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ORIGINAL ARTICLE

Operator-Dependent Reproducibility of Size Measurements
of Small Phantoms and Lung Nodules Examined With
| ow-Dose Thin-Section Computed Tomography

Giulia Picozzi, MD,* Stefano Diciotti, PhD,} Massimo Falchini, MD,* Silvia Foresti, MD,*
Francesca Gallesi, MD,* Edoardo Cavigli, MD,* Lorenzo Livi, MD,I Natale Villari, MD,*
and Mario Mascalchi, MD, PhD*

i Wl

Objective: We sought to assess the reproducibility of size measure-
ments of small lung nodules examined with low-dose thin-section
computed tomography (LDTSCT),

Materials and Methods: Three radiologists measured volume with a
semiautomatic tool and diameters manually of 20 (equivalent chameter
range, 3.3—11 mm) phantom nedules and 37 (mean diameter range,
5—8.5 mm) lang nodules in subjects undergemg LDTSCT.

Results: I phantoms, the worst 95% limits of agreement (95% LA)
for volume were —3.0% and 3.0% within opezator and —3.1% and
2.8% between operators. The coefficient of repeatability (CR) for
diameter ranged between 0.51 and 0.67 mm within operator and the
05% LA were from —0.71 to 0.71 mm between operators. In
nodules, the worst intraoperator 95% LA for volume were —14.4%
and 17.6% within operator and —[3.1% and 14.2% between oper-
ators. The CR for diameter ranged between 0.48 and ¢.73 mm wethin
operator and the 95% LA were from —1.16 to 1.16 mm between
opcerators.

Conchusion: Operator-dependent variability or size measurements
of small nodules examined with LDTSCT is not negligible and
should be considered in lung cancer-screening studies.

Key Words: phantoras, lung nodules, low-dose CT, reproducibility,
computer diagnostic aids

(Invest Radiol 2006;41: 831-839)

( :Gmputatian of the volume of lung nodules with dedicated
software decreases the variability of 2-dimensional (2D)
measurements and has the potential to increase the sensitivity
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of nodule growth assessment with computed tomography
(CT).""" This is relevant in general for nodules detected 1n
nonscreening CT® but in particular in the context of lung
cancer screening, in which small indeterminate nodules af
baseline or annual repeat are frequently re-examined after a
few months follow-up and evidence of nodule growth represents
the fundamental criterion for clinical management.” Although
initial protocols for lung cancer screening with CT used whole-
lung low-dose, namely low tube-current, thick sections thaf were
supplemented with standard dose thin-section targeted acquisi-
tions to assess nodule size,'” current screening protocols recom-
mend whole lung low-dose thin-section CT (EDTSCT)."" The
possibility to measure nodule size directly on LDTSCT 1s
attractive but raises concerns about quality and robustness of
measurements in images with a decreased signal to noise ratio as
the result of low tube-current. Moreover, previous studies testing
software for volumetric measurements of lang nodules were
predominantly performed in CT scans acquired with standard
tube-current.*~ As a preliminary step before adoption of a
custom-made software for lung nodule volume computation n a
clinical trial for lung cancer screening with LDTSCT, we eval-
pated the reproducibility of volume and 2D size measurements
of small nodule phantoms and indeterminate lung nodules iden-
tified in subjects undergoing LDTSCT.

MATERIALS AND METHODS

Nodule Phantoms

The set of nodule phantoms was constituted by a sample
of 3 types of phantoms similar in density fo lung nodules (Fig.
1) on which the software was validated. Type A were 10 silicone
synthetic nodules (mean density approximately 115 Hounsfield
Units [HU)) with irregular shape and known volume (mean
volume, 268.8 mun’; range, 75.9—688.6 mm’; mean equivalent
diameter, 8.0 mm; range, 3.3-11.0 mm). Type B were 5 syn-
thetic silicone phantoms simulating nodules identical in size fo
type A phantoms adiacent to different pulmonary structires such
as vessels. Type C (mean volume, 300.6 mm’; range, 196.4—
445.9 mm”; mean equivalent diameter, 8.3 mm; range, 7.2-9.5
mm) were 5 small deformable phantoms made of silicone rubber
mixed with policarbonate microspheres (mean density approxi-
mately 50 HU). All nodules were embedded 1 a marjoram
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FIGURE 1. CT appearance of type A (A),
type B (B) and type C(C) phantoms. The
images are displayed with a standard lung
window settings {(window level = —500
HU, window width = 1500 HU). Type A
phantoms are well-circumscribed silicone:
synthetic nodules with irreguiar shape.
Type B are silicone synthetic phantoms
simulating nodules adjacent to different
puimonary structures. Type C are deform-
able nodule phantoms. All nodules are
embedded in a marjoram background.

