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Objective: To assess the accuracy of a combination of
CT texture analysis (CTTA) and nodal axial ratio to detect
metastatic lymph nodes (LNs) in esophageal squamous
cell carcinoma (ESCC).

Methods: The contrast-enhanced chest CT images of 78
LNs (40 metastasis, 38 benign) from 38 patients with
ESCC were retrospectively analyzed. Nodal axial ratios
(short-axis/long-axis diameter) were calculated. CCTA
parameters (kurtosis, entropy, skewness) were extracted
using commercial software (TexRAD) with fine, medium,
and coarse spatial filters. Combinations of significant
texture features and nodal axial ratios were entered as
predictors in logistic regression models to differentiate
metastatic from benign LNs, and the performance of
the logistic regression models was analyzed using the
area under the receiver operating characteristic curve
(AUROQ).

Results: The mean axial ratio of metastatic LNs was
significantly higher than that of benign LNs (0.81+ 0.2 vs

INTRODUCTION

Esophageal cancer accounts for only 1% of cancer diagnoses,
but it is the seventh most common cause of cancer death
among males in United States, with overall 5year survival
rate of 20%." Lymph node (LN) status has been recognized
as the most important independent factor influencing the
prognosis of esophageal cancer.? Neoadjuvant therapy is
also primarily based on LN status.® In the seventh edition
of the TNM classification in 2009, N stage is classified into
four stages (NO-N3) according to the number of LN metas-
tases, regardless of the location.* However, the lymphatic
spread of esophageal cancer is variable and skipped because
of the unique submucosal lymphatic drainage system.’

0.71 £ 0.1, p = 0.005; sensitivity 82.5%, specificity 47.4%);
namely, significantly more round than benign. The mean
values of the entropy (all filters) and kurtosis (fine and
medium) of metastatic LNs were significantly higher
than those of benign LNs (all, p < 0.05). Medium entropy
showed the best performance in the AUROC analysis
with 0.802 (p < 0.001; sensitivity 85.0%, specificity
63.2%). A binary logistic regression analysis combining
the nodal axial ratio, fine entropy, and fine kurtosis iden-
tified metastatic LNs with 87.5% sensitivity and 65.8%
specificity (AUROC = 0.855, p < 0.001).

Conclusion: The combination of CTTA features and the
axial ratio of LNs has the potential to differentiate meta-
static from benign LNs and improves the sensitivity for
detection of LN metastases in ESCC.

Advances in knowledge: The combination of CTTA
and nodal axial ratio has improved CT sensitivity (up to
87.5%) for the diagnosis of metastatic LNs in esophageal
cancer.

Accurate pre-operative diagnosis of LN metastasis is very
important in cases of esophageal cancer, as it leads to accu-
rate staging and a better prognosis.

The CT is one of the modalities routinely used for preop-
erative LN staging of esophageal cancer.® CT depends
primarily on size criteria for the detection of metastatic
LN, and until now, LNs with a short-axis diameter greater
than 1.0cm were considered to be pathologic in clinical
practice.”® However, only 8.0-37.5% of metastatic LNs in
esophageal cancer were greater than 1.0cm,” and CT has
a relatively low sensitivity of 30-60% with the use of size
criteria alone.*>!® A concept of the nodal measurement
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ratio was first introduced for the evaluation of enlarged cervical
LNs on helical CT scan.!' Recently, Liu et al® have shown that
the nodal axial ratio, which reflects the shape of the LN, can
improve detection sensitivity up to 67.2% for smaller metastatic
LNs (short-axis diameters of 7-9 mm) in patients with esopha-
geal squamous cell carcinoma (ESCC).

CT texture analysis (CTTA), a new image processing technique,
can quantitatively assess lesion heterogeneity by analyzing the
distribution and relationship of the pixel gray level.'* It has been
widely applied in the field of oncology, potentially leading to
the improvement of disease-risk stratification, the assessment
of treatment response, and prognosis prediction. In esophageal
cancer, texture analysis has been used to assess tumor aggressive-
ness and predict prognosis and treatment response.>~'¢

Thus, the purpose of this study is to determine the accuracy of
combining the axial ratio of the LN and CT texture features to
differentiate metastatic LNs from benign LNs in patients with
ESCC.

