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Original article

Worldwide Esophageal Cancer Collaboration: clinical staging data
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SUMMARY. To address uncertainty of whether clinical stage groupings (cTNM) for esophageal cancer share
prognostic implications with pathologic groupings after esophagectomy alone (pTNM), we report data—simple
descriptions of patient characteristics, cancer categories, and non–risk-adjusted survival—for clinically staged
patients from the Worldwide Esophageal Cancer Collaboration (WECC). Thirty-three institutions from six conti-
nents submitted data using variables with standard definitions: demographics, comorbidities, clinical cancer cate-
gories, and all-cause mortality from first management decision. Of 22,123 clinically staged patients, 8,156 had
squamous cell carcinoma, 13,814 adenocarcinoma, 116 adenosquamous carcinoma, and 37 undifferentiated carci-
noma. Patients were older (62 years) men (80%) with normal body mass index (18.5–25 mg/kg2, 47%), little
weight loss (2.4 6 7.8 kg), 0-1 ECOG performance status (67%), and history of smoking (67%). Cancers were
cT1 (12%), cT2 (22%), cT3 (56%), cN0 (44%), cM0 (95%), and cG2-G3 (89%); most involved the distal esopha-
gus (73%). Non–risk-adjusted survival for squamous cell carcinoma was not distinctive for early cT or cN; for ade-
nocarcinoma, it was distinctive for early versus advanced cT and for cN0 versus cN1. Patients with early cancers
had worse survival and those with advanced cancers better survival than expected from equivalent pathologic cate-
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gories based on prior WECC pathologic data. Thus, clinical and pathologic categories do not share prognostic
implications. This makes clinically based treatment decisions difficult and pre-treatment prognostication inaccu-
rate. These data will be the basis for the 8th edition cancer staging manuals following risk adjustment for patient
characteristics, cancer categories, and treatment characteristics and should direct 9th edition data collection.

KEY WORDS: cancer staging, data sharing, decision-making, prognostication, survival.

INTRODUCTION

Initial therapeutic decisions for patients with esopha-
geal cancer, the goal of which is to maximize survival
while minimizing cancer treatment harm, are driven
largely by clinical cancer staging information. Assign-
ment of clinical stage grouping (cTNM) has, by tradi-
tion, shared pathologic stage groupings (pTNM)
corresponding to cTNM, but whether prognostic sig-
nificance of pTNM is shared with cTNM is uncertain.

To address this uncertainty, a six-continent World-
wide Esophageal Cancer Collaboration (WECC) was
mounted to collect patient characteristics, clinical eso-
phageal cancer categories, and all-cause mortality to (i)
test the hypothesis that clinical and pathologic catego-
ries share the same prognostic implications; (ii) facilitate
pre-treatment prognostication; (iii) improve clinical
decision-making; and (iv) prepare for the 8th edition of
the cancer staging manuals following risk adjustment.
In this paper, we simply report the descriptive dataset of
patient characteristics and cancer categories of individ-
uals with clinically staged cancers and non–risk-
adjusted survival that begin to address these aims.

PATIENTS AND METHODS

Data

In 2012, 79 institutions were invited to participate in
WECC, aimed at constructing refined data-driven
esophageal cancer staging for the 8th edition of the can-
cer staging manuals. They were invited based on known
volumes, indication that they had accessible data, and
location around the world. Of these, 41 institutions
obtained local ethics-board approval of databases and
executed data-use agreements with Cleveland Clinic.
Data were requested in completely de-identified form
(Health Insurance Portability and Accountability Act
research standards) for analysis, using a set of required
variables with standard definitions. Variables included
demographics, comorbidities, cancer categories, cancer
treatment, and time-related outcomes. The Case Cancer
Institutional Review Board of Case Western Reserve
University and the Cleveland Clinic Institutional
Review Board approved the entire project. This paper
reports results of clinical data from 33 institutions
whose data were submitted by September 30, 2014, and
were cleaned and adjudicated (Table A1 in Appendix).

Patients

At these institutions, of 22,654 patients (supporting
information Table S1) with epithelial cancers, the
majority were older men with normal body mass index,
no weight loss, and 0-1 Eastern Cooperative Oncology
Group (ECOG) performance status. Comorbidities
were present in a minority of patients, with cardiopul-
monary comorbidities predominating. Among the
22,654 patients, 22,123 had clinical staging data avail-
able before treatment. These data revealed that patients
with pure adenocarcinoma were older than those with
pure squamous cell carcinoma (Table 1), were far less
likely to be female, were considerably larger, and were
more likely to have diabetes, coronary artery disease,
and hypertension; however, they were in better ECOG
status and had normal FVC. Although six continents
are represented, most patients in the dataset were
treated in North America, Europe, and Asia. Patients
with adenocarcinoma lived predominantly in the West
and those with squamous cell carcinoma in the East.

Endpoint

The endpoint was all-cause mortality from the first
management decision. Median potential follow-up,1 if
there were no deaths, was 8.9 years (25% >13.4 years,
10% >20 years), but considering deaths in this elderly
population with a rapidly lethal cancer, overall median
follow-up was 1.6 years; median follow-up for surviv-
ing patients was 2.5 years, with 25% followed more
than 5.1 years and 10% more than 8.4 years.

Data analysis

For analysis, patients with adenosquamous and undif-
ferentiated carcinoma (supporting information Table
S2) were considered in both the squamous cell carci-
noma and adenocarcinoma datasets. Survival was esti-
mated using the Kaplan–Meier method, and these
estimates are accompanied by 68% confidence limits,
equivalent to 61 standard error. Survival has been
simply stratified by a number of patient characteristics
and cancer categories, with no risk adjustment. The
hazard function for death was estimated by a paramet-
ric temporal decomposition method (for additional
details, see http://www.lerner.ccf.org/qhs/software/haz-
ard).2 Continuous variables are summarized by
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mean 6 standard deviation and categorical variables
by frequency and percentage.

RESULTS

Clinical cancer categories

Histopathologic cell type was squamous cell carci-
noma in 8,156, adenocarcinoma in 13,814, adenosqua-
mous carcinoma in 116, and undifferentiated
carcinoma in 37. Approximately a third of all cancers
were confined to the esophageal wall (cT2 or less) for
both squamous cell carcinoma and adenocarcinoma
(Table 2 and supporting information Tables S3 and
S4). Fewer than half the patients were free of regional
lymph node metastasis (cN0), and few cancers had dis-
tant metastases (cM). The majority of cancers were

G2/G3. Adenocarcinomas were located predomi-
nantly in the lower esophagus, and squamous cell car-
cinomas in the middle and lower esophagus.
Otherwise, cancer categories differed only modestly.

Non–risk-adjusted survival

Overall survival was 98, 74, 36, and 24% at 30 days
and 1, 5, and 10 years, respectively (supporting infor-
mation Fig. S1). For both histopathologic cell types,
risk of death peaked at 1 year, then gradually decreased
and plateaued by about 5 years to a near constant rate
of 8% per year (supporting information Fig. S2).

Clinical categories (cTNM). Survival was similar for
patients with cTis and cT1 cancers, but better for those
with adenocarcinoma than squamous cell cancer

Table 1 Patient characteristics of those with pure squamous cell carcinoma and pure adenocarcinoma of the esophagus

Squamous cell carcinoma
(total n 5 8,156)

Adenocarcinoma
(total n 5 13,814)

Characteristic† n*
No. (%) or
mean 6 SD n*

No. (%) or
mean 6 SD

Demographics
Age (years) 8,077 61 6 9.9 13,373 63 6 10
Female 8,156 2,455 (30) 13,812 1,882 (14)
Body mass index (mg/kg2) 4,427 22 6 3.7 7,226 27 6 5.1
Weight loss (kg) 4,590 1.9 6 4.9 6,726 2.8 6 9.2

Comorbidities
ECOG performance status 3,104 3,178

0 739 (24) 1,156 (36)
1 549 (18) 1,755 (55)
2 1,269 (41) 178 (5.6)
3 540 (17) 80 (2.5)
4 7 (0.23) 11 (0.35)

Diabetes 7,436 322 (4.3) 11,606 1,430 (12)
IDDM 7,365 58 (0.79) 11,127 185 (1.7)
NIDDM 7,365 193 (2.6) 11,127 766 (6.9)

Coronary artery disease 4,263 269 (6.3) 6,117 993 (16)
Arrhythmia 3,862 79 (2) 4,127 119 (2.9)
Hypertension 5,734 1,120 (20) 9,168 2,753 (30)
Peripheral arterial disease 4,811 114 (2.4) 6,937 235 (3.4)
Smoker 5,094 3,664 (72) 9,457 6,439 (68)

Past 4,412 1,442 (33) 7,553 2,993 (40)
Current 4,412 1,540 (35) 7,553 1,542 (20)

FEV1 (% of predicted) 3,823 96 6 21 5,605 95 6 20
FVC (% of predicted) 3,468 110 6 21 3,922 100 6 18
Creatinine (lmol/L) 2,686 76 6 17 1,448 75 6 28
Bilirubin (lmol/L) 2,583 12 6 6.2 1,019 11 6 6.8

Decade 8,129 13,798
1970–1979 127 (1.6) 45 (0.33)
1980–1989 1,291 (16) 427 (3.1)
1990–1999 1,427 (18) 3,441 (25)
2000–2009 3,185 (39) 7,614 (55)
2010–2014 2,099 (26) 2,271 (16)

Continent 8,156 13,814
North America 1,937 (24) 7,814 (57)
Europe 1,473 (18) 4,143 (30)
Asia 4,041 (50) 360 (2.6)
Australia 597 (7.3) 1,280 (9.3)
South America 80 (0.98) 209 (1.5)
Africa 28 (0.34) 8 (0.058)

*Patients with data available.
†Patient characteristics of those with adenosquamous and undifferentiated carcinoma are shown in supporting information Table S2. ECOG,
Eastern Cooperative Oncology Group; FEV1 (%), forced expiratory volume in 1 second (percent of predicted); FVC (%), forced vital capacity
(percent of predicted); IDDM, insulin-dependent diabetes mellitus; NIDDM, non–insulin-dependent diabetes mellitus; SD, standard deviation.

WECC: clinical staging data 709

VC 2016 International Society for Diseases of the Esophagus



(Fig. 1). It decreased with increasing cT for cT2-4a can-
cers. Survival decreased with increasing cN for adeno-
carcinoma but not for squamous cell carcinoma (Fig.
2). These decreases were much more distinctive with
increasing cT for squamous cell carcinoma than for ade-
nocarcinoma when stratified by cN0 (because of the
better survival of patients with cTis-cT1 adenocarcino-
mas) (Fig. 3) and cN1 (Fig. 4). Survival was poor in
the presence of distant metastases (cM1) (Fig. 5). Gen-
erally, patients with early cancers had worse survival,
and those with advanced cancers better survival, than
expected from equivalent pathologic categories based
on prior WECC data.

Other cancer categories. Survival decreased with
increasing histologic grade for G1-4 cancers (support-
ing information Fig. S3); however, it was considerably
better for patients with G1 adenocarcinomas than
those with squamous cell carcinoma. Survival
increased with a more distal location of cancer within
the esophagus (supporting information Fig. S4).

Other characteristics. Survival decreased with
advancing age (supporting information Fig. S5) and

was worse for men with squamous cell carcinoma than
for women, but similar between sexes for adenocarci-
noma (supporting information Fig. S6). Survival was
highly heterogeneous among institutions (supporting
information Fig. S7).

DISCUSSION

Appropriateness of shared stage categories

Comparing survival based on clinical cancer categories
to that of equivalent pathologic categories based on
esophagectomy alone for the 7th edition of the cancer
staging manuals,3,4 it is evident that prognostic impli-
cations for clinical categories will not be equivalent to
those of pathologic categories, contrary to our initial
hypothesis. The prognosis for these clinically staged
early cancers was clearly worse, indicating that cTNM
for these cancers was understaged compared to
pTNM. This is particularly troublesome for therapeu-
tic decisions about endoscopic therapies performed
under the assumption that the cancer is early stage,
without regional nodal or distant metastases. Prognos-
tication for these early clinically staged cancers will be
overly optimistic. Conversely, apparently advanced
cTNM cancers carry a somewhat better prognosis

Table 2 Clinical cancer categories of patients with pure squa-
mous cell carcinoma and pure adenocarcinoma of the esophagus

Category

Squamous cell carcinoma
(n 5 8,156)

No. (%)

Adenocarcinoma
(n 5 13,814)

No. (%)

cT
cT0 19 (0.3) 160 (1.5)
cTis 67 (1.1) 214 (2)
cT1 556 (8.9) 1,469 (14)
cT2 1,327 (21) 2,346 (22)
cT3 3,297 (53) 6,094 (57)
cT4a 1,000 (16) 385 (3.6)
cTX 1,890 3,146

cN
cN0 2,522 (40) 5,009 (47)
cN1 3,785 (60) 5,725 (53)

cN1 1,520 (79)† 256 (73)‡

cN2 371 (19)† 82 (23)‡

cN3 45 (2.3)† 15 (4.2)‡

cNX 1,849 3,080
cM

cM0 7,850 (96) 12,981 (94)
cM1 306 (3.8) 833 (6.0)

Grade§

cG1 307 (9.2) 370 (11)
cG2 1,494 (45) 1,367 (42)
cG3 1,519 (46) 1,553 (47)
cG4¶ 0 (0) 0 (0)
cGX 4,836 10,524

Location
cUpper 990 (13) 97 (0.83)
cMiddle 3,573 (48) 456 (3.9)
cLower 2,938 (39) 11,137 (95)
cLocationX 655 2,124

Clinical cancer categories of patients with adenosquamous and undif-
ferentiated carcinoma are shown in supporting information Table S4.
†Data available for 1,936 patients.
‡Data available for 353 patients.
§G1, well differentiated; G2, moderately well differentiated; G3,
poorly differentiated; G4, undifferentiated.
¶G4 cancers are reported in supporting information Table S4.

Fig. 1 Survival by clinical cT category. Kaplan–Meier estimates
accompanied by vertical bars representing 68% confidence limits,
equivalent to 61 standard error. (A) Squamous cell carcinoma
and (B) adenocarcinoma. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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than equivalent pTNM cancers. In part, this may be
due to clinically overstaging early cancers and in part
to the effect of neoadjuvant and adjuvant therapy for
more advanced stage cancers. This is troublesome
because it may expose patients with clinically over-
staged early cancers and non-responders to unneces-
sary or ineffective neoadjuvant therapy.

Principal findings

Clinical staging appeared to be adequate for separating
early cTis-1N0M0 cancers from more advanced can-
cers, with survival better and more distinctive for ade-
nocarcinoma than squamous cell carcinoma, but
discrimination among early cancers was poor. Discrimi-
nation among advanced cancers was slightly better, but
of questionable practical value. These observations
highlight the deficiencies of current clinical staging.

WECC and data assemblage

WECC data for the 7th edition staging manuals was
based on pathologic staging of patients undergoing
esophagectomy alone.3–6 This new WECC effort
included collecting clinical staging data for patients
undergoing all treatments. The number of patient char-

acteristic variables was greater and the data more com-
plete than in the prior WECC effort. Thus, this was a
global effort of considerable magnitude across geogra-
phy, institutions, patients, cancer categories, and treat-
ments. These data will be the basis for the 8th edition
cancer staging manuals following risk adjustment for
all these variables.

Clinical patient characteristics

In this WECC experience, esophageal cancer was
found to be a disease of older men, although more so
for adenocarcinoma than squamous cell carcinoma.
Because the majority of patients underwent treatment
with curative intent, most had good to excellent per-
formance status, and no weight loss. Comorbidities
were numerous and clinically significant; collection of
these data was essential for risk adjustment of all-cause
mortality.

Clinical cancer categories

The majority of cancers were locally advanced, with
invasion into the adventitia (cT3) and metastases to
regional lymph nodes (cN1). However, except for
cancers so advanced that only palliative therapy was

Fig. 2 Survival by clinical cN category. Format is as in Fig. 1.
(A) Squamous cell carcinoma and (B) adenocarcinoma. [Color fig-
ure can be viewed in the online issue, which is available at wileyon-
linelibrary.com.]

Fig. 3 Survival by cT category for cN0 cancers. Format is as in
Fig. 1. (A) Squamous cell carcinoma and (B) adenocarcinoma.
[Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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offered, there were a sufficient number of patients to
provide a wide spectrum of clinically staged esopha-
geal cancers.

Histologic grade 2 and 3 predominated in both cell
types. There was a smaller proportion of grade 1 can-
cers in this dataset than in the prior WECC effort,1

because it includes more than esophagectomy-only
patients. G4 cancers were uncommon. Location was
predominately lower thoracic esophagus; few patients
had adenocarcinoma of the middle thoracic esophagus
and rarely of the upper thoracic esophagus. Distribu-
tion of location for squamous cell carcinoma, although
skewed to the middle and lower thoracic esophagus,
will be sufficient to permit analysis of the effect of loca-
tion on risk-adjusted survival. No patient with cervical
esophageal cancer was included in the dataset.

Non–risk-adjusted survival

The endpoint for this study was all-cause mortality.
This was chosen because it is a hard endpoint not
requiring interpretation. Recording multiple patient
comorbidities will permit extensive risk adjustment,

which provides a truer reflection of death due to cancer
than the softer endpoint of disease-specific mortality.7–9

Overall survival was similar for squamous cell carci-
noma and adenocarcinoma. This surprising fact
reflects important differences in patient characteristics
and cancer categories between these groups. Except for
cTisN0M0 and cT1N0M0 cancers, unadjusted sur-
vival was more distinctive when combining cTwith cN.
Survival was distinctive for histologic grades cG1-G4
and location. Regardless of histopathologic cell type,
survival curves for cancer categories �pinched� together
compared with pathologic staging.3 This �regression
toward the mean� has many possible explanations,
including (i) understaging of early clinical cancers
accentuated by the ceiling of cTis; (ii) failure to use, or
ineffectual use of, staging modalities such as endo-
scopic mucosal resection (EMR), EUS-FNA (endo-
scopic ultrasound-directed fine needle aspiration), and
CT-PET for suspected early cancers; (iii) overstaging
of advanced clinical cancers due to a floor of cT4b,
cN3, and cM1; and (iv) unpredictability of effective-
ness of neoadjuvant treatment (downstaging) of
advanced clinical cancers, resulting in intermediate
survival for some of these cancers that have poor

Fig. 4 Survival by cT category for cN1 cancers. Format is as in
Fig. 1. (A) Squamous cell carcinoma and (B) adenocarcinoma.
[Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

Fig. 5 Survival by clinical cM category. Format is as in Fig. 1.
(A) Squamous cell carcinoma and (B) adenocarcinoma. [Color fig-
ure can be viewed in the online issue, which is available at wileyon-
linelibrary.com.]
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pretreatment prognosis. This highlights the need for
risk adjustment and a type of multivariable analysis
that accounts for treatment effects as well as patient
and cancer categories.

Strengths and limitations

Currently, this is the best attempt at providing world-
wide clinical esophageal cancer staging data. However,
clinical staging was not uniform among centers or
across continents, and these heterogeneities generated
heterogeneous survival. Patients treated in North Amer-
ica, Europe, and Asia predominated. Unlike most regis-
try data, WECC collected more patient characteristics,
cancer categories, and specific treatments. However, val-
ues for some variables were not recorded (missing data).
Patients included in the study were undoubtedly biased
away from metastatic cancer and palliative treatment.
Data were similarly limited for untreatable patients,
such as those with T4b and M1 cancers.

The dataset also reflects temporal changes in treat-
ment from esophagectomy alone to neoadjuvant ther-
apy for advanced cancer. Nevertheless, older data on
esophagectomy alone, which may seem a limitation,
are crucial for developing pathologic staging of
advanced esophageal cancers.

A limitation of this pure data presentation is that it
does not account for patient variables that affect all-
cause mortality; the interplay among TNM, histopa-
thologic cell type, histologic grade, and cancer location
in part due to the unique lymphatic anatomy of the
esophagus; and the confounding of treatment effects,
temporal factors, etiology, diagnosis, and clinical
decision-making around the world.

Clinical staging implications

Today, esophagogastroduodenoscopy (EGD) and
biopsy are necessary for determining location, histopa-
thologic cell type, and histologic grade; EMR and

EUS for cT; EUS-FNA for cN; and CT-PET for cM
and cN; supplemented by ancillary imaging, aspira-
tion, or biopsy.

Comprehensive clinical staging as described is prob-
lematic because of varying cost limitations and regional
availability of staging modalities. Minimal worldwide
standards for clinical staging must be set with worldwide
adherence expected. Recording how clinical stage was
obtained is necessary to determine quality of clinical
staging. There is a need for more accurate and precise
clinical staging modalities. Addition of other patient
characteristics and cancer categories will permit better
treatment decisions and more accurate pre-treatment
prognostication.

CONCLUSIONS

Comparing these clinical data with WECC pathologic
data for the 7th edition cancer staging manuals,3 it
became evident that clinical categories did not share the
same prognostic implications as pathologic categories
after esophagectomy alone. The pinching of survival
data makes pre-treatment prognostication difficult, pro-
viding overly optimistic prognostication for patients
with early-stage cancers and overly pessimistic prognos-
tication for those with advanced clinical stage cancers.
This makes clinical decision-making difficult.

These clinical staging data will be the basis for the 8th
edition cancer staging manuals following risk adjust-
ment for many confounding variables. These findings
should direct data collection for the 9th edition. This is
a milestone in the clinical staging of esophageal cancer
and provides direction for future advancements.
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Table A1 Worldwide Esophageal Cancer Collaboration: Participating institutions and investigators

Institution Location Investigators

Beijing Cancer Hospital, Peking University Beijing, China Ken N. Chen
Cleveland Clinic Cleveland, OH, USA Thomas W. Rice

Eugene H. Blackstone
Case Western Reserve University Cleveland, OH, USA Carolyn Apperson-Hansen
Erasmus Medical Center Rotterdam, The Netherlands Bas P.L. Wijnhoven,

Jan van Lanschot,
Sjoerd Lagarde

Fourth Hospital of Hebei Medical University Shijiazhuang, Hebei, China Jun-Feng Liu
Fox Chase Cancer Center Philadelphia, PA, USA Walter J. Scott

Donna Edmondson
Groote Schuur Hospital, University of Cape Town Cape Town, South Africa Riette Burger
Guy�s & St. Thomas� Hospitals London, UK Andrew R. Davies, Janine Zylstra
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Toronto General Hospital Toronto, ON, Canada Gail E. Darling
University Zeikenhuizen Leuven Leuven, Belgium Tony E.M.R. Lerut, Phillipe R.
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University Medical Center Utrecht Utrecht, The Netherlands Richard van Hillegersberg
University of Alabama at Birmingham Birmingham, AL, USA Robert J. Cerfolio
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Queen Mary Hospital
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SUMMARY. To address uncertainty of whether pathologic stage groupings after neoadjuvant therapy (ypTNM)
for esophageal cancer share prognostic implications with pathologic groupings after esophagectomy alone
(pTNM), we report data—simple descriptions of patient characteristics, cancer categories, and non–risk-adjusted
survival—for pathologically staged cancers after neoadjuvant therapy from the Worldwide Esophageal Cancer
Collaboration (WECC). Thirty-three institutions from six continents submitted data using variables with standard
definitions: demographics, comorbidities, clinical cancer categories, and all-cause mortality from first manage-
ment decision. Of 7,773 pathologically staged neoadjuvant patients, 2,045 had squamous cell carcinoma, 5,686
adenocarcinoma, 31 adenosquamous carcinoma, and 11 undifferentiated carcinoma. Patients were older (61 years)
men (83%) with normal (40%) or overweight (35%) body mass index, 0-1 Eastern Cooperative Oncology Group
performance status (96%), and a history of smoking (69%). Cancers were ypT0 (20%), ypT1 (13%), ypT2 (18%),
ypT3 (44%), ypN0 (55%), ypM0 (94%), and G2-G3 (72%); most involved the distal esophagus (80%). Non–risk-
adjusted survival for yp categories was unequally depressed, more for earlier categories than later, compared with
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equivalent categories from prior WECC data for esophagectomy-alone patients. Thus, survival of patients with
ypT0-2N0M0 cancers was intermediate and similar regardless of ypT; survival for ypN1 cancers was poor.
Because prognoses for ypTNM and pTNM categories are dissimilar, prognostication should be based on separate
ypTNM categories and groupings. These data will be the basis for the 8th edition cancer staging manuals follow-
ing risk adjustment for patient, cancer, and treatment characteristics and should direct 9th edition data collection.

KEY WORDS: cancer staging, chemotherapy, prognostication, radiotherapy, survival.

INTRODUCTION

Esophageal cancer staging in the 7th edition AJCC
and UICC cancer staging manuals1,2 was based on
pathologic stage (pTNM) after esophagectomy alone,
derived from Worldwide Esophageal Cancer Collabo-
ration (WECC) data.3 However, today a minority of
advanced-stage esophageal cancers are treated by
esophagectomy alone; some form of combined modal-
ity therapy (neoadjuvant therapy) is nearly always
used. Pathologic stage after neoadjuvant therapy
(ypTNM), by tradition, shares pathologic stage group-
ings with pTNM. However, whether the prognostic sig-
nificance of pTNM staging is shared with ypTNM is
uncertain.

To address this uncertainty, a six-continent collabo-
rative effort—WECC—was mounted to collect patient
and esophageal cancer characteristics and all-cause
mortality following neoadjuvant therapy to (i) test the
hypothesis that pathologic classifications after neoad-
juvant therapy share the same prognostic implications
as those after esophagectomy alone; (ii) facilitate post-
treatment prognostication; and (iii) develop the first
data-driven ypTNM recommendations for the 8th edi-
tion cancer staging manuals after risk adjustment. In
this article, we simply report the descriptive data on
patient and cancer characteristics of individuals with
pathologically staged cancers after neoadjuvant ther-
apy, and non–risk-adjusted survival analyses that
begin to address these aims.

PATIENTS AND METHODS

Data

In 2012, institutions worldwide were invited to par-
ticipate in WECC, aimed at constructing refined
data-driven esophageal cancer staging for the 8th
edition of the cancer staging manuals.4 Data were
requested in completely de-identified form (Health
Insurance Portability and Accountability Act
research standards) for analysis, using a set of
required variables with standard definitions. Local
ethics-board approval of the databases and data-use
agreements were executed with Cleveland Clinic.
Variables included demographics, comorbidities,
cancer categories, cancer treatment, and time-

related outcomes. The Case Cancer Institutional
Review Board of Case Western Reserve University
and the Cleveland Clinic Institutional Review
Board approved the entire project. This paper
reports results of pathologic data of patients receiv-
ing neoadjuvant therapy from 33 institutions whose
data were submitted by September 30, 2014, and
were cleaned and adjudicated (Appendix).

Patients

A total of 7,773 patients with epithelial esophageal
cancers had pathologic staging data after neoadjuvant
therapy. The majority were older men with normal or
overweight body mass index, no weight loss, and 0-1
Eastern Cooperative Oncology Group (ECOG) per-
formance status (Table 1 and Supporting Information
Table S1). Comorbidities were present in a minority of
patients, with cardiopulmonary comorbidities pre-
dominating. Although six continents are represented,
most patients were treated in North America or
Europe.

Compared to patients with pure squamous cell carci-
noma (SCC), those with pure adenocarcinoma were
far less likely to be female, but more likely to be larger,
have an ECOG performance status of 1 rather than 0,
have diabetes, better forced expiratory volume in 1 sec-
ond, and be from the West (Table 1). Age and cardio-
vascular morbidity were similar.

Treatment

Chemoradiotherapy was the predominant neoadjuvant
therapy (Table 2 and Supporting Information Table
S2). Approximately one fifth of patients received neo-
adjuvant chemotherapy, and one tenth of those with
pure SCC received radiotherapy. Less invasive esopha-
gectomy was used in few patients. Number of lymph
nodes resected was highly variable. Fifteen percent of
patients received postoperative adjuvant therapy.

Endpoint

The study endpoint was all-cause mortality from
first management decision. Median potential fol-
low-up,5 if there were no deaths, was 8.2 years (25%
>12.9 years, 10% >17.9 years), but considering
deaths in this elderly population with a rapidly
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lethal cancer, overall median follow-up was 1.6
years; median follow-up for surviving patients was
1.8 years, with 25% followed more than 4.1 years
and 10% more than 6.8 years.

Data analysis

For analysis, patients with adenosquamous and undif-
ferentiated carcinoma (Supporting Information Tables
S1 and S2) were considered in both SCC and adeno-
carcinoma data sets. Survival was estimated by the
Kaplan–Meier method, and these estimates are
accompanied by 68% confidence limits, equivalent to
61 standard error. The hazard function for death was
estimated by a parametric temporal decomposition
method6 (for additional details, see http://www.lerner.
ccf.org/qhs/software/hazard). Continuous variables
are summarized by means and standard deviation and
categorical variables by frequency and percentage.

RESULTS

Neoadjuvant pathologic cancer categories

Histopathologic cell type was SCC in 2,045, adenocar-
cinoma in 5,686, adenosquamous carcinoma in 31,
and undifferentiated carcinoma in 11. Upon resection,
the majority of SCCs were confined to the esophageal
wall (ypT2 or less); there was an equal distribution
within (ypT2 or less) and beyond (ypT3-T4) the esoph-
ageal wall for adenocarcinomas (Table 3 and Support-
ing Information Table S3). There was no residual
cancer (ypT0N0M0) in 25% of SCCs and 13% of
adenocarcinomas. Most cancers were free of regional
lymph node metastasis (ypN0). Frequency of number
of positive lymph nodes progressively decreased for

Table 1 Characteristics of patients receiving neoadjuvant therapy
for pure squamous cell carcinoma and pure adenocarcinoma of
the esophagus

Characteristic

Squamous Cell
Carcinoma

(total n 5 2,045)
Adenocarcinoma
(total n 5 5,686)

n*
No. (%) or
Mean 6 SD n*

No. (%) or
Mean 6 SD

Demographics
Age (y) 2,000 61 6 9.4 5,513 61 6 9.8
Female 2,045 678 (33) 5,686 658 (12)
Body mass
index (mg/kg2)

1,053 23 6 4.1 3,222 28 6 5.2

Weight loss (kg) 1,067 2.6 6 6.0 2,532 3.6 6 7.1
Comorbidities

ECOG performance
status

571 1,891

0 289 (51) 660 (35)
1 238 (42) 1,163 (62)
2 31 (5.4) 54 (2.9)
3 12 (2.1) 12 (0.63)
4 1 (0.18) 2 (0.11)

Diabetes 1,798 94 (5.2) 5,091 638 (13)
IDDM 1,765 16 (0.91) 4,876 67 (1.4)
NIDDM 1,765 45 (2.5) 4,876 356 (7.3)

Coronary artery
disease

915 109 (12) 3,323 486 (15)

Arrhythmia 686 23 (3.4) 1,976 43 (2.2)
Hypertension 1,351 338 (25) 3,688 1,084 (29)
Peripheral arterial

disease
1,102 50 (4.5) 3,363 84 (2.5)

Smoker 1,370 1038 (76) 4,324 2,902 (67)
Past 1,075 444 (41) 3,527 1,552 (44)
Current 1,075 299 (28) 3,527 553 (16)

FEV1 (% of
predicted)

903 90 6 20 2,530 95 6 19

FVC (% of
predicted)

657 99 6 18 1,411 99 6 17

Creatinine
(lmol/L)

316 73 6 19 667 77 6 20

Bilirubin
(lmol/L)

259 12 6 5.4 416 9.8 6 7.5

Decade of
treatment

2,045 5,686

1970–1979 60 (2.9) 6 (0.11)
1980–1989 197 (9.6) 137 (2.4)
1990–1999 424 (21) 826 (15)
2000–2009 977 (48) 3,316 (58)
2010–2014 387 (19) 1,401 (25)

Continent 2,045 5,686
North America 973 (48) 3,880 (68)
Europe 568 (28) 1,367 (24)
Asia 408 (20) 51 (0.9)
Australia 94 (4.6) 379 (6.7)
South America 1 (0.049) 6 (0.11)
Africa 1 (0.049) 3 (0.053)

Patient characteristics of those with adenosquamous and undiffer-
entiated carcinoma are shown in Supporting Information Table
S1.
*Patients with data available.
ECOG, Eastern Cooperative Oncology Group; FEV1 (%), forced
expiratory volume in 1 second (percent of predicted); FVC (%),
forced vital capacity (percent of predicted); IDDM, insulin-
dependent diabetes mellitus; NIDDM, non–insulin-dependent
diabetes mellitus; SD, standard deviation.

Table 2 Treatment received by patients with pure squamous cell
carcinoma and pure adenocarcinoma of the esophagus

Treatment

Squamous cell
carcinoma
(n 5 2,045)

No. (%)

Adenocarcinoma
(n 5 5,686)

No. (%)

Neoadjuvant
Chemoradiotherapy 1,372 (67) 4,242 (76)
Chemotherapy 454 (22) 1,306 (23)
Radiotherapy 211 (10) 62 (1.1)
Unknown 8 76

Resection
Esophagectomy 2,045 (100) 5,686 (100)

Less invasive 56 (2.7) 350 (6.2)
Lymph nodes resected

0 17 (1.8) 103 (3.4)
1–5 71 (7.4) 246 (8.1)
6–10 147 (15) 432 (14)
11–20 356 (37) 1,106 (36)
21–30 232 (24) 704 (23)
>30 131 (14) 446 (15)
Unknown 1,091 2,649

Resection Margin
R0 1,851 (91) 5,086 (89)
R1 149 (7.3) 425 (7.5)
R2 45 (2.2) 175 (3.1)

Adjuvant
Chemoradiotherapy 62 (3.0) 420 (7.4)
Chemotherapy 210 (10) 375 (6.6)
Radiotherapy 43 (2.1) 60 (1.1)

Treatment received by patients with adenosquamous and undiffer-
entiated carcinoma are shown in Supporting Information Table S2.
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both histopathologic cell types, with 2.8% of SCCs
and 8.9% of adenocarcinomas having seven or more
positive nodes. Extracapsular lymph node invasion
(ECLNI) was infrequently recorded, but present in
22% of N1 SCCs and 43% of N1 adenocarcinomas.
Lymphovascular invasion was discovered in approxi-
mately one third of cancers. Few cancers had distant
metastases (ypM). The majority of SCCs were G1-2
(74%); adenocarcinomas were less differentiated (77%
G2-3). The middle thoracic esophagus was the most
common location, followed by the lower thoracic

esophagus in SCC, with a minority (16%) in the upper
thoracic esophagus. Cancer location was almost
exclusively in the lower thoracic esophagus for
adenocarcinoma.

Non–risk-adjusted survival

Overall survival was 98%, 75%, 33%, and 21% at 30
days, 1, 5, and 10 years, respectively, and was similar
for SCC and adenocarcinoma (Supporting Informa-
tion Fig. S1). Risk of death peaked within months of
the first management decision for SCC and within a
year for adenocarcinoma, then gradually decreased
and plateaued by about 5 years to a near constant
rate of 8% per year for both (Supporting Information
Fig. S2).

Neoadjuvant pathologic categories (ypTNM). Survival
was similar for squamous cell cancers confined to the
wall (ypT2 or less), but poor, distinctive, and stratified
for ypT3 and ypT4a cancers (Fig. 1A). Survival had a
similar pattern for adenocarcinoma, except that ypT2
was distinctive and stratified (Fig. 1B). Survival
decreased monotonically and distinctively with pres-
ence of regional lymph node metastases (ypN), except
for ypN2 and ypN3 SCCs (Fig. 2). Survival diminished
markedly with increasing number of regional lymph
nodes positive for cancer (Supporting Information
Fig. S3). For ypN0 cancers, survival decreased distinc-
tively and monotonically only for ypT3 and ypT4a
cancers (Fig. 3). Survival for ypN1 cancers was poor
and not well stratified for SCC (Fig. 4A), but was dis-
tinctive and stratified for adenocarcinoma (Fig. 4B).
Survival decreased with presence of distant metastases
(ypM) (Fig. 5).

Other cancer categories. Survival was distinctive for
G1 SCC and for G1–3 adenocarcinomas, but generally
stratified for both cancers (Supporting Information
Fig. S4). Survival was not distinctive or stratified by
location in the esophagus (Supporting Information
Fig. S5).

Other characteristics. Survival did not stratify well by
age, particularly for adenocarcinoma (Supporting
Information Fig. S6). Survival was worse for men with
SCC than women (Supporting Information Fig. S7A),
but similar between the sexes for adenocarcinoma
(Supporting Information Fig. S7B).

Treatment. Survival was similar for patients receiving
neoadjuvant chemoradiotherapy or chemotherapy,
but worse for those receiving radiotherapy (Support-
ing Information Fig. S8). Patients receiving adjuvant
therapy had better early survival, but by 2 years it was
slightly worse compared with those who did not (Sup-
porting Information Fig. S9). Survival was not better
with increasing number of lymph nodes resected

Table 3 Pathologic cancer categories of patients receiving neoad-
juvant therapy for pure squamous cell carcinoma and adenocarci-
noma of the esophagus

Category

Squamous
cell

carcinoma
(n 5 2,045)

No. (%)

Adenocarcinoma
(n 5 5,686)

No. (%)

ypT
ypT0 604 (30) 896 (17)
ypTis 6 (0.30) 13 (0.24)
ypT1 220 (11) 752 (14)
ypT2 363 (18) 990 (19)
ypT3 699 (35) 2,542 (48)
ypT4a 99 (4.8) 121 (2.3)
ypTX 54 372

ypN
ypN0 1,349 (65) 2,900 (51)
ypN1 696 (34) 2,757 (49)

ypN1 375 (64)* 1,138 (48)†
ypN2 157 (27)* 748 (32)†
ypN3 54 (9.2)* 466 (20)†

ypNX 6 29
Number of

positive nodes
0 1,343 (70) 2,900 (55)
1 252 (13) 672 (13)
2 123 (6.4) 466 (8.9)
3 60 (3.1) 273 (5.2)
4 50 (2.6) 206 (3.9)
5 31 (1.6) 133 (2.5)
6 16 (0.83) 136 (2.6)
7 or more 54 (2.8) 466 (8.9)
Unknown 116 434

ECLNI 48 (22)§ 174 (43)¶
Lymphovascular

invasion
211 (28)†† 736 (37)‡‡

ypM
ypM0 1,931 (94) 5,334 (94)
ypM1 114 (5.6) 352 (6.2)

Grade‡

ypG1 692 (42) 1,012 (23)
ypG2 523 (32) 1,476 (33)
ypG3 431 (26) 1,960 (44)
ypGX 399 1,238

Location
ypUpper 297 (16) 31 (0.70)
ypMiddle 850 (47) 141 (3.0)
ypLower 676 (37) 4,526 (96)
ypLocationX 222 988

Neoadjuvant pathologic cancer categories of those with adeno-
squamous and undifferentiated carcinoma are shown in Support-
ing Information Table S3.
*Data available for 586 patients. †Data available for 2,352 patients.
‡G4 carcinomas are reported in Supporting Information Table S3.
§Data available for 221 ypN1 patients. ¶Data available for 402
ypN1 patients. ††Data available for 743 patients. ‡‡Data available
for 1,984 patients. ECLNI, extracapsular lymph node invasion.
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(Supporting Information Fig. S10), and was best for
R0 and similar for R1 or R2 resections (Supporting
Information Fig. S11).

DISCUSSION

Appropriateness of shared stage groupings

Comparing survival of patients receiving neoadjuvant
therapy to that of patients with equivalent pathologic
categories receiving surgery alone,3,7 it is evident that
prognostic implications for neoadjuvant categories
(ypTNM) differ from those of equivalent pathologic
categories (pTNM). Survival of node-negative patients
receiving neoadjuvant therapy (ypN0) is worse than
equivalently pathologically categorized patients receiv-
ing esophagectomy alone (pN0); prognosis of node-
positive patients receiving neoadjuvant therapy
(ypN1) is either worse or no better than equivalent
patients receiving esophagectomy alone (pN1). Sepa-
rate or adjusted stage groupings for patients receiving
neoadjuvant therapy based on prognosis would be ideal.

Principal findings

Complete response of the primary cancer
(ypT0N0M0) does not ensure good survival. Patients
with cancer confined to the wall or less (ypT0-2) and

no regional lymph node metastasis (ypN0) have inter-
mediate survival, which is similar across ypT. Persist-
ence of cancer outside the esophageal wall (ypT3/T4a)
in node-negative patients and failure to sterilize
regional lymph node metastasis (ypN1) is associated
with poor survival. In these patients, neoadjuvant ther-
apy has a small survival benefit or may be harmful,
depending on the extent of downstaging of cN1 and
amount of toxicity. The effect of non-anatomic cancer
categories (histologic grade and location) on survival
is less evident after neoadjuvant therapy than after
esophagectomy alone.

WECC and data assemblage

WECC data for the 7th edition staging manuals was
based on pathologic staging of patients undergoing
esophagectomy alone.3 This new WECC effort
included collecting pathologic staging data for all
patients undergoing neoadjuvant therapy and for
those who received postoperative adjuvant therapy.
This is a unique data set representing the current state
of the art in treatment of advanced-stage esophageal
cancer, which has replaced esophagectomy alone for
such patients. The number of patient characteristics
was greater and the data more complete than in the
prior WECC effort.3 Thus, this was a global effort of
considerable magnitude across geography, institutions,
patient characteristics, cancer categories, and

Fig. 1 Survival by ypT category. Kaplan-Meier estimates accom-
panied by vertical bars representing 68% confidence limits, equiva-
lent to 61 standard error. A. Squamous cell carcinoma. B.
Adenocarcinoma.

Fig. 2 Survival by ypN category. Format is as in Fig. 1. A. Squa-
mous cell carcinoma. B. Adenocarcinoma.
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treatments. These data will serve as the basis for devel-
oping the first data-driven esophageal cancer ypTNM
recommendations for the 8th edition cancer staging
manuals after risk adjustment for all these variables.

Neoadjuvant patient characteristics

Patients receiving neoadjuvant therapy for esophageal
cancer are highly selected. Mean age was less and
ECOG performance status better than for the average
patient in the WECC database.4 However, comorbid-
ities were numerous, clinically significant, and similar
to those in the complete WECC database; collection of
these data is essential for risk adjustment of all-cause
mortality.

Treatment

Chemoradiotherapy was the principal neoadjuvant
therapy. Chemotherapy was administered to approxi-
mately a fifth of the patients. Radiotherapy was
uncommon, particularly in adenocarcinoma patients.
Despite inclusion of many institutions with expertise
in less invasive esophagectomy, the vast majority of
neoadjuvant patients had a traditional esophagectomy
approach. There was significant variability in number
of lymph nodes resected, explained in part by the diffi-
culty in performing lymphadenectomy in a pre-treated
field. Postoperative adjuvant therapy was administered
to approximately 15% of patients.

Neoadjuvant pathologic cancer categories

The majority of primary cancers were sterilized or con-
fined to the esophageal wall (ypT0-2), and the majority
of regional lymph nodes were free of cancer (ypN0).
However, there was a sufficient number of patients to
provide a spectrum of pathologically staged esopha-
geal cancer patients undergoing neoadjuvant therapy.
Frequency of histologic grade in decreasing order for
SCC was G1, G2, and G3; the inverse was reported for
adenocarcinoma. Few patients had G4 cancers, reflect-
ing their rarity. Location was predominately the lower
thoracic esophagus in adenocarcinoma patients; there
were few patients with adenocarcinoma of the middle
thoracic esophagus, and rarely, of the upper thoracic
esophagus. The distribution of location for SCC,
although predominantly in the middle and lower tho-
racic esophagus, will be sufficient to permit analysis of
the effect of location on risk-adjusted survival. No
patients with cervical esophageal cancer were included
in the data.

Non–risk-adjusted survival

The endpoint for this study was all-cause mortality.3

This hard endpoint has been shown to provide a truer
reflection of death due to cancer than the softer end-
point of disease-specific mortality.8–10

Regardless of histopathologic cell type, survival
curves were unequally depressed, more for earlier

Fig. 3 Survival by ypT category for ypN0 cancers. Format is as
in Fig. 1. A. Squamous cell carcinoma. B. Adenocarcinoma.

Fig. 4 Survival by ypT category for ypN1 cancers. Format is as
in. Fig. 1. A. Squamous cell carcinoma. B. Adenocarcinoma.
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cancer classifications than for later, compared with
pathologic staging after esophagectomy alone.3 Sur-
vival was much less distinctive for ypT, grade, and
location than seen in pathologically staged cancers
treated by esophagectomy alone.3 Survival was sub-
stantially different for ypN0 patients versus those with
N1. Similarly, survival was substantially different for
ypM0 patients versus those with ypM1. The survival
benefit of lower histologic grade is less evident in
patients with ypTNM cancers than in those with simi-
larly staged pTNM cancers.3

Survival was homogeneous for ypN0 patients for
cancer confined to the wall (ypTis-2, ypT1, and ypT2)
or those sterilized (ypT0). Survival was poor for ypN1

patients regardless of ypT and number of positive nodes
for SCC. Adenocarcinoma patients with ypN1 cancers
had better survival compared with ypN2-3 patients.

Radiation therapy is less effective than chemoradio-
therapy or chemotherapy. Non–risk-adjusted survival
was similar for chemotherapy and chemoradiotherapy;
however, risk adjustment is necessary to confirm simi-
larity. Further, non–risk-adjusted survival for patients
receiving adjuvant therapy was similar to that of
patients not receiving it, a finding also requiring risk
adjustment to confirm.

Strengths and limitations

Currently, this is the best attempt at providing world-
wide pathologic esophageal cancer staging data in

patients receiving neoadjuvant therapy. However,
patient selection and treatment delivery were not uni-
form among centers or continents, and these heteroge-
neities are reflected in heterogeneous survival. Patients
treated in North America and Europe predominated.
Unlike most registry data, WECC collected more
patient and cancer characteristics, specific treatment
and start dates were known in all, and follow-up data
were available in all. However, not all variables were
recorded in all patients.

Limitations include variability of clinical staging,
pathologic and staging definitions, and neoadjuvant
treatment protocols over time. Where possible, data
variables were updated to 7th edition definitions. Stage
grouping analyses with risk adjustment will potentially
minimize the effect of time. However, changing neoad-
juvant treatment over time can only be coarsely cor-
rected for, because there are minimal details about
treatment delivered.

An additional limitation of this pure data presen-
tation is that it does not account for patient varia-
bles that affect all-cause mortality; the interplay
among TNM, histopathologic cell type, histologic
grade, and cancer location, in part due to the unique
lymphatic anatomy of the esophagus; and the con-
founding of treatment effects, temporal factors, eti-
ology, diagnosis, and clinical decision making
around the world. This analysis does not account
for patients� initial cancer characteristics and vari-
able downstaging.

Fig. 5 Survival by ypM category. Format is as in Fig. 1. A. Squamous cell carcinoma. B. Adenocarcinoma.
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Clinical implications

These data reinforce the need for improved clinical
staging so that fewer cancers are incorrectly staged as
advanced (overstaged), needlessly exposing patients to
the toxicity of neoadjuvant therapy. If this therapy is to
be successful, it is necessary to identify those cancers
that will respond to a neoadjuvant approach and spare
patients with non-responding cancers (persistent dis-
ease invading outside the esophageal wall and persis-
tent nodal metastasis) from neoadjuvant therapy.
There is need for targeted, cancer-specific therapy.
Hopefully, the shotgun approach of neoadjuvant ther-
apy is temporary and does not represent the future.

CONCLUSIONS

These data demonstrate that patients receiving neoad-
juvant therapy do not have equivalent survival to
patients with the same pathologic category undergoing
esophagectomy alone. For them, separate stage group-
ings will be used in the 8th edition cancer staging
manuals.

Prognostication is possible, but survival is reduced
from what has been classically quoted from stage
groupings based on esophagectomy alone. Persistent
regional lymph node metastases (ypN1) portend poor
survival, and sterilization of metastatic regional lymph
nodes (ypN0) does not equate with cure. Patients with
ypN0 cancers confined to the esophageal wall or those
with complete response have an intermediate survival
regardless of ypT.

These data will be used to prepare for the 8th edition
cancer staging manuals after risk adjustment for many
confounding variables. They should direct data collec-
tion for the 9th edition. This is a milestone in the path-
ologic staging of esophageal cancer patients receiving
neoadjuvant therapy and provides a direction for
future advancements.
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Fig. S1. All-cause mortality of esophageal cancer
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receiving neoadjuvant therapy. Vertical bars on
Kaplan–Meier estimates represent 68% confi-
dence limits, equivalent to 61 standard error.
Fig. S2. Instantaneous risk of death (hazard
function). Dashed lines represent 68% confidence
limits.
Fig. S3. Survival by number of cancer-positive
locoregional lymph nodes. Format is as in Fig. 1.
A. Squamous cell carcinoma. B.
Adenocarcinoma.
Fig. S4. Survival by histologic grade (G1, well
differentiated; G2, moderately differentiated; G3,
poorly differentiated; G4, undifferentiated). For-
mat is as in Fig. 1. A. Squamous cell carcinoma.
B. Adenocarcinoma.
Fig. S5. Survival by upper extent of cancer in the
esophagus (location: upper, middle, lower). For-
mat is as in Fig. 1. A. Squamous cell carcinoma.
B. Adenocarcinoma.
Fig. S6. Survival by patient age (<60, 60–70,
>70 years). Format is as in Fig. 1. A. Squamous
cell carcinoma. B. Adenocarcinoma.
Fig. S7. Survival by sex. Format is as in Fig. 1.
A. Squamous cell carcinoma. B.
Adenocarcinoma.
Fig. S8. Survival by type of neoadjuvant therapy.
Format is as in Fig. 1. A. Squamous cell carci-
noma. B. Adenocarcinoma.
Fig. S9. Survival by use of adjuvant therapy. For-
mat is as in Fig. 1. A. Squamous cell carcinoma.
B. Adenocarcinoma.
Fig. S10. Survival by number of regional lymph
nodes resected. Format is as in Fig. 1. A. Squa-
mous cell carcinoma. B. Adenocarcinoma.
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Fig. S11. Survival by resection margin (R0,
cancer-free; R1, microscopic; R2, macroscopic).
Format is as in Fig. 1. A. Squamous cell carci-
noma. B. Adenocarcinoma.
Table S1. Characteristics of patients receiving
neoadjuvant therapy for adenosquamous and
undifferentiated carcinoma of the esophagus
Table S2. Treatment received by patients with
adenosquamous and undifferentiated carcinoma
of the esophagus
Table S3. Pathologic cancer categories of patients
receiving neoadjuvant therapy for adenosqua-
mous and undifferentiated carcinoma of the
esophagus

APPENDIX : Worldwide Esophageal Cancer
Collaboration: participating institutions and
investigators
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Cleveland Clinic Cleveland, OH;
USA
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Eugene H.
Blackstone

Case Western
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University

Cleveland, OH;
USA

Carolyn
Apperson-
Hansen

Erasmus Medical
Center

Rotterdam, The
Netherlands

Bas P.L. Wijnhoven
Jan van Lanschot
Sjoerd Lagarde

Fourth Hospital of
Hebei Medical
University

Shijiazhuang,
Hebei; China

Jun-Feng Liu

Fox Chase Cancer
Center

Philadelphia, PA;
USA

Walter J. Scott
Donna
Edmondson

Groote Schuur
Hospital,
University of
Cape Town

Cape Town; South
Africa

Riette Burger

Guy�s & St
Thomas�
Hospitals

London, UK Andrew R. Davies
Janine Zylstra

Helsinki University
Hospital

Helsinki; Finland Jari V. R€as€anen
Jarmo A. Salo
Yvonne
Sundstrom

Hospital Universi-
tario del Mar

Barcelona; Spain Manuel Pera

Hôpital Nord Marseille; France Xavier B. D�Journo
Indiana University

Medical Center
Indianapolis, IN;

USA
Kenneth A. Kesler

University of Texas
MD Anderson
Hospital

Houston, TX; USA Wayne L. Hofstetter
Arlene Correa
Stephen G.
Swisher

(Continued)
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Mayo Clinic Rochester, MN;
USA

Mark S. Allen

Medical University
of South
Carolina

Charleston, SC;
USA

Chad E. Denlinger

Memorial Sloan-
Kettering Cancer
Center

New York, NY;
USA

Valerie W. Rusch

University of
Queensland,
Princess Alexan-
dra Hospital

Brisbane; Australia B. Mark Smithers
David Gotley
Andrew Barbour
Iain Thomson

University of New-
castle upon Tyne

Newcastle upon
Tyne; UK

S. Michael Griffin
Jon Shenfine

Oregon Health &
Science
University

Portland, OR; USA Paul H. Schipper
John G. Hunter

Royal Marsden
NHS Foundation
Trust

London; UK William H. Allum

Shanghai Chest
Hospital

Shanghai; China Wentao (Vincent)
Fang

Toronto General
Hospital

Toronto, ON;
Canada

Gail E. Darling

University Zeiken-
huizen Leuven

Leuven; Belgium Tony E.M.R. Lerut
Phillipe R.
Nafteux

University Medical
Center Utrecht

Utrecht, The
Netherlands

Richard van
Hillegersberg

University of
Alabama at
Birmingham

Birmingham, AL;
USA

Robert J. Cerfolio

Hospital de
Clinicas,
University of
Buenos Aires

Buenos Aires;
Argentina

Luis Durand
Roberto De
Ant�on

The University of
Chicago, Depart-
ment of Surgery

Chicago, IL; USA Mark K. Ferguson

University of Hong
Kong Medical
Center, Queen
Mary Hospital

Hong Kong; China Simon Law

University of
Michigan

Ann Arbor, MI;
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Mark B. Orringer
Becky L.
Marshall

University of
Montreal

Montreal, Quebec;
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Andr�e Duranceau
Susan Howson

University of Pitts-
burgh Medical
Center

Pittsburgh, PA;
USA

James D. Luketich
Arjun Pennathur
Kathy Lovas

University of
Rochester

Rochester, NY;
USA

Thomas J. Watson

University of S~ao
Paulo

S~ao Paulo; Brazil Ivan Cecconello

West China Hospi-
tal of Sichuan
University

Chengdu, Sichuan;
China

Long-Qi Chen
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Worldwide Esophageal Cancer Collaboration: pathologic staging data
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SUMMARY. We report data—simple descriptions of patient characteristics, cancer categories, and non–risk-
adjusted survival—for patients with pathologically staged cancer of the esophagus and esophagogastric junction
after resection or ablation with no preoperative therapy from the Worldwide Esophageal Cancer Collaboration
(WECC). Thirty-three institutions from six continents submitted de-identified data using standard definitions:
demographics, comorbidities, clinical cancer categories, and all-cause mortality from first management decision.
Of 13,300 patients, 5,631 had squamous cell carcinoma, 7,558 adenocarcinoma, 85 adenosquamous carcinoma,
and 26 undifferentiated carcinoma. Patients were older (62 years) men (80%) with normal body mass index
(51%), little weight loss (1.8 kg), 0–2 ECOG performance status (83%), and a history of smoking (70%). Cancers
were pT1 (24%), pT2 (15%), pT3 (50%), pN0 (52%), pM0 (93%), and pG2-G3 (78%); most involved distal esoph-
agus (71%). Non–risk-adjusted survival for both squamous cell carcinoma and adenocarcinoma was monotonic
and distinctive across pTNM. Survival was more distinctive for adenocarcinoma than squamous cell carcinoma
when pT was ordered by pN. Survival for pTis-1 adenocarcinoma was better than for squamous cell carcinoma,
although monotonic and distinctive for both. WECC pathologic staging data is improved over that of the 7th edi-
tion, with more patients studied and patient and cancer variables collected. These data will be the basis for the 8th
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edition cancer staging manuals following risk adjustment for patient, cancer, and treatment characteristics, and
should direct 9th edition data collection. However, the role of pure pathologic staging as the principal point of ref-
erence for esophageal cancer staging is waning.

KEY WORDS: survival, cancer staging, esophagectomy, decision-making, prognostication.

INTRODUCTION

Staging of cancer of the esophagus and esophagogas-
tric junction in the 7th edition AJCC and UICC can-
cer staging manuals1,2 was based on pathologic stage
after esophagectomy alone, derived from the World-
wide Esophageal Cancer Collaboration (WECC)
data.3 Unanswered questions from the previous
WECC effort were (1) Do squamous cell carcinoma
and adenocarcinoma share stage grouping for
advanced cancers? (2) Can early-stage cancers be sub-
grouped? (3) What is the effect of postoperative adju-
vant therapy? (4) What is the effect of endoscopic
therapies and minimally invasive techniques? Answer-
ing these questions requires a larger, more compre-
hensive pathologic data set of patient characteristics
and pathologic cancer categories. Therefore, a six-
continent worldwide WECC effort was mounted to
(1) answer these questions, (2) facilitate postresection
prognostication, (3) improve post-resection decision-
making, and 4) prepare for the 8th edition cancer
staging manuals.

In this article, we report the descriptive data set of
patient characteristics and cancer categories of individ-
uals with pathologically staged esophageal cancer after
resection or ablative therapy and non–risk-adjusted
analysis of survival that begins to address these aims.

PATIENTS AND METHODS

Data

In 2012, institutions worldwide were invited to partici-
pate in WECC, aimed at constructing refined data-
driven esophageal cancer staging for the 8th edition of
the cancer staging manuals.4 Data were requested in
completely deidentified form (Health Insurance Porta-
bility and Accountability Act research standards) for
analysis, using a set of required variables with standard
definitions. Local ethics-board approval of the data-
bases and data-use agreements was executed with
Cleveland Clinic. Variables included demographics,
comorbidities, cancer categories, cancer treatment,
and time-related outcomes. The Case Cancer Institu-
tional Review Board of Case Western Reserve Univer-
sity and Cleveland Clinic Institutional Review Board
approved the entire project. This paper reports results
of clinical data from 33 institutions whose data were

submitted by September 30, 2014, and were cleaned
and adjudicated (Appendix).

Patients

At these institutions, 13,300 patients with epithelial
cancer of the esophagus or esophagogastric junction
had pathologic staging after esophagectomy or endo-
scopic resection or ablation alone. The majority of
patients were older men with normal (51%) or over-
weight (29%) body mass index, no weight loss, and 0–2
Eastern Cooperative Oncology Group (ECOG) per-
formance status (Table 1 and Supporting Information
Table S1). Comorbidities were present in a minority of
patients, with cardiopulmonary comorbidities pre-
dominating. These data revealed that patients with
pure adenocarcinoma were older, far less likely to be
female, considerably larger, more likely to have ECOG
performance status 0–1, more likely to have comorbid-
ities, including diabetes, coronary artery disease,
arrhythmia, hypertension, and peripheral artery dis-
ease, and more likely to have lower forced expiratory
volume in 1 second (FEV1) and forced vital capacity
(FVC) than those with pure squamous cell carcinoma
(Table 1 and Supporting Information Table S1).
Although six continents are represented, most patients
in the data set were treated in North America, Europe,
and Asia. Patients with adenocarcinoma lived predom-
inantly in the West and those with squamous cell carci-
noma in the East.

