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Table 2. Cox proportion hazards mode! for RFS and 0S8 (n = 110)

Univariate Muitivariate

Variable HR (95% Cl) P HR (95% CI) P
RFS

Age (=70 vs. <70) 1.49 (0.71-3.17) 0.296

Sex (male vs. female) 2.30 (1.09-5.06) 0.029 2.49 (1.13-5.74) 0.024

Smoking {(current or former vs. never) 1.05 (0.49-2.21) 0.907

EGFR mutation (positive vs. negative) 0.72 (0.32-1.51) 0.382

Aromatase (high vs. low) 3.01 (1.35-6.64) 0.008 2.37 (1.05-5.31) 0.039

Pathologic stage (> Il vs. ) 5.33 (2.53-11.5) <0.001 3.36 (1.50-7.70) 0.003
0s

Age (>70 vs. <70) 2.85 (1.06-8.97) 0.041

Sex (male vs. female) 2.74 (1.04-7.97) 0.038

Smoking (current or former vs. never) 0.76 (0.28-1.98) 0.573

EGFR mutation (positive vs. negative) 0.25 (0.06-0.78) 0.015

Aromatase (high vs. low) 4.20 (1.49-12.1) 0.007

Pathologic stage (>l vs. I) 3.54 (1.35-9.46) 0.011

NOTE: Multivariate analysis for OS was not performed because of the small number of events (deaths).

expressing cell line and HCC4006 as low-aromatase mRNA-
expressing cell line, both of which have EGFR mutations. To
test the growth inhibitory effects of the aromatase inhibitor
exemestane, we conducted an MTT assay. HCC4006 was not
sensitive 1o exemestane, either alone or combined with
erlotinib (Fig. 3B). By contrast, 11-18 was sensitive to
exemestane alone (Fig. 3C), and its cell growth was signif-
icantly inhibited by the combination of exemestane with
erlotinib. We further tested the growth inhibitory effects of
exemestane in high-aromatase mRNA-expressing cell lines
without EGFR mutations: H358 (Supplementary Fig. S2A),
H2228 (Supplementary Fig. S2B), and ACC-LC-319 (Sup-
plementary Fig. $2C). The antitumor effect of exemestane in
H358, H2228, and ACC-LC-319 was much weaker than in
11-18.

Discussion

Although increasing evidence indicates that female hor-
mones affect development of lung cancer (34-36), to our
knowledge, this study is the first report to elucidate the
prognostic significance of aromatase expression in patients

with lung adenocarcinomas with EGFR mutations. We
found that aromatase mRNA expression level was not
correlated with clinicopathologic factors, including EGFR
mutation status. However, high aromatase expression was
associated with poor prognosis in terms of both RES and
OS. Moreover, the prognostic significance of aromatase
expression was limited to females, never-smokers, and
patients with EGFR mutations, whereas such significance
was not observed in their counterparts.

Aromatase is an enzyme that catalyzes the conversion
from androgens to estrogens. In NSCLC cells, estrogen is
reported to be mainly produced by intrinsic aromatase (23),
and stimulates the ER signaling pathway, resulting in tumor
development and progression (9-11, 13, 24). Here, we
found that aromatase mRNA expression levels in carcinoma
tissues were significantly higher than in corresponding
nonneoplastic lung tissues. Niikawa and colleagues
reported that the estradiol concentration in NSCLC was
significantly higher than that in the nonneoplastic lung
tissues, and intratumoral estradiol concentration in NSCLC
was positively associated with aromatase mRNA expression

Variable

Age: >70 (n = 21) vs. <70 (n = 33)

Sex: male (n = 12) vs. female (n = 42)

Smoking: current/former (n = 15) vs. never (n = 39)
Aromatase: high (n = 15) vs. low (0 = 39)
Pathologic stage: > Il (0 =13) vs. | (n = 41)

Univariate
HR (95% CI) P
0.85 (0.22-2.82) 0.795
3.48 (0.99-11.6) 0.050
1.60 (0.42-5.30) 0.466
4.97 (1.50-19.0) 0.009
6.55 (1.98-25.0) 0.002

NOTE: Multivariate analysis was not performed because of the small number of recurrences.
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(23). In another study, levels of aromatase activity tested by
radioassay were significantly greater in tumors compared
with those in nearby normal tissue (12). These studies
indicate that intrinsic aromatase expression levels are close-
ly associated with the estrogen levels in the lung cancer cells.
Thus, increased aromatase level may have profound influ-
ence in carcinoma tissues through estrogen function.
Most estrogenic actions are mediated by ER, which exists
in 2 forms, ERa and ERP (37). Although immunohisto-
chemical expressions of ERo and/or ERB has been associ-
ated with clinical outcome in some studies (14-16, 26, 38),

the findings for expression frequency and subcellular local-
ization (nuclear or cytoplasm) of ERs are inconsistent (14—
16, 27, 36, 38, 39). These differences could be because of
variation in such factors as (a) antibodies and dilutions, (b)
scoring systems for staining, and (c) patient cohort char-
acteristics (16). This discrepancy may obscure the signifi-
cance of hormone receptor expression in patients’ clinico-
pathologic characteristics or prognoses. For this reason, we
found it difficult to clarify the effect of estrogen on the
development of lung cancer using immunohistochemical
analysis.
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In this study, no significant correlation was identified
between tumor aromatase expression and clinicopathologic
factors, including EGFR mutations, when analyzed as either
dichotomized or continuous variables. These results are
consistent with previously reports (27, 39, 40). However,
a correlation between EGFR mutation and ER expression,
both ERa (14) and nuclear ERB (15), in lung adenocarci-
noma, was reported in previous studies, suggesting that
some interaction between ER and the EGFR signaling path-
way may exist.

High aromatase expression was associated with a poor
prognosis in patients who underwent curative resections for
lung adenocarcinoma. We also demonstrated that the prog-
nostic significance of aromatase expression was limited to
females, never-smokers, and patients with EGFR mutations,
whereas such significance was not observed in their coun-
terparts. We conducted Cox proportional hazards analysis
in patients with EGFR mutations by RFS, not by OS, because
8 of 11 patients (73%) with EGFR mutations had received
EGFR-TKI treatment for recurrence. EGFR-TKI prolonged
the survival of such patients; therefore, the follow-up period
may not have been enough to evaluate OS in this study.
Aromatase expression level and EGFR mutation status did
not directly correlate, but aromatase expression only held
prognostic significance for lung adenocarcinomas with
EGFR mutations, which suggests that estrogenic signaling
augments growth that depends on the EGFR pathway. Mah
and colleagues reported that lower aromatase levels pre-
dicted greater chances of survival in women 65 years and
older with NSCLC, particularly among women who had no
smoking history (13). Although they did not investigate
EGFR mutation status, their results are consistent with ours.
Nose and colleagues reported that strong nuclear expression
of ERP correlated with better disease-free survival in patients
with EGFR mutations, but found no such prognostic sig-
nificance in patients without EGFR mutations (15). They
also suggested that strong ERP expression was a surrogate
marker for good response to EGFR-TKI (26). These results,
along with our own, indicate that female hormone-related
factors, such as aromatase and ER, affect outcomes only in
lung adenocarcinomas with EGFR mutation, which sug-
gests that hormonal and EGFR pathways may contribute in
concert to progression of lung adenocarcinoma.

