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Objective: To explore the application of texture analysis basing on computed tomography
(CT) images in predicting lymph-node metastasis in patients with clinical stage 1A lung
adenocarcinoma.

Methods: In total, 256 patients with clinical stage IA lung adenocarcinoma who had
underwentgone preoperative CT examinations were enrolled. A total of 25 texture features
using MaZda (version 4.6) software and conventional radiological features were extracted
from raw CT data sets. Based on surgical results, patients were stratified into lymph node
metastasis—positive and —negative groups. Independent-sample #-tests and Mann—Whitney
U tests were used to compare continuous variables between the groups. Continuity-correction
and x* tests were used for categorical variable comparison. Univariate and multivariate
logistic regression analyses were performed to identify independent predictors of lymph-
node metastasis.

Results: In total, 256 clinical stage IA lung adenocarcinoma cases were proved by pathol-
ogy: 39 (15.23%) cases with lymph-node metastasis (14 Nla, seven N1b, six N2al, ten
N2a2, and two N2b) and 217 (84.77%) cases without lymph-node metastasis. Univariate and
multivariate logistic regression analyses demonstrated that total volume (OR 3.777,
p=0.015), average CT value of whole tumor (OR 16.271, p<0.001), three texture parameters
(mean OR 8.473, p<0.001; skewness OR 6.393, p=0.001; and entropy OR 0.343, p=0.049)
were independent factors associated with lymph-node status. As such, early-stage lung
adenocarcinoma with higher total volume (>4.05 cm®), average CT value of whole tumor
(>-70 HU), mean (>133.79), entropy (>1.98), and lower skewness (<0.02) pointed to
positive lymph-node metastasis.

Conclusion: Texture parameters were independent factors associated with lymph-node
status in clinical stage IA lung adenocarcinoma.

Keywords: lung adenocarcinoma, computed tomography, texture, lymph-node metastasis

Introduction

The introduction of thin-slice computed tomography (TSCT) has greatly improved
early detection of small lung adenocarcinomas, with a remarkable reduction in mor-
tality from lung cancer.' For clinical stage IA lung adenocarcinoma, ground-glass
opacity (GGO) in pulmonary lesions has been reported to be associated with less
invasive behavior and good prognosis, and nodules with <50% GGO area demon-
strated a great risk of nodal metastasis and poor prognosis.*> Furthermore, according to
the International Association for the Study of Lung Cancer—American Thoracic
Society—European Respiratory Society classification of lung adenocarcinoma, different
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pathological subtypes of clinical stage IA lung adenocarci-
noma show significant discrepancies in prognosis.*> In addi-
tion, the presence of lymph-node metastasis is associated
with tumor recurrence and patient survival.®’ Treatment
regimens, including surgery protocols, have been tailored to
early-stage lung cancer with or without lymph-node
metastasis.®

However, it is quite difficult to exclude tumors’ invasive
nature and lymph-node metastasis merely based on intraopera-
tive frozen sections in some cases.* Previous studies®’"'?
have reported that radiological findings, such as total tumor
size, average CT value, ratio of solid areas to whole volume
(%solid) on TSCT, and maximum standardized uptake value
(SUV pax) on fluorine-18-fluorodeoxyglucose (FDG) positron-
emission tomography (PET)/CT were helpful in predicting the
pathological invasiveness of tumors or the prognosis of clin-
ical stage IA lung adenocarcinomas. However, both imaging
modalities have demonstrated limited value for identifying
malignant involvement of smalllymph nodes in clinical stage
IA lung cancer.®’

Currently, texture analysis is an emerging technique that
provides objective measurements of heterogeneity based on
the distribution of gray levels, and it is not affected by sub-
jective analysis or degree of expertise, inherent limitations of

medical 11,-12,-31

conventional imaging interpretation.
Promising results of texture analysis have been reported in
the field of oncology, especially tumor prognosis, treatment
assessment, and differential diagnosis for malignant and

1171231 However, to our knowledge,

benign lymph nodes.
there have been few studies investigating its value in predict-
ing lymph-node metastasis in patients with clinical stage IA
lung adenocarcinoma.

