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Objective: To report the long-term follow-up of subsolid

nodules (SSNs) detected in participants of a prospective

low-dose CT lung cancer screening cohort, and to

investigate the utility of the PanCan model in stratifying

risk in baseline SSNs.

Methods: Participants underwent a baseline scan, two

annual incidence scans and further follow-up scans for

the detected nodules. All SSNs underwent a minimum of

2 years of follow-up (unless resolved or resected). Risk of

malignancy was estimated using the PanCan model;

discrimination [area under the receiver-operating char-

acteristic curve (AUC)] and calibration (Hosmer–

Lemeshow goodness-of-fit test) were assessed. The

Mann–Whitney U–Wilcoxon test was used to compare

estimated risk between groups.

Results: 70 SSNs were detected in 41 (16.0%) out of 256

total participants. Median follow-up period was 25.5 months

(range 2.0–74.0 months). 29 (41.4%) SSNs were transient.

Five (7.1%) SSNs were resected, all found to be Stage I lung

adenocarcinoma, including one SSN stable in size for

3.0 years before growth was detected. The PanCan

model had good discrimination for the 52 baseline SSNs

(AUC50.89; 95% confidence interval 0.76–1); the Hosmer–

Lemeshow goodness-of-fit test was non-significant

(p50.27). Estimated risk was significantly higher in the

baseline SSNs found to be cancer vs those not found to be

cancer after 2–6 years of follow-up (p,0.01).

Conclusion: Our findings support a long-term follow-up

approach for screen-detected SSNs for 3 years or longer.

The PanCan model appeared discriminatory and well

calibrated in this cohort.

Advances in knowledge: The PanCan model may have

utility in identifying low-risk SSNs which could be

followed with less frequent CT scans.

INTRODUCTION
With the advent of low-dose CT lung cancer screening,
the importance of subsolid nodules (SSNs) is increasingly
being recognized. While a significant proportion of SSNs
are transient,1 the most common finding in persistent
SSNs that are resected is an entity within the spectrum of
lung adenocarcinoma.2–4 Guidelines on the management
of SSNs have been released, including that indeterminate
SSNs should be followed-up for 3 years or longer,1,5 since
they may represent slow-growing adenocarcinoma. How-
ever, the guideline authors graded their recommendations

as based on very low to moderate quality level of evidence.1,5

Additional longitudinal data are required to support
current management practices. Estimation of absolute
nodule lung cancer risk, e.g. by the Pan-Canadian Early
Detection of Lung Cancer (Brock University) Model6

(PanCan model) for baseline scan nodules, may have
a role in management7 but requires further validation in
multiple populations. This article reports the prevalence,
incidence and long-term follow-up of SSNs detected in
a low-dose CT lung cancer screening cohort 8,9 based
on the National Lung Screening Trial protocols and
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investigates the utility of the PanCan model in stratifying risk
in baseline SSNs.

METHODS AND MATERIALS
The study population comprised 256 high-risk volunteers
undergoing low-dose CT screening from December 2007 on-
wards.8 Participants provided written informed consent. The
study was approved by the Hospital and University Medical
Research Ethics Committees. Low-dose CT was performed
with a 64-detector helical scanner (Philips Brilliance 64;
Philips Medical Systems, Best, Netherlands) with the param-
eters: 120 kV, 25–70mA (dependent on body weight8), in-
dividual detector collimation 0.625mm, gantry rotation time
0.75 s, pitch 0.92 and thin-slice reconstruction width 0.9 mm
at 0.45-mm intervals [standard (B) reconstruction kernel].
Baseline scans and two annual incidence scans were viewed on
a picture archiving and communication system (IMPAX, Agfa
Healthcare, Mortsel, Belgium) and were prospectively and
independently read by pairs of thoracic radiologists (JA, JC,
ML, RES) blinded to previous CTs and subsequently ratified at
a consensus meeting of at least one radiologist and two tho-
racic physicians (HMM, KMF, RVB, SCL, IAY).8 The maxi-
mum axial diameter of nodules and corresponding width (the
longest dimension perpendicular to maximum axial diameter,
viewed on the same CT image) were measured with electronic
callipers on thin-slice images at a standard lung window set-
ting (width 1500HU, level 2500 HU). The nodule type (solid,
part-solid and non-solid), margin (smooth, spiculated and ill-
defined) and lobar location were also recorded. When nodules
were first detected on incidence scans, previous scans were
reviewed at the consensus meeting to ascertain the presence or
otherwise of any precursor lesion that might have been
overlooked previously. All SSNs underwent at least 2 years of
follow-up (unless resolved or resected) to ensure absence of

