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Abstract

Background: Using conventional computed tomography (CT), the accurate diagnosis of lymph node (LN) metastasis of
esophageal cancer is difficult.

Purpose: To examine dual-energy CT parameters to predict LN metastasis preoperatively in patients with esophageal
cancer.

Material and Methods: Twenty-six consecutive patients who underwent dual-energy CT before an esophageal cancer
surgery (19 patients with LN metastases) were analyzed. The included LNs had a short-axis diameter of >4 mm and
were confirmed to be resected on postoperative CT. Their short-axis diameter, CT value, iodine concentration (IC), and
fat fraction were measured on early- and late-phase contrast-enhanced dual-energy CT images and compared between
pathologically confirmed metastatic and non-metastatic LNs.

Results: In total, 51 LNs (34 metastatic and |7 non-metastatic) were included. In the early phase, IC and fat fraction
were significantly lower in the metastatic than in the non-metastatic LNs (IC=1.6mg/mL vs. 2.2mg/mL; fat
fraction =20.3% vs. 32.5%; both P < 0.05). Furthermore, in the late phase, IC and fat fraction were significantly
lower in the metastatic than in the non-metastatic LNs (IC=2.0 mg/mL vs. 3.0 mg/mL; fat fraction = 20.4% vs. 33.0%;
both P < 0.05). Fat fraction exhibited accuracies of 82.4% and 78.4% on early- and late-phase images, respectively.
Conversely, short-axis diameter and CT value on both early- and late-phase images were not significantly different
between the metastatic and non-metastatic LNs (P > 0.05).

Conclusion: Using dual-energy CT images, IC and fat fraction are useful for diagnosing LN metastasis in patients with
esophageal cancer.
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Introduction . - .
essential for clinical treatment. Accurate staging

should be performed to guide treatment decisions and
determine patient prognosis.

Esophageal cancer is one of the most common malig-
nancies of the digestive system and is the sixth leading
cause of death and the eighth most common cancer
worldwide (1,2). The five-year survival rate of patients
with esophageal cancer is approximately 15%-25% (1—
3). The most common histological type of esophageal
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cancer is squamous cell carcinoma in Asia and adeno-
carcinoma in Europe and the United States (1), with
other types being rare (4). Esophageal cancer is associ-
ated with a very low survival rate because most patients
have advanced disease upon diagnosis (1). The radio-
logical staging of esophageal cancer is complex but
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Lymph node (LN) metastases due to esophageal
cancer occur in the neck as well as the mediastinal
and abdominal areas. The incidence of LN metastases
of esophageal cancer is higher than those of LN metas-
tases of other gastrointestinal cancers (5). LN metasta-
sis has been considered an important factor influencing
the prognosis of esophageal cancer (6,7). In a study
reporting patient survival on the basis of the number
of LN metastases, the five-year survival rate after
esophagectomy was 68.2% in patients without LN
metastases, 46.4% in those with 1-3 LN metastases,
and 25.2% in those with 4-7 LN metastases (5).
Although 11.2% of patients with esophageal cancer
have >8 LN metastases (5), accurate clinical diagnosis
of LN metastasis remains difficult (6). Currently, com-
puted tomography (CT) is the most commonly
used method to assess primary tumor, metastases,
and LN status in patients with esophageal cancer (8).
LN metastasis is generally assessed based on LN
enlargement. However, this imaging finding is not suf-
ficiently sensitive or specific (6,9). Other findings such
as the shape and CT attenuation of LNs have also been
used, albeit without high accuracy (10). Characterizing
LNs as being metastatic or not is difficult using con-
ventional CT (6,9,11,12) in patients with esophageal
cancer due to the presence of several LN micrometa-
stases in them (5).

However, LNs may be further characterized using
dual-energy CT (13-17). Dual-energy CT uses data
from two different X-ray spectra, typically with low
energy of 80 kVp and high energy of 140-150 kVp
(18). Various types of images can be obtained through
data processing using dual-energy CT, such as mixed
energy images, iodine maps, virtual non-contrast
images, and monoenergetic images (12,13,19).

Studies have reported the role of dual-energy CT in
assessing LN metastasis of neck and abdominal cancers
(20-24). In the present study, we introduced material
characterization and degradation functions and
hypothesized that dual-energy CT improves the diag-
nostic accuracy of differentiating metastatic from non-
metastatic LNs in patient with esophageal cancer.
Therefore, the aim of the present study was to assess
the ability of dual-energy CT to detect LN metastasis in
patients with esophageal cancer.