METHODS

The institutional review board approved this retrospective study
(2018-09-033-001), and the requirement for informed consent
was waived.

Patients

Between January 2007 and September 2018, we identified 92
patients who initially underwent surgical resection for primary
ESCC [Institution 1 (n = 36), institution 2 (n = 56)]. All patients
underwent a contrast-enhanced chest CT within 3 months before
surgery. 20 patients from Institution 1 were excluded because of
pre-operative chemotherapy and/or radiation therapy (n = 10),
the CT scan was performed at another institution (n = 9), or a
pathology of esophageal cancer other than squamous cell carci-
noma (n = 1; small cell carcinoma). 27 patients from Institution
2 were also excluded because of pre-operative chemotherapy
and/or radiation therapy (n = 12), the CT scan was performed
at another institution (n = 14), or a pathology other than squa-
mous cell carcinoma (n = 1; adenocarcinoma). All visible or
palpable LNs were dissected based on all results from the pre-
operative CT and positron emmision tomography (PET)-CT.
Each dissected LNs were labeled according to American Joint
Committee on Cancer, 6-7th edition.!”!® All CT images were
reviewed by one thoracic radiologist with 10 years of experience
and one thoracic surgeon with 16 years of experience to deter-
mine the corresponding locations of LNs on CT images based
on pathologic and operative reports. The radiologist and surgeon
reached a consensus using a picture archiving and communi-
cation system (PACS) on mediastinal window settings. The LN
inclusion criteria were as follows: (1) surgically resected LNs
that could be concurrently matched on chest CT; (2) a long-
axis diameter of >0.5cm; and (3) LNs not distorted by artifacts
caused by adjacent vessels. In accordance with these criteria, 78
LNs from 38 patients [28 LNs of 14 patients (Institution 1) and
50 LNs of 24 patients (Institution 2)] were finally included in the
analysis. All LNs did not show internal calcification.
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CT and FDG-PET/CT analysis

At Institution 1, CT scans were obtained on a 64 multidetector
CT system (n = 28) (Brilliance 64 CT scanner; Philips Medical
Systems, Cleveland, OH). The CT scan parameters used in Insti-
tution 1 were 120kVp, 30-200mAs with automatic tube current
modulation, collimation of 0.625mm, pitch of 1.105, gantry
rotation time of 0.5s, and matrix size of 512 x 512. At Institu-
tion 2, CT scans were performed on a 16 (n = 9) or 64 (n = 41)
multidetector CT system (Brilliance 16, 64 CT scanner; Philips
Medical Systems, Cleveland, OH). Parameters for the 16 multi-
detector CT system were 120 kVp, 30-200 mAs with automatic
tube current modulation, collimation of 0.75 mm, pitch of 1.188,
and matrix size of 512 x 512. Parameters for the 64 multidetector
CT were 120 kVp, 30-250 mAs with automatic tube current
modulation, collimation of 0.625, pitch of 0.516, gantry rotation
time of 0.5s, and matrix size of 512 x 512. All CT images from
both institutions were reconstructed with filtered-back projec-
tion using a soft-tissue kernel, with slice thickness of 3 (n = 28)
or 5mm (n = 50) without a gap. All enhanced chest CTs were
acquired 40-45s delay after intravenous noninonic contrast
medium [hexosure (iohexol), LG, South Korea] administration
at a rate of 2.5-3mlL/s.

The mean time interval between operation and chest CT was
18.8 + 24.9 days (range 1-91). Two thoracic radiologists with 5
and 8 years of experience who were blinded to the histological
results measured the short- and long-axial diameters of the LNs
and calculated the nodal axial ratio (short-axis diameter/long-
axis diameter). The short- and long-axial diameters refer to the
shortest and longest diameters of LNs on axial CT images.

