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Background:  Subsolid pulmonary nodules, comprising pure ground-glass nodules (GGNs) and part-solid nodules (PSNs), have a
high risk of indolent malignancy. Lung Imaging Reporting and Data System (Lung-RADS) nodule management guidelines are

based on expert opinion and lack independent validation.

Purpose:  To evaluate Lung-RADS estimates of the malignancy rates of subsolid nodules, using nodules from the National Lung
Screening Trial (NLST), and to compare Lung-RADS to the NELSON trial classification as well as the Brock University calculator.

Materials and Methods: Subsets of GGNs and PSNs were selected from the NLST for this retrospective study. A thoracic radiologist
reviewed the baseline and follow-up CT images, confirmed that they were true subsolid nodules, and measured the nodules. The
primary outcome for each nodule was the development of malignancy within the follow-up period (median, 6.5 years). Nodules
were stratified according to Lung-RADS, NELSON trial criteria, and the Brock model. For analyses, nodule subsets were weighted
on the basis of frequency in the NLST data set. Nodule stratification models were tested by using receiver operating characteristic

curves.

Results: A total of 622 nodules were evaluated, of which 434 nodules were subsolid. At baseline, 304 nodules were classified as
Lung-RADS category 2, with a malignancy rate of 3%, which is greater than the 1% in Lung-RADS (2 = .004). The malignancy
rate for GGNs smaller than 10 mm (two of 129, 1.3%) was smaller than that for GGNs measuring 10-19 mm (11 of 153, 6%) (?
=.01). The malignancy rate for Lung-RADS category 3 was 14% (13 of 67), which is greater than the reported 2% in Lung-RADS
(P < .001). The Brock model predicted malignancy better than Lung-RADS and the NELSON trial scheme (area under the re-
ceiver operating characteristic curve = 0.78, 0.70, and 0.67, respectively; P = .02 for Brock model vs NELSON trial scheme).

Conclusion:  Subsolid nodules classified as Lung Imaging Reporting and Data System (Lung-RADS) categories 2 and 3 have a higher
risk of malignancy than reported. The Brock risk calculator performed better than measurement-based classification schemes such

as Lung-RADS.
©RSNA, 2019
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ubsolid pulmonary nodules, which include pure
Sground-glass nodules (GGNs) and part-solid nodules
(PSNs), are found in approximately 9% of patients un-
dergoing CT lung cancer screening (1,2). These nodules
have a higher risk of malignancy than solid nodules (3),
although when malignant they tend to have more indo-
lent behavior than solid lung cancers, with slower growth
and lower metastatic potential (2,4). This indolent behav-
ior presents challenges for accurately determining the risk
of clinically significant malignancy within these nodules,
because malignancies may only be detected after many
years of follow-up. In addition, indolent malignancies
may contribute to overdiagnosis and/or overtreatment in
lung cancer screening (5,6). Given the expected increase
in lung cancer screening following the recommendations
of the United States Preventive Services Task Force and
the Center for Medicare and Medicaid Services, appro-
priate triage of patients with these nodules will become
even more important in the future.

On the basis of expert consensus and insights from
lung cancer screening experience including the National
Lung Screening Trial (NLST) (7), the American College
of Radiology developed the Lung Imaging Reporting and
Data system (Lung-RADS) as a framework to follow-up
and manage pulmonary nodules (8). Lung-RADS is based
on linear measurements of the size of the total nodule and
the solid component. Other groups advocate the use of
volumetric measurements and volume doubling time, such
as the algorithm used for the NELSON screening trial
(NELSON is a Dutch acronym for "Nederlands-Leuvens
Longkanker Screenings Onderzoek") (9). Separately, sev-
eral risk calculators have been developed to stratify pulmo-
nary nodules, the most prominent of which is the Brock
University calculator, which has been shown to outperform
Lung-RADS in NLST data (3,10,11). The best approach
to stratifying and managing subsolid nodules remains to
be determined, particularly pending full publication of the
NELSON trial results.
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Abbreviations

GGN = ground-glass nodule, Lung-RADS = Lung Imaging Reporting
and Data System, NLST = National Lung Screening Trial, PSN = part-
solid nodule

Summary

Subsolid nodules in Lung Imaging Reporting and Data System
(Lung-RADS) categories 2 and 3 have a higher risk of malignancy
than reported, and ground-glass nodules measuring 10-19 mm have
a risk that is closer to Lung-RADS category 3 than Lung-RADS cat-
egory 2; there does not appear to be an advantage to using volumetric
(NELSON) compared with linear measurement (Lung-RADS) clas-
sification schemes.

