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Background:  Classification of lung cancer screening CT scans depends on measurement of lung nodule size. Information about in-
terobserver agreement is limited.

Purpose:  To assess interobserver agreement in the measurements and American College of Radiology Lung CT Screening Reporting
and Data System (Lung-RADS) classifications of solid lung nodules detected at lung cancer screening using manual measurements
of average diameter and computer-aided semiautomated measurements of average diameter and volume (CT volumetry).

Materials and Methods: Two radiologists and one radiology resident retrospectively measured lung nodules from screening CT scans
obtained between September 2016 and June 2018 with a Lung-RADS (version 1.0) classification of 2, 3, 4A, or 4B in the clinical
setting. Average manual diameter and semiautomated computer-aided diameter and volume measurements were converted to the
corresponding Lung-RADS categories. Interobserver agreement in raw measurements was assessed using intraclass correlation and
Bland-Altman indexes, and interobserver agreement in Lung-RADS classification was assessed using bi-rater k.

Results: One hundred twenty patients (mean age, 63 years = 6 [standard deviation]; 67 women) were evaluated. All manual, semi-
automated diameter, and semiautomated volume measurements were obtained by all three readers in 120 of 147 nodules (82%).
Intraclass correlation coefficients were greater than or equal to 0.95 for all reader pairs using all measurement methods and were
highest using volumetry. Bias and 95% limits of agreement for average diameter were smaller with semiautomated measurements
than with manual measurements. K values across all Lung-RADS classifications were greater than or equal to 0.81, with the lowest
being for manual measurements and the highest being for volumetric measurements. Forty-three of 120 (36%) of the nodules were
classified into a lower Lung-RADS category on the basis of volumetry compared with using manual diameter measurements by at
least one reader, whereas the reverse occurred for four of 120 (3%) of the nodules.

Conclusion: Interobserver agreement was high with manual diameter measurements and increased with semiautomated CT volumet-
ric measurements. Semiautomated CT volumetry enabled classification of more nodules into lower Lung CT Screening Reporting
and Data System categories than manual or semiautomated diameter measurements.
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urrent guidelines for managing indeterminate solid lung
Cnodules in CT lung cancer screening are primarily based
on risk stratified by nodule size, with larger size correspond-
ing to greater lung cancer risk (1,2). In clinical practice, lung
nodule size typically is determined as the average of bidi-
mensional linear measurements (average diameter) made
manually on a single transverse CT image with a computer
mouse using an electronic ruler. Because follow-up recom-
mendations depend on nodule size, measurement variability
among observers can lead to variability in management.

Semiautomated CT measurements of lung nodule
size, using computer algorithms that determine nodule
boundaries and the volume contained within, may more
accurately reflect nodule size than cross-sectional linear

measurements, particularly for nonspherical and asymmet-
ric nodules. In theory, as a semiautomated process, CT vol-
umetric measurements should be more reproducible than
manual measurements. Yet, small differences in the mea-
sured size of nodules near the threshold of two size ranges
with different management recommendations may result
in management variability and a change in the test efficacy.

The Lung CT Screening Reporting and Data System
(Lung-RADY) classification and management system of the
American College of Radiology (1), widely used with CT
lung cancer screening in the United States, uses the average
nodule diameter to distinguish different risk categories. The
most recent version of Lung-RADS (version 1.1) also in-
cludes nodule volume ranges for the different risk categories,
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Abbreviation
Lung-RADS = Lung CT Screening Reporting and Data System

Summary

The use of semiautomated CT volumetry improved interobserver
agreement and enabled classification of more nodules into lower
Lung CT Screening Reporting and Data System categories than the
use of manual or semiautomated diameter measurements.

Key Results

= Intraclass correlation coefficients for lung nodule size measure-
ments across three reader pairs were 0.95-0.98 for manual diam-
eter, 0.98-0.99 for semiautomated diameter, and 1.00 for semiau-
tomated CT volumetry.

