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Abstract

Background: To determine which components should be measured and which
window settings are appropriate for computerized tomography (CT) size mea-
surements of lung adenocarcinoma (ADC) and to explore interobserver agree-
ment and accuracy according to the eighth edition of TNM staging.

Methods: A total of 165 patients with surgically resected lung ADC earlier than stage 3A
were incduded in this study. One radiologist and two pulmonologists independently mea-
sured the total and solid sizes of components of tumors on different window settings and
assessed solidity. CT measurements were compared with pathologic size measurements.
Results: In categorizing solidity, 25% of the cases showed discordant results among
observers. Measuring the total size of a lung adenocarcinoma predicted pathologic invasive
components to a degree similar to measuring the solid component. Lung windows were
more accurate (intraclass correlation [ICC] = 0.65-0.81) than mediastinal windows
(ICC = 0.20-0.72) at predicting pathologic invasive components, especially in a part-solid
nodule. Interobserver agreements for measurement of solid components were good with
little significant difference (lung windows, ICC = 0.89; mediastinal windows, ICC = 0.91).
A high level of interobserver agreement was seen between the radiologist and
pulmonologists and between residents (from the division of pulmonology and critical care)
versus a fellow (from the division of pulmonology and critical care) on different windows.
Conclusions: A considerable percentage (25%) of discrepancies was encountered
in categorizing the solidity of lesions, which may decrease the accuracy of mea-
surements. Lung window settings may be superior to mediastinal windows for
measuring lung ADCs, with comparable interobserver agreement and moderate
accuracy for predicting pathologic invasive components.

Key points

Significant findings of the study:

 Lung window settings are better for evaluating part-solid lung adenocarcinoma (ADC),
with comparable interobserver agreement and moderate accuracy for predicting patho-
logic invasive components. The considerable percentage (25%) of discrepancies in cate-
gorizing solidity of the lesions may also have decreased the accuracy of measurements.

What this study adds:

o For accurate measurement and categorization of lung ADC, robust quantita-
tive analysis is needed rather than a simple visual assessment.
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Clinical T category for LCA staging

Introduction

The eighth edition of the TNM staging of lung cancers has
recently been published by the International Association
for the Study of Lung Cancer (IASLC). For clinical T stag-
ing of subsolid nodules, the IASLC recommend measuring
the long axis of the largest solid portion on lung windows
to reflect the invasive component as close as possible to the
pathologic T descriptor.”’

However, in the real-world practice, even radiologists,
when classifying lesions by a clinical T descriptor of the
eighth version of lung cancer staging, experience substan-
tial numbers of atypical cases that are not clearly shown as
a lesion of the central solid component with peripheral
ground-glass opacity (GGO), often leading to difficulty in
categorizing such ambiguous cases. Thus, various measure-
ment approaches dealing with diverse radiological situa-
tions regarding subsolid nodules need to be
comprehensively compared.

The purpose of this study was to: (i) determine the
degree of difference among categorizations of solidity by
observers; (ii) determine which components to measure;
(iii) identify which window settings to use; and
(iv) determine if there is a difference between measure-
ments by radiologists and pulmonologists. Ultimately, we
hoped to identify the most appropriate way to measure
various subsolid lesions.

Methods

This retrospective study was approved by the institutional
review board of our institution (“blinded’); and informed
consent for using clinical and imaging data of the patients
was waived.

Study population

We identified all cases with surgically resected ADC in the
lung cancer registry of the Samsung Medical Center from
2009 through 2016 which satisfied the following inclusion
criteria: confirmed adenocarcinoma (ADC); early-stage, ie,
stage I, I, or IIIA according to the eighth version staging';
and presence of a 2 mm or less slice thickness of CT image
performed before surgery. Exclusion criteria were history
of previous radiation or chemotherapy.