Key Results

= Subsolid nodules in Lung-RADS categories 2 and 3 have a higher
risk of malignancy than reported: 3% versus less than 1% (P =
.004) and 13% versus 1%—2%, (P < .001) respectively.

= Ground-glass nodules measuring 10-19 mm have a much higher
rate of malignancy compared with ground-glass nodules smaller
than 10 mm (6% vs 1.3%, respectively), despite both being Lung-
RADS category 2 (P =.01).

= The Brock prediction model enabled prediction of malignancy
better than Lung-RADS and the NELSON trial scheme (area
under the receiver operating characteristic curve = 0.78, 0.70,
and 0.67, respectively; P = .02 for Brock model vs NELSON trial
scheme).

Given uncertainty in the estimates of malignancy risk in
subsolid nodules, we set out to remeasure a large number of
subsolid nodules from the NLST. We hypothesized that sub-
solid nodules have a higher risk of malignancy rate than is cur-
rently assessed for Lung-RADS categories 2 and 3. We sought
to test which of the current methodologies performs the best
for the assessment of subsolid nodule malignancy risk in lung
cancer screening CT examinations: a linear measurement-
based scheme (Lung-RADS), volumetric measures (NELSON
trial), or the Brock University model, which includes patient
and nodule characteristics.

Materials and Methods

NLST Data

Consent to access NLST data was obtained from the National
Cancer Data Access System of the National Cancer Institute,
through a data transfer agreement between the authors and the
National Cancer Institute. This retrospective study used non-
identifiable patient data for secondary data analysis and was ap-
proved by the institutional review boards at our institutions. Writ-
ten informed consent was waived for this post hoc analysis.

As a brief review, the NLST was a randomized controlled trial,
randomizing current and former smokers to chest radiographs or
CT for lung cancer screening. The CT protocol involved one
baseline and two subsequent annual screening rounds with low-
dose chest CT. Patients were also followed after the three annual
rounds to evaluate development of lung cancer and death.

We obtained annotation and CT data from participants in
the NLST trial. We selected subsets of patients (nodules) by
using the following queries: () GGNs smaller than 10 mm; (4)
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GGNs measuring 10 mm or larger; and (¢) “mixed” nodules
(PSNs) measuring 6 mm or larger. PSNs smaller than 6 mm
were not specifically searched for because identification of solid
components in such small nodules is inherently prone to error,
and it is not clear that the presence of a very small (and poten-
tially misidentified) solid component in such a small nodule
has a malignancy risk profile different from that of a GGN
of the same size. The set of GGNs was partitioned according
to size because we suspected that there would be a significant
difference in malignancy risk based on the size threshold of
10 mm, and we wanted to ensure that we had a representative
sample for each of the subsets defined with this threshold.

Only patients in the NLST with at least two CT scans (ie,
baseline and at least one follow-up) were included to iden-
tify nodule growth over time. From the results of each query,
200 patients with baseline and two follow-up CT scans were
randomly selected for measurement by radiologists. An addi-
tional set of 50 patients was identified with only one follow-
up CT available and added to the data set. Because of some
patient overlap among the searches (duplication), the final
number of patients included for further analysis was 622.
Figure 1 shows a flowchart of the number of nodules excluded
at each step of analysis.

For each nodule, NLST data were used to record whether
a cancer was diagnosed in the same lobe as the nodule during
follow-up (median follow-up, 6.5 years). The data from NLST
did not record information on malignancy on a per-nodule ba-
sis, so this proxy for nodule malignancy represents the primary
outcome being analyzed.