Treatment

Most patients had an esophagectomy (Table 2 and
Supporting Information Table S2), some performed
less invasively. A small number of patients had endo-
scopic therapy. In both histopathologic cell types,
more than 70% of patients had more than 11 regional
lymph nodes resected, and 30% to 40% had more than
20 resected. Postoperative adjuvant therapy was used
in twice as many squamous cell carcinoma patients as
in adenocarcinoma patients.

Endpoint

The endpoint was all-cause mortality from first man-
agement decision. Median potential follow-up,5 if
there were no deaths, was 9.8 years (25% >15 years,
10% >21 years), but considering deaths in this elderly
population with a rapidly lethal cancer, overall median
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follow-up was 1.6 years; median follow-up for surviv-
ing patients was 3.0 years, with 25% followed more
than 5.9 years and 10% more than 9.1 years.

Data analysis

For analysis, patients with adenosquamous and undif-
ferentiated carcinoma (Supporting Information Tables
S1 and S2) were considered in both squamous cell car-
cinoma and adenocarcinoma data sets. Survival was
estimated by the Kaplan–Meier method, and these
estimates are accompanied by 68% confidence limits,
equivalent to 61 standard error. Survival has been
simply stratified by a number of patient characteristics
and cancer categories, with no risk adjustment. The
hazard function for death was estimated by a paramet-
ric temporal decomposition method (for additional
details, see http://www.lerner.ccf.org/qhs/software/

hazard).6 Continuous variables are summarized by
mean 6 standard deviation and categorical variables
by frequency and percentage.

RESULTS

Pathologic cancer categories

Histopathologic cell type was squamous cell carci-
noma in 5,631, adenocarcinoma in 7,558, adeno-
squamous carcinoma in 85, and undifferentiated
carcinoma in 26. The majority of cancers invaded
outside the esophageal wall (pT3-4a) (Table 3 and
Supporting Information Table S3). Because 31% of
adenocarcinoma patients had pT1 cancers, there was
a near equal chance of invasion confined to the
esophageal wall (pTis-T2) as invasion outside the
esophageal wall (pT3-4a); the majority of squamous

Table 1 Characteristics of patients receiving resection or ablation without preoperative therapy for pure squamous cell carcinoma and
pure adenocarcinoma of the esophagus

Characteristic

Squamous Cell Cancer (n 5 5,631) Adenocarcinoma (n 5 7,558)

n†
No. (%) or
Mean 6 SD n†

No. (%) or
Mean 6 SD

Demographics
Age (years) 5,597 60 6 9.7 7,290 64 6 11
Female 5,631 1,559 (28) 7,556 1,120 (15)
Body mass index (kg/m2) 3,318 22 6 3.4 3,978 27 6 5.0
Weight loss (kg) 3,469 1.5 6 4.4 4,168 2.2 6 10

Comorbidities
ECOG performance status 2,477 1,262

0 427 (17) 486 (39)
1 285 (12) 576 (46)
2 1,233 (50) 123 (9.7)
3 526 (21) 68 (5.4)
4 6 (0.24) 9 (0.71)

Diabetes 5,158 190 (3.7) 5,945 717 (12)
IDDM 5,120 35 (0.68) 5,681 112 (2.0)
NIDDM 5,120 117 (2.3) 5,681 341 (6.0)

Coronary artery disease 2,990 113 (3.8) 2,387 459 (19)
Arrhythmia 2,838 39 (1.4) 1,775 64 (3.6)
Hypertension 3,943 640 (16) 4,955 1,491 (30)
Peripheral arterial disease 3,375 56 (1.7) 3,202 145 (4.5)
Smoker 3,668 2,580 (70) 5,106 3,523 (69)

Past 3,281 986 (30) 3,999 1,434 (36)
Current 3,281 1,207 (37) 3,999 982 (25)

FEV1 (%) 2,871 98 6 21 3,053 95 6 20
FVC (%) 2,763 110 6 21 2,489 103 6 19
Creatinine (mg/dL) 2,314 76 6 16 755 73 6 34
Bilirubin (mg/dL) 2,274 13 6 6.3 580 11 6 6.2

Decade of treatment 5,630 7,558
1970–1979 67 (1.2) 39 (0.52)
1980–1989 1,092 (19) 288 (3.8)
1990–1999 888 (16) 2,518 (33)
2000–2010 1,964 (35) 3,992 (53)
2010–2013 1,619 (29) 721 (9.5)

Continent 5,631 7,558
North America 964 (17) 3,934 (52)
Europe 904 (16) 2,774 (37)
Asia 3,633 (65) 309 (4.1)
Australia 79 (1.4) 358 (4.7)
South America 38 (0.67) 182 (2.4)
Africa 13 (0.23) 1 (0.013)

Patient characteristics of those with adenosquamous and undifferentiated carcinoma are shown in Supporting Information Table S1.
†Patients with data available. ECOG, Eastern Cooperative Oncology Group; FEV1 (%), forced expiratory volume in 1 second (percent of
predicted); FVC (%), forced vital capacity (percent of predicted); IDDM, insulin-dependent diabetes mellitus; NIDDM, non–insulin-
dependent diabetes mellitus; SD, standard deviation.
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cell carcinomas invaded outside the esophageal wall
(Table 3 and Supporting Information Table S3). A
nearly equal number of cancers were free of regional
lymph node metastases (pN0) as had metastases
(pN1) for both histopathologic cell types. Frequen-
cy of number of positive lymph nodes progressively
decreased for both histopathologic cell types, with
4.1% of squamous cell carcinomas and 16% of
adenocarcinomas having 7 or more positive lymph
nodes. Extracapsular lymph node invasion (ECLNI)
and lymphovascular invasion (LVI), infrequently
recorded, were nearly three times more likely in pure
adenocarcinoma compared with squamous cell car-
cinoma. Few cancers had distant metastases (pM).
Most cancers were G2/G3. Adenocarcinomas were
located predominantly in the lower esophagus and
squamous cell carcinoma in the middle and lower
esophagus.

Non–risk-adjusted survival

Overall survival was 98%, 77%, 39%, and 27% at 30
days and 1, 5, and 10 years (Supporting Information
Fig. S1). Instantaneous early risk of death peaked dif-
ferently between cell types: within months of first man-
agement decision for adenocarcinoma and within a
year for squamous cell carcinoma. It then decreased to
a constant rate of 7% per year after 5 years for both
cell types (Supporting Information Fig. S2).

Pathologic cancer categories (pTNM)

Survival decreased monotonically and distinctively with
increasing depth of tumor invasion (pT; Fig. 1), pT1
subsets (Supporting Information Fig. S3), presence of
regional lymph node metastases (pN; Fig. 2), and
increasing number of cancer-positive regional lymph
nodes (Supporting Information Fig. S4). For pN0 can-
cers, survival decreased distinctively and monotonically
with respect to pT categories for both histopathologic
cell types (Fig. 3). Survival for pN1 cancers was poor
(Fig. 4). It was monotonic by pT category for both his-
topathologic cell types, but less distinctive by pT for

Table 2 Treatment received by patients for pure squamous cell
carcinoma and pure adenocarcinoma of the esophagus

Characteristic

Squamous
cell cancer
(n 5 5,631)

No. (%)

Adenocarcinoma
(n 5 7,558)

No. (%)

Resection
Esophagectomy 5,625 (100) 7,526 (100)

Less invasive 92 (1.6) 399 (5.3)
Endoscopic 6 (0.11) 32 (0.42)
Lymph nodes resected

0 133 (4) 124 (4)
1–5 252 (7.7) 218 (7.1)
6–10 509 (15) 413 (13)
11–20 1,388 (42) 1,043 (34)
21–30 649 (20) 626 (20)
>30 354 (11) 647 (21)
Unknown† 2,346 4,487

Resection margin
R0 5,241 (93) 6,792 (90)
R1 316 (5.6) 596 (7.9)
R2 74 (1.3) 170 (2.2)

Adjuvant therapy
Chemoradiotherapy 413 (7.3) 406 (5.4)
Chemotherapy 646 (11) 403 (5.3)
Radiotherapy 253 (4.5) 128 (1.7)

Treatment received by patients with adenosquamous and undiffer-
entiated carcinoma is shown in Supporting Information Table S2.
†Only total number of positive nodes was reported in 2,193 squa-
mous cell carcinoma cases and 3,884 adenocarcinoma cases, so
only the minimum number was known (a so-called “floor” effect).

Table 3 Pathologic cancer categories of patients receiving resec-
tion or ablation without preoperative therapy for pure squamous
cell carcinoma and pure adenocarcinoma of the esophagus

Category

Squamous cell
cancer

(n 5 5,631)
No. (%)

Adenocarcinoma
(n 5 7,558)

No. (%)

pT
pT0 0 (0) 0 (0)
pTis 99 (1.8) 410 (5.4)
pT1 867 (15) 2,326 (31)
pT2 1,047 (19) 947 (13)
pT3 3,024 (54) 3,604 (48)
pT4a 592 (11) 245 (3.3)
pTX 2 26

pN
pN0 3,198 (57) 3,666 (48)
pN1 2,425 (43) 3,892 (52)

pN1 1,337 (58)a 1,159 (34)b

pN2 722 (32)a 1,130 (34)b

pN3 227 (10)a 1,080 (32)b

pNX 8 48
Number of positive nodes

0 3,192 (58) 3,586 (52)
1 849 (15) 679 (9.8)
2 488 (8.9) 480 (6.9)
3 293 (5.3) 369 (5.3)
4 221 (4.0) 284 (4.1)
5 115 (2.1) 272 (3.9)
6 93 (1.7) 205 (2.9)
7 or more 227 (4.1) 1,080 (16)
Unknown 153 603

ECLNI 97 (17)c 396 (47)d

Lymphovascular invasion 492 (16)e 1,005 (44)f

pM
pM0 5,404 (96) 6,908 (91)
pM1 220 (3.9) 650 (8.6)

Gradeg

pG1 1,233 (24) 1,216 (20)
pG2 1,973 (39) 1,974 (33)
pG3 1,915 (37) 2,851 (47)
pGX 507 1,517

Location
pUpper 574 (11) 55 (0.86)
pMiddle 2,542 (49) 253 (3.9)
pLower 2,083 (40) 6,114 (95)
pLocationX 432 1,136

Pathologic cancer categories of those with adenosquamous and
undifferentiated carcinoma are shown in Supporting Information
Table S3. a. Data available for 2,286 patients. b. Data available for
3,369 patients. c. Data available for 557 pN1 patients. d. Data
available for 836 pN1 patients. e. Data available for 3,159 patients.
f. Data available for 2,293 patients. g. G4 carcinomas are reported
in Supporting Information Table S3. Key: ECLNI, extracapsular
lymph node involvement.
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squamous cell carcinoma (Fig. 4). Survival decreased
with presence of distant metastases (pM; Fig. 5).

Other cancer categories

Survival decreased with increasing histologic grade for
G1-4 cancers (Supporting Information Fig. S5),
although it was more distinctive for adenocarcinoma.
Survival was higher with a more distal location of can-
cer within the esophagus for squamous cell carcinoma
(Supporting Information Fig. S6).

Other characteristics

Survival diminished with advancing age (Supporting
Information Fig. S7) and was worse for men (Support-
ing Information Fig. S8).

Treatment

Survival was similar for patients with squamous cell
carcinoma receiving no adjuvant therapy and those
receiving adjuvant chemotherapy and chemoradio-
therapy (Supporting Information Fig. S9A). It was
worse for those receiving adjuvant radiotherapy alone.
Survival for patients with adenocarcinoma was best in

those not receiving adjuvant therapy, worse but similar
for those receiving chemoradiotherapy or chemotherapy,
and worst for those receiving radiotherapy (Support-
ing Information Fig. S9B). Survival was better with
increasing number of regional lymph nodes resected
for squamous cell carcinoma, but, paradoxically,
decreased with increasing regional lymph nodes
resected for adenocarcinoma (Supporting Informa-
tion Fig. S10). Survival decreased dramatically with
positive resection margins, and was worst for R2
(Supporting Information Fig. S11).

DISCUSSION

Principal findings

Non–risk-adjusted survival for many categories of
squamous cell carcinoma had different patterns from
adenocarcinoma when treated by esophagectomy or
endoscopic therapy without preoperative therapy, par-
ticularly for early-stage cancers. This observation sug-
gests the need for separate stage groupings for
squamous cell carcinoma and adenocarcinoma, but
risk adjustment is necessary to confirm this simple
observation for all stage groups. The enlarged data set

Fig. 1 Survival stratified by pT category. Kaplan-Meier estimates
accompanied by vertical bars representing 68% confidence limits,
equivalent to 61 standard error. A, Squamous cell carcinoma. B,
Adenocarcinoma.

Fig. 2 Survival stratified by pN category (pN1 is 1–2 positive
nodes, pN2 is 3–6 positive nodes, and pN3 is �7 positive nodes).
Format is as in Fig. 1. A, Squamous cell carcinoma. B,
Adenocarcinoma.
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demonstrates the need for subcategorization of T1
cancers and illustrates differences in survival between
squamous cell carcinoma and adenocarcinoma for
these early cancers.

Sufficient data on use of postoperative adjuvant
therapy are now available, and their role needs to be
determined in risk-adjusted analysis. The numbers of
endoscopic therapies and less invasive esophagecto-
mies in the data set are too small to draw conclusions
about their effect on survival.

WECC and data assemblage

The 7th edition staging manuals were based on patho-
logic staging of patients in WECC undergoing esopha-
gectomy alone.1,2,7 This new WECC effort included
collecting more extensive pathologic staging data for
three times more patients. The number of patient char-
acteristic variables was greater and the data more com-
plete. It also includes patients who received
postoperative adjuvant treatment. The data include
patients from six continents, making this a global
effort across geography, institutions, patients, cancer
categories, and treatments. These data will serve as the
basis of the 8th edition cancer staging manuals follow-
ing risk adjustment for all these variables.

Esophagectomy alone is becoming less common as
the sole treatment for advanced-stage and preinvasive/
early stage cancers. Therefore, these WECC data may
have historical significance, documenting this era of
treatment and serving as a reference for future compar-
ison of new treatments with esophagectomy alone.

Patient characteristics

There were many differences in patient characteristics
between histopathologic cell types. These differences
were far greater than those seen in patients receiving
neoadjuvant therapy.8 This likely reflects patient selec-
tion for neoadjuvant therapy. These differences neces-
sitate risk adjustment in any future analysis.

Treatment

The vast majority of patients received esophagectomy,
few less invasively. Lymphadenectomy yielded more
than 11 regional lymph nodes in 70% of patients, and
more than 20 in 40%. The paradox of better survival of
patients with adenocarcinoma who had fewer lymph
nodes resected may be explained in part by use of
resection approaches that limit extent of lymphadenec-
tomy in patients with early clinically staged cancers. The
poor survival of patients with positive resection margins

Fig. 3 Survival stratified by pT category for pN0 cancers. Format
is as in Fig. 1. A, Squamous cell carcinoma. B, Adenocarcinoma.

Fig. 4 Survival stratified by pT category for pN1 cancers.
Format is as in Fig. 1. A, Squamous cell carcinoma. B,
Adenocarcinoma.
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underscores the importance of complete resection. Post-
operative adjuvant therapy was used in twice as many
squamous cell carcinoma patients as in adenocarcino-
ma patients. Despite a concerted effort to enroll centers
having extensive experience with endoscopic treatment
of superficial esophageal cancers, such patients were
underrepresented.

Pathologic cancer categories

The majority of cancers were advanced. The chances
of invasion outside the esophageal wall (pT3-4a) and
regional lymph node metastases (pN1) for adenocar-
cinoma patients were nearly equal; these chances were
approximately 65% for squamous cell carcinoma
patients. Because this was a surgical series, few patients
had distant metastases (pM, which includes both non-
regional lymph nodes and distant metastases).1,2

Advanced-grade cancer predominated; however, 20%
of patients had G1 cancers. Location was overwhelm-
ingly lower thoracic esophagus in adenocarcinoma
patients. There were few patients with adenocarcinoma
of the middle thoracic esophagus, and upper thoracic
adenocarcinoma was rare. The distribution of location
for squamous cell carcinoma was skewed to the middle
and lower thoracic esophagus for multiple reasons,
including the dominance of surgery in the WECC

series. Nevertheless, there are sufficient data to permit
analysis of the effect of location on risk-adjusted sur-
vival. No patient with cervical esophageal cancer was
included in the data.

Non–risk-adjusted survival

The endpoint for this study was all-cause mortality.3

This hard endpoint has been shown to provide a truer
reflection of death due to cancer than the softer end-
point of disease-specific mortality.9–11

Overall survival was similar for squamous cell carci-
noma and adenocarcinoma. This surprising fact
reflects important differences in patient and cancer
characteristics between these 2 groups. Survival for
pTis-1N0M0 adenocarcinomas was much better than
for squamous cell carcinoma. Unadjusted survival was
more distinctive for adenocarcinoma than squamous
cell carcinoma when stratifying pT by pN. Survival of
pM1 patients, although poor, was better than
expected, reflecting this atypical pM1 patient popula-
tion undergoing esophagectomy. Survival was distinc-
tive by histologic grade but less so than in WECC data
for the 7th edition, which was less than a third the size
of the present WECC data set. The predominance of
lower thoracic esophageal adenocarcinoma makes
interpreting location effect on survival impossible for
adenocarcinoma. Only squamous cell cancer had a
sufficient number of patients with both upper and mid-
dle esophageal cancers to provide reliable unadjusted
survival curves for all locations. Late survival for wom-
en is better than for men. Complex interactions require
risk adjustment to effectively evaluate the effect of
number of lymph nodes resected on survival. Addition
of adjuvant therapy was not associated with better
non–risk-adjusted survival for patients regardless of
cell type. However, interpretation of its effect requires
risk adjustment.

Strengths and limitations

Currently, this is the best attempt at providing world-
wide pathologic esophageal cancer staging data. How-
ever, patient selection and treatment delivery was not
uniform among centers or across continents, and this
heterogeneity was reflected in heterogeneous survival.
Patients treated in North America, Europe, and Asia
predominated. Unlike most registry data, WECC col-
lected more patient characteristics and cancer catego-
ries, specific treatment and start dates were known,
and follow-up data were available for all. However, not
all variables were reported for all patients.

A limitation of this pure data presentation is that it
does not account for patient variables that affect all-
cause mortality; the interplay among TNM, histopath-
ologic cell type, histologic grade, and cancer location,
in part due to the unique lymphatic anatomy of the
esophagus; and the confounding of treatment effects,
temporal factors, etiology, diagnosis, and clinical

Fig. 5 Survival stratified by pM category. Format is as in Fig. 1.
A, Squamous cell carcinoma. B, Adenocarcinoma.
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decision-making around the world. This analysis does
not account for patients� clinical (pretreatment) cancer
characteristics.

The data set reflects temporal changes in resection
alone for esophageal cancer. Nevertheless, older data,
which may seem a limitation, are crucial for developing
pathologic staging of advanced esophageal cancers.

CONCLUSIONS

This WECC pathologic staging data set is greatly aug-
mented compared with the previous WECC effort.
The number of patients and scope of variables collect-
ed has been substantially increased. The assemblage of
a larger and more complete list of comorbidity data
was necessary to allow risk adjustment for the hard
endpoint of all-cause mortality.

The need for separate staging of advanced squamous
cell carcinoma and adenocarcinoma will be assessed by
risk-adjusted analyses of these data. Subcategories of
T1 for both histopathologic cell types is necessary and
will be possible. The benefit of postoperative therapy
and its effect on pathologic staging awaits risk-adjusted
analysis. Data are insufficient to determine if endoscop-
ic or less invasive techniques produce survival similar to
esophagectomy in patients with comparable categories.

These data form the basis of pTNM staging for epi-
thelial cancers of the esophagus and esophagogastric
junction. However, the role of pure pathologic staging
for treatment decision and prognostication for these
cancers is waning.4,8
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SUPPORTING INFORMATION

Additional Supporting Information may be
found in the online version of this article at the
publisher�s web-site:

Fig. S1: Survival after pathologic staging of esoph-
ageal cancer patients. Vertical bars on Kaplan-
Meier estimates represent 68% confidence limits,
equivalent to 61 standard error.

Fig. S2: Instantaneous risk of death (hazard
function). Dashed lines represent 68% confidence
limits.

Fig. S3: Survival stratified by subcategories of
pT1. Format is as in Supporting Information Fig.
S1. pTis and pT2 are included for reference. A,
Squamous cell carcinoma. B, Adenocarcinoma.

Fig. S4: Survival stratified by number of cancer-
positive locoregional lymph nodes. Format is as
in Supporting Information Fig. S1. A, Squamous
cell carcinoma. B, Adenocarcinoma.

Fig. S5: Survival stratified by histologic grade
(cG1, well differentiated; cG2, moderately differ-
entiated; cG3, poorly differentiated; cG4, undif-
ferentiated). Format is as in Supporting
Information Fig. S1. A, Squamous cell carcino-
ma. B, Adenocarcinoma.

Fig. S6: Survival stratified by upper extent of cancer
in the esophagus (location: upper, middle, lower).
Format is as in Supporting Information Fig. S1. A,
Squamous cell carcinoma. B, Adenocarcinoma.

Fig. S7: Survival stratified by patient age (<60,
60-70, >70 years). Format is as in Supporting
Information Fig. S1. A, Squamous cell carcino-
ma. B, Adenocarcinoma.

Fig. S8: Survival stratified by sex. Format is as
in Supporting Information Fig. S1. A, Squamous
cell carcinoma. B, Adenocarcinoma.

Fig. S9: Survival stratified by adjuvant therapy.
Format is as in Supporting Information Fig. S1.
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Key: CRT, chemoradiotherapy. A, Squamous cell
carcinoma. B, Adenocarcinoma.

Fig. S10: Survival stratified by number of region-
al lymph nodes resected. Format is as in Sup-
porting Information Fig. S1. A, Squamous cell
carcinoma. B, Adenocarcinoma.

Fig. S11: Survival stratified by resection margin
(R0, cancer-free; R1, microscopic; R2, macro-
scopic). Format is as in Supporting Informa-
tion Fig. S1. A, Squamous cell carcinoma. B,
Adenocarcinoma.

Table S1. Characteristics of patients receiving
resection or ablation without preoperative therapy

for adenosquamous and undifferentiated carcino-
ma of the esophagus.

Table S2. Treatment received by patients for
adenosquamous and undifferentiated carcinoma
of the esophagus.

Table S3. Pathologic cancer categories of patients
receiving resection or ablation without preopera-
tive therapy for adenosquamous and undifferenti-
ated carcinoma of the esophagus.
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Review article

Systematic review and meta-analysis on the significance of salvage
esophagectomy for persistent or recurrent esophageal squamous cell carcinoma
after definitive chemoradiotherapy

K. Kumagai,1 D. Mariosa,2 J. A. Tsai,1 M. Nilsson,1 W. Ye,2 L. Lundell,1 I. Rouvelas1

1Center for Digestive Diseases, Karolinska University Hospital, Division of Surgery, CLINTEC, and
2Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Stockholm, Sweden

SUMMARY. The therapeutic strategy to be recommended in case of recurrent or persistent squamous cell
esophageal cancer after completed definitive chemoradiotherapy (dCRT) has to be documented. Salvage
esophagectomy has traditionally been recognized as a viable option, but many clinicians oppose the use of surgery
due to the associated excessive morbidity and mortality. ‘Second-line’ chemoradiotherapy (CRT) without surgery
may offer a treatment alternative in these difficult and demanding clinical situations. Until now, no comprehensive
attempt has been carried out to compare the respective therapeutic options. A systematic literature search was
performed focusing on studies comparing survival and treatment-related mortality in patients submitted to salvage
esophagectomy or second-line CRT for recurrent or persistent esophageal squamous cell carcinoma after dCRT.
Hazard ratios and risk ratios were calculated to compare the effect of these therapeutic strategies on overall
survival and treatment-related mortality, respectively. Four studies containing 219 patients, with persistent or
recurrent esophageal squamous cell carcinoma after dCRT, were included in the meta-analysis. The analysis
revealed an overall survival benefit following salvage esophagectomy with a pooled hazard ratio for death of 0.42
(95% confidence interval 0.21–0.86, P = 0.017) compared with second-line CRT. A treatment-related mortality of
10.3% was recorded in the 36 patients who were submitted to salvage esophagectomy, while it was impossible to
perform a meta-analysis comparing treatment-related mortality between the groups. Salvage esophagectomy offers
significant gain in long-term survival compared with second-line CRT, although the surgery is potentially at a price
of a high treatment-related mortality.

KEY WORDS: chemoradiotherapy, esophageal cancer, esophagectomy, meta-analysis.

INTRODUCTION

Esophageal cancer is the eighth most common cancer
worldwide and is still dominated by squamous cell
tissue origin.

These tumors cause approximately 400 000 deaths
per year.1 Although surgical resection preceded by
neoadjuvant treatments represents standard of care
for treatment with curative intent of locally advanced

esophageal cancer, definitive chemoradiotherapy
(dCRT) is also a potentially curative, nonsurgical
option for these patients, with reported 5-year sur-
vival rates in the range of 25–30%.2,3 These data have
been extrapolated to adenocarcinoma based on simi-
larities in complete pathological response and overall
survival.4–6

However, problems do exist with dCRT in the form
of persistent or recurrent disease in the esophagus,
with reported figures as high as 60%.3,7–9 The varia-
tions are substantial depending on the design and
length of follow-up, but above all on the paucity of
techniques to diagnose and monitor both recurrent
local disease and the degree of morphological
response. Given the high risk for incomplete response
or recurrent neoplastic growth, the question arises
which therapies can be offered in these clinical situa-
tions. Therapeutic alternatives hereby are represented
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Synopsis: This meta-analysis, comparing salvage esophagectomy
versus chemotherapy or radiotherapy without surgery for
persistent or recurrent esophageal cancer after definitive
chemoradiotherapy, demonstrates that salvage surgery offers
significant advantages in terms of long-term survival.
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by either salvage esophagectomy, additional
chemoradiotherapy (CRT) without surgery, or pal-
liative measures such as endoscopic resections,
stenting, photodynamic therapy, or cryotherapy.10–38

Although the window of opportunity for curative
treatment is very narrow, salvage esophagectomy has
traditionally been recognized as a feasible option, but
many clinicians oppose the use of surgery due to the
associated unfavorable morbidity and mortality
profile. Salvage, or rather ‘second-line’ CRT, without
surgery may offer a treatment alternative in these
difficult and demanding clinical situations. Until
now, no comprehensive attempt has been carried out
to compare these therapeutic options.

The objectives of the current study was therefore to
clarify the possible differences in long-term survival
and treatment-related mortality between the two
main rescue treatments for recurrent or persistent
squamous cell esophageal cancer after dCRT, with
any potential for cure, i.e. salvage esophagectomy
and ‘second-line’ CRT without surgery, by direct-
comparison meta-analysis.

METHODS

Eligibility criteria

Eligible studies included all clinical studies that com-
pared survival and/or treatment-related mortality
between salvage esophagectomy and salvage second-
line CRT for persistent or recurrent squamous cell
esophageal cancer after dCRT. Articles for which the
full text was not available in English were excluded.

Information sources, search, and study selection

Eligible trials were identified from a systematic elec-
tronic search. MEDLINE, Central (Cochrane clinical
trials database), and EMBASE were searched
for studies published up to June 2014 using the fol-
lowing search formula: (rescue OR salvage) AND
esophagectomy AND cancer. The searches were
limited to articles published in English.

Data collection processes and clinical end–point

Titles and abstracts were screened, and data were
extracted from relevant studies by the first author
(KK). Any discrepancies were dealt with by discus-
sion among all authors whereupon a consensus was
reached. The primary outcome was overall survival
defined as time from the date of the initiation of
rescue treatment until death. Secondary outcome was
treatment-related mortality, which was defined as
death caused by postoperative complication in asso-
ciation with and after the rescue treatment or death
caused by adverse events relating to second-line or
salvage CRT.

The quality of the individual studies was assessed
by the first author (KK) using the Newcastle-Ottawa
scale (NOS), developed as a risk assessment tool for
nonrandomized studies in a meta-analysis (http://
www.ohri.ca/programs/clinical_epidemiology/oxford
.asp).39 The NOS contains eight items that focus on
the following three aspects: selection, comparability,
and depending on the study type, outcome (cohort
studies) or exposure (case–control studies). This score
ranges from 0 up to 9.

Statistical analysis

The meta-analysis was performed by following the
PRISMA guidelines and using Stata® version 11.2
(StataCorp LP, College Station, TX, USA).40 The
measures of associations of interest were the hazard
ratio (HR) of death for the comparison of overall
survival and the risk ratio (RR) of treatment-related
mortality. Higgins’ I2 statistic was computed to test
the heterogeneity of these measures across studies,
and a random-effect meta-analysis using the inverse-
variance method was subsequently performed to esti-
mate pooled HRs, RRs, and their 95% confidence
intervals (CIs).

RESULTS

Study selection

In total, 29 studies11,12,16–19,21–32,38,41–50 were screened
through full-text reading for eligibility. Finally, four
studies11,12,21,38 were eligible for the final meta-analysis
(Fig. 1). Reasons for exclusion after full-text reading
are presented in detail in Figure 1.

Study characteristics

Table 1 summarizes details of all trials included in
the meta-analysis. One of these21 was a two-arm study
that compared salvage esophagectomy versus
second-line CRT. The other three11,12,38 were three-
arm studies. Chao et al. compared survival between
salvage esophagectomy and second-line CRT, and
compared perioperative morbidity and mortality
between salvage esophagectomy and planned
esophagectomy after conventional neoadjuvant
CRT.11 Additionally, two studies12,38 consisted of
three groups: salvage esophagectomy, second-line
CRT, and best supportive care. In the present meta-
analysis, the three-armed studies were treated as two-
armed studies that compared salvage esophagectomy
and second-line CRT, and best supportive care group
was discarded.

In total, 219 patients with esophageal squamous
cell carcinoma were included in the meta-analysis.
The characteristics of patients between studies or
groups were similar, although no formal statistical
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comparison between studies was done. All the
patients were followed by chest-to-abdomen com-
puted tomography and endoscopy to detect recur-
rence, to which often was added bone scintigraphy11

or positron-emission tomography38 to exclude meta-
static disease.

Risk of bias within studies

All four included studies were nonrandomized, retro-
spective cohort comparative studies. The estimated
NOS scores of the included studies ranged from 4 to
5 (median 4.5), indicating a relatively low overall
study quality.

Overall survival

Overall survival calculated from the day of salvage
treatment to the day of death or last follow-up was
reported in all four studies. The reported 3-year
overall survival rates in salvage surgery group were
17%,21 58%,38 and 20%,12 and those in second-line
CRT group were 0%21,38 and 12.2%.12 One study
reported 5-year overall survival rates, and showed
that in salvage surgery group survival rate was 25.4%
and in second-line CRT group 0%.11 The current
meta-analysis yielded a pooled HR for death of
0.42 (95% CI 0.21–0.86, P = 0.017) for salvage
esophagectomy compared with second-line comple-
mentary CRT (Fig. 2). The estimated Higgins’ I2

statistic was 81.8% (P = 0.001), suggesting high het-
erogeneity between the studies that seemed to esti-
mate different effects.

Treatment-related mortality

The treatment-related mortality after salvage
esophagectomy was reported in all four studies,
and they were 15.2%,21 22.2%,11 0%,38 and 2.0%.12

However, the treatment-related mortality in connec-
tion with second-line CRT group was shown in only
one study,12 demonstrating no significant difference
between the groups (P = 1.000, Fisher’s exact test),
making it irrelevant to complete the meta-analysis
regarding CRT-associated mortality.

Risk of bias across studies

The publication bias across studies was not evaluated
because only four studies were included in the final
meta-analysis. All studies used a platin-based drug
treatment in the primary CRT, most often combining
cisplatin and fluorouracil. The total given doses of
cisplatin varied from 160 to 320 mg/m2, and for
fluorouracil the corresponding figures were 8000–
16 000 mg/m2.11,12,21 One study also included nine
patients who received cisplatin monotherapy, and
one patient was given combined therapy of TS-1
and oxaliplatin.38 In most patients, more than 50 Gy
of radiation was administered as part of the first-line
CRT, but one study included patients who had
CRT according to the neoadjuvant treatment concept
administering lower doses of radiation.38 The details
of the salvage esophagectomy procedure were
reported in two recent studies.21,38 Three-field21 or
two-field38 lymphadenectomy was performed using
right thoracotomy as a standard approach. The

Fig. 1 Flow diagram showing inclusion and exclusion of studies.

Salvage esophagectomy after dCRT 3

© 2015 International Society for Diseases of the Esophagus

736 Diseases of the Esophagus

VC 2015 International Society for Diseases of the Esophagus



details of salvage second-line CRT were described in
only one study, which used paclitaxel and cisplatin in
combination with a total dose of 50.4 Gy of intensity-
modulated radiation therapy.12

DISCUSSION

This meta-analysis, based on four nonrandomized,
retrospective comparative studies, tried to clarify the
difference in long-term survival and treatment-
related mortality between salvage esophagectomy
and ‘second-line’ CRT without surgery for recurrent
or persistent esophageal squamous cell carcinoma.

We were able to demonstrate that overall survival
was significantly longer after salvage esophagectomy
than after second-line CRT for patients with
recurrent or persistent esophageal squamous cell car-
cinoma after dCRT. On the other hand, it was impos-
sible to compare treatment-related mortality between
the groups due to the lack of information in the
second-line CRT group, making it difficult to prove
the feasibility of salvage esophagectomy. In total, 14
(10.3%) treatment-related deaths were observed in
136 patients who received salvage esophagectomy in
four studies included in this meta-analysis. Corre-
sponding treatment-related mortality (10.3%) may
be considered high to prove and support the safety
and feasibility of this therapeutic strategy. A recently
published meta-analysis also reported significantly
higher postoperative morbidity and mortality after
salvage esophagectomy compared with planned
esophagectomy following neoadjuvant CRT.51

Undoubtedly, indication of salvage esophagectomy
should be well discussed in a multidisciplinary team
setting, and the ensuing surgery can only be per-
formed in experienced high-volume institutions.
However, it should be noted that the treatment-
related mortality reported in two recently published
studies are 0%38 and 2.0%,11 and they are obviously
lower than those in two older studies (15.2%21

and 22.2%12), suggesting that advances in surgical
techniques and perioperative intensive care are
improving the postoperative outcome after
salvage esophagectomy. In this context, salvage
esophagectomy offers significant gain in long-term
survival compared with second-line CRT and might
be achievable without an increase in treatment-
related mortality in the days ahead.

This meta-analysis provides some additional
insights into the benefit of salvage esophagectomy for
recurrent or persistent esophageal squamous cell car-
cinoma after dCRT, although it also has limitations.
In the absence of randomized trials, the inclusion
criteria were limited to comparative studies, and this
might of course have introduced potential selection
bias. Only one study reported detail of second-line
CRT regimen, suggesting that some patients in theT
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group might not have received full regimens with
curative intent, and some of them might have
received only palliative treatment, which might jeop-
ardize the robustness of the meta-analysis. The
observed heterogeneity among the included four
studies was due to the single study that showed no
significant difference in overall survival between the
groups since heterogeneity disappeared if the study
was excluded from the meta-analysis (data not
shown). The study was only one that described the
second-line CRT regimen in detail, and it contained
50.4 Gy of intensity-modulated radiation therapy on
top of dCRT, suggesting that the patients in second-
line CRT group received more radical treatment.

In this study, it was not possible to evaluate the
potential for publication bias due to the very small
number of eligible studies, and subsequently there is a
potential risk of bias. Although there are no other
specific reasons to be worried about publication bias,
it is still possible that it is affecting our results.

In conclusion, given the limitation of lack of ran-
domized data, salvage esophagectomy seems to offer
significant advantages in long-term survival com-
pared with ‘second-line’ CRT without surgery in
recurrent or persistent esophageal squamous cell car-
cinoma patients after dCRT.
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Original article

Prognostic significance of preoperative absolute peripheral monocyte count in
esophageal squamous cell carcinoma

L. Han,1 Y. Jia,1 Q. Song,1 N. Wang,1 J. Wang,1 B. Bai,2 X. Chen,1 C. Wang,1 Y. Cheng1

1Department of Radiation Oncology, Qilu Hospital of Shandong University, Jinan and 2Department of
Oncology, Yiyuan Chinese Medicine Hospital, Zibo, China

SUMMARY. The objective of this study was to investigate the prognostic value of peripheral blood monocytes in
esophageal squamous cell carcinoma (ESCC) patients who underwent esophagectomy. Records from 218 consecu-
tive patients with histologically diagnosed ESCC who underwent esophagectomy at Qilu Hospital of Shandong
University from January 2007 to December 2008 were retrospectively reviewed. The median disease-free survival
(DFS) of this cohort was 29.0 months, and the 5-year DFS rate was 34.4%. The median overall survival (OS) was
35.0 months, and the 5-year OS rate was 37.6%. The cut-off value of 0.42 × 109/L for the absolute monocyte count
(AMC) was chosen as optimal to discriminate between survival and death by applying receiver operating curve
analysis. There were 131 patients (60.1%) who had high AMC (≥0.42 × 109/L) preoperatively. We found that AMC
was significantly associated with gender, tumor location, and platelet count. Kaplan–Meier survival analysis of
patients with high preoperative AMC had a significant worse prognosis for DFS (high vs. low: 27.5% vs. 39.0%,
P = 0.015) and OS (high vs. low: 31.1% vs. 44.8%, P = 0.009) than those with low preoperative AMC. In a
multivariate analysis, preoperative AMC was an independent prognostic factor for DFS (P = 0.025, hazard ratio
[HR]: 1.469, 95% confidence interval [CI]: 1.050–2.054) and OS (P = 0.015, HR: 1.547, 95% CI: 1.088–2.200).
In addition, among 140 patients without both preoperative and postoperative therapy, significantly worse OS
(P = 0.012) and marginally reduced DFS (P = 0.079) were found in the high AMC cohort versus the low AMC
cohort. A higher preoperative absolute peripheral monocyte count can be considered as a useful prognostic marker
of ESCC patients who underwent esophagectomy.

KEY WORDS: curative resection, esophageal cancer, monocyte, prognosis, squamous cell carcinoma.

INTRODUCTION

Esophageal cancer (EC) ranked the eighth most
common cancer and the sixth leading cause of cancer
death worldwide.1 In East Asia, especially in China,
more than 90% of cases are pathologically diagnosed
as esophageal squamous cell carcinoma (ESCC).2

Despite recent advances in multimodal therapy,

esophagectomy remains the primary curative treat-
ment for nonmetastatic ESCC. Unfortunately, even
after potentially curative surgery, the 5-year overall
survival (OS) is poor because of local or distant recur-
rence. Therefore, it is imperative to assess the prog-
nostic factors in ESCC patients.

Generally agreed prognostic factors for ESCC
include tumor location, tumor length, depth of inva-
sion, lymph node involvement, histological differen-
tiation, and distant metastasis.3 Nowadays, it is
widely accepted that there is a causal relationship
between inflammation and cancer. Tumor-generated
inflammatory response may result in hematopoietic
changes, including the relative numbers of circulating
white blood cells and platelets.4 Biochemical and
hematological markers such as total and different-
ial leukocyte counts and platelet counts are the
most commonly used measures in clinical practice.
Increased platelet counts at the time of diagnosis have
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been shown to be associated with significantly infe-
rior survival among patients with solid tumors,
including EC.5–7 Monocyte/macrophages play an
important role in tumor-generated inflammatory
response, which contributes to cancer development
and disease progression in different types of solid
tumor. Tumor-associated macrophages (TAMs),
which are derived from circulating monocytes, are
recruited to the tumor site by soluble tumor-derived
chemotactic factors and constitute a significant com-
ponent of the inflammatory infiltrate of several
malignancies.8 TAMs could release a group of potent
angiogenic and lymphangiogenic growth factors,
cytokines, and proteases to enhance angiogenesis and
lymphangenesis, remodel extracellular matrix, and
blunt antitumor response, which could promote the
invasion and metastasis of cancer cells.9 Epidemio-
logical evidence revealed that high density of TAMs
and elevated circulating TAMs are significantly asso-
ciated with poor prognosis in a wide spectrum of
human cancers, including ESCC.10–12 In the pre-
sence of granulocyte–macrophage colony-stimulating
factor and interleukin-4, monocytes differentiate into
immature dendritic cells, which are less effective at
capturing antigens and defective in T-cell stimulatory
capacity.13 Recently, the pretreatments peripheral
blood monocyte count and monocyte ratio have
also been shown to be a convenient and inexpensive
prognostic factor in various solid tumors, includ-
ing hepatocellular carcinoma, oral cavity cancer,
oropharyngeal cancer, and lung cancer.14–17 These
results indicate that peripheral blood monocytes are
associated with a pro-inflammatory immune response
in a tumor-promoting direction and promote tumor
angiogenesis.

Thus, we conducted this retrospective study,
attempting to evaluate whether the preoperative
peripheral blood monocytes can predict the pro-
gnosis of patients with ESCC who underwent
esophagectomy.

MATERIALS AND METHODS

Study subjects

This study was approved by the Ethics Committee
of Qilu Hospital of Shandong University. From
January 2007 to December 2008, a retrospective
analysis was conducted of 218 patients with ESCC
who underwent curative resection during initial treat-
ment at the Department of Thoracic Surgery, Qilu
Hospital of Shandong University. The exclusion cri-
teria included neoadjuvant treatment, perioperative
mortality, undergoing nonradical resection, with evi-
dence of infection, lost to follow up, and without
recorded preoperative blood cell counts.

Demographic and clinical data were obtained by a
retrospective review of patient records. A complete

blood count was routinely obtained in all patients
within 1 week prior to surgery. Preoperative absolute
monocyte count (AMC) and monocyte ratio were
obtained from the complete blood count. Types
of esophagectomy included Ivor-Lewis and the
three-stage (right thoracotomy, midline laparotomy,
and left cervical incisions) esophagectomy. All
patients were staged according to the American Joint
Committee on Cancer staging manual (7th edition,
2010). Histological characteristics including tumor
grade, depth of invasion, lymphatic permeation,
vascular invasion, and tumor budding were assessed
from all 218 tumor slides. We also performed
immunohistochemical staining with anti-D2-40
monoclonal antibody to identify the lymphatic
vessels. The tumor slides were immunostained with
anti-CD66 antibody to analyze the densities of
peritumoral neutrophils, which are the common
inflammatory cells in tumors. Peritumoral neu-
trophils are the cells that are distributed along
the tumor–myometrial or tumor–connective tissue
junction.

Follow up

All patients were followed up in our outpatient clinics
every 3 months for the first 2 years after surgery and
thereafter every 6 months interval. Regular history
and physical examinations were performed in all
patients at each visit. Routing diagnostic imaging
methods included tumor marker assays, such as
squamous cell carcinoma antigen, barium meal fluo-
roscopy, and computed tomography. Follow-up data
were collected until death or until 31 November 2013.

Statistical analysis

All data analyses were performed by SPSS 17.0 soft-
ware (SPSS Inc., Chicago, IL, USA). P values <0.05
indicated statistical significance.

The end points for this study were disease-free
survival (DFS) and overall survival (OS). DFS was
defined as the length of time after surgery during
which the patient survived with no sign of cancer
recurrence. OS was defined as the time from the date
of surgery to the date of death or last follow up for
the surviving patient.

The possible cut-off levels for these continuous
AMC or monocyte ratio were calculated by applying
receiver operating curve analysis as previously
reported.18 We chose the cut-off levels for high-grade
budding (≥5), leukocytosis (≥9.0 × 109/L), anemia
(<120 g/L), and thrombocytosis (≥300 × 109/L) as
used in previous studies.6,19–21 We chose the median
neutrophil count as a cut-off level to categorize each
case into either a high or low group.

The correlation between categorical variables was
evaluated by χ2 test and continuous variables were
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assessed by Student’s t-test. Kaplan–Meier estimates
and log–rank tests were used for DFS and OS analy-
ses. Statistical analyses included univariate analysis
and multivariate analysis. Univariable Cox analyses
were performed using disease recurrence or death as
the outcomes. Backward stepwise multivariable Cox
proportion analyses were used to identify indepen-
dent prognostic factors.

RESULTS

Patient characteristics

Clinical data were available for all patients and are
summarized in Table 1. The median follow up was
38.6 months (range 3–67 months). All patients were
treated with curative surgical resection. No patients
received neoadjuvant therapy preceding surgery.
Seventy-eight (35.8%) cases received postoperative
adjuvant treatment, where 16 (20.5%) are cases with
chemotherapy, 39 (50%) are cases with radiotherapy,
and 23 (29.5%) are cases with chemoradiotherapy,
respectively. Within the follow-up period, a total of
96 (44.0%) patients developed tumor recurrences and
138 (63.3%) patients died. Of these patients who suf-
fered recurrence, 13 were surgical anastomosis recur-
rences, 35 were local recurrences and 48 were distant
recurrences. To investigate the most promising inflammatory

biomarkers, we determined the cut-off values of 0.42
× 109/L for the AMC and the 6.75% for the monocyte
ratio as optimal to discriminate between survival and
cancer-related death. Thus, the cut-off value of AMC
divided 218 patients into low and high cohorts (<0.42
× 109/L and ≥ 0.42 × 109/L). Overall, 87 patients were
included in the low AMC group, whereas the other
131 patients were in the high AMC group. Similarly,
129 patients were included in the high monocyte ratio
group (≥6.75%). The 5-year DFS was 39.0% and
27.5% for patients with low and high AMC, respec-
tively, at diagnosis (P = 0.015, Fig. 1) and 38.2% and
27.9% for patients with low and high monocyte ratio
(P = 0.024), respectively. The 5-year OS was 44.8%
and 31.1% for patients with low and high AMC,
respectively, at diagnosis (P = 0.009, Fig. 2) and
42.7% and 32.3% for patients with low and high
monocyte ratio (P = 0.039), respectively. In the fol-
lowing analyses, we used AMC rather than monocyte
ratio because AMC better discriminated survival and
cancer-related death.

All the clinicopathological characteristics were
comparable between patients grouped by low (<0.42
× 109/L) and high (≥0.42 × 109/L) AMC, as shown in
Table 2. There were no significant differences regard-
ing patient’s age, tumor length, differential grade,
T stage, N stage, tumor node metastasis (TNM)
stage, lymphatic permeation, vascular invasion,
grade of tumor budding, peritumoral neutrophils,
hemoglobin, and the treatment regimen between the

Table 1 Clinical data and histopathological characteristics of 218
esophageal squamous cell carcinoma patients

Characteristic Patients, n (%)

Gender Female/Male 41 (18.8%)/
177 (81.2%)

Ages (years) Median (range) 60.5 (32–84)
Tumor length (cm) ≤3 65 (29.8%)

>3 153 (70.2%)
Tumor location Cervical + Upper 23 (10.6%)

Middle 122 (56.0%)
Lower 73 (33.5%)

Differential grade Well 55 (25.2%)
Middle 95 (43.6%)
Poor 68 (31.2%)

T stage T1–2 86 (39.4%)
T3–4 132 (60.6%)

N stage N0 128 (58.7%)
N1–3 90 (41.3%)

TNM stage I + II 133 (61.0%)
III 85 (39.0%)

Adjuvant therapy No 140 (64.2%)
Yes 78 (35.8%)

Recurrence No 122 (56.0%)
Yes 96 (44.0%)

WBC (×109/L) Median (range) 6.415 (3.23–13.20)
ANC (×109/L) Median (range) 4.015 (1.62–10.13)
ALC(×109/L) Median (range) 1.655 (0.39–4.04)
AMC (×109/L) Median (range) 0.460 (0.18–1.07)
Neutrophil ratio (%) Median (range) 63.25 (19.90–85.90)
Lymphocyte ratio (%) Median (range) 26.40 (4.70–48.70)
Monocyte ratio (%) Median (range) 7.29 (0.25–17.67)
Hemoglobin (g/L) Median (range) 140.6 (102–170.1)
Platelet (×109/L) Median (range) 240 (78–652)

ALC, absolute lymphocyte count; AMC, absolute monocyte
count; ANC, absolute neutrophil count; WBC, white blood cell.

Fig. 1 Kaplan–Meier analysis of preoperative absolute
monocyte count (AMC) of 218 patients with esophageal
squamous cell carcinoma. Elevated preoperative AMC (≥0.42 ×
109/L) was significantly associated with poor disease-free
survival.
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two groups. However, 88.5% of patients in the high
AMC group were male, compared with 70.1% in the
low AMC group and there was a significant differ-
ence noted between the two groups (P = 0.001). The
frequency of the lower thoracic carcinoma among
patients with high AMC was 39.7%, significantly
higher than those with low AMC (24.1%) (P = 0.017).
Patients with a high monocyte count group had a
significantly higher platelet count (P = 0.022). In the
high AMC group, 48.9% patients suffered from
disease recurrence and in the low AMC group, 36.8%
patients. Although disease recurrence was more fre-
quent in the high AMC group, there was no signifi-
cant difference noted (P = 0.079).

Survival

In our cohort, the median DFS was 29.0 months,
while the median OS was 35.0 months. The 5-year
DFS and 5-year OS of patients treated by
esophagectomy were 34.4% and 37.6%.

DFS for patients with the low AMC was 86.2% at
1 year compared with 67.2% for patients with the
high AMC. The 3-year DFS rates were 58.6%

Fig. 2 Kaplan–Meier analysis of preoperative absolute
monocyte count (AMC) of 218 patients with esophageal
squamous cell carcinoma. Elevated preoperative AMC (≥0.42 ×
109/L) was significantly associated with poor overall survival.

Table 2 The characteristics of 218 esophageal squamous cell carcinoma patients grouped by absolute monocyte count

Characteristic

Absolute monocyte count (N)

PLow (87) High (131)

Gender Female 26 15 0.001*
Male 61 116

Ages (years) ≤60 42 67 0.678
>60 45 64

Tumor length (cm) ≤3 29 36 0.355
>3 58 95

Tumor location Cervical/Upper/Middle 66 79 0.017*
Lower 21 52

Differentiation Well 21 34 0.844
Middle 40 55
Poor 26 42

T stage T1a (intramucosal) 4 6 0.183
T1b (submucosal) 5 9
T2 32 30
T3 43 75
T4 3 11

N stage N0 54 74 0.412
N1–3 33 57

TNM stage I + II 57 76 0.266
III 30 55

Lymphatic permeation Negative 61 99 0.372
Positive 26 32

Vascular invasion Negative 76 107 0.264
Positive 11 24

Tumor budding Low-grade 33 60 0.250
High-grade 54 71

Peritumoral neutrophils Low 45 64 0.678
High 42 67

Adjuvant therapy No 56 84 0.970
Yes 31 47

Hemoglobin (g/L) Mean ± SD 139.0 ± 13.3 140.6 ± 12.5 0.367
Platelet (×109/L) Mean ± SD 232.8 ± 68.8 256.6 ± 77.6 0.022*
Recurrence No 55 67 0.079

Yes 32 64

*P < 0.05. SD, standard deviation.
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in the low AMC group and 37.4% in the high
AMC group. OS for patients with the low AMC was
86.2% at 1 year compared with 83.2% for patients
with the high AMC. The 3-year OS rates were 55.2%
in the low AMC group and 43.5% in the high AMC
group.

Kaplan–Meier survival analysis revealed a corre-
lation between AMC and DFS and OS time. Patients
with low preoperative AMC had a significant better
prognosis for DFS and OS than those with high
preoperative AMC (mean 30.8 vs. 39.0 months,
P = 0.015 and mean 43.4 vs. 35.7 months, P = 0.009,
respectively).

Univariate and multivariate analyses

Tables 3 and 4 show the results of univariate
and multivariate analyses of the factors related to
patient prognosis. Univariate analysis revealed that
T stage (P = 0.004), N stage (P < 0.001), TNM stage
(P < 0.001), lymphatic permeation (P = 0.017), vas-
cular invasion (P = 0.035), grade of tumor budding
(P = 0.003), and AMC (P = 0.016) were significantly
associated with DFS. Tumor length (P = 0.065),
which was found to be associated with DFS but
without reaching the significant level, was also
enrolled in multivariate analysis. By multivariate

Table 3 Univariate and multivariate analyses of prognostic factors in esophageal squamous cell carcinoma with respect to disease-free
survival

Disease-free Survival

Univariate analysis Multivariate Analysis

P value HR 95% CI P value HR 95% CI

Female 0.118 1.407 0.916–2.161 – – –
Age ≤ 60 0.607 0.920 0.671–1.262 – – –
Tumor length ≤ 3 0.065 1.398 0.979–1.996 0.526 1.133 0.771–1.663
Tumor location: Upper/middle/lower 0.817 1.030 0.801–1.324 – – –
Differential Grade: Well/middle/poor 0.940 1.008 0.812–1.252 – – –
T stage: T1–2/T3–4 0.004* 1.639 1.173–2.292 0.138 1.320 0.914–1.907
N stage: N0/ N1–3 <0.001* 1.844 1.341–2.536 0.898 1.038 0.587–1.834
TNM stage: I–II/III <0.001* 2.111 1.533–2.906 <0.001* 1.963 1.422–2.708
Lymphatic permeation: (−)/ (+) 0.017* 1.540 1.091–2.173 0.708 1.084 0.711–1.652
Vascular invasion: (−)/ (+) 0.035* 1.547 1.032–2.319 0.374 1.220 0.787–1.890
Tumor budding: Low/High 0.003* 1.707 1.212–2.404 0.003* 1.644 1.180–2.289
Peritumoral neutrophils: Low/High 0.840 1.053 0.639–1.734 – – –
Treatment regimens: Surgery alone 0.251 1.211 0.873–1.679 – – –
AMC < 0.42 × 109/L 0.016* 1.501 1.077–2.093 0.025* 1.469 1.050–2.054
WBC < 9.0 × 109/L 0.196 1.256 0.889–1.775 – – –
Hemoglobin < 120 g/L 0.801 0.949 0.630–1.429 – – –
Platelet < 300 × 109/L 0.800 1.054 0.700–1.590 – – –

*P < 0.05. AMC, absolute monocyte count; WBC, white blood cell.

Table 4 Univariate and multivariate analyses of prognostic factors in esophageal squamous cell carcinoma with respect to overall survival

Overall Survival

Univariate Analysis Multivariate Analysis

P value HR 95% CI P value HR 95% CI

Female 0.064 1.550 0.975–2.465 0.357 1.262 0.769–2.072
Age ≤ 60 0.745 0.628 0.922–1.281 – – –
Tumor length ≤ 3 0.011* 1.641 1.120–2.404 0.381 1.201 0.797–1.811
Tumor location: Upper/middle/lower 0.912 1.015 0.782–1.317 – – –
Differential Grade: Well/middle/poor 0.972 0.996 0.794–1.250 – – –
T stage: T1–2/T3–4 0.003* 1.706 1.202–2.432 0.128 1.348 0.918–1.978
N stage: N0/ N1–3 <0.001* 1.898 1.364–2.641 0.712 1.117 0.621–2.008
TNM stage: I–II/III <0.001* 2.099 1.507–2.923 <0.001* 1.921 1.376–2.683
Lymphatic permeation: (−)/ (+) 0.005* 1.657 1.162–2.363 0.312 1.234 0.821–1.855
Vascular invasion: (−)/ (+) 0.023* 1.631 1.071–2.483 0.643 1.123 0.688–1.834
Tumor budding: Low/High 0.002* 1.707 1.212–2.404 0.003* 1.703 1.206–2.405
Peritumoral neutrophils: Low/High 0.984 1.005 0.598–1.691 – – –
Treatment regimens: Surgery alone 0.237 1.228 0.874–1.725 – – –
AMC < 0.42 × 109/l 0.009* 1.589 1.121–2.251 0.015* 1.547 1.088–2.200
WBC < 9.0 × 109/L 0.346 1.188 0.830–1.702 – – –
Hemoglobin < 120 g/L 0.733 0.928 0.602–1.430 – – –
Platelet < 300 × 109/l 0.640 1.105 0.727–1.168 – – –

*P < 0.05. AMC, absolute monocyte count; WBC, white blood cell.
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analysis, TNM stage (P < 0.001, hazard ratio [HR]:
1.963, 95% confidence interval [CI]:1.422–2.708),
grade of tumor budding (P = 0.003, HR: 1.644, 95%
CI: 1.180–2.289), and AMC (P = 0.025, HR: 1.469,
95% CI: 1.050–2.054) were recognized as independent
prognostic factors for DFS.

Univariate analysis demonstrated that tumor
length (P = 0.011), T stage (P = 0.003), N stage
(P < 0.001), TNM stage (P < 0.001), lymphatic per-
meation (P = 0.005), vascular invasion (P = 0.023),
grade of tumor budding (P = 0.002), and AMC
(P = 0.009) were significantly associated with OS.
Multivariate analysis showed that advanced TNM
stage (P < 0.001, HR: 1.921, 95% CI: 1.376–2.683),
high grade of tumor budding (P = 0.003, HR: 1.703,
95% CI: 1.206–2.405), and elevated AMC (P = 0.015,
HR: 1.547, 95% CI: 1.088–2.200) were independently
associated with unfavorable OS.

DISCUSSION

Since Virchow first discovered leukocyte in malignant
tissue specimens in 1863, it has been well established
that inflammation has a strong link with cancer devel-
opment and progression.22 Owing to the producible,
convenient, and inexpensive nature of circulating
inflammation markers, great interests have been gen-
erated in elucidating their role in predicating cancer
recurrence and death. Until now, the association
between high peripheral blood monocytes and
inferior survival has been proven in various malig-
nancies, such as hepatocellular carcinoma, oral cavity
cancer, oropharyngeal cancer, and lung cancer, as
we have mentioned before.14–16,23 Our study evaluated
the prognostic significance of peripheral blood
monocytes in patients with ESCC who underwent
esophagectomy.