Material and Methods

Participants

In total, 74 consecutive patients with esophageal cancer
underwent dual-energy CT as an initial evaluation
from February 2017 to February 2018. The images
were retrospectively reviewed. First, patients who did
not undergo esophagectomy were excluded (n=32).

Next, all CT images were reviewed by two radiologists
with 22 and 26 years of experience; LNs with a short-
axis diameter of >4 mm were noted. These LNs were
referred on postoperative CT images and confirmed as
“resected” or “non-resected”; patients without recog-
nizable resected LNs were also excluded (n=16).
Finally, patients with identifiable LNs with a short-
axis diameter of >4 mm preoperatively, which were
postoperatively confirmed as “resected,” were included
(n=26, 22 men, 4 women; mean age. 69.7 years; age
range. 42-82 years) (Fig. 1). The present study was
approved by out institutional review board. Informed
consent was waived due to the retrospective nature of
the study.

The patients’ tumor stages were assessed using the
8th edition of the Union for International Cancer
Control TNM staging: 0 (n=2); I (n=5); II (n=3);
III (n=11); and IV (n=5) (25). Ten patients under-
went preoperative neoadjuvant chemotherapy (cisplat-
in and S-fluorouracil [n=5]; docetaxel, cisplatin, and
S-fluorouracil [n=5]) and three underwent preopera-
tive chemoradiotherapy (total dose =41.4 Gy; cisplatin
and 5-fluorouracil). Of the patients, 19 (73.1%) had
metastatic LNs and 7 (26.9%) had non-metastatic
LNs. The histological type of metastatic tumor was
squamous cell carcinoma in 23 (88.5%) patients, ade-
nocarcinoma in 2 (7.7%) patients, and adenoneuroen-
docrine carcinoma in 1 (3.8%) patient. The number of
identified LNs in each patient was 1-5 (mean =2.0). A
total of 51 LNs (pathologically confirmed 34 metastatic
and 17 non-metastatic) were analyzed in the 26
patients.

CT examination

CT was performed using a dual-energy scanner
(SOMATOM Force, Siemens Healthcare, Forchheim,
Germany). For performing contrast-enhanced CT,
contrast material containing 300mg of iohexol/mL
(Omnipaque, GE Healthcare, Chicago, IL, USA) was
injected using an injector at a rate of 23 mg I/kg/s for
20 s through an 18-G needle at the antecubital vein.
Early-phase images were acquired at the timing deter-
mined using a bolus tracking method; when the CT
value in the ascending aorta reached 180 HU, the
early phase was started. The included scan area was
from the top of the chest to the diaphragm in the
early phase and from the neck to the pelvis in the late
phase. The dual-energy scan settings were as follows:
tube voltages=90 and 150kVp; gantry rotation
time = 0.25 s; pitch =0.55; 192 x 0.6 mm; and automat-
ic current modulation (CARE Dose 4D). Patients were
instructed to hold their breath before obtaining CT
scans. Electrocardiogram gating was not used. Scan
data were reconstructed in a field of view of 350 mm
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underwent dual-energy CT as
an initial examination
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Fig. I. Flow diagram of patient inclusion and exclusion criteria.

and matrix of 512 x 512 using a soft-tissue convolution
kernel of Bf40 with a slice thickness of 1 mm and incre-
ments of 0.8 mm.

Image analysis

CT images were transferred to a workstation
(Syngo. via VB20A, Siemens Healthcare, Forchheim,
Germany), after which image analysis was performed.
First, iodine maps were created on the workstation to
calculate iodine concentration (IC) and fat fraction
using iodine subtraction algorithm (Liver VNC,
Siemens). Next, rounded regions of interest (ROIs)
were manually drawn on the longest axis of the LNs
by a radiologist with 22 years of experience in chest
imaging. The short-axis diameter, CT value, IC, and
fat fraction in each LN were measured on the worksta-
tion (Fig. 2). CT value was determined by blending
60% of CT values at low keV and 40% of CT values
at high keV. Simultaneously, an ROI was placed on the
descending aorta at the tracheal bifurcation level and
IC in the descending aorta was recorded. IC was

Patients without
recognizable resected
lymph nodes

(n=16)

corrected for the aortic IC defined as normalized IC
using the following citation:

Normalized IC = ICLN/IC,011a

where IC; n and IC,q., are ICs for LNs and the aorta,
respectively.

