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Abstract

Background Accurate pretreatment staging is essential to

decision making for patients with esophageal and junc-

tional cancers, particularly when choosing endoscopic

therapy or a multimodal approach. As the efficacy of

endoscopic ultrasonography (EUS) has been reported as

variable, we assessed it prospectively in a large cohort

from a high-volume center.

Methods The EUS data from 2007 to 2011 were reviewed

and analyzed. We conducted a comparative analysis with

computed tomography-positron emission tomography (CT-

PET) staging and pathology. Survival was analyzed by Kap-

lan–Meier testing on EUS-predicted T- and N-stage cohorts.

Results Altogether, 222 patients underwent EUS. Among

patients undergoing primary surgical resection, preopera-

tive EUS diagnosed the T stage correctly in 71 % (55/77)

of cases. Sensitivity and specificity for T1, T2, and T3

tumors were 94 and 89 %, 55 and 80 %, and 66 and 93 %,

respectively. Mean maximum standard uptake volume on

CT-PET correlated moderately with the EUS T stage

(r = 0.42, p \ 0.0001). EUS accuracy for nodal disease

was 65 %. Survival was statistically better for the EUS T1

group than for those with T3 tumors (p = 0.01). Nodal

metastases diagnosed on EUS predicted a significantly

worse prognosis than EUS-negative nodes on both uni-

variate and multivariate analyses (p \ 0.0001 and

p = 0.005 respectively).

Conclusions There was a significant relation between

EUS T and N stages and overall survival. EUS demon-

strated 71 % accuracy for the overall T stage. Staging

accuracy of EUS for large lesions was less effective than for

T1 tumors, underlining the need for a multimodal investi-

gative approach to stage esophageal tumors accurately.

Introduction

Precise staging of esophageal and junctional cancer is of

great importance given the expanding treatment options

available to patients today. For early-stage tumors, the

advent of endoscopic mucosal resection (EMR) and radio-

frequency ablation (RFA) may spare patients with true

mucosal disease from major surgery. For locally advanced

disease, precise staging determines optimal treatment

pathways, in particular as to whether patients should

undergo multimodal approaches. Modern staging typically

involves computed tomography (CT) imaging, often com-

bined with 18F-deoxyglucose positron emission tomography

(PET) imaging (CT-PET) and endoscopic ultrasonography

(EUS). EUS may have its greatest value in staging early

disease, but the literature is confused and conflicting [1–6].

Endoscopic ultrasonography offers close-proximity

imaging of the esophagus and its adjacent lymph nodes and

organs. It is user-dependent, however, and expertise is
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needed to overcome the initial learning-curve inaccuracies

[7–9]. The reported efficacy of EUS in staging esophageal

cancer is variable, with conflicting reports pertaining to

accuracy when staging early esophageal cancer [1, 2, 4]. A

recent pooled analysis of 49 studies reported high pooled

sensitivity for all EUS T stages [10], but it has not been

borne out by single center reports. The literature on EUS

for staging lymph nodes is also conflicting and confusing.

One prospective study reported an accuracy of just 41 %

[11], whereas others have reported accuracies of up to

87 % [1, 12].

Many studies are hampered by poor design—often ret-

rospective and small study cohorts with heterogeneous

patient groups. Technologic advances in EUS have out-

dated some earlier EUS reports. In our study from a high-

volume center, the aim was to report the experience with

EUS in a large prospective cohort performed by a single

expert endoscopist. We evaluated its staging accuracy,

sensitivity, and specificity in patients undergoing surgery

alone, its predictive value in patients undergoing multi-

modal therapy, and its relative accuracy compared with

that achieved by CT-PET.

Materials and methods

Study design

Data were compiled prospectively from August 2007 to

May 2011. All patients had a histopathologically confirmed

diagnosis of esophageal or junctional cancer. The Esoph-

ageal and Gastric Center at St. James’s Hospital is a high-

volume center, the largest in Ireland, with approximately

200 new referrals per year and a published audit [13, 14].

EUS and CT-PET results were recorded prospectively and

subsequently compared to pathological staging and clinical

endpoints. Patients were followed until the end of the study

on June 30, 2011. The study had institutional review board

approval. All patients after staging were discussed at

multidisciplinary team meetings. Patients with predicted

T1 disease confined to the mucosa would be selected for

EMR (as part of a staging or therapeutic procedure), with

or without RFA. Patients with T1, T2, and some early

predicted T3 N0 patients were selected to undergo surgery

alone. The third group included patients with predicted

locally advanced tumors and node-positive tumors, who

would undergo multimodal approaches as previously

described [13, 14].