= Weighted k values for Lung CT Screening Reporting and Data
System (Lung-RADS) classification across three reader pairs were
0.81-0.87 for manual diameter, 0.94—0.98 for semiautomated di-
ameter, and 0.98-1.00 for semiautomated CT volumetry.

m Use of semiautomated CT volumetry resulted in all three read-
ers classifying 66% of lung nodules into Lung-RADS category 2,
whereas 48%-53% of lung nodules were classified into this cat-
egory using manual or semiautomated diameter measurements.

determined by the volumes of spheres having diameters cor-
responding to the category diameter ranges. The major purpose
of Lung-RADS is to standardize management of lung nodules in
CT screening, but there has been little assessment of interobserver
agreement associated with its use. The purpose of this study was
to evaluate the interobserver agreement in Lung-RADS classifica-
tions associated with manual average diameter, semiautomated av-
erage diameter, and semiautomated CT volumetric measurements
of solid lung nodules detected at CT lung cancer screening.

Materials and Methods

Approval to perform this retrospective study and a waiver of
Health Insurance Portability and Accountability Act authoriza-
tion were obtained from the local Human Studies Committee.
The need to obtain written informed consent was waived for
the use of existing clinical data.

Selection of Patients and Nodules
The study sample was derived from consecutive patients who
underwent initial CT screening examinations performed in
the Siteman Cancer Center screening program at Washington
University (St Louis, Mo) from September 2016 to June 2018.
The screening CT studies were performed without intravenous
contrast material with a Sensation 64, Somatom Definition AS
128, or Definition Edge scanner (Siemens, Erlangen, Germany)
according to American Association of Physicists in Medicine
guidelines, including volume CT dose index less than or equal
to 3.0 mGy in a patient of standard size (3), using 120 kV and
35 mAs if the body mass index was 25-34 kg/m?, 25 mAs if the
body mass index was less than 25 kg/m?, and 50 mAs if the body
mass index was greater than or equal to 35 kg/m?” Images were
reconstructed in the transverse plane at a 1-mm slice thickness
and at 1-mm intervals using a medium-smooth (B31f or 131f)
and a medium-sharp (B50f or I50f) kernel.

Patients were randomly selected after being stratified ac-
cording to the Lung-RADS classification assigned to their first
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screening CT scan by one of 12 thoracic radiologists (less than
1 to greater than 25 years of experience) who originally read the
scan for the patient’s clinical care. Only patients with a Lung-
RADS dlassification based on the size of a solid nodule for which
there were no comparison CT scans were considered. The sam-
ple size of 120 was designed to have a minimum of 10 patients
in each category in decreasing frequency from Lung-RADS cat-
egory 2 through Lung-RADS category 4B. It included an equal
number of patients whose largest solid nodules originally mea-
sured at 3 mm, 4 mm, and 5 mm to examine the relationship be-
tween nodule size and agreement on whether a screen result was
negative (Lung-RADS 2) or positive (Lung-RADS 3 or greater).

The solid nodules with size corresponding to the Lung-
RADS classification assigned for each patient were measured by
the study readers. If the original assignment was Lung-RADS
2 with multiple nodules recorded, then only the largest nodule
or nodules were selected for the study readers to measure. If the
original assignment was Lung-RADS 3, 4A, or 4B, with mul-
tiple nodules in the category assigned by the original clinical
reader, then all nodules with the size corresponding to the as-
signed Lung-RADS category were selected for the study readers
to measure. Patients in whom the Lung-RADS classification was
determined by a subsolid or endobronchial nodule, patients with
no nodules, patients whose largest nodule was less than 3 mm,
patients who had an unspecified nodule size less than 6 mm,
or patients whose CT findings were suspicious for lung cancer
without lung nodules were excluded.

Readers and Measurements

The nodules were measured by three readers for this study:
an attending radiologist (D.S.G.) with more than 25 years of
experience as a chest radiology subspecialist (reader 1), an at-
tending radiologist (C.E.R.) with 2.5 years of experience as a
chest radiology subspecialist (reader 2), and a radiology resi-
dent (M.Z.) in the 3rd year of radiology residency (reader 3).
The slice number and lobe recorded by the original radiologist
were provided for each nodule to be measured. Readers were
blinded to the size measurement and Lung-RADS classification
recorded by the original radiologist and other study readers.

The scans were read in the same randomized order by each
reader. Readers were allowed to perform the measurements at
their convenience with no restrictions on the number or timing
of reading sessions or number of nodules measured per session.
Nodules were first measured manually with the desktop version
of the clinical picture archiving and communication system
(Syngo Plaza; Siemens), using images reconstructed with a B50f
or I50f medium-sharp kernel. Readers were instructed to select
the transverse slice for measurement they considered most ap-
propriate and to use the electronic ruler to measure the longest
and perpendicular dimensions.