(mean density, —865 HU) background to reproduce the texture
of the lung parenchyma in the C'T' scans.

Lung Nodules

The set of lung nodules studied was constituted by 37
indeterminate solid nodules exceeding 5 mm in mean diam-
eter (mean, 6.3 * 1.1 mm; range, 5.0—3.5 mm as determined
by caliper measurements on the main CT console by the same
operator; see CT scan acquisition protocot in this article) and
correctly segmented which were observed in the first consec-
utive 35 subjects (2 subjects had 2 nodules each} showing
such nodules in the active arm of the Italung-CT trial at
baseline exarnination.'* Twenty-one subjects were examined
on a single-slice CT (SSCT) scannecr, whereas 14 were
scanned on a multislice CT {(MSCT) scanner (see CT Scan
Acquisition Protocols). Fourteen nodules were well circum-
scribed, 5 were juxtavascular, and 8 had a pleural tail.'”
Since 4 additional juxtavascular nodules were judged not to
be correctly segmented by an experienced supervisor, the
segmentation failure rate was 4 of 41 (9.8%). The nodules were
all solid, noncalcified, and their shape was smooth in 16, lobular
in 2, irregular in 14, and spiculated m 3.

CT Scan Acquisition Protocols

Lung nodules were examined with LDTSCT on a S5CT
Somatom Plus scanner (Siemens Erfangen, Germany} with 1
second rotation time (23 lung nodules) or a MSCT domatom
Plus 4 Volume Zoom scanner (Siemens Erlangen, Germany)
with 0.5 seconds rotation time and 4 rows of detectors (14
lung nodules). The low dese thin-section technique included
3 mm collimation, piich 2, reconstruction 1.5 mm, 140 kV, 43
mAs, AB91 reconstruction filter, 2 breath-holds with S5CT
scanner and 1.25 mm collimation, pitch 7, reconstruction 1
mm, 140 kV and 40 mAs, B70f reconstruction filter, 1
breath-hold with MSCT scanner.

All the 20 nodule phantoms were examined both on the
same SSCT and the MSCT scanners used for lung cancer
screening with the same scanning parameters (see the section
“Lung Nodules™). For nodule phantoms, a fixed field of view
of 340 mm was chosen which is similar to thaf used in
subjects undergoing screening with LDTSCT for tung cancer
screening.

Software

A semiautomatic software for computation of the vol-
une of lung nodules in CT scans was developed by one of the
anthors (S.1.) at the Department of Electronics and Telecom-
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munications of the University of Florence. The software was
validated in phantoms using standard and low tube-current
thin-section acquisition techniques (Root Mean Square Error
in phantoms of type A and B was consistently less than
6.6%). The operator sefects the nodule of interest in the spiral
CT scans by using a custom computer uset interface (step 1).
Recause we were interested in assessing the volume of small
nodules (diameter between 5 and 10 mm) a cubic volume of
interest (VOI) of 25 X 25 X 25 mm° is extracted for
successive processing (step 2). The VOI is supersampled with
tri-linear interpolation to obtain an isotropic voxel and to
reduce partial volume etiects (step 3).1° The first processing
step is a focus of attention stage for the identification of
pulmonary structures, both nodular and non-nodular, such as
vessels and pulmonary fissures (step 4). The results of the
focus of attention stage are shown to the operator for visual
inspection to classify each identified structure as nodular,
non-nodular or noise {(step 5). The location of the pulmonary
structures was kept into account by the following stage, the
3D region-growing segmentation algorithm, to mmprove the
segmentation of juxtavascular nodules (step 6). The algo-
rithm is based on both a thresh-holding technique and the
geodesic influence zones concept and the volume of the
nodule is thus computed by using the voxel counting method
(step 7). Because no pleura identification was empioyed 1n
the focus of attention stage, juxtapleural nodules were ex-
cluded by our analysis.

