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ABSTRACT

Background Limited data are available regarding
the management of subsolid nodules detected on lung
cancer screening with low-dose CT (LDCT). We aimed
to determine the characteristics of screen-detected
subsolid nodules, and to evaluate the probability of
lung cancer and the clinical course of subsolid nodules
detected at baseline and during follow-up screening.
Methods We evaluated 50 132 asymptomatic adults
(22631 never-smokers and 27 501 ever-smokers) who
underwent LDCT screening for lung cancer between May
2003 and June 2019 at a tertiary centre in South Korea.
The incidence, characteristics and clinical outcomes of
the baseline and new screen-detected subsolid nodules
were determined.

Results A total of 6725 subsolid nodules (5116

pure ground glass opacity nodules and 1609 part-
solid nodules) were detected in 4545 participants
(1484 new subsolid nodules detected in 937 (1.9%)
participants; the overall incidence of subsolid

nodules: 10.7% in never-smokers and 7.7% in ever-
smokers, p<0.001). Among 4918 subsolid nodules
that underwent follow-up with CT scans (the mean
number of CT scans, including the baseline LDCT
scan: 4.6), 2116 nodules (30.0% of baseline subsolid
nodules and 78.9% of new subsolid nodules) resolved
spontaneously. Among 293 biopsied subsolid nodules,
227 (77.5%) nodules were diagnosed as lung cancer,
of which 226 (99.6%) were adenocarcinomas. No
significant difference was observed in pathological
invasiveness or the initial stage between the baseline
and new cancerous subsolid nodules. Multivariable
analyses revealed that new detection at follow-up
screening was significantly associated with a lower
probability of lung cancer (OR 0.26, 95% C1 0.14 to
0.49) and overall growth (OR 0.39, 95% CI 0.26 to
0.59), but with a higher probability of resolution (OR
6.30, 95% CI 5.09 to 7.81).

Conclusions LDCT screening led to a considerably
high rate of subsolid nodule detection, particularly in
never-smokers. Compared with the baseline subsolid
nodules, the new subsolid nodules were associated
with a lower probability of lung cancer and higher
probability of spontaneous resolution, indicating
their more inflammatory nature. Less aggressive
follow-up may be allowed for new subsolid nodules,
particularly in screening programmes for Asian
populations.

1,2

What is the key question?

» What are the characteristics, probability of lung
cancer and clinical outcomes of baseline and
new subsolid nodules detected by low-dose CT
screening in the Asian population?

What is the bottom line?

» In alung cancer screening cohort of 50132
asymptomatic Asian participants, new subsolid
nodules had a lower probability of lung cancer
and a higher probability of spontaneous
resolution than subsolid nodules detected at
baseline.

Why read on?

» The results offer insight into the cancer
probability and outcomes of screen-detected
subsolid nodules and indicate that less
aggressive follow-up may be allowed for new
subsolid nodules, particularly in screening
programmes for Asian populations.

INTRODUCTION

Following the promising results of mortality
reduction from the National Lung Screening Trial
(NLST) and the Dutch-Belgian Randomised Lung
Cancer Screening (NELSON) trial,' * low-dose
CT (LDCT) has been widely introduced for lung
cancer screening. Although the US Preventive
Services Task Force currently recommends LDCT
screening for lung cancer in heavy smokers aged
55-80 years,’ several large cohort studies suggested
that LDCT screening might be beneficial to many
individuals who do not meet these criteria.*’ Many
other countries do not yet have criteria for LDCT
screening. In East Asia, where the incidence of lung
cancer among never-smokers is relatively high and
increasing,’ ” LDCT screening is widely applied to
both never- and ever-smokers and to individuals of
younger age.®’

The increased use of LDCT for lung cancer
screening has led to a considerable increase in the
detection of pulmonary nodules. This has led to
increased awareness of screen-detected subsolid
nodules, including pure ground glass opacity
nodules (GGNSs) and part-solid nodules, which are
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detected in a notable proportion of the screened individuals.'* !

Although some are transient, persistent subsolid nodules are
likely indicative of lung adenocarcinoma and tend to have a
different nature from solid cancers, indicating a distinct disease
entity.'”” ¥ The management of subsolid nodules is important,
considering the relatively high likelihood of malignancy, but is
complicated and challenging due to their indolent behaviour and
heterogeneity in the natural course."* ' To date, due to limited
data on the management of subsolid nodules, recommendations
vary among guidelines.'®*® Particularly, subsolid nodules are
more prevalent in women and never-smokers of Asian origin."
Although increasing data on long-term follow-up are available,
few studies have investigated the management of screen-detected
subsolid nodules. Most of the data of large screening trials come
from Caucasians with a significant history of smoking, and these
studies report a considerably lower incidence of subsolid nodules
than studies conducted in Asia.'? %!

Considering that determining how best to follow-up and manage
detected nodules is essential in the era of lung cancer screening, differ-
entiation of nodules found at baseline screening and new nodules
found at follow-up screening is particularly important because
they differ in developmental time frames. This is supported by the
recent data from the NELSON trial, which revealed that the risk
of lung cancer is higher with solid nodules that are newly detected
at incident screening than with solid nodules detected at baseline
screening.”> Lung cancers found in incidence screenings tend to
exhibit more aggressive features compared with those detected at
baseline. Therefore, for new solid nodules, caution and smaller
size cutoffs for evaluation are recommended.'® ** However, to date,
studies on the difference between the baseline and new subsolid
nodules are limited. Large trials only included a small number of
subsolid nodules due to the low incidence among the study popu-
lation.” This study, therefore, aimed to assess the incidence and
characteristics of screen-detected subsolid nodules in a large cohort
including never-smokers in South Korea, and to evaluate the prob-
ability of lung cancer and the clinical course of baseline and new
screen-detected subsolid nodules.