To investigate the influence of differences in aroma-
tase expression between the tumor and normal tissues
on patient survival, we classified patients into the fol-
lowing 2 groups: T > N, in whom aromatase expression
in adenocarcinoma tissue was higher than in nonneo-
plastic lung tissue (n = 51); and T < N, in whom it was
lower (n = 43). We performed survival analyses between
the 2 groups, but saw no significant survival difference
in RFS (P = 0.22) or OS (P = 0.27). We further
compared RFS and OS between the 2 groups in subsets
divided by sex, smoking history, and EGFR mutation
status, but saw no significant difference in these analyses
(data not shown).

Recently, interactions between the ER and EGFR path-
ways have been investigated in vitro. A nonnuclear ER pool

has been proposed that works via rapid signaling through
various kinase cascades, including EGFR pathway and its
downstream effectors in the lungs, such as MAPK (10, 11).
However, the ER and EGFR pathways seem to act as alter-
nate signaling pathways, with one upregulating when the
other is inactivated (10, 41). This bi-directional crosstalk
between ER and EGFR signaling suggests that simultaneous
or combined therapy that targets both pathways could exert
higher antitumor effect in patients with NSCLC.

Both in vitre and in vivo reports have demonstrated that
estrogen downmodulator, alone or combined with EGFR-
TKI, resulted in enhanced antitumor activity in NSCLCs
(9-12, 23, 25, 41-44). Exemestane, an irreversible ste-
roidal inactivator, either alone (41) or in combination
with cisplatin (43) showed significant antitumor effects in
2 separate studies. Both letrozole and anastrozole, revers-
ible steroidal inactivators, demonstrated similar antitu-
mor activity in NSCLCs (12, 23, 44). However, lung
cancer cell lines used in almost all of these studies were
without EGFR mutations. We showed that the 11-18 cell
line, which has an EGFR mutation accompanied with a
high aromatase mRNA expression, was sensitive to exe-
mestane alone and cell growth was significantly inhibited
by the combination of exemestane and erlotinib. We also
demonstrated that exemestane’s antitumor effects in
H358, H2228, and ACC-LC-319, which have high aro-
matase expressions without EGFR mutations, were much
weaker than in 11-18. These results suggest that sensitivity
to the aromatase inhibitor may depend on crosstalk
between ER and the EGFR pathway; reducing estrogenic
signaling by inhibiting aromatase might inhibit cell
growth that depends on the EGFR pathway. Therefore,
our result suggests that selecting patients with high aro-
matase expression accompanied by EGFR mutation might
improve clinical responses to the combination of EGFR-
TKI and aromatase inhibitor. However, we tested the
growth inhibitory effects of only one cell line with high
aromatase expression and EGFR mutation, thus this study
remains limited. Further studies using in vivo and clinical
models are needed to elucidate the therapeutic potential
of aromatase inhibitor in lung adenocarcinomas with
EGFR mutations. Traynor and colleagues reported a pilot
study of gefitinib and fulvestrant in the treatment of 22
postmenopausal women diagnosed as NSCLC (45). No
significant results were obtained in this small study, but
combination therapy was well tolerated. Three of 12
patients tested for EGFR mutation status detected EGFR
mutation. A trial of EGFR-TKI and estrogen downmodu-
lator in patients with NSCLC with EGFR mutations may
be therefore needed in the future.

In conclusion, high aromatase expression is correlated
with poor outcome in patients with lung adenocarcino-
ma, including those with EGFR mutations. Aromatase
may be a useful therapeutic target in lung adenocarcino-
mas with high aromatase expression and EGFR muta-
tions. Although our results provide potential insights into
the influence of aromatase expression in lung cancer,
further studies are required to better understand the
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mechanisms of aromatase expression and interaction
with EGFR signaling, and to determine the clinical appli-
cability of aromatase inhibitors.
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he increase of the radiation dose delivered in
computed tomography (CT) has recently been a prob-
lem. Because there is a trade-off between image quality
and radiation dose on CT, however, it is not always appro~

priate to decrease radiation dose on CT. Iterative reconstruc- .

tion algorithms for CT have been developed by multiple
equipment manufacturers to reduce image noise associated
with radiation dose reduction (1-8). Adaptive statistical
iterative reconstruction (ASIR) and model-based iterative
reconstruction (MBIR) are types of iterative reconstruction
algorithms available on clinical settings. The ASIR technique
models photon and electronic noise statistics; by partially cor-
recting for fluctuations in projection measurements due to
limited photon statistics, ASIR enables a time-efficient reduc-
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tion in pixel variance that is statistically unlikely to be repre-
sentative of anatomic features resulting in a reduction of
image noise with no decrement in spatial resolution (9). In
clinical practice, ASIR is typically used in combination with
the standard filtered back projection (FBP) reconstruction to
create blended images. As compared to ASIR, MBIR is a
more mathematically complex and time-consuming tech-
nique as it models not only system statistics but also system op-
tics (10). Phantom experiments show that MBIR has potential
to improve spatial resolution and allow further reductions in
image noise (9. To date, few studies have evaluated CT image
quality of the lung using MBIR (10-14). Thus, unlike FBP
and ASIR, MBIR technique might have the potential not
to degrade image quality even under the extreme dose
reduction. McCollough et al. (15) reported that the advances
in data acquisition, image reconstruction, and optimization
processes that were identified by consensus as being necessary
to achieve submillisievert-dose CT examinations. It is ex-
pected that MBIR might be one of techniques to enable a
submillisievert-dose CT. The present study was performed us-
ing cadaveric lung models that can provide multiple acquisi-
tions to determine the minimum tube current—time product
at which image quality of a low-dose MBIR study is compa-
rable to that of a standard-dose FBP study. The aim of this pre-
sent study was two-fold: to compare quality of ultra-low-dose
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thin-section CT images of the lung reconstructed using
MBIR and ASIR to FBP and to determine the minimum
tube current-time product at which image quality of an
MBIR study is comparable to that of a standard~dose FBP.