If some texture parameters derived from preoperative
TSCT can predict the risk of nodal involvement before sur-
gery (eg, no metastasis or N1), the mediastinal lymph nodes
could be selectively left undissected, especially for
patients in poor condition, or neoadjuvant therapy might be
prioritized if N2 were discovered before surgery. Therefore,
the purpose of this study was to investigate whether texture
analysis is useful in predicting lymph-node metastasis in
patients with clinical stage IA lung adenocarcinoma, with

final surgical sampling as a gold standard.

Methods

Patients
Between January 2011 and March 2016, 275 consecutive

patients with solitary pulmonary nodules (including

subsolid nodules [SSNs]) on CT images underwent surgi-
cal resection for adenocarcinoma. Patients were included
in this study if they had clinical stage IA lung adenocarci-
noma without other lesions in the lung parenchyma, had
undergone pulmonary segmentectomy or lobectomy with
systematic lymph-node dissection (at least six nodes
removed including intrapulmonary, hilar, and mediastinal
nodes),*? and had undergone preoperative TSCT scanning.
Exclusion criteria were interval between TSCT examina-
tion and surgery >3 months (n=8), neoadjuvant chemother-
apy or radiotherapy prior to CT examination (n=5), and
history of malignancy in other sites (n=6). The remaining
256 patients — 119 men and 137 women — were enrolled
in the current retrospective study. Furthermore, 56 patients
had undergone preoperative FDG-PET/CT, which was not
routine before operation in our hospital. This retrospective
study was approved by the Ethical and Scientific
Committees of the China—Japan Friendship Hospital, and
informed consent was waived.

Clinical Characteristics of Patients

Patients’ age, sex, smoking status, preoperative serum
carcinoembryonic antigen (CEA) level, and tumor
sites were obtained and are summarized in Table 1. The
cutoff value CEA was set at 5 ng/mL with 95% specificity.
as recommended by the manufacturer of the assay Kkits

(Roche Diagnostics, Tokyo, Japan).

CT Scans and Image Analysis

High-resolution CT scans were performed on either a 16-
slice (Toshiba Aquilion) or 320-slice CT scanner (Toshiba
Aquilion One). All scans were acquired using a high-
resolution volumetric technique. Images were obtained
by breath-held helical acquisition in the supine position
extending from the lung apices to below the costophrenic
angles using parameters of section thickness 5 mm, section
intervals 5 mm, pitch 0.75, rotation time 330 ms, tube
voltage 120 kV, tube current 200 mA, thin collimation
0.75 mm, and reconstruction matrix 512x512. From raw
data, 1 mm-—thick section images were reconstructed at
1 mm intervals using a high spatial-frequency algorithm
(B60S; Toshiba Aquilion). All CT-scan images were
obtained with window settings that were appropriate for
lung parenchyma (window width 1,300 Hounsfield units
[HU], level =450 HU) and mediastinum (window width
400 HU, level 40 HU). All data were analyzed on the
postprocessing workstation EBW4.52 (Extended Brilliant
Workshop 4.52, Philips Healthcare Systems).
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Table | Textural Parameters Calculated

Histogram

Run-length matrix

Gray-level co-occurrence matrix

Levellorder | First-order

Second-order

Second-order

Description | Histogram where x-axis represents pixel/voxel
gray level and y-axis represents frequency of

occurrence

Adjacent or consecutive pixels/
voxels of a single gray level in

a given direction

How often pairs of pixels with specific
values in a specified spatial range occur in

an image

10%
50%
90%
99%

Parameters | Mean Short run—length emphasis Angular second moment
SD Long run—length emphasis Contrast
Skewness Run-length nonuniformity Correlation
Kurtosis Gray-level nonuniformity Sum of squares
1% Fraction of image in runs Inverse-difference moment