Reproducibility

Three radiologists with at least 4 years of thoracic
imaging experience (G.P., S.F., and F.G.) ¢valuated the 2 sets
of nodules working independently. Each radiologist mea-
sured twice the volume and 3 times the diameters of' 20
nodule phantoms scanned twice {in 2 scamners) and 37 lung
nodules. The nodule measurement sessions were separated by
at least 1 week. A total of 240 volume nodule phantom
measurements (80 for operator) and of 222 volume lung
nodules measurements (74 for operater) were obtained.

According to the I- ELCAP protocol,'’ nodule diameter is
the average of length and width. Length is measured in a single
CT image, which shows the maximum length. The width is the
largest perpendicular to the length and is measured 1n (he same
CT image. A total of 360 2D nodule phantom measurements
(120 for operator) and of 333 2D lung nodules measurerments
(111 for operator) were obtained.

© 2006 Lippincott Williams & Wilkins
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Size Measurements of Small Lung Nodules

TABLE 1. Volume, Mean Diameter, and Maximum
Diameter Measurements of Type A Phantoms Obtained
From Scans Acquired on SSCT and MSCT

P Wilcoxomn
Maiched
S8CT MSCT Pair Test
Volume (mm?) 0.88
Mean = SD 431.9 £ 1193 4329 + 117.3
Range 266.6—0696.5 268.0-691.5
Mean diametfer (mm) (.50
Mean = SD __ 2011 Q1= 1.0
Range 6.8-11.7 7.1-11.6
Maximum =20.01
diameter (mm)
Mean = SD 07 £ 1.3 10,2 = 1.1

Range 7.8-122 7.8-12.]

Only the locations of lung nodules to be measured with
reference to the segmental anatomy of the lung was provided
to the operators. In particular, they did not receive or record
information about the slice on which to perform the 2D
measurement or start the 3P assessment.

Statistical Analysis

To assess if the size measuremenis were influenced by
scan acquisition on the SSCT or MSCT scanner, the volume and
diameters of type A phantoms were compared using the 2-tailed
Wilcoxon matched paired test with a significance level of P <
(.05. In the case of a significant difference a one-tailed test was
used to investigate whether one data set was greater than the
other. Volumes and mean and maxumum diameters measure-
ments of type A phantoms of each radiologist taken on C1' scans
from SSCT scanner were compated with the same measure-
ments of the same radiologist taken on CT scans from M5C1
scanner.

To evaluate operator-dependent reproducibility, we
preliminarily evaluated for each operator’s data set the cor-
relation between standard deviation (SD) of the measurement
and phantom or nodule size using the Kendall 7 test with a
P < (.05, If such a correlation was not observed, we used the
repeatability coefficient (CR), as defined by the British Stan-
dards Institution,'? to measure the intraoperator reproducibil-
ity and the Rousson method'> {95% limits of agreement (95%

LA) of the difference between measurements performed by
operators | to measure the interoperator agreement. In case of
a significant relationship between SD and magnitude of the
measurement, log-transformed data were employed and the
05% LA according to the Bland and Altman method was
adopted to measure the intra and interoperator reproducioil-
ity.' 1% Finally, to graphically assess the degree of agree-
ment, the mean measurements of all possible operator’s pairs
and the corresponding lines of equality plot were drawn.

RESULTS
SSCT Versus MSCT Size Measuremenis

Table [ shows the volume and mean diameter and
maximum diameter measurements of type A phantoms ob-
tained from scans acquired on SSCT and MSCT. The Wil-
coxon matched pair test showed that differences in measure-
ments performed on SSCT and MbBCT scans were not
significant for volume (P = 0.88) and mean diameter (£ =
0.50), whereas they were significant (P < 0.01) for maximum
diameters. The one-tailed test revealed that maximum diam-
eters were significantly (P <C 0.01) greater for measurements
taken on MSCT scanner as compared with SSCT scanner. In
particular, the mean of the differences were 0.35 mm and the
median of the differences 0.20 mm.

