 ‑	 1.000 	 ‑	 ‑	 1.000 	 ‑
  ≥70	 <0.001	 0.540	 0.512‑0.570	 <0.001	 0.707	 0.669‑0.748
Ethnicity
  Caucasian	‑	  1.000	‑
  Non‑Caucasian	 0.149	 0.947	 0.880‑1.020
Sex
  Male	‑	  1.000 	‑	‑	   1.000 	‑
  Female	 <0.001	 0.758	 0.720‑0.799	 <0.001	 0.796	 0.755‑0.839
T classification
  T1a	‑	  1.000 	‑	‑	   1.000 	‑
  Tb	 <0.001	 0.344	 0.299‑0.396	 <0.001	 0.445	 0.385‑0.514
  Tc	 <0.001	 0.454	 0.422‑0.488	 <0.001	 0.548	 0.508‑0.590
  T2 Cent, Visc Pl	 <0.001	 0.717	 0.667‑0.769	 <0.001	 0.756	 0.704‑0.812
  T2a	 <0.001	 0.702	 0.645‑0.764	 0.025	 0.905	 0.83‑0.988
Histology
  AD	‑	  1.000 	‑	‑	   1.000 	‑
  NSCC	 <0.001	 0.604	 0.570‑0.639	 <0.001	 0.806	 0.759‑0.856
  SC	 <0.001	 1.202	 1.101‑1.312	 0.540	 1.028	 0.940‑1.124
Grade
  I‑II	‑	  1.000 	‑	‑	   1.000 	‑
  III‑IV	 <0.001	 1.704	 1.617‑1.795	 <0.001	 1.323	 1.250‑1.400
Laterality
  Left	‑	  1.000	‑
  Right	 0.236	 1.032	 0.979‑1.088
Sites in lung
  Upper lobe	‑	  1.000 	‑	‑	   1.000 	‑
  Middle lobe	 <0.001	 0.263	 0.181‑0.381	 0.021	 0.641	 0.440‑0.935
  Lower lobe	 <0.001	 0.250	 0.170‑0.369	 0.059	 0.684	 0.462‑1.014
  Main bronchus	 <0.001	 0.283	 0.195‑0.412	 0.042	 0.676	 0.463‑0.986
Treatment strategy
  Observation	‑	  1.000 	‑	‑	   1.000 	‑
  Lobectomy	 <0.001	 0.122	 0.113‑0.132	 <0.001	 0.147	 0.135‑0.159
  Sublobar resection	 <0.001	 0.184	 0.168‑0.201	 <0.001	 0.231	 0.210‑0.253
  Radiation	 <0.001	 0.462	 0.421‑0.508	 <0.001	 0.452	 0.412‑0.497

Cent, tumor involving main bronchus but not carina, atelectasis or hilum; Visc Pl, tumor involving visceral pleura; NSCC, histologic types 
of non‑small cell lung cancer other than adenocarcinoma or squamous cell carcinoma; AD, adenocarcinoma; SC, squamous cell carcinoma; 
HR, hazard ratio; CI, confidence interval.

https://www.spandidos-publications.com/10.3892/ol.2019.10413
https://www.spandidos-publications.com/10.3892/ol.2019.10413
https://www.spandidos-publications.com/10.3892/ol.2019.10413
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between the non‑surgical groups. The covariates associ-
ated with prognosis were involved in the PSM. The paired 
cohorts were well balanced and the baseline covariate 

differences following PSM are presented in Table V. The 
lobectomy group presented with a higher ACS and CCS3 
compared with the sublobar resection group, and their 
trends of CCS3 were almost parallel (Fig.  5A). In the 
non‑surgical groups, the radiation group presented with 
a higher ACS and CCS3 compared with the observation 
group (Fig. 5B). The trends of the curves were similar to 
the unmatched ones in Fig. 4.