Sum average
Sum variance
Sum entropy
Entropy

Difference variance

Difference entropy

TSCT features of lung nodules retrospectively evalu-
ated by two radiologists dedicated to thoracic radiology
(with 6 and 10 years of experience, respectively) who were
blinded to patient clinical data and results from FDG-PET
/CT and final surgical sampling were: 1) tumor diameter
(TD; cm), defined as maximum axial diameter on lung
window; 2) tumor volume (TV; cm’); 3) average CT
values of whole tumor (Avg; HU); 3) nodule type —
solid (SNs; without GGO in lung window) or SSNs, with
GGO in lung window); 4) %solid, defined as the propor-
tion of the solid volume divided by whole TV; 5) air
bronchogram (presence or absence); 6) pleural indentation
(presence or absence); 7) spiculation (presence or
absence); 8) lobulation (presence or absence); and 9) coex-
istence with bulla or honeycomb (yes or no).

PET/CT Scans and Image Analysis

FDG-PET/CT scans were available for 56 patients and had
been performed within 1 month prior to surgical resection.
These studies were all performed on the same PET-CT
scanner (Discovery ST, GE Healthcare Life Sciences,
Chalfont, UK) using a following protocol of z-axis image
from the skull base to mid-thigh levels 1 hour after intra-
venous administration of 7.4 MBg/kg '*F-FDG (Atom Hi-
Tech, Beijing, China). All patients with prescan glucose
levels >200 mg/dL fasted for 6 hours prior to the PET/CT
scan. Concomitant CT data were used for attenuation
correction of PET images and anatomical localization of
PET abnormalities. The SUV was adjusted for the injected

dose of "®F-FDG and the body weight of the patient using
the standard software tools provided with the PET-CT
scanner.

Another two radiologists with 3 and 6 years of
experience in FDG-PET/CT interpretation who were
also blinded to patient clinical data and pathological
results semiautomatically delineated the outlines of
lung lesions, and the activity concentration of '*F-FDG
in the region of interest (ROI) was expressed as SUV.
SUVax Was defined as the peak SUV of the pixel with
the highest counts in the sequential transaxial scans
through the ROI, and 2.5 was selected as the cutoff
value for a PET/CT-positive result.

Texture Analysis

Texture analysis was performed on TSCT using dedicated
software (MaZda version 4.6, PM Szczypinski, Institute of
Electronics, Technical University of Lodz, Poland). For
this analysis, ROIs including the whole lesion in TSCT
images with the lung window were selected for each sub-
ject. In sum, 27 texture parameters, listed in Table 1, were
extracted for each ROI on each slice. Run length-matrix
parameters were calculated four times for each ROI (ver-
tical, horizontal, 45°, 135°) and gray-level co-occurrence
matrix parameters were calculated 20 times for each ROI
at a variety of pixel offsets. For comparison of textural
features between groups, mean values of run-length and
gray-level co-occurrence matrix parameters were used for
each ROI, giving a total of 25 parameters to be analyzed
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Figure | Lung adenocarcinoma in the apicoposterior segment of the left upper lobe with nodal involvement (N2). (A) Axial thin-slice CT image. (B—E) Image segmentation

and texture processing (B axial view, C coronal view, D volume rendering, E sagittal view). TV, Avg, mean, skewness, and entropy values for this lesion were 5.4 cm?,

142.19, —0.02, and 2.03, respectively.

12 HY,

Figure 2 Images of a lung adenocarcinoma in right lower lobe without nodal involvement. (A) Axial thin-slice CT image. (B—E) Image segmentation and texture processing
(B axial view, C coronal view, D volume rendering, E sagittal view). The TV, Avg, Mean, Skewness and Entropy values for this lesion were 1.8 cm® —110 Hu, 84.53, 1.39 and

1.67, respectively.