In the present study, we found that elevated pre-
operative AMC (≥0.42 × 109/L) was a prognostic
factor for poor DFS and OS, independent of grade
of tumor budding and TNM stage. In this cohort,
patients with high AMC were suffering more
often in disease recurrence than patients with low
AMC (48.9% vs. 36.8%), although there was no sta-
tistically significant difference noted (P = 0.079).
A recent study has also reported that high AMC
predicates decreased cancer-specific survival in
patients with ESCC on univariate analysis.24 Our
results were similar with previous findings that high
monocyte count at diagnosis has been shown to be
a significant risk factor for systemic relapse and
central nervous system relapse in diffuse large
B-cell lymphoma.25,26 Kumagai et al. analyzed data
from 302 consecutive patients with lung adeno-
carcinoma who received curative resection, and
found that elevated AMC was associated with
poorer recurrence-free survival and overall sur-

vival.17 Subimerb et al. also reported that a higher
frequency of patients surviving 11 months was
found in cholangiocarcinoma patients with low
levels of monocytes than those with high levels of
monocytes.27 Furthermore, circulating macrophages
can also contribute to the metastasis of cancer cells
and could be used to assess unfavorable prognosis
in non-small cell lung cancer patients and EC
patients.12,23 These findings may reflect that periph-
eral monocyte counts could be considered as a sur-
rogate biomarker of systemic inflammation, which
contribute to tumor progression.

In the present study, we also demonstrated that an
elevated AMC was significantly associated with
gender, tumor location, and a higher platelet count.
This observation is in line with previous studies.15,16

Previous studies have suggested that platelets are not
only linked with tumor growth but also with meta-
static spread.28 Thrombocytosis in patients with EC
had also been reported to be associated with a poor
prognosis. However, in the present study, we showed
that thrombocytosis was not a prognostic factor,
both in univariate and multivariate analyses. Differ-
ent cut-off values of preoperative platelet counts,
discrepancies in study population, and treatment
modality might be the reasons for the discrepancies
in these findings. In our cohort, thrombocytosis was
present in only four (1.8%) of the 218 patients when
we used the cut-off value of 400 × 109/L for platelet
count, which was used in a large number of studies.28

Chinese patients with solid tumors were also
reported to have a relatively lower incidence of
thrombocytosis than that of the counterparts in
the western countries and thrombocytosis was not
confirmed as an independent prognostic factor in
patients with solid tumors in China.29 In contrast, an
elevated monocyte count was shown to predict an
inferior DFS and OS in the univariate analysis, as
well as in the multivariate analysis. These findings
may suggest that peripheral monocyte count is a
strong prognostic factor and plays a significant role
in the tumor progression.

We intended to evaluate the long-term clinical
outcome of ESCC patients after esophagectomy.
However, preoperative therapy can affect the clinical
outcome after esophagectomy to a certain extent.30

Therefore, we excluded the patients with preoperative
therapy. But then, there are 78 patients who had
received postoperative therapy in our study. We
evaluated the impact of postoperative therapy on
DFS and OS. There were no differences in DFS
(P = 0.247) and OS (P = 0.235) between patients
with postoperative therapy and those without by
the log–rank test. Among 140 patients without
postoperative therapy, significantly worse OS (P =
0.012) and marginally reduced DFS (P = 0.079) were
found in the high AMC cohort (≥0.42 × 109/L) versus
the low AMC cohort. Even negating the effect of
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postoperative therapy, an elevated AMC remains to
be associated with an inferior overall survival.

In conclusion, a higher preoperative AMC was
independently associated with inferior DFS and OS
in ESCC patients who underwent esophagectomy.
The major limitations of our study are the retrospec-
tive analysis, single-center design, and small sample
size. Further larger prospective studies are needed
to confirm these preliminary results and clarify the
mechanisms.
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Association between diabetes and esophageal cancer, independent of obesity, in
the United States Veterans Affairs population
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Summary. In the past 30 years, the incidence of esophageal adenocarcinoma (EAC) has increased more rapidly
than any other cancer in the United States. The prevalence of obesity and diabetes mellitus has drastically increased
as well. We explored the potential association between obesity, diabetes mellitus, and EAC. By means of retro-
spective interrogation of an administrative database from fiscal year 2005–2009, we identified two cohorts. The
cancer cohort was defined as patients with adenocarcinoma of the distal esophagus or gastric cardia. The com-
parison cohort contained patients with gastroesophageal reflux disorder (GERD; diagnosis coupled with a proce-
dure code for fundoplication). Patient data, including demographic measures, diagnoses of obesity, diabetes
mellitus, dyslipidemia, alcohol abuse, and nicotine dependence were examined. A logistic regression model identi-
fied risk factors for development of EAC. The sample included 2,836 patients identified as having either EAC
(1,704) or fundoplication with GERD (1,132). Although slightly higher percentages of the benign cohort were
obese, the cancer cohort had more diabetics (30.8% vs. 14.8%; chi-square = 94.5; P < 0.0001). In a logistic
regression analysis adjusting for comorbidity and lifestyle factors, diagnosis of diabetes mellitus was significantly
associated with esophageal cancer as opposed to GERD without cancer (OR = 2.2; 95% confidence interval [CI]
1.7–2.8). Nicotine dependence was also identified as a risk factor (OR = 1.7; 95% CI 1.4–2.0). We identified a
potential association between diabetes mellitus and adenocarcinoma of the esophagus or gastric cardia. This
association appears to be independent of obesity. Additionally, nicotine dependence was identified as a risk factor
for EAC.

KEY WORDS: adenocarcinoma, diabetes, esophageal cancer, epidemiology.

INTRODUCTION

Esophageal adenocarcinoma (EAC) and adenocar-
cinoma of the gastroesophageal junction and gastric
cardia were once considered rare entities. Adeno-
carcinoma now accounts for the majority of the
14,000 esophageal cancers diagnosed annually in the
United States.1 In fact, in the past 30 years, the inci-
dence of EAC has increased more rapidly than any
other cancer in the United States.1–4 During this

period, the prevalence of obesity has increased by
epidemic proportions, as have the prevalence of dia-
betes mellitus and other obesity-associated health
risk factors. Severe gastroesophageal reflux disease
(GERD) and its sequela, Barrett’s metaplasia, are the
primary risk factors for EAC.5,6 However, the vast
majority of patients with GERD do not develop
Barrett’s disease or EAC.

Obesity has been previously identified as a risk
factor for EAC,7–11 which is known to predispose
patients to increased gastroesophageal reflux due to
anatomic factors such as increased abdominal and
intraperitoneal adiposity and hiatal hernia forma-
tion. Obesity is also known to mediate carcinogenesis
via insulin resistance, inflammation and oxidative
stress, and production of fat-associated hormones
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(adipokines).12–14 Obesity is associated with a number
of comorbidities, among them hypertension,
hyperlipidemia, and diabetes mellitus. Previous
reports have shown that diabetes increases the risk
of cancer of the colon, rectum, liver, pancreas,
breast, and endometrium,15,16 and treatment with
antidiabetic drugs may decrease this risk.17,18 In addi-
tion, diabetic gastroparesis could exacerbate
gastroesophageal reflux and erosive esophagitis.19

Diabetes may also mediate carcinogenesis via hor-
monal dysregulation, as insulin is a known mitogen.
Moreover, hyperinsulinemia and insulin resistance
may mediate cancer initiation and progression via the
insulin-like growth factor axis. Diabetes has previ-
ously been demonstrated to increase risk of develop-
ing of Barrett’s esophagus.20 The purpose of this
study was to determine whether a relationship exists
between obesity-related comorbidities such as diabe-
tes and the development of EAC by retrospective
comparison between patients with EAC and a benign
cohort with GERD within a high-risk population.

MATERIALS AND METHODS

Data were collected by interrogation of an adminis-
trative database containing medical record extracts
on Veterans Affairs (VA) patients. The cohort
sampled included all patients treated at all VA centers
(inpatient and outpatient) from fiscal years 2005–
2009, which represents approximately 8.13 million
patients. Our cancer cohort was defined as patients
diagnosed with adenocarcinoma of the distal esopha-
gus or gastric cardia. Our comparison cohort con-
sisted of patients with a diagnosis of GERD coupled
with a procedure code for fundoplication within one
year. The rationale for this choice is that the literature
to date demonstrates mixed outcomes in terms of
linking diabetes to increase incidence of esophageal
cancer. GERD is the primary risk factor for esopha-
geal adenocarcinoma. As an administrative database
almost certainly includes patients with occasional
GERD episodes, we combined GERD with a surgical
correction procedure for GERD to identify a popu-
lation with presumed persistent, problematic GERD,
i.e. those who would be willing to undergo surgical
correction. The veterans in the cancer group were not
excluded for prior fundoplication or diagnosis of
GERD. Veterans in the comparison group were
excluded if they developed EAC or had an
esophagectomy during the study. Female patients
were excluded due to low numbers of female esopha-
geal cancer patients within the VA population (n =
124). Patients missing data on race (n = 248) or
comorbidity (n = 70) were excluded.

Patient data including demographic measures,
diagnoses of obesity, diabetes mellitus, dyslipidemia,
hypertriglyceridemia, alcohol abuse, and nicotine

dependence were examined in these cohorts based on
data one year prior to Index event. Please see Appen-
dix I for complete listing of ICD-9 and CPT codes.
There was no distinction made between type one and
type two diabetics. Chronic disease burden was cap-
tured by Selim physical comorbidity score and
Charlson comorbidity score, which were modified by
exclusion of cancer and diabetes.21–23

Demographics of the patient population were sum-
marized using univariate statistics. Age, race, alcohol
use, tobacco use, diabetes mellitus, obesity, lipid dis-
orders, hypercholesterolemia, and occurrence of
EAC were described using means (standard devia-
tions) or percentages, as appropriate. The distribu-
tion of age, race, alcohol use, nicotine dependence,
diabetes mellitus, obesity, and lipid disorders were
compared between those with and without EAC,
using t-test or Fisher exact or chi-square tests, as
appropriate. In order to identify independent risk
factors for development of EAC, a logistic regression
model was executed. A second logistic regression
model assessed whether any demographic or clinical
covariate within the cancer cohort was associated
with risk of death within two years following diagno-
sis of esophageal cancer. Finally, in an exploratory
model, we assessed the association of uncontrolled
blood glucose with esophageal adenocarcinoma
among patients with diabetes. Uncontrolled blood
glucose was defined as hgbA1C level >7, a value
determined by the American Heart Association
Guidelines for diabetic glucose control.24

RESULTS

A total of 2,836 patients were identified as having
either adenocarcinoma of the esophagus or gastric
cardia (n = 1,704) versus fundoplication with GERD
(n = 1,132). Demographics and medical comorbidities
for the two groups are presented in Table 1. The
groups appear similar in race and marital status. The
cancer group had poorer overall health as assessed
by Charlson Comorbidity and Selim Physical
Comorbidity Scores. The obesity rate within the
cancer population was lower than the benign cohort
(20.7% vs. 28.5%), but had more diabetics (30.7% vs.
14.7%).

There was an age discrepancy found. Not surpris-
ingly, the cancer cohort was older than the benign
cohort (mean age 67 vs. 59). To adjust for this age
difference, we analyzed both the full cohort and also
those patients age 55–65 (Table 2.) Following age
restriction, the total sample size was 1,210 (709 in
the esophageal cancer group and 501 within the
fundoplication and GERD group). The diabetes rate
remained higher in the cancer cohort (28.4%
vs.17.8%) although the obesity rate was lower (24.4%
vs. 30.7%).
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Logistic regression showed factors in the total
sample associated with an increased risk of esopha-
geal cancer were older age, black race, higher
Charlson Comorbidity index, diabetes, and nicotine
dependence (Table 3). Diabetes attributed the highest
risk with odds ratio (OR) of 2.23 (95% confidence
interval [CI] 1.75–2.82). Nicotine dependence also
carried a significant association (OR = 1.69; 95% CI
1.39–2.05). Within the age-restricted sample, black
race was no longer significant. In the age-restricted
sample, diabetes and nicotine dependence carried
odds ratios of 2.16 (95% CI 1.53–3.05) and 1.53 (95%
CI 1.17–2.01), respectively (Table 3).

The logistic regression model assessing survival
beyond two years following diagnosis of esophageal
cancer showed no relationship between diabetes
status and survival. Two-year mortality was higher
for EAC patients with comorbid diabetes compared
to those without in the unadjusted analysis, 58.9%

versus 44.8%, chi-square = 41.6; P < .0001, but not
significant in the adjusted model (OR = 0.98; CI 0.75–
1.28; Table 4). Significantly more EAC than GERD
patients had uncontrolled hemoglobin-A1c at base-
line (12.9% EAC vs. 6.2% GERD, chi-square = 33.05,
P < .0001). There was no relationship found between
controlled and uncontrolled diabetes based upon
hemoglobin-A1c levels and survival beyond two
years among patients with diabetes (n = 691).

DISCUSSION

We found an association between diabetes and risk of
esophageal cancer relative to GERD in our sample of
male VA patients from 2005 to 2009. Previous studies
have established obesity as a risk factor for EAC.
However, the association between diabetes and EAC
remains poorly defined with mixed results in the

Table 1 Characteristics of VA patient with esophageal cancer or gastroesophageal reflux disorder (n = 2,836)

Characteristic

Esophageal cancer Fundoplication with GERD

All 1,704 All 1,132

n or mean % or SD n or mean % or SD

Race
White 1,476 86.60% 1,016 89.50%
African American 189 11.10% 87 7.50%
Asian/American Indian 39 2.30% 29 3.00%
Hispanic ethnicity 85 5.00% 51 4.50%

Married 884 51.90% 595 52.60%
Age 67.1 9.9 58.6 12.2
Charlson comorbidity score 3.24 2.92 0.83 1.33
Selim physical comorbidity score 2.99 2 1.88 1.68
Comorbidities

Diabetes 524 30.8 167 14.8
Obesity 353 20.7 322 28.5
Lipid disorder 876 51.4 576 50.9
Drug and alcohol disorders 112 6.6 90 8
Nicotine dependence 787 46.2 460 40.6

GERD, gastroesophageal reflux disorder.

Table 2 Characteristics of patients age 55–65 (n = 1,210)

Characteristic

Esophageal cancer Fundoplication with GERD

n = 709 n = 501

n or mean % or SD n or mean % or SD

Race
White 621 87.60% 462 92.20%
African American 72 10.20% 30 6.00%
Asian/American Indian 16 2.30% 9 1.80%

Hispanic ethnicity 33 4.70% 21 4.20%
Married 346 48.80% 264 52.70%
Age 60.5 2.8 59.8 2.9
Charlson comorbidity score 3.23 2.93 0.9 1.46
Selim physical comorbidity score 2.7 1.81 1.96 1.65
Comorbidities

Diabetes 201 28.40% 89 17.80%
Obesity 173 24.40% 154 30.70%
Lipid disorder 346 48.80% 272 54.30%
Drug and alcohol disorders 70 9.90% 37 7.40%
Nicotine dependence 408 57.60% 221 44.10%
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literature to date. A previous retrospective case-
control study of a VA database compared the rates of
diabetes between patients with GERD who subse-
quently developed EAC to patients with GERD
alone. The authors concluded that there was no asso-
ciation (OR = 1.1, CI 0.8–1.5) between diabetes and
EAC in US veterans with GERD.25 However, their
control group may have included patients with clini-
cally non-relevant GERD, including single episode,
and not patients at high risk for developing EAC.

Within the National Institute for Health American
Association of Retired Persons Diet and Health study,
there was a significant association between self-
reported diabetes and adenocarcinoma of the gastric
cardia, but not esophageal adenocarcinoma. This
association was independent of body mass index.7 An

Australian study compared the prevalence of type two
diabetes mellitus in esophageal adenocarcinoma
patients and population controls and concluded that
diabetes increased the risk of EAC. This finding was
greatest when patients had both diabetes and obesity
(OR = 3.5) compared to having only diabetes (OR =
1.86) or obesity (OR = 2.67) alone. The risk of EAC
was greater in patients with long-standing diabetes.
This study is limited by the fact that data were col-
lected through self-reported surveys.26 In a study of
British women with EAC, a history of diabetes was
associated with an elevated risk of borderline statisti-
cal significance.8 A meta-analysis of three case-control
studies demonstrated that diabetes imparted a
summary of relative risk of 2.12 (95% CI 1.01–4.46) for
esophageal adenocarcinoma.27

Our data also support the association of known
risk factors of advanced age and nicotine abuse with
EAC. Black race was found to be a risk factor within
the entire cohort, which is an interesting finding,
given that historically EAC is found predominantly
in Caucasians.28 The possibility exists that within the
veteran population, the socioeconomic racial differ-
ences may not be similar to those in the general popu-
lation. Within the age-restricted group (55–65 years),
race was no longer significant.

Marital status and hyperlipidemia were found to be
protective against cancer development, as well as
higher rates of chronic disorders, and these charac-
teristics were associated with surviving beyond two
years of cancer diagnosis. Obese patients were also
found to be more likely to survive two years after
diagnosis. We theorize that this is because patients
with advanced cancers present with weight loss due to
dysphagia from an obstructive disease process, and
therefore are less likely to be obese within one year
prior to their cancer diagnosis. Patients with early
stage cancers are more likely to have good prognosis
and live beyond two years, and are often diagnosed
before the onset of dysphagia.

Limitations to our study include reliance on an
administrative database of diagnoses, with minimal
clinical data available to the researchers. Obesity was
determined by physician diagnosis code entry and
calculated body mass index was unavailable. Previ-
ous studies show that obesity is under-reported by
physicians within the VA documentation process.29

Therefore, the obesity demographic may not be
under-represented.

The study’s design is based on the assumption that
patients with clinically relevant GERD requiring
surgical correction are at high risk for development of
EAC. There may be an underlying confounder in
selection bias from surgeons performing elective
fundoplication. Surgeons may be swayed from surgi-
cal management of GERD in patients with morbid
obesity or severe comorbidities, due to increased risk
of complications. There is a possibility that diabetic

Table 3 Models for EAC development among VA patients: full
sample and age restricted to 55–65 years

n = 2,836 Odds ratio
95% Confidence
interval

Age in decades 2 1.78 2.18
Black 1.47 1.06 2.04
Married 0.9 0.74 1.08
Diabetes 2.23 1.75 2.82
Charlson score 1.86 1.72 2
Selim score 0.91 0.86 0.97
Dyslipidemia 0.77 0.63 0.93
Obesity 0.73 0.58 0.91
Drug and Alcohol Disorders 0.89 0.62 1.27
Nicotine Dependence 1.69 1.39 2.05
C-statistic = 0.84

n = 1,210 Age 55–65 Odds ratio
95% Confidence
interval

Age in decades 2.23 1.39 3.57
Black 1.56 0.94 2.6
Married 0.92 0.7 1.21
Diabetes 2.22 1.56 3.14
Charlson score 1.86 1.66 2.07
Selim score 0.93 0.85 1.02
Dyslipidemia 0.73 0.55 0.96
Obesity 0.68 0.49 0.93
Drug and alcohol disorders 1.04 0.64 1.7
Nicotine dependence 1.55 1.18 2.04
C-statistic = 0.81

EAC, esophageal adenocarcinoma; VA, Veterans Affairs.

Table 4 Logistic regression model for death within cancer popu-
lation (n = 1,704)

Characteristic Odds ratio
95% Confidence
interval

Age in decades 1.2 1.06 1.36
Black 1.23 0.85 1.77
Married 0.66 0.53 0.83
Diabetes 0.98 0.75 1.28
Charlson score 1.14 1.08 1.2
Selim score 0.95 0.89 1.02
Dyslipidemia 0.88 0.7 1.11
Obesity 0.75 0.57 0.99
Drug and Alcohol Disorders 1.23 0.77 1.99
Nicotine Dependence 0.85 0.67 1.07

C-statistic = 0.63.
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patients were unintentionally selected out of the com-
parison group. Gastric bypass surgery is another sur-
gical option for control of GERD symptoms in obese
patients, but this procedure is performed rarely
within the VA system. Patients who had gastric
bypass surgery for GERD, who also had diabetes,
were not included in the cohort analysis.

CONCLUSION

Cancer development is a complex and multifactorial
process. The incidence of Esophageal adenocar-
cinoma is increasing rapidly, but we are developing
methods for earlier detection. Over the past 30 years,
survival has improved but remains poor for patients
with advanced stage disease.1 Early detection, as well
as means of prevention, is necessary to further reduce
esophageal cancer mortality. To better enable
esophageal cancer prevention, we must definitively
establish the modifiable risk factors. We have found a
strong association between diabetes mellitus and
esophageal adenocarcinoma within the VA popula-
tion. Patients should be counseled on obesity,
tobacco abuse, and hyperglycemia in order to reduce
risk of esophageal adenocarcinoma, as well as other
malignancies and cardiovascular disease.
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Routine endoscopic screening for synchronous esophageal neoplasm in patients
with head and neck squamous cell carcinoma: a prospective study
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SUMMARY. Early detection of synchronous esophageal squamous cell neoplasm (ESCN) in head and neck
squamous cell carcinoma (HNSCC) patients can significantly affect their prognosis. We investigated the preva-
lence of synchronous ESCN and the risk factors for developing ESCN in patients with HNSCC, and evaluated the
effect of routine endoscopic screening in these patients. Subjects who were diagnosed as HNSCC from May 2010
to January 2014 were eligible. All patients underwent conventional white light endoscopic examinations with
narrow band imaging and Lugol chromoendoscopy. Among 458 subjects screened, 28 synchronous ESCN were
detected in 24 patients (5.2%). The prevalence of ESCN was greatest in patients with hypopharyngeal cancer
(20.9%). In multivariate analysis, pyriform sinus involvement was independent risk factor for developing synchro-
nous ESCN (odds ratio 171.2, P < 0.001). During the follow-up period (median, 24 months), the 3-year overall
survival rates was significantly lower in patients with ESCN than in patients without ESCN (54.2% vs. 78.3%,
P = 0.0013). Routine endoscopic screening for detecting synchronous ESCN should be recommended for patients
with HNSCC, especially those with pyriform sinus involvement.

KEY WORDS: esophageal neoplasm, head and neck neoplasm, second primary neoplasm.

INTRODUCTION

Patients with head and neck squamous cell carcinoma
(HNSCC) often develop second primary tumors
in the upper aerodigestive tract, especially in other
head and neck regions, lung, and esophagus.1–3 This
finding can be explained by the concept of field
cancerization, in which repeated exposure to
common carcinogens results in the development of
multiple dysplastic or malignant lesions.4 Screening
for the detection of second primary tumors has
been performed variously because the incidence of
HNSCC varies by geographic location, and the
annual risk for developing second primary tumors
was reported to be 3–7%.2,3,5–9 The development of
second primary tumors has significant effects on the

treatment and prognosis of index HNSCC, despite
adequate control of the primary tumor. Moreover,
second primary tumors of the esophagus and lung are
associated with a much poorer prognosis, and the
poor prognosis is a consequence of the second
primary tumors rather than HNSCC, as these cancers
are often advanced at the time of diagnosis.2,6,10–12

Endoscopic screening for esophageal squamous
cell neoplasm (ESCN) has been recommended for
patients with HNSCC; however, the rarity of
HNSCC and absence of effective therapeutic options
for ESCN do not justify the implementation of
routine endoscopic screening in these patients.
Recently, with the development of endoscopic
submucosal dissection (ESD) for early esophageal
cancer, the early detection of ESCN enables endo-
scopic treatment rather than esophagectomy, which
has more favorable outcomes and provides a better
quality of life. Therefore, it is important to define the
high-risk groups and perform screening endoscopy in
selected patients to detect early ESCN. The risk of
developing synchronous and metachronous esopha-
geal cancer associated with HNSCC is high, and the
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incidence of synchronous ESCN ranges from 1.0% to
21.9%.5,12–23 Previously, we investigated the preva-
lence and risk factors for the development of synchro-
nous and metachronous ESCN in patients with
HNSCC.24 Based on our findings, we suggested that
endoscopic surveillance for detecting early ESCN
was necessary in such high-risk groups; however, we
could not figure out the long-term effect of routine
endoscopic screening because of the short period of
follow-up. In this study, we aimed to investigate the
prevalence of synchronous ESCN and the risk factors
for developing ESCN in patients with HNSCC, and
to evaluate the effect of routine endoscopic screening
in these patients.

PATIENTS AND METHODS

Patients

All patients who were newly diagnosed with head and
neck cancer at the Asan Medical Center from May
2010 to January 2014 were prospectively included.
Patients with recurrent or metastatic HNSCC or with
a previous history of esophageal cancer were excluded,
as were tumors with a histopathological type other
than SCC (Fig. 1). Patients with HNSCC routinely
underwent a primary staging work-up, including
taking a medical history and performing a physical
examination, blood tests, endoscopic examinations of
the pharynx and larynx, computed tomography (CT)

or magnetic resolution imaging of the head and neck
region, whole body 18F-fluorodeoxyglucose (FDG)
positron emission tomography (PET), and endoscopic
examination of the esophagus, stomach, and duode-
num. The primary site of the HNSCC was determined
by an otolaryngologist through a clinical examination
and imaging studies.

When diagnosed with ESCN, CT scans of the
chest and abdomen, as well as endoscopic
ultrasonography were performed to assess the
tumor and nodal status. Staging of the HNSCC and
ESCN were performed according to the tumor-node-
metastasis staging system of the American Joint
Committee on Cancer.25 This study was approved by
the Institutional Review Board of the Asan Medical
Center (S2014-0710-0001), and written informed
consent was obtained from each subject.

Synchronous ESCN was defined as ESCN
detected during the initial diagnosis of primary
HNSCC. Therefore only simultaneous ESCN was
included. The final diagnosis was made based on
pathological examinations. In addition to SCC, all
grades of squamous dysplasia and carcinoma in situ
were included because these lesions are histological
precursors of SCC.26,27

Endoscopic procedures

Endoscopic examinations were performed using a
CV-260SL system (Olympus) with a high-resolution

Fig. 1 A flowchart of the study.
CTx, chemotherapy; ESD, endoscopic submucosal dissection; RTx, radiotherapy; SCC, squamous cell carcinoma
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GIF-H260Z endoscope (Olympus) by an experienced
endoscopist (D.H.K) during the initial cancer staging
work-up. After a conventional white-light endoscopy
(WLE) examination, a narrow band image (NBI) was
used. Following NBI examination, approximately
10–20 mL 2.0% Lugol iodine solution was instilled
over the entire esophageal mucosa using a spray cath-
eter. Biopsy specimens were obtained from all suspi-
cious lesions in the esophagus for histological
confirmation.

Statistical analysis

Continuous and categorical variables are presented
as medians (range) and numbers (%), respectively.
Differences between clinical characteristics were
determined using Student’s t-test, Mann–Whitney
U-test, chi-squared test, or Fisher’s exact test, as
appropriate. Univariate and multivariable logistic
regression analyses were performed to investigate the
risk factors for developing synchronous ESCN in
patients with HNSCC, and the odds ratio (OR) and
corresponding 95% confidence interval (CI) were cal-
culated. Kaplan–Meier analysis was used to assess
survival in patients with HNSCC. All statistical
analyses were performed using SPSS 18.0 (Chicago,
IL) and a P-value <0.05 was considered to indicate a
statistically significant difference.

RESULTS

Clinical characteristics of patients with HNSCC

During the study period, a total of 458 patients with
HNSCC underwent endoscopic screening (Table 1).
The median age of these patients was 61 years (range,
24–87 years), and there was male predominance
with a male-to-female ratio of 5.0:1. About two thirds
of patients were current or ex-smokers and reported
habitual use of alcohol. The index HNSCC was
located in the oral cavity (n = 116, 26.3%),
oropharynx (n = 108, 23.6%), nasopharynx (n = 3,
0.7%), hypopharynx (n = 67, 14.6%), or larynx (n =
164, 35.8%). More than half of patients were stage 3
or 4 HNSCC at the time of diagnosis. In patients with
a second primary ESCN, the proportion of stage 0 or
1 HNSCC tended to be lower and that of advanced
HNSCC (stage 3 or 4) was higher than for patients
without ESCN. Most patients underwent surgery or
chemoradiation therapy to treat HNSCC.

Characteristics of patients with synchronous ESCN

Among the 458 patients screened, 18 dysplasias and
10 SCCs were detected in 24 patients (5.2%). Detailed
data are presented in Table 2. Among this cohort,
four of 24 patients had multiple lesions; three patients
had both a dysplasia and an SCC, and one patient
had two dysplasias. The median age of these patients

was 62 years (range, 49–78 years), and all patients
except one were male (95.8%). The lesion was located
in the upper third of the esophagus in six patients
(25.0%), in the middle third in 13 (54.2%), and in
the lower third in five patients (20.8%). The preva-
lence of ESCN was the greatest in patients with
hypopharyngeal cancer (20.9%), followed by laryn-
geal cancer (3.8%), oropharyngeal cancer (2.8%), and
oral cavity cancer (0.9%). Synchronous ESCN was
detected in 44.7% (17/38) of HNSCC involving the
pyriform sinus (Fig. 2).

Most patients with synchronous ESCN (22/24,
91.7%) were at an early stage (stage 0 or 1). Using
WLE and NBI, we detected 12 of 28 lesions, includ-
ing four of 18 dysplastic lesions, whereas Lugol
chromoendoscopy (LCE) detected all lesions. ESCN
was larger than 1 cm in 18 patients, and most (11/12)
lesions detected by WLE and NBI were larger than

Table 1 Baseline characteristics of patients with HNSCC

Total
(n = 458)

Without
ESCN
(n = 434)

with
ESCN
(n = 24) P-value

Age (years) 61 (24-87) 61 (24-87) 62 (49-78) 0.190
Sex, male 381 (83.2) 358 (82.5) 23 (95.8) 0.099
Smoking 0.005
Nonsmoker 104 (22.7) 103 (23.7) 1 (4.2)
Ex-smoker 170 (37.1) 164 (37.8) 6 (25.0)
Current smoker 184 (40.2) 167 (38.5) 17 (70.8)
Alcohol

consumption
0.033

Nondrinker 143 (31.2) 141 (32.5) 2 (8.3)
Former drinker 108 (23.6) 99 (22.8) 9 (37.5)
Current drinker 207 (45.2) 194 (44.7) 13 (54.2)
Location of

HNSCC
<0.001

Oral cavity 116 (25.3) 115 (26.5) 1 (4.2)
Oropharynx 108 (23.6) 105 (24.2) 3 (12.5)
Nasopharynx 3 (0.7) 3 (0.7) 0 (0.0)
Hypopharynx 67 (14.6) 53 (12.2) 14 (58.3)
Larynx 164 (35.8) 158 (36.4) 6 (25.0)
Pyriform sinus

involvement
38 (8.3) 21 (4.8) 17 (70.8) <0.001

Stage of HNSCC† 0.490
Stage 0 or 1 138 (30.1) 134 (30.8) 4 (16.7)
Stage 2 60 (13.1) 57 (13.1) 3 (12.5)
Stage 3 72 (15.7) 68 (15.7) 4 (16.7)
Stage 4 188 (41.0) 175 (40.3) 13 (54.2)
Histologic

differentiation
0.398

Differentiated‡ 378 (83.4) 357 (83.0) 21 (91.3)
Undifferentiated§ 75 (16.6) 73 (17.0) 2 (8.7)
Treatment of

HNSCC
0.101

Surgical resection 289 (63.1) 277 (63.8) 12 (50.0)
Radiotherapy or

chemotherapy
158 (34.5) 147 (33.9) 11 (45.8)

Supportive care 5 (1.1) 4 (0.9) 1 (4.2)
Lost to follow-up 6 (1.3) 6 (1.4) 0 (0.0)

Data represent the number of patients (%) or median (range).
†Stage: according to the guidelines of the 7th American Joint Com-
mittee on Cancer (AJCC). ‡Differentiated: well or moderately dif-
ferentiated squamous cell carcinoma. §Undifferentiated: poorly
differentiated squamous cell carcinoma. ESCN, esophageal
squamous cell neoplasm; HNSCC, head and neck squamous cell
carcinoma.
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1 cm. All but two patients underwent 18F-FDG PET,
which showed hypermetabolic lesions on the esopha-
gus in only three patients with SCC.

A logistic regression analysis was performed to
investigate the risk factors for developing synchro-
nous ESCN (Table 3). Univariate analysis revealed
that smoking, alcohol consumption, the location of
the index HNSCC, and pyriform sinus involvement
were associated with developing synchronous ESCN.
By multivariable analysis, pyriform sinus involve-
ment was an independent risk factor for developing
synchronous ESCN (OR 171.2, 95% CI 22.25–
1317.23, P < 0.001).

A multidisciplinary team consisting of an otolar-
yngologist, oncologist, radiation oncologist, and gas-
troenterologist developed the treatment strategies
depending on the curability of HNSCC and ESCN
(Fig. 1). Among 24 patients with ESCN, eight
(33.3%) underwent ESD, three (12.5%) received sur-
gical resection, and seven (29.2%) received chemo-
therapy or radiation therapy. Six patients with ESCN
were followed without any treatment because of
advanced age (n = 2) or comorbidity such as synchro-
nous cancer other than HNSCC and ESCN (n = 3), or
patients’ refusal of treatment (n = 1) (Figs 1,3).

During the follow-up period (median, 24 months;
range, 1–54 months), the 3-year overall survival rate
for patients with HNSCC was 77.0% (Fig. 4). The
3-year overall survival rate was significantly lower in
patients with ESCN than in patients without ESCN
(54.2% [95% CI 0.33-9.76] vs. 78.3% [95% CI 0.74-
0.83], P = 0.0013, log rank). Among 24 patients with
HNSCC and ESCN, 10 patients died; only one
patient died because of ESCN, five died because of
HNSCC, and the others died as a consequence of
pneumonia, lung cancer, or liver cirrhosis.

DISCUSSION

In this prospective study, we investigated the effec-
tiveness of endoscopic screening for detecting
synchronous ESCN in patients with HNSCC by per-
forming routine endoscopic examinations at the
time of HNSCC diagnosis. The detection rate of syn-
chronous ESCN was 5.2% (24/458) for patients
with HNSCC and 44.7% (17/38) for HNSCC with
pyriform sinus involvement. Most patients with
ESCN were at an early stage (stage 0 or 1), and one
third of these patients were treated with endoscopic

Fig. 2 Esophageal squamous cell carcinoma in patient with hypopharyngeal cancer. (A) A conventional white light examination
showed nodular lesion in the left pyriform sinus of the hypopharynx. (B) Narrow band imaging showed irregular brownish area. (C)
White light endoscopic examination showed fungating mass surrounded by superficial erosive lesion at 29 cm from the upper incisor
teeth. (D) Narrow band imaging showed scattered brown dots. (E) after spraying Lugol solution, the lesion appeared as Lugol-voiding
lesion which encircled about two thirds of esophageal lumen.

Table 3 Risk factors for the development of ESCN

Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Smoking
Nonsmoker 1 1
Ex-smoker 3.77 (0.45–31.75) 0.259 2.17 (0.18–26.03) 0.541
Current smoker 10.49 (1.38–79.97) 0.005 3.96 (0.38–41.80) 0.252
Alcohol consumption
Nondrinker 1 1
Former drinker 6.41 (1.36–30.30) 0.011 2.49 (0.37–16.79) 0.350
Current drinker 4.72 (1.05–21.27) 0.027 1.23 (0.20-7.72) 0.824
Location of HNSCC
Oral cavity 1 1
Oropharynx 3.29 (0.34–32.08) 0.355 2.41 (0.22–26.03) 0.468
Hypopharynx 30.38 (3.89–237.08) <0.001 0.36 (0.02-6.43) 0.487
Larynx 4.37 (0.52–36.77) 0.245 1.05 (0.09–12.09) 0.972
Pyriform sinus
involvement

74.73 (25.42–219.69) <0.001 171.20 (22.25–1317.23) <0.001

CI, confidence interval; ESCN, esophageal squamous cell neoplasm; HNSCC, head and neck squamous cell carcinoma; OR, odds ratio.
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treatment. During the follow-up period (median, 24
months), the 3-year overall survival rate was signifi-
cantly lower in patients with ESCN than in patients
without ESCN (54.2% vs. 78.3%).

Patients with HNSCC have a greater risk of devel-
oping additional upper aerodigestive tract cancers
than the general population, with a constant inci-
dence rate of 4% per year.2,3 Because the mucosal

surfaces in the upper aerodigestive tract are exposed
to the same carcinogens such as alcohol and tobacco,
the esophagus is at risk for the development of
dysplastic or malignant lesions in patients with
HNSCC.4 Second primary tumors have a significant
effect on the survival of primary HNSCC, and second
primary esophageal cancer is known to be associated
with a poor prognosis, including a 31–105% excess

Fig. 3 Endoscopic submucosal dissection for superficial esophageal squamous cell neoplasm. (A) White light examination showed flat
hyperemic lesion at 35 cm from upper incisor teeth. (B) Narrow band imaging showed brownish area as a superficial esophageal
squamous cell neoplasm. (C) Chromoendoscopy with Lugol staining showed a well-demarcated unstained area. (D) Precutting of the
lesion. (E) After submucosal dissection. (F) En bloc resected specimen with 2.5 x 1.5 cm sized Lugol-voiding lesion.

Fig. 4 Result of survival analysis. (A) Overall survival of patients with head and neck squamous cell carcinoma (HNSCC). (B) Overall
survival of patients with HNSCC according to the stage. (C) A comparison of overall survival rates according to the presence of
esophageal squamous cell neoplasm (ESCN) (P = 0.0013, log rank). (D) Disease-specific survival of patients with HNSCC and ESCN
(*P = 0.1797, log rank).
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risk of death based on the site of the index head and
neck tumor.3,11 In our current study, the 3-year
overall survival rates were 54.2% in patients with
ESCN and 78.3% in patients without ESCN (P =
0.0013). However, we could not calculate the median
survival of the study population during a median 24
months of follow-up period, indicating that the sur-
vival time of patients with second primary ESCN is
longer than what was previously reported, which esti-
mated a survival time of <12 months.2,11,12 All ESCN
cases were either dysplasia or stage 1 SCC except for
two patients, and the 3-year disease-specific survival
rate was 94.7% for ESCN. The lower survival rate of
patients with ESCN might occur because more than
half of ESCN patients had advanced HNSCC (stage
3 or 4), in which the early detection of ESCN might
not influence the treatment strategy or prognosis.
Among 10 patients with synchronous ESCN who
died, eight patients had stage 3 or 4 HNSCC, and,
even in these patients, only one patient died because
of ESCN. We suggest that the lower survival rate of
patients with ESCN mainly affected by the state of
HNSCC rather than ESCN, and the efficacy of endo-
scopic screening for detecting early ESCN could not
be assess sorely by survival analysis.

Endoscopic screening for second primary ESCN
has been recommended. However, it has been per-
formed variably in different geographic areas. Addi-
tionally, only a few publications have reported the
long-term effects of routine endoscopic screening.13,28

Previously, we retrospectively evaluated the preva-
lence of second primary ESCN in patients with
HNSCC who did not undergo routine screening
endoscopy, and the detection rates of synchronous
and metachronous ESCN were 3.8% (27/714) and
1.3% (9/714), respectively.24 In this study, we detected
a rate of synchronous ESCN that was 5.2%, which is
higher than our previous findings. In addition, more
than half of the ESCN cases were dysplasia and 1/3
were successfully treated with ESD, whereas only
three patients (12.5%) received surgical resection,
which is a mainstay for the treatment of early esopha-
geal carcinoma. This finding provides strong evidence
for the efficacy of routine endoscopic screening,
because the early detection of ESCN allows for less
invasive treatment, which may lead to improved
patient survival and quality of life.

With the development of ESD for early esophageal
neoplasm, it has become more important to define
high-risk groups and to perform screening endoscopy
to detect early ESCN. The location of the index
tumor was regarded as risk factor based on previous
results, and hypopharyngeal cancer has been associ-
ated with a significantly higher frequency of ESCN
than other locations of HNSCC.6,8,10,12,13,16–18,21,29,30

This finding might be a consequence of the neighbor-
ing location of the hypopharynx and esophagus, and
could occur in part because of the pooling of saliva in

the pyriform sinus.3 We found that hypopharyngeal
cancer imparts about 30-fold higher risk for develop-
ing ESCN compared to oral cavity cancer in univari-
ate analysis. In our multivariable analysis, pyriform
sinus involvement increased the risk of developing
synchronous ESCN. We suggest that significant
efforts should be made to determine whether the
index tumor involves the pyriform sinus or not, and
to detect synchronous ENCN when pyriform sinus
involvement is also present.

Various methods to detect early ESCN have been
studied. Recent advances in image-enhanced endos-
copy, such as NBI and LCE, enabled the early detec-
tion of esophageal cancer and dysplasia, which can be
treated with endoscopic resection.14 NBI is a useful
and noninvasive tool for detecting ESCN, with ben-
efits of enhanced visualization of intrapapillary cap-
illary loop patterns.22,31,32 LCE can be used to detect
dysplastic lesions that go unnoticed with conven-
tional WLE, which could alter the treatment plan for
some patients.17,20,33,34 In addition, multiple Lugol-
voiding lesions are known to be associated with an
increased risk of developing multiple cancers in the
esophagus or the head and neck region.15,21,35 In the
present study, LCE detected 16 additional lesions
that were not detected by WLE and NBI and most
effective for detecting dysplastic and small lesions.
Therefore, the use of NBI and LCE, along with con-
ventional WLE should be considered in patients with
HNSCC to detect early ESCN and to determine
the potential to develop second primary ESCN. The
role of 18F-FDG PET is uncertain for detecting early
ESCN, and the sensitivity of 18F-FDG PET for
detecting synchronous ESCN has been reported to be
relatively low.8,9 Our findings also demonstrate that
none of the dysplastic lesions, and only three of 10
SCC, were detected by 18F-FDG PET. Although 18F-
FDG PET is a useful tool for detecting multiple
second primary tumors, it is necessary to perform
endoscopy to detect early ESCN.

There were some limitations to our study. First, our
investigation was conducted at a single major referral
center, which may have biased the observed. Another
limitation is that we included only synchronous ESCN
in the analysis, and did not evaluate the prevalence of
metachronous ESCN. The detection rate of second
primary tumors varies between studies because the
detection rate of metachronous cancer increases with
the duration of follow-up. In addition, the risk of
developing second primary esophageal cancer was
especially high during the first year of follow-up.12,13,19

Therefore, screening endoscopy at the time of diagno-
sis or less than a year from the diagnosis of primary
HNSCC may be an acceptable approach. Lastly, we
could not evaluate the efficacy of routine endoscopic
screening in patients with HNSCC because there is no
ideal control group; that is, a group of patients who
did not undergo screening endoscopy. Moreover, the
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prognostic impact of esophageal dysplasia may be
limited in patients with HNSCC. Therefore, we tried
to figure out the clinical significance of endoscopic
screening by analyzing detailed characteristics of
patient with synchronous ESCN.

In conclusion, routine endoscopic screening for
detecting synchronous ESCN should be recom-
mended for patients with HNSCC, especially those
with pyriform sinus involvement. Although the sur-
vival rate of patients with synchronous ESCN is sig-
nificantly lower than patients without ESCN, the
early detection of synchronous ESCN enables less
invasive treatments, which may lead to improved
patient prognoses and quality of life.
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Review article

Systematic review of patient-reported outcome measures in the surgical
treatment of patients with esophageal cancer
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SUMMARY. Esophageal cancer is currently the eighth most common cancer worldwide. Improvements in opera-
tive techniques and neoadjuvant therapies have led to improved outcomes. Resection of the esophagus carries a high
risk of severe complications and has a negative impact on health-related quality of life (QOL). The aim of this study
was to assess which patient-reported outcome measures (PROMs) are used to measure QOL after esophagectomy
for cancer. A comprehensive search of original articles was conducted investigating QOL after surgery for
esophageal carcinoma. Two authors independently selected relevant articles, conducted clinical appraisal, and
extracted data (PJ and JS). Out of 5893 articles, 58 studies were included, consisting of 41 prospective and 17
retrospective cohort studies, including a total of 6964 patients. These studies included 11 different PROMs. The
existing PROMs could be divided into generic, symptom-specific, and disease-specific questionnaires. The Euro-
pean Organisation for Research and Treatment of Cancer (EORTC) QOL Questionnaire Core 30 (QLQ C-30)
along with the EORTC QLQ-OESophagus module OES18 was the most widely used; in 42 and 32 studies,
respectively. The EORTC and the Functional Assessment of Cancer Therapy (FACT) questionnaires use an
oncological module and an organ-specific module. One validation study was available, which compared the FACT
and EORTC, showing moderate to poor correlation between the questionnaires. A great variety of PROMs are
being used in the measurement of QOL after surgery for esophageal cancer. A questionnaire with a general module
along with a disease-specific module for assessment of QOL of different treatment modalities seem to be the most
desirable, such as the EORTC and the FACT with their specific modules (EORTC QLQ-OES18 and FACT-E).
Both are developed in different treatment modalities, such as in surgical patients. With regard to reproducibility of
current results, the EORTC is recommended.

KEY WORDS: esophagectomy, esophageal cancer, quality of life, PROM.

INTRODUCTION

Esophageal cancer is currently listed as the eighth
most common cancer type worldwide and the sixth
most common cause of cancer-related death.1

Surgical resection of the esophagus is still the only
curative treatment available, although research is
focusing on new treatment modalities, such as
chemoradiotherapy,2 with complete regression of the
tumor being described in up to 30% of patients that
have received chemoradiotherapy.3 Despite improve-
ments in adjuvant chemoradiotherapy and minimally
invasive techniques, the prognosis remains poor.4

Survival rates following esophagectomy with added
neoadjuvant therapy are reported up to 30–45% for
5-year survival.5–7

Esophageal resection is associated with a high post-
operative morbidity rate, with complications ranging
from pulmonary complications (30%) to anastomotic
leakage (12%).4 Up to 50% of all surgical-treated
esophageal cancer patients experience a severe
postoperative complication within 30 days of
surgery, which requires invasive treatment such as
percutaneous drainage, reoperation, or may require
intensive care admission.4,8

Morbidity and survival have long been the main
outcomes measures of interest to evaluate different
treatment options and surgical techniques in esopha-
geal cancer. A paradigm shift is causing more interest
in the effects of different treatment modalities on
health-related quality of life (QOL), focusing not
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only on the longevity of a treatment, but rather on the
effect the treatment imposes on health related QOL.9

There are many different patient-reported outcome
measures (PROMs) available for a multidimensional
assessment of the health-related QOL, including per-
ceptions of physical, emotional, and social function-
ing, as well as assessing specific symptoms caused by
the disease and treatment.10

The aim of this systematic review was to assess
which PROMs are available in the assessment of
health-related QOL after surgery for esophageal
cancer.

METHODS

Literature search

To identify all relevant publications, a systematic
search in the bibliographic databases PubMed,
Embase, and The Cochrane Library (via Wiley) from
inception to October 14, 2014 was performed. Search
terms included controlled terms from MeSH in
PubMed, Emtree in Embase as well as free text terms.
Free text terms were only used in The Cochrane
library. Search terms expressing ‘esophageal neo-
plasm’ were used in combination with search terms
comprising ‘surgery’ and ‘Patient Reported Outcome
Measures’. The reference list of included articles was
hand searched for relevant publications.

Selection criteria and definitions

Two authors (PJ and JS) independently evaluated the
search findings for potential eligibility for systematic
review using the Medline, Embase, and Cochrane
databases. The inclusion criteria were: (i) articles
published in English; (ii) full text articles only, no
abstracts or case reports were included. (iii) The study
had to investigate health-related QOL after esopha-
geal resection for using questionnaires. (iv) Patients
with carcinoma of the esophagus only were included.
Studies that described benign diseases of the esopha-
gus were excluded. (v) Endomucosal resections were
excluded. Various surgical techniques (i.e. two-phase
and three-phase esophagectomy) and both open and
minimally invasive procedures were included. Only
structured questionnaires that measured QOL were
investigated (PROMs) but unstructured interviews
were excluded.

Data extraction and quality assessment

The reviewers (P.J. and J.S.) extracted the following
data from each study: first author, title of the
article, year of publication, type of study, type of
esophagectomy, type of reconstruction, number of
patients included, and the PROMs used to assess
QOL. The quality of the selected studies was assessed
with the Newcastle-Ottawa Quality Assessment Scale

(NOS) for retrospective cohort studies and case-
control studies and the Jadad score for randomized
controlled trials. Two reviewers (PJ and JS) assessed
quality of all studies. In case of differences in assess-
ment of the articles, the two reviewers reassessed the
article together with a third reviewer (DvP).

RESULTS

Study selection

Initially, the literature search of Medline, Embase,
and Cochrane resulted in 5893 hits; after removal of
duplicates and cross-referencing, 4286 hits remained.
The articles were screened based on title and abstract
by two different authors (PJ and JS) independently,
this resulted in a selection of 168 articles for full-text
analysis. Of these 168 articles, another 38 were
excluded since they did not meet the predefined crite-
ria as described in the methods section; 23 references
consisted only of conference abstracts, and the other
15 studies were not performed studies. Of the remain-
ing 130 articles, 43 articles did not describe the
abovementioned criteria; 15 articles were reviews;
nine articles did not investigate QOL in surgical
patients and four articles described benign diseases of
the esophagus; one article was an editorial, not a
study; 58 articles remained for further analysis. A flow
chart of the article selection is depicted in Figure 1.

Study characteristics

Out of the remaining 58 included articles, 41 studies
were prospective studies, of which six were random-
ized controlled trials and the remaining 17 articles
were retrospective cohort studies, including a total of
6964 patients. Retrospective studies were assessed for
quality using the Newcastle-Ottowa scale, as depicted
in Figure 2. Prospective studies were assessed with
the Jaded score, depicted in Table 1.

The studies could be divided in different research
categories; 11 studies compared chemo(radio)therapy
with surgery; 15 articles evaluated the long-term sur-
vivors after esophageal resection; 10 articles assessed
predictors for health-related QOL; five articles
assessed the effect of complications on QOL after
esophageal resection; 12 studies reported the effect of
different surgical techniques on QOL; and three
studies reported QOL after minimally invasive
esophagectomy. Importantly, there was one valida-
tion study.11 An overview of the included articles is
depicted in Tables 2–5, separated per subject.

The quality of life instruments

Fifty-eight full-text articles were assessed regarding
QOL following surgical procedure for esophagus
cancer. In these articles, a total of 11 different
PROMs were described. The used PROMs ranged
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from generic symptoms to disease-specific and
cancer-specific symptoms. The 11 PROMs differed
from each other regarding the dimensions of QOL
(i.e. physical, functional, social, and emotional func-
tion). Twenty-seven studies assessed QOL after
surgery for esophagus carcinoma in comparison to a
baseline measurement. Other studies described QOL
at one moment in follow-up or after a median obser-

vation period. The number of items, response catego-
ries, and results format differed between the
questionnaires. An overview of the different PROMs
is depicted in Table 6.

The PROMs could be divided into different cat-
egories. First generic item scales were assessed.

Generic instruments are multi-item scales, which
are used in chronic disease patients to measure the

Fig. 1 Flow-chart depicting the selection of articles for review.
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global health status. Example of a well-validated
generic instrument used in six included studies is the
Medical Outcomes Study 36-Item Short Form Health
Survey (SF-36). The SF-36 and the alternative short
version, the SF-20, were designed for use in clinical
practice and research, health policy evaluations, and
general population surveys.69,71

Similarly the Visual Analogue Scale (VAS) and
Profile of Mood States (POMS) questionnaires were
used to assess general QOL after esophagectomy. The
VAS is a type of single-item measure in which the
patient indicates his or her QOL on a line or scale for
specific aspects of QOL as pain, body image, and
global QOL as reported in a validation study.14 The
POMS questionnaire was used to measure six identi-
fiable moods or affective states.73 These generic
PROMs are not specifically designed for oncological
or postoperative patients.

Several cancer-specific questionnaires were identi-
fied. The Rotterdam symptom checklist (RSCL) is
designed for cancer patients to measure physiological
and physical distress.74 The Functional Assessment of

Cancer Therapy (FACT-G) is an overall QOL ques-
tionnaire aimed at specifically at cancer patients. It is
a 27-item questionnaire, consisting of four domains:
physical, social and family, emotional and functional
well-being. The FACT-G is developed in breast, lung,
and colorectal cancer patients.75 Disease-specific
modules can be added, such as the FACT-E for
esophageal cancer. The FACT-E consists of 17 spe-
cific items for esophageal cancer and is developed in
patients who underwent different treatment modali-
ties, such as surgery and chemoradiotherapy, for
esophageal cancer.79

The European Organisation for Research and
Treatment of Cancer (EORTC) QOL Questionnaire
Core 30 (EORTC QLQ-C30) is a 30-item question-
naire and includes nine multi-item scales: five func-
tional scales, three symptom scales, and a global
health scale with a range of scores from 30 to 120.76

Out of the 58 studies, 42 studies have used the
EORTC QLQ-C30 as measurement for QOL after
surgery for esophageal cancer. Disease-specific
modules can be added, the EORTC QLQ-

Fig. 2 Quality assessment of cohort studies using the Newcastle–Ottawa Scale (NOS) assessment, depicting the percentage of studies
that complied with the separate items of the NOS.

Table 1 Quality assessment of randomized controlled studies using the Jadad assessment

Study Randomized Blinding
Loss to
follow-up

Adequate
randomization

Adequate
blinding Total

Level of
evidence

Kataria et al. (2012)12 1 0 0 1 −1 1 1b
Heijl et al. (2010)13 1 0 1 1 −1 2 1b
De Boer et al. (2004)14 1 0 1 1 −1 2 1b
De Boer et al. (2004)15 1 0 1 1 −1 2 1b
Zhang et al. (2013)16 1 1 1 1 1 5 1b
Teoh et al. (2011)17 1 0 0 1 −1 1 1b
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OESophagus (OES18) and the EORTC QLQ-OES24
are modules for esophageal cancer. The EORTC
QLQ-OES24 was replaced by a refined shorter
EORTC QLQ-OES18, which depicted good clinical
and psychometric validity.77 The EORTC QLQ-
OES18 is validated in patients with esophageal cancer
who are undergoing esophagectomy, chemoradi-
ation, endoscopic palliation or palliative chemo-
therapy, and/ or radiotherapy.78 Thirty-two studies
used the EORTC QLQ-OES18, and three studies
added the EORTC QLQ-OES24 as extra module.
One validation study compared the EORTC QLQ-
OES18 with the FACT-E and found the scores
related poorly to each other, stating that the choice
between EORTC and FACT should depend on the
outcomes of interest.11

Postoperative patients are considered a different
entity in the Dysfunction After Upper Gastro-
intestinal Surgery (DAUGS20). This question-
naire focuses specifically on patients following
esophagectomy for cancer. The DAUGS is designed
to measure QOL postoperatively and no baseline
measurement is included. The DAUGS20 question-
naire was originally designed for gastric and esopha-
geal cancer patients who had undergone surgery.81

An overview of the different PROMs is provided in
Table 3.

DISCUSSION

A systematic review of the literature was conducted
concerning the use of PROMs in patients that under-
went esophagectomy for cancer. Eleven PROMs were
identified in 58 studies, regarding different treatment
modalities or different surgical techniques.

Radical esophagectomy remains the only curative
therapy in esophageal cancer. Advances in
neoadjuvant treatment and surgical techniques have
significantly improved outcomes.7,82 With improved

outcomes, a paradigm shift is causing more focus on
health-related QOL. Overall, QOL and even separate
domains of QOL may differ between different surgi-
cal techniques and different treatment modalities.
With regard to the latter, the question remains
whether postsurgical patients should be considered a
different entity, with questionnaires adapted to their
specific symptoms and needs. In an optimal setting,
the PROM would allow for overall QOL assessment
and comparison to other patient groups, along with
added disease-specific modules to assess specific
effects of the disease and its treatment.

The DAUGS20 questionnaire has chosen to con-
sider post-esophagectomy patients as a different
entity to esophageal cancer patients as a whole. The
DAUGS20 is treatment specific and not to be used as
an assessment for overall QOL. Rather it should
be used alongside an overall QOL PROM. The
DAUGS20 questionnaire allows for assessment of
the effect of different surgical strategies on QOL,
aiming to establish the optimal surgical strategy in
esophageal cancer. The questionnaire does not allow
for comparison of surgical techniques to other, non-
surgical, treatment modalities.

Cancer patients are considered as a uniform group
in the RSCL, FACT, and EORTC questionnaires.

Both the EORTC and FACT questionnaires
consist of a general cancer QOL module to which
organ-specific modules can be added (EORTC QLQ-
OES18 and FACT-E), allowing for general and
disease-specific QOL assessment between different
treatment modalities. Both questionnaires were
developed in patients with esophageal cancer under-
going different treatment modalities, including
surgery. With regard to comparability and reproduc-
ibility, the EORTC was used more often and used for
different treatment modalities and hence might allow
for comparison to conducted studies.

Only one validation study was available,
comparing the EORTC QLQ-C30 and FACT

Table 5 Included articles for systematic review assessing patient-reported outcome measures (PROMs) in minimally-invasive versus open
esophagectomy

Study Country Study type
Patient
(n) Aim QOL instruments Follow-up

Parameswaran
et al. (2010)66

UK Prospective 58 QOL after minimally
invasive esophagectomy

EORTC QLQ-C30
EORTC QLQ-OES18

Baseline, 2 and 6 weeks,
3, 6 and 12 months

Sundaram et al.
(2011)67

USA Retrospective 99 Compare QOL after MIE
with open transthoracic
and open transhiatal
esophagectomy.

EORTC QLQ-C30
EORTC QLQ-OES18

1 year

Wang et al.
(2010)68

China Retrospective 56 Compared short-term
QOL after subtotal
esophagectomy via
video-assisted
thoracoscopic surgery
or open.