Image acquisition

CT images were obtained with the following parameters:
(field of view, 30 to 36 cm; beam pitch, 1.35 or 1.375; gan-
try speed, 0.5 or 0.6 second per rotation; 120 kVp;
150-200 mA; and reconstruction interval, 1-2 mm). Vari-
ous CT scanners manufactured by different vendors were
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used, including 16-, 40-, and 64-MDCT scanners and a
second-generation dual-source scanner. A total of 165 CT
scans were performed: a second-generation dual-source
system (Somatom Definition Flash, Siemens Healthcare
[25 studies]; or Discovery CT 750, GE Healthcare [20 stud-
ies]), a 64-MDCT scanner (Aquilion 64, Toshiba Medical
Systems [eight studies]; LightSpeed VCT, GE Healthcare
[72 studies]; Brilliance 64, Philips Healthcare [1 studies]), a
40-MDCT scanner (Brilliance 40, Philips Healthcare
[36 studies]), and a 16-MDCT scanner (Somatom Sensa-
tion 16, Siemens Healthcare [3 studies]).

Scanning was performed from the thoracic inlet to the
middle portion of the kidneys. All CT data were
reconstructed using high-spatial-frequency and soft-tissue
algorithms.

CT interpretation

Three independent observers retrospectively evaluated the
CT scans of the ADC cases. One observer was a radiology
resident (observer 1). The others were physicians in
pulmonology (observer 2, a resident; observer 3, fellow).

The observers evaluated the solidity of the tumor in a
lung window.

by visual inspection and categorized it as pure ground-
glass nodule (GGN), part-solid, or solid nodule. Size mea-
surement of the ADC was performed by both mediastinal
(window width, 400 Hounsfield units [HU]; window level,
30 HU) and lung (window width, 1500 HU; window level,
-700 HU) windows.

The sizes of the total and solid components of the ADC
with different windows were evaluated by each observer as
follows: (i) total area of the lesion in the lung window
(total-lung area); (ii) total area of the lesion in the medias-
tinal window (total-media area); (iii) maximum diameter
of the total lesion in the lung window (total-lung M);
(iv) maximum diameter of the total lesion in the mediasti-
nal window (total-media M); (v) maximum diameter of the
solid component in the lung window (solid-lung M); and
(vi) maximum diameter of the solid component in the
mediastinal window (solid-media M).

Measurements were performed on 3-dimensional recon-
struction images including axial, coronal, and sagittal
images. The sections and planes that displayed the largest
tumor diameter were selected. If a part-solid nodule had
several internal solid components, we measured the maxi-
mum diameter of the solid component by adding each
measurable solid component. Although this method could
increase interobserver variability, the aim was to measure
as close to the actual pathologic invasive size as possible.
All scan data were displayed directly on monitors of a pic-
ture archiving and communication system (PathSpeed or
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Centricity 2.0, GE Healthcare

Solutions).

Integrated Imaging

Comparison of CT-pathologic size
measurement

We compared CT and pathologic sizes in two different
ways. First, the total area of the tumor on CT was com-
pared with the total area of the lesion in pathology
(Fig 1a). Second, the maximum diameter of the tumor was
compared with the invasive pathologic component, as the
pathology report contained only the single maximum
diameter of the invasive component (Fig 1b). An absolute
difference value was obtained by subtracting the maximum
CT diameter of the solid component from the pathologic
invasive size.

Pathological measurement

For pathologic evaluation, whole tumor tissue sections
were obtained and placed on a slide. One experienced lung
pathologist (JHH, with 22 years of experience in lung
pathology) interpreted all tissue sections by virtual slides
using ImageScope viewing software (Aperio Technologies,
Inc.) and a high-resolution monitor.® The evaluations were
performed according to IASLC/American Thoracic
Society/European Respiratory Society classification criteria,
quantifying the extent of each histological component
(adenocarcinoma in situ [AIS], minimally invasive ADC
[MIA], invasive ADC with lepidic, acinar, papillary, micro-
papillary, or solid-predominant type).” Comprehensive his-
tological subtyping was performed in a semi-quantitative
manner to the nearest 5%, summing to a total of 100%
subtype components per tumor. The most predominant
pattern in a mixed-type tumor was determined by the