Staging

All patients underwent EUS and CT-PET. The results of

these staging studies were reviewed by a nuclear medicine

physician and a gastroenterologist in a nonblinded fashion

as per standard clinical practice. For direct comparative

purposes, clinical stage as determined with EUS was

reviewed with the conclusive pathological stage only in

patients undergoing primary surgery who were not sub-

jected to neoadjuvant chemoradiotherapy. Initially, TNM

reporting was based on the American Joint Committee on

Cancer/Union Internationale Contre le Cancer/tumor-

nodes-metastases (AJCC/UICC/TNM), 6th edition (2002).

This has been recently updated to AJCC 7th edition

guidelines [15].

Endoscopic ultrasonography

The EUS examination was performed on all patients as per

standard protocol and usually as a second endoscopy ses-

sion following a confirmed diagnosis of esophageal or

junctional carcinoma. A single experienced gastroenterol-

ogist (D. O’T) trained in diagnostic and interventional EUS

performed all the procedures with the patient under con-

scious sedation (combination of fentanyl and midazolam).

First, a forward-viewing endoscope was used to evaluate

the esophagus, stomach, and duodenum to determine the

proximal and distal extent of the tumor. This was followed

by a radial EUS examination (Olympus) to evaluate the

tumor for T stage, the presence of regional lymph node

metastases, and the presence or absence of celiac axis

nodes and hepatic metastasis. Endosonographic features

predictive of lymph node metastasis—round shape, well-

demarcated borders, hypoechogenicity—were used to

determine whether visualized nodes were benign or

malignant. The size of a lymph node ([10 mm) was con-

sidered to indicate a possible risk of malignancy, but it was

not a definitive criterion [16]. If technically feasible and

accepting the possibility that it could alter management,

fine-needle aspiration was performed on suspicious nodes

visualized on EUS that had been reported on PET and/or

CT.

Statistical analysis

The sensitivity, specificity, and accuracy of EUS T and N

staging focused on the surgery-only group as this cohort

enabled direct comparison between EUS and the gold

standard pathologic staging. These parameters were cal-

culated using standard definitions.

Statistical analysis was performed using SPSS (version

18.0) software (SPSS, Chicago, IL, USA). Using the

overall study group to determine whether EUS T and N

stages were a predictor of patient outcome, survival anal-

ysis was performed using Kaplan–Meier survival curves.

All patients were followed at regular intervals, and disease-

specific death was recorded prospectively. Continuous
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variables were analyzed using the Mann–Whitney U test

and the Kruskal–Wallis test. Differences between categoric

variables were analyzed using the v2 test. Multivariate

analysis was performed using Cox-regression analysis with

a forward stepwise selection procedure to determine inde-

pendent predictors of survival. Correlations between vari-

ables were investigated using the Spearman rho correlation

coefficient: a value [0.50 indicated strong correlation and

\0.30 poor correlation; values between these two extremes

were viewed as indicating medium strength correlations.

Statistical significance was defined by p B 0.05.

Results

A total of 222 patients underwent staging EUS. Esophageal

adenocarcinoma was the most common diagnosis, present in

74 % of patients (Table 1). Among them, 163 patients

underwent surgical resection; 77 had surgery alone, and 86

had surgery following neoadjuvant therapy. The remaining

patients underwent definitive chemotherapy ± radiotherapy

(n = 32) or endoscopic (n = 5) or palliative (n = 22)

therapy.

EUS and pathologic staging in patients undergoing

surgery alone

The baseline characteristics in the surgery-only group

(n = 77) are outlined in Table 2. The sensitivity, speci-

ficity, and accuracy of EUS are outlined in Table 3. These

results were then compared with reported accuracies by

similar studies in the literature (Table 4).

Tumor location did not significantly alter the accuracy

of EUS T staging (p = 0.541). EUS had the highest sen-

sitivity, specificity, and accuracy for T1 tumors, at 94, 89,

and 91 %, respectively. In all, 24 T1 tumors were sub-

mucosal lesions, and EUS correctly diagnosed 20 (83 %).

There were nine T1a tumors, and five (56 %) were cor-

rectly diagnosed as mucosal disease. EUS was less reliable

for T2 tumors, with sensitivity, specificity, and accuracy of

55, 80, and 77 %, respectively. T2 disease was more likely

to be understaged as T1 (n = 4) than overdiagnosed as T3

(n = 1) lesions. EUS staging of T3 tumors had an accuracy

of 76 %, with the inaccuracies tending to be understaged as

T1 (n = 1) or T2 (n = 13, 41 %) tumors. There was one

T4 tumor, which was understaged as a T3 lesion.