Operator-Dependent Reproducibility

Table 2 details the results of the Kendall T test for
volume and 2D measurements in nodule phantoms and jung
nodules. A significant correlation between SD and magnrtude
of the nodule phantom volume measurements was observed
for one operator, but neither for the other operators nor for the
3 operators combined. A significant correlation between SD
and magnitnde of lung nodule volume measurements was
observed for 1 operator and for the 3 operators combined. No
correlation between SD and magnitude of the 21> measure-
ments was observed for any operator and for all 3 operators
combined in the case of nodule phantoms and lung nodules.

The intraoperator and interoperator 95% LA for volume
measurements in phantoms and lung nodules are detatled in
Table 3. In the case of nodule phantoms the mtragperator
05% LA for volume ranged from —0.3% and 0.3% to —3.0%
and 3.0% and the interoperator 95% LA ranged from —2.0%
and 1.9% to —3.1% and 2.8% (Fig. 2). In the case of lung

TABLE 2. The Kendall r Correlation Coefficients Between 5D and Magnituce of the
Measurement in the Case of 2D (Maximum and Mean Diameter) and 3D (Volume)
Measurements in Nodule Phantoms and Lung Nodules Measured by 3 Operators

Nodulje Phantoms

Lung Nodules

Maximnm Mean Maximum Mean
Operater Biameter Diameter Volume Diameter Diameter Yolume
] 0.001 ~ (.03 (.26% —0.09 —0.05 0.01
2 0.05 0.05 — 12 0.06 0.06 0.26=
3 Q.12 0.272 —={3.21 —0.03 0.03 017
All (.17 0.08 —{.04 (.15 0.14 0.26%
*P < (.05,

© 2006 Lippincoir Williams & Wilkins
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TABLE 3. Intraoperator and Interoperator Mean Difference and 95% Limits of Agreement
for Volume Measurements

: Nodule Phantoms Lung Nodules |

“* Mean 33%4 Limits of Mean 05% Limits of

“Ei Operator Difference Agreement Difference Agreement

“‘% Intraoperaior

1 0 —0.3% 0.3% 1.6% —14.4% 17.6%

Z 0 —3.0% 3.0% (}.6% —11.7% 14.6%

3 —0.2% —1.9% 1.6% 0 —12.4% 12.4%

[nteroperator

-2 —0.2% ~3.1% 2.8% —0.2% —11.2% 12.2%

-3 —0).1% —2.0% 1.9% —0.3% —13.1% 14.2%

23 0.2% —2.4% 2.7% —(}. 2% —11.4% 12 4%

nodules the intraoperator 95% LA for volume ranged from  on S5CT or M>CT scanner, presumably raﬂecti_ng the thinn_er
_12.4% and 12.4% to —14.4% and 17.6% and the interop-  collimation used on MSCT scanner which implies iess partial
erator 95% LA ranged from —11.2% and 12.2% to —[3.1%  volume effects. Followmg the I-ELCAFP recommendatiens_,“
and 14.2% (Fig. 3). we also measured the mean diameter of the nodules, which
The intraoperator CR and interoperator 95% limits of  was more repmducib!e (95% LA == —1.16 mm to 1.16 min)
agreement for nodule phantoms and lung nodules are detailed  than the maximum diameter. -