Nodule Measurement

CT data from the baseline CT and annual follow-up rounds
from the selected nodules were loaded into a commercially
available advanced visualization software package (Syngo VIA,
version VB30; Siemens Healthcare, Erlangen, Germany). This
package includes a semiautomated segmentation tool for sub-
solid nodules.

Data from the NLST annotations were used to supply several
variables for calculation of the Brock risk predictor, including
patient age, sex, family history of lung cancer, presence of em-
physema on CT scans, nodule count, and nodule spiculation.
'The calculation was then performed using the equation in (10).

‘The nodule subsets were split into two, and the CT scans for
each patient were reviewed by one of two board-certified, fellow-
ship-trained thoracic radiologists (M.M.H. and A.R.H., with 4
and 26 years of dedicated subspecialty experience, respectively).
The reviewers were blinded to the patients final diagnosis. The
largest subsolid nodule for each patient at baseline was evaluated.
The radiologist attempted to find the annotated nodule based
on section information from the NLST; if unsuccessful, he or
she would pick the largest subsolid nodule present on the CT. If
an obviously more suspicious subsolid nodule was present, the
radiologist would choose the latter. Nodules that were, in the
radiologist’s opinion, solid or purely linear (eg, atelectasis) were
excluded from further analysis (Fig 2).

The radiologist segmented the nodule by using the semiau-
tomated tool, adjusting the segmentation boundaries to best
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NLST CT Nodules:
919 GGN <10 mm
325 GGN = 10 mm
307 PSN =2 6 mm

Random Subset:
200 GGN < 10 mm
200 GGN = 10 mm
200 PSN > 6 mm

Hammer et al

Lung-RADS 4X category was not used. Within
Lung-RADS category 2, we also evaluated the
following subsets: GGN smaller than 10 mm,
GGN 10-19 mm, and GGN 20-29 mm.

50 GGN/PSN with 50 GGN/PSN with
only 1 f/uCT only 1 f/uCT
Statistical Analysis
_>[ 28 Duplicates ] Data were recorded by using REDCap (Research
—Y Electronic Data Capture) electronic data capture
[ lmag;;e;'zmes ] tools (12) and downloaded into Microsoft Excel
127 Solid (version 16, Microsoft, Redmond, Wash). Statisti-
ig ':Le:z:it::iz;c;re cal analysis was performed with SAS and JMP Pro
v 2 Missing CT data software (version 14, SAS Institute, Cary, NC).
[ 434 Nodules ] Because the number of results from the queries
1-3 were not equal, even though the same number
Figure 1:  Flowchart of the study shows the total number of nodules in the Natfional Lung Screen- of nodules was measured for each query, data from

ing Trial (NLST) CT arm and how many patients were excluded for this analysis. f/u = follow-up,

GGN = ground-glass nodule, PSN = part-solid nodule.

Figure 2: CT scan in 60-year-old man undergoing low-dose lung
cancer screening. Scan shows a 6-mm solid polygonal nodule along the
right minor fissure described as “mixed” in National Lung Screening Trial
annofations. This nodule was stable over 2 years of follow-up and most
likely represents an infrapulmonary lymph node.

match the nodule. The tool then produced long- and short-axis
measurements as well as total lesion volume. The radiologist
also measured the size of a solid component, if present, by us-
ing lung windows. (The default lung window setting in the
software was center of —600, width of 1200, although this was
adjustable by the radiologist.)

Lung-RADS and NELSON categories were assigned by us-
ing the nodule measurements per the Lung-RADS document
and NELSON trial protocol (8,9) using nodule measurement
only. For reference, the NELSON categories at baseline are as
follows: category 2 for nodules smaller than category 3; cate-
gory 3 for PSNs or GGNsatleast 8 mm diameter or PSNswith
asolid component measuring 50-500 mm?; and category 4 for
PSNs with a solid component larger than 500 mm?. The
NELSON categories at follow-up are as follows: category A
(volume doubling time >600 days); category B (volume dou-
bling time 400-600 days); and category C (volume doubling
time <400 days or new solid component in a GGN). The
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the nodules were reweighted for statistical analy-
sis. In particular, the number of results from query
1 (GGN <10 mm) was 919, compared with 307
and 325 for queries 2 (GGN =10 mm) and 3 (PSN =6 mm),
respectively. Nodules from query 1 were weighted 2.9 times
more in the subsequent analyses, using the frequency feature in
JMP. In the Results, the true number of nodules measured in
each category is given as “n,” while the weighted prevalence and
cancer risks are given for the percentages. Statistical tests for
proportions were performed using a one-sided binomial test.
In particular, for comparison of observed cancer risk to the
Lung-RADS document, the upper limit of cancer risk listed
in the Lung-RADS document was used as the null hypothesis.

