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Abstract

AIM: To investigate the accuracy of Endoscopic ultra-
sound (EUS) in staging and sub-staging Tla and T1b
esophageal squamous cell carcinoma (ESCC).

METHODS: A retrospective analysis involving 72 pa-
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tients with pathologically confirmed T1la or Tib ESCC,
was undertaken between January 2005 and December
2011 in Sun Yat-sen University Cancer Center. The ac-
curacy and efficiency of EUS for detecting stages Tla
and T1b ESCC were examined.

RESULTS: The overall accuracy of EUS for detecting
stage Tla or T1b ESCC was 70.8% (51/72), and the
sensitivity was 74.3%. 77.8% (7/9) of lesions origi-
nated in the upper thoracic region, 73.1% (38/52) in
the mid-thoracic region and 72.7% (8/11) in the lower
thoracic region. Multivariate analysis revealed that the
diagnostic accuracy of EUS was closely related to lesion
length (F = 4.984, P = 0.029).

CONCLUSION: EUS demonstrated median degree of
accuracy for distinguishing between stages Tla and
T1b ESCC. Therefore, it is necessary to improve EUS
for staging early ESCC.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Endoscopic ultrasound (EUS) is the best op-
tion for staging early esophageal squamous cell carci-
noma (ESCC). However, the accuracy of EUS for stag-
ing ESCC is not good and diverse. There is no other
report about sub-staging T1 disease as Tla or T1lb by
EUS for ESCC. This study indicated that accuracy dem-
onstrated by EUS for sub-staging Tla and T1b ESCC
was only about 70%. Therefore, the technique of EUS
requires further refinement to enhance its diagnostic
accuracy for staging early ESCC. The results in this
study indicated that EUS can stage and sub-stage early
ESC pre-operatively whereas this modality need to be
improved.
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INTRODUCTION

In accordance with the American Joint Committee on
Cancer (AJCC) TNM classification of carcinoma of
the esophagus and the esophageal-gastric junction 7"
edition, 2010), the T1 stage of esophageal squamous
carcinoma (ESCC) is subdivided into T1a (the tumor
has infiltrated into the mucosal lamina propria and mus-
cularis mucosa) and T'1b (the tumor has infiltrated into
the submucosa)™. Lymph node metastases occur in ap-
proximately 3%-6% of T1la cases, and T'la cancers can be
removed surgically or with endoscopic treatments such
as endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection, both of which have advantages
of less damage and lower cost than esophagectomy[w.
In contrast, lymph node metastases occur in 21%-24%
of those with T1b stage of ESCC, and these patients are
not suitable for endoscopic treatment and require surgi-
cal resection®. Therefore, identifying the lesion stage of
ESCC prior to treatment is essential.

The T staging classification depends mainly on the
depth of the infiltration and the extent of damage to his-
tological layers. At present, the most effective method for
diagnosing and defining ESCC is endoscopic ultrasonog-
raphy (EUS)™". EUS delivers the ultrasound probe via
endoscopy and directly observes echoes in different layers
of the digestive tract wall, and therefore, the depth of le-
sion infiltration and the extent of damage in different lay-
ers can be relatively easily visualized using this approach.
In contrast, methods such as computed tomography (CT),
magnetic resonance imaging (MRI) and positron emis-
sion computed tomography (PET-CT) cannot provide an
accurate assessment of the different layers of the esopha-
geal wall. In addition, the accuracy of EUS for T1 staging
in ESCC is greater than that of other methods"". A
meta-analysis demonstrated that the sensitivities of EUS
in stages T1, T2, T3 and T4 are 81.6%, 81.4%, 91.4%
and 92.4%, with corresponding specificities of 99.4%,
96.3%, 94.4% and 97.4%, respectively. However, there
are few reports that have distinguished between T1a and
T1b stages of ESCC using EUS". In addition, this meta-
analysis enrolled most pathological types of esophageal
carcinoma, including adenocarcinoma, adenosquamous
carcinoma and sarcoma, but there was a paucity of data
concerning ESCC"". Due to the importance of preop-
erative staging in patients with stage T1a or T1b ESCC, a
statistical analysis of the accuracy of EUS for identifying
specific stages is needed"®"”. This study focused on the
role of EUS in distinguishing between the T1a and T1b

stages of ESCC, to facilitate accurate preoperative assess-
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ment and more reliable decision-making on the appropri-
ateness of endoscopic treatment or surgical resection.

