& Thieme

Exploring diagnostic and therapeutic implications of endoscopic
mucosal resection in EUS-staged T2 esophageal adenocarcinoma

Authors

Annieke W. Gotink', Manon C. W. Spaander’, Michael Doukas?, Thjon ]. Tang3, Paul Didden’, Bas P. L. Wijnhoven?,

Marco J. Bruno', Arjun D. Koch'

Institutions

1 Department of Gastroenterology and Hepatology,
Erasmus MC, University Medical Center, Rotterdam, The
Netherlands

2 Department of Pathology, Erasmus MC, University
Medical Center, Rotterdam, The Netherlands

3 Department of Gastroenterology and Hepatology,
I|sselland Hospital, Capelle aan den Issel, The
Netherlands

4 Department of Surgery, Erasmus MC, University Medical
Center, Rotterdam, The Netherlands

submitted 7.11.2016
accepted after revision 8.5.2017

Bibliography

DOI https://doi.org/10.1055/s-0043-112492

Published online: 21.6.2017 | Endoscopy 2017; 49: 941-948
© Georg Thieme Verlag KG Stuttgart - New York

ISSN 0013-726X

Corresponding author

Arjun D. Koch, MD PhD, Department of Gastroenterology
and Hepatology, Erasmus MC, University Medical Center
Rotterdam, P.O. Box 2040, 3000 CA Rotterdam, The
Netherlands

a.d.koch@erasmusmc.nl

@ Scan this QR-Code for the author’s interview.

ABSTRACT

Background and study aims Treatment strategies for
clinical (c)T2NOMO esophageal adenocarcinoma (EAC) are
subject to debate owing to the relative inaccuracy of tumor
staging by endoscopic ultrasound (EUS), with profound im-
plications in overstaged patients. We aimed to evaluate the
final histological diagnosis of patients initially staged as
having a cT2 tumor by EUS, and to assess the value of endo-
scopic reassessment by an interventional endoscopist, fol-
lowed by an endoscopic resection when deemed feasible.
Patients and methods Two distinct cohorts of patients
with cT2 EAC as determined by EUS were included: a retro-
spective surgical cohort of patients treated by primary eso-
phagectomy, and a prospective cohort of patients who un-
derwent an endoscopic reassessment by an interventional
endoscopist. The main outcome measure was the final
pathological (p)T stage.

Results We identified 134 patients with stage T2 EAC from
the surgical cohort. In 72 patients treated by primary eso-
phagectomy, 32/72 (44 %) were downstaged to a pT1 tu-
mor. In 12/72 (17%), the surgical resection specimen
showed tumor characteristics that fulfilled the current
criteria for a curative endoscopic resection. In 13 prospec-
tively identified patients with ¢cT2NOMO EAC, an expert
endoscopic reassessment was done. In 11/13 (85%) the le-
sion appeared endoscopically resectable and a complete
endoscopic resection was performed. Histology revealed a
pT1 tumor in all 11 patients, with 5/13 (38 %) fulfilling cur-
rent criteria for a curative endoscopic resection.
Conclusions In this study, 44% of cT2 EACs were in fact
pT1 tumors. Curative treatment by endoscopic resection
was achieved in more than a third of these cases. To avoid
an unnecessary esophagectomy, an endoscopic reassess-
ment by an interventional endoscopist is recommended
for all patients with cT2NOMO EAC.

Introduction

The incidence of esophageal adenocarcinoma (EAC) has in-
creased rapidly over the last three decades [1,2]. Although
therapeutic protocols for early- and late-stage esophageal tu-
mors have been well defined, treatment strategies for clinical-
stage T2NOMO tumors (cT2NOMO) are subject to debate owing
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to the relative inaccuracy of endoscopic ultrasound (EUS) stag-
ing, with profound implications in overstaged patients [3-6]. A
minimally invasive endoscopic resection is recommended for
cT1 EACs. Only when the endoscopic resection specimen shows
histological characteristics associated with an increased risk of
lymph node metastasis (LNM) will a surgical resection follow
[7-9]. For locally advanced tumors (cT2 -4), however, neoad-
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juvant radiotherapy and/or chemotherapy followed by surgical
resection is recommended [10].