No nodal-stage (Nx) diagnosis was possible using EUS in

two patients with bulky T3 lesions. Among the remaining 75

patients for whom an endoscopic nodal diagnosis was pro-

vided, 39 % (n = 29) had nodal metastases at the time of

surgical resection. EUS was 30 % sensitive and 85 % spe-

cific for detection of nodal disease. Overall, 18 patients were

diagnosed inaccurately as having no evidence of nodal

involvement. Among these 18 patients, 72 % (n = 13) were

confirmed at the pathology examination as having more

invasive T3 and T4 tumors (Fig. 1).

Comparing EUS with CT-PET

All 222 patients underwent CT-PET. A positive (medium

strength) correlation (r = 0.42, p \ 0.0001) was seen

between the maximum standardized uptake value (SUV-

max) and EUS-predicted T stage. Increasing uptake was seen

with advancing T stage, being highest for EUS-predicted T4

tumors and lowest for T1 tumors (Fig. 2). The mean SUV-

max for T1 tumors was 5.0 [95 % confidence interval (CI)

3.36–6.66], and for T2 tumors it was 12.48 (95 % CI

10.17–14.79). The mean SUVmax for T3 tumors was 12.73

Table 1 Baseline characteristics of all patients (n = 222) undergo-

ing EUS

Characteristics Absolute no. (%)

Sex

Male 163 (73.4 %)

Female 59 (26.6 %)

Age (years), median and range 65 (20–88)

Site of neoplasm

Upper 3 (1.4 %)

Middle 42 (18.9 %)

Distal/type I EGJ 103 (46.4 %)

Type II EGJ 45 (20.3 %)

Type III EGJ 29 (13.1 %)

Histology

Adenocarcinoma 165 (74.3 %)

Squamous cell carcinoma 56 (25.2 %)

Small cell/neuroendocrine 1 (0.5 %)

Tumor EUS T stage

T1 55 (24.8 %)

T2 45 (20.3 %)

T3 117 (52.7 %)

T4 5 (2.3 %)

EUS node stage

N0 100 (45.0 %)

N1 91 (41.0 %)

N2 17 (7.7 %)

N3 3 (1.4 %)

Nx 11 (5.0 %)

Treatment

Multimodal 86 (38.7 %)

Surgery 77 (34.7 %)

Definitive chemotherapy ± radiotherapy 32 (14.4 %)

Palliative 22 (9.9 %)

Endoscopic mucosal resection 5 (2.3 %)

EUS endoscopic ultrasonography, EGJ esophagogastric junction
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(95 % CI 11.45–14.02), and for T4 tumors (n = 4) it was

18.1 (95 % CI 8.00–28.17). Kruskal-Wallis testing demon-

strated a significant difference in mean SUVmax between T1

and T2, T1 and T3, and T1 and T4 tumors (p \ 0.0001 for

each). However; there was a wide range of variation for each

T stage, so no specific cutoff could be determined for the

different tumor groups. In the surgery-only group, of the

patients who were diagnosed as having pathologically

confirmed nodal metastases (n = 30), CT-PET results

indicated that only 10 % (n = 3) were node-positive, and no

evidence of nodal involvement was reported in 83 %

(n = 25) or was unclear; Nx, in 7 % (n = 2).

Association of EUS stage and disease-specific survival

Patients treated with palliative intent (n = 22) were

excluded, and EUS T stage and patient survival were

examined in 200 patients. Survival was greatest in the EUS

T1 cohort [mean survival 3 years (95 % CI 2.5–3.4 years)]

versus the T3 tumor group [mean survival 2.1 years (95 %

CI 1.8–2.5 years] (p = 0.01). There was a significant sur-

vival advantage in the combined EUS T1/T2 cohort com-

pared with the combined T3/T4 group (p \ 0.0001)

(Fig. 3). No significant differences were observed in sur-

vival (p = 0.592) between the T stage underdiagnosed and

overdiagnosed patients when compared with the T stage

accurately diagnosed patients.

Patients whose nodal metastases were diagnosed by

EUS had a significantly worse prognosis than patients

staged as having node-negative disease (p \ 0.0001)

(Fig. 4). Multivariate analysis showed that the pathologic

nodal stage (p = 0.003) and the EUS nodal stage

(p = 0.005) were significant predictors of survival.