MATERIALS AND METHODS

Patients
From January 2005 to December 2011, 72 ESCC patients
who underwent endoscopic treatment or surgical resec-
tion and whose cancers were confirmed as T1INOMO
post-operatively were enrolled. Then, we retrospectively
compared the preoperative EUS stages with the patho-
logical results. The study protocol was approved by the
institutional review board. All patients provided written
informed consent before preoperative EUS examination.
In addition, to compare the accuracy of EUS for
staging early and advanced ESCC, 90 randomly chosen
patients with non-T1 ESCC (30 cases each of T2, T3 and

T4, all confirmed post-operatively) were also enrolled.

Device

An Olympus GF-UM2000 EndoEcho Ultrasonic Gas-
trovideoscope was used for the study, and the EUS trans-
ducer offered four frequency modes, 5.0, 7.5, 12.0 and
20 MHz, to suit the clear-view requirement. Esophageal
lesions were observed using the balloon method and the
sterile deaerated water immersion method. All enrolled
cases were observed using EUS with 7.5 and 12 MHz
probes. The EUS examinations wete performed by two
experts in endoscopy, both of whom had at least 10 years
of experience in Sun Yat-sen University Cancer Center.
Both the balloon method and the water immersion meth-
od were performed during EUS examination.

EUS staging standard

Lightdale ez al™ stated that the esophageal wall can be
divided into five layers by ultrasound. The first layer is
a high echogenic band, which represents the interface
echo of the mucosa; the second layer is a low echogenic
band, which represents the muscularis mucosae; the third
layer is a high echogenic band, which represents the sub-
mucosa; the fourth layer is a low echogenic band, which
represents the muscularis propria; and the fifth layer is a
high echogenic band, which represents the serosal layer,
or the adventitia and the interface. Therefore, with EUS,
ultrasonic images of stage T1a ESCC can identify signifi-
cant thickening of the first and/or second layers, as well
as an intact third layer. In contrast, the imaging of stage
T1b ESCC shows continuous infiltration from the first
to the third layer; the third layer becomes narrower, and
the fourth layer remains complete or intact. Two experts
in endoscopy conducted staging for all patients indepen-
dently, thus creating two sets of staging data. When the
results of both sets were consistent, the data were used
in the analysis. When the results were not consistent, the
experts discussed and read the images together to obtain
a third common set of results.

Statistical analysis
Data from the two independent assessors were statisti-
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Table 1 Characteristics of the 72 patients with early esopha-

geal squamous cell carcinoma of T1a or T1b stage n (%)

Characteristics Data
Age (yr)

<58 36 (50)

> 58 36 (50)
Sex

M 47 (65.3)

F 25 (34.7)
T1 stage

Tla 35 (48.61)

T1b 37 (51.39)
Differentiation

Carcinoma in situ 26 (36.11)

Well 6 (8.33)

Moderately 30 (41.67)

Poorly 10 (13.89)
Site of neoplasm

Upper third 9 (12.50)

Mid third 52 (72.22)

Lower third” 11 (15.28)

"Median age; “The lower third not including the squamous cell carcinoma
in the esophageal-gastric junction. M: Male; F: Female.

cally compared using SPSS version 13.0 software (SPSS
Inc., Chicago, IL).

Numerical data are expressed as frequencies and
percentages. A statistical descriptive method was used to
analyze EUS evaluation indices for the clinical value of
preoperative T and N staging of ESC, and this analysis
included the diagnostic accuracy (AC), sensitivity (SE),
false positive rate (FPR), false negative rate (FNR), speci-
ficity (SP), positive predictive value (PPV) and negative
predictive value (NPV). The »° test was used to analyze
interclass differences in numerical data between the EUS
and pathological results.

RESULTS

Clinical pathological characteristics of 72 patients with
stage T1 ESCC

There were 47 males (65.3%) and 25 females (34.7%)
with T1 ESCC. Their ages varied from 37 to 78 years,
with a median of 58 years. Pathological examination
revealed that 35 patients had stage T1a (48.61%) dis-
case and 37 patients had stage T1b (51.39%) discase.
Pathologically, there were 26 cases of carcinoma in situ
(36.11%), six cases of well-differentiated squamous cell
carcinoma (8.33%), 30 cases of moderately differentiated
(41.67%), and 10 cases of pootly differentiated (13.89%).
Regarding lesion location, 9 patients had lesions in the
upper esophagus (12.50%), 52 had lesions in the mid-
esophagus (72.22%), and 11 had lesions in the lower
esophagus (15.28%) (Table 1).

