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We thank Dr. Hwang et al. from Korea for their thoughtful 
comments on our recent article (1). Our group recently 
published a study in the Heart, Lung and Circulation, 
reporting that natural course of persistent subsolid nodules 
(SSNs) in the term of true growth, substantial growth and 
stage shift (2). In this retrospective single-center study, we 
enrolled 128 persistent SSNs [93 pure ground-glass nodules 
(GGNs) and 35 part-solid nodules (PSNs)] 3 cm or smaller 
from 128 participants, and reported their observation 
during long-term follow-ups (average of 3.57 years, 
maximum follow-up period of 12 years). In this study, pure 
GGNs exhibited median natural progression times of 7, 9, 
and 12 years for true growth, substantial growth, and stage 
shift, respectively. However, PSNs exhibited median natural 
progression times of 3, 3, and 9 years for true growth, 
substantial growth, and stage shift, respectively.

In recent years, increasing utilization of low-dose 
computed tomography (CT) tools for lung cancer screening 
has resulted in a significant portion of SSNs detected in 
the screening population, especially in an Asian population 
with the high prevalence of non-smoking related lung 
cancer (3,4). Overall, most patients (approx. 70%) with 
lung adenocarcinoma were non-smokers in Taiwan, and 
most patients with clinical symptoms are diagnosed at an 
advanced stage with poor survival outcome despite recent 
developments in the target therapy of late stage lung cancer 
over recent years (5). In the meantime, recent studies 

demonstrated that almost over 90% of screened lung 
cancers were stage I lung cancer (mostly adenocarcinoma 
spectrums) with the excellent prognosis in the Asian non-
smoking related lung cancer screening programs (3,6).

The difference between non-screened and screened 
non-smoking related lung cancers make us notice the 
heterogeneity in growth pattern and risk factors of lung 
cancer (7).

According to recent literature reviews, there were high 
prevalence of non-smoking related lung cancers found in 
the Asian lung cancer screening program (3,4,6). Most 
patients with lung cancers diagnosed in the screening 
program were not eligible for National Lung Screening 
Trial (NLST) criteria (3,8). Previous studies have 
demonstrated that family history and female gender are two 
important risk factors with non-smoking related lung cancer 
(3,4). In addition, the average PM2.5 levels in Taiwan were 
much higher than the levels in European cities according 
to the European Study of Cohorts for Air pollution Effects 
(ESCAPE), especially in Kaohsiung city (9). This issue of 
expanding screening eligibility criteria may be relevant 
in Taiwan because of regional genetic and environmental 
differences. Should never-smokers at increased risk for 
lung cancer be screened? Recent microsimulation study 
by Kelvin demonstrated that never-smokers with high risk 
(RRs of 15 to 35) have similar to better trade-offs between 
benefits and harms compared with population eligible for 
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NSLT criteria (10). However, lung cancer screening is not 
beneficial for most never-smokers at low risk. Comparison 
of eligible populations for low-dose CT screening by 
NLST criteria in the US and Taiwan are summarized in 
Figure 1 according to previous several studies (3,8,11,12). 
In the future, it is mandatory to investigate the proportion 
of real-world data on the rate of non-smoking related lung 
cancer in the United State and prognostic benefit in Asian 
non-smoking LDCT screening program.

There is a high prevalence of SSNs variant in size in 
the Asian non-smoking related population than in the 
US according to the previous studies. (16.2% in Taiwan 
versus 3.7–4.2% in the US) (3,13,14). However, this is the 
dilemma in clinical management. Over-management/over-
treatment these small SSNs could lead to overdiagnosis 
(15). On the other hand, some patients are very anxious 
about these SSN lesions and worry that follow-up policy 
will lead to delays in lung cancer diagnosis and treatment. 
In this study, most GGNs have the more indolent 
behavior of growth pattern. Our study results are in line 
with 2017 Fleischer guideline recommendation (16).  
Wait and see policy with longer follow-up period >5 year 
is recommended for GGN management (2). For PSNs, 
they have the more aggressive behavior of growth pattern 
than GGNs. In addition, our study result showed that 
substantial growth is the high correlative with the degree 
of invasiveness, suggestive of substantial growth reflects 
the pathological invasive component of adenocarcinoma. 
Recent studies have demonstrated that older age, history 

of lung cancer, initial size 8 mm or larger, presence of a 
solid component, and air bronchogram were independent 
risk factors for subsequent SSN growth (2,17). For these 
pure GGNs, the most important thing is to predict 
potential rapid-growing lesions. In the future, to develop 
the prediction model integrated with clinical characters, 
texture or volumetric analysis on radiomic features and 
genetic information for GGN growth prediction is 
warranted (18,19). 
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Figure 1 Comparison of eligible populations for low-dose CT screening by NLST criteria in the US and Taiwan. CT, computed 
tomography; NLST, National Lung Screening Trial.
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