Confidence intervals for areas under the receiver operating
characteristic curves were generated by bootstrapping (with 2500
samples). Tests for differences between pairs of receiver operat-
ing characteristic curves were performed by using the method
described by Hanley and McNeil (13).

The primary aims of this study and the statistical analysis
were twofold: (a) comparison of true subsolid nodule cancer risk
to those listed in the Lung-RADS document, and (b) compari-
son of the diagnostic accuracy of the Lung-RADS categories,
NELSON trial scheme, and Brock risk predictor for diagnosis of
malignancy in subsolid nodules. P values were not corrected for
multiplicity of comparisons.

Results

Demographics of the Study Cohort

After exclusion of patients with nodules that were not truly
subsolid, 434 patients were included in the analysis. Of these,
220 were women (51%), 387 (89%, 88% weighted) were
non-Hispanic white, and 245 (56%, 54% weighted) were
former rather than current smokers. The median age was 62
years (range, 55—74 years), and the median smoking history
was 48 pack-years (range, 30-212 pack-years). Malignancy was
eventually diagnosed in 63 nodules (15%, 10% weighted), of
which 41 occurred in the same lobe as the target nodule. Can-
cers in the cohort were diagnosed at a median of 890 days from
NLST randomization (range, 3762499 days). Only 17 of the
434 patients (4%, 3% weighted) died of lung cancer during
the follow-up period.
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Table 1: Distribution and Natural History of Subsolid
Nodules

Patient and Nodule Characteristics Value
Women 214/434 (51)
Non-Hispanic white 387/434 (88)
Median age (y)* 62 (55-74)
Former smoker 245/434 (54)
GGN <10 mm 129/434 (45)
GGN 10-19 mm 153/434 (28)
GGN 20-29 mm 22/434 (3)
GGN =30 mm 5/434 (1)
PSN with solid component <6 mm 62/434 (13)
PSN with solid component 6-7 mm 26/434 (4)
PSN with solid component =8 mm 371434 (6)
Resolved 145/434 (28)
Cancer rate 41/434 (6)

Growth in average diameter”

Follow-up 1 44/298 (10)

Follow-up 2 741257 (24)
Development of solid component in pure GGN'

Follow-up 1 21/206 (8)

Follow-up 2 24/188 (10)

Note.—Nodules are from the National Lung Screening Trial
(National Lung Screening Trial Research Team, 2011) (7). Except
where indicated, data are numbers of patients, with weighted
percentages in parentheses. GGN = ground-glass nodule, PSN =
part-solid nodule.

* Numbers in parentheses are the range.
" Of nodules that persist at that follow-up CT.

Nodule Characteristics

Of the 622 nodules manually remeasured, 434 (70%) were
deemed to be true subsolid nodules. Nearly half (weighted
45%) were pure GGNs smaller than 10 mm in diameter. The
complete size distribution is given in Table 1. Overall, 145 of
the 434 nodules (28%) resolved at follow-up imaging and 41
(6%) developed into lung cancer. Forty-four of the 298 nod-
ules (10%) had grown at the first follow-up CT; 74 of 257
nodules (24%) had grown by the second annual follow-up
round. Among pure GGNs, 24 of 188 (10%) developed solid
components by the second follow-up round.