MATERIALS AND METHODS

Cadaveric Lungs and Imaging

We obtained approval from our internal Ethics R eview Board.
Informed consent was obtained for the use of patient biomate-
rial and for retrospective review of patient records and images.
Ten cadaveric lungs were inflated and fixed by the method of
Heitzman (16). These lungs were distended through the
main bronchus with fixative fluid that contained polyethylene
glycol 400, 95% ethyl alcohol, 40% formalin, and water in the
proportions of 10:5:2:3. The specimens were immersed in
fixative for 2 days and the lungs were then air dried. The path-
ologic diagnoses of these 10 lungs were usual interstitial pneu-
monia (n = 1), diffuse alveolar damage (n = 1), diffuse
panbronchiolitis (# = 1), pneumonia (# = 2), emphysema
(n = 1), diffuse alveolar hemorrhage (n = 1), metastatic disease
(n = 2), and lymphangitic carcinomatosis (n = 1).

The 10 lungs were scanned on an multi-detector row CT
(MDCT) scanner (Discovery CT750HD; GE Healthcare
Technologies, Milwaukee, WI). CT protocol was as follows:
detector collimation, 0.625 mm; detector pitch, 0.984; gantry
rotation period, 0.4 seconds; matrix size, 512 x 512 pixels;
30-cm scan length; x-ray voltage, 120 kVp; tube current,
20, 40, 80, and 200 mA; and non-high-resolution mode
with 984 views per rotation. Both ASIR and MBIR are
part of the commercially available package implemented on
the control panel of the CT scanner.

Axial thin-section CT images of 0.625 mm thickness and -

20 cm field of view were reconstructed with MBIR,, ASIR
(30%, 60%, and 90% [represented as ASIR;q, ASIRg,, and
ASIR ]), and FBP. The voxel dimensions of CT image are
0.391 x 0.391 X 0.625 mm. A high—spatial-frequency algo-
rithm was used in ASIR and FBP; however, there was no
concept of reconstruction algorithm in MBIR. Based on
lung cancer screening literature (17) that defines a tube cur-
rent—time product of 40 mAs as “low dose”, we use the
term “ultra-low-dose” CT to refer to studies acquired with
tube current-time products =20 mAs and result in an effec-
tive dose of <1 mSv.

Subjective Image Analysis

Three to four cross-sectional levels with the most conspicuous
CT findings were chosen from each cadaveric lung by the
principal investigator (M.Y., with 12 years of experience):
three images were selected for seven lungs and four images
for the remaining three lungs. There were a total of 264 im-
ages, that is, 33 sets of 8 image series (8-mAs, 16-mAs, and
32-mAs MBIR, 8-mAs ASIR;;, 8-mAs ASIRg4g, 8-mAs
ASIR o9, and 8-mAs and 80-mAs FBP).
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Low Dose Standard Dose
8mAs 16 mAs 32mAs 80 mAs
CTDIvol (mGy) 0.65 1.30 2.59 6.49
DLP (mGy-cm) 22.15 44.30 88.60 221.50
ED (mSv) 0.31 0.62 1.24 3.10

CTDlvol, computed tomography dose index volume; DLP, dose-
length product; ED, effective dose.

Two independent chest radiologists (M.K. and Y.K., with
8 years of experience each) without prior knowledge of the
pathologic diagnoses, image acquisition parameters, or itera-
tive reconstruction techniques reviewed the 264 images on
a 5-megapixel 21-in monochrome liquid-crystal display
monitor. All images were displayed at a window level of
—700 Hounsfield units (HU) and a window width of 1200
HU. In the first step, 8-mAs MBIR and 8-mAs ASIR were
compared to 8-mAs FBP. Approximately 1 month later, in
the second step, 8-mAs, 16-mAs, and 32-mAs MBIR were
compared to 80-mAs FBP.

The two observers compared the conspicuity and visibility
of normal (central and peripheral vessels, central and periph-
eral airways, and interlobar fissures) and abnormal (ground-
glass opacity [GGO], consolidation, nodules, interlobular
septal thickening, intralobular reticulation, cyst, and bronchi-
ectasis) CT findings using a five-point scale as compared to the
FBP image: (1) an unacceptable image on which it was more
difficult to detect and/or visualize findings in whole lung; (2)
an inferior image on which it was more difficult to detect
and/or visualize findings in at least one area of the lung; (3)
an image comparable to the FBP image; (4) a superior image
on which it was easier to detect and/or visualize findings in at
least one area of the lung; and (5) an excellent image on which
it was easier to detect and/or visualize findings in whole lung.
Subjective visual noise and streak artifact were also graded on a
five-point comparative scale: (1) noise/artifact significantly
worse, nondiagnostic; (2) noise/artifact worse; (3) similar
noise/artifact compared to image of FBP; (4) noise/artifact
improved; and (5) noise/artifact significantly improved,
almost nondetectable. Overall image quality was finally
graded on a five-point scale: (1) unacceptable, nondiagnostic;
(2) inferior; (3) comparable to the FBP image; (4) better; and
(5) excellent. If there were different scores between two ob-
servers, final evaluation was decided by an adjudicator (H.S,,
with 13 years of experience).

Objective Image Analysis

Quantitative noise’ measurements were calculated by
measuring the standard deviation (SD) in a circular region
of interest (ROI) defined by an electric cursor, using free soft~
ware (Image] version 1.37v; NIH, Bethesda, MD; for further
information regarding Image] software, see http://rsb.info.
nih.gov/ij/index.html). Quantitative noise measurements



TABLE 2. C'o‘rhpari‘so'rila,r\fidh‘g' FB , ASIR, and MBI on Ul ra.low-dos ;
Normal Findings Abnormal Findings Other Findings Overall
Central Vessels Peripheral Vessels Interlobar ) Image Streak Image
and Airways and Airways Fissures Nodules GGO ISP Noise Artifact Quality
Reconstruction technique

MBIR \ 4.83 + 0.07 4.68 + 0.09 4.75 4+ 0.11 4.96 + 0.04 4.84 +0.07 419 + 0.16 5.00 + 0.00 5.00 + 0.00 4.97 +0.03

ASIRgg 4,06 + 0.11 4.04 + 0.07 4.00 +0.13 4.00 + 0.05 4.16 + 0.07 3.88 4 0.09 4.21 +0.07 4.03+0.12 4.55 + 0.09