Treatment decisions are based on the clinical tumor stage,
for which imaging techniques such as EUS, computed tomo-
graphy (CT), ultrasound of the neck, and positron emission to-
mography (PET) are used [11, 12]. EUS is accurate in staging T3
and T4 tumors and locoregional LNM, but the accuracy is lower
when it comes to differentiating T2 from T1 tumors, with a sen-
sitivity of 43%-55% and a specificity of 80%-85% [13,14]. In
T2 tumors that are inaccurately staged by EUS, the final pathol-
ogy reveals a pathological (p)TO-1 stage in 21%-63% and a
pT3-4NO or pT any N1-N3in 19%-50% [5, 6,15].

Current debates on the optimal treatment approach for
cT2NOMO EACs compare primary surgical resection to neoadju-
vant chemoradiotherapy (nCRTx) followed by surgery. To date,
no studies have investigated whether an endoscopic reassess-
ment followed by endoscopic resection for potentially over-
staged cT2 tumors is of added value to patient management.
Therefore, the aim of this study was twofold: first, to evaluate
the final histological diagnosis of patients initially diagnosed
with a cT2 EAC on the basis of EUS evaluation; and second, to
assess the value of an endoscopic reassessment by an interven-
tional endoscopist, followed by endoscopic resection if deemed
possible. Because of the potential risk of overstaged cT2 tu-
mors, in recent years we have adopted a policy of being suspi-
cious of EACs initially staged as being cT2, with a low threshold
for endoscopic reassessment by an interventional endoscopist.

Patients and methods
Patients

Two distinct cohorts of patients with a cT2 EAC as determined
by EUS were included in this study: a retrospective series of pa-
tients who underwent surgical resection, and a prospective co-
hort of patients who underwent an endoscopic reassessment
followed by endoscopic resection when deemed possible. The
study was approved by the institutional review boards of the
participating centers.

Surgical cohort
Patients were identified from the Erasmus MC, University Med-
ical Center, Rotterdam, The Netherlands surgical database. A
specialized data manager prospectively registered data on pa-
tient demographics, preoperative tumor staging, postopera-
tive pathological staging, and follow-up. All patients with a cT2
EAC as determined by EUS who underwent surgical tumor re-
section without preoperative chemoradiotherapy between Jan-
uary 1990 and October 2014 were included in this study.
Patients were excluded if their tumor was a gastric tumor, a
squamous cell carcinoma, when clinical staging by EUS was not
possible because of obstruction, or when an (attempt at) endo-
scopic resection had taken place prior to EUS staging.

Endoscopic reassessment cohort

Patients were included at the Erasmus MC, University Medical
Center, Rotterdam and at the IJsselland Hospital, Capelle aan
den ljssel. Both centers in The Netherlands are specialized in
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the endoscopic treatment of early esophageal tumors, with a
low threshold for endoscopic reassessment of cT2NOMO tu-
mors as part of routine medical care. Between January 2011
and November 2014, all cT2 patients in whom an endoscopic
reassessment was done were registered prospectively.

Pre-operative tumor staging

After an initial diagnosis of esophageal cancer by standard
endoscopy, a conventional radial EUS, CT scan of the thorax
and upper abdomen, and ultrasound of the neck was per-
formed to assess the TNM stage. A PET CT was not part of rou-
tine tumor staging, but was performed in some instances. As
the Erasmus MC, University Medical Center Rotterdam and the
IJsselland Hospital are tertiary referral centers, initial staging
was often done elsewhere. When the initial EUS had reported
possible lymph node involvement, the examination was repeat-
ed with fine needle aspiration if this would have altered pa-
tient’s management.

Tumors were considered cT2 tumors based on the findings
of EUS. In some instances, the EUS was reported as being unable
to adequately discriminate between a cT1 or cT2 tumor (re-
ferred to as a cT1-2 tumor in the EUS report). Such patients
were considered to have a ¢T2 tumor and were referred for a
surgical resection. Accordingly, they were included in our study
as cT2 tumors.