in Table 4 for mean diameter measurements and in Table 5 Low reproducibility of linear measurements,”™*" the
for maximum diameter measurements. The intraoperator CR nonspherical shape of most nodules, and the development of
for mean diameter in phanfoms ranged between 0.51 mm and  multidetector spiral scanning have fuelied mierest on vqlu—
0.67 mm and the interoperator 95% LA ranged from —0.71 metric computerized methods to assess lung nodule size.
mm to 0.71 mm (Fig. 4). The intraoperator CR for maximum Numerous studies have reported that 3D methods applied to
diameter in phantoms ranged between 0.67 mm and 0.91 mm  thin-section CT at standard dose enable: (12)4 the accurate
and the interoperator 95% LA ranged from —0.91 to 0.91  assessment of pulmonary nodule volume': * and (2) the
mm. The intraoperator CR for mean diameter in lung nodules  reduction of intra and interoperator variability in establishing
ranged between 0.48 mm and 0.73 mm and the interoperator  nodule size.>* In particular, Revel et al® evaluated 54 nodules
05% LA ranged from —1.16 mm to 1.16 mm (Fig. 5). The of 518 mm in diameter in a clinical setting using thin-section
intraoperator CR for maximum diameter in lung nodules  CT at standard dose and reported intraoperator 95% LA of
ranged between 0.66 mm and 1.22 mm and the interoperator  2.4-3.1% for volume measurements using a fully automatic
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05% LA ranged from —1.46 mm to 1.46 mm. Overall, greater
interoperator reproducibility was observed for volume as
compared with mean diameter measurements in the case of
nodule phantoms and lung nodules.

DISCUSSION

Nodule size assessement in clinical and screening prac-
tice is typically performed in 2 dimensions'"-'”~*" using the
maximum or mean diameter. In a study performed on pul-
monary nodules (3—18 mm in diameter) idenfified in a clinical
setting and scanned with standard dose thin-section spiral CT,
Revel et al,”® based on the reproducibility of maximum
diameter taken by 3 operators, conciuded that the maximum
nodule diameter would have to increase by at least 1.7 mun to
be confident with a true increase in size of the nodule. In our
study, considering the interoperator variability of maximum
diameter on lung nodules (95% LA = —1.46 mm to 1.46
mm), we obtained similar results in a screening setting using
LDTSCT, which implies a lower signal-fo-noise ratio and a
worse condition to identify nodule borders. Notably, in both
studies, radiologists were not aware of the slice on which to
perform the measurement, It 1s noteworthy that in our study
in phantoms assessing inferscanner variability only the max-
mmum diameter was sigmificantly different for scans obtamned
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software. In the case of interoperator disagreement, the wid-
est 95% LA was 8.9% and 7.6% for 2 operators. Wormanns
et al* in a study with LDTSCT of 151 pulmonary nodules
(diameter range 2.2-20.5 mm, mean 7.4 mm) in a climcal
setting using an automatic software found an interoperator
95% LA for volume measurements of 5.5 to 6.6% and
intraoperator 953% LA of —3.9 to 5.7%.

A general problem of the volume measurement approach
is the incapability of any software to segment all nodules and
notably those juxtapleural with segmentation fatlure rate ranging
between 4% and 12%.%°** Qur semi-automatic software had a
segmentation failure rate of 9.8%. This common failure of 3D
software makes use of 2D measurements unavoidable for some
nodules.

So far, the variability of size measurements m the screen-
ing setting has been addressed only 1n one study,” which used
targeted (small) field of view and standard tube-current. In our
study, we used LDTSCT with a large field-of-view and a
semi-automatic custom-made software for volume measure-
ments of small (5.0—8.5 mym in diameter) lung nodules observed
in a screening setfing. _

Preliminarily, we assessed the reproducibility of size
measurements on small {5.3-11 mm in diameter) nodule
phantoms. This represents a simplified setting than that of

© 2006 Lippincott Willioms & Wilkins
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FIGURE 2. A-C, Scatter plots of the mean volume measure-
ments of nodule phantoms: measurements of operator
versus 2 (A); measurements of operator 1 versus 3 (B); mea-
surements of operator 2 versus 3 (C). There was excellent
agreement, in fact alf points lie along the line of equality.
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TABLE 4. Intraoperator Coefficient of Repeatibility (2.77 * 5D With a 5% Error Rate) and Interoperator 95% Limits of

Agreement tor Mean Diameter Measuremenis

Nodule Phantoms

Lung Nodules

[ntraoperator
Operator Coefficient of repeatability (mm) Coefficient of repeatability (mm)
i 067 048
2 0.56 0.73
3 0.51 0.63
Interoperator
Operator Mean difference {mm) 05% lirnits of agreement (nun} Mean difference (im) 03945 limits of agreement {mm)
All 0 0.71 .16