MATERIALS AND METHODS

Study design and participants

This study was designed as a single-centre, retrospective cohort study
of participants aged =18 years who voluntarily underwent LDCT
screening for lung cancer between May 2003 and June 2019 at the
Health Promotion Centre of Seoul National University Bundang
Hospital, a tertiary centre in South Korea. All participants under-
went LDCT screening as part of their health checkups and were
asymptomatic at the time of baseline screening. Questionnaires were
used to evaluate the smoking status (never-smoker, ex-smoker or
current-smoker) and the amount of smoking in pack-years. Never-
smokers were defined as participants who had never smoked or
had smoked <100 cigarettes in their lifetime.”® Participants with
unknown smoking history at the time of the first LDCT screening
were excluded; participants with data on smoking status but without
the amount of smoking were included.

Participants with positive nodules, defined as any non-
calcified nodule in which the longest diameter was at least
4mm, were referred to the pulmonary division. Decisions
regarding follow-up and pathological evaluations were made
by the attending specialist in the pulmonary division. Based
on guidelines at the time, the decision to perform an invasive
biopsy mainly depended on the radiological aspects of the
nodule and was not additionally weighted by other demographic
factors. The pathological diagnosis of a nodule was performed

using video-assisted thoracoscopic surgery, percutaneous needle
biopsy, or bronchoscopic biopsy. For this study, of the screened
participants, those with pulmonary subsolid nodules were retro-
spectively evaluated. All participants were categorised into two
groups; never-smokers and ever-smokers, based on their smoking
history. As the smoking amount information was missing for
a proportion of the ever-smokers, we were unable to further
stratify this group by the amount of smoking. The requirement
for obtaining informed consent was waived.

Procedures and outcomes
Unenhanced LDCT scans were performed at a peak tube voltage of
100 kV and a reference tube current of 20-50 mA using one of the
following multidetector row scanners: Mx-8000 IDT 1, Mx-8000
IDT 2, Mx-8000 IDT 16 (all by Philips Medical Systems, Cleve-
land, Ohio, USA); Brilliance-64, Brilliance iCT 256 (Philips Medical
Systems, Best, the Netherlands). All LDCT images were recon-
structed with 3 mm or thinner slices in the axial plane and a 3mm
slice in the coronal plane and were initially stored in a dedicated
electronic Picture Archiving and Communication System. All images
were initially interpreted by board-certified experienced chest radiol-
ogists. For this study, a pulmonary physician (YWK) and a radiologist
(KWL) reviewed all images with reports of positive subsolid nodules,
which were defined as pure GGNs or as part-solid nodules in which
the longest diameter was at least 4 mm. Screening images taken before
and after the first report of a subsolid nodule were also reviewed to
determine the time frame of occurrence and to confirm a diagnosis
of a subsolid nodule. The size of a subsolid nodule was defined by its
maximal diameter on the lung window setting. The determination of
pure GGN and part-solid nodule was based on the tumour shadow
disappearance rate (TDR), as follows: TDR=0 for pure GGNs and
0<TDR<1 for part-solid nodules."® For part-solid nodules, the size
of the solid component was measured with its maximal diameter on
the mediastinal window setting. All reviewed subsolid nodules were
classified by using the lung-reporting and data system (RADS) criteria
(edition 1.0).>* For inconsistent findings, a consensus was reached
by a discussion on the confirmation, location and characteristics,
including the lung-RADS criteria, for the reviewed subsolid nodules.
For detected subsolid nodules, the location, Lung-RADS cate-
gory at first detection, and the duration and total number of CT
scans during follow-up were assessed. All follow-up CT scans
were assessed to evaluate the clinical course and outcomes of the
subsolid nodules. Results from CT scans taken for later screening
after the detection of subsolid nodules were included as addi-
tional follow-ups. The outcome of the detected subsolid nodules
was determined, based on the final status on the last CT scan.
Growth of a subsolid nodule was defined as (1) =2 mm increase
in size, (2) =2mm increase in the solid component of a part-
solid nodule or (3) emerging new solid component of any size
in a pure GGN.?” Resolution of a subsolid nodule was defined
as (1) disappearance or (2) a decrease in the total size or solid
component of =2mm from initial detection. Other conditions
were defined as stable. For each subsolid nodule that underwent
invasive procedures for a pathological diagnosis, the type of
diagnostic procedures, and any associated complications were
evaluated. The pathological reports, final diagnosis of biopsied
subsolid nodules, and staging reports and records of initial treat-
ment and outcomes for diagnosed lung cancer were obtained.
For participants who had synchronous multiple lung nodules,
medical records revealed the specific target nodule that under-
went biopsy and specific pathological results for every biop-
sied nodule. Participants who had screen-detected subsolid
nodules but who had received a pathological diagnosis after
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the development of cancer-related symptoms were included for
outcome analyses. The pathological classification and staging
of lung cancer described in this study were based on the 2015
WHO Classification and the International Association for the
Study of Lung Cancer and the American Joint Committee on
Cancer Stage Classification of non-small-cell lung cancer, eighth
edition.?$~3¢

Statistical analysis

Continuous data are presented as means and SD, whereas cate-
gorical data are presented as numbers and proportions (%). To
compare clinical and radiological characteristics between groups,
Student’s t-test was used to analyse continuous variables and
Pearson’s x> test or Fisher’s exact test were used to analyse cate-
gorical variables. Estimation and comparison of the cumulative
incidence of invasive biopsy and lung cancer diagnosis during the
follow-up period were conducted by using the Cox proportional
hazards regression model for clustered data with adjustments
for potential factors and excluding variables that showed multi-
collinearity. Univariable and multivariable analyses for poten-
tial factors affecting the outcomes (diagnosis of lung cancer,
growth and resolution) of screen-detected subsolid nodules were
performed with the generalised estimating equations method
regarding cases of multiple nodules from one participant. The
models were adjusted for sex, age, smoking status and variables
with p values less than 0.2 in univariable analyses with exclu-
sion of variables that showed multicollinearity. No covariates
included in the regression models had missing values. The 95%
CIs were calculated; p values <0.05 were considered statistically
significant. All analyses were performed using SAS, V.9.4 (SAS
Institute) and STATA, V.16.0 (StataCorp).