Discussion

Early‑stage NSCLC is a malignancy with a 5‑year lung 
cancer‑specific survival rate that ranges between 20 to 80% 
depending of the treatment strategy  (10). Traditional esti-
mates of prognosis are typically based on different stages or 
pathological characteristics and are presented as cumulative 
survival rates calculated by follow‑up data, which are obtained 
close to the time of diagnosis (1). However, this constant and 
simple information can be too limited to provide a precise esti-
mate of prognosis, particularly when patients have survived 

Table III. Number of patients at risk in each follow‑up year, prior to matching.

	 Surgical groups	 Non‑surgical groups
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Year	 Total cohort	 Lob	 Sub	 Rad	 Obs

0	 27,239	 18,154	 4,759	 2,618	 1,585
1	 21,000	 14,794	 3,700	 1,715	   791
2	 16,536	 12,236	 2,874	 1,003	   423
3	 12,826	   9,856	 2,190	   543	   237
4	   9,858	   7,768	 1,654	   311	   125
5	   7,333	   5,933	 1,170	   153	     77
6	   5,262	   4,343	   795	     71	     51
7	   3,648	   3,069	   500	     41	     31
8	   2,349	   2,010	   305	     28	     11

lob, lobectomy; sub, sublobar resection; rad, radiation; obs, observation.

Table IV. Number of patients at risk in each follow‑up year, following matching.

	 Surgical groups	 Non‑surgical groups
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Year	 Lob	 Sub	 Total cohort	 Rad	 Obs	 Total cohort

0	 4,724	 4,724	 9,448	 1,450	 1,450	 2,900
1	 3,895	 3,672	 7,567	   975	   736	 1,711
2	 3,238	 2,849	 6,087	   584	   389	   973
3	 2,623	 2,167	 4,790	   308	   214	   522
4	 2,082	 1,640	 3,722	   174	   112	   286
5	 1,609	 1,161	 2,770	     84	     71	   155
6	 1,202	   790	 1,992	     67	     49	   116
7	   832	   523	 1,355	     23	     31	     54
8	   604	   303	   907	       9	     11	     20

lob, lobectomy; sub, sublobar resection; rad, radiation; obs, observation.

Figure 4. Comparison ACS and CCS3 rates based on four treatment strategies. 
ACS, actuarial cancer‑specific survival; CCS3, conditional 3‑year cancer‑specific 
survival; lob, lobectomy; sub, sublobar resection; rad, radiation; obs, observation.
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for a certain time. With a long period following diagnosis, the 
accrued survival time may serve an important role, as the risk 
of recurrence and mortality are often the highest during the 
initial few years of follow‑up after diagnosis (4‑7). The present 
study identified that the HR increased immediately from the 
beginning of follow‑up, then peaked within the initial 2 years, 
which is consistent with a study by Kim et al (9).

CS estimates, which take into consideration that the 
survival risk changes over time, have been proposed as a 
more valid method to predict long‑term prognosis and esti-
mate dynamic survival rates (16‑21). The concept of CS has 
great practical value to provide a more accurate prediction 
for prognosis of early‑stage NSCLC. For example, if it has 
been 2 years since a patient had a lobectomy, when discussing 
the likelihood of survival in the fifth year, only the 5‑year 
ACS of 80.3% for patients who underwent lobectomy can be 
provided. This question can now be answered more appro-
priately with CS estimates. The current study revealed that 
CCS3(2) of lobectomy was 88.0%, which was 7.7% higher 
compared with ACS(5) and as the survival time increased 
CCS3 demonstrated a stepwise improvement, while the ACS 

gradually decreased. This result indicates that patients may 
have improved odds of survival when they have survived 
for a certain time period. In addition, this dynamic estimate 
of prognosis could assist with reliving anxiety for patients 
concerning survival and enhance their confidence regarding 
their prognosis.