Each reader then measured the same set of nodules using a
desktop version of a computer software program (Syngo VIA;
Siemens) connected to the clinical picture archiving and com-
munication system, in the same nodule order as with the man-
ual measurements. With this semiautomated method, the user
draws a line across the nodule in any direction, and the soft-
ware automatically outlines the nodule edges on each slice and
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Figure 1:
processing. Display graphics include nodule margins outlined by software, location

CT image shows solid left upper-lobe nodule with volumetric software

of longest and perpendicular dimensions, and corresponding linear and volume
measurements. Diam = diameter; L1VOIT = location 1, volume T: Max = maximum;
Orth = orthogonal; RECIST = Response Evaluation Criteria in Solid Tumors.

Table 1: Characteristics of Patients in Study Sample

Characteristic Value

Age (y) 63+6

No. of women* 67 (57)

Pack-years smoked 41 = 16 (30-104)
Current smokers* 96 (80)

Note. —Unless otherwise specified, data are means * standard
deviation, with ranges in parentheses.

* Data in parentheses are percentages.

displays the nodule volume and longest transverse and perpen-
dicular dimensions (Fig 1). Images reconstructed with the B31f
or I31f medium-smooth kernel were used for these semiauto-
mated measurements. If the computer-generated nodule borders
appeared inaccurate, then the line was redrawn in a different ori-
entation and/or on a different slice, which can result in different
computer-generated nodule outlines and measurements. If no
attempts were successful, then a semiautomated volume mea-
surement was not recorded. No manual editing of computer-
generated nodule outlines was performed.

Statistical Analysis

Mean nodule diameters were calculated from the bidimensional
manual and semiautomated measurements, with fractional val-
ues rounded up to the next integer, as was performed by the orig-
inal clinical radiologists who used version 1.0 of Lung-RADS.
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Table 2: Distribution of Lung-RADS Classifications and Nodule
Sizes in Study Sample
Lung-RADS Classification No. of  Nodule size No. of
and Definition Patients (mm) Nodules
Lung-RADS 2 60
<6 mm 3 33
<113 mm? 4 23
<1% risk of malignancy 5 24
Lung-RADS 3 30
=6 mm to <8 mm 6 19
=113 mm® to <268 mm’® 7 15
1%-2% risk of malignancy
Lung-RADS 4A 18
=8 mm to <15 mm 8-9 11
=268 mm® to <1767 mm? 11-13 9
5%-15% risk of malignancy
Lung-RADS 4B 12
=15 mm 15-17 6
=1767 mm’® 22-31 7
>15% risk of malignancy
Total 120 3-31 147
Note. —Lung-RADS = Lung CT Screening Reporting and Data
System.

Mean diameter and volume measurements were converted to the
corresponding Lung-RADS categories for solid nodules (1). For
patients with more than one measured nodule, the Lung-RADS
classification was determined separately for each nodule.
Agreement on absolute nodule size was evaluated for each
reader pair using intraclass correlation and Bland-Altman in-
dexes (4). Agreement on Lung-RADS categories for each reader
pair was determined using pairwise K, a measure of agreement
ranging from 0 to 1 that accounts for agreement due to chance
(5). k values were determined for agreement across all four
Lung-RADS nodule categories separately (2, 3, 4A, and 4B); in
a dichotomous manner in which Lung-RADS 2 was considered
a “negative” screen result and Lung-RADS 3, 4A, and 4B were
considered “positive” screen results; and with 4A and 4B grouped
as a single category (2 vs 3 vs 4). Linear-weighted k was used
for determining agreement among more than two Lung-RADS
categories, and simple k was used for comparing agreement on
whether screen results were positive or negative. Overall, posi-
tive, and negative agreements were determined on the basis of
the aforementioned definitions of positive and negative screen
results. Statistical analysis was performed by one author (L.R.)
using SAS (version 9.4; SAS Institute, Cary, NC). P values less
than .05 were considered to indicate statistical significance.