Endoscopic reassessment and resection

Endoscopic reassessment for potentially overstaged patients
was limited to patients who had no evidence of lymph node or
distant metastases, because the goal was to prevent an un-
necessary esophagectomy in these overstaged patients. Pa-
tients were selected at multidisciplinary meetings or from the
outpatient clinic of the department of gastroenterology and
hepatology. The criteria for inclusion were: cT2 or cT1-2
staged by EUS at any center; no evidence of lymph node or dis-
tant metastases on imaging and/or biopsy; and the lesion not
having been previously assessed by an expert interventional
endoscopist.

During endoscopic reassessment by an experienced inter-
ventional endoscopist, the endoscopic resectability of the le-
sion was assessed. Using high resolution endoscopy, the lesion
was assessed for invasive features, such as the non-lifting sign,
not moving freely with peristalsis, and the presence of deep ul-
ceration or stricture. In the absence of invasive features, the le-
sion was deemed a cT1 tumor and an endoscopic resection was
subsequently attempted. Depending on the lesion characteris-
tics and location, this was done by either endoscopic mucosal
resection (EMR) or endoscopic submucosal dissection (ESD).
Prior to endoscopic resection, the lesion was delineated with
coagulation markings, after which the delineated area was
completely resected to ensure complete lateral resection of
the lesion.

Histological evaluation

The pathology reports of all surgical and endoscopic resection
specimens were reviewed for tumor depth infiltration, tumor
differentiation (classified as good [G1], moderate [G2], and
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poorly differentiated/undifferentiated [G3/G4]), the presence
of lymphovascular invasion (LVI), and involvement of the resec-
tion margins (RO /R1), according to the latest World Health Or-
ganization (WHO) classification. For pT1 tumors, this was divid-
ed into either mucosal or submucosal tumors, with the submu-
cosa further subdivided into sm1 (<500 um) or sm2 -3 (accord-
ing to the Paris Classification [16]). Where the pathology re-
ports were incomplete or did not conform to the latest WHO
classification, an expert gastrointestinal pathologist re-evaluat-
ed the histopathology.

Surgical and endoscopic resection specimens were assessed
to determine whether they fulfilled the current pathological
criteria for curative treatment by endoscopic resection, where
the risk of LNM is negligible. These favorable criteria are: maxi-
mum depth of tumor infiltration is limited to the mucosa or up-
per 500 um of the submucosa (pT1m1-3sm1), in combination
with good or moderate tumor differentiation (G1/G2) and no
LVI (pT1m1-3sm1NOMO, G1/G2, no LVI) [7,17 -22]. Addition-
ally, in endoscopic resection specimens, the vertical resection
margins should not be involved (RO). Lateral resection margins
of piecemeal resection specimens are nearly always R1.The de-
termination of whether lateral margins are tumor free is done
endoscopically and not pathologically. If, after endoscopic re-
section, the pathological criteria were met and the vertical re-
section margins were not involved (R0), indicating a curative
resection, no subsequent esophagectomy was carried out.

Study outcomes

In the surgical cohort, the primary outcome was assessment of
how many patients were overstaged based on the pTstage. The
secondary outcome parameter was assessment of how many
patients fulfilled the pathological criteria for a curative endo-
scopic resection.

Inthe endoscopic reassessment cohort, the primary outcome
was assessment of how many patients were overstaged after
endoscopic reassessment of the lesion. The secondary outcome
parameter was assessment of how many patients fulfilled the
pathological criteria for a curative endoscopic resection.

Statistical methods

Statistical analysis was performed using the statistical software
IBM SPSS Statistics 21. Data were analyzed descriptively using
means and standard deviations for normally distributed data;
medians and ranges for skewed data. In the endoscopic reas-
sessment cohort, the median follow-up time was calculated
using the time between the endoscopic tumor resection and
the date of the most recent clinical, endoscopic, or radiological
investigation.

Results

Surgical cohort
Patients

From a total of 1790 patients with an EAC, 134 patients (7 %)
had a cT2 tumor as determined by EUS.From those 134 pa-
tients with a cT2 EAC, 72 patients (54 %) were treated by pri-
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> Table 1 Baseline characteristics of the 72 patients with a cT2
esophageal adenocarcinoma as determined by endoscopic ultrasound
who underwent surgical tumor resection without preoperative
chemoradiotherapy.