All patients underwent '*F-fludeoxyglucose PET and CT (FDG-
PET/CT) using GEMINI PET/CT scanners (Philips medical
systems). The scanning parameters used at both institutions were
as follows: scan range from the base of the skull to mid-thigh
and 60min after intravenous (i.v.) injection of 4.3 MBq/kg of
FDG. All patients had blood glucose levels <200 mgdl™* and had
been fasting for more than 8h. The mean time interval between
PET-CT and operation was 14.2 + 18.4 days (range 0-80). Two
nuclear-medicine physicians with 4 and 15 years of experience
in nuclear medicine, respectively measured the maximum stan-
dardized uptake value (SUVmax) of the LNs. A SUVmax >2.5
was considered a positive uptake on the FDG-PET/CT."

Texture analysis

Quantitative CTTA for the LNs was respectively performed by
two radiologists (HNL and SYS, with 5 and 11 years of experi-
ence in thoracic radiology, respectively) blinded to the histolog-
ical results. One of the two radiologists repeatedly performed
texture analysis for the LNs at 1 month intervals and this result
was used for final analysis. Texture features were analyzed using
commercial software (TexRAD, TexRAD Ltd., part of Feedback
Plc, Cambridge, UK). The images were anonymized and sent to
a separate workstation for texture analysis. A region of interest
(ROI) was manually drawn along the margin of the LN on the
slice that contained the largest cross-sectional area. Medias-
tinal fat or vascular structures were carefully avoided when
drawing the ROIs (Figures 1 and 2). This process was refined by

2 of 9 birpublications.org/bjr

Br J Radiol;93:20190827


http://birpublications.org/bjr

BJR

Figure 1. Representative CT image of a 69-year-old male with
esophageal squamous cell cancer with a proven subcarinal
nodal metastasis. The ROl in (A) demonstrates segmentation
of an enlarged subcarinal lymph node using CT texture analy-
sis software. The colored images of the lesion within the ROI
are shown after texture analysis with fine (B), medium (C),
and course (D) filters. ROI, region of interest.

a procedure that excluded any pixels with attenuation thresholds
less than —50 HU.

Texture analysis was performed in a two-stage process: image
filtration was performed using a Laplacian of Gaussian spatial
scaling factors (SSF), which extracts and enhances features of
different sizes (mm) ranging from no filtration (SSF 0), fine
(SSF 2mm), medium (SSF 3,4 mm) and course (SSF 5,6 mm)

Figure 2. Representative CT image of a 59 year-old male with
upper esophageal squamous cell carcinoma with a metastatic
left upper paratracheal lymph node. The short-axis diameter
of lymph node is 7mm and the SUVmax of the LNs was 1.23.
The ROI in (A) demonstrates segmentation of an enlarged
lymph node using CT texture analysis software. The colored
images of the lesion within the ROl are shown after texture
analysis with fine (B), medium (C), and course (D) filters. ROI,
region of interest; SUVmax, maximum standardized uptake
value.

Lee et al

filters.”” The textures were then quantified using the histograms
of the voxel values and their distribution within the ROIs which
include the parameters of mean, standard deviation (SD),
entropy (irregularity), mean of positive pixels, skewness (asym-
metry of histogram distribution), and kurtosis (peak of histo-
gram distribution) at each SSF value. The filtered values used
in this study were 2.0 (fine), 3.0 (medium), and 5.0 (course)
and we used the texture parameters of entropy, skewness, and
kurtosis.

Statistical analysis

Continuous variables were represented as the mean and SD, and
categorical variables were summarized using counts and percent-
ages. All comparisons between metastatic and benign LNs were
made using a * test or the Fisher exact test for categorical vari-
ables and an independent t-test or the Mann-Whitney U test
for continuous variables. Intra- or interobserver agreements for
measurement of LN size and texture parameters were assessed
with the intraclass correlation coeflicient as follows: no agree-
ment, 0-0.20; mild agreement, 0.21-0.40; moderate agreement,
0.41-0.60; good agreement, 0.61-0.80; excellent agreement,
0.81-1. The area under the receiver operating characteristic
(AUROC) analysis was used to describe the overall diagnostic
accuracies of each CT parameter and to determine the decision
thresholds for statistically significant features. Subsequently, each
combination of CT parameters with p-values less than 0.05 were
entered as predictors in logistic regression models and computed
AUROC curves. Statistical analysis was performed using SPSS (v.
18.0, IBM Inc, Chicago, Ill, USA) and MedCalc (v. 17.1, MedCalc
Software, Ostend, Belgium) software.