These measurements were repeated one month later
by the same observer who was blinded to previous
measurements, and the values for each measurement
were averaged.

Statistical analysis

LN metastasis was determined via postoperative
pathological examination. The surgeons marked the
number of resected LNs according to the location
described in the Japanese Classification of
Esophageal Cancer, 11th edition (26,27). The resected
LNs were correlated with those on CT using these
numbers. The measured parameters comprising short-
axis diameter, CT value, IC, normalized IC, and fat
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Fig. 2. Contrast-enhanced CT image (a) and iodine map (b) of a 69-year-old man with esophageal cancer. Regions of interest (b,
circle) were placed at the center of the right cervical para-esophageal lymph nodes (a and b, arrow). The short-axis diameter, CT
value, iodine concentration, and fat fraction were measured. CT, computed tomography.

Table 1. Comparison of dual-energy CT parameters between metastatic and non-metastatic lymph nodes.

Metastatic lymph

Non-metastatic lymph

Parameters nodes (n=34) nodes (n=17) P value
Short-axis diameter (mm) 7.5 (4.8-10.0) 5.9 (5.3-6.6) 0.121
Early phase
CT value (HU) 71.4 (62.6-86.8) 79.4 (57.0-84.6) 1.000
lodine concentration (mg/mL) 1.60 (1.15-2.10) 2.20 (1.88-2.67) 0.003
Normalized iodine concentration 0.113 (0.075-0.132) 0.131 (0.107-0.169) 0.017
Fat fraction (%) 19.4 (15.9-23.9) 29.1 (24.8-38.5) 0.0001
Late phase
CT value (HU) 74.2 (63.1-86.0) 76.3 (66.7-85.7) 0.646
lodine concentration (mg/mL) 1.98 (1.50-2.40) 2.90 (2.50-3.29) 0.0002
Normalized iodine concentration 0.536 (0.402-0.672) 0.795 (0.639-0.881) 0.0002
Fat fraction (%) 17.0 (14.7-24.5) 34.0 (26.1-39.8) 0.0001

Data are presented as median (IQR).
CT, computed tomography; IQR, interquartile range.

fraction of LNs on the early- and late-phase images
were compared between the metastatic and non-
metastatic LNs using the Mann—Whitney test. Then,
receiver operating characteristic (ROC) curves were
assessed for parameters showing significant differences
between the metastatic and non-metastatic LNs; cut-
off values, sensitivity, specificity, accuracy, and area
under the ROC curve (AUC) were determined. AUC
was interpreted as follows: 0.7-0.8 = acceptable; 0.8—
0.9 =excellent and >0.9 =outstanding (28). The cut-
off value was defined by the point on the ROC curve
with the minimum distance from 0% false-positive rate
and 100% true-positive rate. Intra-rater agreements
were assessed using the intra-class correlation (ICC);
ICCs were interpreted as follows: 0.01-0.20 =slight
agreement; 0.21-0.40 =fair agreement; 0.41-0.60 =
moderate agreement; 0.61-0.80 =substantial agree-
ment; and 0.81-1.0 =near-perfect agreement (29).
Statistical analysis was performed using MedCalc

Statistical Software version 19.2 (MedCalc Software
Ltd, Ostend, Belgium). ROC analysis was performed
using EZR statistical analysis software version 1.42
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan) (30). Descriptive values were presented
as median (interquartile range).

Results

Dual-source CT analysis

Table 1 shows the results of comparisons of the
assessed factors between the metastatic and non-
metastatic LNs. Short-axis diameters showed a
trend toward greater diameter in the metastatic LNs;
however, these did not significantly differ between the
metastatic (7.5 mm [range =4.8-10.0 mm]) and non-
metastatic (5.9 mm [range=15.3-6.6 mm]) LNs
(P=0.121).
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Fig. 3. Contrast-enhanced CT image (a), iodine map (b), and fat map (c) of a 55-year-old man with esophageal cancer in the late
phase. Regions of interest (b and ¢, circle) were placed at the center of the two right supraclavicular lymph nodes (a—c, arrows). lodine
concentration values were 0.25 mg/mL and 0.20 mg/mL, and fat fraction values were 17.0% and 17.6% for each lymph node,

respectively. lodine concentration and fat fraction were significantly lower in metastatic lymph nodes than in non-metastatic lymph

nodes.