Sex, male, n (%) 61(85%)
Age at diagnosis, median (range), years 64 (39-81)
Reported endoscopic resectability, n (%)

= Notreported 69 (96 %)
= Resectable 0

= Notresectable 3(4%)
Clinical tumor staging, n (%)

« cT1-2NOMO 4(6%)
« cT1-2NT1MO 1(1%)
= cT2NOMO 51(71%)
= CT2NTMO 16 (22%)
Type of esophagectomy

= Transhiatal 58 (81%)
= Transthoracic 12 (17 %)
Gastrectomy 2(3%)
Surgery-related mortality 3(4%)

mary esophagectomy; 36 patients (27%) were treated by
neoadjuvant therapy followed by esophagectomy; and in 26
patients (19%), no esophagectomy was performed. In this last
group, patients received definitive chemoradiotherapy, pallia-
tive treatment, or no additional therapy because of metastatic
disease, patient comorbidity, or patient preference. The char-
acteristics of the 72 patients with a cT2 EAC who were treated
by primary esophagectomy are shown in » Table 1.

Pathological tumor stage

Of the 72 patients with a cT2 EAC who underwent a primary
esophagectomy, 32 patients (44 %) had a pT1 stage; 17 pa-
tients (24 %) had a pT2 stage; and 23 patients (32%) had a pT3
stage (»Fig.1). In 12 patients (17%), the surgical resection
specimen showed tumor characteristics that fulfilled current
criteria for curative treatment by endoscopic resection and no
lymph metastases were found (pT1m1-3sm1NOMO, G1/G2,
no LVI), with 10 patients having mucosal tumors and two hav-
ing an sm1 tumor with low risk other histological characteris-
tics. In five patients with a submucosal tumor, histopathology
was not available for re-evaluation; these patients were there-
fore categorized as not fulfilling the current criteria for an
endoscopic resection.

Endoscopic reassessment cohort
Patients

In 13 prospectively identified patients with cT2NOMO EAC, an
endoscopic reassessment was carried out to evaluate endo-
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Pathological T stage

Pathological criteria for an
endoscopic resection
(T1m1 - 3sm1 NOMO, G1/G2,
no LVI)

Within criterian =12 (17 %)

pT1n=32(44 %) Outside criteria n = 20 (28 %)

Esophagectomy only n = 72 pT2n=17 (24 %)

pT3n=23(32%)

» Fig.1 Pathological tumor stage of cT2 patients who underwent surgical tumor resection without preoperative chemoradiotherapy.

> Table 2 Baseline characteristics of the 13 patients with a cT2
esophageal adenocarcinoma as determined by endoscopic ultrasound
who underwent endoscopic reassessment.

Gender, male, n (%) 13(100%)
Age at diagnosis, median (range), years 66 (50-81)

Reported endoscopic resectability, n (%)

= Notreported 0
= Resectable 11(85%)
= Notresectable 2(15%)

o

Clinical tumor staging n (%)
« cT1-2NOMO 3(23%)

« cT2NOMO 10 (77%)

scopic resectability. The characteristics of these patients are
shown in » Table 2.

In 11 patients (85 %), the lesion was endoscopically staged as
a T1 tumor because of the absence of invasive features, and an
endoscopic resection was subsequently attempted (» Fig. 2). In
all 11 patients, the endoscopic resection was successfully per-
formed by EMR. Endoscopic characteristics of the lesions are
described in » Table 3. In 10/11 patients, the lesions were de-
scribed as either a pedunculated, sessile, or elevated.

In two patients (15 %), the T stage was considered to corre-
spond with the EUS stage, as invasive features were seen during
endoscopic reassessment. Both of these patients were referred
for chemoradiotherapy followed by esophagectomy.