Malignancy Risk according to Lung-RADS Category at
Baseline CT
Of the 434 nodules, 304 (77%) were classified as Lung-
RADS category 2 at baseline (Table 2). This category was as-
sociated with a 3% risk of malignancy, which is greater than
the maximum of 1% listed in the Lung-RADS document (”
= .004). Lung-RADS category 3 was associated with a 14%
risk of malignancy, which is greater than the maximum of 2%
listed in the Lung-RADS document (P < .001). Lung-RADS
categories 4A and 4B were associated with 23% and 18%
risks of malignancy, respectively; the risk for category 4A le-
sions was not different from the risk listed in the Lung-RADS
document (P = .19).

Within Lung-RADS category 2, which encompassed pure
GGN smaller than 3 cm, we separated lesions into GGNs
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smaller than 10 mm, GGNs measuring 10-19 mm, and
GGNs measuring 20-29 mm. The malignancy risk in the
nodules smaller than 10 mm was only 1.3%, which is not dif-
ferent from the upper limit of 1% for Lung-RADS category
2. However, the 10-19-mm nodules had a malignancy risk of
6%, which is greater than the Lung-RADS risk (P < .001)
(Fig 3). Similarly, the 20-29-mm nodules had a higher risk
of malignancy than listed in Lung-RADS (9%, P = .02). In
addition, direct comparison of the malignancy rates between
the nodules smaller than 10 mm and those measuring 10-19
mm yielded P =.01.

Within Lung-RADS category 3, which encompassed pure
GGNes at least 30 mm and PSNs with a solid component smaller
than 6 mm (Fig 4), 62 of the 67 nodules (93%) were in the lat-
ter category. The malignancy risk in this latter group was 15%.

Malignancy Risk according to Lung-RADS Category at First
Follow-up

As with baseline CT, 190 of the 298 (73%) persistent nod-
ules at the first follow-up CT were classified as Lung-RADS
category 2 (Table 3). These nodules were associated with a
4% risk of malignancy, which is greater than the 1% listed
for the Lung-RADS category 2 (P = .003). Lung-RADS
category 3 at follow-up was associated with a 7% risk of
malignancy, which is also greater than the 2% listed in the
Lung-RADS document (” =.03). Eleven nodules (2%) were
classified as Lung-RADS category 4A, with a risk of 64%.
This is also higher than the maximum of 15% listed for that
category (P = .003). Lung-RADS category 4B was associ-
ated with a 33% risk of malignancy, in keeping with the
“greater than 15%” listed risk.

We assessed the evolution of Lung-RADS categories from
baseline to first follow-up. Of the 203 persistent nodules clas-
sified as Lung-RADS category 2, 182 nodules (92%) remained
Lung-RADS 2, 18 nodules (7%) became Lung-RADS 3, one
nodule (0%) became Lung-RADS 4A, and two nodules (1%)
became Lung-RADS 4B. Of the 54 persistent Lung-RADS 3
nodules, seven (12%) became Lung-RADS 2, 38 (76%) re-
mained Lung-RADS 3, five (7%) became Lung-RADS 4A, and
four became (5%) Lung-RADS 4B. Of the 16 persistent Lung-
RADS 4A nodules, one nodule (6%) became Lung-RADS 3,
five nodules (31%) remained Lung-RADS 4A, and 10 nodules
(63%) became Lung-RADS 4B. Finally, of the 25 persistent
Lung-RADS 4B nodules, one nodule (4%) became Lung-RADS
2 and 24 nodules (96%) remained Lung-RADS 4B.

Malignancy Risk according to NELSON Category

The NELSON trial categorization scheme differs for baseline
and subsequent rounds. The baseline round assigns categories
of 24 on the basis of lesion volume or size. NELSON category
2 was associated with a 1.6% risk of malignancy, NELSON
category 3 with a 9% risk, and NELSON category 4 with a
17% risk (Table 4). The follow-up round assigns categories of
A—C according to growth rate or development of a solid com-
ponent. NELSON category A was associated with a 6% risk of
malignancy, NELSON category B with a 22% risk, and
NELSON category C with a 16% risk of malignancy (Table 5).

radiology.rsna.org = Radiology: Volume 293: Number 2—November 2019
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Table 2: Lung-RADS Category at Baseline and Risk of Malignancy

Expected Malignancy Rates P Value vs

Lung-RADS Category at Baseline according to Lung-RADS (%)* No. of Patients" Cancer Rate (%)* Lung-RADS
Category 2 <1 304/434 (77) 3(1.8,5.9) .004