ASIRgg 3.52 + 0.09 3.32 £ 0.09 3.19+0.10 3.39 + 0.09 3.84 +0.07 3.31 £ 0.12 3.73 4+ 0.08 3.45 +0.09 3.55 +-0.09

ASIRz, 3.00 + 0.00 3.00+0.00 - 3.00 + 0.00 3.04 £ 0.04 3.04 + 0.04 3.00 +0.00 3.03 4 0.03 3.00 + 0.00 3.00 £+ 0.00

FBP 3.00 + 0.00 3.00 + 0.00° 3.00 =+ 0.00 3.00 + 0.00 3.00+£0.00 - 3.00+0.00 3.00 =+ 0.00 3.00 + 0.00 3.00 =+ 0.00

Pairwise comparison (P*)

MBIR versus ASIRgg <.001 <.001 .005 <.001 <.001 .962 <.001 <.001 <.001
ASIRgg <.001 <.001 <.001 <.001 <.001 .002 <.001 <.001 <.001
ASIR3p <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
FBP <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

ASIRg, versus ASIRg <.001 <.001 <.001 <.001 .084 .005 <.001 <.001 <.001
ASIRzq <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
FBP <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

ASIRg versus ASIR3o <.001 .026 .825 .006 <.001 197 <.001 <.001 <.001
FBP <.001 .026 .825 .003 <.001 197 <.001 <.001 <.001

ASIR3, versus FBP 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ASIR, adaptive statistical iterative reconstruction; GGO, ground-glass opacity; ISP, interlobular septal thickening; FBP, filtered back projection; MBIR, model-based iterative reconstruction.
Data are presented as mean =+ standard deviation. Data of the subjective image analysis were statistically analyzed using the Wilcoxon signed rank tests with a Bonferroni correction applied for
multiple comparisons. P* is a Bonferroni-corrected P value. P* value <.05 was considered to be significant.
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were obtained in the air adjacent to the lung specimen (18,19).
An ROI (200 mm?) was placed in four homogeneous parts of
an image and was confirmed to be in exactly the same location
on each image of a series by a collaborator (T.G., with 8 years of
experience). Average values of SD were analyzed statistically.

Statistical Analysis

All statistical analyses were performed using commercially
available software (MedCalc version 12.3.0.0 statistical soft-
ware; Frank Schoonjans, Mariakerke, Belgium). Agreement
between two observers in each evaluated category of CT find~
ings was evaluated using the « statistic and classified as poor
(k = 0.00-0.20), fair (k = 0.21-0.40), moderate (k = 0.41—
0.60), good (k = 0.61-0.80), or excellent (k = 0.81-1.00).
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Figure 1. Ultra-low-dose (8 mAs) thin-
section computed tomographic images of
a cadaveric lung with diffuse panbronchioli-
tis show serial improvement in image noise
and streak artifacts in following ascending
order: FBP (a), ASIR3 (b), ASIRg (c), and
MBIR (d). With almost no perceptible noise
or streak artifact on MBIR image, conspi-
cuity and visibility of the fissure (fong arrow),
small nodules (short arrows), and bronchial
walls (arrowheads) are improved as
compared to FBP or ASIR blends. Note
the blotchy pixilated appearance of the
MBIR images. ASIR, adaptive statistical
iterative reconstruction; FBP, filtered back
projection; MBIR, model-based iterative
reconstruction.

Data of the subjective image analysis were statistically analyzed
using the Wilcoxon signed rank tests, which was conducted
with Bonferroni correction applied for multiple comparisons.
On the other hand, data of the objective image analysis were
statistically analyzed using repeated measures analysis of vari-
ance pairwise comparison methods (Student’s paired ¢ test)
with Bonferroni correction. A Bonferroni-corrected P value
of <0.05 was considered significant.

RESULTS

Radiation Doses

Radiation dose measurements associated with low-dose (8,
16, and 32 mAs) and standard-dose (80 mAs) techniques



TABLE 3. Comparison between 8-mAs, 16-mAs, and 32-mAs MBIR Versus 80-mAs FBf

Normal Findings Abnormal Findings Othér Findings

Overall
Central Vessels Peripheral Vessels Interlobar Image Streak Image
and Airways and Airways Fissures Nodules GGO ISP Noise Artifact Quality
Reconstruction technique
32-mAs MBIR 3.33+0.09 3.50 + 0.11 3.53 £ 0.17 3.46 £ 0.09 3.77 £ 0.11 3.44+0.13 4.97 + 0.03 4.97 +0.03 3.67 £ 0.12
16-mAs-MBIR 3.07 £ 0.07 3.14 £ 014 3.27 £ 0.12 3.18 = 0.10 3.27 £0.13 2.75 +£ 017 493 +0.05 4,93 + 0.05 2.93 + 0.08
8-mAs MBIR 3.07 +0.07 2.73+0.18 2.93 + 0.07 2.82 +0.12 2.86 +£0.12 219+ 0.10 4.87 + 0.06 4.93 + 0.05 2.63 +0.10
80-mAs FBP 3.00 + 0.00 3.00 &+ 0.00 3.00 + 0.00 3.00 £ 0.00 3.00 + 0.00 3.00 + 0.00 3.00 + 0.00 3.00 + 0.00 3.00 = 0.00
Pairwise comparison (P*)
32-mAs MBIR 179 .047 .243 .108 .005 .002 1.000 1.000 <.001
versus 16-mAs
MBIR
8-mAs MBIR 179 <.001 .015 .001 <.001 <.001 1.000 1.000 <.001
80-mAs FBP .004 .001 .037 <.001 <.001 .023 <.001 <.001 <.001
16-mAs MBIR 1.000 .023 115 .013 .023 .017 .965 1.000 .028
versus 8-mAs MBIR
80-mAs FBP 1.000 1.000 .243 .576 .333 .983 <.001 <.001 1.000
8-mAs MBIR versus 1.000 .821 1.000 .805 1.000 <.001 <.001 <.001 .007
80-mAs FBP

ASIR, adaptive statistical iterative reconstruction; GGO, ground-glass opacity; ISP, interlobular septal thickening; FBP, filtered back projection; MBIR, model-based iterative reconstruction.
Data are presented as mean + standard deviation. Data of the subjective image analysis were statistically analyzed using the Wilcoxon signed rank tests with a Bonferroni correction applied for
multiple comparisons. P* is a Bonferroni-corrected P value. P* value <0.05 was considered to be significant.
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used in scanning of the 10 cadaveric lungs are summarized in
Table 1. The reported radiation dose measurements consist of
CT dose index volume (CTDIvol), dose-length product
(DLP), and effective dose (ED) which was calculated as the
product of DLP and ‘4’ conversion coefficient (0.014 mSv/
[mGy cm]) for chest CT (20). Compared to standard-dose
(80 mAs) technique, there were 80% and 90% decreases in
dose measurements for 16-mAs and 8-mAs acquisitions,
respectively with effective doses in the submillisievert range
(0.31 and 0.62).