Pathological tumor stage

The pathological characteristics of the 11 patients with a cT2
EAC who underwent endoscopic reassessment followed by
endoscopic resection are shown in »Table 3. In five patients
(38%), the endoscopic resection specimen showed tumor char-
acteristics that fulfilled the current criteria for curative treat-
ment by endoscopic resection. In a median follow-up of 28.3
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» Fig.2 Example of a cT2 esophageal adenocarcinoma (EAC),
staged by endoscopic ultrasound, which was downstaged to a cT1
tumor after endoscopic reassessment by an interventional endos-
copist: a Endoscopic ultrasound appearance indicating a cT2 EAC.
b Endoscopic reassessment of a lesion without invasive features.
Final histology after endoscopic resection was pT1sm1, G2, no LVI.
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months (range 13.9-43.6 months), there were no signs of LNM
or distant metastatic disease.

Of the six patients (46 %) that fell outside these criteria, one
patient was inoperable and was treated by chemoradiotherapy;
two were referred for chemoradiotherapy followed by esopha-
gectomy, with the decision for neoadjuvant therapy based on
the increased risk of LNM associated with the poor pathology;
and one underwent a primary esophagectomy, where a residual
mucosal tumor (M2) and no evidence of LNM was found in 18
resected lymph nodes. The last two patients have remained un-
der close endoscopic surveillance; with follow-up of 24.8 and
30.6 months, there were no signs of LNM or distant metastases
in these two patients.

Adverse events associated with endoscopic
resection

In 2/11 patients who underwent an EMR procedure, an adverse
event occurred. One patient had a minor perforation that was
successfully treated by clips (1-day hospitalization); the other
patient had a post-EMR stricture that required multiple dila-
tions. In both patients, the endoscopic resection specimen ful-
filled the criteria for a curative treatment by endoscopic resec-
tion.

No endoscopic reassessment

A retrospective review of the surgical cohort between January
2011 and October 2014 showed that 16 patients were diag-
nosed with a cT2 EAC but did not undergo an endoscopic reas-
sessment. In nine patients, there was a suspicion of LNM and/or
distant metastasis; in one patient, it was documented that
endoscopic reassessment would not be of added value because
biopsies showed poor tumor differentiation; in six patients, the
reasons were unknown. The 16 patients underwent different
treatment strategies: 11 were treated by chemoradiotherapy
followed by esophagectomy; in two patients, no esophagect-
omy was performed; and three patients were treated by pri-
mary surgery, with the final histology revealing a submucosal
tumor in two patients.

Discussion

This study demonstrates that EUS has a poor accuracy for stag-
ing cT2 EAC, considering 44 % of cT2 EACs were downstaged to
pT1 tumors after histological examination of the esophagect-
omy specimens. We have established that, after endoscopic re-
assessment by an interventional expert, curative treatment by
endoscopic resection is possible in up to 38% of cT2NOMO pa-
tients, thereby avoiding the need for chemoradiotherapy fol-
lowed by esophagectomy.

In the last three decades, the management of esophageal
cancer has evolved significantly [3]. In the past, primary surgi-
cal resection was the only treatment for esophageal cancer or
high grade dysplasia. At present, minimally invasive endoscopic
resection is a recommended treatment modality for cT1 tu-
mors, after which additional surgery is required only for those
patients with poor histological characteristics associated with
an increased risk of LNM [7-9]. The use of nCRTx followed by
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surgery has been widely accepted for locally advanced (cT2-
4) tumors [3,10]. These treatment modalities have demon-
strated improved survival compared with surgery alone and
have a significant impact on quality of life in patients with
esophageal cancer [2,7,10].

Endoscopic resection was initially accepted only for mucosal
EAC because of the negligible risk of LNM in these superficial
tumors. However, numerous new studies have shown that
when the tumor extends into the upper 500 um of the submu-
cosa (sm1), in combination with a good or moderate tumor dif-
ferentiation (G1/G2) and no LVI, the risk of LNM remains negli-
gible [18-22]. Accordingly, new guidelines have cautiously re-
commended minimally invasive endoscopic resection for these
low-risk sm1 tumors [7,17], and many centers have already im-
plemented this strategy with stringent follow-up. For this rea-
son, in our study, low-risk sm1 tumors were also considered to
fulfill the current pathological criteria for curative treatment by
endoscopic resection. In support of these new recommenda-
tions, no LNM were found in the two patients with low-risk
sm1 tumors in our surgical cohort; in our endoscopic reassess-
ment cohort with one low-risk sm1 patient, there were no signs
of LNM or distant metastatic disease during a follow-up of 22.7
months.