EORTC QLQ-C30
EORTC QLQ-OES18

Baseline, 2, 4, 12 and 24
weeks

EORTC QLQ-C30, European Organization for Research and Treatment QOL Questionnaire; EORTC QLQ-OES18, European Organi-
zation for Research and Treatment QOL Questionnaire for the OESophagus; MIE, Minimally Invasive Esophagectomy; QOL, quality of
life.
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Table 6 Patient-reported outcome measures (PROMs) defined in the articles for the construct ‘Quality of Life’

Questionnaires Target population
No. of
studies Dimensions (number of items)

Range of
scores

Generic SF-3669,70 General Health 6 Physical (10)
Social (2)
Emotional (3)
Role- Physical (4)
General health (5)
Vitality (4)
Pain (2)
Mental health (5)
Health changes (1)

36–149

SF-2071 General Health 3 Physical (6)
Role (2)
Social (1)
Mental health (5)
Health perceptions (5)
Pain (1)

20–82

VAS72 1 Single item 0–100
POMS73 1 65 items:

– Tension
– Depression
– Anger
– Vigor
– Fatigue
– Confusion

0–260

Cancer
specific

RSCL74 Cancer patients 5 Physical symptom distress (23)
Physiological distress (7)
Activity level (8)
Overall valuation of life (1)

39–156

FACT-G75 General cancer (developed in breast,
lung and colorectal cancer)

1 Physical (7)
Social/family (7)
Emotional (6)
Functional (7)

0–108

EORTC
QLQ-C3076

Cancer patients (developed in lung
cancer patients)

42 Global health (2)
Functional scales
– Physical (5)
– Role (2)
– Cognitive (2)
– Emotional (4)
– Social (2)
Symptom scales
– Fatigue (3)
– Pain (2)
– Nausea and vomiting (2)
– Single items (6)

30–120

Esophagus
cancer

EORTC
QLQ-OES1877

Patients with esophageal cancer
undergoing esophagectomy,
chemoradiation, endoscopic
palliation or palliative chemotherapy
and/or radiotherapy

32 Single items (18) 18–72

EORTC
QLQ-OES2478

Esophageal cancer 3 Dysphagia (3)
Deglutition (2)
Eating (4)
GI symptoms (3)
Pain (3)
Emotional problems (4)
Single items (5)

24–96

FACT-E79 Different treatment (surgery and
neoadjuvant chemoradiotherapy) for
esophageal cancer

3 Single items (17) 0–68

Postoperative DAUGS2080 Developed to assess postoperative
dysfunction after surgery for gastric
and esophageal carcinoma.

1 Single items (20):
– Limited activity due to decreased

food consumption
– Reflux
– Dumping
– Nausea and vomiting
– Deglutition difficulty
– Pain
– Difficulty in stool formation and

passage

0–100

DAUGS, dysfunction after upper gastrointestinal surgery; EORTC QLQ OES18/24, European Organization for Research and Treatment QOL
Questionnaire for the OESophagus; FACT-E, Functional Assessment of Cancer Therapy for patients with Esophagus Cancer; FACT-G,
Functional Assessment of Cancer Therapy – General; POMS, Profile of Mood States; RSCL, The Rotterdam Symptom Checklist; SF-20, The
20-item Short Form Healthy Survey; SF-36, The 36-item Short Form Healthy Survey; VAS, Visual Analogue Scale.
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questionnaires, along with their respective esopha-
geal modules. Correlation was moderate to low, espe-
cially for the social functioning scale (r = 0.01). Face
content of both questionnaires was deemed very
similar, addressing all common symptoms after
surgery or chemo(radio)therapy. The choice of ques-
tionnaire depends on the endpoints of the study; the
EORTC offers multiple specific scales and symptoms
scores, whereas the FACT questionnaire gives
summary scales.11

With regard to reproducibility of the question-
naires in the included studies one should take into
account the heterogeneity in research questions, time
points of QOL measurement and follow-up. For
instance, two studies reported no differences in QOL
after open or minimally invasive esophagectomy
using the EORTC QLQ-C30 and OES 18 module.66

Differences in surgical techniques and timing of
follow-up assessment did not allow for pooling of
data. Similarly, no pooling of results was possible for
the other studies.

Future research should focus on content validity of
the used questionnaires in post-esophagectomy
patients. In order to assess whether all the important
domains are truly assessed and no items are missing.
Furthermore, research should focus on the use of
PROMs in assessment of treatment of individual
patients. Currently our project group is aiming to
develop a core set of patient reported outcomes in
esophageal cancer patients.

The study is limited by several factors. Fifty-two
(90%) of the included studies consisted of cohort
studies, of which five studies had a NOS score of 5 or
lower, indicating poor quality. Differences in study
design, endpoints, patient groups, surgical tech-
niques, and time points in the studies further limited
assessment and pooling of data. No validation
studies were available for other PROMs; hence com-
parison of the performance of the different PROMs
with regard to validity, internal consistence, and dis-
criminative ability was not possible.

In conclusion, in the assessment of QOL in surgical
esophagus cancer patients, a great variety of PROMs
are being used. A questionnaire with a general
module to assess overall QOL, which can be supple-
mented with disease-specific modules allowing for
assessment or QOL of different treatment modalities,
seems to be most desirable. With regard to current
practice, the EORTC QLQ-C30 along with the
EORTC QLQ-OES18 module is used most widely
and is used for different outcome parameters with
regard to QOL. Future research should assess the
need for treatment specific modules.
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APPENDIX I

Search strategy for Pubmed

Search PubMed Query 11-11-2014 Items found

#5 Search #4 NOT (animals[mh] NOT humans[mh]) 1962
#4 Search #3 NOT (‘addresses’[Publication Type] OR ‘biography’[Publication Type] OR ‘Case Reports’

[Publication Type] OR ‘comment’[Publication Type] OR ‘directory’[Publication Type] OR
‘editorial’[Publication Type] OR ‘festschrift’[Publication Type] OR ‘interview’[Publication Type] OR
‘lectures’[Publication Type] OR ‘legal cases’[Publication Type] OR ‘legislation’[Publication Type] OR
‘letter’[Publication Type] OR ‘news’[Publication Type] OR ‘newspaper article’[Publication Type] OR ‘patient
education handout’[Publication Type] OR ‘popular works’[Publication Type] OR ‘congresses’[Publication
Type] OR ‘consensus development conference’[Publication Type] OR ‘consensus development conference,
nih’[Publication Type] OR ‘practice guideline’[Publication Type])

1978

#3 Search #1 AND #2 2870
#2 Search (HR-PRO[tiab] OR HRPRO[tiab] OR HRQL[tiab] OR HRQoL[tiab] OR QL[tiab] OR QoL[tiab] OR

quality of life[tiab] OR life quality[tiab] OR health index*[tiab] OR health indices[tiab] OR health
profile*[tiab] OR health status[tw] OR ((patient[tiab] OR self[tiab] OR child[tiab] OR parent[tiab] OR
carer[tiab] OR proxy[tiab]) AND ((report[tiab] OR reported[tiab] OR reporting[tiab]) OR (rated[tiab] OR
rating[tiab] OR ratings[tiab]) OR based[tiab] OR (assessed[tiab] OR assessment[tiab] OR assessments[tiab])))
OR ((disability[tiab] OR function[tiab] OR functional[tiab] OR functions[tiab] OR subjective[tiab] OR
utility[tiab] OR utilities[tiab] OR wellbeing[tiab] OR well being[tiab]) AND (outcome[tiab] OR
outcomes[tiab] OR index[tiab] OR indices[tiab] OR instrument[tiab] OR instruments[tiab] OR measure[tiab]
OR measures[tiab] OR questionnaire[tiab] OR questionnaires[tiab] OR profile[tiab] OR profiles[tiab] OR
scale[tiab] OR scales[tiab] OR score[tiab] OR scores[tiab] OR status[tiab] OR survey[tiab] OR surveys[tiab])))

1706779

#1 Search ‘Esophagectomy’[Mesh] OR Esophagectom*[tiab] OR oesophagectom*[tiab] OR ((‘Esophageal
Neoplasms’[Mesh] OR Esophageal Neoplasm*[tiab] OR Esophageal cancer*[tiab] OR Esophageal
Neoplasm*[tiab] OR Esophageal cancer*[tiab] OR Esophageal carcinoma*[tiab] OR Esophageal
tumor*[tiab] OR Esophageal tumor*[tiab] OR Esophageal carcinoma*[tiab] OR Esophageal tumor*[tiab]
OR Esophageal tumor*[tiab]) AND (‘Digestive System Surgical Procedures’[Mesh:NoExp] OR
resection[tiab] OR surgery[tiab] OR surgical[tiab] OR operation[tiab] OR operative[tiab]))

17721
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APPENDIX II

Quality assessment of cohort studies using the Newcastle–Ottawa Scale (NOS) assessment and depicting the
level of evidence
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Blazeby et al. (2000)47 Retrospective 1 1 1 1 2 1 1 1 9 2b
Blazeby et al. (2005)11,56,59 2 Prospective 0 0 1 1 0 1 0 0 3 2b
Brooks et al. (2002)57 Prospective 1 1 1 1 2 1 1 1 9 2b
Cense et al. (2006)22 Prospective 1 1 1 1 2 1 1 1 9 1b
Chang et al. (2014)24 Prospective 1 0 1 1 1 1 1 1 7 2b
Courrecht Staal et al. (2009) Retrospective 1 1 1 1 1 1 1 0 7 2b
De Boer et al. (2000)34 Retrospective 1 1 1 1 1 1 1 0 7 2b
Derogar et al. (2) (2012)19 Prospective 1 1 1 1 2 1 1 1 9 2b
Derogar et al. (2012)19 Prospective 1 1 1 1 2 1 1 1 9 2b
Djarv et al. (2008)36 Prospective 1 1 1 1 1 1 1 1 8 2b
Djarv et al. (2009)25 Prospective 1 1 1 1 2 1 1 1 9 2b
Djarv et al. (2011)37 Prospective 1 1 1 1 2 1 1 1 9 2b
Djarv et al. (2014)26 Prospective 1 1 1 1 2 1 1 1 9 2b
Donohoe et al. (2011)38 Prospective 1 1 1 1 1 1 1 0 7 2b
Fagevik Olsen et al. (2005)39 Prospective 1 0 1 1 0 1 1 1 6 2b
Fujita et al. (1995)55 Prospective 1 1 1 1 2 0 0 0 6 2b
Gockel et al. (2010)45 Prospective 1 0 1 1 0 1 1 0 5 2b
Grabowski et al. (2004)40 Retrospective 1 1 1 1 1 1 1 0 7 2b
Gradauskas et al. (2006)48 Prospective 1 1 1 1 2 1 1 1 9 2b
Gutschow et al. (2013)41 Retrospective 1 1 1 1 1 1 1 0 7 2b
Healy et al. (2008)30 Retrospective 1 0 1 1 1 1 0 0 5 2b
Lagergren et al. (2007)42 Prospective 1 1 1 1 2 1 1 1 9 2b
Moraca et al. (2006)43 Prospective 0 1 1 1 1 1 1 0 6 2b
Nafteux et al. (2013)20 Prospective 1 1 1 1 2 1 1 1 9 2b
Pereira et al. (2013)23 Retrospective 1 1 1 1 0 1 1 0 6 2b
Pool et al. (2012)31 Prospective 0 1 1 0 1 1 0 0 4 1b
Rutegard et al. (2008)28 (2) Prospective 1 1 1 1 1 1 0 1 7 2b
Scarpa et al. (2013)27 Prospective 1 1 1 1 2 1 1 1 9 2b
Tatematsu et al. (2013)32 (2) Prospective 1 0 1 1 1 1 0 0 5 2b
Viklund et al. (2006)8,18 Prospective 1 1 1 1 1 1 1 1 8 2b
Zapletal et al. (2014)83 Prospective 1 1 1 1 2 1 1 1 9 2b
Rutegard et al. (2008)28 Prospective 1 1 1 1 2 1 0 1 8 2b
Zeng et al. (2012)84 Prospective 1 1 1 1 1 1 0 1 7 2b
Cense et al. (2004)51 Retrospective 1 1 1 1 1 1 1 0 7 2b
Daster et al. (2014)44 Retrospective 1 1 1 1 1 1 1 0 7 2b
Egberts et al. (2008)52 Prospective 1 1 1 1 2 1 1 1 9 2b
McLarty et al. (1997)46 Retrospective 1 0 1 1 0 1 1 0 5 2b
Schmidt et al. (2004)53 Retrospective 1 1 1 1 2 1 1 0 8 2b
Wang et al. (2011)54 Retrospective 1 1 1 1 1 1 0 1 7 2b
Avery et al. (2007)58 Prospective 1 1 1 1 2 1 0 1 8 2b
Blazeby et al. (2005)11,56,59 (2) Prospective 1 1 1 1 1 1 1 1 8 2b
Hurmuzlu et al. (2011)60 Retrospective 1 1 1 1 2 1 1 0 8 2b
Lv et al. (2014)61 Retrospective 1 0 1 1 2 1 0 1 7 2b
Reynolds et al. (2006)62 Prospective 1 1 1 1 1 1 1 1 8 2b
Safieddine et al. (2009)63 Prospective 1 0 1 1 1 1 1 1 7 2b
Teoh et al. (2011)17 Prospective 0 1 1 1 1 1 1 1 7 1b
Yamashita et al. (2009)64 Retrospective 0 1 1 1 2 1 1 0 7 2b
Parameswaran et al. (2010)66 Prospective 1 0 1 1 1 1 1 1 7 1b
Sundaram et al. (2011)67 Retrospective 1 1 1 1 2 1 1 0 8 2b
Wang et al. (2010)68 Retrospective 1 1 1 1 1 1 0 1 7 2b
Van Meerten (2008)65 prospective 1 1 1 1 0 1 1 1 7 2b
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Review article

Optimal surgical approach for esophageal cancer in the era of minimally
invasive esophagectomy and neoadjuvant therapy

B. J. Noordman, B. P. L. Wijnhoven, J. J. B. van Lanschot

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

SUMMARY. The optimal surgical technique for the potentially curative treatment of patients with esophageal
cancer is still under debate. The transhiatal esophagectomy (THE) with limited lymphadenectomy mainly focuses
on a decrease of postoperative morbidity and mortality by preventing a formal thoracotomy. The transthoracic
esophagectomy (TTE) with extended two-field lymphadenectomy attempts to improve the radicality of the resec-
tion and thus to increase locoregional tumor control, but is associated with increased postoperative morbidity. The
recent introduction of different minimally invasive techniques probably decreases postoperative morbidity following
TTE, with reduction of especially pulmonary complications, but high-quality evidence is still limited. It is widely
agreed that extended lymphadenectomy as performed during TTE provides the benefit of more accurate staging,
but its effect on improvement of survival is still debated. The literature on this topic is contradictory and the choice
of surgical approach is primarily driven by personal opinions and institutional preferences. Moreover, the available
evidence is mainly based on patients who underwent surgery alone without neoadjuvant therapy. Results of recent
studies suggest that neoadjuvant chemoradiotherapy abolishes any possibly positive effect of extended
lymphadenectomy as performed during TTE on survival, but this effect should be confirmed in future research. This
review gives an overview and reflects the authors’ personal view on the role of TTE and THE in the treatment of
potentially curative treatment of patients with locally advanced esophageal cancer in the era of minimally invasive
esophagectomy and neoadjuvant treatment and outlines future research perspectives.

KEY WORDS: esophageal cancer, minimally invasive esophagectomy, neoadjuvant therapy, transhiatal
esophagectomy, transthoracic esophagectomy.

INTRODUCTION

For several decades it has been debated what is the
optimal surgical technique for the potentially curative
primary treatment of patients with locally advanced
esophageal cancer. Over the years, two main different
surgical strategies have evolved. On the one hand,
the limited transhiatal approach (transhiatal
esophagectomy [THE]) was developed, which mainly
focused on a decrease of postoperative morbidity and
mortality by preventing a formal thoracotomy. On the
other hand, the extended transthoracic approach

(transthoracic esophagectomy [TTE]) was introduced
with two-field lymphadenectomy (posterior media-
stinum and upper abdomen) in an attempt to improve
the radicality of the resection and thus to increase
locoregional tumor control.1–5 It is widely agreed that
extensive lymphadenectomy provides the benefit of
more accurate staging, but its effect on improvement
of survival is still under debate.6–9

In esophageal cancer, lymphatic dissemination
occurs early and is unpredictable. It has been shown
that 20–40% of all early submucosal (T1b) esopha-
geal tumors have already disseminated to regional
lymph nodes.10–16 Therefore, endoscopic treatment is
generally reserved for patients with mucosal (T1a)
disease. Moreover, the pattern of lymphatic dissemi-
nation is unpredictable with skip metastases at more
distant sites while lymph nodes in the direct vicinity
of the primary tumor are negative.17 This is one of
the reasons why the sentinel node concept is still
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considered experimental in the surgical treatment of
esophageal cancer patients. Extended
lymphadenectomy – as performed during TTE –
theoretically increases the chance of radical removal
of all positive lymph nodes and thereby improves
regional tumor control and long-term survival.
However, due to a lack of high-quality clinical evi-
dence, especially in the present era of minimally inva-
sive surgery and neoadjuvant treatment, institutional
preferences and clinical opinions dominate the choice
of surgical approach. In this review, we give an over-
view of the role of TTE and THE in the treatment of
squamous cell carcinomas (SCC) and
adenocarcinomas (AC) of the esophagus and
esophagogastric junction (EGJ).

ROLE OF LYMPHADENECTOMY

In a large retrospective study on 2303 patients (60%
AC, 40% SCC) that underwent R0 resections from
nine high-volume centers around the world, it was
shown using multivariable analysis that a high total
number of resected nodes is an independent prognos-
ticator of (favorable) survival after primary surgical
resection of esophageal or junctional cancer. The
optimal threshold for this survival benefit was
removal of at least 23 nodes, and the operation most
likely to achieve this threshold was found to be an en
bloc resection.18 These findings are arguments in favor
of maximizing the extent of lymphadenectomy and
therefore in favor of TTE over THE.

In contrast, a recent nonrandomized study from
two British centers showed a similar long-term
oncological outcome after THE and TTE for patients
with AC (88%) or SCC (12%), while hospital stay was
shorter after THE.19 This advantage of THE over
TTE in short-term recovery without substantially
jeopardizing long-term oncological outcome was also
confirmed in a recent meta-analysis that included 52
studies with 3389 TTE patients and 2516 THE
patients (52% AC, 48% SCC). In addition to shorter
hospital stay (on average 4 days less in patients who
underwent THE, 95% confidence interval [CI] 1–7, P
< 0.01), THE was associated with shorter operative
time (THE procedures took a mean of 85 minutes
shorter, 95% CI 40–129, P < 0.001), less pulmonary
complications (17.3% vs. 21.4%, odds ratio [OR] 1.37,
95% CI 1.05–1.79, P = 0.02) and lower postoperative
mortality (7.2% vs. 10.6%, OR 1.48, 95% CI 1.20–
1.83, P < 0.001). On the other hand, patients who
underwent THE experienced more anastomotic leaks
and more recurrent nerve palsies. Furthermore,
lymph node retrieval was significantly higher after
TTE, with a mean difference of eight nodes (95% CI
1–14, P = 0.02). These results must be interpreted
with caution, because this analysis included both ran-
domized and non-randomized studies which prob-

ably led to a selection bias in favor of the THE group,
because more advanced tumors might have been
treated preferentially with TTE.20 Finally, it should
be noted that the enhanced short-term recovery after
THE was questioned in a large volume, multicenter
observational study in more than 17 000 patients who
underwent THE or TTE; no differences were found in
overall morbidity and mortality. However, a prefer-
ence for THE in patients with poor performance
status probably led to selection bias in favor of the
TTE group.21

HIVEX TRIAL

The limited THE and the extended TTE have been
compared in a randomized trial (HIVEX trial),
which was performed in two high-volume Dutch
academic centers.22 This trial included 220 patients
with AC of the mid-to-distal esophagus or AC of the
gastric cardia substantially involving the distal
esophagus. By preventing a formal thoracotomy,
postoperative pulmonary complications occurred
less frequently (27% after THE vs. 57% after TTE, P
< 0.001) and artificial ventilation time (1 day after
THE vs. 2 days after TTE, P < 0.001) and hospital
stay (15 days after THE vs. 19 days after TTE, P <
0.001) were shorter after THE. However, in-hospital
mortality was comparable between the two groups
(2% after THE vs. 4% after TTE, P = 0.45). Inter-
estingly, the more extended TTE did not lead to a
higher percentage of tumor-free resection margins
(72% in the THE group vs. 71% in the TTE group),
but the median number of removed lymph nodes
was two times as high after TTE compared to THE
(median 31 vs. 16, P < 0.001).22 This improved lymph
node retrieval did not translate into a significantly
better overall 5-year survival; 34% after THE and
36% after TTE (P = 0.71).23 However, in a subgroup
analysis of patients with a truly esophageal (type 1)
cancer a better long-term survival was achieved,
more specifically in those patients with a limited
number1–8 of positive nodes (23% after THE vs. 64%
TTE, P = 0.02). It should be noted that stage migra-
tion might have played a role in the improved sur-
vival in this TTE group, because the total number of
resected lymph nodes was higher after TTE. Fur-
thermore, relevance and level of evidence of these
results are questionable for SCC, because only
patients with AC were included. The final conclusion
of that randomized trial was that in advanced type 1
esophageal cancer patients TTE was the preferred
technique, especially in case of a limited number of
positive nodes, while THE should be preferred in
patients with a type 2 tumor which is located at the
EGJ and in patients with a poor general condition
without clinically suspected lymph nodes at or above
the carina.23
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ROLE OF MINIMALLY INVASIVE
ESOPHAGECTOMY

Over the last decade, minimally invasive techniques
(laparoscopy, thoracoscopy) have been developed
and are increasingly applied in esophageal cancer
surgery. The potential advantage of minimally inva-
sive esophagectomy (MIE) might be the limitation of
surgical trauma while potentially preserving the
radicality of the resection and the extent of lymph
node dissection. Several surgical approaches and
combinations of techniques have been described,
varying from hybrid procedures (thoracoscopy in
combination with laparotomy or thoracotomy with
laparoscopy) to even completely minimally invasive
approaches (thoracoscopy with laparoscopy). So far,
only one randomized trial has been published as a full
paper, comparing open with minimally invasive
TTE.24 This trial included 115 patients with resectable
cancer of the esophagus or EGJ. MIE was shown to
have a lower postoperative pulmonary infection rate
(relative risk 0.35, 95% confidence interval 0.16–0.78,
P = 0.005).24 However, this trial was criticized, mainly
because of the subjectivity of the primary endpoint,
the limited number of included patients, the short
length of follow-up, and the high recurrent nerve
palsy rate with a (secondary?) high pneumonia rate in
the open esophagectomy group.25–27 It was concluded
that larger trials with longer follow-up are needed to
establish more definite conclusions concerning the
exact role of minimally invasive techniques.26

Recently, the results of the French MIRO trial have
been presented and published in abstract form. This
trial randomly assigned 207 patients between open
TTE and hybrid MIE (laparoscopic gastric mobiliza-
tion and open thoracotomy). Both postoperative
morbidity (OR 0.31, 95% CI 0.18–0.55, P = 0.0001)
and pulmonary complications (30.1% vs. 17.7%, P =
0.037) were lower in the hybrid arm.28 These prelimi-
nary results suggest that a hybrid TTE approach
using laparoscopy and thoracotomy reduces postop-
erative complications as compared to open TTE
using both laparotomy and thoracotomy. In order to
determine whether the complication rate after hybrid
TTE can be decreased even more, a trial is needed in
which patients are randomized between hybrid MIE
and fully minimally invasive MIE.

Thoracoscopic TTE clearly diminishes the surgical
trauma to the chest wall in comparison with a con-
ventional thoracotomy, potentially leading to a
decreased postoperative pulmonary complication
rate.24 In comparison with a limited transhiatal resec-
tion (which completely abolishes the necessity of a
thoracotomy/thoracoscopy), however, thoracoscopic
TTE still requires a limited trauma to the chest wall
(four port sites) and a prolonged (partial) collapse of
the right lung throughout the thoracic phase of the
operation. It is well established that a lung collapse

leads to an increased risk of pulmonary complica-
tions.22 Taking into account the relatively low com-
plication rate after open THE, the impact of this
prolonged partial lung collapse in combination with
the limited trauma to the chest wall during
thoracoscopic TTE needs to be evaluated in a ran-
domized trial, comparing the minimally invasive TTE
with a conventional or minimally invasive THE.29,30

THORACIC VERSUS CERVICAL
ANASTOMOSIS

Using the transhiatal technique, an anastomosis
between the proximal esophagus and the replacement
conduit is required at the cervical level. In contrast, a
transthoracic technique allows for a choice between a
cervical and a thoracic anastomosis. After TTE, some
surgeons favor a cervical anastomosis despite the
increased rate of leakage,31 possible stricture forma-
tion, and recurrent laryngeal nerve damage, because
of a longer proximal tumor-free margin and a poten-
tially reduced morbidity in case of an anastomotic
leak.32 The latter is based on the assumption that an
anastomotic leakage will likely be confined to the
neck, instead of leaking into the mediastinum and
pleural cavity. However, a recent meta-analysis on
this topic did not find significant differences in pul-
monary complications (OR 0.86, 95% CI 0.13–5.59, P
= 0.87) or tumor recurrence (OR 2.01, 95% CI 0.68–
5.91, P = 0.21).33 This study included only three small
randomized trials with a total of 175 patients, but
suggests that performing a cervical anastomosis after
TTE does not decrease the risk of intrathoracic com-
plications as compared to a thoracic anastomosis
after TTE. Indeed, in two large retrospective cohort
studies, the risk of developing intrathoracic manifes-
tations due to leakage of a cervical anastomosis was
shown to be significantly less in patients who under-
went THE as compared to patients who underwent
TTE. This was explained by the difference in pleural
dissection. It was hypothesized, that after THE, a
bilaterally intact parietal pleura may confine infec-
tions and prevent extension into the mediastinum and
pleural cavity.34,35

These studies have been performed before the
introduction of neoadjuvant therapy, and studies
comparing cervical with thoracic anastomoses
after neoadjuvant therapy are lacking. In the ran-
domized CROSS trial comparing neoadjuvant
chemoradiotherapy, followed by surgery to surgery
alone, almost all anastomoses were performed at the
level of the neck, and no significant difference was
identified in anastomotic leakage rate.36 However, the
effect of radiotherapy on anastomotic healing in the
chest might be of significant importance and should
be further explored. In case of a thoracic anastomo-
sis, the required length of the gastric tube can be
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shorter with potentially improved oxygenation of the
tip and enhanced anastomotic healing. On the other
hand, the intrathoracic esophageal remnant might
show more radiation damage, which might hamper
intrathoracic anastomotic healing.

IMPACT OF NEOADJUVANT
CHEMORADIOTHERAPY ON SURGICAL
STRATEGY

It should be underlined that all above trials compar-
ing different surgical techniques mainly included
patients who underwent primary surgical resection
without neoadjuvant therapy. But even after careful
selection of patients for potentially curative primary
surgical resection, 5-year survival rarely exceeds 40%,
and the majority of patients still die of recurrent
disease.23 For this reason, many studies have been
performed worldwide to test the potential value of
adding preoperative neoadjuvant therapy to primary
surgical resection. The most recent meta-analysis has
shown that both neoadjuvant chemotherapy (nCT)
and neoadjuvant chemoradiotherapy (nCRT) are
able to improve long-term treatment outcome.37 This
meta-analysis showed a trend in favor of nCRT over
nCT by comparing treatment arms of different trials
(hazard ratio [HR] for all-cause mortality for nCRT
vs. nCT 0.88, 95% CI 0.76–1.01, P = 0.07), but direct
comparisons are limited. Especially for patients with
AC, explaining why the Neo-AEGIS trial, that com-
pares nCRT with nCT in patients with AC, is
ongoing. Ever since, a Dutch multicenter randomized
controlled study (CROSS trial) was completed, com-
paring nCRT followed by surgery with surgery alone
in patients with SCC or AC of the esophagus (type 1)
or EGJ (type 2).36 The applied regimen of five cycles
of carboplatin and paclitaxel with 23 fractions of 1.8
Gy concurrent confocal radiotherapy was shown to
have low toxicity with >90% of patients tolerating the
complete planned regimen. In-hospital mortality
after subsequent surgical resection was not influenced
(4% in both treatment arms), and also in-hospital
morbidity was comparable between the two groups.
Interestingly, median survival doubled from 24% in
the surgery alone arm to 49% in the combined treat-
ment arm (P = 0.003), and 5-year survival improved
from 34% to 47%.36,38 The difference in overall sur-
vival in the CROSS trial was not due to poor survival
in the surgery alone group, but can be attributed to
improved survival in the chemoradiotherapy fol-
lowed by surgery group. This is supported by the
superior overall survival in the surgery alone group in
the CROSS trial as compared to that reported in
earlier randomized trials.39,40 Based on these results,
nCRT according to CROSS followed by surgery is
now considered standard of care in many countries. It
should be noted that the survival benefit of nCRT

found in the CROSS trial was not supported by a
recently published French randomized trial
(Fédération Francophone de Cancérologie Digestive
9901 trial) comparing nCRT followed by surgery
with surgery alone in patients with stage I and II
esophageal cancer. Neoadjuvant therapy consisted of
cisplatin and fluorouracil with 45 Gy concurrent
radiotherapy. Neither the 3-year overall survival rate
nor the microscopically radical resection rate was
improved in the nCRT followed by surgery group.41

Based on these results, the benefit of nCRT for
patients with early-stage tumors is debatable. Possi-
bly, treatment with surgery alone is already effective
in these patients, which is supported by the high
radical resection rate (92%) in the surgery alone
group of the French trial. However, the
generalizability of the results of the French trial has
been questioned due to its low case volume in many
of the participating centers, its toxic nCRT regimen
with less sophisticated radiation techniques in com-
parison with the CROSS trial and its remarkably high
postoperative mortality rate. Therefore, we caution
to conclude that nCRT is not beneficial in early-stage
cancer, and we believe that, as long as high-quality
evidence on the effect of nCRT on early-stage tumors
is lacking, the results from the CROSS trial (which
included stage II cancers) should be considered
leading, especially for stage II cancers.42

Neoadjuvant treatment according to CROSS has a
significant downstaging effect both on the primary
tumor and on the regional lymph nodes. In the
CROSS trial, the percentage of patients with (residual)
positive lymph nodes in the resection specimen
decreased from 76% in the surgery alone group to 32%
in the combined treatment group.36 Moreover, a sub-
stantial number of patients (29%) did not have any
vital tumor cells left in the resection specimen after
nCRT. This high pathologically complete response
rate led to the imperative to reconsider the necessity of
standard esophagectomy in all patients. Therefore, we
hope to propose in the near future a ‘Surgery As
Needed approach in Oesophageal cancer patients
(SANO approach).’ In this approach, patients will
undergo active surveillance after completion of
nCRT. Esophagectomy will be offered only to patients
in whom a locoregional recurrence is highly suspected
or proven. This organ-preserving strategy would be
preferred, but only if long-term survival would be
comparable to that of the present standard surgery
approach. As a first step toward an organ-preserving
strategy, we are currently performing the multicenter
phase II feasibility pre-SANO trial to determine the
accuracy by which residual disease after nCRT can be
detected.43 Furthermore, in France, a phase II/III ran-
domized trial comparing standard surgery with
surgery on demand in case of recurrence in clinically
complete responders after nCRT is currently being
initiated (ESOSTRATE trial).44
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As underlined above, the randomized HIVEX trial
comparing THE and TTE for subcarinal tumors was
performed in patients who did not undergo
neoadjuvant therapy. In that trial, TTE did not lead
to a higher rate of tumor-free margins (71% after
TTE vs. 72% after THE) but roughly doubled the
number of removed nodes (median ± standard devia-
tion = 31 ± 14 after TTE vs. 16 ± 9 after THE, P <
0.001). The randomized CROSS trial has shown,
however, that in patients after nCRT, the total
number of resected nodes is significantly lower than
in patients after primary surgery.45 Importantly, in
patients after primary surgery in the CROSS trial,
there was a positive correlation between the total
number of resected nodes and the number of resected
positive nodes. However, this positive association
was not present after nCRT: by resecting more nodes,
the number of resected positive nodes remained
unchanged. Furthermore, after primary surgery,
the total number of resected nodes had a positive
correlation with survival (HR per 10 additionally
resected nodes, 0.76; P = 0.007), which is in line with
an earlier retrospective international study, as dis-
cussed above.18,45 Interestingly, this positive correla-
tion between the total number of resected nodes and
survival was completely absent after nCRT (HR 1.00;
P = 0.98). After surgery alone, a higher number of
resected nodes were associated with improved sur-
vival, while in a comparable group of patients who
were randomly allocated to undergo nCRT plus
surgery, this association was lost. The randomization
procedure within the CROSS trial renders asymmetry
between treatment arms unlikely as a possible expla-
nation for the (disappearance of the) observed asso-
ciation in this secondary analysis. These data
question the necessity of maximization of surgical
lymph node retrieval after nCRT, both for diagnostic
purposes and for therapeutic reasons.

The same phenomenon was identified in a larger
(albeit retrospective) analysis of 391 patients who
underwent primary surgery and 626 patients who
underwent nCRT according to CROSS followed by
surgery.46 In the surgery alone group, TTE was asso-
ciated with a significantly more favorable prognosis
as compared to THE (HR for TTE vs. THE = 0.73, P
= 0.023), whereas in patients treated with nCRT fol-
lowed by surgery, TTE was associated with a
(nonsignificantly) less favorable prognosis (HR TTE
vs. THE = 1.18, P = 0.246). Again, these data suggest
that maximization of surgical lymph node retrieval is
probably relevant in patients who undergo surgery
alone but question its necessity after nCRT.

In order to confirm these indirect arguments, a ran-
domized trial is needed comparing TTE and THE in
patients with (type 1) esophageal cancer who undergo
nCRT according to CROSS. In our opinion, such trial
should focus on patients with (type 1) esophageal
cancer and not on patients with (type 2) junctional

cancer, because the HIVEX trial has already shown
sufficiently that in patients with type 2 junctional
cancer, THE suffices. Even if they undergo primary
surgical resection without preoperative neoadjuvant
therapy THE is adequate, let alone in patients with
type 2 junctional cancer who undergo nCRT followed
by surgery. It should be noted that in the HIVEX trial,
also type 1 malignancies were included, and conclu-
sions regarding the absence of benefit of TTE for type
2 cancer are obtained from a subgroup analysis.

CONCLUSION AND FUTURE DIRECTIONS

The optimal surgical strategy (transthoracic or
transhiatal resection) for esophageal carcinoma
remains unclear. A trend toward an improved 5-year
survival after TTE was shown in a randomized trial,
but this study was performed before implementation
of nCRT and MIE.22 The extended lympha-
denectomy in TTE might decrease the rate of
locoregional recurrences and thus increase survival.
However, the necessity of maximization of surgical
lymph node retrieval after nCRT has recently been
questioned.45,46 The recent introduction of MIE might
decrease postoperative morbidity following TTE,
with reduction of especially pulmonary complica-
tions, but high-quality evidence is still limited.

Therefore, some important questions remain to be
addressed. First, several minimally invasive TTE
approaches have been described, but the superiority
of one technique over another in terms of postopera-
tive complications and oncological outcome remains
unknown. Randomization between the hybrid
procedures, as performed in the recent MIRO trial28

versus a fully minimally invasive esophagectomy as
described in the TIME trial,24 will reveal possible
advantages of thoracoscopy over thoracotomy, both
combined with laparoscopic gastric mobilization. A
reduction in postoperative (pulmonary) complication
rate after thoracoscopic TTE would only be accept-
able if this is accompanied by a similar or improved
oncological outcome. Furthermore, such trial design
would allow for a second randomization procedure
within each arm between a thoracic and a cervical
anastomosis (four-arm study) to define the optimal
location of the anastomosis.

Second, the oncological necessity of extended
lymph node dissection in patients with type 1 esopha-
geal AC or SCC (located below the carina) in the era
of neoadjuvant therapy should be studied. If a ran-
domized trial comparing TTE with THE shows that
THE is adequate after nCRT, this will clearly have
advantages in reducing especially pulmonary compli-
cations. Moreover, the discussion on thoracoscopy
versus thoracotomy would then be futile.

Finally, direct comparison between minimally
invasive THE and open THE will clarify whether the
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relatively low complication rate of an open THE can
be decreased even more. Especially if THE would
prove to be sufficient for patients who have been
pretreated with nCRT or in the growing elderly popu-
lation, minimization of surgical trauma and avoid-
ance of postoperative complications is crucial.
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Early complications after esophageal atresia repair: analysis of a German
health insurance database covering a population of 8 million
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Summary. The treatment of esophageal atresia is not centralized in Germany. Therefore, high numbers of
departments are involved. Data on the results of esophageal atresia repair from Germany are lacking. The aim of
this study was to evaluate the early postoperative results after repair of esophageal atresia based on unbiased data
of a German health insurance. We aimed to determine whether characteristics of the departments had an impact on
outcome and compared the results from this study with the literature data from centers with a high caseload. Data
of a German health insurance covering ∼10% of the population were analyzed. All patients who had undergone
esophageal atresia repair from January 2007 to August 2012 were included. Follow-up data of 1 year postopera-
tively were analyzed. The potential impact of various characteristics of the treating surgical institutions was
assessed. Results were compared with the latest international literature. Seventy-five patients with esophageal
atresia underwent reconstructive surgery in 37 departments. The incidences of anastomotic leak (3%) and recurrent
tracheoesophageal fistula (7%) were comparable with the literature (both 2–8%). Anastomotic stricture required
dilatation in 57% of patients (mean 5.1 ± 5.6 dilatations) comparing unfavorably to most, but not all international
reports. During 1-year follow-up, 93% of the patients were readmitted at least once (mean 3.9 ± 3.1 admissions).
The incidence of complications did not correlate with any of the characteristics of the treating institutions such as
academic affiliation, the number of consultants, beds, and preterm infants treated per year (all P > 0.05). Based on
unbiased data, postoperative results after repair of esophageal atresia in Germany are comparable with recently
published reports from international single centers. A correlation between the complication rate and characteristics
of the treating institutions was not identified.

KEY WORDS: centralization, complication, esophageal atresia, outcome, pediatric surgery.

INTRODUCTION

Esophageal atresia (EA) with or without tracheoeso-
phageal fistula (TEF) is a congenital malformation
which occurs in 1 of 3000 newborns.1–3 Since the
initial operative management of a newborn with TEF
in 1939, a considerable improvement of neonatal
critical care, surgical skills, and anesthetic techniques
have contributed to a decrease of mortality and mor-
bidity rates over the past decades.4–6 Today, overall
survival in dedicated centers exceeds 90%.

However, complication rates after EA/TEF repair
remain considerably high. Frequent early postopera-

tive complications include anastomotic leak, anas-
tomotic stricture, and recurrent TEF.7,8 Long-term
postoperative complications are gastroesophageal
reflux disease (GERD), respiratory disease, and
esophageal dysmotility.7,8 The reported incidence of
complications after EA/TEF repair mostly derives
from retrospective studies in single centers with a
comparatively large patient volume.3,9,10 In most coun-
tries, the treatment of rare diseases is not regulated or
centralized and a high number of pediatric surgical
departments are involved in EA/TEF repair. There-
fore, it has been suggested to use the national data-
bases to obtain objective and population-based data
on the outcome of newborns with EA/TEF.6,11,12

National databases have been analyzed in the
United States and France.6,11,12 In Germany, the treat-
ment of patients with EA/TEF is not centralized. The
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purpose of this study was to determine the outcome
after repair of EA/TEF based on unbiased data of a
large German health insurance. Moreover, we aimed
to compare the results from Germany to the data
from pediatric surgical centers with a high number of
patients with EA/TEF, mainly from other countries.
Finally, we aimed to analyze whether characteristics
of the pediatric surgical departments involved in the
treatment of EA/TEF in Germany had an impact on
the outcome.

PATIENTS AND METHODS

The study was approved by the Institutional Review
Board of Hannover Medical School (approval
number 2155-2014).

A retrospective data analysis of clients who had
undergone EA/TEF repair from January 2007 to
August 2012 and who had been members of the
German public health care insurance ‘Techniker
Krankenkasse’ (TK) was performed. TK is one of the
largest health insurance companies accounting for
approximately 10% of the German population (∼8
million clients). These clients are homogeneously dis-
tributed over all German federal states.

This database provided anonymized information
on the treating pediatric surgical department, patient
characteristics, associated anomalies, operative data,
perioperative complications, and readmissions.

In order to perform a standardized analysis of each
single patient, the hospital stay for initial reconstruc-
tive surgery was chosen as the index event. All diag-
noses and reinterventions within 1 year after this
index event were analyzed. Children with a shorter
follow-up period were excluded from the study.

Patient-specific diagnoses were encoded based on
the International Classification of Diseases in its
10th version (ICD-10). All surgical procedures were
encoded based on the International Classification of
Procedures in Medicine (ICPM).

Postoperative complications were defined as any
reintervention for esophageal morbidity within 1 year
after initial reconstructive surgery/the index event.
Moreover, anastomotic leak (K91.88), being one of
the major postoperative problems,7 was also defined
as a complication.

Among those complications, anastomotic stricture
was defined as any esophageal narrowing requiring
dilatation. In the literature, different definitions of
this complication are used.7,13 Therefore, we com-
pared our results to studies with a similar definition
only.

There is no ICD-10 code available to differentiate
between short- and long-gap EA. Thus, the type of
EA/TEF for each patient was either defined in case
of the coding ‘esophageal atresia with (Q39.1) or
without (Q39.0) fistula’ or according to the encoded
ICPM.

The treating surgical departments were character-
ized according to an academic or non-academic
affiliation, number of consultants, number of hospi-
tal beds of the pediatric surgical department, and
number of preterm infants ≤1500 g treated within 5
years based on published quality reports of each neo-
natal unit which are mandatory in Germany.

Results were compared with the latest published
cohorts with a patient number of >100. Clinical
studies published in the English literature were iden-
tified by Medline literature search using PubMed
(www.ncbi.nlm.nih.gov/pubmed; last access on July
10, 2014). Only publications of the last 10 years were
considered for comparison using the key words
‘esophageal atresia’ and ‘complications’. Publications
were individually reviewed and only those studies
reporting on clinical outcome after EA/TEF repair
were included for further analysis.

Statistical analysis and software

Data were quoted as mean ± standard deviation
and/or median [interquartile range] as indicated. Chi-
squared test and Wilcoxon signed-rank test were used
where appropriate. Kolmogorov–Smirnov test was
used to test for normal distribution. A P value of
≤0.05 was considered significant. Missing data were
excluded from statistical analysis.

Data management and statistical analyses were
realized with Microsoft® Excel 2007, Microsoft
Corp., Redmond, WA, USA. Additionally, SAS 9.3
for Windows, SAS Institute Inc., Cary, NC, USA
was used for specific analyses. All data were analyzed
in an anonymized form.

RESULTS

Seventy-five patients, 26 female (35%) and 49 male
(65%), who underwent surgery for EA/TEF in a total
of 37 pediatric surgical departments were included.
Sixty-four children had short-gap EA (85%) and 11
children were classified as long-gap EA (15%).

According to ICD-10, 25 patients (33%) with a
birth weight <2500 g were identified: 22 preterm
infants (29%) had a birth weight of 1500–2500 g and
three preterm infants (4%) showed a birth weight of
1250–1500 g. In five cases of prematurity (7%), the
birth weight was not documented.

Overall, associated anomalies were present in 54
patients (72%): cardiovascular in 41%, respiratory
(including tracheomalacia) in 27%, gastrointestinal in
10%, genitourinary in 8%, vertebral/skeletal in 11%,
chromosomal in 12%, chromosomal in 12%,
VACTERL association in 5% (vertebral defects,
anorectal malformation, cardiovascular anomalies,
EA/TEF, renal malformation or anomalies of the
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limbs), and other in 9% (e.g. cleft palate or hydro-
cephalus). Twenty-one patients (28%) showed no
additional anomalies.

There was no mortality within 1 year after the index
event.

With regard to surgical reconstruction, primary
esophageal anastomosis was performed in all patients
with short-gap EA (n = 64). According to ICPM
codes, three patients with long-gap EA (4% of the
whole cohort) also underwent primary anastomosis
despite a long distance of the esophageal stumps.

Delayed esophageal anastomosis was performed in
six of the remaining patients with long-gap EA (8% of
the whole cohort). Gastric transposition was coded in
two cases (3% of the whole cohort).

Gastrostomy was performed in a total of 20
patients (27%): in 10 patients with short-gap EA
(= 16% of all patients with short-gap EA) and in 10
patients with long-gap EA (= 91% of all patients with
long-gap EA). Sixteen of these gastrostomies (80%)
were carried out in an open technique, two (10%)
laparoscopically, and in two patients (10%) the tech-
nique was not defined.

Ten of 20 patients (50%) in whom a gastrostomy
was performed underwent delayed primary anasto-
mosis with (n = 6) or without (n = 4) bougienage of the
esophageal pouches prior to anastomosis. In eight of
the 20 patients (40%), gastrostomy was established
after primary esophageal anastomosis for feeding
issues. Two patients (10%) with long-gap EA under-
went gastric transposition.

No statistically significant correlation could be iden-
tified between the creation of a gastrostomy
and the academic affiliation, number of consultants,
number of hospital beds, or number of preterm infants
≤1500 g treated within 5 years (all not significant).

Anastomotic leak occurred in two children (3%),
one with short-gap EA and one with long-gap EA
(Table 1). Both were managed conservatively.

Recurrent TEF was documented in five patients
(7%) (Table 1), four children had short-gap EA, one
patient had long-gap EA. Three of these patients
underwent revisional surgery and ligation of the
fistula, two fistulas were successfully closed using
fibrin glue.

Anastomotic stricture required esophageal dilata-
tion in 43 patients (57%) (Table 1). The mean number
of dilatations was 5.1 (±5.6); median 3 [1–22]. Sixteen
patients (21%) underwent one to two esophageal dila-
tations, 14 patients (19%) had three to four dilata-
tions, five patients (7%) were dilated five to six times,
and eight patients (11%) underwent ≥7 dilatations
within 1 year after initial surgery. Esophageal perfo-
ration after dilatation occurred in four patients (5%
of the whole cohort and 9% of the patients who
underwent esophageal dilatation). These patients had
been dilated multiple times (mean 15.8 (±19.6) dila-
tations; median 8.5 [2–44] dilatations) (Table 1).

Six patients (8%) underwent antireflux surgery
for complicated GERD, one patient (1%) required
aortopexy for severe tracheomalacia and another
child (1%) underwent early tracheostomy for respira-
tory insufficiency due to severe tracheomalacia
during the initial hospital stay. In one patient (1%), a
spontaneous tension pneumothorax developed after
esophageal reconstruction and was managed by sur-
gical decompression. Another child (1%) underwent
relaparotomy for iatrogenic duodenal perforation
during gastrostomy placement. Three patients (4%)
with subglottic stenosis after long-term mechanical
ventilation requiring tracheal surgery were identified.
Two patients (3%) presented with recurrent pneumo-
thorax leading to rethoracotomy and pleurodesis
(Table 1).

Mean primary hospital stay was 46.5 (±40.8) days
(median 35 [13–256] days). Ninety-three percent of
patients (n = 70) were readmitted within 1 year after
initial surgery (mean 3.9 (±3.1) readmissions; median
3 [1–15]).

Patients of this study underwent initial reconstruc-
tive surgery in 37 German pediatric surgical depart-
ments. Thirty-four patients (45%) were operated at
university hospitals and 41 patients (55%) at non-
academic institutions (Table 2).

The mean number of patients treated by a single
institution was two (±1.4) from January 2007 to
August 2012.

Comparing the results of this study to recent inter-
national reports, the incidence of anastomotic leak
(3%) was similar (3% vs. 2–8%) (Table 3).

The incidence of recurrent TEF in our study (7%)
was also comparable with international series in
which incidence rates of 2–8% have been reported
(Table 3).

Esophageal dilatation for anastomotic stricture
was performed in 57% of the patients of the present
series which compared unfavorably with the

Table 1 Postoperative complications in 75 patients within the
first year after esophageal atresia/tracheoesophageal fistula repair
defined as ‘any reintervention for esophageal morbidity’

Postoperative complication

Incidence of
postoperative
complication n (%)

Anastomotic stricture 43 (57)
Complicated GERD† 6 (8)
Recurrent tracheoesophageal fistula 5 (7)
Esophageal perforation after dilatation 4 (5)
Subglottic stenosis after long-term

mechanical ventilation
3 (4)

Anastomotic leak 2 (3)
Recurrent pneumothorax requiring surgery 2 (3)
Severe tracheomalacia‡ 2 (3)
Tension pneumothorax 1 (1)
Iatrogenic duodenal perforation 1 (1)

†Gastroesophageal reflux disease (GERD) requiring fundoplica-
tion. ‡Requiring surgical intervention.
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incidence of dilatations in a single-center study from
Germany (39%; P = 0.013) [5] and a multicenter study
from the United States (32%; P < 0.001) [16]. Our
results were comparable with the data from a Cana-
dian series (52% of patients requiring dilatation;
P ≥ 0.05) [17] and Swedish series (56% of patients
requiring dilatation; P ≥ 0.05) [15]. In the study from
Finland, 78% of patients underwent esophageal
dilatation (Table 3). However, in this study, some
infants underwent routine dilatations regardless
of an anastomotic stricture. Thus, data are not
comparable.

The frequency of complications or anastomotic
stricture requiring esophageal dilatation did not cor-
relate with the characteristics of the treating institu-
tions. No statistically significant correlation could be
identified between the complication rate (Table S1)
or the incidence of anastomotic stricture requiring
dilatation (Table S2) and academic affiliation,
number of consultants, number of hospital beds, or
number of preterm infants ≤1500 g treated within
5 years (all n.s.).

DISCUSSION

For the first time, this study provides unbiased data
on the outcome after EA/TEF repair in Germany. As
there is no national database available collecting
information about all German EA/TEF patients, the
database of one of the largest German public health
insurance was used in this study.

Complications following surgery for EA/TEF have
a relevant impact on the outcome.18 However, the
reported prevalence of early and late complications
after EA/TEF repair is highly variable.2,5,14–17 We
focused on early postoperative complications such
as anastomotic leak, anastomotic stricture, and
recurrent TEF, occurring during 1 year after EA/TEF
repair. These early complications depend on surgical
techniques, perioperative care, and individual
patient factors.18 With regard to patient factors, our
series showed a typical distribution of short-gap
versus long-gap EA as well as associated congenital
anomalies.5,14,15,19 Therefore, the characteristics of our
patient cohort are comparable with others reported in
the literature.

According to the recent literature, anastomotic
leaks occur in approximately 2–8% of cases.5,14–17

Thus, the incidence of 3% in our cohort is compa-
rable. Most anastomotic leaks can be managed con-
servatively.7 Correspondingly, both patients with
anastomotic leaks of our series were treated without
surgical intervention.

The reported incidence of recurrent TEF after
initial surgery varies between 2 and 8%.5,14–17 Thus,
the incidence of recurrent TEF in our series (7%) is
equivalent to reports by others. Of note, recurrent
TEF was successfully closed using fibrin glue in two
of five patients of our study cohort after only one
application. This corresponds with the current litera-
ture, as success rates of ∼60% have been reported.20,21

Esophageal stricture is a frequent early sequela after
EA/TEF repair and represents the most common

Table 2 Characteristics of 37 pediatric surgical departments in which initial reconstructive surgery for esophageal atresia/
tracheoesophageal fistula (EA/TEF) in 75 patients was performed from January 2007 to August 2012

Institution
Number of treated EA/TEF
patients per institution

Number of
consultants

Number
of beds

Number of preterm
infants <1500 g/year

Academic n = 15 2.3 ± 1.7 4.8 ± 1.9 56.7 ± 80.0 97.0 ± 60.5
Non-academic n = 22 1.9 ± 1.1 4.1 ± 1.2 31.9 ± 17.2 70.6 ± 23.2
Total n = 37 2.0 ± 1.4 4.4 ± 1.5 43.0 ± 55.3 82.0 ± 44.6

Data are quoted as mean ± standard deviation.

Table 3 Incidence of postoperative complications and frequency of anti-reflux surgery and aortopexy in comparison with recent inter-
national publications on the outcome after esophageal atresia/tracheoesophageal fistula (TEF) repair with a patient number of >100

Authors Country

Number of
surgical
units

Number
of patients

Anastomotic
leak n (%)

Recurrent
TEF
n (%)

Anastomotic
stricture n (%)

Anti-reflux
surgery
n (%)

Aortopexy
n (%)

Koivusalo et al.14 Finland 1 130 9 (7) 3 (2) [102 (78)]‡ 37 (29)*** 16 (12)**
Lacher et al.5 Germany 1 111 2 (2) 3 (3) 43 (39)* 9 (8) 10 (9)**
Lilja and Wester15 Sweden 1 147 10 (7) 11 (7) 82 (56) 15 (10) n/d
Holcomb 3rd et al.16 United States† 6‡ 104 8 (8) 2 (2) 33 (32)*** 26 (25)** 7 (7)*
Konkin et al.17 Canada 1 144 12 (8) 12 (8) 75 (52) 17 (12) n/d
This study 2014 Germany† 37 75 2 (3) 5 (7) 43 (57) 6 (8) 1 (1)

P values are given for each single study versus this study. If P values are not given, there was no statistical difference between the two series.
*P < 0.05; **P < 0.01; ***P < 0.001 versus this study. †Multicenter study. ‡Including routine dilatations (in every patient) up to 2002. n/d,
not defined.
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cause of surgical reintervention.8,18,22 The incidence
varies depending on its definition7,23 ranging from
‘narrowing of more than 50% of the lumen’13 to
‘narrowing detected on a contrast study or by
esophagoscopy in combination with symptoms’.
Therefore, it is difficult to compare incidence rates of
anastomotic strictures between different studies.15

We defined anastomotic stricture as any esophageal
narrowing requiring dilatation and compared our
data with series using the same definition only. On
the basis of these criteria, the frequency has been
reported to be 22–78%.5,14–17 In our study, the inci-
dence of anastomotic stricture requiring esophageal
dilatation was 57% and compared unfavorably with
most series of the recent literature. Only the study
from Finland reported on a higher dilatation rate of
78%.14 However, in this series, all infants routinely
underwent esophageal dilatations up to the year
2002. After 2002, dilatations were performed selec-
tively in patients with symptomatic anastomotic stric-
tures.14 Thus, a direct comparison of our data with
the Finnish results cannot be made. In our collective,
this complication may explain the significant read-
mission rate within 1 year after initial surgery.

In our series, esophageal perforation after dilata-
tion occurred in 5% of all patients and in 9% within
the group of patients who underwent dilatations. In
a recent review on the outcome of balloon dilatations
of anastomotic strictures secondary to surgical
repair of EA/TEF, a perforation rate of 1.8% was
reported.24 However, the authors analyzed a series of
a mean of 2.9 dilatations per patient, whereas the
mean number of dilatations in our cohort was 5.1
dilatations per patient and up to 15.8 dilatations in
patients with perforations. This might be the reason
for a higher incidence of perforations.

GERD is a common comorbidity after surgical
repair of EA/TEF necessitating medical or surgical
management.9,10,17,25 Recent studies on the outcome
after EA/TEF repair identified an incidence of
up to 40% of anti-reflux surgery for complicated
GERD.5,14–17,26 It is a well-accepted pathomechanism
that GERD worsens anastomotic strictures.17,26 The
prevalence of anti-reflux surgery in our study was 8%
which was low compared with the international
literature. On the other hand, the incidence of
anastomotic stricture requiring dilatation was com-
parably high. We speculate that either medical man-
agement of GERD was insufficient in our cohort or
that anti-reflux surgery should have been performed
more often in order to reduce esophageal strictures.
Another reason for the low frequency of anti-reflux
surgery in our study might be the observation period
of 1 year after initial surgery. Some patients of our
cohort might have undergone anti-reflux surgery at a
later age.

Respiratory problems are common in patients with
EA/TEF.27–29 Tracheomalacia has been reported in

up to 75% of patients19,27,30 and is clinically significant
in 10–20%. Due to the high rate of spontaneous
maturation of the trachea, surgical intervention is
only required in severe forms of tracheomalacia with
the therapy of choice being aortopexy.31 Compared
with the international literature,5,14,16 the prevalence
of aortopexy was low in our series.

The standard approach for long-gap EA used
by most pediatric surgeons includes gastrostomy
feeding, drainage of the upper pouch either by per-
manent suction or spit fistula, and delayed anastomo-
sis at 2–3 months of age.32 This approach was
adopted by 55% of patients (n = 6) with long-gap EA
in our series. In children with TEF, a gastrostomy
was established secondarily in 12% of patients
for feeding difficulties on a later occasion which is
similar to a recently reported rate of ∼18% in the
literature.12

It has been postulated that caseload may have an
impact on outcome in various operative fields includ-
ing pediatric surgery.33,34 As a result, centralization
of the surgical and medical treatment of rare condi-
tions in children such as orofacial clefts,35 brain
tumors,36 cardiac malformations,37 and biliary
atresia38 has been recommended by numerous
authors. In the United Kingdom, a system of region-
alized subspecialization for treating patients with
EA/TEF was reported to improve outcomes.39 Most
recently, a nationwide analysis of clinical outcomes
among newborns with EA/TEF in the United States
revealed that patients treated in designated children’s
hospitals had a lower mortality rate than those
treated at those institutions which were not identified
as a children’s hospital.6 In contrast, a recent multi-
center study from France reported on similar postop-
erative results of a national cohort compared with
single centers with a high caseload.40

Great variation exists in the number of patients
treated per year in single centers worldwide.
Koivusalo et al.14 reported a mean of 6.5 patients per
year from their center in Finland, Lacher et al.5

reported a mean of 5.3 patients per year from
Germany, and Lilja and Wester15 reported a mean of
7.7 patients per year from Sweden. The highest mean
number of patients with EA/TEF operated per year
within a single center was reported from Canada
(n = 9).17 It remains unclear to what extent multi-
institutional treatment in Germany with a substantial
increase of EA/TEF patients per center would further
improve results. Correspondingly, in our study, we
could not identify any correlation between the
number of consultants, hospital beds, and premature
infants treated per year in single institutions and the
results after EA/TEF repair. One may speculate that
in institutions with a low caseload, only experts
perform EA/TEF repairs, whereas in institutions with
a high caseload also supervised trainees carry out
these operations.
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The data of the present study were derived from
one of the major health insurance companies in
Germany excluding bias with regard to data collec-
tion. However, a few limitations of the study need
to be addressed. The sample size of 75 patients
included in this study was relatively small. In order to
provide a standardized analysis of each single patient,
the hospital stay for initial reconstructive surgery
was chosen as the index event. Only diagnoses and
reinterventions within 1 year after this index event
were analyzed and patients with a shorter follow-up
period were excluded. Therefore, we cannot provide
data on long-term outcome.

The literature reports which were used for compari-
son included data from longer follow-up periods.
Therefore, complications in the present series may be
underreported because of the short follow-up period.
This may also concern long-term sequelae, such as
musculoskeletal complications, GERD, esophageal
dysmotility, recurrent respiratory tract infections, or
epithelial metaplasia. Furthermore, the definition of
‘anastomotic leak’, ‘recurrent TEF’, or ‘anastomotic
stricture’ was based on ICD-10 or ICPM. Complica-
tions which had not been encoded may have been
missed in the current study. Therefore, it is not pos-
sible to exclude misclassification and miscoding.