Results

Patient Characteristics

Patient characteristics and nodule size distribution with Lung-
RADS conversions are shown in Tables 1 and 2. Among 524 pa-
tients who underwent an initial CT screening examination, 277
had scans that met exclusion criteria, leaving 247 patients from
whom the study sample of 120 patients was obtained (Fig 2).
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524 Consecutive Patients (initial screens 9/30/16-6/20/18)

277 Excluded:
- 147 with no nodules
- 66 with nodules <3 mm

247 Patients

- 38 with nonsolid nodules
- 15 with comparison scans
- 9 with other suspicious findings
(endobronchial nodules, atelectasis, hilar enlargement)
- 2 with unspecified nodule size <6 mm

| Lung-RADS 2 (n=185) |

Largest nodule Largest nhodule Largest nodule
3 mm (n=85) 4 mm (n=49) 5 mm (n=51)

Randomized

Randomized Randomized

| Lung-RADS 3 (n=32) | | Lung-RADS 4 (n=30) |

Randomized

(n=30)
Lung-RADS 3 Lung-RADS 4A Lung-RADS 4B
n=30 n=18 n=12

(n=20) (n=20) (n=20)
Lung-RADS 2
n=60
Figure 2: Flowchart shows study sample selection. Lung-RADS = Lung CT Screening Reporting and Data System.

The mean age * standard deviation of the 120 patients in the
study was 63 years = 6 (range, 55-78 years), the minimum
amount smoked was 30 pack-years, and 96 (80%) were current
smokers. One hundred forty-seven nodules were identified for
measurement, of which there were 80 from 60 patients classified
as having Lung-RADS 2 nodules, 34 from 30 patients classified
as having Lung-RADS 3 nodules, 20 from 18 patients classified
as having Lung-RADS 4A nodules, and 13 from 12 patients clas-
sified as having Lung-RADS 4B nodules by the original reader.

Reader Measurements

All 147 nodules were measured manually by all readers. Semi-
automated diameter and volume measurements were obtained
for 135 of 147 (92%) and 132 of 147 (90%) nodules, respec-
tively, by reader 1; for 147 of 147 (100%) and 147 of 147
(100%) nodules by reader 2; and for 135 of 147 (92%) and
129 of 147 (88%) nodules by reader 3. All measurements were
obtained by all readers for 126 of 147 (86%) nodules and were
used for the analyses reported here. Of the 21 nodules not mea-
sured with the semiautomated technique by all three readers,
nine were classified as Lung-RADS 2 nodules, five were clas-
sified as Lung-RADS 3 nodules, four were classified as Lung-
RADS 4A nodules, and three were classified as Lung-RADS 4B

nodules by the original reader.

Nodule Classifications

The frequency with which nodules in each size group were as-
signed to a specific Lung-RADS category by the study readers
increased as nodule size approached that category’s size threshold
and then decreased as nodule size increased beyond that cate-
gory’s size threshold (Fig 3). Each average nodule diameter-size
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group contained some nodules that were given a Lung-RADS
classification different from the one used by the original clinical
radiologist by one or more readers with at least one of the mea-
surement methods (Fig 3). Readers 1 and 3 recorded relatively
more nodules as Lung-RADS 2 nodules (67 each or 53%) using
manual measurement of diameter compared with reader 2 (60 or
48%) and compared with using their own semiautomated mea-
surements of diameter (60 or 48% and 62 or 49%, respectively)
(Table 3). Classifications made using volumetry were identical
among all readers for all but two nodules classified as Lung-
RADS 3 nodules by two readers and as Lung-RADS 4A nodules
by the other reader. All three readers classified more nodules as
Lung-RADS 2 nodules using volumetric measurement (83 of
126 or 66% each) than using manual diameter (60—67 of 126 or
48%-53%) or semiautomated diameter measurement (60—62
of 126 or 48%-49%) (Table 3). Among all nodules in which
volumetric and diameter-based classifications differed, the Lung-
RADS classification was lower using volumetry than the clas-
sification of 43 of 47 nodules measured manually and 37 of 37
nodules measured by using the semiautomated diameter (Table

E1 [online] and Figs 4, 5).