Subjective Evaluation of CT Findings

Comparisons between images reconstructed using MBIR,
ASIR blends, and FBP and acquired at 8 mAs are summarized
in Table 2. Statistical analysis of four findings (consolidation,
intralobular reticular opacities, cyst, and bronchiectasis) could
not be performed because of their low prevalence (<2% of
cases). Interobserver agreement for each evaluated category
of CT findings was from moderate to excellent (k = 0.46—
1.00). There were no kappa values in the following eight items
because all the same scores were graded by two observers: on
MBIR images, other findings (image noise and streak artifact);
on ASIR 3, images, normal findings (central vessels and air-
ways, peripheral vessels and airways, and interlobar fissures),
interlobular septal thickening, streak artifacts, and overall im-
age quality. In each evaluated category of CT findings, MBIR
scored highest with significant differences between MBIR,
ASIR blends, and FBP except for interlobular septal thick-
ening, which was not significantly different between MBIR.
and ASIRg,. ASIRg, images scored significantly higher in
each category than the two lower ASIR blends or FBP except
for GGO, which was not statistically different from ASIR 4
(P = .084). Conspicuity and visibility of CT findings using
ASIR 3, were equivalent to FBP (P = 1.000; Fig. 1). Scores
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Figure 2. Thin-section computed tomo-
graphic images of a cadaveric lung with
diffuse alveolar hemorrhage show dimin-
ished visibility of intralobular reticular
opacities (arrowheads) on (a) 8-mAs and
(b) 16-mAs MBIR images as compared to
(c) 8-mAs and (d) 80-mAs FBP despite
their higher noise levels. FBP, filtered
back projection; MBIR, model-based itera-
tive reconstruction.

for subjective image noise and streak artifact significantly
improved with increasing blends of ASIR (P < .001).

Comparisons between low-dose MBIR and standard-dose
FBP images are summarized in Table 3. Interobserver agree-
ment for each evaluated category of CT findings was from
moderate to excellent (k = 0.42-0.83). In each evaluated cate-
gory of CT findings, 32-mAs MBIR scored highest with sig-
nificant improvements in finding conspicuity, image noise,
streak artifact, and overall image quality as compared to FBP
(P = .037). Comparisons between ultra-low-dose (8 and
16 mAs) MBIR and 80-mAs FBP showed no statistically sig-
nificant difference in conspicuity or visibility of normal and
abnormal CT findings with the exception of interlobular
septal thickening which was less well visualized on 8-mAs
MBIR than on FBP (P < .001). A decrease in conspicuity
of intralobular reticular opacities was identified by both ob-
servers on ultra-low-dose MBIR (Fig. 2) although formal sta-
tistical analysis could not be performed because of low
prevalence of this finding. Scores for subjective image noise
and streak artifact significantly improved on 8-mAs and 16~
mAs MBIR images as compared to standard-dose FBP
(P <.001), but with no significant differences among the three
different dose MBIR image sets. Overall image quality was
equivalent for 16-mAs MBIR (P = 1.00; Fig. 3) but inferior
for 8-mAs MBIR (P = .028) as compared to FBP.

Quantitative Image Noise Measurements

Figure 4 shows sequential and statistically significant decreases
(P < .001) in objective image noise on 8-mAs images recon-
structed with FBP, increasing blends of ASIR and MBIR.
Figure 5 similarly shows sequential and statistically significant
decreases (P < .001) in objective image noise on images ac-~
quired and reconstructed using 80-mAs FBP and 8-, 16-,
and 32-mAs MBIR.
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DISCUSSION

The principle of ALARA (as low as reasonably achievable)
urges radiologists to use the minimum level of radiation
needed in imaging examinations to achieve the necessary
diagnostic results. Iterative reconstruction algorithms are
one of the newer options in the available dose reduction arma-
mentarium that has included restriction of length of coverage,
reduced tube voltage, and tube current modulation (11). Of
the two iterative reconstruction algorithms evaluated in this
study, ASIR, which was introduced earlier, has been more
extensively studied (1--8,21-23) and has now largely been
implemented into routine clinical practice. In comparison,
MBIR, a more mathematically complex reconstruction
technique, offers greater potential in dose reduction but at
the cost of longer reconstruction times on the order of 45—
60 minutes per series (10,11,24). Few studies to date (10--
14) have evaluated image quality and diagnostic adequacy of
ultra-low-dose MBIR for thin-section chest CT studies.

Figure 3. Thin-section computed tomo-
graphic images of a cadaveric lung with
metastases acquired and reconstructed
using 8-mAs MBIR (a), 16-mAs MBIR (b),
32-mAs MBIR (c), and 80-mAs FBP (d}
show similar low level of noise and streak
artifacts on the three MBIR images, irre-
spective of dose. Conspicuity and visibility
of peripheral vessels (Jong arrow), interlo-
bar fissure (arrowheads), and margins of
small and large nodules (short arrows) are
worse on 8-mAs (a), similar on 16-mAs
(b), and better on 32-mAs MBIR (c) images
as compared to standard-dose FBP (d).
FBP, filtered back projection; MBIR,
model-based iterative reconstruction.

Our study showed that both ASIR and MBIR can improve
lung image quality on ultra-low-dose CT as compared to FBP
with MBIR images rated highest. These results are consistent
with those of prior clinical studies (10, 14) that have reported
that when scanning at submillisievert doses, MBIR is superior
to ASIR in generating diagnostically acceptable thin-section
chest CT images largely because of marked reductions in im-
age noise.