The reported prevalence of early and long-term
complications after EA/TEF repair is variable.5,14–17

Obviously, there is no uniform definition of these
complications. As a consequence, we analyzed
only studies with similar definitions of the single
complications.

On the other hand, several potential factors affect-
ing the result could be excluded due to the nature of
the German health care system in which the indi-
vidual freely chooses among >130 public health insur-
ance companies. As health insurance companies and
treating hospitals are independent from each other,
it is not possible that the choice of the insurance
company could have affected the treatment given to a
patient or that the insurance companies could have
excluded some patient groups to be funded. More-
over, none of the patients of this series could have
gone to other hospital with different funding sources
for further treatment including the complication.
Furthermore, particular hospitals could not have had
their treatment funded by a different company. The
two latter circumstances do not exist in Germany. All
patients included in this study remained clients of
the TK throughout the study period of 1 year after
the index event.

Finally, we emphasize that our data reflect the
outcome of patients who had been clients of the
health insurance TK only. Therefore, our data might
not necessarily represent the national outcome after
EA/TEF repair. The pediatric surgical institutions of
the present study may be expected to have treated an
approximately 10 times higher number of EA/TEF

patients during the study period and that data of 90%
of the national cohort could not be analyzed.

This study provides a benchmark for the current
outcome of patients after EA/TEF repair in Germany
in a population-based manner. Unbiased data from
a public health insurance accounting for approxi-
mately 10% of the German population confirm
that the incidence of anastomotic leak and recurrent
TEF was comparable with international reports.
There was a significant readmission rate within 1 year
after primary repair in our study, mainly due to
anastomotic strictures requiring dilatation. This
was associated with a low prevalence of anti-reflux
surgery. A statistical correlation between the inci-
dence of postoperative complications and the charac-
teristics of single departments of pediatric surgery
could not be identified.
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Factors associated with nonresponse to proton pump inhibitors therapy in
patients referred for esophageal pH-impedance monitoring

A. Garros,1 F. Mion,1,2,3 S. Marjoux,1 H. Damon,1 S. Roman1,2,3

1Hospices Civils de Lyon, Digestive Physiology, Edouard Herriot Hospital, 2Lyon I University, and 3LabTAU,
Lyon, France

Summary. Nonresponse to proton pump inhibitors (PPI) concerns up to 40% of patients treated for
gastroesophageal reflux disease (GERD). Identifying predictive factors of nonresponse might help to optimize
patients’ treatment. The aim of this study was to determine clinical factors associated with nonresponse to PPI
therapy in patients referred for pH-impedance monitoring. One hundred and sixty-eight consecutive patients (105
females, mean age 52 years, range 17–83) were included between October 2011 and May 2013. Before the
realization of high-resolution manometry and 24-hour pH-impedance monitoring they completed a questionnaire
including Rome III criteria for functional dyspepsia and irritable bowel syndrome (IBS). Comparisons between
patients with and without PPI response were performed using chi-square or analysis of variance tests. One hundred
and twenty-six patients (83%) were considered as PPI nonresponders and 26 (17%) as responders. No significant
difference was observed for age and body mass index. No manometric and pH-impedance profiles were identified
as associated with PPI response. The percentage of patients with functional dyspepsia and IBS was higher in PPI
nonresponders patients than in responders (65.6% and 27.2%, respectively, vs. 38.5% and 7.7%, P = 0.01 and P =
0.03). This study confirms that functional digestive disorders are more frequent in patients with persistent GERD
symptoms on PPI and they might be indicative of nonresponse to PPI therapy.

KEY WORDS: dyspepsia, gastroesophageal reflux disease, irritable bowel syndrome, pH-impedance monitoring,
PPI response.

ABBREVIATIONS:BMI body mass index EGJ esophago-gastric junction ENT ear nose throat EPS epigastric
pain syndrome GERD gastroesophageal reflux disease HRM high-resolution manometry IBS irritable bowel
syndrome IQR inter-quartile range PDS postprandial distress syndrome PPI proton pump inhibitor SAP
symptom association probability

INTRODUCTION

Gastroesophageal reflux disease (GERD) is a
common disorder affecting approximately 10% to
20% of the adult population in Western countries.1

According to the Montreal definition, GERD is ‘a
condition that develops when the reflux of stomach

contents causes troublesome symptoms and/or
complications’.2

Proton pump inhibitors (PPI) represent the main-
stay of GERD treatment. They act by suppressing
gastric acid secretion. Consequently, the refluxate is
less acidic and less harmful for esophageal mucosa.
Persistent GERD symptoms on standard dose PPI
may concern up to 40% of patients.3,4 They may be
related to noncompliance to treatment, to persistent
acid reflux on treatment, to ‘nonacid’ reflux, but also
to esophagitis of another etiology (eosinophilic
esophagitis, infectious or pill esophagitis), to hyper-
sensitivity or to functional heartburn.5,6

Identifying predictive factors of PPI nonresponse
might help to understand resistance process and
optimize patients’ treatment. Nonerosive reflux
disease is known to be associated with a higher
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proportion of PPI nonresponse compared with
erosive esophagitis.3,7 Low body mass index (BMI;
<25 mg/kg2), and functional digestive disorders
(dyspepsia, irritable bowel syndrome [IBS], constipa-
tion) were more frequently encountered in PPI
nonresponders, as well as hiatus hernia and
hypotensive esophago-gastric junction (EGJ).5,8

PH-impedance monitoring is a key examination in
GERD suspected patients who failed to respond to
PPI therapy. It allows the detection of acidic but also
weakly acidic reflux events which are predominant in
patients on PPI.9 As a consequence, this examination
is essential to understand the mechanisms of PPI
refractoriness by identifying persistent acid reflux,
increased number of weakly acidic reflux or absence
of pathological GER.10,11

Our study aimed to determine demographic and
clinical factors associated with nonresponse to PPI
therapy in suspected GERD patients referred for
24-hour pH-impedance monitoring in a tertiary
center. Results of pH-impedance monitoring and
esophageal high-resolution manometry (HRM)
were also investigated as potential risk factors for
nonresponse to PPI therapy.

PATIENTS AND METHODS

We retrospectively selected 200 consecutive patients
referred for pH-impedance monitoring in a single ter-
tiary center from October 2011 to May 2013. Thirty-
two patients with previous lung transplantation were
excluded. Thus, the study population was composed
of 168 patients (Fig. 1).

Clinical data

Age, sex, BMI, previous anti-reflux surgery and PPI
use were collected by reviewing patients’ charts. PPI

nonresponse was determined by the physician who
performed the examination based on patient’s satis-
faction. Patients who incompletely responded to PPI
therapy were considered as nonresponders.

The day of pH-impedance monitoring, presence
of typical (heartburn, regurgitation) and atypical
GERD symptoms (dysphagia, chest pain, belching,
hiccups, epigastric pain, ear nose throat [ENT] symp-
toms, cough, and asthma) was assessed by the physi-
cian who performed the examination.

Patients filled self-questionnaires including
GERD-Q score,12 Rome III criteria for postprandial
distress syndrome (PDS), epigastric pain syndrome
(EPS), and irritable bowel syndrome (IBS).13,14

Esophageal HRM

Before pH-impedance monitoring, esophageal HRM
(Given Imaging, Duluth, GA, USA) was performed
to localize EGJ and to assess esophageal function.
The manometry protocol included at least a
30-second period without swallowing to assess basal
EGJ pressure and then 10 5-mL water swallows in
supine position.

PH-impedance monitoring

Twenty-four hour ambulatory esophageal pH-
impedance monitoring was performed using a
multi-channel intraluminal impedance system
(Sandhill Scientific, Highland Ranch, CO, USA). The
pH-electrode was positioned 5 cm above the upper
border of the manometrically defined EGJ and the
impedance segments were positioned 3, 5, 7, 9, 15,
and 17 cm above the proximal border of the EGJ.
PH-impedance monitoring was considered to be per-
formed off PPI if it was done at least 5 days after PPI
cessation.

Fig. 1 Flow chart. Among a cohort of 200 patients, 168 patients were included. Distribution of PPI responders and nonresponders is
represented as well as the number of patients who underwent pH-impedance monitoring on and off PPI.
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Data analysis

HRM studies were analyzed using ManoView V3.0
software (Given Imaging). One investigator (AG)
reviewed systematically all the studies. End expira-
tory EGJ resting pressure was measured in absence of
swallowing. The Chicago classification for esopha-
geal motility disorders was applied to characterize
esophageal contractile activity.15

PH-impedance studies were analyzed as proposed
by the Porto consensus.16 Total esophageal acid expo-
sure (%), and total number of reflux events were
determined for each study. Off PPI, GERD was con-
sidered as pathological when at least one of the
following criteria was present: esophageal pH < 4
more than 5.8% of total time and/or total number
of reflux events greater than 53/24 h.17 On PPI,
pathological reflux was defined as esophageal pH < 4
more than 0.4% of total time or/and total number of
reflux events greater than 57/24 h.17 Finally, for each
patient, symptom association probability (SAP) was
calculated for the main symptom and for acid and
nonacid reflux events.18

Based on the results of pH-impedance monitoring,
four groups were defined: acid esophageal reflux
(pathological esophageal acid exposure), nonacid
reflux (normal esophageal acid exposure and patho-
logical number of reflux events), hypersensitive
esophagus (normal esophageal acid exposure, normal
number of reflux events, and SAP ≥95%), and func-
tional symptoms (all normal criteria).

Statistical analysis

Data are expressed as mean (range) or median (inter-
quartile range, IQR). All characteristics were com-
pared between PPI responders and nonresponders
using chi-square test, Fisher exact test or one-way
analysis of variance when appropriate. Performances
of tests were calculated using sensitivity, specificity,
positive predictive value, and negative predictive

value. Additional statistical analysis was performed
to compare the four groups defined by pH-impedance
monitoring. A P value < 0.05 was considered
significant.

RESULTS

Patients’ characteristics

Patients’ characteristics are detailed in Table 1.
Overall, heartburn and/or regurgitation were encoun-
tered in 112 patients (66.7%); they were not associ-
ated with other GERD symptoms in 71 patients
(42.3%). ENT symptoms were the most frequent
atypical symptoms (49 patients, 29.2%). Finally, 37
patients (22.0%) reported cough and 26 patients
(15.5%) chest pain. According to Rome III criteria,
functional dyspepsia (PDS and/or EPS) was diag-
nosed in 103 patients (61.3%) and IBS in 41 patients
(24.4%). Twenty-six patients (15.5%) were consi-
dered as PPI responders while 126 (75.0%) were
nonresponders. PPI response was not determined in
16 patients (9.5%).

Clinical and manometric features associated with
PPI response

Demographic characteristics were similar in PPI
responders and nonresponders (Table 1). Atypical
symptoms alone were more frequently encountered in
PPI responders than in nonresponders while typical
symptoms were more frequent in PPI nonresponders
(P = 0.04). The proportion of patients with previous
anti-reflux surgery was similar among PPI responders
and nonresponders (P = 0.12). Thirty-five percent of
PPI responders had a positive GERD-Q (score >8)
compared with 45% of nonresponders (P = 0.32).
Analyzing separately the different components of
the GERD-Q score (heartburn and regurgitation fre-
quencies, occurrence of epigastric pain, nocturnal

Table 1 Characteristics of the 168 patients included in the study and clinical characteristics according to PPI response

Characteristics
All patients Responders Nonresponders

P*n = 168 n = 26 n = 126

Age (years), mean (range) 52 (17–83) 51 (17–79) 53 (17–83) 0.80
Gender /female, n (%) 105 (62.5%) 13 (50.0%) 83 (65.8%) 0.13
BMI (mg/m2), median (IQR) 25 (21–28) 25 (21–29) 24 (23–25) 0.75
Previous anti-reflux surgery, n (%) 35 (20.8%) 26 (20.6%) 9 (34.6%) 0.12
PPI dose†

Once daily 66 (47.8%) 7 (46.7%) 48 (44.9%) 0.55
Twice daily 72 (52.2%) 8 (53.3%) 59 (55.1%)

GERD symptom, n (%) 0.04
Typical symptoms alone 71 (42.3%) 9 (34.6%) 53 (42.1%)
Atypical symptoms alone 54 (32.1%) 14 (53.9%) 38 (30.2%)
Both typical and atypical symptoms 43 (25.6%) 3 (11.5%) 35 (27.8%)

*Responders versus nonresponders. †Because of the retrospective design, PPI dose was available in only 138 patients. BMI, body mass
index; GERD, gastroesophageal reflux disease; IQR, inter-quartile range; PPI proton pump inhibitors.
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symptoms, and use of over-the-counter medication),
no significant difference was observed for any of these
criteria.

Esophageal HRM characteristics did not differ
between PPI responders and nonresponders
(Table 2).

Rome III criteria for functional dyspepsia and
IBS were significantly associated with failure of PPI
therapy (Fig. 2). Performances of functional dyspep-
sia and IBS to predict PPI response are detailed on
Table 3.

The occurrence of functional dyspepsia and IBS
was similar in patients with or without prior anti-
reflux surgery (64.9% and 24.3% vs. 60.3% and
24.4%, P = 0.40 and 0.58, respectively). Interestingly,
patients with functional dyspepsia presented more
frequently heartburn and regurgitation than those
without (70.1% vs. 41.8% and 73.2% vs. 52.7%,
respectively, P < 0.01) while ENT symptoms were
less frequent in patients with functional dyspepsia
(16.5% vs. 48.4%, P < 0.01). The distribution of
GERD symptoms was similar in patients with or
without IBS. Based on GERD-Q score components,
patients with both functional dyspepsia and IBS
tended to have higher score for heartburn and regur-
gitation compared with patients with one single func-
tional disorder and to patients without functional
disorder (mean [±SD] score for heartburn = 1.82 ±
1.34 vs. 1.65 ± 1.34 vs. 0.87 ± 1.24, respectively, P <
0.01 and mean [±SD] score for regurgitation = 1.96 ±
1.17 vs. 1.54 ± 1.31 vs. 1.11 ± 1.25, P = 0.02). Chest
pain score (based on Eckardt score) was also higher
in patients with at least one functional disorder com-
pared with those without (0.51 ± 0.77 vs. 0.24 ± 0.48,
P = 0.03). No significant difference was observed for
dysphagia score.

PH-impedance monitoring off PPI

Ninety-one patients (54.2%) underwent pH-
impedance monitoring off PPI. Among them,
24 (26.4%) were PPI responders, 59 (64.8%)
nonresponders and 8 (8.9%) had unavailable data
concerning PPI response (Fig. 1). As shown in
Table 4, no specific pH-impedance parameters were
predictive of PPI response.

Table 2 Esophageal high-resolution manometry findings according to PPI response

High-resolution manometry characteristics
Responders Nonresponders

Pn = 26 n = 126

Hiatus hernia, n (%) 7 (26.9%) 36 (28.6%) 0.83
Mean (IQR) esophago-gastric junction basal pressure (mmHg) 8 (3–12) 3 (8–12) 0.92
Chicago classification, n (%)
Normal 12 (46.2%) 58 (46.0%) 0.98
Weak peristalsis 11 (42.3%) 50 (39.7%) 0.82
Frequent failed peristalsis 2 (7.7%) 13 (10.3%) 0.50
Absent peristalsis 1 (3.8%) 1 (0.8%) 0.32

IQR, inter-quartile range.

Fig. 2 Frequency of functional disorders in proton pump
inhibitor (PPI) responders and nonresponders. Functional
dyspepsia and irritable bowel syndrome (IBS) were more
frequently encountered in PPI nonresponders (gray bars) while
functional disorders were more frequently absent in PPI
responders (black bars).

Table 3 Performances of clinical factors to predict nonresponse to PPI

Clinical factors Sensitivity Specificity
Positive
predictive value

Negative
predictive value

Functional dyspepsia 65.6 61.5 89.1 27.1
Irritable bowel syndrome 27.2 92.3 94.4 20.9
Functional dyspepsia and/or irritable bowel syndrome 72.8 57.7 89.2 30.6
Functional dyspepsia and irritable bowel syndrome 20.0 96.2 96.2 20.0
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Based on the results of pH-impedance monitoring,
12 patients (13.2%) had acid reflux, 18 (19.8%)
nonacid reflux, 13 (14.3%) hypersensitive esophagus,
and 48 (52.7%) functional symptoms. Only previous
history of anti-reflux surgery was different between
groups: 45.8% of patients with functional symptoms
had previous anti-reflux surgery versus 30.8% of
those with hypersensitive esophagus, 5.6% of those
with nonacid reflux and 0% of those with acid reflux
(P < 0.01).

PH-impedance monitoring on PPI

Seventy-seven patients underwent pH-impedance on
PPI therapy. Two of them (2.6%) were PPI respond-
ers, 67 (87.0%) nonresponders and 8 (10.4%) had
unavailable PPI response data (Fig. 1).

Based on the results of pH-impedance monitor-
ing, 34 patients (44.2%) had acid reflux, 8 (10.4%)
nonacid reflux, 7 (9.1%) hypersensitive esophagus,
and 28 (36.4%) functional symptoms. Compared with
patients with functional symptoms, patients with acid
reflux had lower BMI (median [IQR] = 23.4 [21.7–
27.4] vs. 26.4 kg/m2 [23.8–29.4], P < 0.05) and more
frequently functional dyspepsia (79.4% vs. 48.2%,
P < 0.05).

DISCUSSION

Our study clearly confirmed that functional dyspep-
sia and IBS symptoms were significantly associated
with PPI nonresponse in patients with GERD
symptoms. We failed to find any manometric or
pH-impedance profiles associated with PPI response
in these patients. Previous anti-reflux-surgery was
associated with absence of pathological GER on
pH-impedance monitoring performed off PPI.

It is widely accepted that a significant overlap exists
between GERD symptoms and functional digestive
disorders.19 For example, a prevalence of 41% and
36% has been reported for dyspepsia and IBS respec-
tively in patients with GERD symptoms.20 Our study

confirmed that the presence of dyspepsia or IBS
symptoms might predict resistance to PPI therapy,
contrary to objective testing such as HRM and
24-hour pH impedance monitoring.21 Our series has
some strength over the previous studies. We included
168 patients, which is a substantial sample size com-
pared with previous studies.8,21,22 Our nonselected
population represents the classical population of
patients referred for pH-impedance monitoring in
digestive physiology laboratory. We used validated
and reproducible questionnaires in a prospective
database of patients referred for esophageal HRM
and pH-impedance monitoring. Most of these
patients had at least one functional disorders (func-
tional dyspepsia and/or IBS) associated with GERD
symptoms. Our study suggests also that association
with functional disorders might be indicative of more
frequent GERD symptoms. While the severity of
esophageal symptoms (based on GERD-Q score and
Eckardt score) were not predictive of PPI response,
patients with both dyspepsia and IBS had the most
severe heartburn and regurgitation and those without
functional disorders the less severe symptoms. Vis-
ceral hypersensitivity is a common determinant of
dyspepsia, IBS and GERD pathophysiology23 and
might be determinant for symptom genesis. Targeting
hypersensitivity might be an interesting therapeutic
option when PPI therapy fails. A systematic search
of functional disorders should be proposed for all
patients referred for esophageal testing because of
the frequency of these disorders and to their impact
on patients’ symptom severity and response to
treatment.

Surprisingly, predominant atypical symptoms were
associated with better response to PPI therapy than
typical symptoms in our series. This finding is consis-
tent with a recent publication of Patel et al.22 The
authors reported better outcome in patients with
atypical GERD symptoms than in patients with
typical symptoms. Their patients’ selection was
similar as ours: patients were referred in a tertiary
center for pH-impedance monitoring either on or off
PPI. A selection bias may explain that atypical symp-

Table 4 PH impedance monitoring findings according to PPI response

pH-impedance characteristics
Responders Nonresponders

Pn = 24 n = 59

24-hour esophageal acid exposure
% of total time, median (IQR) 1.25 (0.2–3.7) 0.5 (0.1–2.9) 0.55
5.8% of time, n (%) 3 (12.5%) 9 (15.3%) 0.52

Total reflux events/24 hours
Median number of reflux events (IQR) 30 (19–53) 36 (15–56) 0.48
>53 reflux events, n (%) 6 (25.0%) 17 (28.8%) 0.72

Pathological GERD, n (%) (esophageal acid exposure
>5.8% or number of reflux events >53/24 hours)

8 (33.3%) 20 (33.9%) 0.96

Symptom association probability > 95%, n (%) 8 (40.0%) 14 (29.2%) 0.38

Data are presented for patients who underwent 24-hour pH-impedance monitoring off PPI. GERD, gastroesophageal reflux disease; IQR,
inter-quartile range.
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toms were associated with PPI response. Patients
with typical symptoms are usually referred to tertiary
center because their symptoms are persistent on PPI.
Their probability of having pathological GER is
low24 and then they are more akin to have negative
pH-impedance monitoring. At the opposite, patients
with atypical symptoms are referred to confirm
pathological GER whatever the response to PPI
therapy. Finally, it is important to note that patients
with functional dyspepsia had less ENT symptoms
than those without functional disorders in our series.
We showed that functional dyspepsia was associated
with PPI nonresponse. Thus PPI response in patients
with ENT symptoms might be related with the
absence of other functional disorders.

Functional esophageal testing is useful in patients
with GERD suspected symptoms. pH impedance
monitoring can differentiate pathological acid and
nonacid reflux, esophageal hypersensitivity and func-
tional symptoms. However, we failed to find any pre-
dictive factor of PPI response based on the results of
pH-impedance monitoring. This finding was previ-
ously noticed.21,25 At the opposite, Ribolsi et al.
reported an increased overall number of reflux epi-
sodes associated with treatment failure in patients
with positive SAP.26 These conflicting results suggest
that pH-impedance monitoring might have a predic-
tive role only in a selected population. Esophageal
manometry can evidence hiatal hernia, hypotensive
lower esophageal sphincter and esophageal dysmo-
tility, which have been described as features of
GERD.27 We found an important proportion of
hypotensive peristalsis disorders (weak peristalsis and
frequent failed peristalsis) based on the Chicago clas-
sification. However, no specific esophageal contractile
pattern or EGJ morphology was associated with PPI
response. This is consistent with a previous study of
Zerbib et al.21 However, Fletcher et al. reported a sig-
nificant association between hypotensive EGJ and
PPI failure.8 In this study, patients’ selection differs
from ours: patients were recruited on the basis of
upper gastrointestinal symptoms, and not only on
GERD-related symptoms as we did.

Our study has several limitations. Firstly, our
population was heterogeneous regarding symptom
presentation (typical and/or atypical GERD symp-
toms), PPI dose, and inclusion of patients with and
without previous anti-reflux surgery. We chose to
study these consecutive patients as they were repre-
sentative of daily practice, and thus, our results might
be translated in the community. When patients are
referred for esophageal testing, PPI doses are rarely
standardized. Despite the absence of standardization,
PPI dose was not different in responders and
nonresponders in our series. Patients with prior anti-
reflux surgery represent also a substantial proportion
of patients referred for esophageal testing. As we
previously published, we observed that anti-reflux

surgery had an impact on the results of 24-hour pH
impedance performed off PPI28 but the frequency of
functional disorders, which was determinant for PPI
response, was similar in patients with and without
previous surgery. Secondly, we used a subjective defi-
nition of PPI nonresponse in absence of PPI therapy
standardization. This definition relied on the impres-
sion of the physician who performed the examina-
tion. This is close to the daily practice of many
gastroenterologists and once again our results may
reflect the clinical practice in the community. Finally,
because of the retrospective design, we were not able
to determine if endoscopic findings might be helpful
in this population to identify predictive factors of
response to PPI therapy. However, it is less likely that
the prevalence of esophagitis was high in our study
since few patients had pathological GERD off PPI
and PPI are known to have an efficacy close to 96% to
heal esophagitis.29

In conclusion, our study confirmed that functional
digestive disorders were frequently associated with
GERD. Association with functional digestive disor-
ders may predict treatment failure and a systematic
search of digestive functional disorders should be
realized in patients with GERD-suspected symptoms.
PH-impedance monitoring and HRM profiles cannot
be used to predict treatment response. Further studies
are required to determine if treatment focused on
functional disorders might improve outcome in
nonselected GERD suspected patients who failed to
respond to PPI therapy.
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Adherence to a predominantly Mediterranean diet decreases the risk of
gastroesophageal reflux disease: a cross-sectional study in a South Eastern
European population
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Albania; and 4Department of International Health, School for Public Health and Primary Care (CAPHRI),
Faculty of Health, Medicine and Life Sciences, Maastricht University, Maastricht, The Netherlands

SUMMARY. Our aim was to assess the association of a Mediterranean diet and gastroesophageal reflux disease
among adult men and women in Albania, a former communist country in South Eastern Europe with a predomi-
nantly Muslim population. A cross-sectional study was conducted in 2012, which included a population-based
sample of 817 individuals (≥18 years) residing in Tirana, the Albanian capital (333 men; overall mean age: 50.2 ±
18.7 years; overall response rate: 82%). Assessment of gastroesophageal reflux disease was based on Montreal
definition. Participants were interviewed about their dietary patterns, which in the analysis was dichotomized into:
predominantly Mediterranean (frequent consumption of composite/traditional dishes, fresh fruit and vegetables,
olive oil, and fish) versus largely non-Mediterranean (frequent consumption of red meat, fried food, sweets, and
junk/fast food). Logistic regression was used to assess the association of gastroesophageal reflux disease with the
dietary patterns. Irrespective of demographic and socioeconomic characteristics and lifestyle factors including
eating habits (meal regularity, eating rate, and meal-to-sleep interval), employment of a non-Mediterranean diet
was positively related to gastroesophageal reflux disease risk (fully adjusted odds ratio = 2.3, 95% confidence
interval = 1.2–4.5). Our findings point to a beneficial effect of a Mediterranean diet in the occurrence of
gastroesophageal reflux disease in transitional Albania. Findings from this study should be confirmed and expanded
further in prospective studies in Albania and in other Mediterranean countries.

KEY WORDS: Albania, gastroesophageal reflux disease, Mediterranean diet, non-Mediterranean diet, South
Eastern Europe.

INTRODUCTION

Gastroesophageal reflux disease (GERD) is a
common and chronic gastrointestinal disorder that
significantly decreases the quality of life.1,2 Since it is
a public health concern affecting up to 28% of the
adult populations in the Western countries, it is
important to recognize the behavioral factors affect-
ing the GERD symptoms.3

A number of studies have explored the possible
association between lifestyle/behavioral factors
and GERD. Although the evidence indicates that
GERD is associated with various behavioral factors
including body weight, smoking and sleeping posi-
tion, debate remains about the putative role of diet in
development of the GERD symptoms.4 Furthermore,
different and conflicting results appear for the
responsible food items which are related to reflux
symptoms.5–10 However, it has been argued that the
effects of individual dietary items on the risk of
GERD depend on the overall dietary patterns.5,9

From this point of view, it has been shown that
dietary patterns and dietary habits affect the GERD
symptoms.11,12

As a matter of fact, there is a growing interest using
dietary pattern approaches in epidemiological studies
to assess the effects of diet on disease risk.13 Hence, it

Address correspondence to: Dr Iris Mone, MD, PhD, University
of Medicine, Rr. ‘Dibres’, No. 371, Tirana 1001, Albania. Email:
iris_mone@yahoo.com
Authors’ contribution: I. Mone, B. Kraja, A. Bregu and G.
Burazeri contributed to the study conceptualization and design,
analysis and interpretation of the data and writing of the article.
V. Duraj, E. Sadiku and J. Hyska commented comprehensively
on the manuscript. All authors have read and approved the
submitted manuscript.
Financial support: This study was supported by the University of
Medicine, Tirana, Albania.

Diseases of the Esophagus (2015) ••, ••–••
DOI: 10.1111/dote.12384

© 2015 International Society for Diseases of the Esophagus 1VC 2015 International Society for Diseases of the Esophagus794

Diseases of the Esophagus (2016) 29, 794–800
DOI: 10.1111/dote.12384



has been suggested that a Mediterranean diet that
reflects the dietary pattern in the Mediterranean
European region characterized by a high intake of
vegetables, legumes, fruits, whole grains, fish, and
olive oil, moderate amounts of alcohol and dairy
products, and low amounts of red or processed meat
is healthful and provides beneficial effects especially
on cardiovascular and cancer risk.14–16 To date,
however, the influence of Mediterranean diet in the
GERD symptoms, to our knowledge, has not been
studied in population-based samples.

After the collapse of the communist regime in 1990,
Albania embarked in the complex journey toward a
market-oriented economy. Conventionally, Albanian
diet has consisted of a low consumption of total calo-
ries, meat, and dairy products, but a high intake of
fruit, vegetables, and carbohydrates.17 However, in
the past two decades, Albania has experienced a rapid
transition including substantial dietary changes18

with an emergent ‘Western’ behavior consisting of
processed foods that are higher in sugar, salt and
saturated fats.19 The prevalence of GERD in a repre-
sentative population-based sample of Albanian
adults has been recently estimated at 12%,20 which is
lower than in many Western European countries.21

In this context, our aim was to assess the associa-
tion of GERD with adherence to a Mediterranean
diet among adult men and women in Albania, a post-
communist predominantly Muslim country in South
Eastern Europe, which is currently experiencing
a rapid socioeconomic transition including behav-
ioral changes. We hypothesized that the Mediterra-
nean diet decreases the risk of GERD in this study
population.

MATERIALS AND METHODS

A cross-sectional study was conducted in Tirana, the
Albanian capital, in 2012.

Study population

A simple random sample of 1000 adult individuals
aged ≥18 years was drawn based on family physi-
cians’ lists in Tirana municipality. Study population,
sampling strategy, and sample size calculations have
been described in detail elsewhere.20

Of 1000 people included in the sample, 845 indi-
viduals agreed to participate and were subsequently
examined at primary health-care centers in Tirana
(345 men, mean age: 51.3 ± 18.5 years; 500 women,
mean age: 49.7 ± 18.8 years; overall response rate:
845/1000 = 84.5%).20 Of these, 28 individuals report-
ing use of medications for GERD symptoms (see
‘data collection’ below) were excluded from the
analysis. Hence, the final study population included
817 participants (333 men, mean age: 51.2 ± 18.3

years; 484 women, mean age: 49.5 ± 18.9 years;
overall response rate: 817/1000 = 81.7%).

Data collection

Following the standard methods of cross-cultural
adaptation of the questionnaires, the Montreal
instrument for assessment of GERD22 was translated
into the Albanian language. Next, the Albanian
version of the instrument was pretested in a small
sample of users of primary health-care services in
Tirana before conducting the current survey.20

Based on the Montreal definition of GERD for
population-based studies,22 individuals were classified
into two groups based on the presence (or, absence)
of GERD. Participants were considered as having
GERD if, during last year, they reported heartburn
or regurgitation occurring at least once a week, and
having at least moderate problems from such symp-
toms (Table 1). Participants reporting use of medica-
tions for heartburn or regurgitation at least once
weekly23 (n = 28) were excluded from the GERD
group. Heartburn was defined as a burning sensation
in the retrosternal area (behind the breastbone)
(Table 1). Regurgitation was defined as the percep-
tion of flow of refluxed gastric content into the mouth
or hypopharynx (Table 1). Conversely, individuals
with no reflux symptoms and/or those with reflux
symptoms that were not regarded troublesome (mild
symptoms) were classified as non-GERD.

Participants were interviewed about their dietary
habits including frequency of consumption of four
main items of a Mediterranean diet which are consid-
ered typical for Albania (composite/traditional dishes
which are rich in spices, garlic, and herbs, fresh
fruit and vegetables, olive oil, and fish) and for main
items of a non-Mediterranean diet (red meat, fried
food, sweets, and junk/fast food). Answers to each
food item for both the Mediterranean and the non-
Mediterranean dietary patterns consisted of three
categories: frequent consumption (score: 2), moder-
ate consumption (score: 1), and rare/no consumption
(score: 0). A summary score for the Mediterranean
and the non-Mediterranean food items was calcu-
lated for each participant. In the analysis, based on
dietitians’ advice in Albania, the dietary pattern was
dichotomized into: predominantly Mediterranean
(for participants where the Mediterranean dietary
score was higher than the non-Mediterranean score)
versus predominantly non-Mediterranean (for partici-
pants where the Mediterranean dietary score was
lower than the non-Mediterranean score).

In addition, participants were asked whether they
consumed their meals regularly (never, occasionally,
often, or always),11 which in the analysis was dichoto-
mized into: never/occasionally versus often/always.
Eating rate was assessed through the following ques-
tion: ‘How long does it take you to eat your main
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meal: <10 minutes, or ≥10 minutes?’. Also, meal-to-
sleep interval was assessed by the following question:
‘How long does it take you to go to sleep in the
evening following your last meal: <30 minutes, or ≥30
minutes?’.

Furthermore, participants were asked about their
smoking habits (categorized into current smoker,
former smoker, never smoker), alcohol intake
(dichotomized into no/occasional intake vs.
moderate/heavy intake), and physical activity (low,
moderate, high).

Demographic data (age and sex) and socioeco-
nomic information (educational attainment [years of
formal schooling, categorized into: 0–8 years, 9–12
years, ≥13 years] and income level [low, middle, high])
were additionally collected.

Physical examination included measurement of
height and weight; subsequently, body mass index
(BMI) was calculated for each study participant
(kg/m2).

The study was approved by the Albanian Commit-
tee of Biomedical Ethics. All individuals who agreed
to participate signed an informed consent after being
explained the aims and procedures of the study.

Statistical analysis

Chi-square test was used to compare the distribution
of sex, socioeconomic characteristics (educational
attainment and income level), lifestyle factors
(smoking, alcohol intake, physical activity, and
BMI), eating habits (meal regularity, eating rate,
and meal-to-sleep interval), and GERD between par-
ticipants employing a Mediterranean and a non-
Mediterranean diet. Conversely, Mann–Whitney test
was used to compare the age distribution between the
two groups.

Binary logistic regression was used to assess the
association of GERD (outcome variable) with the
Mediterranean diet (predictor). Unadjusted (crude)
odds ratios (ORs) and their respective 95% confi-
dence intervals (CIs) were initially calculated. Subse-
quent models included adjustment for age (numerical
variable) and sex. Next, logistic models were addi-
tionally adjusted for socioeconomic characteristics
(educational attainment and income level). Then, life-
style factors (smoking, alcohol intake, physical activ-
ity, and BMI) were also introduced into the logistic
models. Final models included additional adjustment
for eating habits (meal regularity, eating rate, and
meal-to-sleep interval). For all models, multivariable-
adjusted ORs and their respective 95% CIs were cal-
culated. Hosmer–Lemeshow goodness-of-fit test was
used to assess the validity of the logistic models.

The analysis was rerun separately in each BMI
category (that is a stratified analysis conducted
separately for normal weight [BMI < 25.0 kg/m2],
overweight [BMI = 25.0–29.9 kg/m2], and obese indi-
viduals [BMI ≥ 30.0 kg/m2]).

The statistical analysis was conducted in SPSS
(Statistical Package for Social Sciences, version 17.0,
Chicago, IL).

RESULTS

In this study population, the overall prevalence
of GERD based on self-reported symptoms was
73/817 = 8.9%.

Based on our operational definition, overall, 445
(54.5%) participants employed a predominantly
Mediterranean diet compared to 372 (45.5%) partici-
pants who employed a largely non-Mediterranean
diet (Table 2). Women tended to engage more with a

Table 1 Assessment of GERD† in a representative population-based sample of Albanian adults (n = 845)

Heartburn Regurgitation Medication

‘In the past year, did you have heartburn
that is a burning sensation in the
retrosternal area (behind the breastbone)?’

‘In the past year, did you have regurgitation
that is a perception of flow of refluxed
gastric content into the mouth or throat?’

‘In the past year, did you take
medications for heartburn
or regurgitation?’

No No No
Yes Yes Yes

Frequency of heartburn: Frequency of regurgitation: Frequency of medication:
No heartburn No regurgitation No medication
<1 day/week <1 day/week <1 day/week
1–3 days/week 1–3 days/week 1 day/week
4–6 days/week 4–6 days/week 2–3 days/week
Every day Every day Almost every day

Severity of heartburn: Severity of regurgitation: Type of medication:
No heartburn No regurgitation Antacid
Mild Mild Histamine H2 receptor
Moderate Moderate antagonists
Severe Severe Proton pump inhibitors

†Definition of gastroesophageal reflux disease (GERD) in this study was as follows: During last year, self-reported heartburn or regurgi-
tation occurring at least once a week, and having at least moderate problems from such symptoms. Participants reporting use of
medications for heartburn or regurgitation at least once weekly (n = 28) were excluded from the GERD group.
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Mediterranean diet than men (P = 0.01). Otherwise,
there was no evidence of a significant socioeconomic
gradient in the distribution of dietary patterns.
Smoking was inversely related to employment of a
Mediterranean diet (P < 0.001). There was no evi-
dence of a significant relationship with alcohol intake
or physical activity. On the other hand, participants
employing a Mediterranean diet tended to be thinner
compared with their counterparts engaging with a
non-Mediterranean diet (P < 0.001). Meal regularity
was not significantly associated with the type of diet,
similar to the eating rate, or meal-to-sleep interval.
Conversely, there was an inverse association between
GERD and Mediterranean diet (P = 0.001) (Table 2).

In crude/unadjusted models (Table 3), GERD
was positively related to employment of a non-
Mediterranean diet (OR = 3.1, 95% CI = 1.8–5.1)
(model 1). Essentially, adjustment for age and sex
(model 2) and further adjustment for socioeconomic
characteristics (education and income) (model 3)
did not affect the findings. On the other hand,
upon additional adjustment for lifestyle factors
(smoking, alcohol intake, physical activity, and BMI)
(model 4), the positive association between GERD
and a non-Mediterranean dietary type was somehow
attenuated (OR = 2.1, 95% CI = 1.1–4.1). After
further adjustment for eating habits (meal regularity,
eating rate, and meal-to-sleep interval) (model 5), the
positive association between GERD and a non-
Mediterranean dietary type remained unabated (OR
= 2.3, 95% CI = 1.2–4.5).

An additional analysis was conducted separately
for each BMI category (Table 4). Employment of a
non-Mediterranean diet was a strong ‘predictor’ of
GERD – not statistically significant though – among
normal weight participants (multivariable-adjusted
OR = 5.6, 95% CI = 0.4–74.5), but less so among
overweight individuals (multivariable-adjusted OR =
2.3, 95% CI = 0.8–6.0) and especially in obese coun-
terparts (multivariable-adjusted OR = 1.7, 95% CI =

Table 2 Adherence to a Mediterranean diet by socioeconomic
characteristics, lifestyle factors and gastroesophageal reflux disease
(GERD) status in a population-based sample of Albanian adults
(n = 817)

Variable

Non-
Mediterranean
diet (n = 372)

Mediterranean
diet (n = 445) P-value*

Sex: 0.010
Men 170 (45.7)† 163 (36.6)
Women 202 (54.3) 282 (63.4)

Age (years) 51.3 (31.0)‡ 49.3 (32.0) 0.121
Educational level: 0.135

0–8 years 56 (15.7) 76 (18.2)
9–12 years 153 (43.0) 150 (36.0)
≥13 years 147 (41.3) 191 (45.8)

Income level: 0.095
Low 49 (14.0) 45 (10.9)
Middle 235 (67.3) 266 (64.6)
High 65 (18.6) 101 (24.5)

Smoking: <0.001
Current smoker 93 (25.4) 80 (18.5)
Former smoker 53 (14.5) 36 (8.3)
Never smoker 220 (60.1) 316 (73.1)

Alcohol consumption: 0.229
No/Occasional

intake
260 (74.5) 324 (78.5)

Moderate/Heavy
intake

89 (25.5) 89 (21.5)

Physical activity: 0.062
Low 96 (27.9) 85 (20.6)
Moderate 173 (50.3) 231 (55.9)
High 75 (21.8) 97 (23.5)

BMI: <0.001
<25 85 (23.8) 189 (45.5)
25–29.9 178 (49.9) 168 (40.5)
≥30 94 (26.3) 58 (14.0)

Meal regularity: 0.397
Never/occasionally 68 (18.8) 69 (16.5)
Often/always 293 (81.2) 350 (83.5)

Eating rate: 0.555
<10 minutes 25 (6.9) 24 (5.7)
≥10 minutes 336 (93.1) 395 (94.3)

Meal-to-sleep interval: 0.759
<30 minutes 22 (6.1) 23 (5.5)
≥30 minutes 339 (93.9) 396 (94.5)

GERD: <0.001
No 321 (86.3) 423 (95.1)
Yes 51 (13.7) 22 (4.9)

*Chi-square test for all comparisons, except for the age where
Mann–Whitney test was used. †Numbers and column percent-
ages (in parentheses). Discrepancies in the totals are due to missing
covariate values. ‡Median and interquartile range (in parentheses).

Table 3 Association of gastroesophageal reflux disease (GERD)
with adherence to a predominantly Mediterranean diet; unadjusted
and multivariable-adjusted ORs from binary logistic regression

Model n* OR* 95% CI* P*

Model 1† <0.001
Mediterranean diet 445 1.00 Reference
Non-Mediterranean diet 372 3.06 1.82–5.14

Model 2‡ <0.001
Mediterranean diet 419 1.00 Reference
Non-Mediterranean diet 359 2.87 1.70–4.86

Model 3¶ <0.001
Mediterranean diet 379 1.00 Reference
Non-Mediterranean diet 331 3.20 1.84–5.56

Model 4§ 0.024
Mediterranean diet 338 1.00 Reference
Non-Mediterranean diet 304 2.12 1.10–4.07

Model 5†† 0.018
Mediterranean diet 338 1.00 Reference
Non-Mediterranean diet 304 2.27 1.15–4.47

*Odds ratios (OR: non-Mediterranean vs. Mediterranean diet),
95% confidence intervals (95% CIs) and P-values from binary
logistic regression. Discrepancies in the totals are due to missing
covariate values. †Model 1: crude (unadjusted) models. ‡Model 2:
adjusted for age (numerical variable) and sex. §Model 4: adjusted
simultaneously for age, sex, socioeconomic characteristics, and
behavioral factors (smoking [current smoker, former smoker, and
never smoker], alcohol intake [no/occasional intake vs. moderate/
heavy consumption], physical activity [low, moderate, and high],
and body mass index [<25, 25–29.9 and ≥30]). ¶Model 3: adjusted
simultaneously for age, sex, and socioeconomic characteristics
(educational attainment [0–8 years, 9–12 years and ≥13 years] and
income level [low, middle, and high]). ††Model 5: adjusted simul-
taneously for age, socioeconomic characteristics, behavioral
factors, and eating habits (meal regularity [never/occasionally vs.
often/always], eating rate [<10 minutes vs. ≥10 minutes] and meal-
to-sleep interval [<30 minutes vs. ≥30 minutes]).
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0.4–7.4). Nevertheless, there was no evidence of a
significant interaction between BMI and dietary type
(in multivariable-adjusted models, P-value for the
interaction term between BMI, and dietary type:
P = 0.63).

DISCUSSION

This is one of the few studies reporting on the asso-
ciation of GERD with adherence to a predominantly
Mediterranean diet in a population-based sample of
adults in Albania, a transitional predominantly
Muslim country in the Western Balkans, which has
traditionally engaged with a Mediterranean diet.17 It
should be pointed out that employment of a primarily
Mediterranean diet was more prevalent in women
than in men. In both sexes, however, employment of
a predominantly Mediterranean diet in this study
population was associated with a decreased risk for
GERD upon adjustment for a wide array of demo-
graphic and socioeconomic characteristics and
lifestyle/behavioral factors including also selected
eating habits such as meal regularity, eating rate and
meal-to-sleep interval.

We have previously reported that smoking, physi-
cal inactivity, and obesity are strong predictors of
GERD in the Albanian adult population.20,24 In a
previous study, we have also reported that consump-

tion of fried foods alone was associated with a greater
risk of GERD, whereas meat consumption by itself
was not related to GERD.20

Based on the current evidence, the association of
GERD with the consumption of different food items
is controversial.5–10 For example, consumption of a
high-fat diet has been shown to be associated with
GERD in some studies,5–7 but not in a few other
studies.8–10 Furthermore, El-Serag et al. have demon-
strated that fruits, vegetables, and high-fiber diets
are inversely associated with GERD, whereas Zheng
et al. found that none of these items was associated
with the risk of GERD symptoms.5,9

It has been argued that a potential explanation
for inconsistent findings across studies may be that
specific foods are consumed as part of an overall
diet, and it is plausible that the effects of individual
dietary items on the risk of GERD depend on the
overall dietary patterns.5,9 Therefore, in our study we
assessed the effects of an overall dietary pattern
(predominantly Mediterranean vs. mainly non-
Mediterranean) rather than the role of each food item
on the risk of GERD symptoms. Only one previous
study has revealed a decreased GERD risk detected
by pH-impedance monitoring among Italians
employing a Mediterranean diet.25

In our study, interestingly, no single component of
the Mediterranean dietary score had a significant
influence on GERD risk. Conversely, when these

Table 4 Association of gastroesophageal reflux disease (GERD) with adherence to a predominantly Mediterranean diet by body mass
index (BMI) status; unadjusted and multivariable-adjusted odds ratios (ORs) from binary logistic regression

Model

BMI < 25.0 kg/m2 (n = 274)* BMI: 25.0–29.9 kg/m2 (n = 346)* BMI ≥ 30.0 kg/m2 (n = 152)*

OR (95% CI)† P† OR (95% CI)† P† OR (95% CI)† P†

Model 1‡
Mediterranean diet 1.00 (reference) 0.03 1.00 (reference) 0.01 1.00 (reference) 0.33
Non-Mediterranean diet 4.71 (1.15–19.3) 2.43 (1.19–4.95) 1.61 (0.62–4.15)

P-value of the interaction term between BMI and dietary type: P = 0.46
Model 2¶

Mediterranean diet 1.00 (reference) 0.03 1.00 (reference) 0.02 1.00 (reference) 0.61
Non-Mediterranean diet 4.96 (1.18–20.87) 2.38 (1.16–4.88) 1.29 (0.48–3.44)

P-value of the interaction term between BMI and dietary type: P = 0.34
Model 3§

Mediterranean diet 1.00 (reference) 0.03 1.00 (reference) 0.01 1.00 (reference) 0.43
Non-Mediterranean diet 4.97 (1.17–21.10) 2.70 (1.24–5.88) 1.55 (0.52–4.63)

P-value of the interaction term between BMI and dietary type: P = 0.39
Model 4**

Mediterranean diet 1.00 (reference) 0.03 1.00 (reference) 0.13 1.00 (reference) 0.60
Non-Mediterranean diet 12.37 (1.27–120.9) 2.08 (0.81–5.37) 1.43 (0.37–5.49)

P-value of the interaction term between BMI and dietary type: P = 0.49
Model 5††

Mediterranean diet 1.00 (reference) 0.19 1.00 (reference) 0.11 1.00 (reference) 0.47
Non-Mediterranean diet 5.66 (0.43–74.5) 2.25 (0.84–6.04) 1.71 (0.40–7.38)

P-value of the interaction term between BMI and dietary type: P = 0.63

*Discrepancies in the total are due to missing BMI values (n = 45). †Odds ratios (OR: non-Mediterranean vs. Mediterranean diet), 95%
confidence intervals (95% CIs) and P-values from binary logistic regression. ‡Model 1: crude (unadjusted) models. §Model 3: adjusted
simultaneously for age, sex, and socioeconomic characteristics (educational attainment [0–8 years, 9–12 years and ≥13 years] and income
level [low, middle, and high]). ¶Model 2: adjusted for age (numerical variable) and sex. **Model 4: adjusted simultaneously for age, sex,
socioeconomic characteristics, and behavioral factors (smoking [current smoker, former smoker and never smoker]), alcohol intake
(no/occasional intake vs. moderate/heavy consumption) and physical activity (low, moderate and high). ††Model 5: adjusted simultane-
ously for age, socioeconomic characteristics, behavioral factors and eating habits (meal regularity [never/occasionally vs. often/always],
eating rate [<10 minutes vs. ≥10 minutes], and meal-to-sleep interval [<30 minutes vs. ≥30 minutes]).
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components were integrated into a single Mediterra-
nean dietary score, there was evidence of a significant
protective effect which may be explained by the syn-
ergistic and antagonistic interactions between differ-
ent ingredients of the Mediterranean diet.

The Mediterranean diet is characterized by high
levels of components found protective against GERD
and by low levels of components associated with an
increased risk of developing this disease. However,
the composite/traditional Albanian dishes contain a
mix of vegetables and legumes,26 which are rich in
dietary fiber, associated with a reduction of GERD
risk27 and fat, herbs, spices, tomato, garlic, and
onions,26 which are positively associated with GERD
risk through their presumed effects on reducing
lower oesophageal sphincter (LOS) pressure and
slowing gastric emptying.28–30 Nonetheless, the main
source of lipids in the Albanian traditional dishes is
olive oil consumed in large quantities in Mediterra-
nean populations which has been shown to provide
health benefits through its anti-inflammatory and
antioxidant properties.31

As for the eating habits, we obtained evidence of a
positive and significant association between GERD
and meal irregularity or, a short meal-to-sleep inter-
val (<30 minutes), but not so for a fast eating rate
(<10 minutes) (data not shown). Our findings in this
regard are largely compatible with previous reports
on the association between eating habits and
GERD.11

In the current analysis, we provide useful evidence
on the influence of an overall dietary pattern
(predominantly Mediterranean vs. largely non-
Mediterranean) on GERD symptoms – a topic
which, to date, has been under-researched in
population-based studies. Therefore, a remarkable
strength of the current study conducted in transi-
tional Albania consists of the population-based
design including a representative sample of adult men
and women with a satisfactory participation rate
(82%). Furthermore, in our study, all symptoms were
measured with a well-validated instrument fulfilling
the consensus criteria for GERD.22 In any case, we
cannot completely exclude the possibility of informa-
tion bias, given the fact that lifestyle/behavioral
factors including dietary habits were assessed based
on interview. Of important note, the Mediterranean
versus non-Mediterranean dietary scores that we
employed in our analysis based on dietitians’ advice
needs further rigorous refinement and replication in
future studies, and should be also compared with
other Mediterranean prototypes from e.g. the neigh-
boring Greece.32 Also, daily calorie intake was not
assessed in this study, which could provide additional
insight into the association between dietary type and
GERD.

In addition, findings from cross-sectional studies
are not assumed to be causal. Hence, the issue of

reverse causality, pointing to the possibility of behav-
ioral changes (e.g. changes in dietary patterns) after
the onset of GERD symptoms, remains uncertain
from such cross-sectional designs.

CONCLUSIONS

Our findings point to a beneficial effect of a Mediter-
ranean dietary pattern in the occurrence of GERD in
this South Eastern European largely Muslim popula-
tion undergoing a particularly rapid socioeconomic
transition and behavioral changes. Employment of a
predominantly Mediterranean diet among Albanian
adults of both sexes was related to a decreased risk of
GERD irrespective of socioeconomic characteristics
and other lifestyle factors. Nevertheless, findings
from this study should be confirmed and expanded
further in prospective studies in Albania and in other
Mediterranean countries.
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Original article

Hydrogen sulfide synthesis enzymes reduced in lower esophageal sphincter of
patients with achalasia

L. Zhang, W. Zhao, Z. Zheng, T. Wang, C. Zhao, G. Zhou, H. Jin, B. Wang

Department of Digestive Diseases, General Hospital, Tianjin Medical University, Tianjin, China

SUMMARY. The etiology of achalasia remains largely unknown. Considerable evidence reveals that the lower
esophageal sphincter dysfunction is due to the lack of inhibitory neurotransmitter, secondary to esophageal
neuronal inflammation or loss. Recent studies suggest hydrogen sulfide may act as an inhibitory transmitter in
gastrointestinal tract, but study about hydrogen sulfide in human esophagus still lack. The aim of the study was to
investigate if hydrogen sulfide synthesis enzymes could be detected in human esophagus and if the synthesis of the
endogenous hydrogen sulfide could be affected in achalasia patients. Tissue samples in cardia, lower esophageal
sphincter, 2 cm and 4 cm above lower esophageal sphincter were obtained from achalasia patients undergoing
peroral endoscopic myotomy. Control tissues in lower esophageal sphincter were obtained from esophageal carci-
noma patients. Expression of cystathionine-β-synthase and cystathionine-γ-lyase in lower esophageal sphincter of
achalasia patients and control were detected by immunohistochemical staining. In addition, expression of
cystathionine-β-synthase and cystathionine-γ-lyase were compared among different parts of esophagus in achalasia
patients. Compared with control, the expression of cystathionine-β-synthase and cystathionine-γ-lyase in lower
esophageal sphincter of achalasia patients was significantly reduced (χ2 = 11.429, P = 0.010). The expression of
cystathionine-β-synthase and cystathionine-γ-lyase were lower in lower esophageal sphincter than that in 2 cm and
4 cm above lower esophageal sphincter, respectively (all P < 0.05). In conclusion, the expression of hydrogen sulfide
synthesis enzymes, cystathionine-β-synthase and cystathionine-γ-lyase, can be detected in human esophagus and is
reduced in patients with achalasia, which implicates the involvement of the two hydrogen sulfide synthesis enzymes
in the pathophysiology of achalasia.

KEY WORDS: achalasia, cystathionine-β-synthase, cystathionine-γ-lyase, hydrogen sulfide, peroral endoscopic
myotomy.

INTRODUCTION

Achalasia is a primary esophageal motility disorder,
characterized by aperistalsis of esophageal body and
incomplete relaxation of lower esophageal sphincter
(LES). Though the etiology of achalasia remains

obscure, it is widely accepted that the lack of inhibi-
tory neurotransmitters might be the cause of symp-
toms of achalasia. Inhibitory neurotransmitters
associated with gastrointestinal (GI) motility mainly
include nitric oxide (NO) and vasoactive intestinal
polypeptide (VIP).1,2 Hydrogen sulfide (H2S), similar
to NO, is a new gaseous signaling molecule which
plays an important role as an inhibitory neurotrans-
mitter in the digestive system.3 Recently, growing evi-
dence suggests that H2S exerts a significant effect on
GI motility.4 Numerous studies have confirmed that
H2S could relax smooth muscle in stomach, colon and
ileum.5–7 And, it is also found that H2S could regulate
smooth muscle tone in synergy with NO.8 It is logical
to postulate that H2S might also be involved in the
pathogenesis of achalasia.

Endogenous H2S is synthesized from L-cysteine
by two key enzymes: cystathionine-β-synthase (CBS)
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and cystathionine-γ-lyase (CSE). It has been found
that CBS and CSE are mainly expressed in the enteric
neurons and smooth muscle of the stomach and
colon.9,10 However, study about CBS and CSE in
human esophagus and esophagus of achalasia
patients is still lacking.

To explore expression profile of endogenous hydro-
gen sulfide synthesis enzymes in human esophagus
and esophagus of achalasia patients, we detected the
differential expression of CBS and CSE in esophageal
tissue of achalasia patients and control.

PATIENTS AND METHODS

Patients

Twelve achalasia patients undergoing peroral endo-
scopic myotomy (POEM) from January 2012 to June
2013 were included. Informed consent was obtained
from all patients prior to POEM, and our study
was approved by the ethics committee of Tianjin
Medical University General Hospital. The patients
were diagnosed as achalasia by clinical symptoms
and classical manifestation of esophagoscopy,
barium esophagram and high-resolution esophageal
manometry11 as previously described.12 Eight patients
undergoing esophagectomy for esophageal squamous
cell carcinoma were collected as control.

Tissue samples

POEM was performed as reported: after creating a
submucosal tunnel from 14 cm proximal to the LES
to a maximum of 3 cm into the cardia of the stomach,
myotomy of the circular muscle fibers was per-
formed.13 The circular muscle of the esophagus –
measuring approximately 2 mm in width and 15 mm
in length – was extracted with a pair of scissors in the
lateral direction of the esophagus during operation.
At the time of extraction, the sample was resected
without too much strength so as to avoid thermal
denaturation. Specimens were resected from cardia,
LES, 2 cm and 4 cm above LES, respectively. The
extracted samples were immediately fixed in 10%
formalin. The location of the LES was predetermined
via high-resolution manometry before POEM, and
confirmed visually during POEM. In the process of
obtaining biopsy, the landmark of LES was the
thicker muscle.

After resection of esophageal squamous cell carci-
noma, the circular muscle layer of the LES – measur-
ing approximately 2 mm in width and 15 mm in
length – was extracted as control. All the specimens
were obtained at least 2 cm away from tumor sites to
avoid the possible influence of tumor tissue expres-
sion of endogenous H2S synthesis enzymes,14 and
were fixed in 10% formalin immediately. All the speci-
mens were grossly and microscopically normal.

Staining method of muscle layer

After fixed in 10% formalin, the extracted specimens
were washed with phosphate-buffered saline and
dehydrated by gradually increasing the concentration
of alcohol. Then, they were dealcoholized with
xylene and wrapped in a paraffin film. The specimens
were cut into 4 mm sections, placed onto a clean
glass slide and smeared with a second slide.
Immunohistochemical staining was carried out by
enzyme-labeled streptavidin biotin system. The
rabbit anti-CBS polyclonal antibody (Santa Cruz
Biotechnology, CA, USA) and rabbit anti-CSE
polyclonal antibody (Santa Cruz Biotechnology, CA,
USA) were used as primary antibodies. Incubation
with each primary antibody, CBS (1:200 dilution),
CSE (1:200 dilution), was carried out at 4°C over-
night. The secondary antibody reagent kit, i-VIEW
DAB kit (Roche, Basel, Switzerland), was used, and
incubation with each secondary antibody was per-
formed for 30 minutes at 37°C. DAB-H2O2 (Roche)
was used as a color reagent for an 8-minute incuba-
tion. Thereafter, the specimens were incubated with
Hematoxylin II for 8 minutes and Bluing Reagent for
4 minutes. After incubation, they were washed thor-
oughly with phosphate-buffered saline.

Data analysis

The criteria used by Gockel and Villanacci15,16 were
referred to in the assessment of immunostaining.
Specimens were classified into four grades according
to the intensity and density of positive reactions of
CBS and CSE as follows: grade I (score 3): numerous
positive cells, equally distributed in most investigated
areas, i.e. normal condition or minor reduction;
grade II (score 2): patchy distribution of positive
cells, easily found in high-power fields, i.e. marked
reduction; grade III (score 1): single positive structure
that is severe condition; and grade IV (score 0): very
rare or no reaction at all that is complete loss. Each
slide was observed by two experienced pathologist,
the grade of each specimen was thus determined by
discussion between them. Besides, the two patholo-
gists were blinded to tissue sample group.