In the early phase, CT values did not significantly
differ between the metastatic and non-metastatic LNs
(714 HU [range=62.6-86.8 HU] vs. 79.4 HU
[range =57.0-84.6 HU]; P=1.000). ICs were signifi-
cantly lower in the metastatic LNs than in the non-
metastatic LNs (1.60mg/mL [range=1.15-2.10 mg/
mL] vs. 220mg/mL [range=1.88-2.67 mg/mL];
P =0.003). Furthermore, normalized ICs were signifi-
cantly lower in the former than in the latter (0.113
[range =0.075-0.132] vs. 0.131 [range=0.107-0.169];
P=0.017). Fat fractions were also significantly lower
in the metastatic LNs than in the non-metastatic LNs
(19.4% [range=15.9%-23.9%] vs. 29.1% [range=
24.8%—-38.5%]; P=0.0001).

In the late phase, CT values did not significantly
differ between the metastatic and non-metastatic LNs
(742 HU [range=63.1-86.0 HU] vs. 76.3 HU
[range = 66.7-85.7 HU]; P=0.646). ICs were signifi-
cantly lower in the metastatic LNs than in the non-
metastatic LNs (1.98mg/mL [range=1.50-2.40 mg/
mL] vs. 2.90mg/mL [range =2.50-3.29 mg/mL];
P =0.0002). Furthermore, normalized ICs were signif-
icantly lower in the former than in the later (0.536
[0.402-0.672] vs. 0.795 [0.639-0.881]; P=10.0002). Fat
fractions were also significantly lower in the metastatic
LNs than in the non-metastatic LNs (17.0% [14.7%—
24.5%] vs. 34.0% [26.1%—-39.8%]; P=0.0001).

IC, normalized IC, and fat fractions were signifi-
cantly different between the metastatic and non-
metastatic LNs on both early- and late-phase images
(Fig. 3), as assessed for ROC analysis. Table 2 shows
the results of ROC analysis with the cut-off value, sen-
sitivity, specificity, accuracy, and AUC for detecting
metastatic LNs. AUCs for IC (0.755) and normalized
IC (0.706) on early-phase images were acceptable.
AUC:s for fat fraction (0.848) on early-phase images

and those for IC (0.827), normalized IC (0.822), and
fat fraction (0.843) on late-phase images were excellent.
The highest AUC was achieved for fat fraction on
early-phase images, followed by that on late-phase
images. Sensitivity, specificity, and accuracy for fat
fraction were 73.5%, 88.2%, and 82.4% on early-
phase and 79.4%, 76.5%, and 78.4% on late-phase
images, respectively.

Intra-rater agreements were observed to be near-
perfect as shown by ICCs of 0.962-0.976.

Discussion

We found that the metastatic and non-metastatic LNs
in the patients with esophageal cancer exhibited signif-
icant differences regarding parameters such as IC,
normalized IC, and fat fraction on both early- and
late-phase images. These parameters can be considered
to have diagnostic value in identifying metastatic LNs
in patients with esophageal cancer.

In the present study, IC and normalized IC were
significantly lower in the metastatic LNs than in the
non-metastatic LNs on both early- and late-phase
images. Dual-energy CT quantitatively estimates IC,
which may reflect the vascularity or perfusion in LNs
(15). Low IC in metastatic LNs may reflect hypovascu-
larity in them. Previous studies reported that metastatic
LNs in patients with colorectal, gynecological, and
lung cancers had low IC or normalized IC on dual-
energy CT images (15,21,22). In addition, a histological
study (31) showed that vessel density was lower in met-
astatic LNs than in non-metastatic LNs in patients
with neck cancer. Considering these reports, a similar
situation is suggested in metastatic LNs in patients with
esophageal cancer. In addition, some metastatic LNs
might have necrosis, which may also result in low ICs.
Conversely, metastatic LNs reportedly had higher IC
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Table 2. Receiver operating characteristics for measured data with area under the receiver operating characteristic curve (AUC).

Parameters Cut-off Sensitivity (%) Specificity (%) Accuracy (%) AUC (95% ClI)
Early phase
lodine concentration (mg/mL) 1.85 67.8 76.4 70.6 0.755 (0.614-0.846)
Normalized iodine concentration 0.151 94.1 47.1 784 0.706 (0.549-0.863)
Fat fraction (%) 22.7 73.5 88.2 82.4 0.848 (0.730-0.966)
Late phase
lodine concentration (mg/mL) 2.40 794 824 72.5 0.827 (0.702-0.952)
Normalized iodine concentration 0.612 70.6 824 745 0.822 (0.701-0.942)
Fat fraction (%) 25.3 794 76.5 784 0.843 (0.736-0.950)

AUC, area under the receiver operating characteristic curve; Cl, confidence interval.

and normalized IC than non-metastatic LNs in patients
with hepatocellular carcinoma (20) and papillary thy-
roid cancer (32). Therefore, vascularity in metastatic
LNs may vary depending on the origin of cancers.