Clinical T category for LCA staging

histopathological subtype that constituted the greatest per-
centage of the tumor.®

Pathological examinations revealed seven MIAs and
158 invasive ADCs. The average maximum tumor
diameter + SD described in the pathology reports was
109 +2.3 mm in MIA and 25.7 +12.5 mm in invasive
ADC. In MIA, the mean size of the invasive component *
SD was 4 £ 1 mm.

Statistical analysis

A statistical analysis was executed using SAS version 9.4
(SAS Institute, Cary, NC) and R 3.5.1 (Vienna, Austria;
http://www.R-project.org).

To compare radiological and pathologic size measure-
ments of ADCs, Bland-Altman plots with 95% confidence
intervals (ClIs) and intraclass correlation coefficient (ICC)
values were assessed. To determine the agreement of solid-
ity categorization of each observer, weighted Cohen’s
kappa values were assessed. A Wilcoxon signed rank test
was performed to compare the difference between the solid
component size and pathologic invasive component size
according to window settings. Interobserver and
intraobserver agreement for size measurements of the
ADCs was assessed using ICC values as follows: poor
agreement, less than 0.59; moderate agreement, 0.60-0.79;
and high agreement, greater than 0.80. Significance was set
at P < 0.05.

Results

Patient characteristics

A total of 165 patients with 165 ADCs satisfied our inclu-
sion criteria (79 men and 86 women, mean age 61 years;

Figure 1 Schematic drawings for measurement of lung adenocarcinoma manifesting as a part-solid nodule on CT. (a) Measurement of maximum
and perpendicular diameters of the total lesion (black line) compared with total area on pathology (gray area). (b) Measurement of maximum diame-
ter of the solid component (black line) compared with the pathologic invasive component (green area).
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Table 1 Summary of solidity categorization among three observers

Y. Choi et al.

Observer 1 Observer 2 Observer 3

Solidity classification No. of lesions (n = 165)

Concordant cases (n = 124, 75%)

Discordant cases (n = 41, 25%)
No. of lesions (n = 165) (%)

Pure GGN 8 17 24
Part-solid 109 82 95
Solid 48 66 46

8(5) 74
73 (44) M@ 18 (11)8
43 (26) 5031

GGO, ground-glass opacity; Observer 1, resident of radiology; Observer 2, resident of division of pulmonology and critical care; Observer 3, fellow
of division of pulmonology and critical care. Data in parentheses represent percentages. "Two observers agreed as pure GGN and one observer as
part-solid nodule. *Two observers agreed as part-solid and one observer as pure GGN. ¥Two observers agreed as part-solid and one observer as solid
nodule. 1Two observers agreed as solid and one observer as part-solid nodule.

range 36-82 years). All patients underwent surgery. The
mean time between CT and surgery was 15 days
(SD = 18 days; range = 0-118 days). Additional details of
patient characteristics are summarized in Table S1.

Agreement of solidity categorization

Each observer categorized the lung lesion as pure GGN,
part-solid, or solid nodule. Overall, 75% (n = 124) of the
lesions showed concordant results among the three
observers, and 25% (n = 41) showed discrepancies, with at
least one classified differently (Table 1). The ratio of dis-
cordant cases ranged from 13% to 22%, based on a com-
parison between two observers.

Agreement of solidity categorization by weighted Cohen’s
kappa value was generally good (k = 0.65-0.78, 95%
CI : 0.55-0.87). Weighted Cohen’s kappa values and 95% CI
between two observers were as follows: observer 1 and 2
(k = 0.65, 95% CI : 0.55-0.76), observer 1 and 3 (k = 0.78, 95%
CI:0.70-0.87), observer 2 and 3 (k = 0.67, 95% CI : 0.57-0.77).