(Figures 1 and 2). A more detailed description of the
texture parameters calculated has been reported in pre-

vious studies.>*3

Pathology Analysis

Hematoxylin—eosin staining of tissue slices and pathologi-
cal evaluation were performed for all 256 pulmonary spe-
cimens by two pathologists (with 8 and 19 years of
experience, respectively) according to the eighth edition
of the TNMClassification of Malignant Tumours.>>>® The
final results revealed 39 patients with positive lymph-node

metastasis (including 21 N1 and 18 N2) and 217 with
negative lymph-node metastasis.

Statistical Analysis

All data were evaluated using SPSS17.0 (SPSS, Chicago, IL,
USA). Descriptive statistics are provided as means £ SD or
medians = IQR for continuous variables and as frequency
and percentage for categorical variables. According to surgi-
cal results, patients were stratified into lymph node metasta-
sis—positive and -negative groups. Independent-sample
t-tests and Mann—Whitney U tests were used to compare
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continuous variables between the groups. The y* and con-
tinuity-correction tests were used for categorical-variable
comparison between the groups. Univariate and multivariate
logistic regression analyses were performed to identify inde-
pendent predictors for lymph-node metastasis. P<0.05 was
considered statistically significant.

Results

In total, there were 256 pathologically proven clinical
stage IA lung adenocarcinoma cases: 153 (59.77%) SNs
and 103 (40.23%) SSNs. A total of 39 (15.23%) cases had
lymph-node metastasis (fourteen Nla, seven Nlb, six
N2al, ten N2a2, and two N2b) and 217 (84.77%) did
not. Conventional radiological findings and basic clinical
information are summarized in Table 2.

Univariate Analysis

Conventional radiological findings and clinical character-
istics of patients with different lymph-node status are
shown in Table 3. For the lymph node—metastasis group,
larger TD and TV and higher Avg and preoperative serum

CEA were observed (p<0.001, p=0.018, p=0.005, and
p<0.001, respectively). With regard to conventional high-
resolution CT features, the presence of SNs and coexis-
tence with bulla/honeycomb were more frequently
observed in the metastasis-positive group than the metas-
tasis-negative group (both p=0.001). For clinical stage IA
lung adenocarcinoma, mean values of 13 of 25 textural
parameters were significantly different in patients with
different lymph-node status. The results of textural fea-
tures are summarized in Table 4.

Multivariate Analysis

TD, TV, Avg, preoperative serum CEA, nodule type, coex-
istence with bulla/honeycomb, and 13 of 25 textural para-
meters were subjected to binary logistic regression
analysis. TD was analyzed as a continuous variable. The
results demonstrated that TV (OR 3.777, 95% CI 1.298-
10.989; p=0.015), Avg (OR 16.271, 95% CI 5.130-51.609;
p<0.001), mean (OR 8.473, 95% CI 2.706-26.529;
p<0.001), skewness (OR 6.393, 95% CI 2.193-18.634;
p=0.001), and entropy (OR 0.343, 95% CI 0.118-0.994;

Table 2 Summary of Radiological Features and Patients’ Clinical Characteristics (n=256)

n/value Factors n/value

Age (years) 62.3%£10.4 SN 153 (59.77%)
Sex SSN 103 (40.23%)

Male 119 (46.48%) %solid

Female 137 (53.52%) 250% 218 (85.16%)
Smoking status <50% 38 (14.84%)

Smoker 79 (30.86%) Air bronchogram

Nonsmoker 177 (69.14%) Yes 91 (35.55%)
Preoperative serum CEA No 165 (64.45%)

25 ng/mL 60 (23.44%) Pleural indentation

<5 ng/mL 196 (76.56%) Yes 162 (63.28%)
SUV,.c* No 94 (36.72%)

225 38 (67.86%) Spiculation

<25 18 (32.14%) Yes 89 (34.77%)
Tumor site No 167 (65.23%)

RUL/RML/RLL 80/13/55 Lobulation

LUL/LLL 60/48 Yes 200 (78.13%)
TD (cm) 2.11+0.68 No 56 (21.87%)
TV (cm®)? 2.30+2.87 Coexistence with bulla or honeycomb
Avg (HU)* —105.50+128.25 Yes 51 (19.92%)
Nodule type No 205 (80.08%)

Notes: Continuous variables expressed as means * SD or medians + IQR. AMedians + IQR. *The results of FDG-PET/CT scan were only available in 56 patients, since they

did not have medical insurance.