GGN <10 mm 129/304 (42) 1.3 (0.3, 5.1) 72

GGN 10-19 mm 153/304 (50) 5.7 (3, 11) <.001

GGN 20-29 mm 22/304 (7) 9 (3, 28) .02
Category 3 1-2 671434 (14) 14 (8, 24) <.001
Category 4A 5-15 26/434 (4) 23 (11, 42) .19
Category 4B >15 371434 (6) 18 (9, 33)

Note.—Results show that the observed rate of malignancy for Lung Imaging Reporting and Data System (Lung-RADS) category 2 is

higher than that in the Lung-RADS. GGN = ground-glass nodule.

* Expected malignancy rates were obtained from reference 8.

" Data were obtained from the National Lung Screening Trial (7). Numbers in parentheses are weighted percentages.

# Numbers in parentheses are the 95% confidence intervals.

a.
C.

Comparison of Brock, Lung-RADS, and NELSON Schemes
Receiver operating characteristic curves for the diagnosis of
cancer were generated for the Lung-RADS and NELSON cat-
egorizations, as well as the Brock University risk calculator, for
baseline and follow-up CT (Figs E1 and E2 [online]). The areas
under the receiver operating characteristic curve (AUCs), rep-
resenting their discriminatory abilities, are given in Table 6. At
baseline, the AUC for the Brock model was higher than that for

Lung-RADS (2 = .09) and NELSON (2 = .02 vs Brock). The
difference in AUC between Lung-RADS and NELSON yielded

Radiology: Volume 293: Number 2—November 2019 = radiology.rsna.org
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Figure 3: CT scans in a 57-year-old man undergoing low-
dose lung cancer screening. (@) Baseline scan shows a right
upper lobe pure ground-glass nodule measuring 11 mm (arrow).
Nodule was classified as Lung-RADS category 2. (b, €) CT
scans obtained at second annual follow-up show that this nodule
grew o 15 mm and developed a 3-mm solid component (ar-
rows). Malignancy was subsequently diagnosed.

P =.75. At follow-up, the Brock model again had a higher AUC
than Lung-RADS (P =.11) and NELSON (2= .01 vs Brock).

Discussion

In our study, we remeasured more than 400 subsolid nodules
from the National Lung Screening Trial (NLST) data at base-
line and follow-up imaging, including specific delineation of the
solid component which was not included in NLST annotations.
Using these revised measurements, we assigned Lung-RADS
categories to the nodules and showed that the malignancy risks
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Figure 4: CT scans in a 60-year-old woman undergoing low-dose lung cancer screening CT. (@) Baseline scan shows a right

lower lobe part-solid nodule measuring 11 mm with 5-mm solid component (arrows). Nodule was classified as Lung-RADS cat-

egory 3. (b) Scan obtained at second annual follow-up shows that nodule grew to 17 mm with 7 mm solid component (arrows).

Malignancy was subsequently diagnosed.

Table 3: Lung-RADS Category at Follow-up CT and Risk of Malignancy

Lung-RADS

Category at Expected Malignancy Rates No. of Patients P Value vs
Follow-up CT  according to Lung-RADS (%)*  in Model' Cancer Rate (%)*  Lung-RADS
2 <1 190/298 (73) 4(2,8) .003

3 1-2 571298 (17) 7(3,17) .03

4A 5-15 11/298 (2) 64 (35, 85) <.001

4B 5-15 40/298 (8) 33 (20, 48)

percentages.

Note.—Lung-RADS = Lung Imaging Reporting and Data System.
* Expected malignancy rates were obtained from reference 8.
" Data were obtained from the National Lung Screening Trial (7). Numbers in parentheses are weighted

# Numbers in parentheses are the 95% confidence intervals.

for Lung-RADS categories 2 and 3 were higher than those de-
picted in the Lung-RADS document (15 of 304 or weighted 3%
and 13 of 67 or weighted 13% at baseline CT, compared with
<1% [P =.004]) and 1%—2% [P < .001], respectively). In ad-
dition, we compared the discriminatory ability of Lung-RADS,
the NELSON scheme, and the Brock University model for
the diagnosis of malignancy within these subsolid nodules and
found that the Brock model had the highest discriminatory abil-
ity compared with Lung-RADS and NELSON (area under the
receiver operating characteristic curve = 0.78, 0.70, and 0.67,
respectively, at baseline CT).