Statistical analysis

Statistical study was conducted by SPSS program
(version 17.0, SPSS Inc., Chicago, IL, USA). The
Chi-squared goodness of fit was used for comparison
of categorical variables between two groups. Paired-
test was used to evaluate the difference of the degrees
of staining of CBS and CSE between different parts
of the esophagus. Differences were considered signifi-
cant when P < 0.05.
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RESULTS

Patient characteristics

Twelve patients (five male; median age = 47, age
range: 23–63 year) undergoing POEM for achalasia
were included in our study. The median preopera-
tive 4-second integrated relaxation pressure was
19.5 mmHg (range: 17–29 mmHg). According to
Chicago Classification, seven patients were type I,
five were type II and one was type III. The median
duration of symptoms was 6 years (range: 1–20
years). Dysphagia scores ranged from 1 for no
dysphagia to 5 for dysphagia to saliva and had a
median value of 3 (range: 2–4). Two (17%) of the
patients underwent prior endoscopic and surgery
therapy, including pneumatic dilation (n = 1) and
Heller surgery (n = 1).

In control group, there were four men and four
women, and the age was 54 years (46–74 years).
The age and gender were not significantly dif-
ferent between the two groups (t = 1.412, P = 0.175;
P = 0.535).

CBS expression in LES

Compared with control group, CBS positive cells in
LES of achalasia group were significantly decreased
(χ2 = 11.429, P = 0.01). In achalasia group, grade III
and IV account for 66.7% (8/12). While, in control
group, there were no patients with grade III or IV
(Table 1; Fig. 1).

CBS expression in different parts of esophagus in
achalasia patients

The CBS immunostaining was different among dif-
ferent parts of esophagus and cardia in achalasia
patients. There was significant difference between
cardia and esophagus (4 cm above LES) (t = 4.841,
P = 0.001), and the CBS expression was lower in LES
than that in the other two parts of esophagus (t =
2.548, P = 0.019; t = 2.755, P = 0.027). Interestingly,
there was a trend of increase of the CBS expression
from distal to proximal part of esophagus though the
difference was not significant (Table 2; Fig. 2).

Table 1 Number of patients per CBS immunostaining grade in
LES

n
Grade
I (n)

Grade
II (n)

Grade
III (n)

Grade
IV (n)

Achalasia 12 1 3 1 7
Control 8 6 2 0 0

Difference in CBS immunostaining between the two groups was
statistically significant (χ2 = 11.429, P = 0.010). CBS, cystathionine-
β-synthase.

Fig. 1 Immunohistochemical staining (original magnification 40×). (A) CBS immunoreactivity was little reduced in the myenteric
plexus of control. (B) CSE immunoreactivity was evident in control (grade I). (C) CBS immunoreactivity was complete loss
in the myenteric plexus of a patient with achalasia. (D) CSE was not expressed at all in an achalasia patient (grade IV). CBS,
cystathionine-β-synthase; CSE, cystathionine-γ-lyase.
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CSE expression in LES

With respect to CSE immunostaining, the CSE posi-
tive cell counts in the achalasia group were signifi-
cantly lower than the control group (χ2 = 12.857, P =
0.005). Grades III and IV accounted for more than
60% in achalasia group, whereas grade III or IV was
not observed in control group (Table 3, Fig. 1).

CSE expression in different parts of esophagus of
achalasia patients

Like what was observed in CBS expression, the CSE
immunostaining was also different among different

parts of esophagus and cardia in achalasia patients.
Significant difference was observed between cardia
and esophagus (2 cm above LES) (t = 2.691, P = 0.02),
and the CBS expression was lower in LES than that in
the other two parts of esophagus (t = 2.727, P = 0.020,
t = 3.188, P = 0.009) (Table 4; Fig. 2).

DISCUSSION

It is well known that enteric nervous system in
esophagus include cholinergic nerve, adrenergic
nerve and non-adrenergic non-cholinergic (NANC)
nerve and enteric nervous system can impact on
the movement of smooth muscle of esophagus by
various neurotransmitters.17 NANC neurotransmit-
ters released from enteric motor neurons or perhaps
also from interstitial cells of Cajal, can relax LES and

Table 2 Number of patients per CBS immunostaining grade in
different parts of esophagus in achalasia patients

n
Grade
I (n)

Grade
II (n)

Grade
III (n)

Grade
IV (n)

Cardia 12 0 2 6 4
LES 12 1 3 1 7
2 cm above LES 12 1 4 6 1
4 cm above LES 12 5 2 5 0

Significant differences in CBS immunostaining were observed
between cardia and 4 cm above LES (t = 4.841, P = 0.001). The
differences were also observed between LES and the other two
parts of esophagus (t = 2.548, P = 0.019; t = 2.755, P = 0.027).
Semiquantitative assessment of CBS immunoreactivity: 0 = grade
IV reduction/complete loss; 1 = grade III reduction; 2 = grade II
reduction; 3 = grade I reduction. CBS, cystathionine-β-synthase;
LES, lower esophageal sphincter.

Fig. 2 Immunohistochemical staining grade per achalasia patient in different parts of esophagus. (A) CBS immunostaining results of
every achalasia patient in different parts of esophagus. (B) Immunostaining results of CSE in every achalasia patient. Score: 0 = grade
IV reduction/complete loss; 1 = grade III reduction; 2 = grade II reduction; 3 = grade I reduction. CBS, cystathionine-β-synthase; CSE,
cystathionine-γ-lyase.

Table 3 Number of patients per CSE immunostaining grade in
LES

n
Grade
I (n)

Grade
II (n)

Grade
III (n)

Grade
IV (n)

Achalasia 12 0 4 4 4
Control 8 5 3 0 0

Difference in CSE immunostaining between the two groups was
statistically significant (χ2 = 12.857, P = 0.005). CSE, cystathionine-
γ-lyase.
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regulate motility of esophagus.18,19 NANC inhibitory
transmitters mainly include NO, VIP and H2S.2,20,21

Hydrogen sulfide is proposed as a third gaseous
neurotransmitter/neuromodulator in peripheral
tissues, after NO and carbon monoxide. It is enzy-
matically synthesized from L-cysteine by either CBS
or CSE. CBS and CSE might not be expressed at the
same site. Both CBS and CSE are present in enteric
nerves in guinea pig and human colon,10 whereas only
CSE can be detected in enteric nerves of mouse
colon.22 It has been reported that both CBS and CSE
were expressed in the colon and stomach.9,23 But, data
about the expression of CBS and CSE in esophagus is
limited. Only one study has reported the CBS-
immunopositive enteric neurons in esophagus of
masu salmon Oncorhynchus masou.24 Our study finds,
for the first time, that both CBS and CSE could be
detected in smooth muscle of human esophagus. It
indicates that endogenous H2S exists in human
esophagus and might play a role in the evaluation of
esophageal function.

It is accepted that impairment of NANC inhibitory
neurotransmitter might involve in the development
of achalasia. Immunohistochemical studies have
confirmed the presence of NOS and VIP in the
gastroesophageal junction of normal human being
and their absence in achalasia patients.25–27 But, H2S
is seldom studied in esophagus of achalasia patients.
Except the finding of the existence of CBS and CSE in
human esophagus, this study finds that the expression
of these H2S synthesis enzymes is lower in esophagus
of achalasia patients. Interestingly, the expression of
CBS and CSE is different among different parts of
esophagus of achalasia patients, with a lower expres-
sion in LES. Given the lower level of H2S enzymes in
esophagus of achalasia patients, it is possible that
lower level of CBS and CSE in the achalasic esopha-
gus might cause or at least contribute to the incom-
plete relaxation and the increased resting tone of the
LES of achalasia patients via lower endogenous H2S
in esophagus.

In summary, the present study demonstrates
that CBS and CSE, key H2S synthesis enzymes, are
expressed in human esophagus, and expression of
CBS and CSE is reduced in patients with achalasia. It
is postulated that lack of the two key enzymes might
reduce local production of H2S, which in turn con-
tribute the development of achalasia. However, it
cannot be excluded that the reduction of the two
enzymes is a consequence rather than the cause of
achalasia. For example, the reduction of the expres-
sion of CBS and CSE might also come after the loss
of neurons. Further studies are warranted to identify
the association between H2S and achalasia and, pos-
sibly, to gain insights toward targeted therapeutic
approaches.
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Peroral endoscopic myotomy for the treatment of esophageal achalasia:
systematic review and pooled analysis
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SUMMARY. Peroral endoscopic myotomy (POEM) is a novel approach to performing esophageal myotomy for
the treatment of achalasia. This review aims to assess subjective and objective metrics of achalasia treatment
efficacy, perioperative adverse events and the incidence of postoperative gastroesophageal reflux disease in patients
treated with POEM. Secondary aims include a pooled analysis comparison of the clinical outcomes and procedural
safety of POEM versus laparoscopic Heller’s myotomy (LHM). A systematic review of the literature, up to and
including January 15, 2015, was conducted for studies reporting POEM outcomes. Studies comparing POEM to
LHM were also included for the purpose of pooled analysis. Outcomes from 1122 POEM patients, from 22 studies,
are reported in this systematic review. Minor operative adverse events included capno/pneumo-peritoneum (30.6%),
capno/pneumo-thorax (11.0%) and subcutaneous emphysema (31.6%). Major operative adverse events included
mediastinal leak (0.3%), postoperative bleeding (1.1%) and a single mortality (0.09%). There was an improvement
in lower esophageal sphincter pressure and timed barium esophagram column height of 66% and 80% post-POEM,
respectively. Symptom improvement was demonstrated with a pre- and post-POEM Eckardt score ± standard
deviation of 6.8 ± 1.0 and 1.2 ± 0.6, respectively. Pre- and post-POEM endoscopy showed esophagitis in 0% and
19% of patients, respectively. The median (interquartile range) points scored for study quality was 15 (14–16) out
of total of 32. Pooled analysis of three comparative studies between LHM and POEM showed similar results for
adverse events, perforation rate, operative time and a nonsignificant trend toward a reduced length of hospital stay
in the POEM group. In conclusion, POEM is a safe and effective treatment for achalasia, showing significant
improvements in objective metrics and achalasia-related symptoms. Randomized comparative studies of LHM and
POEM are required to determine the most effective treatment modality for achalasia.

KEY WORDS: achalasia, Heller’s myotomy, myotomy, POEM.

INTRODUCTION

Achalasia is a rare motility disorder characterized by
impaired relaxation of the lower esophageal sphincter
(LES) and loss of peristalsis of the esophageal body
in response to swallowing. Subsequent esophageal
retention of food and saliva results in the common

presenting symptoms of dysphagia, regurgitation,
retro-sternal chest pain and weight loss.1 The pro-
posed etiology is a neurodegenerative disease affect-
ing the myenteric neurons.1 Mean incidences of
idiopathic achalasia in adults and children are 0.3–
1.63 and 0.18 per 100 000 people per year, respec-
tively.1 Incidence increases with age and is similar
between men and women.2

Current treatment options include drug therapy,
endoscopic treatment such as pneumatic dilatation or
botulinum toxin injection and surgical myotomy.3 A
recent randomized control trial of the two most com-
monly accepted methods, pneumatic dilatation (PD)
and laparoscopic Heller’s myotomy (LHM), showed
no difference in the primary outcome of therapeutic
success at 2 years (86% versus 93%, respectively).4 In
addition, there was no significant difference between

Address correspondence to: Professor Giovanni Zaninotto, MD,
10th Floor, QEQM, St Mary’s Hospital, Praed Street, London
W2 1NY, UK. Email: g.zaninotto@imperial.ac.uk
Financial disclosure: There are no funding sources for this project
or any associated financial conflicts.
Specific author contributions: Data extraction: Komal Patel,
Nima Abbassi-Ghadi, Sheraz Markar. Statistical analysis: Nima
Abbassi-Ghadi, Sheraz Markar, Sacheen Kumar. Drafting of
article: Komal Patel, Nima Abbassi-Ghadi, Sheraz Markar,
Sacheen Kumar. Critical revision and final approval: Paras
Jethwa, Giovanni Zaninotto. Design and conception: Giovanni
Zaninotto, Nima Abbassi-Ghadi.

Diseases of the Esophagus (2015) ••, ••–••
DOI: 10.1111/dote.12387

© 2015 International Society for Diseases of the Esophagus 1VC 2015 International Society for Diseases of the Esophagus 807

Diseases of the Esophagus (2016) 29, 807–819
DOI: 10.1111/dote.12387



lower esophageal sphincter pressure, esophageal
emptying and quality of life.4 In the long term, the
failure rate of PD has been shown to be in the region
of 50–60%, resulting in LHM being the treatment of
choice in patients who are considered fit for surgery.5

Peroral endoscopic myotomy (POEM) is a new
technique that combines the surgical element of a
controlled myotomy with the reduced physiological
insult of an endoscopic technique. It was first
described in a swine model by Pasricha et al.,6

and involves delamination and selective division of
the inner circular muscle within an anterograde
submucosal tract created in the esophagus.7 An anti-
reflux procedure is not deemed necessary with
POEM, as the structures surrounding the distal
esophagus that prevent reflux are not dissected.7 In
contrast, a surgical myotomy is often performed with
a concurrent partial fundoplication to avoid postop-
erative gastroesophageal reflux disease (GERD).

Achalasia treatment efficacy is assessed with
several metrics including subjective symptom scoring
systems including the Eckardt8 and Inoue Dysphagia
scores.7 Objective assessment includes measurements
of LES pressures with high-resolution manometry,9

esophageal emptying with timed barium esophagram
(TBE)10,11 and esophageal distensibility measurement
using EndoFlip.12 Postoperative GERD is often
assessed with subjective questionnaires, endoscopic
assessments of reflux-induced esophagitis and objec-
tive measurement of reflux with pH-impedance
monitoring.

The primary aim of this systematic review is to
assess subjective and objective metrics of achalasia
treatment efficacy and GERD-related outcomes. Sec-
ondary aims include a pooled analysis comparison of
the clinical outcomes and procedural safety of POEM
versus LHM.

METHODS

Search strategy

A systematic literature search (title and abstract) of
the Ovid MEDLINE(R) (1948–2014), EMBASE
(1974–2014) and PubMed databases were conducted
using the search term, endoscopic AND myotomy.
The search was limited to studies published in the
English language up to January 15, 2014. Two
reviewers (KP and NA) independently screened the
titles and abstracts of studies identified through the
electronic search, and the full texts of potentially rel-
evant articles were obtained. Further relevant studies
were identified through hand searching of the refer-
ence lists of acquired studies.

Selection criteria

Studies were selected for inclusion in the systematic
review if they reported outcomes of POEM for the

treatment of achalasia. Exclusion criteria included
case series reporting outcomes with less than 10
patients or results of a patient population reported in
a more recent study, case reports and non-English
language articles. Results from studies of less than 10
patients were assumed to be outcomes of initial learn-
ing curves and not representative of routine practice.
Where adequate details of methodology and out-
comes could not be established, the study was
excluded. Studies comparing POEM to LHM were
also included for the purpose of pooled analysis.
POEM data from these comparative studies were also
extracted for initial systematic review. Corresponding
authors of conference abstracts were contacted to
request full datasets. Disagreement regarding a
study’s eligibility was resolved by a third assessor
(SM).

Summary measures

Outcome measures for the systematic review of
POEM studies included perioperative morbidity,
subjective and objective measures of achalasia treat-
ment efficacy and postoperative reflux. Outcome
measures reported in three or more comparative
studies of POEM versus LHM were reported as part
of the pooled analysis.

Statistical methods

Overall mean ± SD were calculated for parameters
reporting average values and percentage for param-
eters reporting nominal outcomes, taken as the pro-
portion of patients investigated for that parameter. A
value was not included in the summative tables if the
outcome was not investigated for that particular
study.

Pooled analysis was performed for comparative
studies of POEM versus LHM. Data from eligible
trials were entered into a computerized spreadsheet
for analysis. Statistical analysis was performed using
StatsDirect 2.5.7 (StatsDirect, Altrincham, UK).
Weighted mean difference was calculated for the
effect size of POEM on continuous variables. Pooled
odds ratios (ORs) were calculated for the effect of
POEM on discrete variables. All pooled outcome
measures were determined using random-effects
models as described by DerSimonian Laird.13 Hetero-
geneity among trials was assessed by means of the
Cochrane’s Q statistic, a null hypothesis in which P <
0.05 is taken to indicate the presence of significant
heterogeneity.14

Assessment of study quality

The quality of studies included in the systematic
review was assessed using an assessment tool
described by Downs et al.15 The analysis is designed

2 Diseases of the Esophagus

© 2015 International Society for Diseases of the Esophagus

808 Diseases of the Esophagus

VC 2015 International Society for Diseases of the Esophagus



to assess the methodology of nonrandomized studies,
and provides a profile highlighting their strengths and
weaknesses. Studies were awarded points, from a
total of 32, based on criteria related to reporting of
the data, external validity, and internal validity focus-
ing on bias and confounding factors.

RESULTS

Twenty-two studies, 19 case series and three com-
parative studies met the inclusion criteria and were
eligible for review. A kappa score of 0.85 confirmed
excellent agreement between assessors. Search results
are presented in Figure 1.

Systematic review of POEM studies

A total of 1122 patients from 22 studies were included
in the systematic review. Demographic and case char-

acteristics of patients included in the analysis are
shown in Table 1. Procedure length of time, length of
hospital stay and perioperative adverse events and
mortality is shown in Table 2.

Operative minor adverse events included capno/
pneumo-peritoneum (30.6%), capno/pneumo-thorax
(11.0%) and subcutaneous emphysema (36.1%) and
major adverse events included mediastinal leak
(0.3%) and bleeding (1.1%). Of the patients with
capno/pneumo-peritoneum and capno/pneumo-
thorax, 8.0% and 2.7% of patients required
perioperative decompression, respectively. Of the
three patients treated for mediastinal leak, the
first patient was not compliant with postoperative
instructions regarding nil oral intake and developed
symptoms of retching and abdominal pain. An
esophagram revealed a contained perforation, which
was treated with laparoscopic drain insertion.34 The
patient developed dysphagia several months later due
to stricture formation. The second patient presented

Fig. 1 Systematic search and selection strategy.
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Table 1 Demographics and case characteristics

Author, year of
publication

Number
of patients

Gender
(F:M) Age (years)

BMI
(kg/m2) ASA

Myotomy
length (cm)

Previous
therapy (n) Ref

Inoue, 2010 17 7:10 41.4 (18–62) 8.1 (3–15) 7
Von Renteln, 2012 16 4:12 45 (26–76) 12 (8–17) 9 EBD

1 Botox
1 EBD+Botox

16

Costamagna, 2012 10 7:3 41 (23–68) 10.2 ± 2.8 2 CaCB
1 Botox
1 EBD

17

Swanstrom, 2012 18 9:9 59 ± 20 (22–88) 26 ± 5
(20–32.8)

2† (1–3) 9† (7–12) 2 Botox
2 EBD
2 EBD+Botox
5 Bougie dilation

18

Ren, 2012 119 70:49 42† (10–77) 9.2 ± 3.5 (7–13) 29 CaCB
11 Botox
14 Stent
25 EBD
6 THM

19

Chiu, 2013 16 11:5 47.8 (22–87) 1.44 (1–2) 10.8 1 LMH
1 HM

20

Lee, 2013 13 10:3 39.6 ± 15.8 8.5† 3 EBD
2 Botox
1 LHM

21

Verlaan, 2013 10 4:6 43† (31–66) 2 EBD
1 Stent

22

Von Renteln,2013 70 30:40 45‡ (40.5–48.8) 13‡ (11.9–13.5) 24 EBD/Botox 23
Onimaru, 2013 10 5:5 52 (31–76) 12.4 (7–19) 10 Myotomy +EBD 24
Li, 2013 30 EBD

3 Botox
3 Stent
6 HM
23 EBD
2 Botox
9 Stent
8 HM
1 POEM

25
FTM 103 58:45 37.6 ± 13.2
CM 131 64:67 41.5 ± 16.3

Minami, 2014 28 19:9 52.2 (19–48) 14.4 (10–18) 10 EBD
1 Myotomy

26

Ling, 2014 87 47:40 41.6 ± 15.6 23.2 ± 5.2 27
Teitelbaum,2014 41 12:29 45 ± 15 28 ± 7 4 Endoscopic 28
Familiari, 2014 100 59:41 48.4 ± 14.8 (18–75) 12 ± 1.9 (7–17) 5 Botox

19 EBD
29

Chen, 2014 30
Total 45 29:16 46.4 ± 19.0 (26–72) 9.56 ± 1.53 10 EBD
AST 1 14 9.64 ± 1.45 3 EBD
AST 2 24 9.50 ± 1.64 6 EBD
AST 3 7 9.57 ± 1.51 1 EBD

Yang, 2014 108 56:52 40.5 (21–73) 6 Nifedipine
8 Botox
2 Stent
16 EBD
5 HM

31

Hu, 2014 32 15:17 43.6 (18-17) 10.3 (7–14) 14 EBD
3 Stent
3 Botox
3 HM

32

Sharata, 2014 75 49:51 57 14 Botox
2 EBD
2 Botox+EBD
5 HM

33

Hungness, 2013 18 5:13 38† (22–69) 25† (19–45) I – 2/18
II – 12/18
III – 4/18

9 (6–14) 34

Bhayani,2013 37 17:20 56 ± 16 35
Ujiki, 2013 18 5:13 64.1 ± 4.8 25.3 ± 1.1 2.3 ± 0.1 4 Botox

4 EBD
3 HM
2 EBD+Botox

36

Total (n/mean ± SD) 1122 592:530 46.7 ± 6.9 26.2 ± 2.1 9.51.9 ± 0.4 10.4 ± 1.7 396

Values are mean ± SD (range). †Median (IQR). ‡Mean (95% CI). ASA, American Society of Anesthesiologists score; AST 1, Achalasia
subtype1; AST 2, Achalasia subtype 2; AST 3, Achalasia subtype 3; BMI, body mass index; CaCB, calcium channel blocker; CMM, circular
muscle myotomy; EBD, endoscopic balloon dilatation; FTM, full-thickness myotomy; HM, Heller’s myotomy; IQR, interquartile range; LHM,
laparoscopic Heller’s myotomy; THM, thoracoscopic Heller’s myotomy.
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late with full-thickness perforation, which was not
identified intra-operatively or on routine postopera-
tive imaging. He was treated with thoracoscopic
drainage and an extended hospital stay.36 The third
patient was treated with endoscopic metal clips and
the pleural effusion was drained thorascopically.31 A
single mortality was reported for a patient who
underwent a full-thickness myotomy and died from
cachexia due to lack of oral intake with an Eckardt
score of 10 pre- and post-POEM. This mortality was
a consequence of long-term treatment failure rather
than a direct consequence of the POEM procedure.

Table 3 demonstrates short-term outcomes of
achalasia treatment effectiveness and GERD
morbidity. Objective measurements demonstrate an
improvement in LES pressure and TBE column
height (at 5 minutes) of 65.0% and 79.7% post-
POEM, respectively. Other objective metrics of
achalasia treatment efficacy including EndoFLIP
measurements and weight change have also been
reported. Verlaan et al.,22 demonstrated esophago-
gastric junction (EGJ) distensibility index (DI) sig-
nificantly improved in 8 of 10 patients 3 months after
POEM. Median EGJ DI (interquartile range [IQR])
at 40 mL was 1.1(0.55–2.0) and 4 (2.9–12.7) mm2/mm
Hg, before and after POEM, respectively (P = 0.04).

The majority of reports regarding weight change
following POEM support the occurrence of weight
gain. Two studies investigated weight change at 3
months, with the first showing a negligible median
weight (IQR) decrease from 85.5 (64–132) to 85(65–
136) kg,16 and the second demonstrating a gain in
mean weight (range) of 3.7 (1–7) kg in 75% of
patients.26 A further study with a mean follow-up
period of 30 months demonstrated a mean weight
gain of 4.5 (range, 0–15) kg in 87% of patients.32 A
multicenter study of 70 patients demonstrated an
increase in mean weight (confidence interval [CI]) fol-
lowing POEM from 72.8 (68.8–76.9) to 76.6 (71.3–
79.8) kg, P = 0.005.22 Li et al., showed the average
weight gain for patients who underwent a full-
thickness myotomy versus a circular myotomy was
5.7 ± 5 kg versus 6.7 ± 5.2 kg (P = 0.18), respectively.25

Most of the studies report Eckardt scores as a
subjective measure of achalasia treatment effective-
ness. Much like the objective metrics, the majority of
the data was collected in the 3 to 6-month postopera-
tive period. Five studies reported Eckardt outcomes
from patients with a follow-up period of greater than
1 year.23,28–30,32

Von Renteln23 demonstrated a significant increase
in the mean Eckardt score from 1.3 to 1.7 (P = 0.001)
at the 6 and 12-month postoperative period, respec-
tively. The study also showed a symptomatic remis-
sion rate of 82.4% at 12 months.

Five studies expanded on treatment failure which
was defined as an Eckardt score ≥4; reporting 4.3%
and 5.4% failure at 6 months in two studies,25,35 8% at

15 months in one study,28 5.5% at 24 months,29 and
3.2% at a mean follow-up period of 30 months in the
final study.30

Quality of life
Three papers used a standardized questionnaire
(Short form [SF]-36) to assess patient quality of life
before and after POEM,20,27,36 with two papers report-
ing quantitative outcomes. Ujiki et al. reported sta-
tistically significant improvements in pain, social
functioning, emotional well-being and role limita-
tions due to physical and emotional health.36 The
study also investigated GERD-related quality of life
before and after POEM and showed a statistically
significant improvement from baseline (22.3 vs. 6.4,
P = 0.003).27

Ling et al., showed a significant improvement in
the physical component summary and mental com-
ponent summary of the SF-36 questionnaire from
32.6 ± 11.2 and 44.1 ± 12.9 to 68.5 ± 18.3 and 67.4 ±
14.6, pre- and post-POEM, respectively.28

Assessment of study quality
The median (IQR) of points scored for study quality
was 15 (14–16) out of a total of 32. A lack of descrip-
tion of confounding factors, power calculation, ran-
domization and blinding were the main parameters
that resulted in a reduction in points (Supplementary
File S1).

Pooled analysis of comparative studies

Pooled analysis of three comparative studies was
performed evaluating POEM compared to LHM.
Tables 4–6 show comparative data between POEM
and LHM. Adequate data were available for pooled
analysis of total adverse events, perforation, opera-
tive time and length of hospital stay.

Total adverse events
All three studies reported the incidence of total
adverse events, which was similar between the groups
(pooled ORs = 1.2; 95% CI = 0.5 to 2.86; P = 0.69)
(Fig. 2). There was no evidence of statistical hetero-
geneity (Cochran Q = 2.22; P = 0.33).

Perforation
All three studies reported the incidence of perfora-
tion, which was similar between the groups (pooled
ORs = 0.81; 95% CI = 0.28 to 2.3; P = 0.69) (Fig. 3).
There was no evidence of statistical heterogeneity
(Cochran Q = 1.24; P = 0.54).

Operative time
All three studies reported operative time, which was
similar between the groups (weighted mean difference
= −15.13 minutes; 95% CI = −50.09 to 19.83; P = 0.4)
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(Fig. 4). There was evidence of significant statistical
heterogeneity (Cochran Q = 581.38; P < 0.0001).

Length of hospital stay
All three studies reported length of hospital stay,
which showed a nonsignificant trend toward a
reduced length of hospital stay in the POEM group
(weighted mean difference = −0.95 days; 95% CI =
−1.92 to 0.01; P = 0.05) (Fig. 5). There was evidence
of statistical heterogeneity (Cochran Q = 10.93; P =
0.004).

DISCUSSION

The results of this systematic review have demon-
strated a consistent short-term improvement in the
Inoue dysphagia/Eckardt symptom scores, LES pres-
sure and TBE column height at 5 minutes, following
POEM. Despite these favorable outcomes, approxi-
mately a fifth of patients had evidence of GERD
symptoms post–POEM, and a similar proportion had
evidence of esophagitis/ulcer on endoscopy. The
reporting of adverse events and their definitions were
inconsistent in the majority of POEM studies and
therefore are difficult to interpret. The pooled analy-
sis of comparative studies between LHM and POEM
showed similar results for adverse events, perforation
rate and operative time. There was a nonsignificant
trend toward a reduced length of hospital stay in the
POEM group.

The most significant adverse outcome following
POEM was a single reported case of postoperative
mediastinal leak of gastrointestinal content. Two
layers of protection along the submucosal tract,

including the longitudinal muscle and mucosa, make
this a rare adverse event. However, lone perforation of
the tenuous longitudinal muscle layer with complete
communication with the mediastinal or abdominal
cavity is relatively common, leading to capno/
pneumothorax or capno/pneuoperitoneum, respec-
tively. In our summative analysis, we have observed
that only 8% and 2.7% of pneumoperitoenums and
pneumothoraces required needle decompression in
the perioperative period, respectively. The variable
incidences of pneumoperitoneum and pneumothorax
are possibly related to the flow/pressure and type of
gas used to insufflate the submucosal tunnel. Familiari
et al., reported pneumoperitoneum requiring needle
decompression in 31% of patients undergoing POEM.
The incidences of pneumoperitoneum were confined
to procedures performed with medium/high-flow
carbon dioxide and not to those conducted with low
flow.29 A single study using air insufflation demon-
strated a relatively high incidence of pneumothorax
and pneumoperitoneum of 25.2% and 39.5%, respec-
tively; 50% of patients with pneumothorax required
decompression.19 Carbon dioxide is a more rapidly
absorbed gas and therefore may be the optimal choice
for insufflation.

Summative outcomes of treatment efficacy in this
review have demonstrated a mean Eckardt score of
1.2, a LES pressure improvement of 66% and a TBE
column height at 5-minute improvement of 80% post-
POEM. These short-term results are in line with the
recommended metrics of successful achalasia treat-
ment as indicated by an Eckardt score <4, a LES
pressure decrease of >50% and an improvement of
esophageal emptying as assessed by timed barium
esophagram.37 Luminal patency and sphincter

Table 4 Case characteristics and demographics of comparative studies

Author, year
Number of
patients

Gender
(F : M) Age (years) BMI (kg/m2) ASA

Myotomy
length (cm)

Previous
therapy (n)

Hungness, 2013
POEM 18 5:13 38† (22–69) 25† (19–45) I 2

II 12
III 4

9 (6–14)

Heller 55 26:29 49† (22–79) 27† (17–48) I 4
II 39
III 12

8.5 (7–10)

Bhayani, 2013
POEM 37 17:20 56 ± 16
Heller 64 31:33 57 ± 20

Ujiki, 2013
POEM 18 5:13 64.1 ± 4.8 25.3 ± 1.1 2.3 ± 0.1 4 Botox

4 EBD
3 HM
2 EBD+Botox

Heller 21 9:12 60.2 ± 4.7 26.5 ± 1.3 2.5 ± 0.1 10 2 Botox
4 EBD
3 HM
4 Botox + EBD

Values are mean ± SD/(range); †Median (IQR). BMI, body mass index; EBD, endoscopic balloon dilatation; HM, Heller’s myotomy; IQR,
interquartile range; POEM, peroral endoscopic myotomy.
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distensibility has also been investigated with a new
modality known as the EndoFLIP, which has also
demonstrated treatment success post-POEM.22 Two
studies reported symptomatic failure rates of 17.6%
and 8% at 12 and 15 months, respectively, which is
similar to outcomes reported in the literature for
LHM.4,38,39

Though GERD symptoms have been observed
with a variable incidence after POEM, they do not
provide a clear indication of the prevalence of reflux.
Two large population studies in Sweden and Italy
demonstrated ∼33–37% and 46% of patients with
erosive esophagitis and Barrett’s esophagus, were
asymptomatic.40,41 This evidence suggests that GERD
symptom analysis may underestimate the real preva-
lence of GERD after POEM or LHM. Furthermore,
variations in outcomes reporting for symptomatic
GERD preclude any meaningful comparison
between studies. Objective evidence of reflux disease
must therefore be sought with pH-impedance studies

that are capable of determining acid and alkaline
reflux episodes.42 Five studies in this review investi-
gated objective evidence of acid reflux post-
POEM,18,20,22,28,29 using standard pH monitoring and
showed abnormal acid exposure in 43% of patients.
However, the incidence of acid reflux prior to the
intervention was not determined in any of these
studies and therefore causality cannot be attributed
to POEM. Pathological changes attributed to reflux
such as esophagitis were investigated by three studies
pre- and post-POEM using conventional white light
endoscopy and biopsy at variable follow-up times
within the first postoperative year.16,18,21 They showed
an increase in incidence of esophagitis of 0% versus
19%, pre- and post-POEM, respectively.

Advocates of LHM would argue that by perform-
ing a fundoplication as part of the procedure, inci-
dence of reflux is decreased in comparison to POEM.
Advocates of POEM argue that less anatomical dis-
ruption of the LES anti-reflux mechanism may

Fig. 2 Forrest plot showing no significant difference between the groups in the incidence of total adverse events.

Fig. 3 Forrest plot showing no significant difference between the groups in the incidence of perforation.
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reduce the incidence of reflux, in particular through
performing a selective circular muscle myotomy.
However, it has been shown that objective measures
of reflux are similar post-POEM and LHM. Twenty-
four-hour testing of esophageal acid exposure was
compared between 31 LHM and 23 POEM patients
at 6–12 postoperatively, showing that median
DeMeester scores, proportion of patients with abnor-
mal DeMeester score, and the median number of
reflux episodes were statistically comparable between
the two groups.35 Furthermore, a study by Li et al.,
compared 103 patients who underwent full-thickness
myotomy and 131 patients who underwent selective
inner circular muscle myotomy with no statistical dif-
ferences in the postoperative reflux rates between the
two groups (21.2% vs. 16.5%, P = 0.38).25 In the
future, technical modifications such as tailoring
myotomy length based on real-time intraoperative
electrophysiological measurements using modalities
such as EndoFLIP may minimize LES disruption and

decrease the incidence of reflux post POEM and
LHM. Electrical stimulation of the LES post POEM
has also been investigated in animal models for this
purpose.43

Despite the lack of evidence favoring one technique
over another, POEM has an advantage over LHM as
the myotomy site and length can be varied signifi-
cantly. Although this may not be significant for the
treatment of achalasia, it is potentially an ideal endo-
scopic therapy for refractory spastic esophageal dis-
orders, as it allows myotomy of the LES as well as the
more proximal esophagus, where hypertensive con-
tractions occur.37 Other indications may include Type
III Achalasia, which has poor outcomes with LHM
and recurrence of achalasia post-treatment.37

This systematic review is limited by the quality of
the studies under investigation as evidenced by the
poor outcomes in our objective study quality assess-
ment. Furthermore, the lack of standardization of
surgical quality, determination of learning curve and

Fig. 4 Forrest plot showing no significant difference between the groups in the length of operation.

Fig. 5 Forrest plot demonstrating a nonsignificant trend toward reduced length of hospital stay in the peroral endoscopic myotomy
(POEM) group.
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variable definitions and reporting of adverse events
makes summative analysis difficult. There is also
limited data on long-term outcomes for a technique
that is still relatively new.

In conclusion, POEM is a safe and effective treat-
ment for achalasia, showing significant improve-
ments in objective metrics and achalasia-related
symptoms. Randomized comparative studies of
LHM and POEM are required to determine the most
effective treatment modality, with additional investi-
gation of more novel metrics such as EndoFLIP and
objective measures of reflux (e.g. impedance studies)
pre- and post-treatment.
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Original article

Interrogation of esophagogastric junction barrier function using the
esophagogastric junction contractile integral: an observational cohort study

P. Gor, Y. Li, S. Munigala, A. Patel, A. Bolkhir, C. P. Gyawali

Division of Gastroenterology, Washington University School of Medicine, St Louis, Missouri, USA

SUMMARY. The esophagogastric junction contractile integral (EGJ-CI), designed similar to distal contractile
integral (DCI), has been proposed as a metric to evaluate EGJ barrier function. We determined normative values
and evaluated EGJ-CI in predicting esophageal acid exposure time (AET) and symptomatic outcome in this
observational cohort study. High-resolution manometry (HRM) studies were reviewed in 188 patients (55.2 ±
0.9 years, 64% female) undergoing ambulatory pH monitoring off therapy. Dominant symptoms and global
symptom severity (GSS) were determined on questionnaires initially and upon follow-up. EGJ-CI was measured
using the DCI tool placed across the EGJ and compared to normal controls (n = 21, 27.6 ± 0.6 years, 52% female).
EGJ-CI was calculated both for a single respiratory cycle (SRC, in mmHg.cm.s) and corrected for respiratory
cycle (CRC, mmHg.cm). Univariate and multivariate analyses determined the predictive potential of EGJ-CI in
terms of AET and post-therapy GSS at follow-up, controlling for medical versus surgical therapy. Mean EGJ-CI
values were significantly lower when AET was abnormal; EGJ-CI/SRC and EGJ-CI/CRC were 86% concordant
(r = 0.84). Using receiver operating characteristic analysis, values below 121.8 mmHg.cm.s (EGJ-CI/SRC) and
39.3 mmHg.cm (EGJ-CI/CRC) predicted abnormal AET best (sensitivity 0.61 and 0.65, specificity 0.61 and 0.57,
respectively). On univariate and multivariate analysis, the EGJ-CI discriminated normal from abnormal AET
better than conventional LES parameters (P ≤ 0.02). After 2.7 ± 0.1 years follow-up, EGJ-CI below identified
thresholds predicted better symptom response to antireflux surgery compared to medical therapy (P = 0.009).
EGJ-CI is a novel HRM metric that has potential to complement or replace currently used basal LES and EGJ
parameters.

KEY WORDS: esophagogastric junction, gastroesophageal reflux disease, high-resolution manometry.

INTRODUCTION

The esophagogastric junction (EGJ) serves as a
barrier between the esophagus and the stomach. In

health, the EGJ has both a sphincter component
(lower esophageal sphincter [LES]) and a superim-
posed diaphragmatic crural component to provide a
mechanical and physiologic barrier to spontaneous
reflux of gastric content into the esophagus.1 While
transient LES relaxation is considered to be the
most frequent mechanism of gastroesophageal reflux
(GER), structural and physiologic weakness in the
EGJ barrier can also promote GER.2,3 Structural
weakness can manifest as a separation between the
intrinsic LES and the diaphragmatic crura, which
defines a hiatus hernia.4 Physiologic weakness can
manifest as low LES tone or a hypotensive LES.
Since the LES tone is dynamic and augments with
inspiration, end-expiratory LES pressure has been
utilized to define basal LES tone independent of dia-
phragmatic contribution. As would be anticipated,
patients referred for antireflux surgery (ARS) have a
higher likelihood of a disrupted EGJ barrier, and
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reestablishment of barrier function with ARS leads to
symptom improvement in GER.5

With the advent of high-resolution manometry
(HRM), vigor of peristaltic events in the esophageal
body is evaluated using a computerized space–time
algorithm that takes duration, amplitude and length
of the contracting segment into consideration, termed
the distal contractile integral (DCI).6 Indeed, the DCI
has been adapted to define both hypercontractile and
hypocontractile esophageal body conditions.7,8 A
metric similar to the DCI concept has been proposed
for interrogation of the EGJ barrier function. The
first report by Hoshino et al. consisted of measuring
the DCI of the LES (termed LES pressure integral)
over a 10-second period of time.9 The LES pressure
integral was further refined by Nicodeme et al. to be
independent of respiration, by measuring the DCI
value at the LES above a threshold of 2 mmHg above
the gastric baseline, and dividing the recorded value
by the duration of complete respiratory cycles (three
cycles in this study).10 This new metric, termed the
EGJ-contractile integral (EGJ-CI) since it takes the
EGJ barrier into account, segregated GER patients
as defined by abnormal pH-impedance studies from
healthy controls. However, the impact of the EGJ-CI
on symptom outcome and its ability to predict abnor-
mal esophageal acid exposure remain uncertain.
Further, the measurement technique described
required multiple steps to set the threshold for the
DCI measurement across the EGJ.

In this study, we evaluated the EGJ-CI in a cohort
of patients undergoing ambulatory pH monitoring
off acid suppressive therapy and normal healthy con-
trols with the aims of: (i) simplification of the calcu-
lation process by measuring the DCI above the
gastric baseline, both averaged to a single respiratory
cycle (SRC) and corrected for respiratory cycle
(CRC) to be independent of respiration, (ii) determin-
ing and comparing normative values, and (iii) assess-
ing the predictive value of the EGJ-CI in terms of
esophageal acid exposure and symptom improvement
with antireflux therapy.

METHODS

All adult patients (>18 years) undergoing esophageal
HRM using the Given system (Given Imaging/Sierra
Scientific, Los Angeles, CA) in conjunction with
ambulatory pH monitoring off antisecretory therapy
over a 6-year period (2006–2012) were eligible for
inclusion. All subjects completed a symptom ques-
tionnaire detailing dominant symptoms and global
symptom severity (GSS) on a 100-point visual analog
scale at the time of their esophageal physiologic
studies. For inclusion, subjects were prospectively
contacted for repeat completion of the same
symptom questionnaire and for determination of

therapy and outcome. Exclusion criteria included
incomplete esophageal HRM or ambulatory pH
monitoring data, incomplete symptom data, prior
foregut surgery, primary motor disorders (including
achalasia spectrum disorders and esophageal outflow
obstruction), and lack of follow-up questionnaire
data. Informed consent was obtained from each
subject to include review of clinical data and comple-
tion of survey questions related to the study. The
control group was composed of healthy asymptom-
atic patients who had no history of gastrointestinal
symptoms, no upper gastrointestinal tract surgery, on
no regular medications, and no other medical condi-
tions. These control subjects underwent HRM as part
of the institutional normative data assessment, after
informed consent. The study protocol was approved
by the Human Research Protection Office (Institu-
tional Review Board) at Washington University in
St Louis.

Calculation of EGJ-CI

HRM studies were performed after an overnight fast
using a 36-channel solid-state catheter system with
high-fidelity circumferential sensors at 1 cm intervals
(Given Imaging/Sierra Scientific, Los Angeles, CA).
After calibration, the catheter was passed through
an anesthetized nasal canal. A 20-second swallow-
free period was first obtained after the subject
remained still and resting quietly in the recumbent
position (landmark period), from which basal LES
pressures were obtained. Ten swallows were recorded
using 4–5 mL of ambient temperature water spaced
>20 seconds apart. Studies were acquired and ana-
lyzed using dedicated computerized HRM acquisi-
tion, display and analysis systems (ManoView; Given
Imaging/Sierra Scientific, Los Angeles, CA).

In addition to standard analysis of the motor
pattern using the Chicago Classification,11 specific
attention was focused on EGJ metrics. Mean basal
LES pressure, end-expiratory LES pressure, LES
length, and integrated relaxation pressure (IRP) were
recorded. The presence or absence of a measurable
hiatus hernia was determined. For the purposes of
this study, a hiatus hernia consisted of consistent and
complete spatial separation between the identified
LES and diaphragmatic crural contraction, measured
in 1-cm increments. Therefore, we designated no
separation as type I, separation ≤2 cm as type II,
and separation ≥3 cm as type III, as described by
Pandolfino et al.12 This definition was chosen so as to
segregate settings where the EGJ-CI could be mea-
sured across both LES and diaphragmatic crura, or
alternatively, across the LES alone in the presence of
a hiatus hernia.

The landmark phase recording was first identified
and confirmed to be separate from swallows and arti-
facts, obtained during a period of quiet rest after the
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patient settled down.13 Three respiratory cycles were
identified and duration measured (Fig. 1). The gastric
baseline was recorded, and this value was set as the
threshold for the DCI calculation algorithm. The
DCI software measurement tool was then forced
across the EGJ, with the proximal and distal margins
approximating the respective contours of the EGJ or
LES as identified by a sharp change in pressure values
and color change from both the esophageal body and
the gastric lumen, respectively (Fig. 1). In the pres-
ence of a type III hiatus hernia, the LES barrier func-
tion was determined with the DCI measurement box
positioned across the LES (Fig. 1B). The EGJ-CI was
recorded for the three respiratory cycles. This was
divided by 3 to obtain the EGJ-CI for a single respi-
ratory cycle (EGJ-CI/SRC), and by the duration of
the respiratory cycles for EGJ-CI independent of res-
piration (EGJ-CI/CRC).

Ambulatory pH monitoring

All pH studies were performed after an overnight
fast, off all antisecretory medications for 5 to 7 days.
All patients completed the pre-procedure symptom
questionnaire prior to the study. The pH probe

was placed at our outpatient endoscopy and motility
facility by an experienced nurse, using the HRM
localization of the proximal LES margin to position
the pH sensor 5 cm proximal to this landmark. After
discharge from the esophageal facility, all subjects
were instructed to resume normal activity and diet,
maintain a daily diary that included symptoms,
activities, and meal periods, and activate the
symptom indicator button of the pH recorder every
time they experienced acid reflux symptoms.6

Analysis of pH data included quantification of
total acid exposure time (AET), measured as the time
the distal esophageal pH remained below 4 and
expressed as a percentage. A total AET of ≥4.0% was
considered abnormal for the purposes of this study
per our institutional threshold; this threshold has
been validated to have with good documented sensi-
tivity (91%) and specificity (85%) for discriminating
esophagitis.14 Our institutional threshold of ≥2.0%
was considered abnormal for supine AET.

Symptom assessment

Prior to HRM and ambulatory pH monitoring and
prospectively on follow-up, all subjects completed a

Fig. 1 Calculation window for measurement of the esophagogastric junction contractile integral (EGJ-CI). (A) The software tool
assessing contraction vigor (distal contractile vigor) is forced into a rectangle encompassing the proximal and distal extents of the EGJ,
and covering exactly three respiratory cycles during a period of quiet rest and baseline breathing (landmark phase). EGJ-CI is recorded
above the gastric baseline during the landmark phase. The value is divided by 3 to obtain EGJ-CI for a single respiratory cycle
(EGJ-CI/SRC); division by the duration of the three respiratory cycles provides the EGJ-CI corrected for respiration (EGJ-CI/CRC).
(B) In the presence of a measurable and consistent separation between the lower esophageal sphincter (LES) and the diaphragmatic
crura, the distal contractile integral (DCI) rectangle is forced across the LES high-pressure zone for the duration of three respiratory
cycles. The remainder of the calculations are exactly the same as described above.
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symptom survey to characterize their dominant and
secondary symptoms as well as their overall symp-
tomatic status. In this symptom survey, symptom
characteristics are individually rated, and overall
GSS is recorded on a 100-point visual analog scale.15

GSS at follow-up formed the basis for determining
response to GER therapy. The subjects were also
asked about GER management (which was directed
independent of this study by the subjects’ treating
physicians using clinical data and clinical reports of
esophageal HRM and pH monitoring provided to
them), and segregated into medical management
(proton pump inhibitor (PPI) therapy) and ARS
cohorts based on their responses.

Data analysis

Continuous variables are reported as mean ±
standard error of the mean (SEM) or median
(interquartile range). Categorical data are reported
using frequencies and proportions. Normative values
for EGJ-CI were determined from analysis of data
from normal controls; mean values and 95th percen-
tile values were determined for both EGJ-CI/SRC
and EGJ-CI/CRC. Receiver operating characteristic
(ROC) analysis was performed to provide a best
balance of sensitivity and specificity for the threshold
EGJ-CI values (both SRC and CRC) predicting the
abnormal acid exposure. Areas under the curves
(AUC) were calculated. The performance of the
EGJ-CI in patients undergoing ambulatory pH
monitoring was determined using these normative
and threshold values in predicting abnormal distal
esophageal AET, as well as symptomatic improve-
ment following GER management as measured by
change in GSS, both medical management and ARS.
Continuous data were compared using the two-tailed
Student’s t-test, and categorical data were compared
using the chi-squared test or Fisher’s exact test as
appropriate. Correlation coefficients were calculated
for the associations between EGJ-CI values calcu-
lated using the two described techniques, between
EGJ-CI and existing conventional LES metrics, and
between EGJ-CI and total AET. Univariate and mul-
tivariate analyses were performed to determine the
predictive potential of the EGJ-CI in terms of AET
and post-therapy GSS at follow-up, controlling for
medical versus surgical therapy. In all cases, P < 0.05
was required for statistical significance. All statistical
analyses were performed using IBM SPSS 22
(Chicago, IL) and SAS 9.3 (Cary, NC).

RESULTS

During the study period, 188 subjects (55.2 ± 0.9
years, 64% female) fulfilled all study inclusion criteria
out of 744 patients undergoing pH studies off PPI

in the institutional database. Presenting symptoms
were dominated by heartburn (35.6%) and chest
pain (11.2%). On ambulatory pH monitoring off
antisecretory therapy, 90 subjects (47.9%) had total
AET ≥4.0%, and an additional 6% had isolated eleva-
tion in supine AET >2.0%. On esophageal HRM, 44
subjects (23.4%) had a type III hernia; of the remain-
der, 113 (60.1%) had type I EGJ, and 31 (16.5%) had
type II EGJ morphology. Medical management was
pursued in 124 subjects, while the remaining 34.0%
underwent ARS. The control group consisted of 21
subjects (27.6 ± 0.6 years, 52% female), none of whom
had any gastrointestinal symptom, none were on any
medications, and none had a hiatus hernia. Averaged
conventional LES and EGJ parameters (LES length,
LES basal pressure, IRP) were similar between con-
trols (LES length: 2.9 ± 0.1 cm, mean LES basal pres-
sure 21.4 ± 2.1 mmHg, end-expiratory LES pressure
10.9 ± 1.6 mmHg, IRP 7.1 ± 0.9 mmHg) and study
subjects (LES length: 3.7 ± 0.3 cm, mean LES basal
pressure 21.8 ± 1.0 mmHg, end-expiratory LES pres-
sure 11.7 ± 0.7 mmHg, IRP 7.5 ± 0.4 mmHg), reflect-
ing the heterogeneous nature of the EGJ in the study
group.

EGJ-CI thresholds

Averaged EGJ-CI in normal controls and study sub-
jects are described in Table 1. In normal controls,
the EGJ-CI/SRC was 205.5 ± 35.6 mmHg.cm.s (5th–
95th percentile 21–512 mmHg.cm.s), and EGJ-CI/
CRC was 46.2 ± 7.6 mmHg.cm (5th-95th percentile
6–125 mmHg.cm). The mean EGJ-CI was signifi-
cantly higher in subjects with normal AET than in
subjects with abnormal AET (Table 1, P ≤ 0.003).
More striking, when a type III hiatus hernia was
present, there was significant segregation between

Table 1 EGJ-CI values in relationship to acid exposure and
hiatus hernia

Parameters

EGJ-CI/
SRC

EGJ-CI/
CRC

mmHg.cm.s mmHg.cm

Normal controls 205.5 ± 35.6 46.2 ± 7.6
All subjects 167.3 ± 10.7 49.4 ± 2.8
Normal acid exposure

(AET < 4.0)
197.2 ± 15.1 56.7 ± 3.6

With type III hiatus hernia 173.6 ± 25.5 50.4 ± 6.4
Without type III hiatus hernia 208.6 ± 18.6 59.7 ± 4.3

Abnormal acid exposure
(AET ≥4.0)

134.9 ± 14.5* 41.4 ± 4.2**

With type III hiatus hernia 78.1 ± 16.8*** 24.0 ± 4.7***
Without type III hiatus hernia 194.2 ± 20.4 59.6 ± 5.8

*P = 0.003 and **P = 0.006 compared to cohort with normal acid
exposure (AET < 4.0).
***P < 0.05 compared cohorts with normal acid exposure (AET <
4.0) with hiatus hernia. CRC, corrected for respiratory cycle; EGJ-
CI, esophagogastric junction contractile integral; SRC, single
respiratory cycle.
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subjects with and without abnormal AET, with both
EGJ-CI parameters being significantly lower in
subjects with abnormal AET (Table 1). Values were
similar with nonsignificant differences when a type III
hiatus hernia was not identified.

Using ROC analysis, EGJ-CI threshold values
predicting abnormal AET were determined for both
EGJ-CI parameters assessed (Fig. 2). A threshold
EGJ-CI/SRC value of 121.8 mmHg.cm.s had a sensi-
tivity of 61.0% and a specificity of 61.1% in predicting
abnormal AET, with an AUC of 0.6. With EGJ-CI/
CRC, a threshold value of 39.3 mmHg.cm had a sen-
sitivity of 65.3% and a specificity of 57.8%, with an
AUC of 0.7. These two parameters were concordant
in 86.2% of patients (Pearson’s r = 0.84, P < 0.0001);
discordance was clustered around the identified
thresholds for both parameters (Fig. 3). Both param-
eters only modestly correlated with total AET
(Pearson’s r = −0.21, P = 0.006), indicating mecha-
nisms other than EGJ barrier function were contrib-
uting to abnormal AET.

On univariate analysis, identified EGJ-CI/SRC
and EGJ-CI/CRC thresholds significantly segregated
subjects with abnormal reflux parameters and con-
ventional LES metrics from those with normal
metrics (Table 2). In particular, supine AET was sig-
nificantly higher with low EGJ-CI compared to
cohorts with normal EGJ-CI using identified thresh-

olds (Table 2). The only exception was that mean
upright AET was not significantly different between
cohorts with normal and low EGJ-CI/SRC (5.2% vs.
6.3%, respectively, P = 0.2), while EGJ-CI/CRC
readily segregated these cohorts (4.8% vs. 6.5%,
P = 0.045, Table 2). Both EGJ-CI metrics correlated

Fig. 2 Receiver operating characteristic (ROC) curves defining optimal esophagogastric junction contractile integral (EGJ-CI)
thresholds for segregating subjects with normal and abnormal esophageal acid exposure. Both EGJ-CI calculated for a single
respiratory cycle (EGJ-CI/SRC) and corrected for respiration (EGJ-CI/CRC) provided equivalent segregation of subjects with and
without abnormal acid exposure times. Threshold values provided sensitivity of 61–65% range and specificity of 58–65%, with modest
area under the curve (0.6–0.7).

Fig. 3 Correlation between esophagogastric junction contractile
integral (EGJ-CI) calculated for a single respiratory cycle (SRC)
and corrected for respiration (CRC). The two metrics
demonstrated excellent correlation of 86% (Pearson’s r = 0.84, P
< 0.0001), with most discordant values clustered around the
identified thresholds for each value.
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significantly with currently utilized metrics, mean
basal LES pressure and end-expiratory LES pressure
(Pearson’s r = 0.7, P < 0.0001 for each correlation,
Fig. 4), indicating that the EGJ-CI can adequately
replace these metrics. The presence of a type III
hiatus hernia (P = 0.01) and EGJ-CI, both SRC (P =
0.005) and CRC (P = 0.007) were significant predic-
tors of abnormal AET. On multivariate analysis, only
EGJ-CI (both SRC and CRC) was retained as an
independent predictor of abnormal AET (P < 0.05).

Symptomatic outcome

Baseline GSS declined from a mean of 62.6 to 25.8
upon follow-up assessment after 2.7 ± 0.1 years, an
average 34.2% reduction overall. Decline in GSS was
most marked after ARS (66.6% compared to 16.3%
after medical management, P < 0.03). An excellent
response to therapy (post-treatment GSS of <25) was
achieved by three quarters of surgically managed
patients when EGJ-CI was lower than the identified

Table 2 EGJ-CI in relationship to acid exposure and EGJ metrics

Parameters

EGJ-CI/SRC EGJ-CI/CRC

≤121.8 mmHg.cm.s >121.8 mmHg.cm.s ≤39.3 mmHg.cm >39.3 mmHg.cm
n = 92 n = 96 n = 86 n = 102

Acid exposure
Abnormal AET (%) 55 (59.1%) 35 (36.8%) 52 (60.5%) 38 (37.3%)
Mean total AET 6.6% 4.1% 6.8% 4.1%
Mean upright AET 6.3% 5.2% 6.5% 4.8%
Mean supine AET 7.1% 2.6% 7.3% 2.7%
DeMeester score 24.0 ± 2.7 14.3 ± 1.6 24.9 ± 2.7 13.9 ± 1.6

EGJ parameters
Mean basal LES pressure (mmHg) 12.8 ± 0.9 29.9 ± 1.1 12.1 ± 0.9 29.9 ± 1.2
Mean end-expiratory LES pressure (mmHg) 5.4 ± 0.7 17.7 ± 1.0 5.1 ± 0.7 17.2 ± 1.0
Hiatus hernia† (%) 36 (39.1%) 8 (8.3%) 36 (41.9%) 8 (7.8%)

P < 0.05 for comparisons between low and normal values for EGJ-CI/SRC and EGJ-CI/CRC in all instances except mean upright AET for
EGJ-CI/SRC where P = 0.2. †Type III EGJ. AET, acid exposure time; CRC, corrected for respiratory cycle; EGJ-CI, esophagogastric
junction contractile integral; SRC, single respiratory cycle.

Fig. 4 Correlation between esophagogastric junction contractile integral (EGJ-CI) and conventional lower esophageal sphincter (LES)
metrics. Both EGJ-CI calculated for a single respiratory cycle (SRC) and corrected for respiration (CRC) correlated very well with
mean basal LES pressure (Pearson’s r = 0.73–0.74, P < 0.0001) and end-expiratory LES pressure (Pearson’s r = 0.66–0.67, P < 0.0001)
indicating that the EGJ-CI can adequately replace conventional metrics.
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thresholds, but only by approximately half (43–56%)
of medically managed patients (Fig. 5, P = 0.04 for
each comparison with surgically managed patients).
When the EGJ-CI/CRC was <39.3 mmHg.cm, ARS
resulted in mean GSS decline of 67.5%, while medical
management did not change mean GSS (0.1%
increase in GSS, P = 0.01 compared to surgically
managed patients); similar results were seen when
calculations were performed using the EGJ-CI/SRC.

DISCUSSION

In this study, we address the clinical utilization of a
novel HRM metric addressing EGJ barrier function
in patients with GER, which correlates well with
and adds to information from currently used EGJ
and LES metrics. Our report augments available
data on EGJ-CI, and for the first time describes how
this metric can help predict symptomatic response
to treatment of GER, particularly the utilization of
ARS in managing a structurally deficient EGJ
barrier. We demonstrate that EGJ-CI can be assessed
for a single respiratory cycle, or corrected for respi-
ration with concordant values and similar prediction
of symptomatic outcome. Our findings suggest
that EGJ-CI provides better clinical direction than
currently used parameters addressing EGJ barrier
function.