RESULTS

Participant characteristics

Figure 1 presents a flow chart of the study. During the study period,
54189 participants underwent LDCT for lung cancer screening. After
excluding 4057 participants with unknown smoking history, 50132

participants (22631 never-smokers and 27501 ever-smokers) were
analysed. The baseline characteristics of all participants are described
in online supplemental table 1. Subsolid nodules were detected
in 2426 (10.7%) never-smokers and 2119 (7.7%) ever-smokers
(p<0.001), with the majority of subsolid nodules detected at base-
line screening. Of the screened participants, 225 (0.4%) required
invasive biopsy for diagnosis of the detected subsolid nodules, and
193 (0.4%) were diagnosed with lung cancer.

Table 1 provides the baseline characteristics of participants
with screen-detected subsolid nodules. Regardless of smoking
status, over one-third of participants with screen-detected
subsolid nodules were aged <50 years at baseline. Compared
with ever-smokers, never-smokers with screen-detected subsolid
nodules tended to be female (7.2% vs 67.7%, p<0.001), have
subsolid nodules detected at the first screening (74.0% vs 84.1%,
p<0.001) and have a single subsolid nodule (71.7% vs 76.7%,
p<0.001). The proportion of participants with screen-detected
subsolid nodules requiring invasive biopsy for a pathological
diagnosis, and those finally diagnosed with lung cancer, did not
significantly differ between never-smokers and ever-smokers.

Characteristics and clinical outcomes associated with screen-
detected subsolid nodules

Online supplemental table 2 presents the characteristics and outcomes
of 6725 (5,241 baseline and 1484 new) screen-detected subsolid
nodules. Compared with baseline subsolid nodules, new subsolid
nodules tended to present in male (57.2% vs 76.3%, p<0.001) and
in ever-smokers (44.5% vs 61.3%, p<0.001), be part-solid (22.0%
vs 30.7%, p<0.001) and require additional follow-up (68.8% vs
88.3%, p<0.001). When evaluating subsolid nodules that under-
went additional follow-up after first detection, baseline subsolid
nodules had a lower rate of resolution (30.0% vs 78.9%p<0.001)
and a higher growth rate (7.1% vs 2.5%, p<0.001) than new subsolid
nodules. A higher rate of undergoing invasive biopsy (5.1% vs 1.8%,
p<0.001) and lung cancer diagnosis (4.0% vs 1.1%, p<0.001) was
observed for baseline subsolid nodules compared with new subsolid
nodules. Subgroup analyses on the characteristics and clinical course

54,189 subjects received LDCT screening

4,057 excluded by unknown

smoking history

| 50,132 subjects analysed |

!

| 22,631 never-smokers

|

2,426 (10.7%) subjects with
3,482 pulmonary subsolid
nodules

! l

!

| 27,501 eversmokers |

|

2,119 (7.7%) subjects with
3,243 pulmonary subsolid
nodules

| | !

2,907 (83.5%) subsolid 575 (16.5%) subsolid

nodules detected nodules detected
at baseline screening at follow-up screening

2,334 (72.0%) subsolid 909 (28.0%) subsolid
nodules detected nodules detected
& baseline screening at follow-up screening

! !

J J

110 (3.8%) diagnosed 3 (0.5%) diagnosed

as lung cancer as lung cancer

100 (4.3%) diagnosed 14 (1.5%) diagnosed

as lung cancer as lung cancer

Figure 1  Flow diagram of the study population.
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Table 1 Characteristics of participants with positive subsolid nodules
detected on low-dose chest CT screening

Table 2 Characteristics and clinical course of pure GGNs detected at
baseline screening and follow-up screening