One potential cause of higher malignancy rates in Lung-
RADS categories 2 and 3 compared with numbers derived
from the NLST annotations is the substantial percentage (188
of 622 or 30%) of nodules labeled in the data as subsolid but
that did not correspond to a subsolid nodule. This predomi-
nantly represented small solid nodules that appeared as ground
glass because of volume averaging, with other instances caused
by linear atelectasis or scarring nearly parallel to the axial plane.
If not removed, these benign findings would contribute to a
lower risk of malignancy in the overall cohort.

The higher rates of malignancy in Lung-RADS categories 2
and 3 are perhaps not surprising given emerging data describing
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the relatively high risk of invasive adenocarcinoma in larger pure
GGNs (14,15). A recent study that evaluated subsolid nodules
from the NLST found a similar malignancy rate for Lung-
RADS category 2 of 2.5% (16). A recent simulation model also
estimated a rate of 3% in Lung-RADS 2 subsolid nodules (17).
Our results for Lung-RADS category 3 present an even more
substantial discrepancy with respect to the rates published in the
Lung-RADS document (13% vs 1%-2%), and this appears to
be driven by a high risk of malignancy within PSNs. Of note, it is
possible that some of these PSNs would have, in clinical practice,
been designated as category 4X rather than 3 (eg, if spiculation
were present). However, there is only moderate interobserver
agreement regarding the presence of 4X characteristics among
chest radiologists (18), and we sought to minimize the degree of
subjective judgment involved in our analysis of Lung-RADS as
an algorithmic rule system.

Within Lung-RADS category 2, we observed a higher risk
of malignancy in larger GGNs (1.3% for GGN <10 mm vs
6% for GGN 10-19 mm, P = .01). Again, these results are not
surprising given existing data showing the higher risk of invasive
adenocarcinoma in larger pure GGN. However, they do suggest
that GGNis larger than 10 mm may be better classified as Lung-
RADS category 3 from a cancer risk perspective.

radiology.rsna.org = Radiology: Volume 293: Number 2—November 2019
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Table 4: NELSON Category at Baseline and Risk of Malig-
nancy

NELSON Category at No of Patients

Baseline CT* in Model" Cancer Rate (%)*
2 100/434 (37) 1.6 (0.4, 6.3)

3 304/434 (58) 9% (6, 12)

4 30/434 (4) 17 (7, 34)

* NELSON screening trial categories were obtained from Xu
etal (9).

T Data were obtained from the National Lung Screening Trial (7).
Numbers in parentheses are weighted percentages.

# Numbers in parentheses are 95% confidence intervals.

Table 5: NELSON Category at Follow-up CT and Risk of
Malignancy

No. of Patients in

NELSON Category

at Follow-up CT* Model" Cancer Rate (%)*
A 223/298 (79) 6% (3, 9)

B 29/298 (26) 22% (11, 40)

C 44/298 (40) 16% (8, 29)

* NELSON screening trial categories were obtained from Xu
etal (9).

T Data were obtained from the National Lung Screening Trial (7).
Numbers in parentheses are weighted percentages.

# Numbers in parentheses are 95% confidence intervals.

Table 6: Diagnostic Performance of Lung-RADS, NELSON, and the Brock University Model in the Detection of Malignancy in a
Subsolid Nodule from the NLST Cohort at Baseline and Follow-up CT

P Value for Comparison of

NELSON Trial Scheme vs
CT Examination Lung-RADS NELSON Trial Scheme Brock University Model Brock University Model
Bascline 0.70 (0.60, 0.80) 0.67 (0.59, 0.73) 0.78 (0.67, 0.85) 02
Follow-up 0.74 (0.63, 0.84) 0.64 (0.55, 0.74) 0.81 (0.70, 0.88) 01

Note.—Data are areas under the receiver operating characteristic curves, with the 95% confidence interval in parentheses. Lung-RADS is
based on linear nodule measurement and NELSON is based on volumetric nodule measurement. NELSON screening trial categories were
obtained from Xu et al (9). Lung-RADS = Lung Imaging Reporting and Data System (8).