Abbreviations: CEA, carcinoembryonic antigen; SUV,,,,, maximum standardized uptake value; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL,
left upper lobe; LLL, left lower lobe; TD, tumor diameter; TV, tumor volume; Avg, average CT values of whole tumor; SN, solid nodule; SSN, subsolid nodule.
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Table 3 Conventional

Radiological

Findings

and Clinical

Characteristics of Patients with Different Lymph-Node Status

Table 3 (Continued).

Lymph-Node Status P Lymph-Node Status p
Metastasis- Metastasis- Metastasis- Metastasis-
Positive Negative Positive Negative
(n=39) (n=217) (n=39) (n=217)
Age (years)* 61.13£8.72 623841036 0477 ;::'::i’:;:’:: <0.0l
Sex (male/female) Yes 20 (7.81%) 31 (12.11%)
Male 21 (8.20%) 98 (38.28%) 0317 No 19 (7.42%) 186 (72.66%)
Female 18 (7.03%) 119 (46.48%) Notes: Continuous variables in the table expressed as means + SD or medians *

Smoking status 0.989 QR *Means  SD; “medians  IQR
Smoker 12 (4.69%) 67 (26.17%) p=0.049) were independent factors associated with lymph-
Nonsmoker 27 (10.55%) 150 (58.59%) node status in clinical stage IA lung adenocarcinoma

Preoperative <0.001 (Table 5). Detailed information regarding receiver operat-

serum CEA ing characteristic (ROC) analysis for the aforementioned
25 ng/mL 20 (7.81%) 40 (15.63%) five parameters is described in Supplementary Table 1.
<5 ng/mb 1 742%) 77 (€9.14%) Early lung adenocarcinoma with higher TV (>4.05 cm®),

SUV ax 0.692 Avg (>-70 HU), mean (>133.79), and entropy (>1.98) and
225 5 (893%) 33 (58.93%) lower skewness (<0.02) tended to demonstrate positive
<25 HO.11%) 17 (3036%) lymph-node metastasis.

Tumor site 0.586
Right lung 21 (8.20%) 127 (49.61%) Discussion
Left lung '8 (7.03%) 70 (35.16%) In the present investigation, we found that TV, Avg, and

TD (cm) 2.51£0.70 2.04£0.65 <0.001 high-resolution CT images based on texture features

TV (em?)* 5:40+5.80 2.10+2.30 <0.001 (mean, skewness, entropy) were associated with lymph-

Avg (HU)* —20.00£68.00 | —114.00£136.00 | <0.001 node status in clinical stage I adenocarcinoma. In addition
%solid 0.699 to conventional features, texture features related to hetero-
250% 34 (13.28%) 184 (71.88%) geneity in lesions were also able to be further extracted
<50% > (1:95%) 33 (12.89%) from high-resolution CT images to provide complemen-

Nodule type 0.001 tary information for predicting lymph-node metastasis.
SN 33 (12.89%) 120 (46.88%) Our preliminary results provided evidence for the potential
SSN 6 (2.34%) 97 (37.89%) application of texture analysis in lung cancer.