The assessment of EGJ barrier function is clinically
relevant in planning ARS. It is well known that
patients with a structurally deficient EGJ barrier,
especially those with a hiatus hernia are particularly
prone to GER.3,4 To date, parameters derived from
conventional esophageal manometry (LES end-
expiratory pressure, LES basal pressure) continue to
be utilized to assess LES basal function despite a

worldwide trend toward use of HRM and the poten-
tial for novel software-driven LES measurements.16,17

In contrast, LES relaxation is addressed with an
intuitive software tool that electronically interrogates
the nadir LES pressure during expected swallow
induced LES relaxation, the integrated relaxation
pressure (IRP).18,19 Further, esophageal body motor
function is analyzed with other HRM software tools
and new metrics that efficiently utilize the increased
data points recorded with esophageal pressure topog-
raphy.6 These new esophageal metrics (IRP, DCI,
distal latency) have changed our understanding of
esophageal body motor function and have helped
generate meaningful classification systems in catego-
rizing esophageal body motor function.11,20 However,
EGJ morphology at rest has not been subject to the
same process of development of new metrics until
recently.

The first attempt to define EGJ barrier function
using an HRM-specific metric utilized the DCI tool
to measure LES pressure integral over a 10-second
swallow-free period.9 This metric did segregate
patients with abnormal acid exposure from those
with normal acid exposure, but did not control for
respiratory rate, and did not reference values to the
gastric baseline. An improvement on this metric was
proposed by Nicodeme et al., where measurement
for three respiratory cycles ensured uniformity in
data collection, correction for length of the respira-
tory cycle was achieved by dividing the recorded
value by the duration of the three respiratory cycles,
and the value was referenced to 2 mmHg above
the gastric baseline.10 This new metric, termed the
EGJ-contractile integral, segregated patients with
PPI-nonresponsive GER (as determined by pH
impedance testing) from normal controls. Our report
expands on the existing work by simplifying the mea-
surement of the EGJ-CI. We demonstrate that refer-
encing to the gastric baseline (rather than correction
to a value above the gastric baseline) provides similar
thresholds and normative values as reported by
Nicodeme et al.10 Further, normalization to duration
of respiratory cycle may be unnecessary if a consis-
tent number of respiratory cycles are included in the
measurement, as EGJ-CI over a single respiratory
cycle correlated very well with EGJ-CI corrected for
respiration. These simplifications may add to ease of
incorporation of this metric into algorithms embed-
ded within HRM analysis software.

In addition to its novelty and intuitive nature, the
EGJ-CI takes into account physiologic details that
define EGJ barrier function, including length of the
LES high pressure zone, and inspiratory augmenta-
tion of EGJ pressure, both of which have been dem-
onstrated to have key importance in assessments of
the EGJ barrier.12 The fact that our measurements
of the EGJ-CI were lower when the LES was isolated
from the crural diaphragm (in the presence of a

Fig. 5 Symptomatic outcome segregated by esophagogastric
junction contractile integral (EGJ-CI) thresholds after antireflux
therapy. The likelihood of an excellent outcome (100-point visual
analog score of <25 on follow-up) was significantly higher with
antireflux surgery compared to medical management when
EGJ-CI values were below the identified thresholds. This
suggests that the EGJ-CI has values in predicting patients likely
to improve following antireflux surgery in contrast to medical
therapy.
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hiatus hernia) further support 3D-HRM reports that
inspiratory diaphragmatic crural contraction domi-
nates over the intrinsic LES tone in determining
EGJ barrier function.21 These findings also establish
that the EGJ-CI should be measured across the LES
alone when measurable separation can be identified
between the distal extent of the LES and diaphrag-
matic crura. We chose to utilize the existing morpho-
logic HRM classification of the LES-crural
diaphragm relationship in segregating settings where
just the LES is interrogated, i.e. the type III relation-
ship.12 While it can be argued that the EGJ-CI should
be measured across the entire EGJ even when large
hiatus hernias are present, this may incorporate
pressure trapping within the hernia that may falsely
elevate the recorded values. Further, there are
instances where the catheter does not traverse the
diaphragmatic crura, when only the LES can be
interrogated by the EGJ-CI. Therefore, we chose to
use a dichotomous approach, where just the LES is
addressed when large (type III) separations exist
between LES and diaphragmatic crura, and both
LES and diaphragm are addressed when the two are
together, or only demonstrate intermittent separation
(types I and II).

Conventionally assessed LES and EGJ parameters
correlated very well with EGJ-CI assessed by both
methods (Fig. 4). Correlation with abnormal AET
was modest at best, and understandably so, since
transient LES relaxations are the most common
mechanism of reflux, and this can occur despite an
intact EGJ barrier. However, patients with continu-
ing reflux symptoms despite medical therapy under-
going esophageal physiologic testing have a high
likelihood of a structurally deficient EGJ.5 Conse-
quently, we demonstrate that symptomatic outcome
can be linked to abnormal EGJ-CI in these patients,
since surgical management of a structurally deficient
EGJ barrier as identified by low values resulted in
significantly better symptomatic outcomes compared
to medical management with PPI therapy alone.
While further prospective studies are needed to
understand the true clinical utility of EGJ-CI, our
results and existing literature suggest that this metric
may redefine assessment of EGJ barrier function. We
propose that the EGJ-CI be assessed after correction
for the respiratory cycle, since this has a potential to
offer a more accurate profile in settings where respi-
ratory variation skews recorded values, and espe-
cially since normative data exists from Nicodeme
et al. that our study complements and concurs with.
However, the EGJ-CI assessed for a single respira-
tory cycle could be easier to calculate, and appears to
be as discriminative as EGJ-CI/CRC. In the future,
we believe these metrics can be adapted for providing
a measure of the post-fundoplication EGJ, and of
LES after contraction in terms of contraction vigor,
especially in defining and characterizing exaggerated

LES after contraction that is sometimes seen in con-
junction with esophageal body hypermotility.

A few limitations offset the strengths of this study.
We recognize the limitations of the study cohort in
that only subjects studied off antisecretory therapy
who could be prospectively contacted for follow-up
questionnaire survey were enrolled. Consecutive
enrollment with prospective follow-up would poten-
tially have provided more representative information.
The control cohort was younger than the study
cohort, and this reflects difficulties in identifying
older patients without symptoms, comorbidities and
on no medications, which were prerequisites for defi-
nition of our control cohort for obtaining institu-
tional normative data. Of note, the fraction of study
patients that fell into the same younger age range of
the controls had similar SRC and CRC values to the
remainder of the cohort. Nevertheless, normative
values from these normal controls are likely represen-
tative, as shown by previous comparisons of motor
function between these normal controls and younger
cohorts with reflux disease.22 Patient management,
both medical management and ARS, were not
protocolized or randomized, and were left to treating
physicians who ordered the esophageal physiologic
studies, which has potential to bias outcome assess-
ments; in particular, reasons for antireflux therapy in
patients without abnormal AET could not be deter-
mined. At the time these pH studies were performed,
our laboratory protocol was to hold antisecretory
medications for 5–7 days for testing off therapy,
which may have introduced the potential for rebound
acid hypersecretion leading to unintended higher
AET values. We did not use HRM studies with
impedance, which could have further identified bolus
transit mechanisms; we also used AET exclusively,
and did not use impedance parameters in assessing
weakly acidic or nonacid reflux. Finally, the DCI tool
was forced into the EGJ-CI measurement domains
for measurements; software algorithms specifically
designed for this purpose could have provided more
accurate data recording. Nevertheless, we believe the
EGJ-CI makes intuitive sense, and as we have dem-
onstrated, can provide information pertinent to man-
agement planning and patient counseling prior to
discussion of therapeutic options in GER.

In conclusion, the EGJ-CI is a novel HRM metric
that holds tremendous promise in changing the
assessment of EGJ barrier function. This metric par-
tially predicts abnormal esophageal AET as well as
symptomatic outcome following antireflux therapy;
further research needs to prospectively assess the role
of esophageal body peristaltic function in conjunc-
tion with EGJ-CI in assessing similar reflux measures
and outcomes. We believe the EGJ-CI has potential
to complement or replace currently used basal LES
and EGJ metrics, and further study is needed to
duplicate and enhance our findings.
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Original article

Short-term and long-term effect of diaphragm biofeedback training in
gastroesophageal reflux disease: an open-label, pilot, randomized trial

X. Sun,1 W. Shang,2 Z. Wang,1 X. Liu,1 X. Fang,1 M. Ke1

1Department of Gastroenterology, Peking Union Medical College Hospital, Chinese Academy of Medical
Sciences & Peking Union Medical College, Beijing, and 2Department of Gastroenterology, Guangdong
Provincail Traditional Chinese Medicine Hosptial, Guangzhou, China

SUMMARY. This study investigated the effectiveness of diaphragm biofeedback training (DBT) for patients with
gastroesophageal reflux disease (GERD). A total of 40 patients with GERD treated at the Peking Union Medical
College Hospital between September 2004 and July 2006 were randomized to receive DBT and rabeprazole proton
pump inhibitor (PPI) or rabeprazole alone. The DBT + rabeprazole group received DBT during the 8-week initial
treatment; the rabeprazole group did not. During the 6-month follow up, all patients took acid suppression
according to their reflux symptoms, and the patients in the DBT + rabeprazole group were required to continue
DBT. The primary outcome (used for power analysis) was the amount of acid suppression used at 6 months.
Secondary outcomes were reflux symptoms, health-related quality of life (HRQL), and esophageal motility
differences after the 8-week treatment compared with baseline. Acid suppression usage significantly decreased in
the DBT + rabeprazole group compared with the rabeprazole group at 6 months (P < 0.05). At 8 weeks, reflux
symptoms and GERD-HRQL were significantly improved in both groups (P < 0.05), without difference between
them. Crural diaphragm tension (CDT) and gastroesophageal junction pressure (GEJP) significantly increased in
the DBT + rabeprazole group (P < 0.05), but without change in lower esophageal sphincter (LES) pressure. There
was no significant change in CDT, GEJP, and LES pressure compared with baseline in the rabeprazole group. In
conclusion, long-term DBT could reduce acid suppression usage by enhancing the anti-reflux barrier, providing a
non-pharmacological maintenance therapy and reducing medical costs for patients with GERD.

KEY WORDS: anti-reflux barrier, diaphragm biofeedback training, gastroesophageal reflux, manometry,
therapy.

INTRODUCTION

Gastroesophageal reflux disease (GERD) is a
common chronic disorder1,2 that has a significant
impact on patients’ quality of life and on the use of
healthcare services.3 The most common treatment is
the use of proton pump inhibitors (PPI). Although
patients with GERD typically have a good response
to PPIs, long-term maintenance therapy is still

necessary in most patients,4,5 with up to 50% of
patients experiencing some GERD symptoms despite
PPIs,6 and with some patients failing to respond to
PPIs.7,8 In fact, PPI failure and PPI long-term main-
tenance have become common problems for patients
with GERD and there is an increasing concern that
their long-term use may cause side effects such as
reduced bone mineral density and bone fractures.9 It
has been suggested that effective therapy for GERD
should be based on alternative approaches in combi-
nation with drugs.10

Lifestyle changes also play an important role
in GERD therapy and education of patients with
GERD can help managing symptoms.11 Complemen-
tary and alternative medicine techniques such as acu-
puncture, aromatherapy, chiropractic, homeopathy,
hypnotherapy, and reflexology are becoming popular
methods for the treatment of GERD.12
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GERD is an upper gastrointestinal dysmotility dis-
order related to gastric acid reflux into the esophagus.
Gastroesophageal reflux results from a positive
abdomen-to-thoracic pressure gradient during rest
(e.g. in obesity), swallowing, respiratory and physical
exertion. The gastroesophageal junction (GEJ)
includes two fundamental components, the intrinsic
lower esophageal sphincter (LES) and extrinsic com-
pression by the crural diaphragm (CD), and is the
first and primary line of esophageal defense against
damage by acid reflux.13 Thus, a GEJ valve mecha-
nism exists between the esophagus and stomach,
formed by the LES, the CD, the His angle and
the phrenoesophageal membrane, which normally
prevents gastroesophageal reflux.14 Relaxation and
phasic tone of the CD contribute significantly
to the GEJ.14,15 There is a direct correlation
between intraluminal GEJ pressure and integrated
electromyography (EMG) spike activity of the CD.16

In addition, CD function is significantly reduced in
patients with GERD compared with healthy subjects
or patients with functional heartburn.17 Based on
those studies, we initiated a series of studies on the
anti-reflux function of CD in patients with GERD.
These studies demonstrated that the crural dia-
phragm tension (CDT) during abdominal deep inspi-
ration was significantly higher than that during
thoracic deep inspiration in both healthy subjects
and patients with GERD, and that CDT in patients
with GERD was significantly lower compared with
healthy subjects during the resting breathing.18

However, there was no significant difference between
patients with GERD and healthy subjects during
abdominal deep inspiration.

The CD is a skeletal muscle, and like any other
striated muscle, it should be amenable to improved
performance by physical exercise. A previous open-
label study from our group has shown that dia-
phragm biofeedback training (DBT) enhanced
CDT,19 strongly suggesting that DBT could be useful
in the therapy of GERD by improving the natural
defense against reflux and subsequent damage.

The hypothesis of the present study was that dual
therapy with DBT and PPI improve the GEJ anti-
reflux barrier and decrease the requirement for long-
term PPI use. The aim of the present study was to
investigate the effectiveness of long-term non-drug
therapy (i.e. DBT) for improving esophageal motility
for patients with GERD.

MATERIALS AND METHODS

Patients

A total of 40 patients with GERD were consecutively
enrolled from the outpatient department of the
Peking Union Medical College Hospital (urban ter-
tiary care hospital) between September 2004 and July

2006. The inclusion criteria were: (i) history of typical
reflux symptoms such as heartburn, acid reflux, and
regurgitation for a minimum of 6 months; (ii) aged
between 18 and 60 years; and (iii) requirement of
maintenance treatment using a PPI (i.e. that the
patient achieved a good response when taking a PPI,
but relapsed upon drug withdrawal). The exclusion
criteria were: (i) diabetes mellitus; (ii) scleroderma;
(iii) severe comorbidity (such as heart diseases,
chronic pulmonary disease, chronic liver disease,
chronic kidney disease, and brain diseases); (iv)
gastroparesis; (v) active peptic ulcer disease; (vi)
history of upper gastrointestinal surgery; or (vii)
women who were pregnant or lactating.

All eligible patients who provided a written
informed consent underwent an upper endoscopic
examination after an overnight fast to assess the
mucosal condition of esophagus, stomach, and proxi-
mal part of the duodenum. Patients were on their
usual PPI treatment for endoscopy. The extent of
reflux esophagitis (RE) was determined using the Los
Angeles Classification.20 Patients with non-erosive
reflux disease (NERD) who had good response to
PPIs presented normal esophagus under endoscopic
examination.

This study was approved by the Ethics Committee
of the Peking Union Medical College Hospital.
Written informed consents were obtained from all
patients.

Study design

In the present study, patients were randomized (1 : 1
ratio) to the DBT + rabeprazole group or the
rabeprazole alone group using computer-generated
random number table. The study included two
periods: an 8-week initial treatment period and a
6-month follow-up period. During the first 8-week
period, patients in the DBT + rabeprazole group
received DBT and rabeprazole (10 mg twice a day),
whereas patients in the rabeprazole group received
rabeprazole only (10 mg twice a day). During the
6-month follow-up period, all patients in both groups
took acid suppression (PPIs or histamine 2 receptor
antagonists [H2RAs]) on-demand, and patients in the
DBT + rabeprazole group were required to continue
DBT as instructed in the initial treatment period. The
study design is shown in Fig. 1.

The primary outcome of the study was the amount
of acid suppression used during the 6-month follow
up. Secondary outcomes were reflux symptoms,
health-related quality of life (HRQL), and esopha-
geal motility differences after the 8-week initial treat-
ment compared with baseline.

Diaphragm biofeedback training

It is well known that abdominal deep breathing is
completed by diaphragmatic muscle contraction.19
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DBT is autonomously performed by contraction and
relaxation of the CD during abdominal deep breath-
ing. Myoelectrical activity of diaphragmatic muscle
and abdominal muscle were recorded respectively by
two channels connected to a biofeedback device
(Multi-modality Physiomonitoring System; Orion,
Dover, New Hampshire, USA). Myoelectrical activity
signals were converted into visual tracings by a com-
puter and shown on the monitor screen. The patients
were instructed to perform DBT while watching the
visual tracings under the therapist’s instruction. The
key point of DBT is abdominal breathing pattern
instead of mixed breathing or thoracic breathing
pattern. For each patient participating in DBT and
before beginning the study, we went through illustra-
tions showing the anatomy of the chest and abdomen
including the diaphragm, explaining to each patient
the mechanisms of pectoral and abdominal breathing,
and the role of the diaphragm in abdominal breathing.
Emphasis was made on the role of abdominal deep
breathing in the high-pressure zone of the GEJ. When
training before the study, we placed the patient’s
hands on his abdomen to make him feel the effect of
deep breathing on abdominal distension and expira-
tory muscle relaxation. Much care was taken to make
the patients breath correctly. Each patient was prop-
erly trained before beginning the study. A breath cycle
included 15 seconds for inhalation and 15 seconds for
expiration. Each DBT session lasted 30 minutes and
was performed in the fasting state. During each DBT
session, the therapist tried to achieve a good commu-
nication with the patient to facilitate good under-

standing and collaboration. Patients performed DBT
once a week in hospital during 8 weeks of the initial
treatment period, and practiced abdominal deep
breathing 20 minutes twice a day in the morning and
in the evening in the fasting state at home, by them-
selves. The visual tracing of a typical DBT session is
shown in Fig. 2.

The treating physicians who accepted to partici-
pate in the present study received formal training on
gastrointestinal motility studies. In addition, prior to
beginning the study, teachers who majored in teach-
ing of abdominal breathing were invited to train the
participating physicians. Each patient was supervised
by the same specialist throughout the whole study.
The training schedule of the patients at the hospital
and at home was managed by the technician.

Reflux symptom scores

All patients evaluated the frequency and severity of
their reflux symptoms including acid reflux, heart-
burn, and regurgitation using a self-reported daily
diary. Patients visited their physician every 2 weeks to
review the symptoms and their frequency. The sever-
ity of each symptom was determined as: 0 = no
symptom; 1 = mild, felt the symptoms but only when
thought about; 2 = moderate, symptom caused dis-
comfort but did not affect daily activities; 3 = severe,
symptom caused much discomfort and affected daily
activities. The frequency of each symptom was: 0 =
none; 1 = one to three episodes a week; 2 = four to six
episodes a week; 3 = every day. The total symptom

Fig. 1 Outline of the study design. The 40 patients with gastroesophageal reflux disease (GERD) were randomly allocated to two
groups: the DBT + rabeprazole group received diaphragm biofeedback training (DBT) and rabeprazole proton pump inhibitor (PPI),
whereas the rabeprazole group received rabeprazole alone. H2RA: histamine 2 receptor antagonist.
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score was equal to the sum of the severity score and
the frequency score. Scores as baseline and at 8 weeks
were used for analysis. The maximal symptom score
was 18.21

Quality of life

GERD–health-related quality of life (GERD-
HRQL) was used to evaluate the quality of life spe-
cific to GERD symptoms at baseline and at 8 weeks.
This questionnaire has been shown to be reliable,
valid, and practical.22 The GERD-HRQL question-
naire evaluates heartburn-related symptoms by
patient satisfaction using a 0–5 visual analog scale.
The total GERD-HRQL scores are calculated by
summing the responses to nine questions. Scores
range from 0 (no symptoms) to 45 (worst possible
symptoms).22

Esophageal manometry

A four-channel 90° radially orientated catheter
(Medtronic; Fridley, MN, USA) was used with a low-
compliance pneumohydraulic capillary infusion
system with each side hole perfused with water at a
flow rate of 0.5 mL/min. The catheter was passed
transnasally into the stomach with patient seated.
The patient was then moved to a left supine position.
Intragastric pressure was determined as the baseline.
The GEJ pressure was calculated from the baseline to
the end of inspiration, LES pressure from baseline to
the end of expiration, and CDT from the end of
expiration to the end of inspiration. Ten water swal-
lows (5 mL each, 20–25°C) separated by 30 seconds
were performed at stable resting GEJ pressure.18

Follow up

Acid suppression usage
After the 8-week initial treatment period, patients in
the DBT + rabeprazole group continued to practice
abdominal deep breathing twice a day at home and
performed DBT in hospital once at a 2- to 3-week
interval (same method as the initial treatment
period). Patients in both groups took PPIs or H2RA
according to their reflux symptoms. Both groups
were prescribed PPI or H2RA by clinicians blinded to
the study groupings. Acid suppression usage was
described as discontinuance, on-demand, and con-
tinuance. Discontinuance of acid suppression was
defined as the symptoms being under complete remis-
sion without pharmacological intervention or occa-
sionally taking an antacid agent. On-demand was
defined as the symptoms being under control while
taking acid suppression (PPIs or H2RA) two to three
times a week. Continuance was defined as the symp-
toms being under control with daily intake of an
acid suppression medication during the 6-month
follow-up period.

Statistical analysis

Normally distributed continuous data were presented
as means ± standard deviation (SD) and were ana-
lyzed using the paired or unpaired Student’s t-test, as
appropriate. Categorical variables were presented as
proportions and were analyzed using the chi-square
or the Fisher’s exact test, as appropriate. P-values <
0.05 were considered significant. All analyses were
performed using SPSS 13.0 (SPSS Inc., Chicago, IL,
USA).

Fig. 2 The diaphragm biofeedback training (DBT). The figures represent an example of the visual traces obtained during DBT. The
patients watched the traces while undertaking DBT with instruction from a therapist. EMG, electromyography.
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Because it was a pilot study, we did not perform
a power analysis when we designed the study.
However, based on the final sample size (group 1 =
17, group 2 = 16), the incidence of primary end-point
events (P1 = 82.3%, P2 = 6.2%) and α = 0.05, and
using the software PASS 11.0 (NCSS, LLC,
Kaysville, UT, USA), we obtained a power of 0.9997,
indicating that the sample size was sufficient.

RESULTS

Baseline characteristics of the patients

A total of 40 patients were enrolled in the study. The
demographic and disease characteristics at baseline
between the two groups were comparable including
age, gender, body mass index (BMI), disease dura-
tion, reflux symptoms, GERD-HRQL, and endo-
scopic presentation (Table 1).

Overall, seven patients dropped out of the study:
two patients in the rabeprazole group did not com-
plete the 8-week initial treatment period (they chose
to drop out because their symptoms improved after
taking rabeprazole for 2 weeks), and five were lost
to follow up during the 6-month follow-up period
(three in the DBT + rabeprazole group and two in
the rabeprazole group because they were unable to
attend follow-up visits).

Acid suppression usage during the 6-month follow up

The primary outcome of this study was the use of acid
suppression during the 6-month follow-up period,
and the results are shown in Table 2. The rate of

follow up was 85% (17/20) and 89% (16/18) in the
DBT + rabeprazole and rabeprazole groups, respec-
tively. Whereas 82.3% (14/17) patients discontinued
acid suppression in the DBT + rabeprazole group,
only 6.2% (1/16) discontinued acid suppression in
the rabeprazole group; whereas 68.8% (11/16)
patients required continued acid suppression in the
rabeprazole group, only 5.9% (1/17) required contin-
ued acid suppression in the DBT + rabeprazole
group; there were 11.8% (2/17) and 25% (4/16)
patients who used acid suppression on-demand in the
DBT + rabeprazole and rabeprazole groups, respec-
tively (P < 0.05).

Reflux symptoms

Reflux symptoms were significantly improved at the
end of the 8-week initial treatment compared with
baseline in both the DBT + rabeprazole group (from
12.50 ± 0.68 to 3.45 ± 0.51, P < 0.001) and the
rabeprazole group (from 11.78 ± 0.63 to 4.05 ± 0.4,
P < 0.001). The reflux symptom scores were not sig-
nificantly different between the two groups (P = 0.37)
(Fig. 3A).

GERD-HRQL

GERD-HRQL was significantly improved at the end
of the initial 8-week treatment compared with the
scores at baseline in the DBT + rabeprazole group
(from 20.50 ± 1.47 to 8.10 ± 0.80, P < 0.001) and in the
rabeprazole group (from 18.94 ± 1.26 to 9.27 ± 0.52,
P < 0.001). There was no significant difference
between the two groups (P = 0.237) (Fig. 3B).

Table 1 Demographic data and disease characteristics at baseline

DBT + rabeprazole group Rabeprazole group
P-value(n = 20) (n = 20)

Mean age (years) 48.90 ± 2.06 50.55 ± 2.28 0.590
Gender F : M 11 : 9 10 : 8 0.615
BMI (kg/m2) 27.90 ± 1.69 26.44 ± 1.78 0.140
Disease duration (months) 20.70 ± 1.04 18.61 ± 1.06 0.170
Reflux symptom score at baseline 12.50 ± 0.68 11.78 ± 0.63 0.450
GERD-HRQL at baseline 20.50 ± 1.47 18.94 ± 1.26 0.433
Endoscopic presentation
(NERD : LA-A : LA-B : LA-C)

5 : 5 : 7 : 3 4 : 5 : 7 : 2 0.145

Values are presented as means ± SD or numbers. BMI, body mass index; DBT, diaphragm biofeedback training; F, female; GERD-HRQL,
gastroesophageal reflux disease–health-related quality of life; LA-A, Los Angeles classification grade A; LA-B, Los Angeles classification
grade B; LA-C Los Angeles classification grade C; M, male; NERD, non-erosive reflux disease; SD, standard deviation.

Table 2 Acid suppression usage during the 6-month follow up

Follow up (n) Discontinuance On-demand Continuance

DBT + rabeprazole group 17 (85%) 14 (82.3%) 2 (11.8%) 1 (5.9%)
Rabeprazole group 16 (89%) 1 (6.2%) 4 (25%) 11 (68.8%)

Chi-squared test, P < 0.001. DBT, diaphragm biofeedback training.
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Esophageal manometry

Table 3 shows the results of esophageal manometry
at baseline and at the end of the 8-week initial treat-
ment. At baseline, there was no difference in LES
pressure, CDT, and GEJ pressure between the two
groups. In the DBT + rabeprazole group, there were
significant increases in CDT and GEJ pressures com-
pared with baseline (P < 0.01), but there was no sig-
nificant change in LES pressure (P > 0.05). In the
rabeprazole group, there was no significant difference
in LES pressure, CDT, or GEJ pressure after the
8-week treatment compared with baseline (P > 0.05).

DISCUSSION

The results of the present study showed that DBT +
rabeprazole resulted in significantly lower acid
suppression usage during the 6-month follow up
compared with rabeprazole alone, suggesting that
DBT + rabeprazole may be an effective treatment for
GERD. This study also suggests that DBT signifi-
cantly enhanced the function of the anti-reflux barrier
by increasing CDT and GEJ pressure, and long-term
DBT decreased the dependence upon acid suppres-
sion during follow up.

The improved outcome for the DBT + rabeprazole
group in the present study is supported by another
randomized study performed on a smaller population

of patients with GERD and using a slightly different
training method.23 After long-term follow up, they
observed that quality of life scores and PPI usage
improved with breathing exercise. The present study
aimed to further test the effect of DBT on a group of
patients with GERD that required long-term acid
suppression maintenance therapy without anatomi-
cal abnormalities because abdominal deep breathing
would be ineffective in these patients due to a loss of
CD on the LES. Age, gender, BMI, disease duration,
GERD-HRQL, and endoscopic presentation were
comparable in both groups at baseline. After 8 weeks
of initial treatment, CDT and GEJ pressure were sig-
nificantly increased in the DBT + rabeprazole group,
whereas they showed no changes in the rabeprazole
group. Normal GEJ pressure has been shown to
range from 15 ± 11 mmHg at the end of expiration to
40 ± 13 mmHg at the end of inspiration mainly as a
result of the diaphragmatic contribution.24 This result
indicated an increase of CDT and GEJ pressure
because of the 8-week DBT. A similar result in
improving GEJ pressure was observed using another
method of inspiratory muscle training used by Nobre
e Souza et al.,25 on a small population of patients with
GERD and healthy controls. They also found that
GERD symptoms were reduced, but did not evaluate
PPI usage. In addition, the present study showed that
although DBT could not significantly change LES
pressure, LES pressure presented an increasing trend
after the 8-week DBT period (from 6.25 ± 1.0 to 7.44

Fig. 3 Changes from baseline after the 8-week initial treatment in the two groups: the diaphragm biofeedback training (DBT) +
rabeprazole group (n = 20) and the rabeprazole group (n = 18). (A) Reflux symptom scores. (B) gastroesophageal reflux
disease–health-related quality of life (GERD-HRQL) assessment scores.

Table 3 Esophageal manometry values at baseline and at the end of initial 8-week treatment

DBT + rabeprazole group (n = 20) Rabeprazole group (n = 18)

Baseline Treatment 8-week P Baseline Treatment 8-week P

LES pressure 6.25 ± 1.0 7.44 ± 0.71 0.200 6.4 ± 1.1 6.2 ± 0.63 0.827
CDT 16.81 ± 1.08 25.27 ± 1.31 <0.001 17.96 ± 1.55 18.79 ± 1.37 0.690
GEJ pressure 23.21 ± 1.28 31.76 ± 1.92 0.001 25.41 ± 1.78 26.45 ± 1.87 0.691

Measurements are in mmHg and are presented as means ± SD. CDT, crural diaphragm tension; DBT, diaphragm biofeedback training;
GEJ, gastroesophageal junction; LES, lower esophageal sphincter.
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± 0.71 mmHg). LES would not be influenced by the
abdominal breathing exercise, because it is a smooth
muscle, but long-term DBT may benefit LES pres-
sure. Unfortunately, esophageal manometry could
not be re-tested at the end of the 6-month follow up.
A previous study by our group showed that the extent
of the abnormalities observed in the parasympathetic
system was correlated with the degree of the reflux
symptoms.18 In the future, we plan to explore the
effect of DBT on upper gastrointestinal motility such
as LES pressure, transit LES relaxation (TLESR),
and proximal stomach emptying using more detailed
measurements including the nervous system.

It is widely accepted that patients with GERD,
similar to patients with other chronic diseases, expe-
rience decrements in HRQL compared with the
general population.26 In the present study, reflux
symptoms and GERD-HRQL were significantly
improved in both groups after the 8-week initial treat-
ment, and there was no significant difference between
the two groups. This is probably because most of
the enrolled patients had RE (75% in the DBT +
rabeprazole group and 80% in the rabeprazole group)
and therefore had a good response to the rabeprazole
treatment.27 A previous study has shown that success-
ful reflux symptom resolution results in improve-
ments of HRQL.28

We observed that long-term DBT could signifi-
cantly decrease acid suppression usage: 82.3% (14/17)
of patients discontinued acid suppression in the DBT
+ rabeprazole group, whereas only 6.2% (1/16) in the
rabeprazole group did after 6 months. These results
led to our hypothesis that DBT provided GERD
patients with a non-pharmacological long-term main-
tenance therapy by enhancing the anti-reflux barrier.

Limitations

First, we did not collect data for autonomic nerve
function and especially esophageal manometry at the
end of the 6-month follow up. We may hypothesize
that these parameters could be even better after 6
months compared with the control group. Second, we
were not sure when and how long DBT had to be
undertaken for long-term maintenance therapy for
patients GERD because the present study was only a
pilot clinical trial. In the present study, the patients
received DBT during fasting to avoid inducing reflux
after eating. Ding et al.29 reported that performing
DBT after a meal decreased esophageal acid exposure
and accelerated proximal stomach emptying, espe-
cially 1 hour after a meal. In the future, we will design
a rational protocol to explore those problems. Third,
it is difficult encouraging patients with GERD to
perform long-term DBT, especially in terms of prac-
ticing at home. In this study, an appointed technician
interviewed the patients in the DBT + rabeprazole
group two to three times a week by telephone to

assess compliance with home practice and to verify if
the patients had any question regarding DBT. Nev-
ertheless, we had to rely on the truthfulness of the
patients. In the future, it could be possible for
patients with GERD to use a portable DBT device
with audio training, so patients can take the device
home and practice. Fourth, the patients in the present
study who did not receive DBT should have under-
gone a mock or sham DBT session. It has been
established that psychoeducation facilitates patient’s
self-management, which could improve GERD
symptoms.11 Therefore, we need to ensure that this
psychoeducation was not the cause of the improve-
ment seen in the present study in future investiga-
tions. Fifth, the number of patients with GERD
investigated in this study was quite low, but larger
than some recent similar studies. Finally, we did not
assess the quality of life at 6 months. Nevertheless,
there is a wealth of available data showing that
improvements of reflux symptoms are positively
correlated with quality of life. Therefore, we may
hypothesize that long-term DBT can significantly
improve the quality of life in patients with GERD
since reflux symptoms are improved. A larger popu-
lation would add more weight to these results and the
statistical analysis.

In conclusion, our study showed that DBT could
improve function of anti-reflux barrier by enhancing
CDT and GEJ pressure. Long-term biofeedback
training significantly reduced acid suppression usage,
which could provide a non-pharmacological mainte-
nance therapy and reduce the medical cost for
patients with GERD. In a further study, we should
evaluate the gastroesophageal anti-reflux mechanism
of DBT, such as the effect of diaphragm biofeedback
on TLESR and gastric emptying, and the effect of
long-term DBT on symptoms, HRQL, and acid sup-
pression dependence.
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Single-center prospective study of Plummer–Vinson syndrome
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SUMMARY. Post-cricoid web is an uncommon cause for dysphagia and is most frequently reported in middle-
aged women. Triad of web, iron deficiency anemia (IDA), and dysphagia is known as Plummer–Vinson syndrome
(PVS). Literature on PVS is very limited. Here we report the first prospective study of PVS with predefined
diagnostic criteria and management plan. Adults with dysphagia or those incidentally found to have esophageal web
were prospectively enrolled between July 2011 and June 2013. Participants were evaluated with hemogram, barium
swallow, and esophagogastroduodenoscopy. PVS was diagnosed if a person had IDA and a post-cricoid web in
barium swallow and/or endoscopy. Patients were managed with dilation using through-the-scope controlled radial
expansion balloon followed by oral iron and folic acid supplementation. Thirty-seven patients (age, median [range]
40 [19–65] years; 32 [86%] women) were enrolled. Thirty-one symptomatic patients had dysphagia grade 1 (n = 12,
39%), 2 (n = 13, 42%), and 3 (n = 6, 19%) for a median (range) duration of 24 (4–324) months. Barium swallow,
done in 29, showed web in 25 which were either circumferential or anterior in position. Twenty-nine (29/31, 94%)
patients had complete and two had partial response after the first session of endoscopic dilatation without any
complication. Dysphagia recurred in three (10%) of the 30 patients who were followed for a median (range) of 10
(1–24) months. Esophageal-web related dysphagia in patients with PVS responds favorably after single session of
endoscopic dilation.

KEY WORDS: dysphagia, esophageal web, Paterson–Kelly syndrome, post-cricoid web, sideropenic anemia.

INTRODUCTION

Plummer first attributed dysphagia to esophageal
web in 1912.1 He called the condition as
‘cardiospasm’ and described it as upper esophageal

spasm of hysterical origin without anatomical nar-
rowing. A few years later, his pupil Vinson reported a
case of dysphagia with esophageal angulation.2 The
first complete description of this uncommon clinical
triad of post-cricoid esophageal web, dysphagia, and
iron deficiency anemia (IDA) in young women was
given by Paterson and Kelly.3,4 This syndrome is
known as Plummer–Vinson syndrome (PVS) in
the United States and most of the world, with the
additional name of Paterson–Kelly syndrome or
sideropenic dysphagia in the United Kingdom. In
spite of its first description more than a century ago,
literature on PVS is limited to isolated case reports
and small retrospective case series. These reports vary
widely in terms of diagnostic criteria and manage-
ment and fail to give a clear guideline for manage-
ment of occasional solitary cases seen by physicians
individually or in a low-volume center. We saw
several cases of PVS at our hospital and studied
thence prospectively with a predefined diagnostic cri-
teria and management plan.
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PATIENTS AND METHODS

The present study was conducted at the Department
of Gastroenterology at the Jawaharlal Institute of
Postgraduate Medical Education & Research,
Puducherry, a tertiary-care teaching hospital in
southern India between July 2011 and June 2013. All
adult (>18 years) men and nonpregnant women pre-
senting with dysphagia which was found to be due
to esophageal web and those who were found to
have esophageal web during upper gastrointestinal
endoscopy (UGIE) for evaluation of IDA were
prospectively studied. Patients with past history of
pharyngeal or esophageal injury, surgery, or radio-
therapy were excluded.

Two groups of patients were enrolled (i) those pre-
senting with dysphagia and had anemia were evalu-
ated for esophageal web, using barium swallow
followed by UGIE, and cause of anemia (ii) those
with incidentally identified esophageal web during
evaluation for anemia. IDA was diagnosed if a
person had low hemoglobin (below 13.0 g/dL in
men and below 12.0 g/dL in nonpregnant women),
microcytic hypochromic picture on peripheral blood
smear, serum ferritin <30 μg/L, and mean corpuscu-
lar volume (MCV) <80 fL. Incidentally identified web
were dilated without prior barium study.

Dysphagia was graded as 0 to 4 as per Atkinson
et al.: 0, able to take normal diet; 1, unable to take
certain solid foods; 2, able to swallow semi-solid
diet; 3, able to swallow liquid diet; and 4, unable to
take even liquids in adequate amount.5 PVS was
diagnosed if a person had IDA and a post-cricoid
web at barium swallow, endoscopy, or both. The
severity of esophageal narrowing was categorized
as moderate (>1/2) or severe (>2/3rd) according to
the extent of the luminal compromise on barium
swallow.

All patients were admitted and the web was
dilated using controlled radial expansion (CRE)
balloon. Response of dysphagia to treatment was
reassessed clinically 24 hours after the procedure
before discharging the patients from the hospital
and during follow up. Dysphagia improvement was
classified as complete (disappearance of dysphagia),
partial (reduction of dysphagia grade by at least
one), or none. Following endoscopic therapy,
all patients were given oral iron and folic acid
supplementation for at least 3 months, and hemo-
globin, MCV, and serum ferritin levels were reas-
sessed. All subjects gave written informed consent
and the study was approved by our institution’s
ethics committee.

Categorical data are expressed as ratios and pro-
portions, and numerical data as median and
interquartile range. Paired data were compared using
non-parametric Wilcoxon’s signed rank test, with
p-values below 0.05 considered as significant.

RESULTS

The study included 37 patients (age, median [range]
40 [19–65] years; 32 [86%] women).

Of the 37 patients, 31 presented with dysphagia and
six were diagnosed during investigation for IDA;
none of these latter six patients had dysphagia.
Among the patients with dysphagia, the severity of
the symptom was graded as 1, 2, and 3 in 12 (39%), 13
(42%), and 6 (19%) patients, respectively. Among
these patients with dysphagia, the median (range)
duration of dysphagia was 24 (4–324) months and the
patients were often underweight (body mass index
18.3 [12.8–25.8] kg/m2). Sixteen (43%) patients also
had angular cheilosis. Hematological profiles of our
patients are summarized in Table 1.

Barium swallow was done in 29 patients with
dysphagia and revealed a web in 25 (86%) of them
(Figs 1,2). In the remaining six patients, webs were
diagnosed during endoscopic examination. Most
of the web were circumferential and caused severe
luminal compromise (Table 2). One patient had coex-
isting circumferential and anterior webs which were
confirmed on endoscopy (Fig. 3). The jet phenom-
enon, commonly seen in esophageal narrowing, was
seen in all the cases. In a patient, a short segment of
the esophagus just below the web, showed reduced
distensibility.

All the webs, seen in barium swallow, were con-
firmed in UGIE (Fig. 4). Webs were dilated using
CRE balloons. At the time of discharge from the
hospital, 29/31 (94%) patients had complete response
after CRE balloon dilation. The remaining two
patients had partial response after the first session of
endoscopic dilatation; in both patients, a second pro-
cedure led to complete response. Except mild discom-
fort in the throat for a few days, no patient had any
complication.

We followed up 30 (81%) patients for 1–24 (median
10) months. During this period, three (10%) patients
had recurrence of dysphagia. These included two
women who had grade 1 dysphagia that appeared
after 20 months and one woman who had dysphagia
grade 2 after 24 months of follow up. All the three
patients responded to one session of repeat endo-
scopic balloon dilatation. Laboratory indicators of
IDA improved during follow up with oral supple-
mentation of iron and folic acid (Table 3).

Table 1 Hematological parameters in patients with Plummer–
Vinson syndrome (n = 37)

Parameter Value, median (range)

Hemoglobin (g/dL) 7.0 (2.1–11.4)
Mean corpuscular volume (fL) 58 (49–78)
Mean corpuscular hemoglobin (pg) 17 (11–28)
Mean corpuscular hemoglobin

concentration (g/L)
28 (20–33)

Serum ferritin (μg/L) 7.8 (0.5–17.6)
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DISCUSSION

The present prospective single-center experience
showed that PVS was predominantly seen in thin-
built, middle-aged women who commonly present
with long standing low-grade dysphagia. Most of the
webs were circumferential and produced severe
luminal compromise. Further, endoscopic CRE
balloon dilatation of the post-cricoid web was safe and
dysphagia responded well to one session of dilatation,
with complete relief in majority. A few patients had
recurrence of mild dysphagia in the medium term,
which responded well with repeat session of CRE
dilatation. Patients with PVS do not develop any pha-
ryngeal or esophageal complication in limited follow
up.

Literature on PVS is limited to case reports, short
case series, or retrospective reviews.6–9 To the best of

Fig. 1 Antero-posterior view in barium swallow showing
esophageal webs with (A) moderate and (B) severe luminal
compromise.

▶
Fig. 2 Lateral view in barium swallow showing (A) a
circumferential web with moderate narrowing, (B) a
circumferential web with severe narrowing, (C) anterior web with
moderate narrowing, and (D) anterior web with severe
narrowing.
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our knowledge, ours is the first prospective study with
strict predefined inclusion criteria and treatment pro-
tocol. PVS is an uncommon cause of dysphagia.
Exact prevalence is not well known. This condition
occurs more often in young women. Moreover, pres-
ence of an esophageal web is not always associated
with dysphagia. Large population and gastroenterol-
ogy clinic-based studies showed asymptomatic post-
cricoid web in about 1 and 6% of the participants in
barium swallow.10,11 Occasionally, authors have ques-
tioned the very existence of this entity.12 Considering
the rarity of the disease and the imperfect association
of esophageal web with dysphagia and IDA, we

expanded our spectrum to include asymptomatic
patients with web in our study. Inclusion of asymp-
tomatic patients unveils new suggestions – PV syn-
drome may be asymptomatic in a proportion of
patients; asymptomatic web might be seen in a
minute proportion of patient with IDA, particularly
those with the most severe form of IDA with
extremely poor iron reserves. Future studies involv-
ing asymptomatic patients with PV syndrome might
help in better understanding its pathogenesis.

Among the several factors involved in its pathogen-
esis,8,13,14 the strongest association is with IDA. Iron
deficiency is speculated to cause hypopharyngitis
which interferes with normal sensation in the throat
during swallowing. This hyposensitivity interferes
with normal swallowing by nonrelaxation of the
cricopharyngeus muscle which results in post-cricoid
spasm. In addition, iron deficiency is also proposed
to cause degenerative changes in the pharyngeal
mucosa. The degenerated cells form a thin shelf-like
web and contribute to dysphagia along with post-
cricoid spasm.15 Association of IDA and esophageal
web is not perfect because neither all patients with
web have IDA nor all patients with IDA have web. A
case–control study found comparable prevalence of
webs in patients with IDA and healthy controls.11

Table 2 Characteristics of esophageal web in barium swallow (n =
25)

Severity of
narrowing

Location of esophageal web (%)
Total
(%)Circumferential Anterior

Moderate (>1/2) 3 6 9 (36)
Severe (>2/3rd) 13 3 16 (64)
Total (%) 16† (64) 9 (36) 25 (100)

†One patient in this group had two webs, the upper web was
circumferential and the lower one was anterior in position.

Fig. 3 Images of co-existing two esophageal webs (A) lateral
view in barium swallow and (B) endoscopic view (upper web
shown by black arrows; lower web shown by white arrows).

Fig. 4 Endoscopic view of webs; (A) circular, (B) anterior.
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Our study included five men (13%) among 37 par-
ticipants which is comparable with 14% of men seen
in the largest study till date.6 Median age of our
patients was 40 years which is comparable with pre-
vious studies.6,13 Six of our patients had no dysphagia
but presented with anemia and were incidentally
found to have web at UGIE. Asymptomatic presen-
tation is seen in larger series.6,16 Asymptomatic
esophageal web might be presenting at an earlier
stage in the clinical spectrum of PVS. Similar to other
reports, dysphagia was of milder severity (grade I or
II) in majority. Esophageal webs are mostly thin
shelf-like membranous structures which are expected
to result in mild or moderate dysphagia. Though all
of the patients had web on endoscopy, it was not
identified in small proportion (14%) on barium study.
Most of the webs in our study were circumferential
and caused over 2/3rd of luminal compromise.
Though the indentation was always recognizable in
postero-anterior projections, the depth of the inden-
tation was better appreciated in lateral projection.
Webs which are 1–2 mm of projection may not be
detected on barium study; therefore, subsequent
endoscopic examination may be informative in a
patient with dysphagia and normal barium swallow.

Single session of endoscopic balloon dilation pro-
vided complete relief of dysphagia in almost all
patients (95%), which were sustained in majority for
them during the follow up of intermediate duration.
Others have also used web dilatation as the main
modality of treatment. In most of the other series,
web dilatations are being done using Savary-Gilliard
dilators. On the other hand, we used CRE balloon
dilators which are good in dilating short narrowing,
which contain less fibrous tissue in the wall and are
less likely to reappear. Excellent success of CRE
balloon dilators in our series affirms the thin mem-
branous nature of esophageal web.

Our study had strengths of being prospective in
nature, application of predefined uniform diagnostic
criteria and management strategy, and reasonable
follow up in sizeable proportion of the participants.
Our study also had limitations. We lost about 20%
of our patients during follow up, probably due to
good symptom response after endotherapy and
nonprogressive nature of the disease. In addition, our
follow-up duration was limited to a median of 10
months, hence we cannot comment on the long term
natural history of PVS, particularly the risk of long-
term dysphagia recurrence and the risk of malignant

transformation. We also have not attempted to look
into the predisposing factors or cause for clustering of
cases in this part of our country. It might be worth-
while to see the response to oral hematinic supple-
mentation without CRE balloon dilation.

To conclude, PVS is commonly seen in the south-
ern part of India. Web in PVS can safely be dilated
with a single session of CRE balloon dilatation. In
majority, balloon dilatation effectively alleviates
dysphagia and response is sustained during interme-
diate duration of follow up.
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Letter to the editor

Helicobacter pylori-related ApoE 4 polymorphism may be associated with
dysphagic symptoms in older adults

Dear Editor,
Mentz et al.1 reported a relationship between
apolipoprotein E (ApoE) 4 polymorphism, the most
common genetic risk factor for Alzheimer’s disease
(AD), and oropharyngeal dysphagia symptoms in
older adults; this relationship appears to be complex
and involves other variables such as environmental
factors.1

In this regard, Helicobacter (Hp) is a potential envi-
ronmental risk factor and the prevalence of Hp infec-
tion (Hp-I) is still high in most countries, particularly
in older adults. Based on histological analysis for Hp-I
documentation, a higher prevalence of Hp-I in AD
and mild cognitive impairment patients in a Greek
cohort has been found,2–4 increased cerebrospinal fluid
anti-Hp IgG antibody levels in AD patients may
reflect the disease severity, and Hp eradication may
positively influence AD manifestations at 2- and
5-year clinical end-points.3,4 Consistent associations
with the Greek data were shown in subsequent studies
from France, USA, and China, supporting Hp-I role
in AD pathobiology.4 Moreover, our unpublished
data showed an association between Hp-I and ApoE 4
polymorphism involved in the pathophysiology of AD
and possibly glaucoma (defined as ‘ocular’ AD); our
findings revealed increased ApoE in AD patients, par-
ticularly in Hp-positive than in Hp-negative patients
(26.92 vs. 18.75, P < 0.05). Furthermore, some studies
reported frequent Hp-I presence (57%) in patients
with laryngopharyngeal reflux disease (LPRD),5 and
Hp eradication showed a higher rate of symptom
improvement (90%);5 LPRD is associated with swal-
lowing complaints and dysphagia.

Therefore, Hp-related ApoE 4 polymorphism
might be associated with dysphagic symptoms, and

Hp eradication might benefit the aforementioned
patients. Because there is lack of literature showing
any demonstrable evidence to support the hypothesis
that Hp eradication could alter the dysphagia asso-
ciation, unless the functionality of the ApoE 4 gene is
influenced by the presence of Hp, a large-scale demo-
graphic study of this type could reveal such an asso-
ciation, and some functional genomic data on the
effects of Hp on ApoE 4 protein are warranted to
elucidate our own hypothesis.

Jannis Kountouras, Fani Tsolaki, Magda Tsolaki,
Emmanuel Gavalas, Christos Zavos, Stergios A.

Polyzos, Marina Boziki, Panagiotis Katsinelos,
Constantinos Kountouras, Elizabeth Vardaka,

Georgios I. Tagarakis, Georgia Deretzi
Department of Medicine, Second Medical Clinic,
Aristotle University of Thessaloniki, Ippokration

Hospital, Thessaloniki, Greece
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Original article

Intestinal epithelial culture under an air-liquid interface: a tool for studying
human and mouse esophagi

T. Yokobori,1 S. Suzuki,1 T. Miyazaki,1 M. Sohda,1 M. Sakai,1 N. Tanaka,1 D. Ozawa,1 K. Hara,1

H. Honjo,1 B. Altan,1 M. Fukuchi,1 H. Ishii,3 M. Iwatsuki,2 K. Sugimachi,2 T. Sudo,2 T. Iwaya,2

N. Nishida,2 K. Mimori,2 H. Kuwano,1 M. Mori3

1Department of General Surgical Science, Graduate School of Medicine, Gunma University, Maebashi,
2Department of Surgery, Medical Institute of Bioregulation, Kyushu University, Beppu, and 3Department
of Gastroenterological Surgery, Graduate School of Medicine, Osaka University, Suita, Japan

SUMMARY. This study investigated whether an intestinal epithelial culture method can be applied to mouse and
human esophageal cultures. The esophagi harvested from 1-day-old mice and adult humans were maintained in
collagen gels. A commercially available culture medium for human embryonic stem cells was used for the human
esophageal culture. We discovered that the intestinal epithelial culture method can be successfully applied to both
mouse and human esophageal cultures. The long-term cultured esophageal organoids were rod-like luminal struc-
tures lined with myofibroblasts. We discovered that regeneration of the esophageal mucosal surface can be almost
completely achieved in vitro, and the advantage of this method is that organoid cultures may be generated using
host-derived fibroblasts as a niche. This method is a promising tool for mouse and human research in intestinal
biology, carcinogenesis, and regenerative medicine.

KEY WORDS: esophageal culture, keratin, organ culture.

INTRODUCTION

The differentiation and proliferative capabilities of
intestinal cells are difficult to maintain in vitro, even if
the intestinal stem cells can be identified.1 Research-
ers have attempted various methods to successfully
culture intestinal cells;2 however, the most problem-

atic issue has been the inability to preserve intestinal
epithelial morphology due to the rapid induction of
apoptosis.3 Apoptosis occurs within a few hours after
the intestinal epithelial cells are removed from their
niche.

A previous report showed that when human intes-
tinal cells from biopsy samples were transduced with
hTERT and Cdk4, the cells were immortalized, and
their self-renewal and differentiation capabilities
were maintained.4 This very interesting report
showed the potential of in vitro human intestinal cul-
tures. Nevertheless, since this report involved the
transduction of exogenous genes, the risk of malig-
nant transformation of normal stem cells cannot be
completely ruled out. Thus, it is important to estab-
lish an in vitro primary culture method of human
intestinal cells that requires no gene manipulation.

In a recent report, Ootani et al. used a gel to embed
together a crypt with intestinal stem cells and
myofibroblasts.5 For this method, the culture
medium, the Wnt agonist R-spondin1 and a gel for
embedding the cells are the only reagents required,
and no feeder cells are needed. Such simplicity and
ease are critical factors in the development of
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practical techniques for use in the clinic. However, it
is presently unknown whether this method can be
applied to other human or mouse digestive organs,
particularly the esophagus.

In recent years, esophageal defects after endoscopic
submucosal dissection (ESD) have become a major
clinical problem. Esophagectomy with a highly inva-
sive thoracotomy has been the standard curative
treatment for esophageal cancer for many years;
however, the use of ESD has increased for the treat-
ment of superficial esophageal cancer.6 However,
ESD for circumferential and sub-circumferential
lesions results in a high incidence of post-resection
esophageal stricture on the dissected mucosal
surface.7 Such stricture is known to cause long-term
difficulties in oral food intake, requiring repeated
esophageal dilatation and resulting in compromised
quality of life for patients. In patients who undergo
ESD for these lesions, it is important to prevent stric-
ture through the regeneration of esophageal mucosa
to treat defects. Therefore, it is important to establish
an in vitro method for establishing long-term esopha-
geal cultures for further research on regeneration.

The aim of this study was to examine whether the
simple method of Ootani et al., which was used for
mouse intestinal cultures, can be applied to mouse
and human esophageal cultures, and to investigate
the method’s versatility, effectiveness, and clinical
applicability.

MATERIALS AND METHODS

In vitro epithelial culture method using an air–liquid
interface microenvironment

The in vitro culture procedure was performed using the
method of Ootani et al., as described previously.5

Briefly, 1 mL of BD Matrigel (BD Biosciences, Frank-
lin Lakes, New Jersey, U.S.) was poured into a 30 mm-
diameter inner dish (PICM03050, Millicell-CM;
Millipore) placed in an empty 60 mm-diameter outer
dish and allowed to solidify (30 min) in a 37°C incu-
bator. After preparing the dish, the small intestine or
esophagus was removed from neonatal C57/BL6 mice
(postnatal day 1). The tissue was cut immediately with
scissors and embedded in BD Matrigel after washing
with cold phosphate-buffered saline. Then, 1.0 mL of
the dissected tissues in Matrigel was poured onto the
inner dish, and the gel of the inner dish was left to
solidify in a 37°C incubator (30 min). After solidify-
ing, 1.0 mL of Ham’s F12 medium (Life Technologies
Corporation, Carlsbad, California, U.S.) supple-
mented with 20% fetal bovine serum (Equitech-Bio
Inc., Kerrville, TX, USA), 50 μg/mL gentamicin (Life
Technologies Corporation), and 500 ng/mL recombi-
nant R-spondin1 (R&D Systems) was poured into the
outer dish. The dish was incubated at 37°C in a
humidified atmosphere of 5% CO2. The medium was
changed every 3 days.

Human esophageal mucosa was obtained from
resected noncancerous esophageal mucosa from
patients with esophageal squamous cell carcinoma.
All patients gave written informed consent, and the
samples were used in accordance with the institu-
tional ethical guidelines of Kyushu University. In
the human esophageal culture method, we changed
Ootani’s culture medium to the NutriStem hESC
XF medium (Biological Industries, Kibbutz Beit-
Haemek, Israel) supplemented with 1 μg/mL
amphotericin B and 500 ng/mL human R-spondin1
(Sino Biological Inc.). This sample was used in
accordance with institutional guidelines and the
Helsinki Declaration after obtaining written
informed consent from all participants.

Histology and immunohistochemistry

The cultured esophageal organoids were fixed with
10% formaldehyde, embedded in paraffin blocks, cut
into 4-μm-thick sections, and mounted on glass slides.
The staining procedure was performed using standard
methods. The sections were then incubated overnight
at 4°C, and then incubated at room temperature for
30 min with anti-Ki67 antibody (1 : 200, Dako,
Glostrup, Denmark), anti-alpha smooth muscle actin
(1 : 1000, abcam, ab124964), cytokeratin4 (1 : 100,
Themo scientific, PA5-13684) (Thermo scientific,
Waltham, MA USA), and caspase3 (1 : 100, Santa
Cruz Biotechnology, Inc., Dallas, Texas, U.S.A.) in
Can Get Signal® immunoreaction enhancer solution
A (Toyobo, Japan). The sections were lightly
counterstained in Mayer’s hematoxylin and mounted
on glass slides.

RESULTS

Examination of in vitro method of small
intestinal culture and its application to mouse
esophageal culture

First, we performed and validated the procedure of
Ootani et al., in which mouse small intestine epithe-
lial cultures were grown in collagen gel under an
air–liquid interface microenvironment. On day 65,
we observed growth of cystic intestinal organoids
(Fig. 1A). Similar to the report by Ootani et al., we
observed the growth of the intestinal epithelium
lined with myofibroblasts (Fig. S1). Next, we har-
vested the esophagi from mice, and in vitro cultures
were established using the method of Ootani et al.
As a result, rod-like structures and esophageal
organoids were formed by day 65 (Fig. 1B). More-
over, these rod-like cultured mouse esophageal
organoids elongated over time (Fig. 1C). Figure 1C
depicts the gastric mucosa from an area of the
stomach harvested with the esophagus. Similar to
the cultured intestinal organoids, the gastric mucosa
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also showed formation of cystic structures (Fig. 1C).
In addition, the esophageal organoids had a luminal
structure, and the interior was filled with keratin
(Fig. 1D). Lower panel of Figure 1D shows the
arrangement of alpha-smooth muscle actin express-
ing myofibroblasts lining the basal layer of the
stratified squamous epithelium of an esophageal
organoid.

Establishment of in vitro culture method of human
esophageal mucosa

Next, the in vitro culture method established for the
mouse esophagus was applied to human esophagus.
Rod-like structures were temporarily formed but
decreased in size over 1 week (Fig. S2). Thus, we
changed the culture medium to a commercially avail-
able human embryonic stem cell medium, to which
we added human R-spondin1. After changing the
medium, we observed the growth of human esopha-
geal organoids (Fig. 2A). The interior of the
organoids consisted of stratified squamous epithe-
lium similar to the cultured mouse esophagus,
however, human esophagus was not keratinized suf-
ficiently unlike mouse esophageal organoids
(Fig. 2B–C). The cells located in the area correspond-
ing to the basal layer were Ki-67-positive, caspase
3-negative and cytokeratin 4-positive, indicating
active proliferation of epithelial cells (Fig. 2D) (Figs
S3, S4).