Of the four different iterative reconstructions performed in
our study, overall image quality, image noise, and streak arti-
fact were each rated best for MBIR and sequentially decreased
with lower blends of ASIR (ASIRg, > ASIR4 > ASIR ).
Although a pixilated blotchy appearance has previously been
described in association with high-percentage ASIR blends
(6,22), this feature was not observed in this study likely
related to interval improvements of the ASIR algorithm by
the vendor (10). A blotchy appearance however was charac-
teristic of MBIR images, which rendered blinding of
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Figure 4. Quantitative noise measurements (mean =+ standard de-
viation): 8-mAs FBP (24.7 + 2.21), 8-mAs ASIR;, (21.6 & 2.01), 8-
mAs ASIRgp (18.5 £ 1.81), 8-mAs ASIRg (15.5 = 1.64), and 8-mAs
MBIR (2.71 £ 1.10). Significant differences in quantitative noise mea-
surements were found among all groups (P < .001). ASIR, adaptive
statistical iterative reconstruction; FBP, filtered back projection;
MBIR, model-based iterative reconstruction.

observers impossible but did not adversely impact conspicuity
or visibility of the CT findings evaluated in this study, namely
central and peripheral airways and vessels, interlobar fissures,
nodules, GGOs, and thickened interlobular septa. We did,
however, observe obscuration of intralobular reticular opaci-
ties on MBIR images of one lung specimen with a “crazing
paving” pattern because of diffuse alveolar hemorrhage. We
postulate that visibility of these fine low-contrast abnormal-
ities may be decreased on the ultra-low-dose MBIR images.
Further research on diagnostic adequacy of low-dose MBIR.
images for broader spectrum of lung abnormalities including
those of intrinsic low contrast is required before this technique
can be adopted into routine clinical practice.

Although not possible in clinical patients, using this
cadaveric lung model, we were able to perform multiple ac-
quisitions to determine the minimum tube current—time
product at which image quality of a low-dose MBIR study
is comparable to that of a standard-dose FBP study. Of the
three tube currents tested, 32-mAs MBIR images were rated
highest with statistically significant improvements in conspi-
cuity of each evaluated category of normal and abnormal
CT findings, level of image noise, presence of streak artifact,
and overall image quality. We found no significant difference
in conspicuity of evaluated CT findings (GGOs, nodules,
and interlobular septa) between 16-mAs MBIR as compared
to 80-mAs FBP despite an 80% reduction in effective dose.
At 90% dose reduction, significant decreases in overall image
quality and conspicuity of interlobular septal thickening were
observed on 8-mAs MBIR images. Thus, MBIR technique
enables a submillisievert-dose (0.62 mSv) CT. This effective
dose, which is well below the annual exposure from natural
sources (3.1 mSv/year), is only 10 times greater than that
delivered with two-view radiography (0.06 mSv for standard
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Figure 5. Quantitative noise measurements (mean =+ standard de-
viation): 80-mAs FBP (11.99 + 2.01), 8-mAs MBIR (2.73 & 1.11),
16-mAs MBIR (2.42 & 1.10), and 32-mAs MBIR (2.12 + 1.10). Signif-
icant differences in quantitative noise measurements were found
among all groups (P < .001). FBP, filtered back projection;
MBIR = model-based iterative reconstruction.

patient), including posteroanterior- and lateral-projection
acquisitions (15,25).

Neroladaki et al. (14) have similarly reported limitations in
detection of some CT findings on ultra-low-dose MBIR im-
ages that were acquired in their study at a radiation exposure
(100 kVp, 6 mAs) similar to chest radiography. High-contrast
lesions such as solid nodules and architectural distortion were
consistently identified by three observers, while interobserver
agreement for GGOs and emphysema were fair and poor,
respectively.

Detectability of nodules on ultra-low-dose MBIR has been
investigated by several groups (11,12,14). Using low-dose
(50 mAs) FBP as the gold standard, Yamada et al. (12) report
average true-positive fractions of 1.0 and 0.944 for calcified
and =4 mm noncalcified nodules, respectively on ultra-
low-dose (4 mAs) MBIR. Katsura et al. (11) compared
5-mAs MBIR to low-dose ASIR 5o and found no significant
differences in detection of nodules =4 mm including nodules
with nonsolid components; however, as compared to refer-
ence dose ASIRj5p, only an average of 10.5 of 18 pure
ground-glass nodules were identified on ultra-low-dose
MBIR by the two observers.

Our study was limited by the small number of cases with
only three types of abnormal CT findings included for formal
evaluation; determination of the diagnostic adequacy of ultra-
low-dose MBIR technique will require larger sample sizes
with inclusion of a broader spectrum of representative lung
CT findings that are encountered in clinical practice. The
use of a cadaveric lung model did not allow us to evaluate
the influence of a chest wall, body habitus, or motion artifacts
on image quality. Moreover, histologic sections of cadaveric
lungs should have been used to evaluate the fidelity of the
various CT images. Because ASIR and MBIR algorithms
are both manufactured by the same company, it is unclear as



Academic Radiology, Vol 21, No 6, June 2014

ULTRA-LOW-DOSE CT OF THE LUNG

to whether the results of our studies are applicable to other
iterative reconstruction algorithms. Finally, although the im-
age data sets used in the present study were randomized, per-
fect blinding to MBIR images might be difficult because it
may be relatively easy to discriminate MBIR images with
no concept of reconstruction algorithm from ASIR and
FBP using a high—spatial-frequency algorithm.

In conclusion, ultra-low-dose thin-section CT images of
the lung reconstructed using MBIR are of higher overall im-
age quality with less noise and streak artifact than images
reconstructed using ASIR. Even nearly 80% dose reduction
under the use of MBIR does not degrade overall image quality.
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denocarcinoma is the most com-
mon subtype of lung cancer. In
2011, a new classification of ade-
nocarcinoma (1) was developed to stan-
dardize diagnostic criteria and termi-
nology applied to the wide spectrum of
entities encompassed in this histologic
subtype, which can range from indolent
to lethal tumors. Results from several
studies (2-5) have shown by using com-
puted tomographic (CT) imaging that
morphologic structure of adenocarci-
noma can be predictive of tumor grade
and patient prognosis. As emphasized
in the recently published recommen-
dations for subsolid nodules from the
Fleischner Society (6), measurement of
solid components and determination of
the relative percentages of solid versus
ground-glass portions of subsolid nod-
ules are important because an increase
in the extent of a solid component is
associated with a higher likelihood of
an invasive tumor. However, integra-
tion of this type of prognostic CT data
into clinical management algorithms
for adenocarcinoma has been relatively
hindered by the lack of standardized
methods for tumor characterization
and measurement, particularly in the
setting of part-solid nodules.
Volumetric measurement of nod-
ules is a promising technique that has
been shown (7-11) to be both accu-
rate and precise for the quantification
of small solid nodules.. However, volu-
metric assessment of subsolid nodules
is more- challenging because of. diffi-
culties in segmentation and accurate

Advances in Knowledge
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delineation between a tumor’s ground-
glass margins and the adjacent normal
parenchyma. By using manual measure-
ments, de Hoop et al (12) compared di-
ameter, volume, and mass (volume X
CT value) of 52 ground-glass nodules
(GGNs). that were followed as part of a
lung cancer screening trial; among the
three measures, they found that mass
of GGN was subject to less variability
and allowed earliest detection of growth
in malignant nodules. Ko et al (11) re-
ported similar growth-related results in
five solid and three subsolid malignant
nodules that were detected earlier with
volumetric measurements obtained by
using ‘a semiautomated computer. algo-
rithm than with radiologic criteria used
in current practice.