Air bronchogram 0.298 It has been well proven that heterogeneity is a vital
Yes I (4.30%) 80 (31.25%) feature of malignancy. Various alternations in tissue archi-
No 28 (10.94%) 137 (33.51%) tecture resulting from cell infiltration, necrosis, abnormal

Pleural 0.119 angiogenesis, and myxoid changes lead to

indentation heterogeneity,'*’~® which is associated with adverse
Yes 29 (11.33%) 133 (51.95%) tumor biology.15’723’724”3941 A previous study suggested
No 10 @91%) 84 3281%) that CT heterogeneity measured by texture analysis may

Spiculation 0.105 reflect vascularization in tissue,* and Ganeshan et al further
Yes 18 (7.03%) 71 27.73%) confirmed the correlation between CT-texture parameters
No 21 (820%) 146 (57.03%) and histopathological features of hypoxia and angiogenesis

Lobulation 0.823 in non-small cell lung cancer."® In addition, tumor hetero-
Yes 31 (12.11%) 169 (66.02%) geneity evaluated by CT has yielded promising results in
No 8 (3.12%) 48 (18.75%) various cancers for diagnosis, staging/prognostication, and

(Continued) treatment-response assessment. ' 1316718212527 Ag far a5
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Table 4 Texture-Analysis Results in Patients with Different Lymph-Node Status
Lymph-Node Status p
Metastasis-Positive Metastasis-Negative

Histogram
Mean 150.99+33.77 120.63+37.66 <0.001
SD 2,177.77+1,118.29 1,698.62+961.81 0.006
Skewness —0.06x1.17 0.30+0.80 0.001
Kurtosis —0.66+0.80 —0.55+0.88 0.491
1% 55.00+43.00 46.00+24.00 0.046
10% 81.00+51.00 65.00+35.00 0.003
50% 151.82+42.19 118.16+43.20 <0.001
90% 212.00+29.00 181.00+76.00 <0.001
99% 234.00+23.00 217.00+52.50 <0.001

Run-length matrix
Short run—length emphasis 0.98+0.01 0.99+0.01 0.209
Long run—length emphasis 1.03+0.02 1.03+0.03 0.211
Run-length nonuniformity 134.76+63.28 107.77+60.37 0.003
Gray-level nonuniformity 2.30+0.81 2.14+0.74 0.211
Fraction of image in runs 0.99+0.01 0.98+0.02 0.368

Gray-level co-occurrence matrix
Angular second moment (% I03) 14.64+6.24 18.54£10.27 0.022
Contrast 971.52+364.76 930.47+442.55 0.585
Correlation 0.70+0.11 0.71+0.13 0.849
Sum of squares 1,683.95%116.65 1,680.75%157.82 0.904
Inverse-difference moment (% I03) 62.58+29.41 62.70+36.96 0.984
Sum average 252.93+8.17 254.54+7.73 0.235
Sum variance 5,764.73+607.73 5,791.37+741.91 0.832
Sum entropy 1.58+0.15 1.49+0.18 0.007
Entropy 1.9240.17 1.83£0.19 0.005
Difference variance 394.53+168.47 357.32+160.08 0.186
Difference entropy 1.39+0.13 1.33+0.18 0.001

Notes: Continuous variables expressed as means + SD or medians *IQR.

we know, there have been few studies that have
quantitatively assessed tumor heterogeneity using texture
analysis to predict lymph-node metastasis in early-stage
adenocarcinoma.*

In our current study, entropy was associated with
lymph-node metastasis (OR 0.343, 95% CI 0.118-0.994;
p=0.049). Entropy represents texture irregularity in tissue,
and higher entropy means increased heterogeneity of the
tissue.””*® Furthermore, higher entropy was also asso-
ciated with higher tumor stage. Therefore, it is plausible
that higher entropy (>1.98) was related to positive lymph-
node metastasis in the current study. In addition,
tumors with higher mean (>133.79) and lower skewness
(<0.02) were also prone to positive lymph-node metasta-
sis. Our results align with those reported in previous
studies;'>'*?3° however, it is challenging to compare

detailed texture features due to variable factors, such as
the choice of disease, tumor stage, various modalities of
raw images, and commercial software vendor. Future work
needs to be done to generate a widely applicable, uniform
standard for texture-analysis methodology.