We did not find an advantage to using volumetric mea-
surements in evaluating subsolid nodules for the risk of ma-
lignancy, with similar areas under the receiver operating char-
acteristic curve for the NELSON categorization scheme and
Lung-RADS (P = .56). A previous study compared linear
to volumetric measurements in the NELSON cohort and
showed mixed results, with the volumetric strategy having
slightly higher specificity and slightly lower sensitivity than
the linear approach (19). To our knowledge, this is the first
direct comparison of volumetric to linear nodule classifica-
tion schemes in the NLST cohort. The lack of a difference
between these two schemes likely reflects their very similar
treatment of subsolid nodules, for example, with pure GGNs
restricted to Nelson category III or (except if >3 cm) Lung-
RADS 2. However, we did find an advantage of using the
Brock risk prediction calculator over these purely measure-
ment-based schemes (with P = .02 greater performance of
Brock than NELSON though P = .09 for Brock vs Lung-
RADS). This highlights the utility of risk stratification using
multiple imaging and clinical parameters rather than mea-
surement alone. We note that a previous study also showed
that the Brock calculator performed better than Lung-RADS
for all nodule types in the NLST (11). It is likely that ra-
diomics or convolutional neural network—based artificial in-
telligence can produce even greater performance.

Although our findings do suggest that many subsolid
nodules (particularly GGN >10 mm and subsolid Lung-
RADS 3) have a higher malignancy risk than suggested by
the Lung-RADS document, the implications for nodule
management remain uncertain. Indeed, as these nodules
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tend to be indolent when malignant, the utility of imple-
menting a more aggressive follow-up scheme must be evalu-
ated in future work. We acknowledge that a more aggressive
follow-up scheme would result in far more CT examina-
tions, which would lead to increased radiation dose and pa-
tient cost, without necessarily a benefit given how indolent
these malignancies are. Our results suggest that using addi-
tional clinical and imaging features, such as with the Brock
calculator, may stratify these nodules even better, although
whether that leads to improved patient outcomes remains
to be shown. We should also highlight that patient prefer-
ences are an important component of the entire lung cancer
screening program, and some patients may prefer a more
aggressive approach given the high risk of malignancy even
if lesions are determined to be indolent.

Our study has several limitations. First, the NLST data
cancers were assigned to a lobe rather than a nodule. Thus,
we cannot know for certain if a malignancy identified within
the lobe was the result of the most suspicious nodule seen at
that time or of a new (incident) nodule. However, increasing
Lung-RADS categories and larger nodules within the Lung-
RADS 2 category were both associated with greater risks of
malignancy, supporting the fact that these malignancies are at-
tributable to the nodules themselves. Thus, we think this ap-
proach is preferable to that of others who eliminated nodules
due to ambiguity in assigning the malignancy to a nodule. We
also note that unresected subsolid nodules in NLST may still
represent indolent malignancies that have simply not been
detected during the follow-up period; however, it is possible
that malignancies that are so indolent may not ever impact the
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patient’s life expectancy. Our study being derived from NLST
only included current or former smokers, and therefore the ap-
plicability to Asian screening populations, which tend to in-
clude many nonsmokers, is uncertain. We also did not apply
radiomic analysis to these subsolid nodules, which may have
improved the malignancy risk assessment (20,21).

In conclusion, we show that the cancer risk in subsolid nod-
ules is greater than reported for Lung-RADS categories 2 and
3. The Brock University model performed better than linear
and volumetric measurements of the subsolid nodules in the
National Lung Screening Trial study cohort. Future methods
for individual risk assessment favor the use of models that
combine both clinical and imaging characteristics for decisions
regarding follow-up of subsolid nodules at found on baseline
lung cancer screening chest CT examinations. Further work is
needed to evaluate the cost effectiveness of such approaches.
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