We hypothesized that volumetric
measurement of solid and nonsolid
components of early-stage adenocar-
cinoma seen by using CT imaging can
provide prognostic information. The
purpose of our study was to perform
volumetric -analysis of stage I lung ad-
enocarcinomas by using an automated
computer program and to determine
the value of volumetric CT measure-
ments associated with prognostic fac-
tors and patient outcome.

Materials and Methods

Patients

We obtained approval from our inter-
nal institutional review board; informed
consent was waived for retrospective
review of patient records and images.
The study population consisted of 145
consecutive patients (68 men and 77
women; mean age, 63.6 years = 9.6
[standard deviation]; -range, 31-82
years) who had undergone lobectomy
(n = 104) or segmentectomy (n = 41)
for pathologic stage I adenocarcinoma

Implication for Patient Care

at our hospital from April 1999 to April
2006 and had a preoperative thin-sec-
tion chest CT study available for review.
All patients were node-negative based
on fluorine 18 fluorodeoxyglucose
(FDG) positron emission tomographic
(PET) staging study. Hilar and medias-
tinal lymph node resections were per-
formed in 104 patients with lobectomy,
and hilar lymph nodal sampling was
performed in 41 patients with segmen-
tectomy at the time of tumor resection.
Individuals who had history of adeno-
carcinoma of the lung or other organs
or who had received induction chemo-
therapy before surgery were excluded
from the study.

After hospital discharge, all patients
were evaluated at 3-month intervals.
The evaluation included a physical ex-
amination, chest x-ray, and blood tests
(including tumor. markers). Additional
thoracoabdominal CT scans were gen-
erally obtained at 6-month intervals.
Recurrence was confirmed at CT and, if
necessary, FDG PET imaging. The me-
dian follow-up period of all 145 patients
after surgery was 6.2 .years (range,
0.86-12.63 years). Complete follow-up
information until death or January 2013
was -available for all patients. During
the follow-up period, 22 patients expe-
rienced disease recurrence with seven

associated cancer-related deaths.
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Scanning Profocols

Chest CT scans were acquired by using
a four-detector row CT scanner (Light-
Speed QXi; GE Healthcare, Milwaukee,
Wis) and an eight-detector row CT scan-
ner (LightSpeed Ultra; GE Healthcare).
Acquisition parameters were as follows:
collimation, 0.625 mm or 1.25 mm; pitch,
0.625-1.5; rotation time, 0.4-0.8 sec-
onds per rotation; exposure parameters,
120 kV and 200 mA; field of view, 200
mm. All image data were reconstructed
with a high spatial frequency algorithm at
contiguous section thicknesses of 0.625
mm or 1.25 mm. ’

Visual Analysis

CT scans were displayed on a monitor
at lung window settings (level, —700
HU; width, 1200 HU). Two independent
chest radiologists (G.T. and H.S., with
9 and 13 years of experience, respec-
tively) visually classified tumors into
three subgroups: pure GGN, part-solid
GGN, and solid. GGN was defined as
an area that exhibited a slight, homo-
geneous increase in density, which did
not obscure underlying vascular mark-
ings. Solid was defined as an area of
increased opacity that completely ob-
scured underlying vascular markings.
The two radiologists designated the
distribution of each nodule as periph-
eral (outer one-third of lung, but not
in contact with pleura), middle (inner
two-thirds of lung), or juxtapleural (in
contact with pleura). Final evaluations
were decided by a consensus panel,
which consisted of the same two radi-
ologists and an adjudicator (O.H., with
21 years of experience in chest radio-
logic imaging), as needed. By using
electronic calipers, one chest radiolo-
gist (M.Y., with 12 years of experience)
measured the longest diameter of the
solid component and of total tumor;
solid proportion was defined as the ra-
tio of the longest diameter of the solid
component divided by the longest diam-
eter of total tumor multiplied by 100%.

Computer Analysis

We developed our software by using
commercial software (Microsoft Visual
C++ 6.0; Microsoft, Redmond, Wash)
on a commercially available personal

a.
Figure 1:

computer. Incorporated in our software
is a previously described (13) three-
dimensional line filter that enabled the
enhancement of curvilinear structures,
such as vessels, in three-dimensional
medical images on the basis of a com-
bination of the eigenvalues of the three-
dimensional Hessian matrix. Multiscale
integration is formulated by taking the
maximum among single scale filter re-
sponses, and its characteristics are ex-
amined to derive criteria for the selec-
tion of parameters in the formulation.
The resultant multiscale line-filtered
images provide improved segmenta-
tion and visualization of curvilinear
structures. This three-dimensional line
filter was used as the first step to elim-
inate vessels on the CT images (Fig 1).
Quantitative  analysis was then per-
formed by one observer (M.Y., 12 years
of experience in chest radiology) who
was required to place an over-inclusive
region of interest around each nodule
after selecting a tumor center point (ie,
a seed point) (Fig 2). The threshold
value on CT between a tumor and sur-
rounding normal lung parenchyma was
automatically determined by applying
CT density profile curves, one-dimen-
sional quantitative CT values across
the nodule, through the seed point
at 10° intervals on each axial section

Images show extraction of vessels by using

b. Gt

a multiscale three-dimensional line filter. (a) Volume
rendering image of all vessels identified by the three-dimensional line filter. (b) Green areas in right lung
correspond to extracted vessels.

(14) (Fig 3a). A CT value that corre-
sponded to full width at half maximum
(FWHM) was measured from each pro-
file curve, and the mean FWHM from
the 36 density profiles was used as
threshold value (Fig 3b). FWHM is a
mathematically well-defined parameter
used to describe a measurement of the
width of an object in imaging when that
object does not have sharp edges. The
width of the CT density profile curve is
often decided by the FWHM (15,16).
Following this approach, we used the
CT value that corresponded to mean
FWHM as an objective, standardized
method to determine the threshold CT
value between the tumor and surround-
ing normal lung parenchyma.

The tumor was also segmented by
using a three-dimensional region-grow-
ing algorithm (17) that, after placement
of an initial seed point, added in neigh-
boring pixels with attenuation values
above defined threshold value that did
not contain vessels. The volume of
the tumor was calculated as follows:
(number of voxels within segmented re-
gion) X unit volume. Unit volume was
defined as the product of x-, y-, and
z-axes in a raw image.