In addition, it has been reported that volumetric
analysis of pulmonary lesions on a three-dimensional
scale would be more objective and accurate,”'*? and
Avg (OR 32.210, 95% CI 3.020-79.689; p<0.001)
is correlated with pathological risk classification in clin-
ical stage IA lung adenocarcinoma. In our study,
a similar trend was observed. The volumetric result of
Avg was a significant independent predictor of lymph-
node metastasis. Interestingly, although GGO area <50%
was considered a predictor for poor prognosis,” %solid
set to the same cutoff point (50%) demonstrated no
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Table 5 Independent Factors Associated with Lymph-Node

Metastasis

OR (95% CI) p

Avg 16.271 (5.130-51.609) | <0.001
Mean 8.473 (2.706-26.529) <0.001
Skewness 6.393 (2.193-18.634) 0.001
TV 3.777 (1.298-10.989) 0.015
Entropy 0.343 (0.118-0.994) 0.049
Preoperative serum CEA NA 0.523
TD NA 0.349
Nodule type NA 0.761
Coexistence with bulla/ NA 0.271
honeycomb
SD NA 0.929
1% NA 0.576
10% NA 0.605
50% NA 0.126
90% NA 0.541
99% NA 0.831
Run-length nonuniformity NA 0.620
Angular second moment NA 0818
Sum entropy NA 0.698
Difference entropy NA 0.739

Note: Binary logistic regression analysis with forward conditional method.
Abbreviations: Avg, average CT values of whole tumor; TV, tumor volume; CEA,
carcinoembryonic antigen; TD, tumor diameter; NA, not associated.

significant differences between different lymph-node
One that

SSNs were enrolled in our study. Moreover, the measur-

status. possible reason was limited
ing methods were different for GGO ratio and %solid.
The former was evaluated by two-dimensional, semi-
quantitative measurement, while the value of %solid
decided by

measurement.'® Further investigation with more SSN

was volumetric, quantitative
samples enrolled needs to be done to verify our results.

Our results demonstrated that quantitative texture
analysis and volumetric measurement of lung
lesions had the potential to predict lymph-node metas-
tasis in patients with clinical stage IA stage adenocarci-
noma. Texture analysis can be performed on routinely
CT)!1213:16-182125-27 yivhout addi-

tional ionizing radiation or significant extra cost, and

existing data (eg,

provide encouragingly supplementary information, espe-
cially for patients with lymph nodes too small to be
characterized on FDG-PET/CT or inconclusive endo-
bronchial ultrasound-sampling results.

Although encouraging, this study has several limita-
tions. First, a relatively small sample was included. Given
the small sample, we limited our focus to three categories

of texture features for predicting lymph-node metastasis.
Second, the study was retrospective in nature and selection
bias was present. Only patients with systematic lymph-
node dissection were enrolled in the final analysis. Third,
lymph-node status was divided only into metastasis-
positive and -negative groups. Also, potential differences
in radiological findings between patients with N1 and N2
metastasis were not described in the current study, due to
a small cohort of patients. Fourth, all the results were
derived from a single institution using the same texture-
analysis software. Fifth, two CT scanners (16-slice and
320-slice CT) were used. However, the two scanners
were provided by the same vendor and scan parameters
were carefully adjusted to the same conditions. What is
more, it has been reported that CT-texture features
extracted from first-order statistics are fairly
reproducible.’! Therefore, there is little reason to suspect

the robustness of CT-texture features in our current study.

Conclusion

In conclusion, our results demonstrated that texture para-
meters (mean, skewness, and entropy) were independent
factors associated with lymph-node status in clinical stage
IA lung adenocarcinoma. In other words, quantitative CT-
texture analysis showed potential value in predicting nodal
involvement in patients with early-stage lung adenocarci-
noma, which may assist in surgical decision-making to
some degree.
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