Reader Agreement

Intraclass correlation was greater than or equal to 0.95
(P < .001) for all reader pairs using all measurement methods,
was lowest for manual diameter (0.95-0.97), and was high-
est (1.0 for all reader pairs) for semiautomated volumetry (Fig
6). Bland-Altman analysis revealed a bias toward larger manual
measurements for reader 2, which were 0.6 mm larger than
those of reader 1 and 0.5 mm larger than those of reader 3.
However, there was less variation between reader pairs for semi-
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Figure 3:  Bar graphs show relative frequencies of Lung CT Screening Reporting and Data System (Lung-RADS) classifications
for (@) manual measurements, (b) semiautomated average diameter measurements, and (€) semiautomated volume measurements,
according fo sizes originally reported by clinical radiologists. Number of study reads (in parentheses) for each nodule size category
equals number of nodules in category multiplied by three study readers or reads.
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automated diameter measurements than for manual diameter
measurements (Table 4). Differences between reader pairs in
absolute measurements did not vary systematically across the
range of nodule sizes (Fig E1 [online]).

For distinguishing among all four Lung-RADS categories,
linear-weighted k values for the three reader pairs (Table 5, Fig
6) ranged from 0.81 to 0.87 for manual measurements, 0.94
to 0.98 for semiautomated diameter measurements, and 0.98
to 1.0 for semiautomated volume measurements. For distin-
guishing between Lung-RADS 2 (negative screen result) and
the other categories (positive screen result), simple k values
(Table 5) all varied by less than 0.05 compared with distin-
guishing among all four categories. Overall, positive and nega-
tive agreement for the three reader pairs ranged from 0.90 to
0.94, 0.86 to 0.95, and 0.85 to 0.97, respectively, for manual
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diameter measurements; ranged from 0.97 to 0.98, 0.97 to
1.00, and 0.97 to 0.97, respectively, for semiautomated diam-
eter measurements; and were all 1.00 across all reader pairs for
semiautomated volume measurements. The linear-weighted «
values for distinguishing among Lung-RADS 2 (malignancy
rate <1%), Lung-RADS 3 (malignancy rate of 1%-2%), and
Lung-RADS 4 (malignancy rate =5%) classifications ranged
from 0.80 to 0.85 for manual measurements, 0.94 to 0.97 for
semiautomated diameter measurements, and 0.98 to 1.0 for
semiautomated volume measurements (Table E2 [online]).

Discussion

To reduce variability in CT screening patient management and
outcomes, it is important to know the amount of variability
associated with different steps in the CT interpretation pro-
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Table 3: Number of Nodules Assigned to Each Lung-RADS Category by
Each Reader
Measurement and Lung-RADS Category ~ Reader 1  Reader2  Reader 3
Manual
2 67 (53) 60 (48) 67 (53)
3 3125  35(298) 31 (25)
4A 18 (14) 20 (15) 19 (15)
4B 10 (8) 1109 9 ()
Total 126 126 126
Autodiameter
2 60 (48) 61 (48) 62 (49)
3 33(26)  31(25 32 (25)
4A 25 (20) 26 (21) 24 (19)
4B 8 (6) 8 (6) 8 (6)
Total 126 126 126
Autovolume
2 83 (60) 83 (60) 83 (66)
3 19 (15)  21(17) 21 (17)
4A 17 (13) 15 (12) 15 (12)
4B 7 (6) 7(6) 7 (6)
Note.—Data in parentheses are percentages. Lung-RADS = Lung CT Screen-
ing Reporting and Data System.

Figure 4: Images show lung cancer screening CT scan in 57-year-old man. (@) Axial and (b)
coronal images show right lower-lobe nodule (arrow) classified as Lung CT Screening Reporting

and Data System (Lung-RADS) category 3 nodule by all readers using manual measurements and

as Lung-RADS 2 nodule by all readers using volumetry. Manual average diameter is 7 mm as mea-

sured by two readers and & mm as measured by one reader; semiautomated average diameter

is  mm as measured by two readers and 7 mm as measured by one reader; and semiautomated

volume is 91 mm®, @6 mm?, and 99 mm® as measured by each of three readers. Note the relafively

flat nonspherical shape in b. Nodule remains stable on subsequent scans up to 2.5 years lafer.

cess. But information about interobserver agreement in nodule
measurement using manual or semiautomated computer-aided
methods is limited. In this study, we assessed the component
of interobserver agreement related to these different methods
of measuring the size of solid lung nodules and the impact on
resulting Lung CT Screening Reporting and Data System (Lung-
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RADS) classifications. The intraclass correlations for raw mea-
surements were 0.95 or greater (P < .001) for all reader pairs,
and the k values for Lung-RADS categorization were in the
range regarded as “almost perfect” (0.81-1.00) (5): 0.81-0.87
for manual diameter, 0.94-0.98 for semiautomated diameter,
and 0.98-1.00 for semiautomated CT volumetry. Lack of
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-
a. b. (o