Accurate tumor staging is crucial in establishing the appro-
priate choice of treatment. EUS is superior to CT and PET in de-
lineating the esophageal wall layers and determining the ap-
propriate T stage [5, 23, 24], but it has poor accuracy when dif-
ferentiating T2 from T1 tumors, with a sensitivity of 43%-55%
and specificity of 80%-85% [13, 14]. In our surgical cohort, 44
% of cT2 EACs could be downstaged to pT1 tumors based on the
final pathology report, which is a similar finding to previous
studies reporting downstaging in 21%-63% of cases [3,6,15,
25]. Moreover, in 17 % of patients, histopathology even fulfilled
the current criteria for curative endoscopic resection, and po-
tentially a surgical resection could have been avoided if an
endoscopic resection had been attempted.

In the clinical setting, imaging techniques for tumor staging
are performed after initial endoscopic assessment of a lesion
when an advanced tumor (T>1) is suspected. In the absence
of invasive features (T1 lesion), an endoscopic resection is ad-
vised and guidelines advocate referral to a high-volume tertiary
center because of the expertise and skills required for this type
of intervention [7]. In those with a cT1 tumor after further tu-
mor staging by EUS, the patient will nevertheless be referred
for an endoscopic resection. In those with a cT2 tumor, how-
ever, guidelines recommend treatment by nCRTx followed by
surgical resection, although it is known that EUS poorly differ-
entiates between T2 and T1 tumors. For the general endos-
copist, competence in the endoscopic recognition of invasive
features is therefore a crucial step in deciding between further
tumor staging by imaging or referral for an endoscopic resec-
tion.

Many studies have investigated new imaging techniques to
enhance the detection of dysplasia and neoplasia [17]. These
studies, however, scarcely describe how to determine whether
a lesion is endoscopically resectable once detected. In our
endoscopic reassessment cohort, most lesions were described
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as being pedunculated, sessile, or elevated. A possible explana-
tion for the poor recognition might be that these lesions were
not regarded as suitable for endoscopic resection because they
appeared large and were presumed to carry a risk of LNM. Al-
though some studies identify tumor size and morphology as
predictors for LNM in submucosal EAC [26, 27], it should be no-
ted that histopathological assessment of an endoscopic resec-
tion specimen is the most accurate staging technique for early
Barrett’s neoplasia, providing a histological profile to help pre-
dict the risk of LNM [7].

Guidelines advise an endoscopic resection when the lesion
involves less than one-third of the circumference of the esoph-
ageal wall and when the maximum diameter is less than or
equal to 2cm [28, 29]. Technically, larger lesions can be effec-
tively resected, but complications such as stricture, perfora-
tion, or bleeding will occur more often [30]. Piecemeal resec-
tion by EMR and en bloc resection by ESD are both highly effec-
tive for the endoscopic resection of early Barrett’s neoplasia in
terms of neoplasia remission and recurrence. ESD is more time-
consuming and technically difficult, but does allow for the re-
section of larger lesions [31,32]. In our study, lesions were re-
sected by EMR in all 11 patients, and two of these patients had
a complication due to the procedure; both were mild and treat-
ed by endoscopic means. This does not compare to the report-
ed morbidity and mortality rates of 20%-80% and 0%-22%,
respectively, associated with a surgical resection [33].

In a trial comparing high resolution endoscopy to EUS using
a high resolution miniprobe, May et al. [34] demonstrated that
endoscopic staging has a high sensitivity of 82.9% and an accu-
racy of 83.4%, which was slightly superior to, but not signifi-
cantly different from, that of EUS staging. In this trial, only ex-
perienced interventional endoscopists were involved in tumor
staging. In our endoscopic reassessment cohort, endoscopic
tumor staging by an experienced interventional endoscopist
was superior to EUS staging using a conventional radial echoen-
doscope, as 85% of cT2 lesions could be downstaged to cT1 le-
sions.