IC may be influenced by the method of the contrast
material injection. Therefore, in the present study, ICs
were normalized using the IC of the aorta. The predict-
ability for LN metastasis did not differ between IC and
normalized IC. As the contrast agent was administered
according to each patient’s body weight, normalization
might not have been needed in our contrast injection
model.

CT values did not differ between the metastatic and
non-metastatic LNs in this study. Although CT values
on contrast-enhanced CT images may reflect vascular-
ity to some extent, they may not directly reflect the
amount of enhancement; furthermore, CT values on
contrast-enhanced CT images would be affected by
baseline CT values without contrast materials. A pre-
vious study (17) assessing CT values in abdominal LNs
also showed an overlap between metastatic and non-
metastatic LNs. Thus, CT value may not be useful to
characterize LN metastasis of esophageal cancer.
Conversely, iodine map is generated using the method
based on three-material decomposition algorithms (14).
ICs are estimated as the amount of contrast enhance-
ment, which might reflect the tissue blood volume and
vessel permeability (24) and help characterize metastat-
ic LNs.

Fat fractions were significantly lower in the meta-
static LNs than in the non-metastatic LNs in this study.
A normal LN is known to have a relatively large fatty
hilum, which may be observed on ultrasonography or
CT images (33,34); the absence of this finding suggests
LN metastasis. Miao et al. (35) analyzed CT findings of
metastatic LNs in patients with colorectal cancer and
reported that LNs with a middle fat depression forming
a kidney bean shape were non-metastatic, whereas
morphological changes were observed in metastatic
LNs. A similar situation is suggested for metastatic
LNs in patients with esophageal cancer. When LNs

are infiltrated by tumor cells, the fat proportion
decreases, resulting in low fat fraction on dual-energy
CT images. Observation of the hilum fat on CT images
may be difficult in case of small LNs. In such cases, fat
fraction should be assessed using dual-energy CT. In
this study, fat fraction was found to be a relatively
good predictor of LN metastasis.

Conventionally, LN metastasis of esophageal
cancer has been assessed according to size. LN metas-
tasis has been clinically considered as having a short-
axis diameter of >8-10 mm (9,17,36,37). Similar cri-
teria are also generally used in other types of cancer.
Reportedly, CT can identify enlarged LNs, leading to
suspected tumour involvement (38). However, the LN
size criteria result in a relatively poor diagnostic accu-
racy because metastasis is reported in some LNs with
small diameter (2,6,11). Foley et al. (9) reported that
sensitivity, specificity and accuracy for LN metastasis
according to the size criteria on CT images were
39.7%, 77.3% and 54.5%, respectively. In this
study, the maximum short-axis diameters of metastat-
ic LNs showed a trend toward greater diameters than
those of non-metastatic LNs. However, similar to the
previous study (9), metastatic and non-metastatic LNs
could not be differentiated according to size alone in
our patients and an overlap was observed. While
enlarged LNs are metastatic, non-enlarged LNs have
the possibility of being metastatic. In such relatively
small LNs, dual-energy CT may be useful for addi-
tional characterisation.

The present study has several limitations. The study
sample was relatively small. Only operated patients
were included in this study; therefore, analyzed LN
numbers were relatively small. Furthermore, LNs
with a short-axis diameter of >4mm were analyzed,
leading to exclusion of metastatic LNs with a short-
axis diameter of <4mm. LNs on CT images were
correlated with the resected LNs according to the LN
number. Some patients underwent chemotherapy or
chemoradiotherapy after the initial CT, which might
have affected the results. In addition, histologically
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different types of tumors were observed in the meta-
static LNs, which might also have influenced our
results. Although fat fraction on dual-energy CT may
be a relatively good predictor compared with the
method using conventional CT, there is still room for
improvement for the detectability of LN metastases.
Thus, further characterization of LN metastasis may
be required.

In conclusion, IC and fat fraction on dual-energy
CT images are useful for diagnosing LN metastasis in
preoperative  patients with esophageal cancer.
Compared with the conventional CT, dual-energy CT
may improve the diagnostic value for LN metastasis.
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