Discussion

The literature reports considerable variation in the accuracy

of EUS for staging esophageal and junctional cancer,

contributing to concern surrounding the reliability of this

investigative modality (Table 4). In the modern era, clini-

cal staging has an effect on patients’ management decisions

more than heretofore, in particular given the expanded

portfolio of treatment options, particularly for early dis-

ease. These considerations prompted this study in our high-

volume center where EUS and CT-PET have been part

of our standard of care in recent years, but which we have

not previously critically appraised.

Although EUS is not mandatory for staging early

esophageal lesions, this study revealed that it has high

sensitivity and specificity for pT1 tumors. EUS was accu-

rate in diagnosing T1b submucosal tumors, with 83 %

correctly staged. However, accuracy decreased for T1a

tumors (n = 9), where five patients (56 %) were correctly

diagnosed, although the numbers were small in these

patient groups, and interpretation was difficult. It was for

this reason that we decided it was better to group all T1

tumors together for analysis. It is important to emphasize

that for staging T1a mucosal tumors EMR has shown

greater sensitivity and specificity than EUS [17, 18].

Therefore, EMR has become standard practice at our center

Table 2 Surgery-only treatment group (n = 77) demographics and

characteristics

Characteristics Absolute no. (%)

Sex

Male 56 (72.7 %)

Female 21 (27.3 %)

Age (years), median and range 64.5 (39–83)

Site of neoplasm

Upper 0

Middle 12 (15.6 %)

Distal/type I EGJ 37 (48.1 %)

Type II EGJ 14 (18.1 %)

Type III EGJ 14 (18.1 %)

Histology

Adenocarcinoma 61 (79.2 %)

Squamous cell carcinoma 15 (19.5 %)

Small cell/neuroendocrine 1 (1.3 %)

Differentiation

Well 19 (24.7 %)

Moderate 40 (51.9 %)

Poor 18 (23.4 %)

Tumor pT stage

T1 33 (42.9 %)

T2 11 (14.3 %)

T3 32 (41.6 %)

T4 1 (1.3 %)

Pathologic node stage

N0 47 (61.0 %)

N1 14 (18.2 %)

N2 9 (11.7 %)

N3 7 (9.1 %)

Table 3 EUS versus pathologic staging in the surgery-only group

(n = 77)

Tumor pathology Sensitivity Specificity Accuracy

T1 94 % 89 % 91 %

T2 55 % 80 % 77 %

T3 66 % 93 % 76 %

T4 – – –

N? 30 % 85 % 65 %
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for staging early esophageal malignancies rather than EUS

alone [19]. Sensitivity, specificity, and accuracy decreased

for pT2 and pT3 tumors compared to pT1 lesions. Our

results showed that EUS was moderately accurate for T

staging and fell within the published range from other

modern series, where C75 % indicates good predictive

value [3, 5, 6].

EUS has less value for nodal staging, with a sensitivity

of just 30 % in this series and an accuracy of 65 %. FDG-

PET has demonstrated superiority to endoscopic staging for

nodal metastases, with high specificity rates ranging from

89 to 98 % [20, 21]. When combined with CT, the accu-

racy further increases [22]. Hence, a combined staging

approach is advocated at our center. Interestingly, however,

staging was not improved by concurrent CT-PET in 90 %

of patients with nodal disease in the surgery-only cohort—

probably suggesting the existence of a small group of

patients with micrometastases involving nodes at the time

of surgical resection that clinical staging failed to detect.

This may be related to some patients not fitting the standard

criteria of nodal disease at the time of EUS. The study

suggests that EUS N0 results should be interpreted with

Fig. 1 a In the surgery-only group (n = 77) staging by endoscopic

ultrasonography (EUS) predicted a lower proportion of N0 disease in

the T1/T2 tumor group than in the T3/T4 tumor group (p = 0.032, v2

test). b A higher proportion of patients with T3/T4 tumors had nodal

metastases (p \ 0.0001, v2 test). Interestingly, there is a similar

proportion of N? patients in the T1/T2 tumor group during EUS and

pathologic staging (p = 1.00), with a significant difference between

the T3/T4 tumor groups (p = 0.0275)

Fig. 2 Mean maximum standard uptake volume (SUVmax) for each

EUS T stage. A medium strength correlation (r = 0.42, p \ 0.0001)

was evident. However, there was a wide range in the mean SUVmax

variation for each T stage. (*p \ 0.005, **p \ 0.0005)

Table 4 Accuracy of EUS for diagnosing the T stage of esophageal cancer in this study compared to results reported in other studies

Study Year Study design No. of patients T1 T2 T3 T4

Shimoyama et al. [3] 2004 Retrospective 45 71 % overall

DeWitt et al. [4] 2005 Retrospective 102 42 % 50 % 88 % 50 %

Zuccaro et al. [1] 2005 Prospective 266 29 % 42 % 82 % 97 %

Shimpi et al. [2] 2007 Retrospective 24 81 % 81 % 90 % –

Kutup et al. [5] 2007 Retrospective 214 66 % overall

Pech et al. [6] 2010 Retrospective 179 74 % overall

O’Farrell et al. [19] 2012 Prospective 77 91 % 77 % 76 % –
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caution, particularly in patients with T3 and T4 tumors by

EUS criteria.