Figure 5:
classified as Lung CT Screening Reporting and Data System (Lung-RADS) category 3 nodule by one reader using manual measurements, as Lung-RADS 4A nodule by two

Images show lung cancer screening CT scan in 66-year-old woman. (@) Axial, (b) coronal, and (€) sagittal images show right upper-lobe nodule (arrow)

readers using manual measurements, and as Lung-RADS 3 nodule by all three readers using volumetry. Manual average diameter is 7 mm as measured by one reader, 8
mm as measured by one reader, and @ mm as measured by one reader; semiautomated average diameter is 7 mm as measured by two readers and 8 mm as measured
by one reader; and semiautomated volume is 122 mm? as measured by two readers and 133 mm® as measured by one reader. Nodule remains stable on surveillance

scans through 3 years of follow-up.

overlap of the k 95% confidence limits between any of the
measurement methods when assessing agreement among all
four Lung-RADS categories, and between manual and volu-
metric methods when assessing agreement on positive versus
negative screens, further supports that agreement was greater
with use of semiautomated volumetry.

A key feature of our study is that the same nodules were
measured by the same observers with both manual and semi-
automated methods, allowing direct comparison of agreement
with both methods. Most studies have assessed observer vari-
ability for manual measurements or semiautomated methods
alone, without comparing both methods in the same nodules
and without assessing agreement in corresponding Lung-RADS
classifications. In one previous study (6), the 95% limits of
agreement among three readers who manually measured the
largest transverse dimension of 54 nodules in the 3- to 18-mm
range were —1.73 to 1.73 mm. In a study in which three readers
manually measured 32 lung cancers (7), concordance correla-
tion coeflicients for bidimensional measurements ranged from
0.97 to 0.99. Another study (8) found an average k value of
0.70 for manually classifying 80 initial screening CT scans from
the National Lung Screening Trial by Lung-RADS criteria, but
this study required readers to both identify and measure the risk-
dominant nodule and included subsolid nodules.

By using semiautomated volumetry, one study (9) found that
the 95% limits of agreement between two observers for mea-
suring 50 pulmonary metastases were —5.5% to 6.6%. When
the volumes of 430 nodules in the size range of 50-500 mm?
(4.6- to 9.8-mm diameter if spherical) from the Dutch-Belgian
Lung Cancer Screening (or NELSON) trial were measured by
one local site reader and one of two central readers, the Spear-
man correlation was 0.99 with a 0.4% mean difference as deter-
mined by Bland-Altman analysis (10). Another study (11), in
which seven chest radiologists reviewed 134 CT scans from the
National Lung Screening Trial, found that the k value for classi-
fying the scans as either positive or negative for cancer increased

Radiology: Volume 297: Number 3—December 2020 = radiology.rsna.org

from 0.53 without using computer-aided detection and semi-
automated measurement software compared with 0.66 with us-
ing this method, and positive agreement increased from 77% to
84%. However, this study required readers to both detect and
measure nodules, which likely explains the lower k values com-
pared with those found in our study.

Although use of volumetry resulted in the strongest agree-
ment, it also shifted classifications to Lung-RADS categories
lower than those obtained with average diameter measure-
ments. Some of these discrepancies may be explained by us-
ing the Lung-RADS (version 1.0) practice of rounding up
diameter measurements, which would lead to classification of
nodules with, for example, an average diameter of 5.5-5.9 mm
as Lung-RADS 3 nodules after rounding up to 6 mm and as
Lung-RADS 2 nodules (if spherical) because of volume less
than 113 mm?. A similar effect was reported in another study,
which found that estimating nodule volume from the mean di-
ameter of nodules in the 50- to 500-mm?® volume range resulted
in overestimation of 47% compared with direct semiautomated
volume measurement, likely reflecting the nonspherical and
often asymmetric shape of most nodules (12). This effect also
may have contributed to the baseline negative screen result rate
in the Dutch-Belgian Lung Cancer Screening trial (13) (which
considered screens having only nodules smaller than 50 mm?®
[4.6 mm if spherical] as demonstrating negative results) being
higher, at 79.2%, than the baseline negative screen result rate of
72.7% in the National Lung Screening Trial (14), which con-
sidered nodules having a largest diameter less than 4 mm as
demonstrating negative results. The largest diameter of nons-
pherical 50-mm?® nodules would be even greater than 4.6 mm,
and thus some 4-mm and 5-mm nodules that were considered
as demonstrating positive results in the National Lung Screen-
ing Trial likely would have been considered as demonstrating
negative results using the NELSON trial volumetric criteria.
These considerations suggest that risk-category thresholds based
on actual nodule volume measurements would be preferable to
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Figure 6: Scatterplots show lung nodule measurements for each reader pair and measurement method. (@=¢) Manual diameter measurements; (d-f)