growth. Follow-up of nodules beyond the three scheduled
screening scans was performed prospectively by a radiologist
unblinded to previous scans. For the purposes of this report,
follow-up was censored on 12 February 2015. Suspicious nod-
ules were referred for clinical review with a thoracic physician.
Modes of biopsy included percutaneous CT-guided needle bi-
opsy, bronchoscopic biopsy and surgical resection. Pathological
examination is reported according to the International Associ-
ation for the Study of Lung Cancer/American Thoracic Society/
European Respiratory Society International Multidisciplinary
Classification of Lung Adenocarcinoma.10

Nodule definitions: an SSN is a focal nodular area of increased
lung attenuation through which normal parenchymal structures,
including airways and vessels, can be visualized;1 a part-solid
nodule (PSN) is an SSN which contains solid component(s) that
obscure underlying architecture;1 a non-solid nodule (NSN) is
an SSN in which there are no solid components;1 and a ‘tran-
sient SSN’ completely disappears (i.e. resolves) on follow-up
scan (no minimum or maximum follow-up period). Owing to
intraobserver and interobserver variability in size measurement,
growth was defined as a $3-mm increase in diameter11 or de-
velopment of solid component(s).12

Statistical analysis was performed on R v. 3.1.2.13 Differences
between groups were analysed with the Mann–Whitney
U–Wilcoxon test (for continuous variables) and x2 test or
Fisher’s exact test (for categorical variables). We used the
PanCan model (full model with spiculation)6 to estimate risk of
malignancy in baseline SSNs, including those found to be
present at baseline in retrospect. Model variables were age, sex,
family history of lung cancer (first-degree relative), presence of
visually detected emphysema (determined at consensus meet-
ing), nodule diameter, nodule type, nodule location, baseline

Table 1. Participant characteristics at baseline

Variable
Total

(n5 256)
Participants with at least

one SSN (n5 41)
Participants with no

SSNs (n5 215)
p-value

Males 171 (66.8) 27 (65.9) 144 (67.0) 0.89

Age (yearsa) 64 (59–74) 63 (60–74) 64 (59–74) 0.27

Current smokerb 121 (47.3) 19 (46.3) 102 (47.4) 0.90

Smoking pack year history
(pack years)

56 (26–235) 51 (33–150) 56 (26–235) 0.20

Airflow limitation on
spirometryc

155 (60.5) 27 (65.9) 128 (59.5) 0.45

FEV1% predicted 95.0 (46.6–155.6) 90.0 (54.8–129.7) 95.7 (46.6–155.6) 0.17

Body mass index (kgm22) 28.3 (18.1–42.3) 27.9 (18.1–42.3) 28.4 (20.5–40.6) 0.84

First-degree relative with
lung cancer

46 (18.0) 8 (19.5) 38 (17.7) 0.78

Caucasian ethnicity 254 (99.2) 40 (97.6) 214 (99.5) 0.30

FEV1, forced expiratory volume in 1 s; SSN, subsolid nodule.
Data presented as either n (%) or median (range).
aRounded down to nearest year.
bSelf-reported current smoker or quit ,6 months prior to enrolment.
cFEV1/forced vital capacity ratio ,70%.
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scan nodule count and presence of spiculation. Model perfor-
mance was evaluated through statistical tests of discrimination
(ability to correctly categorize nodules as cancer vs not cancer on
follow-up, assessed by the area under the receiver-operating
characteristic curve with larger values indicating better dis-
crimination; 95% confidence intervals were estimated based on
1000 bootstrapped samples) and calibration (how well the
model-predicted cancer rates match the observed cancer rates,
assessed with the Hosmer–Lemeshow goodness-of-fit test, with
p-value ,0.05 indicating a poorly calibrated model). Statistical
significance was defined as a two-tailed p-value ,0.05.

RESULTS
Study population and nodule characteristics
Participant baseline characteristics are presented in Table 1.