RESULTS

Metastasis vs. benign lymph nodes

The clinicopathological characteristics of 38 patients are shown
in Table 1. Among 78 LNs, 40 (51.3%) were metastatic and 38
(48.7%) were benign.

The mean short-axis diameter of metastatic LNs was signifi-
cantly larger than that of benign LNs (9.94 + 4.18 vs 6.19 + 1.25,
p < 0.001). 26 of the 40 metastatic LNs (65.0%) had short-axis
diameters of less than 1.0 cm. The mean axial ratio of metastatic
LNs was significantly larger than that of benign LNs (0.81 + 0.2
vs 0.71 + 0.1, p = 0.005), namely, significantly more round than
benign. The AUROC for the nodal axial ratio was 0.688 [95% CI
(confidential interval), 0.573-0.788, p = 0.002], with a sensitivity
of 82.5% and specificity of 47.4% (cut-off value of 0.67). Intraob-
server agreement for measurement of short-axis diameter and
axial ratio of LNs were excellent (0.97, 0.92, respectively) and
interobserver agreement were good (0.93, 0.73, respectively).

The mean value of SUVmax of metastatic LNs was 3.92 + 3.0;
that of benign LNs was 1.45 + 1.1 (p < 0.001). Of the 40 meta-
static LN, 22 (55.0%) showed positive FDG uptake with a mean
SUVmax value of 5.82 + 2.8 (2.77-11.23). Of the 26 metastatic
LNs with short-axis diameters of less than 1.0 cm, only 9 (36.0%)
showed positive FDG uptake with a mean SUVmax value of 3.65
+ 1.0 (2.80-5.80).
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Table 1. Clinicopathological characteristics of patients with
esophageal squamous cell carcinoma (n = 38)

Characteristics No. of patients
Age (y) 65.5+6.5
Sex

Male 33

Female 5

Tumor location

Upper 7
Middle 11
Lower 17
Upper-middle 4
Middle-lower 2

Histological grade

Well 7
Moderate 28
Poor 3
pT stage
T1 16
T2 11
T3 10
T4 1
PN stage
NO 17
N1 11
N2 8
N3 2

The performance of the texture analysis parameters for the accu-
rate discrimination of metastatic LNs is presented in Table 2.
Entropy was consistently significantly higher in metastatic LNs
than in benign with all fine, medium, and coarse filters (all, p <
0.001). Using fine and medium filters, Kurtosis was also signifi-
cantly higher in metastatic LNs than in benign (p = 0.023, p =
0.012; respectively). By contrast, skewness did not differ signifi-
cantly between metastatic and benign LNs, regardless of filter
levels (all, p > 0.05). The AUROCs of entropy with all filters
were above 0.700, and entropy with a medium filter showed
the highest AUROC (0.802, 95% CI, 0.696-0.884, p < 0.001) for
discriminating between metastatic and benign LN with a sensi-
tivity of 85.0% and a specificity of 63.2% (cut-off value = 4.24).
The AUROC of kurtosis ranged from 0.629 to 0.632, which was
considerably lower than that of entropy. All texture parameters
showed good intraobserver (entropy, 0.71; kurtosis, 0.69; skew-
ness, 0.69) and interobserver (entropy, 0.70, kurtosis, 0.70, skew-
ness, 0.70) agreement.

Predictors of metastatic lymph nodes
A binary logistic regression analysis was conducted using the
diagnosis of metastatic LNs as the dependent variable and the
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following covariates: entropy, kurtosis, and nodal axial ratio.
With all filters, the resulting models showed statistical signifi-
cance (all, p < 0.001) with a corresponding AUROC of 0.855-
0.876 (Table 3). The model using medium entropy, medium
kurtosis, and the nodal axial ratio showed the best performance,
with an AUROC of 0.876 (p < 0.001; sensitivity 70.0%, specificity
92.1%), while the model obtained from fine entropy, fine kurtosis,
and the nodal axial ratio provided the highest sensitivity (up to
87.5%) for the detection of metastatic LNs (Figure 3).