semiautomated diameter measurements; (Fig & continues).

thresholds based on conversion of the average diameter to the of software and segmentation algorithms used, as biases toward

volume of a sphere. Semiautomated measurements and opti- smaller or larger diameters and volumes have been found in pre-

mal size-classification thresholds also may depend on the type  vious software comparisons (15,16).
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Figure 6 (continued):
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Table 4: Bland-Altman Parameters for Each Reader Pair and Measurement Method

Difference Examined Manual (mm)

Autodiameter (mm)

Autovolume (mm?) Autovolume (%)

R2—R1 0.60 (—2.4, 3.5)
R3— R2 —0.50 (—3.7, 2.6)
R3—R1 0.00 (—2.0, 2.1)

0.10 (—1.3, 1.5)
—0.20 (= 1.5, 1.1)
—0.10 (—1.3, 1.1)

—0.80 (—132, 131)
—4.4 (—159, 151)
—5.1 (—111, 100)

6.2 (—67.5, 80)
—5.9 (—67.9, 56.2)
0.3 (—43.7, 44.4)

Note.—Data are presented as the mean difference (95% limit of agreement). R = reader.

Table 5: Agreement on Lung-RADS Categories

All Four Categories (2 vs 3 vs 4A vs 4B)*

Positive (3, 4A, 4B) vs Negative (Category 2)*

Comparison ~ Manual Diameter  Autodiameter Autovolume Manual Diameter ~ Autodiameter Autovolume
R1vs R2 0.87 (0.80, 0.93) 0.97 (0.94, 1.00)  0.98 (0.96, 1.00)  0.83 (0.73, 0.92) 0.95 (0.90, 1.00)  1.00 (1.00, 1.00)
R2 vs R3 0.81 (0.74, 0.88) 0.94 (0.90, 0.99) 1.00 (1.00, 1.00)  0.79 (0.69, 0.90) 0.92 (0.85,0.99)  1.00 (1.00, 1.00)
R1 vs R3 0.85 (0.78, 0.91) 0.98 (0.95,1.00)  0.98 (0.96, 1.00)  0.87 (0.79, 0.96) 0.97 (0.92, 1.00)  1.00 (1.00, 1.00)
Note. —Data are presented as the k value (95% confidence limit). Lung-RADS = Lung CT Screening Reporting and Data System, R = reader.
* Weighted

" Simple

Our study had limitations. First, the assessment of agreement
was limited to three reader pairs at a single institution. Second,
agreement on manual measurements may have been influenced
by the morphologic characteristics of nodule margins, as greater
interreader variability has been found for nodules with spicu-
lated or irregular margins (17). Although we did not evaluate
nodule morphologic characteristics, our results reflect agreement
for the range of nodule types encountered in clinical practice.
Also, k values may vary with the number and relative distribu-
tion of nodules (18), although the k values stayed consistent
across multiple analyses that grouped the Lung-RADS categories
in different ways. Finally, we did not assess how down categoriza-
tion of Lung-RADS nodule classification affects the efficacy of
this method for CT lung cancer screening,.

In conclusion, the findings of this study support the reli-
ability of manual measurements in lung cancer screening. They
also provide direct evidence that consistency could be further
improved and nearly optimized for solid nodules by using semi-
automated volumetry. Given the potential for discrepancies in
Lung CT Screening Reporting and Data System classifications
depending on the use of diameter or volume guidelines, further
study may be warranted to better define volume-based nodule
management categories and the impact that different segmenta-
tion algorithms may have on nodule measurements.
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