70 SSNs were detected in 41 (16.0%) of 256 participants
(Figure 1). In these 41 participants, median number of SSNs per
participant was 1 (range 1–9). 52 (74.3%) SSNs were present at
baseline (34 prospectively detected, 18 retrospectively detected).
Three (4.3%) SSNs were first present on the first-year incidence
scan (two prospectively detected, one retrospectively detected).
15 (21.4%) SSNs were first present on the second-year incidence
scan (all prospectively detected).

The median SSN initial diameter was 6.3mm (range
2.9–20.0mm) (“initial” refers to the earliest scan in which the
SSN was observed, including in retrospect, out of the baseline
and annual incidence scans). 62 (88.6%) SSNs were non-solid
initially (median diameter 6.1mm, range 2.9–18.3mm), and 8
(11.4%) SSNs were part-solid initially (median diameter 9.5mm,
range 5.7–20.0mm). The majority of SSNs were in the upper
lobes (41 of 70 SSNs, 58.6%) (Figure 2).

Course of subsolid nodules
Median follow-up period for all 70 SSNs was 25.5 months
(range 2.0–74.0 months). Figure 3 shows the course of the SSNs.
Of the 62 SSNs which were non-solid initially, 2 (3.2%) SSNs
became part-solid—1 SSN was first observed as part-solid at

16.1 months and subsequently demonstrated no change in di-
ameter over 32.5 months, and 1 SSN was first observed as part-
solid at 44.1 months; both are still undergoing radiological
surveillance. 29 (41.4%) SSNs were transient (26 NSNs and 3
PSNs), observed to fully resolve within 2.8–31.9 months
after initial presence; 3 (4.3%) SSNs persisted for greater than
12 months before disappearance, while 26 (37.1%) SSNs dis-
appeared in less than 12 months. SSNs first present on an in-
cidence scan were more frequently transient than SSNs present
on baseline [100% (18 of 18) vs 21.2% (11 of 52); x25 34.26,
df5 1; p, 0.0001].

Some SSNs exhibited slow rates of growth. Two SSNs exhibited
an increase in diameter ($3mm) after 36.5 months and
44.1 months of observed stability in diameter, respectively, the

Figure 1. Detection of subsolid nodules (SSNs). T0, baseline scan; T1, first-year incidence scan; T2, second-year incidence scan.

Figure 2. Lobar distribution of the 70 subsolid nodules. Data

presented as n (%).
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former of which was a NSN resected after 62.3 months of ra-
diological follow-up and found to be non-mucinous minimally
invasive adenocarcinoma. One SSN was first observed to contain
a solid component at 44.1 months, having been purely non-solid
density up to that point.

Resected subsolid nodules
Five (7.1%) SSNs (two NSNs and three PSNs) were surgically
resected in total (Figure 3), including three PSNs that had prior
percutaneous CT-guided needle biopsy, all showing adenocar-
cinoma. All five resected SSNs were found to be cancer—four
non-mucinous minimally invasive adenocarcinomas (two NSNs
and two PSNs) and one acinar predominant invasive adeno-
carcinoma (PSN). The median initial diameter of the cancerous
SSNs was 9.9mm (range 6.4–20.0mm).The median time from
initial presence on CT scan to treatment was 8.7 months (range
5.7–67.3 months). All were pathological stage T1aN0 (Stage I).

Application of the PanCan model
The PanCan model had good discrimination for the 52 baseline
SSNs (area under the receiver-operating characteristic
curve50.89, 95% confidence interval 0.76–1) (Figure 4). The
Hosmer–Lemeshow goodness-of-fit test was non-significant
(x25 10.00, df5 8, p-value5 0.27), indicating no significant
evidence of miscalibration.

Figure 5 shows the distribution of estimated lung cancer risk in
the 52 baseline SSNs. Estimated risk was significantly higher in
the baseline SSNs found to be cancer (median 0.1369, range
0.0338–0.8190) vs those not found to be cancer on 2–6 years of
follow-up (median 0.0108, range 0.0006–0.2036) (W5 209,
p, 0.01). As a sensitivity analysis, if SSNs #5mm, which may
not require follow-up according to current recommendations,1,5

are excluded from analysis (n5 15, all in the non-cancer group),
estimated risk remains significantly higher in the cancer

group than in the non-cancer group (median 0.0202; range
0.0027–0.2036) (W5 134, p5 0.02).