Never-smoker  Ever-smoker

Baseline pure New pure

Total (n=4545) (n=2426) (n=2119) P value* Total (n=5116)  GGN (n=4088) GGN (n=1028) P value*
Age at first screening <0.001 Nodule diameter at first 6.1+2.1 6.1£2.2 6.2+1.9 0.113
detection (mm), mean+SD
<45 years 1154 (25.4) 506 (20.9) 648 (30.6)
Sex of participants with 3039 (59.4) 2278 (55.7) 761 (74.0) <0.001
45-49 years 751 (16.5) 379 (15.6) 372 (17.6) nodules (male), n (%)
50-54 years 796 (17.5) 413(17.0) 383 (18.1) Smoking status of <0001
55-59 years 684 (15.0) 403 (16.6) 281 (13.3) Ea(f,}'i'pa”ts with nodules,
0,
60-64 years 493 (10.8) 291 (12.0) 202 (9.5) Never-smoker 2731 (53.4) 2319 (56.7) 412 (40.1)
SRS 2BEE A EBES Ever-smoker 2385 (46.6) 1769 (43.3) 616 (59.9)
70-74 years 206 (4.5) 141 (5.8) 65 (3.1) Location, n (%) <0.001
=/ i (5 583 e Right upper lobe 1404 (27.4) 1137 (27.8) 267 (26.0)
Mean:SD 522111 5384112 204107 Right middle lobe 494(9.7) 387(95) 107 (10.4)
0/
Sex, male, n (%) 2749 (60.5) 783 (32.3) 1966 (92.8) <0.001 Righelonerione 1158 (22.6) 887 21.7) 271 (26.4)
S_ubsolld nqdule(s)odetected at 3608 (79.4) 2040 (84.1) 1568 (74.0) <0.001 Left upper lobe 1084 212) 908 (22.2) 176 17.1)
first screening, n (%)
No subsolid nodule atfirst 937 (20.6) 386(159)  551(26.0) <0.001 Wil ST (L) ) 2 (@)
screening but new 5Ub§°|id Lung-RADS category at first 0.457
nodule(s) detected during detection of nodule, n (%)
follow-up screening, n (%)
2 5082 (99.3) 4058 (99.3) 1024 (99.6)
Participants with single subsolid 3380 (74.4) 1860 (76.7) 1520 (71.7) <0.001
nodule, n (%) 3 33(0.6) 29(0.7) 4(0.4)
Participants with multiple 1165 (25.6) 566 (23.3) 599 (28.3) <0.001 4A 0 0 0
subsolid nodules, n (%)
4B 0 0 0
Underwent invasive biopsy of 225 (5.0) 114 (4.7) 111 (5.2) 0.403
subsolid nodule, n (%)t 4X 1(0.0) 1(0.0) 0(0)
Trgreslesngeme, (9B 98 (4.0) 95 (45) 0.459 Pure GGNs that received 3503 (68.5) 2614 (63.9) 889 (86.5) <0.001
n (%) additional follow-up
(including a later
Diagnosed as other 1(0) 0(0) 1(0) 0.466 screening), n (%)
malignancy, n (%)# . :
No of CT scans, including ~ 4.7+3.2 4.2+3.1 5.9+3.0 <0.001
Diagnosed as benign (false- 31 (0.7) 16 (0.7) 15(0.7) 0.843 the first LDCT, mean+SD
positive), n (%) . X
Duration from first 46.6+39.7 50.5+41.7 35.4+30.8 <0.001
*The p value is based on the comparison between never-smokers and ever-smokers. detection of nodule to
tIncludes video-assisted thoracic surgery, percutaneous needle biopsy and bronchoscopic biopsy. the last CT scan (months)
$One patient was di | with mali lympl after the resection of a subsolid nodule. '
mean=SD
Outcome of pure GGNs
. - 0/
of the screen-detected pure GGNs and part-solid nodules are after follow-up, /N (%)
provided in tables 2 and 3, respectively. In general, differences in the Resolutiont 23:3167)’3'503 655/2,614(25.1)  662/889 (74.5)  <0.001
baseline characteristics and clinical outcomes between baseline and ’
P . Completely di d  1,271/3,503 632/2,614 (24.2 639/889 (71.9 0.001
new nodules were similar for pure GGNs and part-solid nodules. SRR e 222 UIEh <
. Flgure 2 presents the cumu}atwe .haziards Of mnvasive blOPSY Decreased in size or solid ~ 46/3,503 (1.3) 23/2,614 (0.9) 23/889 (2.6) <0.001
(figure 2A) and lung cancer diagnosis (figure 2B) after the first portion
detection in baseline and new subsolid nodules. The median Stable 2,026/3,503 1,819/2,614 (69.6) 207/889 (23.3)  <0.001
(IQR) follow-up time was 35.1 (6.8-71.3) months for baseline (57.8)
subsolid nodules and 35.1 (13.7-58.5) months for new subsolid Growth# 160/3,503 (4.6) 1402614 (5.4)  20/889 (2.2)  <0.001
nodules. Multivariate Cox regression model estimates revealed Pure GGNs that underwent 117 (2.3) 104 (2.5) 13(1.3) 0014
that, after adjusting for potential covariates, new subsolid nodules I b, )
had a lower risk of undergoing a biopsy (HR 0.39, 95% CI 0.26 Di(ag?osed aslung cancer, 76 (1.5) 67 (1.6) 9(09) 0.070
. . n (%
to 0.58) and lung cancer diagnosis (HR 0.31, 95%CI 0.19 to §
Diagnosed as benign (false- 41 (0.8) 37(0.9) 4(0.4) 0.097

0.51) than baseline subsolid nodules. The detailed results of the
Cox proportional hazard models are provided in online supple-
mental table 3.

The diagnostic procedures and related complications and
final pathological diagnosis of screen-detected subsolid nodules
are provided in table 4. Among 293 subsolid nodules requiring
invasive biopsy, 227 (77.5%, 210 detected at baseline and 17
newly detected) were diagnosed as lung cancer. Compared
with baseline subsolid nodules, new subsolid nodules tended
to be diagnosed as benign (20.7% vs 37.0%, p=0.051) after
invasive biopsy. The rates of atypical adenomatous hyper-
plasia (AAH, 58.2% vs 20.0%) or focal fibrosis (16.4% vs 0%)
were higher for baseline subsolid nodules that were found to
be false-positive after biopsy than those for the new subsolid
nodules. The characteristics of lung cancer diagnosed from

positive), n (%)

*The p value is based on the comparison between baseline and new nodules.

tNodules that disappeared, or exhibited a decrease of =2 mm in the total size or solid portion.

+Nodules that exhibited an increase of =2 mm in the total size or solid portion, or a new solid portion emerged.
GGN, ground glass opacity nodule; LDCT, low-dose chest CT; RADS, reporting and data system.

screen-detected subsolid nodules are provided in table 5. All
but one subsolid nodules were preinvasive or invasive adeno-
carcinomas. The pathological classification and initial staging
did not significantly differ between baseline and new subsolid
nodules. Online supplemental table 4 shows the classification
of diagnosed adenocarcinomas, based on the International
Classification of Diseases for Oncology code, and the 2015
WHO classification of lung tumours.*!
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Table 3 Characteristics and the clinical course of part-solid nodules
detected at baseline screening and follow-up screening