Most endoscopists traditionally are not trained in assessing
the endoscopic resectability of an EUS-staged T2 EAC, and
therefore a potentially curative and minimally invasive treat-
ment option such as endoscopic resection is not considered
further. The EUS verdict is often regarded as an “absolute truth”
and these patients are therefore routinely referred for nCRTx
followed by surgery. Because of the low threshold for endo-
scopic reassessment, in our prospective cohort, 38% of pa-
tients were curatively treated by endoscopic resection. This
suggests that all patients with an EAC staged as cT1 or cT2
should be reassessed endoscopically at a tertiary referral center
by an experienced interventional endoscopist.

The question may arise as to whether the use of EUS is obso-
lete in assessing tumor infiltration depth [35], because it could
be argued that a lesion is either endoscopically resectable (T<
2) or not (T=2), which clinically implies treatment by either
endoscopic resection or by esophagectomy with or without
(neo)adjuvant chemoradiation. This is an issue often debated,
but to date there is no literature to support such a strategy. It
may be a valid point for early tumors when there is adequate re-
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cognition of an endoscopically resectable lesion. However, we
demonstrate that endoscopic staging is poor when performed
by a general endoscopist. To date, EUS is the most accurate
technique to determine the cT stage; EUS could, in essence, be
used as a tool to distinguish who should be referred for an
endoscopic reassessment by an experienced interventional
endoscopist.

This study has several strengths and limitations. First, there
is a selection bias in the endoscopic reassessment cohort as
only a selection of all newly staged cT2 patients underwent an
endoscopic reassessment. Only those that had undergone an
endoscopic reassessment were prospectively registered. In our
endoscopic reassessment cohort, 38% were curatively treated
by endoscopic resection. However, when an estimate is made
of all new cT2 patients based on both cohorts, at least 43% of
patients were overstaged and 14 % were curatively treated by
endoscopic resection. These results are in line with the surgical
cohort, where 44 % had a pT1 stage and 17 % had tumor charac-
teristics that fulfilled the current criteria for curative treatment
by endoscopic resection.

A second limitation is that information bias may have occurr-
ed because data were retrospectively collected. However, de-
termining the true pathological tumor stage will only be possi-
ble in retrospective surgical cohorts because, currently in most
centers, all cT2 patients will be treated by nCRTx prior to sur-
gery, with tumor downstaging as a consequence.

A third limitation is that we included a relatively small num-
ber of patients who underwent an endoscopic reassessment.
Ideally, an adequately powered study should be performed to
assess whether this approach statistically reduces the number
of surgical resections in cT2 patients. Although the small sam-
ple is a limitation, it should be noted that the prevalence of pa-
tients with a cT2 EAC is low [15]. This is also demonstrated in
our surgical cohort with 134 cT2 patients in a 24-year time
period. Regardless of the low prevalence, the incidence of EAC
is rapidly increasing and the clinical impact on these patients is
very significant.

A fourth limitation is that the surgical cohort extends over a
significant period of time, when an evolution in endoscopic
treatment modalities was taking place. In the surgical cohort,
17 % of patients fulfilled the criteria for curative endoscopic re-
section; however, EMR was only introduced at the Erasmus Uni-
versity Medical Center in 1999.

A final limitation is that we defined cT1-2 tumors as cT2 tu-
mors. These patients were referred for a surgical resection and
were therefore included in our study. Clinically, the endoscopist
performing the EUS should always define a tumor asa cT1 or a
cT2 tumor and report the highest staging that was observed
because the tumor either invades the muscularis propria or
not. Poor sensitivity of EUS for cT2 EAC, however, supports the
fact that it is not always easy to distinguish between these two.
Such patients should therefore always be assessed by an expert
endoscopist with a substantial amount of experience in staging
and resection of neoplastic lesions.

In conclusion, an endoscopic reassessment by an experi-
enced interventional endoscopist should be considered for all
patients with a cT2NOMO EAC. This is the first study that de-
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monstrates that curative treatment by endoscopic resection is
possible in up to 38 % of patients, thereby avoiding the need for
chemoradiotherapy followed by esophagectomy.
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