To determine if any specific patterns caused the differ-
ences in solidity categorization, we further analyzed 41 dis-
cordant cases. Of 41 cases, 18 cases (44%) were difficult to
distinguish between pure GGN and part-solid nodule, and
23 cases (56%) were difficult to distinguish between part-
solid and solid nodule.

Cases where pure GGN and part-solid nodules needed
to be distinguished were divided into three categories. The
first was subsolid nodules with CT features of borderline
attenuation (n = 15, 83%), which means a higher than
usual density GGO in lung windows, but not visible as a
solid portion in mediastinal windows (Fig 2a). In these
cases, observers had difficulty classifying lesions as a pure
GGN or part-solid nodule. The second was subsolid lesions
with entirely heterogeneous attenuation (n =2, 11%) that
could not be classified into pure GGN or homogeneous
solid nodules (Fig 2b). The last category was subsolid
lesions with a smoothly transitional margin from GGO to
dense solid attenuation (n = 1, 6%). This means the lesion
has no clear-cut margin between the dense solid compo-
nent to background GGO (Fig 2c).
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In cases where part-solid and solid nodules needed to be
distinguished, most of the cases difficult to distinguish were
solid nodules with an adjacent small area of GGO (n = 18,
78%) (Fig 2d). Owing to mass effect or bronchial obstruc-
tion, the peripheral GGOs could have confused observers.

Accuracy of CT size measurement
compared with pathology

For accuracy compared with pathologic size, total lung area
generally showed high ICC (0.89-0.91) between total path-
ologic areas of the lesion (Table 2). Total media area also
showed moderate to high degree of accuracy compared
with pathologic total area (ICC = 0.77-0.83). Solid lung M
showed moderate to high accuracy (ICC = 0.79-0.85) com-
pared with the diameter of the pathologic invasive compo-
nent. However, solid media M showed poor to moderate
accuracy (ICC = 0.58-0.75) between pathologic invasive
components.

The median of the absolute difference value (pathologic
invasive size - maximum CT diameter of solid component)
was 8 mm (interquartile range [IQR], 4 to 11) in the medi-
astinal window and 3 mm (IQR, —7 to 17) in the lung win-
dow. The difference value of the solid component was
significantly higher in mediastinal windows than lung win-
dows in all observers (P < 0.0001).

To determine the effect of solidity on CT to predict
pathologic tumor status, further analysis was carried out by
layering according to solidity classification (Table 3). Mea-
surement of solid nodules generally showed moderate to
high accuracy for predicting both pathologic total area and
invasive pathologic component (ICC = 0.73-0.94). Mea-
surement of pure GGNs showed poor accuracy for
predicting pathologic total area (ICC = 0.0-0.52).

For measurement of total area of part-solid nodules, the lung
window demonstrated high accuracy (ICC = 0.80-0.86) for
predicting pathologic total area. Otherwise, the mediastinal win-
dow demonstrated poor accuracy (ICC = 0.35-0.55). In mea-
surement of solid components in part-solid nodules, the lung
window provided a superior, although moderate, degree of

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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Figure 2 Atypical cases causing discrepancy between observers in categorizing solidity. (a—c) In cases where pure GGN and part-solid nodule needed
to be distinguished, there were three patterns of atypical cases. (a) Lesion with borderline attenuation where observers had difficulty classifying
lesions as pure GGN or part-solid; (b) entirely heterogeneous attenuated lesion; and (c) lesion with gradually smooth transitional margin. In cases
where part-solid and solid nodules need to be distinguished, (d) a predominant solid mass with small area of adjacent GGO was the main cause of
discrepancy.

accuracy (ICC = 0.65-0.79) for predicting invasive pathologic the maximum diameter of solid components on CT are
components to the mediastinal window (ICC = 0.20-0.63). shown in Figs S1 and S2.