Baseline part-

solid nodule New part-solid
Total (n=1609) (n=1153) nodule (n=456) P value*
Nodule diameter at first 9.3+5.2 9.7+5.5 8.4x4.4 <0.001
detection (mm), mean+SD
Sex of participants with 1093 (67.9) 722 (62.6) 371(81.4) <0.001
nodules (male), n (%)
Smoking status of <0.001
participants with nodules,
n (%)
Never-smoker 751 (46.7) 588 (51.0) 163 (35.7)
Ever-smoker 858 (53.3) 565 (49.0) 293 (64.3)
Location, n (%) 0.169
Right upper lobe 421 (26.2) 312 (27.1) 109 (23.9)
Right middle lobe 152 (9.4) 104 (9.0) 48 (10.5)
Right lower lobe 384 (23.9) 268 (23.2) 116 (25.4)
Left upper lobe 360 (22.4) 270 (23.4) 90 (19.7)
Left lower lobe 292 (18.1) 199 (17.3) 93 (20.4)
Lung-RADS category at first <0.001
detection of nodule, n (%)
2 125 (7.8) 125 (10.8) 0(0)
3 890 (55.3) 786 (68.2) 104 (22.8)
4A 405 (25.2) 164 (14.2) 241 (52.9)
4B 182 (11.3) 71(6.2) 111 (24.3)
4X 7(0.4) 7(0.6) 0(0)
Part-solid nodules that 1415 (87.9) 993 (86.1) 422 (92.5) <0.001
underwent additional
follow-up (including later
screening), n (%)
No of CT scans, including 4.4+2.7 3.7£23 6.1£3.0 <0.001
the first LDCT scan,
mean+SD
Duration from first 35.4+37.8 35.3+38.6 35.8+35.7 0.797
detection of a nodule
to the last CT scan
(months), mean+SD
Outcome of part-solid
nodules after follow-up,
n/N (%)
Resolutiont 799/1415 (56.5) 427/993 (43.0) 372/422 (88.2) <0.001
Completely disappeared  758/1415 (53.6) 405/993 (40.8) 353/422 (83.6) <0.001
Decreased in size or 411415 (2.9) 22/993 (2.2) 19/422 (4.5) 0.019
solid portion
Stable 486/1415 (34.3) 449/993 (45.2) 37/422 (8.8) <0.001
Growtht 130/1,415 (9.2) 117/993 (11.8) 13/422 (3.1) <0.001
Part-solid nodules that 176 (10.9) 162 (14.1) 14 (3.1) <0.001
underwent invasive biopsy,
n (%)
Diagnosed as lung cancer, 151 (9.4) 143 (12.4) 8(1.8) <0.001
n (%)
Diagnosed as benign (false- 24 (1.5) 18(1.6) 6(1.3) 0.714

positive), n (%)

*The p value is based on the comparison between baseline nodules and new nodules.

tNodules that disappeared or exhibited a decrease of =2 mm in total size or in the solid portion.

#Nodules that exhibited an increase of =2 mm in the total size or solid portion, or a new solid portion emerged.
LDCT, low-dose chest CT; RADS, reporting and data system.

Of all participants with subsolid nodules, one with stage
IIIC poorly differentiated carcinoma and three with stage IV
adenocarcinoma were lost to follow-up due to patient refusal
and later presented with advanced diseases. During the study
period, eight patients experienced recurrence after surgical
treatment. Two lung cancer-related deaths were reported
(mean (SD) follow-up period from diagnosis of lung cancer to
death: 28.7 (9.3) months).

0.104

Newsubsolid nodule

Baseline subsolid nodule

0.08 -

0.06

0.04

Cumulative Hazard

0.02 -

T
0 25 50 75 100 125 150
Time from first dection (months)

0.104

Newsubsolid nodule

Baseline subsolid nodule

0.08 -

0.06

0.04

Cumulative Hazard

0.02- p<0.001

0.00 - T T T T T T
0 25 50 75 100 125 150
Time from first dection (months)

Figure 2 Cumulative hazards of (A) invasive biopsy and (B) lung
cancer diagnosis for the baseline and new subsolid nodules (total
n=6725).

Analysis of risk factors associated with the outcomes of
screen-detected subsolid nodules

Table 6 presents the results of univariable and multivariable anal-
yses of potential risk factors associated with the clinical outcomes
of screen-detected subsolid nodules. The multivariable analysis
revealed that older age at detection (OR 1.03, 95% CI 1.02 to
1.05), larger initial diameter (OR 1.16, 95% CI 1.12 to 1.20)
and initial presentation as a part-solid nodule (OR 4.45, 95% CI
3.06 to 6.46) were significantly associated with a higher proba-
bility of lung cancer diagnosis, and new detection at follow-up
screening was significantly associated with a lower probability
(OR 0.26 95% CI 0.14 to 0.49) of lung cancer diagnosis. New
detection at follow-up screening was significantly associated
with a lower probability of overall growth of a subsolid nodule
(OR 0.39, 95% CI 0.26 to 0.59) and higher probability of reso-
lution (OR 6.30, 95% CI 5.09 to 7.81).

DISCUSSION

In this study, from a large hospital-based cohort of lung cancer
screening in South Korea, we determined the occurrence of
subsolid nodules, including pure GGNs and part-solid nodules
at baseline and follow-up LDCT screening according to smoking
status. Furthermore, we assessed the lung cancer probability and
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Table 4 Diagnostic procedures and related complications for
subsolid nodules detected at baseline and follow-up screening

Table 5 Characteristics of screen-detected subsolid nodules
diagnosed as lung cancer