—Q71

G —1.16

TABLE 5. Intraoperator Coefficient of Repeatibility (2.77 X 5D With a 5% Error Rate) and Interoperator 95% Limits of

Agreement for Maximum Diameter Measurements

Nodule Phantoms

Lung Nodules

Intraoperator
Operator Coefficient of repeatability (mm) Coefficient of repeatability {mom}
; (.01 (.66
2 .67 1.22
3 0.71 0.91
Inieroperater
Operator Mean difference (mm) 95% limits of agreement (mnt} Mean difference (mm) 05% limits of agreement (mmj

0 —0.91

lung nodules examination, the main differences being related
to lack of any meotion in nodule phantom acquisitions as
compared with the vulnerability of lung nodule acquisitions
to different types of motion such as imperfect breath-holding
and cardiac motion. Not surprisingly, in our study the mira
and interoperator 95% LA intervals for volume measure-
ments were far smaller for phantoms as compared with Jung
nodules which were scanned using identical protocols, in
particular collimation, reconstruction filter and tube current.
The lower reproducibility of lung nodules size measurements
is most Hkely due to difficalties in segmenting lung nodules
which are ili-defined, adjacent to blood vessels as compared
with the regular shape of phantoms. Additional factors 1m-
creasing the variability of lung nodules measurements include
cardiac and respiratory motion during acquisition, changes n
the position of the nodule relative to adjacent structures and
changes in nodule shape. %"

We measuted a 95% LA for volume measurements of
lung nodules of —14.4% and 17.6% or less within operator
and of —13.1% and 14.2% or less between operators. Possi-
ble causes of the lower reproducibility we measured as
compared with previous studies in a clinical setting™” include
the smaller size of the nodules investigated, the low tube-
current and the large field of view techniques and the use of
a semiautomatic software.

Segmentation procedures generally are aimed to high
accuracy and reproducibility. User interaction enables to
introduce the a priori knowledge of the human expert which
may improve the algorithm accuracy. However, a source of
variability due to the user-dependent phase is added and both
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the within-operator and the between-operator reproducibility
can be lower than in fully automatic procedures.

The reproducibility of size measurements we obtained
in a screening setting are of potential interest for lung cancer
screening practice in several aspects. In fact mdeterminate
nodule size and growth are fundamental for clinical decision
making in lung cancer screening with CT,'™'* in particular
in respect to the cut-off size values arbitrarily recommended
to select “significant” indeterminate nodules requuring fol-
low-up and to ascertain true nodule growth at follow-up.

Because the detection ef noduies less than 5 mm on screen
does not justify immediate work-up but only annual repeat
screening®’ many CT screening trials use this cut-off value for
nodules found at the baseline examination to be scheduled tor
short term follow up.'V*** At annual repeat, a cut-off of 3 mm
in diameter for new nodules is recommended. Recently, a
volume cut-off {50 mL) was introduced in the Nelson study to
qualify for “significant” indeterminate nodules at baselme
screeming,.>° From our data on nodules greater or equal to 5 nmim,
if an operator measures a mean diameter of 3 mm m a given
nodule, she or he has a 95% chance to measure a mean diameter
ranging from 4.27 to 5.73 mm when a second calculation 1S
made. However, when the mean diameter measurement of the
same nodule is taken by another operator there is a 95% chance
that this is in the range between 3.84 and 6.16 mm. This
imperfect reproducibility should be taken nto account when
discrepancies emerge in some of the resuits, for mstance recall
rate, of screening programs using similar dimensional cut-off
values, especially in multicenter studies.