We found no significant difference of accuracy for
predicting the pathologic invasive component between
total lung M (ICC = 0.65-0.81) and solid lung M
(ICC = 0.65-0.79).

Bland-Altman plots with 95% ClIs of the difference  ICC values of radiological size measurement among three
between the size of the pathologic invasive component and ~ observers generally ranged from 0.89 to 0.97, representing

Inter- and intraobserver agreement of
radiological size measurement

Table 2 Overall accuracy of CT measurements compared with pathologic size measurement of lung adenocarcinoma

Size measurement, median (IQR) CT measurement pathologic size measurement ICC 95% ClI

Total-lung area 442 mm? (234, 764) 423 mm? (178, 768) 0.89-0.91 0.86, 0.94
Total-media area 190 mm? (8, 479) 0.77-0.83 0.69, 0.87
Solid-lung M+t 20 mm (10, 29) 25 mm (15, 32) 0.79-0.85 0.73,0.89
Solid-media M 15 mm (4, 24) 0.58-0.75 0.48, 0.81

Cl, confidence interval; ICC, intraclass correlation coefficient; IQR, interquartile range; M+, maximum diameter in one dimension.
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Figure 3 Case with lower interobserver agreement for computed tomography (CT) measurement on mediastinal windows. (a—b) A 78-year-old
woman with moderately differentiated ADC, acinar pattern, and a 28 mm invasive component (T1c). (a) A part-solid nodule with a spiculated margin
is seen in the right upper lobe on the lung window setting; and (b) on mediastinal windows, multiple internal air densities and air bronchogram
made it difficult to measure solid components of the nodule. (c-d) A 69-year-old man with moderately differentiated ADC, acinar and lepidic pat-
tern, with a 25 mm invasive component (T1c). (c) On lung windows, an irregular subpleural part-solid nodule with an adjacent bronchovascular bun-
dle is demonstrated. (d) On mediastinal windows, both irregular margin and internal air densities made it difficult to measure the solid component

of the lesion.

a high agreement (Table 4). No significant difference in
interobserver agreement was seen for solid-lung M
(ICC = 0.89) and solid-media M (ICC = 0.91).

We subdivided the group as department of radiology
(observer 1) versus pulmonology (observers 2 and 3) and
resident (observers 1 and 2) versus fellow (observer 3).
Each subgroup analysis also showed high agreement in two
groups: department analysis (ICC = 0.91-0.97) and educa-
tion level analysis (ICC = 0.89-0.96).

Although there was generally a high degree of agreement
for CT measurement among observers, we conducted ana-
lyses of specific cases with a low degree of agreement. For
measurement of solid-media M, we found seven outlier
cases that showed significantly different values between

Thoracic Cancer 11 (2020) 3555-3565

observers. The most common as lesions that had internal
air density or an air-bronchogram (Fig 3). On the medias-
tinal window, multiple scattered linear or nodular solid
components made it difficult to measure consistently. In
part-solid nodules with several internal solid components,
interobserver agreement of solid components was lower
(Fig 4). Some cases also showed irregular, spiculated mar-
gins, which were difficult to measure point to point (Fig 3).
Adjacent vascular structures or pleural tagging caused con-
fusion in some observers. One case showed a central loca-
tion adjacent to hilar structures.

Intraobserver agreement for total area of the lesion in differ-
ent windows ranged from 0.83 to 0.87 (95% CI: 0.78-0.90).
Intraobserver agreement for solid component of the lesion in

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd. 3561
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Figure 4 A 58-year-old woman with moderately differentiated ADC, acinar and papillary pattern, with a 17 mm invasive component (T1b). (a-b) A
part-solid nodule with several solid components. (a) On lung windows, part-solid nodules with several dense solid components are demonstrated.
An internal bronchovascular structure is visible. (b) On mediastinal windows, several small nodular or linear solid components and internal branching
vascular structure made it difficult to measure the maximum diameter of the solid component.

different windows ranged from 0.87 to 0.97 (95% CI: 0.82-0.98),
which represented a high agreement.