Racali bsolid  New subsolid Racali bsolid New subsolid
Total (n=293)  nodule (n=266) nodule (n=27) P value* Total (n=227) nodule (n=210) nodule (n=17) P value*
Time of biopsy, n (%) 0.793 Nodule type at first detection, 0.077
n (%)
At first detection 49 (16.7) 44(165) 5(185) E
Pure GGN 76 (33.5) 67 (31.9) 9 (52.9)
After follow-up 244 (83.3) 222 (83.5) 22 (81.5)
) ) i Part solid 151 (66.5) 143 (68.1) 8 (47.1)
Time from first detectionto ~ 29.8+39.4 30.1+39.7 26.7+37.1 0.651
biopsy (months), mean+SD Diameter at first detection (mm), 12.8+7.0 12.3+6.8 11.8+£9.2 0.665
mean+SD
Type of initial biopsy for 0.267
diagnosis, n (%) Histological classification, n (%) 0.680
Video-assisted thoracic 258 (88.1) 236 (88.7) 22 (81.5) AlS 31(13.7) 30(14.3) 1(5.9)
surgery
MIA 59 (26.0) 53 (25.2) 6(35.3)
Percutaneous needle 30(10.2) 25 (9.4) 5(18.5) . .
biopsy Invasive adenocarcinoma 136 (59.9) 126 (60.0) 10 (58.8)
Bronchoscopy-guided 5(1.7) 5(1.9) 0(0) Poorly differentiated NSCLC 1(0.4) 1(0.5) 0(0)
biopsy Stage at diagnosis, n (%)t -
57’\?%;;): surgical resection, 0.249 0t 31(13.7) 30 (143) 1(5.9
0,
Lobectomy 146/276 (52.9) 136/252 (54.0) 10/24 (41.7) 1A 175(77.1) 160(76.2) 15(882)
Segmentectomy or wedge 130/276 (47.1) 116/252 (46.0) 14/24 (58.3) 12 1263} 1162 (&)
resection 1A 2(0.9) 2(1.0) 0(0)
Required rebiopsy for 2(0.7) 2(0.8) 0(0) 1.000 1B 1(0.4) 1(0.5) 0(0)
insufficient diagnosis, n (%)
1A 1(0.4) 1(0.5) 0(0)
Complications related to -
invasive biopsy, n (%) 1B 0(0) 0(0) 0(0)
Pneumothorax requiring 23 (7.8) 22 (8.3) 1(3.7) e 1(0.4) 1(0.5) 0(0)
pleurodesis
v 4(1.8) 4(1.9) 0(0)
Postoperative pneumonia 3 (1.0) 3(1.1) 0(0) X .
Time of biopsy, n (%) 0.744
Bleeding requiring 2(0.7) 2(0.8) 0(0) X .
additional intervention At first detection 39(17.2) 37(17.6) 2(11.8)
ReffEREy 103) 100.4) 0(0) After follow-up 188 (82.8) 173 (82.4) 15 (88.2)
it Time from first detectionto ~~ 30.8£399  30.4+39.8 36.0+42.9 0608
Vocal cord palsy 103) 1(0.4) 0(0) biopsy (months), mean+SD
*The p value is based on the comparison between baseline and new nodules.
Chylothorax 7(2.4) 7(2.6) 0(0) tMultisynchronous GGNs were considered multiple primary tumours rather than lung-to-lung metastasis.
. . #Nodules diagnosed as AlS.
Bronchial stenosis 1(03) 1(0.4) 0(0) AlS, adenocarcinoma in situ; GGN, ground glass opacity nodule; MIA, minimally invasive adenocarcinoma;NSCLC,
Persistent pleural effusion 5 (1.7) 5(1.9) 0(0) non-small-celllung cancer
Acute coronary syndrome 1 (0.3) 0(0) 13.7)
or stroke subsolid nodules differed between never-smokers and ever-
Diagnosed as lung cancer, 227 (77.5) 210 (78.9) 17 (63.0) 0.058 smokers. New subsolid nodules had a higher resolution rate
% .
kD (78.9% vs 30.0%), and lower rates of biopsy (1.8% vs 5.1%)
E;?t?:es)eia(j/*)’e”'gn (false- 65 (22.2) 55(20.7) 10(7.0 0.051 and lung cancer diagnosis (1.1% vs 4.0%) than baseline subsolid
. 0 . .
nodules. After adjustments for other potential factors, new detec-
Pathological diagnosis of 0.009 . . . .
benign nodule, n/N (%) tion at follow-up screening remained a low risk factor for lung
. . 0
AAH w6523 32755 (582) 210200) cancer diagnosis (OR 0.26, 95% CI 0.1.4 to .0.49) and growth
- (OR 0.39, 95%CI 0.26 to 0.59) and a high-risk factor for reso-
Focal fibrosis 9/65 (13.8) 9/55 (16.4) 0/10 (0) . . .
lution (OR 6.30, 95% CI 5.09 to 7.81) compared with baseline
Infl, t dulet 17/65 (26.2) 11/55 (20.0) 6/10 (60.0) i
nflammatory nodule: . X . . T . .
/ detection. Our results indicate that a substantial subsolid nodule
Other benign condition§ ~ 5/65 (7.7) 3/55 (5.5) 2/10 (20.0)

*The p value is based on the comparison between baseline and new nodules.

tAll nodules resected for diagnosis or treatment underwent video-assisted thoracic surgery with the exception

of one case that converted to open thoracotomy during video-assisted thoracic surgery due to uncontrolled bleeding.
#Including chronic inflammation and infectious nodules.

§Including nodules related with cryptogenic organising pneumonia, vasculitis, [gG4 disease and placental
transmogrification.

AAH, atypical adenomatous hyperplasia.

clinical outcomes, and provided information on the pathology
and cancer stage of baseline and new screen-detected subsolid
nodules. Inclusion of asymptomatic participants who voluntarily
underwent LDCT screening enabled the evaluation of a large
number of never-smokers and those of relatively younger age,
and reflects the actual state of LDCT screening in Asia, where
LDCT screening is widely applied to these populations.” 3* We
found that the incidence of screen-detected subsolid nodules
was significantly higher in never-smokers (10.7%) than in ever-
smokers (7.7%), and that the characteristics and outcomes of

detection rate is expected in similar lung cancer screening
settings in Asia, particularly among never-smokers. New subsolid
nodules were associated with a lower probability of lung cancer
and a higher probability of spontaneous resolution than base-
line subsolid nodules. Unlike new solid nodules, more aggressive
follow-up for new subsolid nodules is not warranted.