We also demonstrated a medium strength correlation

between CT-PET SUVmax and EUS T stage. However,

wide variation in the SUVmax levels indicated that CT-

PET was a less effective tool than EUS for staging

esophageal cancer T stages—results consistent with those

from other series [23, 24]. This signals that EUS is the

more effective staging device for esophageal tumor T

stage.

Zuccaro et al. [1] performed the largest study to date

comparing the reliability of EUS staging to the gold stan-

dard pathologic staging in a surgery-only treatment group.

However, their study commenced in 1987 and was com-

pleted in 2001, so it is probably out of date and did not

factor in the technologic advances in endosonography seen

over the past decade. Although these authors did not find

any significant difference associated with changing the

type of echo-endoscope over the study course, they

acknowledged concern about using three types of probe

throughout the study. Their statistical analysis had to be

adapted to include this variable. The poor accuracy of EUS

in their study may also be related to the initial learning

curves associated with EUS [7, 8], although the level of the

endoscopists’ experience was not reported. The greatest

accuracy was in the staging of T3 and T4 tumors, which

represented 52 % of the study patients [1]. However, today

neoadjuvant treatment is accepted internationally as the

standard therapy option for T3 and/or N? disease. There-

fore, the true reliability of EUS for staging more advanced

lesions in this modern treatment era will be difficult to

calculate accurately. Our results, like others [10], confirm

that EUS is accurate for early tumors and therefore plays an

important role in therapy triage.

The majority of patients in our institution with predicted

locally advanced and node-positive disease were treated

with combined preoperative chemotherapy and radiation

therapy. This contributes to the low sensitivity for diag-

nosing nodal metastases in a study such as this. Surgery-

only groups are select cohorts in most modern esophageal

centers, and multimodal groups cannot be evaluated as

their response to therapy prevents direct comparison

between endoscopic and pathologic staging. Survival

analysis was seen as a potential way to determine the

accuracy of EUS staging in the total cohort of 200 patients.

Improved survival was shown in EUS-staged T1/T2 and

N0 tumors. EUS N1 and pN1 disease were two indepen-

dent prognostic variables. A reason for this may be that

response to therapy in the multimodal treatment group

separated these two variables and resulted in the EUS nodal

stage not being influenced by the pathologic stage. Inter-

estingly, this suggests that regardless of response to neo-

adjuvant therapy a clinical diagnosis of nodal spread is still

associated with a poor prognosis.

Conclusions

The study shows that EUS has high sensitivity and speci-

ficity for diagnosing T1 tumors overall, although there is

reduced ability to differentiate between mucosal and sub-

mucosal tumors. Accuracies for T2 and T3 tumors were 77

and 76 %, respectively. Initial EUS prediction of nodal

disease and T1 or T2 disease has significant prognostic

Fig. 4 Kaplan–Meier survival curve analyzed the difference between

EUS N0 (dotted line) and EUS N? (solid line) survival. A

significantly longer survival was seen in patients diagnosed with

node-negative disease (mean survival 3.3 years, 95 % CI 3.0–3.6

years) compared to an EUS diagnosis of N? disease (mean survival

2.2 years, 95 % CI 1.9–2.5 years) (p \ 0.0001)

Fig. 3 Kaplan–Meier survival curve analyzed the difference in

survival between EUS T1/T2 tumors (dotted line) and EUS T3/T4

tumors (solid line). A significantly longer survival was seen in

patients diagnosed with T1/T2 tumors [mean 3.3 years, 95 %

confidence interval (CI) 2.9–3.7 years] compared to an EUS diagnosis

of T3/T4 tumors (mean survival 2.2 years, 95 % CI 1.9–2.6 years)

(p \ 0.0001)
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value. The accuracy of EUS for detecting nodal disease is

higher for early-tumor groups, but node-negative predic-

tion for advancing T3 and T4 lesions should be made with

caution. At present, the poor sensitivity and specificity of

EUS when staging more-advanced lesions and differenti-

ating between mucosal and submucosal T1 tumors high-

lights the continued need for a multimodal diagnostic

approach, indicating that, by itself, EUS is less effective

than some studies suggest.
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