Discussion

Interest in measuring the exact size of the solid component
of lung adenocarcinoma on CT has increased because of
the close relationship with prognosis,”*'*"'* and several
studies have established standardized methods to evaluate
solid components with different windows. The present
study focused on the differences in solidity categorization
between observers and which components and windows
should be used to determine clinical T staging of ADC.
Surprisingly, when categorizing the solidity of lesions,
approximately 25% were atypical cases that caused discor-
dant results among observers. Given that interobserver
agreement has been reportedly moderate when classifying
lesion types (pure GGN, part-solid, or solid) in lung
window-based assessment in several studies,”'>'* our
results showed a generally good, but not exceptionally
high, agreement among observers. Riel et al. reported that
there was a moderate interobserver agreement (k = 0.51)
in classifying nodules into solid, part-solid and pure
GGN." They reported that the main cause of the discrep-
ancy was related to the presence of a solid component in
part-solid nodules, and that this variability is due to the
subjective nature of the categorization and lack of absolute
measurement criteria. Similarly, Penn et al. demonstrated
that there was a moderate degree of agreement among
observers (k = 0.56) in categorization of subsolid nodules,

3562 Thoracic Cancer 11 (2020) 3555-3565

and the main cause was the presence of a solid
componen‘[.14

According to our analysis, three different radiological
situations made categorization difficult. First, subjective
interpretation of borderline attenuating lesions in the lung
window was the main cause of the discordancy (Fig 2a).
Because borderline attenuated lesions were more dense
than usual GGOs, they caused confusion as to whether
they should be classified as pure GGN or part-solid nod-
ules. In the Fleischner glossary, the solid component of a
part-solid nodule should fulfill the criteria of consolidation.
Fleischner recommendations advised mediastinal windows
for evaluation of solid components, which usually exceed
—160 HU.">'® However, a study by Lee et al. suggested
that a lower density range of —261 to —160 HU is more
appropriate to describe an invasive tumor component.4
There is therefore a question of whether these borderline
attenuated lesions should be considered solid, and further
discussion is warranted. Although they constitute relatively
small portions, other lesions such as entirely heterogeneous
lesions or lesions with smoothly transitional margins also
caused inconsistencies among observers (Fig 2b,c). All
three types described above caused inconsistencies among
observers, creating a considerable number (25%) of discor-
dant atypical cases. As inaccurate solidity categorization
may affect the accuracy of measurements, visual assess-
ment alone limits accuracy and consistent categorization.

Many groups have reported the possibility of using his-
tograms and texture analysis to distinguish invasive ADC
from preinvasive ADC or MIA and to predict tumor

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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metabolism or stages.'”>° Tkeda et al. reported that the
75th percentile CT number of GGO lesions was the opti-
mal CT number for differentiating atypical adenomatous
hyperplasia and other histology using a CT number histo-
gram.'® Similarly, in categorizing borderline attenuated
lesions or lesions with smoothly transitional margins, a his-
togram analysis may supply a more objective method for
differentiating between pure GGN and part-solid nodules.
Also, texture analysis that includes entropy and uniformity
could help categorize entirely heterogeneous attenuated
lesions.

As to which components should be measured to predict
invasive components and patient prognoses in part-solid
nodules, recent studies have reported that solid compo-
nents are more useful than total components.>'°"'* How-
ever, our study demonstrated that the total size
measurement and solid component measurement showed a
similar degree of correlation with the pathologic invasive
size. This is probably because we included a variety of
lesions that contained relatively large solid components,
while most previous studies targeted small tumors
(£3 cm) that had a substantial ground-glass or lepidic
component. Further studies are needed to determine which
component should be measured in the case of larger
tumors, or tumors composed predominantly of invasive
components with a minor ground-glass component.