DISCUSSION
We evaluated the natural history of SSNs in an Australian lung
cancer screening cohort and tested the utility of the PanCan model
in stratifying risk in baseline SSNs. Our results demonstrate that
SSNs may grow after more than 3 years’ apparent stability in

Figure 3. Course of the subsolid nodules (SSNs). (a) Decreased in diameter $3mm; (b) increased in diameter $3mm or solid

component(s) developed. IA, invasive adenocarcinoma; MIA, minimally invasive adenocarcinoma; T0, baseline scan; T1, first-year

incidence scan; T2, second-year incidence scan.

Figure 4. Receiver-operating characteristic curve for the

PanCan model (full model with spiculation) applied to 52

subsolid nodules (SSNs) present on the baseline scan (5 SSNs

found to be lung cancer on surgical resection; 47 SSNs not

found to be cancer on 2–6 years of follow-up). Area under the

receiver-operating characteristic curve was 0.89 (95% confi-

dence interval 0.76–1). 0.02, 0.04 and 0.1 risk thresholds are

labelled on the receiver-operating characteristic curve [risk

threshold (specificity and sensitivity)].
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diameter and attenuation, and conversely may resolve after per-
sisting for longer than 1 year. Our results therefore support a long-
term CT monitoring approach for SSNs in keeping with in-
ternational recommendations of minimum 3 years’ surveillance.1,5

However, the length of follow-up required beyond 3 years is un-
clear and requires further investigation.

The PanCan model performed well in our baseline SSNs, with
good discrimination and no evidence of miscalibration, al-
though limited by the small sample size. Estimated risk was
significantly higher in the baseline SSNs found to be cancer vs
those not found to be cancer on 2–6 years of follow-up. The
latter group of SSNs could have been followed safely with CT
2 years after baseline rather than 1 year. The PanCan model
could therefore potentially be used to identify low-risk baseline
SSNs, which could be followed with less frequent CT follow-up.
Recommendations for follow-up, often annual for 3 years or
longer after an initial 3-month CT examination to determine

persistence, have largely been based on the SSN size and non-
solid/part-solid type,1,5 although the use of the PanCan model to
inform management has also been suggested in more recent
guidelines.7 Owing to the long duration of follow-up required,
the use of a risk prediction model such as the PanCan model to
identify SSNs that could undergo less intense follow-up could
reduce the cost of follow-up and radiation exposure. The se-
lection of an appropriate risk threshold to define a low-risk SSN
is complex and requires considerations of sensitivity and specificity
and is outside the scope of this study. Further external validation of
the PanCan model and investigation of risk stratification to inform
nodule management should be conducted in larger cohorts of SSNs
with longer follow-up periods. Furthermore, since guidelines often
recommend initial short-term follow-up at 3 months,1,5,7 the ap-
plication of the PanCan model specifically in SSNs persistent at
3 months may warrant closer evaluation, as these SSNs are the ones
which require consideration for long-term follow-up.

In our study, we observed all incidence scan SSNs resolved by
3 years, and all cancers were from baseline SSNs. Yankelevitz
et al12 and Lee et al14 also found that incidence scan SSNs were
more frequently transient than baseline SSNs. We hypothesize
that SSNs present at baseline often represent longstanding
lesions, such as entities in the spectrum of lung adenocarcinoma,
which are likely to persist. In contrast, SSNs first arising on
incidence scans are newer lesions and have a greater chance of
being transient infectious or inflammatory lesions.

This study had a number of limitations. Firstly, our study had
a relatively small sample size. Secondly, while some SSNs were
followed for beyond 5 years, the minimum follow-up period was
2 years (unless the SSN resolved or was resected). A longer
minimum follow-up period may have allowed for further de-
tection of growth in more slowly growing lesions. Thirdly, only
suspicious lesions for cancer were biopsied, and thus the his-
tological identity of most SSNs was not determined.

CONCLUSION
Although limited by small sample size, our findings support
a long-term CT follow-up approach for screen-detected SSNs for
3 years or longer. The PanCan risk model may have utility in
identifying low-risk SSNs which could be followed with less fre-
quent CTscans and should be tested prospectively in larger cohorts.
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