To date, several large lung cancer screening studies have
reported the prevalence of subsolid nodules. However, to
our knowledge, the International Early Lung Cancer Action
Programme (I-ELCAP), and the NELSON trial are the only
two large studies to publish separate data on the incidence of
baseline and new subsolid nodules.’® ™' 2! % According to the
I-ELCAP data, 4.2% and 5.0% of the participants had at least
one baseline-detected pure GGN and part-solid nodule, respec-
tively. In addition, new pure GGNs and part-solid nodules were
detected in 0.7% and 0.8% of annual repeat screenings, respec-
tively. The NELSON trial reported that 3.3% of participants had
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Table 6 Univariable and multivariable analyses of characteristics to predict the clinical outcomes of screen-detected subsolid nodules (total

n=6725)
Univariable analysis Multivariable analysis

Clinical outcome Variable* OR (95%Cl) P value OR (95%Cl) P value

Lung cancer diagnosis Detected at follow-up screening 0.30 (0.17 to 0.52) <0.001 0.26 (0.14 to 0.49) <0.001
Sex (male) 1.00 (0.74 to 1.35) 0.991 0.90 (0.58 to 1.40) 0.643
Age at detection 1.05 (1.04 to 1.06) <0.001 1.03 (1.02 to 1.05) <0.001
Smoking status (ever-smoker) 1.09 (0.81 to 1.46) 0.582 1.15(0.75 t0 1.77) 0.522
Initial diameter 1.23(1.1910 1.27) <0.001 1.16 (1.12 t0 1.20) <0.001
Multiplicity 0.72 (0.52 t0 0.99) 0.040 1.24 (0.87 to 1.76) 0.236
Part-solid nodule (vs pure GGN) 9.28 (6.60 to 13.04) <0.001 4.45 (3.06 to 6.46) <0.001

Growtht Detected at follow-up screening 0.35(0.24 t0 0.52) <0.001 0.39 (0.26 to 0.59) <0.001
Sex (male) 0.91(0.70 to 1.19) 0.503 0.96 (0.66 to 1.40) 0.835
Age at detection 1.04 (1.03 to 1.05) <0.001 1.03 (1.02 to 1.04) <0.001
Smoking status (ever-smoker) 0.95 (0.73 t0 1.23) 0.682 0.95 (0.73 t0 1.23) 0.498
Initial diameter 1.12(1.09 t0 1.15) <0.001 1.08 (1.05to 1.11) <0.001
Multiplicity 0.53(0.40 t0 0.71) <0.001 0.66 (0.49 to 0.88) 0.005
Part-solid nodule (vs pure GGN) 2.47 (1.92 t0 3.19) <0.001 1.76 (1.31 t0 2.36) <0.001

Resolutiont Detected at follow-up screening 5.40 (3.89 to 7.50) <0.001 6.30 (5.09 to 7.81) <0.001
Sex (male) 2.74(2.33 10 3.22) <0.001 1.89 (1.52 t0 2.35) <0.001
Age at detection 0.97 (0.96 to 0.98) <0.001 0.98 (0.97 to 0.98) <0.001
Smoking status (ever-smoker) 2.32 (2.01 t0 2.69) <0.001 1.34(1.10 to 1.64) 0.004
Initial diameter 1.01 (0.99 to 1.03) 0.248 1.03 (1.01 to 1.05) 0.003
Multiplicity 2.07 (1.68 to 2.54) <0.001 2.57 (2.16 to 3.05) <0.001
Part-solid nodule (vs pure GGN) 1.17 (0.99 to 1.37) 0.059 1.55(1.33 t0 1.79) <0.001

*Age and initial diameter (in mm) were included as continuous variables, and sex, smoking status, detection at follow-up screening, multiplicity and nodule type were included as categorical variables.
tExhibiting an increase of =2 mm in the total size or solid portion, or emerging new solid portion. Regression analyses are based on nodules that received follow-up (n=4918).
+Disappeared or exhibited a decrease of >2mm in the total size or in the solid portion. Regression analyses are based on nodules that received follow-up (n=4918).

GGN, ground glass opacity nodule.

subsolid nodules detected during the trial, and 0.7% of partici-
pants had new subsolid nodules detected during follow-up. The
NLST, which is largest randomised lung cancer screening trial to
date, indicated that at least one subsolid nodule was detected in
9.4% of participants during baseline and follow-up screening,
but no distinction was made between baseline and new subsolid
nodules.”> However, we must consider that previous large
screening studies enrolled mainly Caucasian smokers. Since
subsolid nodules are known to be more prevalent in women
and never-smokers of Asian origin, different optimal manage-
ment strategies might be needed for lung cancer screening in
different clinical settings.'” ** In our study, which evaluated the
largest number of screen-detected subsolid nodules and repre-
sented lung cancers to date, 9.1% participants had at least one
subsolid nodule detected during the follow-up period, with
1.9% participants newly detected at follow-up screening. The
detection rate was 10.7% among never-smokers, which was
higher than the rate among ever-smokers and the rate reported
in previous studies.'’ ' 2! 3 Ever-smokers had a higher rate of
detection of new, multiple, part-solid nodules that resolved
spontaneously than did never-smokers. Results from our study
indicate that more cautious and long-term follow-up is needed
for screen-detected subsolid nodules in Asians, particularly in
never-smokers.