In terms of the reproducibility of the measurement, we
compared interobserver agreements among radiologists
and pulmonologists with respect to the total and solid
component measurements between lung and mediastinal
windows. We found no significant differences in inter-
observer agreement for both solid and total size measure-
ments at different windows. We also found a very good
degree of interobserver agreement between the radiologist
and pulmonologists and between residents versus fellow.
Lee et al. reported that both windows could be applied to
solid component measurement without a significant differ-
ence in the case of MIA.” Yoo et al. reported no significant
difference in interobserver agreement among five readers
for solid component measurements between two windows
in the case of subsolid nodules with solid components
smaller than 8 mm.>" Our results are consistent with these
previous studies. However, unlike previous studies that
targeted only patients with solid components smaller than
8 mm, our study targeted various sizes of ADC and
included more patients, similar to a real clinical setting.
Our results reconfirmed and strengthened the previous
findings by larger number and a wide range of lesions. We
also confirmed that a pulmonologist is able to measure as
well as a radiologist.

In terms of accuracy of size measurement, the lung win-
dow demonstrated greater accuracy compared with the
mediastinal window, especially in the case of part-solid
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nodules. The absolute difference value was significantly
high in mediastinal windows, which means less similarity
to pathologic size. The ICC values between CT and patho-
logic measurement also tended to be higher with narrower
95% Cls in a lung window than those in a mediastinal win-
dow. These results indicate the lung window is better than
the mediastinal window at predicting pathologic invasive
component size.*?! A recent study by Yanagawa et al.
suggested that the solid proportion in the lung window is
more appropriate than using the mediastinal window,
because nodules with a larger solid proportion using the
lung window tended to have greater malignant potential.**
In addition, mediastinal windows tended to underestimate
the size of pathologic invasive components compared with
lung windows. This result is inevitable owing to various
CT morphologies of invasive components, ranging from
ground-glass to solid density."***~>* Invasive components
manifesting as complete GGO to intermediate density on a
CT scan may not appear on mediastinal windows and lead
to underestimation.®*'

In addition to the inherent characteristics of invasive
components being underestimated, we found that several
characteristics of the lesions produce a greater difference in
size measurements on mediastinal windows. A lesion with
multiple scattered solid components and internal air densi-
ties was difficult to measure and showed increased inter-
observer variability on the mediastinal window compared
with the lung window (Fig 3). Also, multiplicity of solid
components caused increased interobserver variability,
especially in the mediastinal window (Fig 4). Current
IASLC guidelines recommend measuring the long axis of
the largest solid component in the case of part-solid lesions
with several solid components." Although we measured
and added all the solid components in order to measure as
closely as possible the pathologic invasive components, we
still encountered underestimates. Kim et al. reported sub-
stantial inter- and intraobserver variability in determining
the multiplicity and size of the solid components, and that
the multiplicity of the solid component was not a signifi-
cant risk factor of tumor recurrence.”® Our study also dem-
onstrated that the sum of multiple solid components is
prone to observer variability and could be inaccurate.

Our study had several limitations. First, it was retrospec-
tive; therefore, CT protocols and section thickness were not
uniform. Second, the pathologic assessment we used as a
reference standard may be inaccurate owing to inadequately
inflated lung tissue after resection with tissue processing.
Third, there was no further validation by more experienced
thoracic radiologists. However, the observers were educated
and able to provide a consensus on solidity classification
and tumor measurement methods before analysis.

In conclusion, lung window settings would be better for
evaluating part-solid lung ADC, with comparable
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interobserver agreement and moderate accuracy for
predicting pathologic invasive components. The consider-
able percentage (25%) of discrepancies in categorizing
solidity of the lesions may have decreased the accuracy of
measurements. For accurate measurement and categoriza-
tion of lung ADC, robust quantitative analysis is needed

rather than a simple visual assessment.
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