On the basis of a previously re-
ported threshold selection and nodule
classification method (18), we used
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e.
Figure 2:

f.

Images show sequential steps in volumetric analysis of a pure GGN in a 57-year-old woman. (a)

Thin-section CT image shows a pulmonary vein traversing an 8.1-mm GGN in the left upper lobe. (b) Three-
dimensional line filter identifies and extracts vessels (green areas). {¢) An over-inclusive region of interest is
drawn manually around the nodule in red. (d) Axial image, (e) coronal image, and (f) sagittal image of GGN.
Nodule is automatically segmented (shown as highlighted green area) with calculation of GGN and solid

components. Total volume, solid volume, and percentage of solid volume for this nodule are 0.14 cm?, 0.00

cm®, and 0.00%, respectively.

—291 HU as the threshold CT value be-
tween ground glass and solid. By using
this value, each voxel of ground glass
and solid included in a segmented tumor
was automatically determined; total tu-
mor volume, solid volume, and percent-
age of solid volume (solid volume/tumor

volume X 100%) were calculated; and
the nodule was classified into three
subgroups (pure GGN [>98% of tumor
with attenuation of —291 HU or less],
part-solid GGN [2%-71.5% of tumor
with attenuation greater than —291
HU]J, and solid [>71.5% of tumor with

Figure 3: * Threshold CT value between a tumor
and surrounding normal lung parenchyma in a
60-year-old woman. (a) CT density profile curves
are drawn through center of nodule at 10° intervals.
(b) A representative profile curve shows CT value

at FWHM is —545 HU (arrow). The mean CT value
derived from all 36 profile curves on each axial
section is used as the threshold CT value.

attenuation greater than —291 HUJ)
(18). Before beginning this study, we
performed computer-assisted analysis
of 10 nodules that were not included in
this study that by qualitative evaluation
consisted of pure ground-glass attenu-
ation. In these 10 cases, percentage of
solid volume ranged from 0% to 1.9%
(mean, 0.8% * 1.1% [standard devi-
ation]); therefore, percentage of solid
volume in the GGN subgroup was de-
fined as less than 2%.

Pathologic Analysis

The presence of lymphatic, vascular,
and pleural invasion was evaluated by
two pathologists. Final evaluation was
decided in consensus. Immunostain-
ing methods by using D2-40 (Covance,
San Diego, Calif), a lymphatic-specific
monoclonal antibody, and CD31 (Dako,
Glostrup, Denmark), an endothelial
antigen, were performed to optimize
identification of lymphatic and vascular
channels, respectively (19,20).
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Statistical Analysis o
We evaluated the value of eight features
of CT (visual classification, software
classification, longest diameter of solid
component, longest diameter of total
tumor, solid proportion, total tumor
volume, solid volume, and percentage
of solid volume) to examine associ-
ations with three prognostic factors
(lymphatic invasion, vascular invasion,
and pleural invasion) and two outcome
measures (overall survival and disease-
free survival). All statistical analyses
were performed by using commercially
available software (MedCalc version
8.0.0.1; Frank Schoonjans, Mariaker-
ke, Belgium). Agreement between
visual and software classification of
nodule subgroups was evaluated by
using the « statistic, and it was classi-
fied as poor (k = 0.00-0.20), fair (k =
0.21-0.40), moderate (k = 0.41-0.60),
good (k = 0.61-0.80), or excellent (k =
0.81-1.00) (21). For each CT feature,
the cutoff value that yielded the larg-
est difference in numbers of patients
with and without recurrence and death
was determined by using the empiri-
cal receiver operating characteristic
method. Receiver operating charac-
teristic analyses were all univariate.
The optimal thresholds were deter-
mined for each variable separately.
Subsequently, associations between
prognostic factors and each binary
group designated by the cutoff value
for the eight CT features were evalu-
ated by using univariate logistic regres-
sion analysis. Similarly, associations

between outcome measures and each
binary group were evaluated by using
univariate Cox proportional hazards
regression analysis. Significant param-
eters identified by univariate analysis
were included in the multiple logis-
tic regression and Cox proportional
hazards regression models (stepwise
method; P value of .05 or less was
used for entry into the model and P
value greater than .1 was selected for
removal), respectively. The 123 pa-
tients (85.0%) with no observed failure
events in the present study were con-
sidered censored for the two outcome
measures in the Cox proportional haz-
ards regression model. Survival curves
were generated by the Kaplan-Meier
method, with comparisons performed
by using the log-rank test. A P value
of less than .05 indicated statistical
significance.

Visuai and Computer Analyses

Results of all 145 patients are summa-
rized in Table 1. Classification of nod-
ules (per two radiologists) into pure
GGN, part-solid GGN, and solid sub-
types showed excellent agreement (k =
0.90). There was excellent agreement
(x = 0.81) between visual and computer
classification of nodule subgroups with
disagreements on only five nodules.
Distribution of pure GGN was pe-
ripheral (n = 12), middle (n = 2), and
juxtapleural (n = 1); distribution of

part-solid GGN and solid nodules was
peripheral (n = 72}, middle (n = 8), and
juxtapleural (n = 50). Mean measured
longest diameter of solid component
and total tumor were 9.6 mm * 7.0
(range, 0-31.0 mm) and 15.7 mm =*
4.8 (range, 7.0-31.0 mm), respectively.
Calculated solid proportion of nodules
was 58.3%-37.1% (range, 0%-100%).
Total tumor volume, solid volume, and

~percentage solid volume were 2.46 cm3

+ 2.87 (range, 0.033-16.97 cm?), 1.47
cm® = 2,18 (range, 0-14.28 cm?®), and
491% *+ 28.2 (range, 0%-90.4%),
respectively.

Pathologic Analysis

There were identified lymphatic inva-
sion in 17 cases, pleural invasion in 13
cases, and no cases of vascular inva-
sion. There were 118 patients staged as
pTla, 14 patients staged as pT1b, and
13 patients staged as pT2. No patients
were found to have lymph node metas-
tases. According to pathologic analysis,
there were 132 patients staged as Ia
and 13 patients staged as Ib.

Relationship with Prognostic Factors

On the basis of receiver operating
characteristic analysis, both visually
and computer-classified subgroups
were re-sorted into pure GGN and
solid (part-solid GGN and solid) di-
visions. Cutoff values for the six CT
features were as follows: longest di-
ameter of solid component, 9.9 mm,;
longest tumor diameter, 18 mm; solid
proportion, 78%; total tumor volume,
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