Diagnostic value of EUS for stage T1 ESCC

Based on EUS results, the first expert concluded that 36
cases were stage T1a and 36 cases were stage T1b (Fig-
ure 1). Pathological results confirmed an AC of 65.3%
(47/72), SE of 65.7%, FPR of 35.1%, FNR of 34.3%,
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SP of 64.9%, PPV of 63.9% and NPV of 66.7%. The
area under the curve (AUC) was 0.668 (P = 0.014). The
second expert concluded that 39 cases were stage Tla
and 33 were T1b, with an AC of 66.7% (48/72), SE of
64.1%, FPR of 35.9%, FNR of 30.3%, SP of 69.7%,
PPV of 71.4%, NPV of 62.2% and an AUC of 0.668 (P
= 0.014). However, the combined assessment concluded
that 36 cases were stage Ta and 36 were stage T1b. Path-
ological results confirmed an AC of 70.8% (51/72), SE
of 74.3%, FPR of 27.0%, FNR of 25.7%, SP of 73.0%,
PPV of 72.2%, NPV of 75.0% and AUC of 0.736 (P =
0.001, Table 2). These results indicate that EUS is a valid
method for diagnosing and identifying stages T1a and
T1b disease.

Impact of lesion location on EUS diagnosis of stage T1
ESCC

We conducted statistical analyses of the impact of tu-
mor site on EUS staging accuracy for T1 stage ESCC.
The combined set of common results revealed that for
ESC in the upper thoracic region, EUS had an AC of
77.8% (7/9), SE of 80.0%, SP of 75.0%, PPV of 80.0%
and NPV of 77.8%. For ESCC in the middle thoracic
region, EUS had an AC of 73.1% (38/52), SE of 68.0%,
SP of 77.8%, PPV of 73.9% and NPV of 72.4%. Fi-
nally, for ESC in the lower thoracic region, EUS had an
AC of 72.7% (8/11), SE of 83.3%, SP of 60.0%, PPV
of 71.4% and NPV of 75.0%. Furthermore, when com-
pared with the combined set of common results, data
obtained by the experts individually were not significant-

ly better (Table 3).

Analysis of clinicopathological features related to the
accuracy of EUS for distinguishing T1a or T1b ESCC

A multivariate statistical analysis of the accuracy of the
distinguishing set was conducted (Table 4). The accuracy
was closely related to tumor length (F = 4.984, P = 0.029)
but not to tumor width (all P values > 0.05).

Comparison of the accuracy of EUS for distinguishing
T1 and non-T1 ESCC

Given that the images of those with stage T1 and those
with non-stage T1 disease were randomly arranged, the
experts evaluated the images together. The combined
set of common results had an AC of 93.21% (151/162),
PPV of 92.5% and NPV of 92.8%. Among the 11 cases
that were misdiagnosed, 7 cases with stage T1 were mis-
diagnosed and were re-staged based on the pathological
results: 2 cases were Tla and 5 cases were T1b disease.
Four patients in the non-stage T1 group were misdiag-
nosed as stage T'1, and the pathological results showed
that all 4 cases wete stage T2 disease. These results dem-
onstrate that EUS has a high accuracy and reliability for
distinguishing stage T1 ESCC from non-T1 ESCC.

DISCUSSION

Early diagnosis and treatment are keys to reducing the
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Figure 1 Images of patients with stage T1a or T1b early esophageal squamous carcinoma. A-C: Stage T1a early esophageal squamous carcinoma; A: The
lesion visualized by endoscopy and chromoendoscopy with iodine staining; B: The lesion visualized by ultrasonography. The lesion appeared as a hypoechoic line in
the first layer, and the outside edge of the second layer was smooth; these two layers represent the mucosa and muscularis mucosa, and thus, the lesion was limited
to the mucosa. The third layer (hyperechoic), which represented the submucosa, was intact; C: The post-operative pathology revealed that the tumor had invaded the
lamina propria; therefore, this case was confirmed as T1a stage; D-F: Stage T1b early esophageal squamous carcinoma; D: The lesion visualized by endoscopy and
chromoendoscopy with iodine staining; E: The lesion visualized by ultrasonography appeared as a hypoechoic line not only in the first and second layers but also in
the third layer (hyperechoic), which represents the submucosa; the fourth layer (hypoechoic), which represents the muscularis propria, was intact; F: The postopera-

tive pathology confirmed that the lesion covered the mucosa and had invaded into the submucosa; therefore, the patient was staged as T1b.