In the present study, the CCS3 estimates increased as 
time progressed and the greatest improvement was observed 
among patients who did not undergo treatment and presented 
with a poor prognosis. This finding has been conformed by 
other studies  (21‑25). The smallest increase in CCS3 was 
discovered among patients who underwent lobectomy. The 
could be explained by evidence that the ACS of patients who 
underwent lobectomy decreased at the slowest rate, while 
the ACS of patients who did not receive treatment decreased 
sharply. Furthermore, it was revealed that the CCS3 for the 
last 2 years was similar for patients who underwent observa-
tion and those who received radiation treatment. This result 
indicates that if patients who had no treatment survived for 
the initial 3 years following diagnosis, the probability that 
these patients will survive for another 3 years was similar to 

Table V. Clinical characteristics of patients following propensity‑score matching.

	 Surgical groups	 Non‑surgical groups
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
	 Lobectomy	 Sublobar resection		  Radiation	 Observation
Variable	 (n=4,724)	 (n=4,724)	 P‑value	 (n=1,450)	 (n=1,450)	 P‑value

Age, years			   1.000			   0.832
  <70	 2,054	 2,054		  370	 375
  ≥70	 2,670	 2,670		  1,080	 1,075
Sex			   1.000			   0.970
  Male	 2,649	 2,649		  786	 785
  Female	 2,075	 2,075		  664	 665
T classification			   1.000			   0.998
  T1a	   621	 621		  31	 33
  Tb	 2,039	 2,039		  408	 404
  Tc	   884	 884		  546	 548
  T2 Cent, Visc Pl	   780	 780		  86	 84
  T2a	   400	 400		  379	 381
Histology			   1.000			   0.866
  AD	 2,997	 2,997		  747	 734
  NSCC	 1,393	 1,393		  532	 538
  SC	   334	 334		  171	 178
Grade			   1.000			   0.601
  I‑II	 3,177	 3,177		  808	 794
  III‑IV	 1,547	 1,547		  642	 656
Sites in lung			   1.000			   0.977
  Upper lobe	 3,066	 3,066		  910	 907
  Middle lobe	   194	 194		  48	 48
  Lower lobe	 1,462	 1,462		  483	 484
  Main bronchus	       2	 2		  9	 11

Cent, tumor involving main bronchus but not carina, atelectasis or hilum; Visc Pl, tumor involving visceral pleura; NSCC, histologic types 
of non‑small cell lung cancer other than adenocarcinoma or squamous cell carcinoma; AD, adenocarcinoma; SC, squamous cell carcinoma.
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those who received radiation. A natural selection effect on 
the initial population may explain why patients with the most 
unfavorable prognosis exhibit the fastest increase in CCS. In 
other words, the patients with the highest risk succumb to the 
disease in the initial years, which leaves a healthier population 
of patients over time. Therefore, CS estimates may provide 
a more accurate and more optimistic prognostic prediction, 
particularly for patients who are initially predicted to have a 
poor prognosis.

Although the CCS3 for the four strategies increased steadily, 
no CCS3 rates reached 100%, which is different from certain 
types of cancer, including thyroid and skin cancers (26). This 
result indicates that certain patients continued to succumb 
to cancer during follow up. However, as the mortality risk 
decreased with time elapsing, the CCS increased and reached 
a relatively higher survival rate, which is defined as the 
‘threshold value’. The present results suggested that patients 
with lobectomy reached a threshold value earlier compared 
with patients treated with other strategies. For example, CCS3 
estimates for patients with lobectomy exceeded a threshold of 
85% 1 year after surgery, however, the CCS3 for patients with 
sublobar resection only reached 85% 4 years after surgery. 
These results suggest that the follow‑up period for stage I 
patients with lobectomy could possibly be shorter compared 
with patients who underwent sublobar resection. Therefore, 
dynamic CCS estimates may assist with the development of 
optimal surveillance strategies, particularly during the process 
of designing and reporting clinical trials.