According to current guidelines, the management of subsolid
nodules is mainly based on nodule type, size and growth, and
is not additionally weighted by smoking status or age. Limited
information is available on the incidence and lung cancer
probability of baseline and new subsolid nodules.”> Moreover,
it remains unknown whether current screening guidelines
are applicable in Asian populations, since the incidence and

characteristics of subsolid nodules seem to differ according to
race and regions.”’ Currently, in most guidelines, no differ-
entiation is made between the management of baseline and
new subsolid nodules.'® ' 3¢ In lung-RADS, the management
of subsolid nodules detected at baseline or follow-up is distin-
guished, recommending more aggressive follow-up or diagnostic
evaluation for new subsolid nodules.** In the I-ELCAP study,
nearly 70% of new subsolid nodules resolved or decreased in
size at follow-up, and 3.8% of new subsolid nodules (compared
with 2.9% of baseline subsolid nodules) were finally diagnosed
as lung cancer.'” "' The NELSON trial reported a markedly
lower incidence of screen-detected subsolid nodules and only
three cases of lung cancer diagnosed from new subsolid nodules.
Although similar trends were found in the high likelihood of
resolution in new subsolid nodules, the probability of lung
cancer in new subsolid nodules (6%) was relatively high.*'
In our study, 30.0% of baseline subsolid nodules and 78.9%
of new subsolid nodules among those underwent additional
follow-up disappeared or decreased in size. Moreover, 7.1%
of baseline subsolid nodules and 2.5% of new subsolid nodules
exhibited growth. Overall, 210 (4.0%) baseline subsolid
nodules and 17 (1.1%) new subsolid nodules were diagnosed
as lung cancer. Compared with the I-ELCAP, the probability of
baseline subsolid nodules being cancerous was higher, whereas
the probability of new subsolid nodules being cancerous was
lower. In contrast to the [.lELCAP and NELSON trial, our data
showed a lower cancer probability of new subsolid nodules
compared with baseline subsolid nodules.!® ' 22 % Qur find-
ings indicate that future guidelines can allow less aggressive
follow-up for newly detected subsolid nodules, particularly in
screening programmes for Asian population.
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In our study, all subsolid nodules, except one, diagnosed as
lung cancer were adenocarcinomas. Over 95% of lung cancers
were diagnosed as stage 0 or stage I, and 39.7% were diagnosed
as preinvasive adenocarcinoma (adenocarcinoma in situ or mini-
mally invasive adenocarcinoma). There was no significant differ-
ence in the stage, duration from first detection to diagnosis, and
distribution of (pre)invasive adenocarcinomas between base-
line and new subsolid nodules diagnosed as lung cancer. This
indicates that, unlike new solid nodules that are considered to
be rapid growing,” *” new subsolid nodules indicative of lung
cancer have a less aggressive course and follow-up without short-
ening the screening intervals on these nodules would be reason-
able.!” 3% Nevertheless, the notable recurrence rate and number
of patients lost to follow-up who later presented with advanced
disease in our study underline the need for meticulous screening
and awareness of possible lung cancer in patients with detected
subsolid nodules.

Among subsolid nodules that were biopsied but turned out
to be benign, 74.6% of subsolid nodules detected at baseline
were AAH or focal fibrosis, whereas the majority (60.0%) of
new subsolid nodules were inflammatory nodules. Along with a
high probability of resolution, this indicates the mainly inflam-
matory nature of newly detected subsolid nodules.”” ** This is
also supported by the fact that new subsolid nodules were prev-
alent in ever-smokers, since smoking is well known to cause lung
inflammation. Thus, for new subsolid nodules, the probability of
transient inflammation or infectious conditions should be always
considered. Based on our results, follow-up CT rather than
direct pathological diagnosis may be a relevant strategy, even for
category 4A or 4B new subsolid nodules classified according to
the lung-RADS classification.

This study has several limitations. First, this was a retrospective
study from a single centre, and the strategy for LDCT screening
and follow-up was not strictly controlled. Therefore, follow-up
intervals or durations for detected subsolid nodules were not
constant. Moreover, it was impossible to fully assess poten-
tial factors that could have influenced the decision to perform
biopsy and diagnosis, which leaves the potential for selection
bias. However, the lack of prospective controlled screening
studies and difficulty in conducting such studies including popu-
lations with a high prevalence of subsolid nodules, such as female
never-smokers must be considered. Subsolid nodules generally
require lengthy follow-up, and can change after a long time of
stabilisation, making it difficult to control follow-up strategies.*'
Second, due to the indolent course and long time needed for
follow-up, not all subsolid nodules suspected of malignancy
were biopsied. Some suspicious but stable subsolid nodules are
regularly followed up. Therefore, the number and proportion of
diagnosed lung cancer among screen-detected subsolid nodules
may have been underestimated. Third, we could not evaluate
racial differences in the incidence and outcomes of screen-
detected subsolid nodules because all participants were Korean,
far-east Asian. For ever-smokers, information on the level of
smoking and duration of smoking cessation was not available
for a number of participants, making further subgroup analyses
impossible. Fourth, no adjustment for multiple comparisons
were made for the analyses in our study, thus providing weak
control for possible multiple testing problems.

The main strength of our study is the large sample size of a
hospital cohort. Our study provides unique and relevant data
acquired from the real-world setting of an asymptomatic Asian
population that underwent LDCT screening at a tertiary medical
centre. The results not only offer insight into the cancer prob-
ability or outcomes of screen-detected subsolid nodules, but

also provides relevant histological information including false-
positive results and cancer stage.

In conclusion, LDCT screening resulted in a considerable
detection rate of subsolid nodules that needed further follow-up
and evaluation. For never-smokers, more cautious and long-
term follow-up is needed. New subsolid nodules had a lower
probability of lung cancer and a higher probability for sponta-
neous resolution than baseline subsolid nodules, indicating their
inflammatory nature. Therefore, less aggressive follow-up may
be allowed for new subsolid nodules, particularly in screening
programmes for Asian populations.
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