morbidity and mortality associated with ESCC. With re-
cent developments in endoscopic techniques, endoscopic
treatment has become a standard first-line management
strategy for early ESCC and precancerous lesions. How-
ever, due to significant differences in the presence of
lymph node metastases and the prognosis of patients
with stage T1a ESCC compared to those with stage T1b
ESCC, accurate staging is necessary to choose the most
appropriate treatment. The 2011 NCCN Guidelines state
that stage T1a esophageal cancer (EC) is an indication for
endoscopic treatment. Because imaging methods such as
CT, MRI, and PET-CT cannot distinguish the layers of
the esophageal wall, they are unable to accurately distin-
guish between T1a and T1b. Preoperative EUS can pro-
vide accurate information on echoes, the depth of lesion
infiltration, and even the interface between the esopha-
geal wall layers. Therefore, EUS is widely used clinically
so that the most appropriate treatment can be chosen'".
Pech ¢t al™ demonstrated an EUS accuracy of 92%
for diagnosing stage T1 EC, which was higher than the
reported accuracy for stages T3 and T4. This is essentially
consistent with our results (93.21%). This observation
may be explained by the fact that in stage T, the extent
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of tumor infiltration ranges from the first layer to the
third layer, and these three layers, particularly the submu-
cosa, are relatively thick and significantly different from
the muscular layer in terms of echo grayscale. Therefore,
EUS has a high accuracy for evaluating early tumor infil-
tration. Hence, we believe that EUS is reliable for staging
T1 ESCC. However, few studies have focused on the
accuracy of EUS for sub-staging T1 esophageal carci-
noma. There has been only one relevant study" ", which
reported an accuracy of 86% (19/22) for stage T1a and
an accuracy of 60% (22/33) for stage T1b. However, of
the 55 cases in that study, 33 wetre adenocatcinomas, of
which, 27 had developed from Barrett’s esophagus, and
most of the EUS images showed thickening of the mus-
cularis mucosae rather than the mucosal layer. Our study,
on the other hand, focused on ESCC, which is a tumor
that has a high occurrence rate in South China, generally
develops in the mucosal layer and gradually infiltrates
into the submucosa. Therefore, reliable statistical data
about the accuracy of EUS for diagnosing ESCC stages
Tla and T1b are needed, and some possible clinical and
pathological factors that may impact the diagnostic accu-
racy of EUS should be considered.
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Table 2 Accuracy of endoscopic ultrasound for staging T1a or T1b esophageal squamous cell carci-

noma

Pathology Expert 1 Expert 2 Common results
Tla(n =36) Tib@m =36) Tia(n =39) Tib@m = 33) Tia (n = 36)

Tla (n = 35) 23 13 25 10 26

T1b (n = 37) 13 24 14 23 10

Group

AC 65.30% 66.70% 70.80%

SE 65.70% 64.10% 74.30%

FPR 35.10% 35.90% 27.00%

FNR 34.30% 30.30% 25.70%

SP 64.90% 69.70% 73.00%

PPV 63.90% 71.40% 72.20%

NPV 66.70% 62.20% 75.00%

AUC 0.653 0.668 0.736

P value 0.026 0.014 0.001

AC: Accuracy; SE: Sensitivity; FPR: False positive rate; FNR: False negative rate; SP specificity; PPV: Positive predictive
value; NPV: Negative predictive value. AUC: Area under the curve.

Table 3 Accuracy of endoscopic ultrasound for staging T1a or T1b esophageal squamous cell carci-

noma in relation to tumor location

Site of neoplasm Expert 1 Expert 2 Common results
T1a T1b T1a T1b T1a T1b
Upper third Tla 4 2 4 2 4 1
T1b 1 2 1 2 1 3
Mid third Tla 14 10 16 11 17 8
T1b 9 19 7 18 6 21
Lower third Tla 5 1 5 1 5 1
T1b 2 8] 2 3 2 3
Group
AC Upper third 66.7% 66.7% 77.8%
Mid third 63.50% 65.40% 73.10%
Lower third 72.70% 72.70% 72.70%
SE Upper third 66.70% 66.70% 80.00%
Mid third 58.30% 59.30% 68.00%
Lower third 83.30% 83.30% 83.30%
FPR Upper third 66.70% 66.70% 75.00%
Mid third 67.90% 72.00% 77.80%
Lower third 60.00% 60.00% 60.00%
ENR Upper third 80.00% 80.00% 80.00%
Mid third 60.90% 69.60% 73.90%
Lower third 71.40% 71.40% 71.40%
SP Upper third 50.00% 50.00% 75.30%
Mid third 65.50% 62.10% 72.40%
Lower third 75.00% 75.00% 75.00%

AC: Accuracy; SE: Sensitivity; FPR: False positive rate; FNR: False negative rate; SP: Specificity.