According to the results of a Lung Cancer Study Group 
trial (27,28), lobectomy has been the preferred option for the 
resection of early‑stage NSCLC for two decades. Since lobec-
tomy may impair lung function more compared with sublobar 
resection, it can be debated whether anatomic segmentectomy 
is an appropriate surgical strategy for small, peripheral 
tumors (29). Two randomized controlled trials are currently 
in progress, which are aiming compare perioperative and 
oncologic outcomes of patients receiving sublobar resection 
or lobectomy (30,31). However, primary analysis of the overall 
survival endpoint is planned for 2020. Therefore, which 
surgical procedure is the most beneficial to offer the highest 
survival rate and safety remains unknown.

In the present study, lobectomy had the highest CCS3 
and ACS rates among the four different treatment strategies 
for all time points, and it was closely followed by sublobar 
resection. This result suggests that lobectomy may be the best 
choice for early stage NSCLC, which is supported by previous 
studies (10,32,33). To adjust the effects of demographic and 
pathological characteristics on prognosis, PSM was performed 
between lobectomy and sublobar resection, and no significant 
differences in covariables were identified following match. 
The survival outcomes were similar with those revealed prior 
to matching, which indicated that lobectomy was superior to 
sublobar resection in the cohort of cases with similar condi-
tions. Patient selection with improved physical conditions, 
sufficient nodes dissection and improved operative technology 
may have resulted in improved survival outcomes following 
lobectomy. However, as certain studies have reported that 
the survival outcomes of lobectomy and sublobar resection 
are similar, the significant difference of survival outcomes 
between lobectomy and sublobar resection in the present study 
may have resulted from the lack of subdividing the location 
and size of tumor in the sublobar resection group (34,35).

Referring to the non‑surgical group, the ACS and CCS3 
rates were markedly lower compared with the surgical group. 
The CCS3 of the observation group was lower compared with 
that of radiation group. In addition, the increase in the CCS3 
in the observation group was faster compared with that of the 
radiation group regardless of whether the comparison was 
performed prior to or following matching, which demonstrates 
that observation leads to a poorer prognosis compared with 
radiation; however, as time progresses the CCS of patients 
treated by observation may be similar to that of patients 
treated by radiation.

The current study had numerous limitations that require 
attention. Firstly, the analysis was a retrospective study and 
some bias might occur (36). Second, confounders, including 
pulmonary function, consolidation tumor ratio and physical 
status were not available for adjustment in the study. Third, the 
current study lacked data regarding stereotactic body radiation 
therapy. Fourth, the present study only presented the calculating 
method of CS and took CCS3 as an example, while the CCS 
was not presented for patients who will survive for an extra 1 
or 2 years, as was performed in a study by Fukui et al (37), 
which could provide more specific information for patients. 
However, based on the calculating method introduced, this 
information is easy to obtain. Fifth, other therapeutic effect 
assessment indexes, including recurrence‑free CS and progres-
sion‑free CS, were not investigated in the current study. Sixth, 

Figure 5. Comparison of ACS and CCS3 rates among surgical groups and 
non‑surgical groups following propensity‑score matching. (A) Comparison 
of ACS and CCS3 rates between lobectomy and sublobar resection. 
(B) Comparison of ACS and CCS3 rates between radiation and observa-
tion. ACS, actuarial cancer‑specific survival; CCS3, conditional 3‑year 
cancer‑specific survival; lob, lobectomy; sub, sublobar resection; rad, radia-
tion; obs, observation.
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the follow‑up data obtained from SEER used in the present 
study was cut‑off in 2014; therefore, recent cases were not 
included. Finally, despite exploiting the statistical adjustments 
made by PSM, it may still be difficult to fully control potential 
confounding by indication in population‑based analyses (38). 
Therefore, the findings should be further verified by prospec-
tive studies.

In conclusion, CS estimates may provide a more accurate 
and optimistic survival prediction, and may also assist with 
the generation of treatment decisions and surveillance strate-
gies. Furthermore, the current analysis provided evidence 
that supports lobectomy as the optimal treatment strategy for 
I stage NSCLC treatment compared with sublobar resection.
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