Predictors for metastatic lymph nodes less than
1.0cm in short diameter

Subgroup analysis was performed to assess the diagnostic perfor-
mance of CT parameters for LNs less than 1.0 cm in short diam-
eter (26 metastatic and 38 benign LNs). The mean axial ratio of
metastatic LNs was significantly larger than that of benign LNs
(0.79£0.17 vs0.71 £ 0.1, p = 0.034). The AUROC for nodal axial
ratio showed 0.657 (95% CI, 0.528-0.772, p = 0.028) with a sensi-
tivity of 80.8% and a specificity of 47.4% (cut-off value = 0.67)
(Table 4). With respect to texture analysis, entropy remained
only significant parameter at all filters (all, p < 0.05) (Supplemen-
tary Table 1). The highest AUROC of entropy was 0.715 (95%
CI, 0.588-0.821, p = 0.001) at medium filter with a sensitivity of
76.9% and a specificity of 63.2% (cut-off value = 4.24). By model
incorporating entropy at medium filter and nodal axial ratio, the
AUROC was 0.800 (95% CI, 0.681-0.889, p = 0.001) with a sensi-
tivity of 92.3% and a specificity of 57.9% (Figure 4).

Predictors of PET/CT-negative metastatic lymph
nodes

For LNs that showed a negative uptake on FDG-PET/CT (18
metastatic and 38 benign LNs), there was no significant differ-
ence in the mean axial ratio between metastatic and benign LNs
(0.76 £ 0.14 vs 0.71 + 0.13, p = 0.145). With respect to texture
analysis, entropy was the only significant texture parameter with
significantly higher in metastatic LNs than in benign LNs with
all filters (all, p > 0.05) (Supplementary Table 1). The AUROC of
entropy was more than 0.700 (0.702-0720) with all filters, and
entropy with a medium filter showed an AUROC of 0.720 (95%
CI, 0.584-0.832, p = 0.003) with a sensitivity of 77.8% and a spec-
ificity of 63.2% (cut-off value = 4.24).

DISCUSSION
In this study, we demonstrated that a combined analysis using
CT texture and nodal axial ratio can increase the diagnostic

accuracy to differentiate metastatic and benign LNs in patients
with ESCC.

LN metastasis is a key factor that affects both surgical treat-
ment and prognosis in patients with esophageal cancer.”"** The
number of resected lymph nodes is independent prognostic
factor in esophageal cancer and residual LNs after lymph-
adenectomy or chemoradiation therapy is cause of tumor
recurrence.” ™ In particular, high sensitivity for detection of
metastatic LNs is important to increase chance for complete
removal of all possible metastatic LNs. However, conventional
imaging modalities have considerably low sensitivities: 30-64.7%
for CT and 58.8-74.7% for PET/CT**"; this is because of their
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Table 2. Performance of texture analysis parameters for the diagnosis of metastatic lymph nodes in esophageal squamous cell

carcinoma
Filters Texture Metastatic | Benign Sensitivity | Specificity
(SSF) parameters LNs LNs p-value AUC 95% CI p-value (%) (%)
2 Entropy 4.58 +0.37 412+ <0.001 0.798 0.692-0.881 <0.001 72.5 81.6
0.38
Kurtosis 0.27 £1.31 -0.28 £ 0.022 0.632 0.515-0.738 0.039 57.5 65.8
0.69
Skewness —-0.34 £ 0.69 -0.35=+ 0.939 0.509 0.393-0.624 0.898 22.5 94.7
0.40
3 Entropy 4.62 £0.41 411+ <0.001 0.802 0.696-0.884 <0.001 85.0 63.2
0.41
Kurtosis 0.30 + 1.41 -0.35=% 0.012 0.629 0.512-0.735 0.046 40.0 89.5
0.68
Skewness -0.54+059 | -048+ 0.589 0.509 0.393-0.624 0.893 35.0 86.8
0.37
5 Entropy 4.63 £0.51 4.07 £ <0.001 0.791 0.685-0.875 <0.001 67.5 78.9
0.48
Kurtosis -0.26+096 | —0.58+ 0.077 0.573 0.456-0.684 0.264 35.0 84.2
0.53
Skewness —0.56 £ 0.45 -0.47 0.306 0.549 0.432-0.662 00461 25.0 89.5
0.36