S 2006 Lippincott Williams & Wilkins
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FIGURE 4. Scatter plots of the mean diameter measurements
of nodule phantoms: measurements of operator 1 versus 2
(A); measuremenis of operator 1 versus 3 (B); measurements
of operator 2 versus 3 (C). There was fair agreement.
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Nodule growth 15 one of the most compelling indicators
of malignancy, and the primary concern 1s whether a nodule
that appears to have grown in sequential CT examinations has
actually grown or the difference in measurements 1s due to a
measurement error. Criteria to establish nodule growth 1n
lung cancer screening with CT have not been established. In
line with the RECIST criteria, for which an increase of at
least 20% in the maximum diameter (corresponding to an
increase of volume of 73%) qualifies for lesion growth/
progression of disease®™”' some authors proposed (EU/US
draft guidelines for CT screening for lung cancer, May 2002)
an increase of at least 20%, namely 1 mm 1n mean diameter
for a 5-mm nodule, when 2D measurements are used. An
increase of at least 25% was proposed to establish nodule
growth in case of 3D measurements.*" It is noteworthy that
making the cut-off value smaller may be associated with a
shorter time to follow-up to establish growth or lack of
thereof with the benefit to reduce the subject’s anxiety asso-
ciated to the possibility to harbor a malignant lesion.

In our study the worst case for infraoperator 95% LA
for lung nodules volume measurements was 17.6%. This
means that any growth of 17.6% or less could not be distin-
ouished, with a 5% error rate, from the measurement eror.
Moreover, since a volume increase of 100% (lesion doubling)
corresponds to an increase of the diameter of only the 26%,

volume measurements appear to be more sensitive to reveal a
nodule growth respect to a diameter measurement. In fact, an
increase of 17.6% In volume corresponds to an increase of
only 5.5% in diameter. From our data such diameter growth
could not be distinguished from measurement error because
CR and the interobserver 95% LA 1n mean diameter in the
worst case were, respectively, 0.73 mm (14.6% for a 5-mm
nodule or 7.3% for a 10-mm nodule) and 1.16 mm (23.2% for
a S-mm diameter nodule and 11.6% for a 10-mm diameter
nodule). Our data indicate that a 25% 1n volume 1ncrease
proposed as a cut-off to establish nodule growth on LDTSCT
in lung cancer screening™ falls beyond the 95% LA of intra
and interoperator reproducibility. On the conirary they mdi-
cate that | mm increase of the mean diameter 18 within the
range of the operator-dependent variability, if measurements
from different operators are considered.

We recognize several limitations of our study. First, we
considered only indeterminate solid nodules because nonsolid
and part-solid nodules pose special challenges to diameter
measurements and to the analysis of growth.”’ In addition,
juxtapleural nodules were discarded because of the difficulty
in nodule segmentation.

Second, the size range of the solid nodules we exam-
ined covers only partially that encountered in screeming
practice. Notably, no nodule less than 5 mm m diameter was
considered because our software was validated only for
nodule of 5-10 mm diameter size. However, because the
variability of the volume measurements using a 3D software
is inversely proportional to the size of the nodule,* it is
expected that larger intervals of the 95% LA than those we
measured would apply to nodules smaller than 5 mm.

Third, the data we obtamed in phantoms type A indicated
a low interscanner vanabihty which enabled us to consider
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negligible differences in size measurements due to the scanner
and perform a cumulative analysis of the lung nodules scanned
onn SSCT and MSCT. We recognize that this negligibility does
not necessarily apply to interscanner variability of other types of
phantoms and especiaily lung nodules.

Fourth, our study we did not consider variations occur-
ring between 2 different CT examinations mn the same scail-
ner, namely the scan-rescan variability *~° This is affected by
variations due to patient’s position, different lung volume due
to variable degrees of inspiration, phase of cardiac cycle or
presence of microatelectasis,”*” as well as technical changes
such as slice registration and selection which may lead to

varying amount of volume averaging. This scan-rescan vari-
ability was as high as 20-27% in clinical seftings using
automatic software and low tube-current techniques™” and
represents an additional source of variability in comparing the
size of a nodule at initial observation and follow-up. Assess-
ment of scan-rescan variability in the setting of lung cancer
screening with LDTSCT in the Italung-CT trial 15 1n progress.

In conclusion, operator-dependent variability of size
measurements of small nodules examined with LDTSCT 1s
not negligible and should be considered when size thresholds
are used in lung cancer screening,
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