Because relatively few patients with ESCC have stage
T1NOMO disease, our retrospective study enrolled only
72 cases from 2005 to 2011. Both endoscopists had 10
years of experience in endoscopic diagnosis, and their in-
dividual assessments revealed similar figures in terms of
accuracy of diagnosis (65.3% »s 66.7%). In addition, data
on accuracy from the combined assessment did not reveal
a significant increase (70.8%, P > 0.05). Low diagnostic
accuracy might be explained by a few reasons™. First, the
esophageal wall is thin, and it is difficult to distinguish the
boundaries of various layers according to the gray scale
in EUS images alone. Second, the boundaries in EUS im-
ages are actually the reflections of the interfaces between
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various layers, and there is little difference between the
actual anatomical structure and the echoic gray scale of
EUS. Third, the two experts made the diagnosis through
static images, without consistent and dynamic ultrasonic
images. Moreover, this study focused on eatrly ESCC, yet
previous reports included all pathological types, such as
squamous carcinoma, adenocarcinoma, adenosquamous
catcinoma and sarcoma. Additionally, in most early ESCC
patients, inflammation was present around the lesions,
especially in the lower esophagus (eg, the impact of re-
flux esophagitis), resulting in changes in the layers of the
esophageal wall (particularly when shown as thickening
of the esophageal submucosa), which may have an im-
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Table 4 Cox multivariate analyses of factors affecting

diagnostic accuracy of endoscopic ultrasound for staging T1a
or T1b esophageal squamous cell carcinoma

Characteristics Hazards ratio P value
Age (< 58 vs > 58 yr) 1.240 0.269
Sex (male vs female) 0.923 0.340
Tumor width, cm (< 2 vs > 2) 1.407 0.240
Tumor length, cm (< 2 vs > 2) 4.984 0.029"
Differentiation (well-moderate vs poor) 2.815 0.098

'A probability value of less than 0.05 was considered significant.

pact on diagnosis.

In addition, we found that the accuracy of EUS for
staging T'1 was related to tumor site and length. The diag-
nostic accuracy of both experts was lower for lesions in
the middle section than in the upper and lower sections.
The common results revealed that the diagnostic accu-
racy of lesions in the middle section increased to 73.1%,
which was slightly higher than the accuracy observed
for the lower section (72.7%), but still lower than the ac-
curacy of for the upper section (77.8%). We believe that
this difference may be explained by several factors. First,
a minority of ESCC cases originated in the upper and
lower sections (9 and 11, respectively), which may have
adversely affected the statistical accuracy. Second, the
data also showed that T staging of ESCC in the middle
section was more difficult, and both experts had lower
accuracy rates in this area (63.5% and 65.4%), which
necessitated negotiation or discussion (which generated
the common results) that increased the accuracy rate
(73.1%). Third, because the esophagus is relatively wide
in its thoracic section, it is difficult to fill the lumen with
water during BEUS examination; therefore, it is hard for
the ultrasonic probe to get close to the lesion. Finally, the
middle section of the esophagus is near the left atrium
of the heart and the thoracic aorta®, both of which
pulsate and make it difficult to image. Consequently, T'1
staging of ESCC in the middle section is more difficult.
Furthermore, our multivariate statistical analysis demon-
strated that accuracy was related to tumor length (maxi-
mum vertical axis of parallel esophagus) (P = 0.029), but
not to tumor width (maximum vertical axis of vertical
esophagus) or the degree of differentiation (P = 0.098).
This result may be explained by the fact that when the
tumor is long, the ultrasonic probe has to be moved
backwards and forwards to visualize the lesion. At pres-
ent, circle-scan probes are used in most clinical situations,
which can comprehensively scan tumor width, and thus,
width does not necessarily affect diagnostic accuracy.

Our team had tried to employ submucosal saline
injection (a novel technique) to improve EUS for stag-
ing and sub-staging early ESCC. The preliminary results
revealed that the accuracy of SSI + EUS for staging or
substaging early ESCC increased sigmﬁcandyl%’m.

In conclusion, EUS plays an important role in defin-
ing the T stage of ESCC. However, accurately staging
early ESCC as T1a or T1b is difficult using EUS alone,
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especially when the lesion is located in the mid-thoracic
section. Therefore, EUS as a technique needs to be im-
proved to distinguish T1a and T1b disease in patients
with early ESCC.
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