Cl, confidence interval; AUC, area under the receiver operating characteristic curve; LN, lymph node;SSF, spatial scaling factor.

inability to detect metastasis, especially for normal sized LNs
(less than 1.0cm in short axis diameter). In this study, we can
identify increased sensitivity up to 92.3% for metastatic LNs less
than 1.0cm in short axis diameter when combining nodal axial
ratio and texture analysis.

CTTA has the potential to accurately differentiate malignant and
benign lesions by detecting subtle heterogeneity that is difficult
to be perceived by naked eyes.'**! The potential role of CTTA
for evaluation of pathologic LNs has been reported in patients
with non-small cell lung cancer,”* gastric cancer,”® and head
and neck squamous cell carcinoma®** with diagnostic accuracy
ranging from 70 to 92%. In esophageal cancer, a single study has
reported a correlation between CTTA and N stage.’ In their
study, entropy, which represents greyscale heterogeneity, showed
a more significant correlation with the N stage of esophageal

cancer than kurtosis or skewness. Likewise, in our study, entropy
yielded the best diagnostic performance, regardless of filters, to
differentiate metastatic and benign LNs in patients with ESCC.
In addition to differentiating benign and malignant lesions,
entropy has demonstrated good performance for the prediction
of treatment response after chemoradiation therapy' and
survival'>! in patients with ESCC.

Previous studies have reported that metastatic LNs had a higher
axial ratio than those of benign LNs on endoscopic ultraso-
nography (EUS) or ultrasound in patients with esophageal
cancer.”®* Recently, Liu et al,’ who evaluated 1504 LNs in
patients with esophageal cancer, reported that the CT diagnostic
sensitivity for metastatic LNs (7-9mm in short-axis diameter)
has improved to 67.2% with the use of the nodal axial ratio (cut-
oft value,>0.66). In our study, the cut-off value of nodal axial ratio

Table 3. Performance of CT parameters for the diagnosis of metastatic lymph nodes in esophageal squamous cell carcinoma

SSF=2 SSF=3 SSF=5
PET-CT Axial ratio + Axial ratio + Axial ratio +
Axial ratio (SUVmax >2.5) Entropy + Kurtosis | Entropy + Kurtosis | Entropy
AUC 0.688 0.762 0.855 0.876 0.862
95% CI 0.573-0.788, 0.652-0.851 0.757-0.925 0.782-0.940 0.765-0.930
p-value 0.002 <0.001 <0.001 <0.001 <0.001
Cuff-off >0.67 >0.38 >0.64 >0.57
Sensitivity (%) | 82.5 55.0 87.5 70.0 70.0
Specificity (%) | 47.4 97.4 65.8 92.1 84.2

Cl, confidence interval; AUC, area under the receiver operating

factor,SUVmax, maximum standardized uptake value.

characteristic curve;PET, positron emmision tomography; SSF, spatial scaling
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Figure 3. ROC curves of fine entropy, fine kurtosis, nodal axial
ratio, and a combination of these three features in differentiat-
ing metastatic and benign LNs. The area under the ROC curve
of the combination of fine entropy + fine kurtosis + nodal axial
ratio was 0.855 with 87.5% sensitivity and 65.8% specificity.
Nodal axial ratio = shortaxis diameter/long-axis diameter.
ROC, receiver operating characteristic.
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(0.67) for the diagnosis of metastatic LNs was similar to their
study, and the CT sensitivity for detection of metastatic LNs with
short-axis diameters of less than 1.0cm improved up to 80.8%.
Furthermore, it has improved up to 92.3% when incorporating
the nodal axial ratio and entropy. Although transesophageal EUS
with fine needle aspiration has improved diagnostic accuracy of
N staging in esophageal cancer,’*~*? it has a limited role in assess-
ment of LNs not accessible by EUS, and it largely depends on the
operator’s techniques. On the other hand, texture analysis with
nodal axial ratio measurement is non-invasive and a relatively
objective method. We can therefore suggest our approach as a
complimentary tool for N staging of esophageal cancer, espe-
cially for LNs difficult to access with EUS or surgery without
additional radiation exposure or significant cost. Furthermore,
our approach may help clinicians determine treatment plans and
predict prognoses.

Although PET/CT has been commonly used for nodal staging of
ESCC due to additional metabolic information, it still shows low
diagnostic yield for normal-sized metastatic LNs and the cut-
off value of SUVmax for metastatic LNs remains a challenging
debate.**** In our study, only 9 of the 26 metastatic LNs (36.0%)
with short axis diameter of less than 1.0 cm showed positive PET/
CT results. Whereas for the subset of 18 PET/CT-negative meta-
static LN, texture analysis identified 14 metastatic LNs with
higher sensitivity of 77.8%. Previous study also reported the
advantage of texture analysis over PET/CT that the combined
shape/texture model identified four of six metastatic LNs for
false-negative cases on PET/CT in non-small cell lung cancer
patients.3 !

Table 4. Performance of CT parameters for the diagnosis of metastatic lymph nodes with short-axis diameters of less than 1.0cm in esophageal squamous cell carcinoma
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Figure 4. ROC curves of entropy with a medium filter (spatial
scaling factor = 3), nodal axial ratio, and predicted probabili-
ties of a model for diagnosing metastatic LNs with short-axis
diameters of less than 1.0cm. The area under the ROC curve
of the combination of medium entropy + nodal axial ratio
was 0.800 with 92.3% sensitivity and 57.9% specificity. Nodal
axial ratio = shortaxis diameter/long axis diameter. LN, lymph
node, ROC, receiver operating characteristic.
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We found entropy to be a robust texture parameter, regardless of
filter level, whereas differences in kurtosis between metastatic and
benign LNs were only significant with fine and medium filters (not
fine filter). It could be inferred that the degree of influence from the
filter may differ according to each CT texture parameter. Further
studies are required to clarify the impact of the filter on each texture
parameter.

We assessed CT texture using commercially available software
employing image filtering. The TexRAD software uses Laplacian
of Gaussian filters that are equivalent to use of Gaussian filters
which smoothen the images and reduce image noise, followed by
Laplacian filters, which find edges in images.'>** This technique

Lee et al

of texture analysis is relatively robust to different CT techniques
including slice thickness, tube current and voltage.*”

This study had a few limitations. First, it was a retrospective study,
and a relatively small number of LNs were compared. The subgroup
results would have been more accurate if the number of LNs had
been larger and a further larger prospective study is needed to do
both a feasibility and validity group study. Second, CT protocols,
including slice thickness, tube current, and contrast media injec-
tion, differed between the two institutions. Previous studies showed
that texture analysis was affected by scan techniques and image
reconstruction parameters,**~*® but we only included CT images
using the same standard kernel algorithm and the same filtered
back projection from the same manufacture CT scanner from
two different institutions to minimize these effects. There is some
suggestion that first-order texture features used in this study may
be less affected by changes in technique than mean attenuation of
tissue.*=>! Furthermore, the Laplacian of Gaussian filters utilized
by the TexRAD software might make measurement less susceptible
to small differences in technique.'*>*? Further studies for internal
or external validation of our results may be needed to overcome
this limitation. Third, we selected the largest cross-sectional area of
LNs instead of volume-based texture analysis considered relatively
small LN size and different section thickness of CT images.

In conclusion, the combination of CTTA features and the axial
ratio of LNs can improve CT sensitivity for the prediction of
metastatic LNs and it can be a useful complimentary tool for
evaluation of the N stage in patients with ESCC.
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