DISCUSSION

This report is the first to elucidate the morphology
of mouse esophageal mucosal organoids and to
establish a successful long-term culture method.
Unlike the gastric, small intestinal, and large intes-
tinal cystic organoids, the esophageal organoids
appeared as rod-like luminal structures lined with
fibroblasts, and esophageal regeneration of the
mucosal surface was completed almost entirely in
vitro. Moreover, regeneration at the organ level was
achieved, as the organoids were similar to the mouse
esophagus in morphology and size. The method
employed in this study resulted in the successful
establishment of a long-term culture of mouse
esophageal mucosal organoids and may be an
important tool in basic research of esophageal
carcinogenesis and regeneration.

Besides the report by Ootani et al., other interest-
ing studies have established long-term in vitro
cultures of mouse intestines. Sato et al. used a
laminin-containing gel to embed a single Lgr5+ cell,
hypothesized to be a mouse intestinal stem cell.8 The
cell was treated with R-spondin1 (Wnt agonist),
epidermal growth factor, noggin, jagged-1 peptide
(Notch agonist), and Y-27632 (Rho inhibitor), and
long-term cultures from this single Lgr5+ cell were
successfully established. This method may also be
applied to gastric epithelial cultures if the medium is
adjusted.9 This result is very interesting because

Fig. 1 Long-term culture of mouse esophageal mucosa. (A) Verification of small intestine culture method to confirm the report by
Ootani et al. (B) Macroscopic examination shows the growth of mouse esophageal cultures, forming rod-like structures in the collagen
gel. Arrowheads indicate the organoids of mouse small intestine and esophagus. (C) Microscopic examination of mouse esophageal
organoids on days 30 and 65. (D) Histological analysis of esophageal cultures (day 30). The organoid rod possessed a lumen-like
structure, and the inside was layered with keratin. The wall of the organoids consisted of a stratified squamous epithelium layer. Black
arrows indicate the outer lining of alpha-smooth muscle actin expressing myofibroblasts adjacent to the basal layer of the esophageal
organoids. Scale bar, 200 μm (top panel) and 50 μm (bottom panel).
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these long-term culture methods of small intestines
might be applicable to other digestive organs. Our
study showed that a method established for cultur-
ing small and large intestines can also be applied to
the mouse esophagus. Thus, our study demonstrated
the versatility of this in vitro culture method estab-
lished by Ootani et al.

Roig et al. reported that retroviral transduction of
Cdk4 and human telomerase catalytic subunit
hTERT resulted in the immortalization of epithelial
cells from human colon biopsy samples and enabled
long-term maintenance of their self-renewal and dif-
ferentiation capabilities.4 However, since Cdk4 and
hTERT increase proliferative capability and inhibit
senescence, they increase the risk of carcinogenesis.10

In addition, the method of Roig et al. is complicated,
requiring both the use of retrovirus for gene transfer
and the preparation of fibroblast feeder cells for
plating. The method in our study generated long-
term cultures of human intestines without gene trans-
fer for immortalization. In addition, the matrix gel
used to embed the cells and the culture medium are
commercially available. Moreover, since autologous
myofibroblasts from a collected specimen are used as
a niche, plating can be performed without feeder
cells. These advantages are important when this
method is applied to clinical practice.

In conclusion, this study presents a new culture
method in which intestinal stem cells are cultured
together with fibroblasts that function as a niche. Our
results suggest that this method can be applied to the
mouse esophagus and can generate long-term in vitro
cultures of human esophagus. The important charac-
teristic of this method is that it enables easy and
inexpensive culturing of organoids because it uses
host-derived fibroblasts as a niche. This is a promis-
ing method to be used for the advancement of

mouse and human research in intestinal biology,
carcinogenesis, and regenerative medicine.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in
the online version of this article at the publisher’s
web-site:

Fig. 2 Microscopic examination of a human esophageal organoid. (A) Microscopic findings of a rod-like human esophageal organoid
on days 7, 14, and 21. (B, C) The interior of the organoid was layered and stratified squamous epithelium. (D) Immunohistochemical
staining of Ki-67 in a human esophageal organoid.
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Fig. S1 Small intestine culture method reported by
Ootani et al.
(A) Microscopic findings of cultured small intestinal
organoids on day 65.
(B) Histological analysis of the small intestinal
organoids.
(C, D) Staining of PAS (Periodic acid-Schiff) and
cytokeratin in the small intestinal organoids.

Fig. S2 Sequential imaging of a human esophageal
organoid.

The human esophageal organoid gradually reduced
in size during the first 10 days in culture.

Fig. S3 Immunohistochemical staining of cleaved
caspase3 in mouse and human esophageal organoids
and human esophageal mucosa.

Fig. S4 Immunohistochemical staining of cytoke-
ratin4 in mouse and human esophageal organoids
and human esophageal mucosa.
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Original article

Overexpression of HSP47 in esophageal squamous cell carcinoma: clinical
implications and functional analysis
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Departments of 1Thoracic Surgery, 2Translational Research, and 4Pathology, Korea Cancer Center Hospital,
3Korea Institute of Science and Technology Information, Korea Institute of Radiological and Medical Sciences,
and 5Department of Thoracic and Cardiovascular Surgery, Seoul National University College of Medicine,
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SUMMARY. Several biomarkers of esophageal squamous cell carcinoma (ESCC) have been explored to improve
the prognosis of this disease. One of these, the 47-kDa heat shock protein (HSP47), has been screened as a
potential biomarker by genomic profiling and is known to be overexpressed in some malignant diseases. In this
study, we explored the role and evaluated the prognostic value of HSP47 expression in ESCC. The function of this
protein was analyzed by assaying proliferation, wound healing, and colony formation in an HSP47-knockdown
ESCC line. The prognostic implication of HSP47 expression was analyzed by immunohistochemical staining in 157
surgical specimens. HSP47 expression level and other clinical variables were analyzed using multivariate Cox
proportional hazards models. Silencing of the HSP47 gene in the ESCC cell line inhibited cell proliferation and
colony formation. HSP47 was highly expressed in ESCC tissue samples, compared with normal esophageal tissues.
The level of immunohistochemical staining of HSP47 and pathologic stage were significantly correlated with
overall and recurrence-free survival, as shown by multivariate analysis (P = 0.014 and 0.044, respectively). We
found that overexpression of HSP47 is associated with poor prognosis in patients with ESCC and that this is
consistent with the function of HSP47 in terms of increased cell proliferation and colony formation. These results
suggest that HSP47 is a potential prognostic biomarker for ESCC and merits further research for novel diagnostic
and therapeutic applications.

KEY WORDS: esophageal squamous cell carcinoma, heat shock protein 47, prognostic factor.

INTRODUCTION

Esophageal squamous cell carcinoma (ESCC), the
most common histological subtype of esophageal
cancer in East Asia, is one of the most fatal cancers,
and its incidence is gradually increasing.1 In patients
with advanced stage disease, the 5-year survival rate
is 15–25% owing to high rates of local recurrence and
distant metastasis.2 Although numerous multidisci-
plinary treatment strategies have been tried, and there
have been some improvements owing to the introduc-
tion of aggressive mediastinal lymph node dissec-
tion,3 neoadjuvant therapy,4–6 and novel diagnostic
technologies such as positron emission tomography,7

these multidisciplinary trials have not yielded satis-
factory results.8,9 For the development of novel treat-
ments for ESCC, molecular biological approaches
have been applied in an effort to identify specific
therapeutic and diagnostic targets. Molecular
markers based on genomic profiling and expression
of specific proteins have been explored.10,11 In this
process, we identified the 47-kDa heat shock protein
(HSP47, also known as SERPINH1) as a candidate
biomarker for ESCC. Our previous report of genomic
profiling demonstrated 9.1-fold overexpression of
HSP47 transcripts in esophageal tumor tissues
compared with normal tissues, as well as high tumor
specificity (P < 10−7).12 The relationship between
HSP47 expression and malignant diseases has been
studied in pancreatic ductal adenocarcinoma,
lung cancer, and ulcerative colitis-associated
carcinoma,13–15 and several studies have reported the
prognostic effect of HSP47 expression in malignant
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disease and cancer-specific expression.16,17 However,
the role of HSP47 in ESCC is still unknown.

In this study, we examined the expression pattern
of HSP47 in ESCC patients by immunohistochemical
staining (IHCS) and investigated the correlation
between HSP47 expression and clinical parameters.
In addition, we analyzed the oncogenic properties of
HSP47 through functional studies using HSP47
knockdown in an ESCC cell line.

MATERIALS AND METHODS

Patients and specimens

This study was approved by the institutional review
board of Korea Cancer Center Hospital. To evaluate
the prognostic influence of HSP47 expression, we
enrolled patients who had undergone curative
surgery with total mediastinal lymph node dissection
for thoracic ESCC. Patients who died postoperatively
were excluded. In total, 157 patients were enrolled in
the present study, and all were followed up until Sep-
tember 2013. Pathologic staging was based on the
American Joint Committee on Cancer, 7th edition.

Treatment with short interfering RNA
targeting HSP47

The ESCC line TE-8 (obtained from RIKEN, Japan)
was used for knockdown experiments. Two short
interfering RNA (siRNA) oligonucleotides target-
ing HSP47 (HSP47#2: ID#s2485 and HSP47#3:
ID#s2487 from Ambion) and a control siRNA were
purchased from Ambion (Austin, TX, USA). Cells
were transfected with siRNA using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s instructions.

Total RNA preparation and reverse
transcription-polymerase chain reaction

Total RNA was isolated from TE-8 cells using the
RNeasy Mini Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s instructions. cDNA was
produced by reverse transcription of 2 μg total RNA
using oligo-dT primers and Superscript II reverse
transcriptase (Invitrogen). The reverse-transcribed
product was amplified in a 20-μL reaction mixture
using an HSP47 primer set (forward, 5′-AGCAGC
AAGCAGCACTACAA-3′ and reverse, 5′-TAGGA
CCGAGTCACCATGAA-3′) to yield 246-bp prod-
ucts. The primer of GAPDH (forward, GTCAGTG
GTGGACCTGACCT-3′ and reverse, 5′-TGCTGT
AGCCAAATTCGTTG-3′) was used as the loading
control. polymerase chain reaction (PCR) reactions
were optimized for the number of cycles and anneal-
ing temperature to obtain a DNA band of the exact
product size.

Western blot analysis and antibodies

Total protein was extracted from cells in lysis buffer
(Thermo Fisher Scientific, Rockford, IL, USA) and
quantified using the Bradford method. Proteins
(40 μg) were separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. After elec-
trophoresis, samples were blotted onto nitrocellulose
membranes. After 1-hour incubation in a blocking
solution of 5% dried milk in Tris-buffered saline with
Tween-20 (TBST; 10 mM Tris base, 150 mM NaCl,
0.1% Tween-20, pH 8.0), membranes were incubated
with anti-HSP47 antibody (1:500; Abcam, Cam-
bridge, UK) overnight at 4°C. After incubation with
peroxidase-coupled anti-rabbit IgG (Santa Cruz Bio-
technology, Santa Cruz, CA, USA) for 1 hour, bound
proteins were visualized using enhanced chemilu-
minescence (Thermo Fisher Scientific). Relative
protein levels were calculated, with β-actin serving as
the loading control.

Cell proliferation assay

TE-8 cells transfected with control siRNA and
siRNA targeting HSP47 were seeded in 96-well
plates and incubated in RPMI 1640 medium supple-
mented with 10% fetal bovine serum (FBS). At
the indicated time intervals, cells were incubated
with the CellTiter 96 AQueous One Solution
(Promega, Madison, WI, USA), which contains the
tetrazolium compound 3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS), in a 5% CO2 incubator at 37°C for
2 hours, and absorbance was measured at 490 nm
using a spectrophotometer (Bio-Rad, Hercules,
California, USA).

Colony formation assay

TE-8 cells transfected with control siRNA and
siRNA targeting HSP47 were plated in three 6-well
plates at a density of 1 × 103 cells/well and incubated
for 14 days. Plates were washed with phosphate-
buffered saline (PBS) and stained with 0.2% crystal
violet. For the assay of colony formation in soft agar,
cells were suspended in RPMI 1640 containing 0.3%
agarose and 10% FBS and layered on RPMI 1640
containing 0.8% agarose and 10% FBS at a density of
0.5 × 103 cells/well in a 6-well plate. Colony morphol-
ogy was analyzed after staining with nitrotetrazolium
blue chloride, and the number of colonies formed per
well was quantified after 14 days of incubation. All
assays were performed in triplicate.

Wound healing assay

TE-8 cells transfected with control siRNA and
siRNA targeting HSP47 were seeded in 24-well plates
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in RPMI 1640 containing 10% FBS. After overnight
incubation, a wound was introduced by scraping the
monolayer with a micropipette tip. The cells were
washed twice with PBS to remove debris and incu-
bated for 36 hours in RPMI 1640 containing 10%
FBS. The cells were then observed using a Nikon
TS100 light microscope.

IHCS of patient tissue samples

We analyzed tissue samples from 157 patients using
IHCS. All the patients received radical esophagec-
tomy with total mediastinal lymph node dissection
between January 2004 and December 2009. We
excluded the cases of preoperative chemotherapy or
double primary tumor treated previously.

Mean patient age was 62.4 years and 150 patients
were male. The pathologic stage was stage I in 19
patients, stage II in 36, stage IIIA in 40, stage IIIB in
26, and stage IIIC in 36 (Table 1). Adjuvant chemo-
therapy was administered to 28 patients, and adju-
vant radiation therapy to 23 patients. The average
follow-up period was 44 months, and 113 patients
died during this period.

IHCS was performed using a tissue array tech-
nique. Samples, 3-mm in diameter, were taken from
paraffin blocks and embedded in 6 × 4 tissue array
paraffin blocks. Tissue array paraffin blocks were sec-
tioned at 4-μm thickness. After deparaffinization and
dehydration, sections were quenched with 3% H2O2 in
methanol for 20 minutes and then transferred to a
warm 10-mM citrate buffer solution (pH 6.0) for
10 minutes. After washing, the sections were incu-
bated with primary antibody (anti-HSP47; Abcam)
in a humidified chamber at room temperature for
1 hour. Sections were then washed for 15 minutes and

incubated with horseradish peroxidase polymer
for 15 minutes at room temperature. The chromogen
3,3′-diaminobenzidine (ScyTek Laboratories,
Logan, UT, USA) was added for 5 minutes at room
temperature.

After IHCS, micrographs were taken and evaluated
by a single pathologist who was blinded to the clinical
information. We used a semiquantitative scoring
system based on the intensity of staining and the
percentage of stained tumor cells. Staining intensity
was scored from 0 to 10. There was a difference
in prognosis between patients with stained and
nonstained tumor cells in our initial assessment. Speci-
mens were grouped into multiple small subsets based
on cut-off values of staining intensity, and cut-off
values were adjusted according to repeated survival
analyses. After repeated adjustment, we could classify
the specimens into three groups based on prognosis.
Using the adjusted cut-off values, intensity scores of 0
to 4 were classified as ‘weak’ staining, whereas scores
of 5–8 and 9–10 were classified as ‘moderate’ and
‘strong’ staining, respectively. Samples showing weak
staining or having fewer than 40% stained tumor cells
were classified as grade 1. Grade 3 was defined as
moderate-to-strong staining with more than 70%
stained tumor cells. The remaining specimens were
classified as grade 2.

Statistical analysis

IHCS grade and multiple clinical parameters (sex,
age, pathologic stage, differentiation, and adjuvant
therapy) were analyzed with respect to recurrence-
free and overall survival using a multivariate
Cox proportional hazards model. SPSS 14.0 soft-
ware (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. All data were obtained from at
least three independent experiments and are
expressed as mean ± standard deviation. Statistical
significance was analyzed using Student’s t-test.
A P-value of less than 0.05 was considered
significant.

To calculate the relative variable importance of
IHC grade of HSP47, we derived a prediction model
from the Cox regression model by using R (version
3.1.2) package ‘rms’ (F.E. Harrell Jr., Regression
Modeling Strategies (version 4.2-1). http://cran.r-
project.org/web/packages/rms/). Predictors of this
model included TNM Classification of Malignant
Tumors (TNM) stage group, IHC grade of HSP47,
age, sex, and adjuvant therapies. After modeling,
internal validation was performed by bootstrap
resampling (200 bootstrap samples: recommended by
manual of ‘rms’ package). From this validation
process, the validation performance can be indicated
by a C-index. This index calculates the proportion of
all possible patient pairs in which the predictions are
concordant and has a similar interpretation to that of

Table 1 Clinical variables by IHCS grade

Parameter

IHCS grade

Grade 1
(n = 73)

Grade 2
(n = 56)

Grade 3
(n = 28)

Gender (p = 0.311)
Male (n = 150) 70 52 28
Female (n = 7) 3 4 0

Age (p = 0.734)
<65 years (n = 96) 45 36 15
≥65 years (n = 61) 28 20 13

Pathologic stage† (p = 0.281)
Stage I (n = 19) 8 8 3
Stage II (n = 36) 12 12 12
Stage IIIA (n = 40) 18 15 7
Stage IIIB (n = 26) 12 10 4
Stage IIIC (n = 36) 23 11 2

Degree of differentiation (p = 0.962)
Well (n = 36) 19 11 6
Moderate (n = 93) 49 36 18
Poor (n = 18) 5 9 4

†Based on American Joint Committee on Cancer, 7th edition. n =
157. IHCS, immunohistochemical staining.
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the Area under the curve (AUC).18 The relative impor-
tance of each of the six predictor variables was calcu-
lated from the difference between the C-index of the
full model with all six predictors and the C-index of the
model with five predictors, leaving out each predictor
variable in turn.

RESULTS

HSP47 knockdown decreases proliferation and
colony formation by ESCC cells in vitro

In our previous study, we analyzed gene expression
profiles of tissue samples obtained from ESCC

Fig. 1 47-kDa heat shock protein (HSP47) knockdown in esophageal squamous cell carcinoma (ESCC) cells reduced cell proliferation
and colony formation, but not migration. (A) Reverse transcription-polymerase chain reaction (RT-PCR) and (B) western analysis of
HSP47 mRNA and protein expression in TE-8 ESCC cells transfected with control short interfering RNA (siRNA) (CNT) or the
indicated siRNAs targeting HSP47. GAPDH and β-actin served as internal controls in the respective experiments. (C) Proliferation of
TE-8 ESCC cells assayed by MTS assay at the indicted time points after transfection with control siRNA (CNT) or the indicated
siRNAs targeting HSP47. (D) Wound healing to assess cell migration at indicated times in monolayers of TE-8 ESCC cells transfected
with control siRNA or siRNA targeting HSP47. Magnification 40×. (E) Adhesion-dependent colony formation assay in monolayers of
TE-8 ESCC cells transfected with control siRNA (CNT) or the indicated siRNAs targeting HSP47 (top), and quantitation (bottom).
(F) Adhesion-dependent colony formation assay in soft agar of TE-8 ESCC cells transfected with control siRNA (CNT) or the
indicated siRNAs targeting HSP47 (top), and quantitation (bottom).
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patients. Among the genes identified upon compari-
son of normal and tumor tissues were three (POSTN,
HSP47, and AURKB) that were upregulated at the
RNA and protein levels in tumors.12 Staining for
HSP47 was strong in most tumor cells, fibroblasts,
and connective tissue around the tumor cells. Based
on this finding, we selected HSP47 as a target poten-
tial biomarker of ESCC. To investigate the role of
HSP47 in ESCC, an HSP47-knockdown model was
created by transfecting TE-8 ESCC cells with two
different oligonucleotide siRNAs. Knockdown effi-
ciency was validated by checking RNA and protein
levels using RT-PCR and western blot analysis
(Fig. 1A and B), respectively.

Using the HSP47-knockdown TE-8 cells, we ana-
lyzed the effect of HSP47 on cell proliferation using
the MTS assay. Between 0 and 72 hours after siRNA
transfection, the number of HSP47-knockdown cells
that had been generated using either of the two
HSP47-targeted siRNAs significantly decreased com-
pared with the number of control siRNA-transfected
cells (P < 0.001, Fig. 1C). However, the wound
healing assay to assess cell migration did not show

any apparent difference between HSP47 knockdown
and control cells (Fig. 1D).

We next investigated the role of HSP47 in TE-8
cell colony formation. Colony formation was signifi-
cantly decreased by the knockdown of the HSP47
gene in both the monolayer assay (P < 0.002, Fig. 1E)
and soft agar assay (P < 0.019, Fig. 1F). In both
assays, colony size and number were apparently
decreased. Together, these results suggest that HSP47
confers oncogenic potential on ESCC cell lines.

HSP47 expression correlates with the prognosis of
patients with ESCC

Each specimen was subjected to IHCS for HSP47. The
specimens were classified according to staining inten-
sity and the percentage of stained tumor cells, using a
three-point scale (Fig. 2A); 73 tumors were grade 1
(Fig. 2B), 56 were grade 2 (Fig. 2C), and 28 were grade
3 (Fig. 2D). No significant colinearity was found
between IHCS grade and gender, age, pathologic
stage, or degree of differentiation (Table 1). Approxi-
mately 53% of specimens displayed moderate to

Fig. 2 Immunohistochemical staining (IHCS) grading system and IHCS of 47-kDa heat shock protein (HSP47) in esophageal
squamous cell carcinoma (ESCC) tissue. (A) Diagram depicting IHCS tumor grading based on intensity of HSP47 staining and percent
stained tumor cells. (B–D) Representative images of HSP47 staining of (B) grade 1, (C) grade 2, and (D) grade 3 tumor tissue.
Magnification 200×.
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strong staining for HSP47 (grade 2 or 3). Membranes
of most tumor cells showed strong staining with
IHCS, although some unstained portions of the tumor
cell nests were detected (Fig. 2B–D).

Using the follow-up data on the 157 patients in
conjunction with the results of the HSP47 IHCS
experiments, we analyzed tumor characteristics for
their effects on recurrence-free and overall survival.
The overall and recurrence-free survival curves of
each IHCS grade were shown in Figure 3. The clinical
parameters and overall survival rates are displayed in
Table 2. Multivariate analysis of overall survival
showed that early pathological stage and lower
IHCS grade were associated with better prognosis
(Table 2). Patients with IHCS grade 1 showed signifi-
cantly better survival than patients with grade 3 (P =
0.014). Other clinical variables, including age and dif-
ferentiation of tumor cells, did not show significant

effects on overall survival. Multivariate analysis indi-
cated that IHCS grade 3 patients also had lower
recurrence-free survival than grade 1 patients (P =
0.044) (Table 2).

Overall survival and recurrence-free survival pre-
diction model using six predictor variables were dis-
played as a nomogram and their C-indices were 0.695
and 0.688 (Fig. S1). From the calculation of relative
importance of variables, IHC grade of HSP47 was the
second most important predictor variable (17.4% and
13.0%) in both two prediction models. (Fig. 4A, B)

To summarize, our data reveal that HSP47 expres-
sion is specifically detected on cancer cell membranes
and that the HSP47 IHCS grade, in addition to
pathological stage, is a significant prognostic factor
influencing overall survival and recurrence-free sur-
vival in ESCC patients.

DISCUSSION

Identification of effective targets for diagnosis and
treatment of ESCC is important to improve the prog-
nosis of patients with this deadly disease. Various
genes have been proposed as markers of ESCC;
however, due to low specificity and sensitivity,
additional markers must be established. The mecha-
nisms of carcinogenesis underlying ESCC differ from
those of adenocarcinoma, which has been widely
studied in North America and Europe. Furthermore,
exogenous irritants such as smoking, drinking,
nitrosamine intake, and consumption of hot bever-
ages have been significantly correlated with the devel-
opment of ESCC, but not with adenocarcinoma of
the esophagus.19,20

In our previous study, using surgical samples from
Korean patients, we reported upregulation of HSP47
mRNA and protein levels based on gene expression
profiling in ESCC, but not in normal esophageal
tissues.12 HSP47 is a 47-kDa heat shock protein that
has been identified in various organisms. It is known
as a collagen-specific protein that interacts transiently
with procollagen during the process of folding,
assembly, and transport of collagen from the endo-
plasmic reticulum in fibroblasts. HSP47-knockdown
mouse models also suggest that this protein has an
essential role in collagen biosynthesis and normal
development in mammals.21 The synthesis of HSP47
is closely related to that of collagen in developing
tissues, various cell lines, and collagen-related patho-
logical conditions, such as fibrosis.22 Upregulation
of HSP47 has been reported in several non-neoplastic
fibrotic disorders such as pulmonary fibrosis,
glomerulosclerosis, and liver cirrhosis.23

Several studies have contributed to elucidating
the role of HSP47 in cancer. Overexpression of
HSP47 has been found in pancreatic cancer,13

osteosarcoma,24 and glioma.25 In the present study,

Fig. 3 Overall and recurrence-free survival rates of esophageal
squamous cell carcinoma (ESCC) patients according to 47-kDa
heat shock protein (HSP47) immunohistochemical staining
(IHCS) grade. Kaplan–Meier curves for (A) overall survival (P =
0.014 based on multivariate analysis) and (B) recurrence-free
survival (P = 0.044 based on multivariate analysis); n = 157.
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we observed that HSP47 knockdown decreased the
proliferation and colony-forming ability of ESCC
cells. These characteristics related to HSP47 expres-
sion may correlate with the prognosis of ESCC. The

mechanism of inhibition of ESCC cell proliferation
remains to be clarified. We found that HSP47 was
more frequently expressed in cancer (53% of ESCC
specimens showed moderate to strong staining for

Table 2 Results of multivariate analysis of prognostic parameters for overall and recurrence-free survival after surgery

Prognostic factor

Overall survival Recurrence-free survival

HR 95% CI P HR 95% CI P

Age >65 years 1.37 0.89–2.22 0.15 1.37 0.89–2.22 0.15
Pathologic stage† – – 0.005* – – 0.039*

Stage I 1.00 – – 1.00 – –
Stage II 1.17 0.98–1.35 0.57 1.01 0.52–1.99 0.97
Stage IIIA 2.46 1.21–4.97 0.013* 1.75 1.10–2.95 0.029*
Stage IIIB 2.17 1.07–4.39 0.031* 1.88 1.07–3.01 0.045*
Stage IIIC 4.02 1.99–8.08 0.001* 3.23 1.68–6.23 0.001*

Adjuvant chemotherapy – – 0.56 – – 0.55
No 1.00 – – 1.00 – –
Yes 0.86 0.52–1.43 – 0.83 0.49–1.42 –

Adjuvant radiotherapy – – 0.88 – – 0.69
No 1.00 – – 1.00 – –
Yes 1.04 0.60–1.81 – 0.89 0.60–1.81 –

Degree of differentiation – – 0.67 – – 0.54
Well 1.00 – – 1.00 – –
Moderate 1.10 0.71–1.69 – 1.14 0.74–1.74 –
Poor 1.19 0.69–1.99 – 1.39 0.51–2.84 –

IHCS grade – – 0.163 – – 0.21
Grade 1 1.00 – – 1.00 – –
Grade 2 1.12 0.75–1.67 0.59 1.09 0.80–1.52 0.66
Grade 3 1.98 1.15–3.41 0.014* 1.74 1.01–2.98 0.044*

*P < 0.05; †Based on American Joint Committee on Cancer, 7th edition; n = 157. CI, confidence interval; HR, hazard ratio; IHCS,
immunohistochemical staining.

Fig. 4 Prediction model for overall and recurrence-free survival rates of esophageal squamous cell carcinoma (ESCC) patients. (A)
Relative importance of predictor variables for the overall survival; (B) relative importance of predictor variables for the recurrence-free
survival. stageG, TNM stage group; HSP47, 47-kDa heat shock protein; IHCS, immunohistochemical staining.
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HSP47), whereas HSP47 was rarely expressed on
normal cell membranes. This feature is compatible
with the approach adopted in studies where cancer-
specific expression has been used in other experimen-
tal models to develop diagnostic or therapeutic
methods that target malignant tumor cells.16

In conclusion, the findings of the present study
indicate that HSP47 is a potentially valuable diagnos-
tic marker for ESCC and might be a novel therapeu-
tic target molecule because it has tumor specificity
and because its expression level is correlated with cell
proliferation, recurrence-free survival, and prognosis
in ESCC. Further studies are required to elucidate
the molecular mechanisms underlying HSP47 func-
tions, to develop novel diagnostic and therapeutic
approaches for ESCC.
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Association between positive murine double minute 2 expression and
clinicopathological characteristics of esophageal squamous cell carcinoma:
a meta-analysis
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Innovation Center for Cancer Medicine, and 2Guangdong Esophageal Cancer Institute, Guangzhou, China; and
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SUMMARY. The correlations of murine double minute 2 (MDM2) T309G and esophageal cancer were eluci-
dated because the association between MDM2 expression states and clinicopathological parameters of esophageal
squamous cell carcinoma (ESCC) is controversial. We conducted a meta-analysis on studies screened from
PubMed, Web of Science, Embase, the Cochrane Library, and the Chinese Biomedical Literature Databases that
were published before October 2014. All studies describing the association between MDM2 and ESCC were traced.
Meta-analysis was performed using the STATA software (Stata Corp., College Station, TX, USA). A total of 9
studies with 707 cases and 324 controls were included. MDM2 expression was higher in ESCC than in normal
esophageal epithelium (odds ratio [OR] 10.38, 95% confidence interval [CI] 6.42–16.78, P < 0.001). High MDM2
expression was associated with early primary tumor stage (T1/T2 vs. T3/T4, OR 0.59, 95% CI 0.38–0.92, P =
0.018) and increased risk of regional lymph node metastasis (N0 vs. N1, OR 1.66, 95% CI 1.03–2.67, P = 0.039).
However, no relationship was observed between MDM2 expression and the risk of distant metastasis (OR = 2.09,
95% CI 1.00–4.36, P = 0.050), and MDM2 was not significantly correlated with TP53 expression (OR 1.22, 95%
CI 0.53–2.77, P = 0.643). Our analysis suggests that MDM2 acts as a potent marker of early primary tumor stage
but higher risk of regional lymph node metastasis in ESCC. However, because of the limited number of studies
included, the result should be further clarified by well-designed prospective studies.

KEY WORDS: clinicopathological characteristic, esophageal squamous cell carcinoma, MDM2, meta-analysis.

INTRODUCTION

Esophageal cancer is the eighth most common cancer
in the world, with more than 456,000 new cases and
400,000 deaths occurring annually.1 Esophageal
squamous cell carcinoma (ESCC), accounting for
almost 80% of esophageal cancer, is the major histo-
logical subtype worldwide.2 Despite recent advances
in early screening, chemotherapy, chemoradiothe-
rapy, and targeted therapies, the prognosis of ESCC
remains dismal. Therefore, biomarkers to allow early
diagnosis, therapeutic response evaluation, and prog-
nosis prediction will be valuable. Previous studies

have reported a variety of markers with promising
predictive values in ESCC, such as cyclooxygenase-
2,3 vascular endothelial growth factor,4 insulin like
growth factor 1,5 TP53,6 hypoxia inducible factor-
1α,7,8 and murine double minute 2 (MDM2).9

However, some of the results are conflicting.9–24

MDM2, located at chromosome 12q13-14, encodes
a protein that negatively regulates the activity
of TP5317,25 and Rb,26 by promoting ubiquitin-
dependent TP53 degradation.16 Previous studies have
demonstrated that overexpression of MDM2 pro-
motes cell survival by inhibiting cell cycle arrest and
further avoiding apoptosis.27 Although some studies
suggest that MDM2 is associated with late primary
tumor stage, as well as a high risk of regional lymph
node and distant metastasis in ESCC, some studies
have presented contradictory results. Therefore, the
role of MDM2 in ESCC remains controversial, and a
meta-analysis is necessary to assess the issue.
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To the best of our knowledge, this study is the first
to present a meta-analysis of the association between
MDM2 expression and the clinicopathological char-
acteristics of ESCC to date. We collected all eligible
epidemiological studies and performed a comprehen-
sive meta-analysis to explore this issue.

MATERIALS AND METHODS

Search strategy

Two reviewers independently performed literature
reviews in PubMed, Web of Science, Embase, the
Cochrane Library, and the Chinese Biomedical Lit-
erature Databases, using the following terms: (i)
esophagus or oesophagus and cancer or neoplasm or
carcinoma; (ii) murine double minute 2 or MDM2 or
12q13 gene or 12q14 gene. The reference lists of the
reviews and papers of interest were checked to
retrieve relevant studies. Literature published before
October 2014 was included in the search. The search
was performed without language restrictions.

Inclusion and exclusion criteria

The following criteria were used for the study selec-
tion: (i) the relationship between MDM2 status and
the clinicopathological characteristics of ESCC was
evaluated; and (ii) MDM2 status was reported or
could be calculated from the articles.

The exclusion criteria were as follows: (i) reviews,
letters to the editor, case reports, conference abstracts,
and articles published in books; (ii) studies lacking
suitable information to describe the relationship
between MDM2 and ESCC; (iii) studies were not
based on human subjects; and (iv) duplicate data or
studies.

Data extraction

According to the selection criteria, data were extracted
from all eligible studies by two independent investiga-
tions. The following data were extracted from the
included studies: author’s name, publication year,
country, inclusion period, number of patients, TNM
stage, age at time of diagnosis, and antibody used for
immunohistochemistry (IHC) staining. Discrepancies
from the extracted data were discussed, and consen-
suses were reached for all items.

Statistical analysis

Meta-analysis was performed using the STATA
version 12 software (Stata Corp., College Station,
TX, USA). The I2 statistic was used to quantify
statistical heterogeneity for each pooled estimate.
The fixed effects model (the Mantel–Haenszel
method) was used if heterogeneity existed; otherwise,

a random effects model (the DerSimonian–Laird
method) was adopted. The pooled results are
reported as odds ratio (OR) with 95% confidence
intervals (CIs). P < 0.05 was considered statistically
significant, and all statistical comparisons were two
sided. The Begg’s funnel plot and Egger’s test were
used to estimate the potential publication bias. Sen-
sitivity analysis was conducted to reexamine the
overall results by omitting specific studies.

RESULTS

Characteristics of the included studies

A total of nine studies, with 707 cases and 324 con-
trols, were included in the analysis, according to
the selection criteria9–11,14,23–24,28–30 (Fig. 1). The MDM2
associated clinicopathological characteristics of
studies are presented in Table 1, and methods to detect
MDM2 expression and the cut-off values in all eligible
studies are listed in Table 2. There were two studies
conducted in Japan, two in India, two in China, and
one study each in Egypt, Iran, and the USA.

MDM2 expression and clinicopathological
characteristics

We analyzed the relationship between MDM2 and
clinicopathological parameters of ESCC, including
cancer risk, primary tumor status, risk of regional
lymph node metastasis, and distant metastasis. The
correlation between MDM2 and TP53 expression
was also analyzed in order to better understand the
possible interaction between MDM2 with other bio-
markers in ESCC.

Five studies discussed the difference in MDM2
expression between ESCC and normal esophageal
epithelium. We conducted a sensitivity analysis
because significant heterogeneity was present (I2 =
90.9%, P < 0.001). The study of Noushin Taghavi
et al. was excluded, according to the result of sensi-
tivity analysis. Meta-analysis of the remaining four
studies indicated no significant heterogeneity (I2 =
0.0%, P = 0.531); thus, the fixed-effect model was
used. The result demonstrated that MDM2 exhibited
a significantly higher expression level in ESCC than
normal epithelium (OR 10.38, 95% CI 6.42–16.78,
P < 0.001) (Fig. 2, Table 3).

The fixed-effect model was used in the analysis of
the relationship between MDM2 expression and the
primary tumor status, risk of regional lymph node
metastasis, and risk of distant metastasis because
there was no significance in heterogeneity (primary
tumor, I2 = 44.3%, P = 0.146; regional lymph node
metastasis, I2 = 5.8%, P = 0.364; distant metastasis,
I2 = 9.8%, P = 0.330, respectively). MDM2 expression
was significantly associated with early primary tumor
status (T1/T2 vs. T3/T4, OR 0.59, 95% CI 0.39–0.92,
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Fig. 1 Flow chart of the meta-analysis.

Table 1 Main characteristics of studies included in the meta-analysis

Study Country
Inclusion
period

Number of
cases (M/F) Clinicopathological characteristics†

Sonia ARORA et al. India NA 37/27 Tumor versus normal; TNM stage; P53
Masahide Ikeguchi et al. Japan 1981–1997 133/15 TNM stage; P53
Hiroaki Saito et al. Japan 1981–1994 81/12 TN stage; P53
Tzu-Hao Cheng et al. China 1996–2000 114/5 P53
Noushin Taghavi et al. Iran 2006–2007 25/25 Tumor versus normal; P53
Ken Takahashi et al. USA 1995–2005 16/7 TN stage
R Mathew et al. India NA 60/40 Tumor versus normal; TNM stage; P53
Abeer A. Bahnassy et al. Egypt 1996–1998 34/16 Tumor versus normal; TNM stage
Z L Qi et al. China 2004–2005 48/12 Tumor versus normal

†Only include characteristics associated with MDM2. NA, not available.

Table 2 MDM2 and TP53 evaluation methods and cut-off values

Study Method Antibody Dilution Cut-off value (%)

MDM2
Sonia ARORA et al. IHC Santa Cruz 1 μg/mL —
Masahide Ikeguchi et al. IHC Oncogene Research Products 1 : 100 10
Hiroaki Saito et al. IHC Oncogene Science 1 : 40 10
Tzu-Hao Cheng et al. IHC Santa Cruz 1 : 50 10
Noushin Taghavi et al. IHC Novocastra Laboratories 1 : 100 30
Ken Takahashi et al. IHC Santa Cruz 1 : 100 10
R Mathew et al. IHC Santa Cruz 0.2 μg/mL 30
Abeer A. Bahnassy et al. IHC Oncogene Research Products 1 : 50 10
Z L Qi et al. IHC Santa Cruz 1 : 50 10

TP53
Sonia ARORA et al. IHC Santa Cruz — —
Hiroaki Saito et al. IHC Novocastra Laboratories 1 : 40 20
Tzu-Hao Cheng et al. IHC DAKO 1 : 150 25
Noushin Taghavi et al. IHC DAKO 1 : 50 5
Z L Qi et al. IHC DAKO 1 : 50 25

IHC, immunohistochemistry; MDM, murine double minute 2.
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P = 0.018) and high risk of regional lymph node
metastasis (N0 vs. N1, OR 1.66, 95% CI 1.03–2.67,
P = 0.039). However, no association was not found
between MDM2 expression and risk of distant metas-
tasis (OR = 2.09, 95% CI 1.00–4.36, P = 0.05) (Fig. 3,
Table 3).

Correlation of MDM2 expression with TP53

Seven studies discussed the relationship between posi-
tive MDM2 expression and TP53 expression states in
ESCC tissues; however, only data from five qualified.
The random effect model was used due to statistical
heterogeneity (I2 = 63.6%, P = 0.027). The result dem-
onstrated that MDM2 expression was not associated
with TP53 states (OR 1.22, 95% CI 0.53–2.77, P =
0.643) (Fig. 4, Table 3).

Publication bias and sensitivity analysis

In the publication bias analysis, Begg’s and Egger’s
plot and test were applied and the outcome revealed

no significance of bias (P > 0.05, data not shown).
Furthermore, we recalculated the combined results of
tumor versus normal tissue analysis by excluding the
study of Noushin Taghavi et al.; and the risk of
regional lymph node metastasis analysis by excluding
the study of Hiroaki Saito et al. after the sensitivity
analysis. The result of tumor versus normal tissue
analysis was unaffected, whereas the relationship
between MDM2 and the risk of regional lymph node
metastasis became statistically significant.

DISCUSSION

MDM2 acts as a negative regulator of TP53 activity
by forming a tight complex with both wild-type and
mutant-type TP53 protein.13 In ESCC, the MDM2-
TP53 complex translocates TP53 from the nucleus
to the cytoplasm and induces TP53 degradation
by ubiquitination.19 Therefore, MDM2 expression
might be correlated with ESCC tumorigenesis.
However, the studies yielded conflicting outcomes

Fig. 2 Forest plot of the association of murine double minute 2 (MDM2) and ESCC. CI, confidence interval; OR, odds ratio.

Table 3 Meta-analysis outcomes of the eligible studies

Analysis group I2 (%) P* OR 95% CI P**

Tumor versus normal† 0.0 0.531 10.38 6.42–16.78 <0.001
Primary tumor (T1/T2 vs. T3/T4) 44.3 0.146 0.59 0.39–092 0.018
Regional lymph node (N1 vs. N0) 5.8 0.364 1.66 1.03–2.67 0.039
Distant metastasis (M1 vs. M0) 9.8 0.330 2.09 1.00–4.36 0.05
TP53 63.6 0.027 1.22 0.53–2.77 0.643

*P-value for I2; **P-value for OR. †MDM2 expression difference between ESCC and normal esophageal epithelium. CI, confidence
interval; OR, odds ratio.
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concerning the influence of MDM2 expression on
clinicopathological characteristics of ESCC. The
reasons for the contradictions may be the lack of
sufficient cases numbers in each study and the differ-
ent detection methods of MDM2 expression. Meta-
analysis is a quantitative method to integrate the
inconsistent findings of individual studies. Thus, we
conducted a meta-analysis to systematically and com-
prehensively clarify the possible associations between
positive MDM2 expression and ESCC.

In our analysis, nine studies examined the
association between MDM2 expression and the
clinicopathological features of ESCC. Positive
MDM2 expression was correlated with early pT stage,
but relatively higher risk of lymph node metastasis,
which suggests a predictive role of MDM2 expression
for early regional lymph node metastasis in ESCC
patients. Furthermore, the analysis for risk of distant
metastasis revealed marginal significance (P = 0.05),
which indicated a trend of increasing risk of distant
metastasis. We hypothesized that if more eligible
data could be included in the analysis, MDM2 expres-
sion might be associated with a higher risk of distant
metastasis.

With the development of endoscopic therapy,
mucosal as well as submucosal ESCC patients can be
treated with endoscopic mucosal resection or endo-
scopic submucosal dissection (ESD). However, over
20% of patients with esophageal cancer exhibit
lymph node metastasis with submucosal ESCC
(pT1b stage).31,32 The abundant lymphatics form a
dense submucosal plexus; thus, regional lymph node
metastasis may occur when the tumor reaches the
submucosal layer. In the study, MDM2 was consid-
ered to be associated with lymph node metastasis at
the pT1-2 stage; therefore, positive MDM2 expres-
sion could serve as a contradiction for selecting ESD
for patients with pT1b ESCC.

The overexpression of MDM2 is common in
cancer.33 However, the relationships between MDM2
and clinicopathological characteristics in tumors
of different histological origin are controversial.34,35

MDM2 was first identified as an oncogene that inhib-
its TP53 and blocks its ability to regulate target genes
and exert antiproliferation effects.36 Recently, studies
have revealed that MDM2 can promote invasion and
metastasis by upregulating MMP9 promoter activ-
ity.35 The meta-analysis results might indicate a role

Fig. 3 Forest plot of the association of murine double minute 2 (MDM2) and clinicopathological characteristics of esophageal
squamous cell carcinoma (ESCC). CI, confidence interval; OR, odds ratio.

MDM2 expression and ESCC 5

© 2015 International Society for Diseases of the Esophagus

860 Diseases of the Esophagus

VC 2015 International Society for Diseases of the Esophagus



for MDM2 in both tumorigenesis and lymph node
metastasis. The results appear conflicting because of
the low incidence of early lymph node metastasis in
other carcinomas relative to the lymph node metas-
tasis in 18.2–35% of pT1 ESCC patients37,38 due to the
anatomic nature of esophagus. Thus, patients at stage
pT1-2 with higher MDM2 expression could be sorted
into a subgroup and more aggressive multidisci-
plinary therapies should be considered.

A number of recent research studies have
explored the possible correlation between MDM2
T309G polymorphism and ESCC prognosis.12,15,18,39

However, the SNP is located in the intron region of
MDM2, which is less likely to influence the expres-
sion status of MDM2 protein. Therefore, our study
makes up for the previous studies and discusses the
relationship between MDM2 status and ESCC in a
new aspect.

The relationship between MDM2 and TP53 status
was examined because of the potential importance of
TP53 in ESCC6,40 and the intrinsic interactions
between MDM2 and TP53. However, the result
revealed that MDM2 expression was not correlated
with TP53 expression states. The outcome might
suggest that MDM2 regulates TP53 activity without
inhibiting TP53 expression. However, because of the
limited number of studies included, a reevaluation
of these data would be necessary to reach a solid
conclusion.

It is notable that MDM2 was also reported to be a
predictive marker for chemotherapy as well as a

potential target for treatment in various cancer types.
For example, MDM2 was identified as a promising
predictive biomarker for chemotherapy response
in pediatric osteosarcoma,41 glioma,42 and breast
cancer.43 Additionally, inhibitors of MDM2 had been
shown to efficiently reactivate TP53 in cancer cells44

and increase chemotherapy sensitivity in lung
cancer,45 breast cancer,43 and neuroblastoma. 46Two
of the included studies21,28 demonstrated that MDM2
expression correlated inversely with 5-year cumula-
tive survival in patients after adjuvant chemotherapy
and surgery. Nevertheless, the relationship between
MDM2 and chemotherapy sensitivity in ESCC
requires further meta-data with sufficient qualified
studies.

We included studies using only IHC to investigate
whether altered MDM2 protein levels correlated with
clinicopathological characteristics because consis-
tency in methodology could avoid potential sources
of bias. In addition, IHC is an easy, fast, and cheap
approach that is widely used in clinical practice for
cancer diagnosis and staging; thus, the results of our
study are of high clinical relevance. However, chal-
lenges in the comparison of IHC studies include
variability in different immunohistochemical criteria
used for cut-off points and disparate antibodies
with a range of dilution ratios. The majority of
studies used SMP-14 monoclonal immunoglobulin G
(IgG) anti-MDM2 antibody (Santa Cruz) and
DO-7 monoclonal IgG anti-TP53 antibody (DAKO)
(Table 2); nonetheless, the difference in IHC methods

Fig. 4 Forest plot of the association of murine double minute 2 (MDM2) and TP53 expression. CI, confidence interval; OR, odds
ratio.
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among studies might negatively affect the compara-
bility. Therefore, the result of meta-analysis should
be interpreted with caution.

Despite our attempts to perform a comprehensive
analysis, we acknowledge the limitations of the meta-
analysis. First, the number of studies included in the
analysis is relatively small, and the results should
therefore be carefully interpreted. Second, only the
studies published in English were included in the
analysis, and neither conference nor book abstracts
were included, which may introduce publication bias.
Nevertheless, no publication bias was detected in
Begg’s and Egger’s tests. Furthermore, the Newcastle–
Ottawa quality assessment revealed that the studies
included were scored over 5, which suggest that the
results of the meta-analysis were reasonable.

In conclusion, our study is the first meta-analysis to
examine the association between MDM2 expression
and the clinicopathological characteristics of ESCC.
Our results suggest that MDM2 expression is associ-
ated with the risk of ESCC, early tumor stage, and
high risk of regional lymph node metastasis. Thus,
MDM2 is a potential marker for higher risk of
regional lymph node metastasis at early primary
tumor stages. However, to confirm these results,
future large-scale and well-designed prospective
investigations are necessary.
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Original article

Loss of JAM-C leads to impaired esophageal innervations and megaesophagus
in mice

M. Ye,1,* Q. Zhang,1,* X. Xu,2 Q. Zhang,1 Y. Ge,1 P. Geng,1 J. Yan,1 L. Luo,1 Y. Sun,1 X. Liang1

1Research Center for Translational Medicine, East Hospital, School of Medicine, and 2Department of
Pathology and Pathophysiology, School of Medicine, Tongji University, Shanghai, China

SUMMARY. Megaesophagus is a disease where peristalsis fails to occur properly and esophagus is enlarged. The
etiology and mechanism of megaesophagus are not well understood. In this study, we reported that junctional
adhesion molecule C (JAM-C) knockout mice on a C57/B6 background developed progressive megaesophagus
from embryonic day (E) 15.5 onward with complete penetrance. JAM-C knockout mice exhibited a significant
reduction in the number of nerve fibers/ganglia in the wall of the esophagus. However, histological analysis revealed
that the esophageal wall thickness and structure of JAM-C knockout mice at embryonic stages and young adult
were comparable to that of control littermates. Thus, megaesophagus observed in JAM-C knockout mice could be
attributed, at least in part, to impaired esophageal innervations. Our data suggest JAM-C as a potential candidate
gene for human megaesophagus, and JAM-C knockout mice might serve as a model for the study of human
megaesophagus.

KEY WORDS: esophageal innervation, gene knockout, JAM-C, megaesophagus.

INTRODUCTION

Megaesophagus is an esophageal motility disorder
characterized by abnormal enlargement of the
esophagus where peristalsis fails to occur properly,
causing accumulation of the ingesta in the dilated
esophagus and regurgitation. Megaesophagus can
occur at any age, innervation defects is the most
common pathogenesis of megaesophagus.1 The
mechanisms of megaesophagus are not fully under-
stood, and genetic studies on the etiology and patho-
genesis of megaesophagus are still limited, only a few
genetic mouse models have been reported to have
megaesophagus.2–4

The esophagus is a muscular tube with an upper
and a lower esophageal sphincter at its both ends.
Its main function is to transport the food into the

stomach by a propulsive contraction wave. Peristaltic
movement of the esophagus is controlled by nerves of
vagal motor neurons and the ganglionated myenteric
plexus.4,5 The myenteric plexus of the esophagus (a
part of the enteric nerve system) is derived from the
neural crest, while the vagal neurons are derived from
both the neural crest and cranial placodes.5 Esopha-
geal innervation is first observed in the rostro-most
regions of the esophagus at E13, and develops in a
rostrocaudal progression that is coincident with
esophageal muscle differentiation.6 Besides its role in
control of muscle tone, contraction and relaxation,
innervation of esophageal muscle may play a critical
role in esophagus muscle differentiation and matura-
tion.7,8 Stimulation of sympathetic nerves that inner-
vate the esophageal muscle cells results in an increase
in intracellular cyclic adenosine monophosphate
that promotes muscle differentiation.9 Dysfunction
of esophageal neural networks, caused by defects in
neural development, neurodegeneration, or inflam-
matory damage, has been implicated in the pathogen-
esis of gastroesophageal reflux and achalasia
predisposing to megaesophagus.2 Deletion of mam-
malian Achaete-scute homolog 1 (Mash1) results in
achalasia due to loss of myenteric ganglia in the
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esophagus.10 Similarly, loss of The murine homolog
of human p115 Rho GEF (Lsc), a guanine nucleotide
exchange factor of Ras homolog gene family,
member A (RhoA) signaling pathway, leads to a
marked reduction in the number of esophageal
myenteric neurons and loss of peristalsis with
impaired relaxation of the lower esophageal sphincter
(LES), and the mutant mice develop an achalasia-like
phenotype and esophageal dilation.11 Mice deficient
in Ras association (RalGDS/AF-6) domain family
member 1 isoform A exhibit reduced esophageal
innervations and an enhanced susceptibility to
megaesophagus.3 Deletion of collagen 19a1 results in
achalasia due to disruption of LES basal lamina at
neuromuscular junctions that is required for proper
innervations and nitric oxide neurotransmission.12

JAM-C, a tight junctional cell adhesion molecule, is
expressed in a wide variety of cell types, including
vascular endothelial cells,13,14 leukocytes, platelets,15,16

spermatids,17 central, and peripheral neural cells.18–20

Recently, JAM-C is found to be expressed in neural
progenitor cells and neural stem cells in mouse brain.21

Mice deficient in JAM-C exhibit loss of integrity of the
myelin sheath and impaired nerve conduction.19,20

Although JAM-C is expressed during nervous system
development, its role remains largely unknown.

Previously studies have shown that a majority of
JAM-C knockout mice die perinatally, and the few
that survive to adulthood exhibit megaesophagus,22,23

but the underlying pathogenic mechanism remains
unknown. In this study, we found that, from E15.5
onward, JAM-C-deficient mice exhibited progressive
esophageal dilation with 100% penetrance. Signifi-
cantly reduced innervations were observed in JAM-C
knockout esophagus, but not in other parts of the
gastrointestinal tract, suggesting a specific require-
ment for JAM-C in esophageal neural development.
Megaesophagus is a rare human disease; genetic
inheritance was considered one of the most important
etiologies for megaesophagus.24,25 Our data suggest
JAM-C as a potential candidate gene for human
megaesophagus.

METHODS

Animals

To generate JAM-C knockout mice (JAM-C−/−) with
C57/B6 background, we crossed JAM-C+/− mice23

with C57/B6 mice (SLRC Laboratory Animal,
Shanghai, China).

For better visualization of innervations of the gut,
JAM-C+/− mice were crossed with Wnt1-Cre mice and
td-Tomato Red reporter mice.26

Mice were housed in Laboratory Animal Facility
at Tongji University. All animal experiments were
performed according to the guidelines for the Care
and Use of Laboratory Animals (Ministry of Health,

China, 1998), and monitored by the Institutional
Animal Care and Use Committee of Tongji Univer-
sity School of Medicine.

Histologic analysis

Females with copulation plugs were considered to be
at embryonic day 0.5 (E0.5) of gestation. Pregnant
females were sacrificed at different gestation stages,
embryos were dissected as described previously.27

Adult mice were sacrificed, and the esophagus was
dissected for histological analysis. Tissues were
fixed in 4% paraformaldehyde overnight at 4°C, then
paraffin embedded. Transverse sections were cut
at 10 μm from paraffin blocks and stained with
hematoxylin and eosin.

Immunofluorescence staining

Immunofluorescence staining was performed on the
cryo-sections at the level of pharynx, diaphragm,
and lower esophageal sphincter for each sample
as described.27 Briefly, tissues were fixed in 4%
paraformaldehyde overnight at 4°C and then cryo-
embedded in Optimum cutting temperature com-
pound (OCT) (Tissue Tek, Elkhart, IN, USA).
Transverse sections were cut at 10 μm, the cryo-
sections were incubated with primary antibodies
overnight at 4°C. After washing with 0.25% TritonX-
100 in phosphate buffer saline (PBS), sections were
incubated with secondary antibodies for 2 hours. The
following antibodies were used: Neurofilament (NF)
antibody (Clone 2H3, DSHB) and smooth muscle
(SM)-actin antibody (ab15267, abcam). For cell
counting, sections were cut at 10 μm, and every
fourth section was analyzed. Total NF+ cells in the
esophagus of the control and mutant samples were
counted, and data were expressed as the number of
NF+ cells per area. At least 15 sections per sample and
four samples per genotype were analyzed.

Whole mount fluorescence

Adult JAM-C−/−, Wnt1-Cre, and tdTomato Red+/-

mice were sacrificed, and the whole esophagus was
dissected out, after fixed in 4% paraformaldehyde at
4°C for 4–6 hours, the whole-mount fluorescence
(tdTomato Red+) was taken directly by a fluorescent
stereo microscope. Then, the tissue was cryo-
embedded in OCT, transverse sections at the level of
pharynx, diaphragm, and lower esophageal sphinc-
ter. The sections were cut at 10 μm. DAPI (D9564,
Sigma, St. Louis, MO, USA) was used to mark the
cell nucleus, and the slide was observed under fluo-
rescence microscope. Total Tomato Red+ cells were
counted, and data were expressed as the number of
Tomato Red+ cells per area. At least 15 sections per
sample and four samples per genotype were analyzed.
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Statistical analysis

Data are presented as mean ± SD. Student’s t-test was
used for two-group comparisons. Differences were
considered as statistically significant at P < 0.05.

RESULT

Megaesophagus in adult JAM-C-deficient mice

In this study, we crossed JAM-C mice onto a
C57/B6 background, and found 40% JAM-C mutant
(JAM-C−/−) on a C57/B6 background could survive
over eight months. The survival rate significantly
increased than we have previously seen in 129 ×
C57/B6 mixed genetic background.23 However,
similar to that observed in the JAM-C−/− mice on a
129 × C57/B6 mixed background, C57/B6 JAM-C−/−

mice exhibited growth retardation (Fig. 1a,b), and
body weight of these mutant mice was about 80% of
their control littermates.

Esophageal dilation was observed in C57/B6 adult
JAM-C−/− mice with 100% penetrance. In about 70%
JAM-C−/− mice, the entire esophagus was dilated,
and in the remaining mutant mice, only lower half
esophagus was affected. Compared to control
littermates at six weeks, JAM-C−/− mice appeared
smaller and displayed severe esophageal dilation. The
mutant esophagus was shorter, but when normalized
to body length (from the lower incisors to anus), the
change was not significant (Fig. 1A, A′ B, B′, A″).
Histological analysis revealed that the esophagus of
JAM-C−/− mice was markedly dilated (Fig. 1C,D).
However, the esophageal wall thickness in JAM-C−/−

mice was not significantly altered compared to
littermate control (Fig. 1C–F). The histological struc-
ture of the mutant esophageal wall, including the
muscle layers, the connective tissue layer, and epithe-
lial layer, appeared to be well organized (Fig. 1C–F).
Ingesta and gas bubble were sometimes found in the
dilated esophagus, and the surface of the esophageal
epithelium was covered with bacteria (Fig. 1F,

Fig. 1 Growth retardation and esophageal dilation in JAM-C−/− mice.
At postnatal six weeks, JAM-C−/− mice exhibited significant growth retardation with a dilated esophagus (B, B′) compared to control
littermates (A, A′). The esophagus of JAM-C−/− mice appeared to be shorter than littermate control, but when normalized to body
length (body length base of the lower incisors to anus), the change was not significant (A″). Histological analysis revealed a marked
dilation of JAM-C−/− esophagus (D,F) compared to littermate control (C,E). The accumulation of bacteria in the esophagus of
JAM-C−/− mice was observed (F, arrowhead). However, the wall thickness and structures of the esophagus in JAM-C−/− mice appeared
to be comparable to that of control littermates (C–F). (G,A,B) Quantification of esophageal external perimeter at the level of pharynx
(P), diaphragm (Dia) and lower esophageal sphincter (LES). Values are means ± SD, n = 6, P < 0.05. (H) Fold of changes (Fdc) in
esophageal external perimeter of JAM-C−/− versus control mice at postnatal three days, six weeks, and six months. n = 4, P < 0.05.
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arrow), which were frequently observed in mice with
megaesophagus,3 indicating impaired peristalsis of
JAM-C−/− esophagus.

Quantification of esophageal external diameter
at the level of pharynx, diaphragm, and LES
(Fig. 1A,B) revealed a 1.5- to 2.5-fold increase in
JAM-C-/- esophagus relative to littermate control,
with lower third esophagus (diaphragm level to LES
level) being more severely affected (Fig. 1G). In addi-
tion, the esophageal dilation in JAM-C−/− mice
appeared to become more severe with age (Fig. 1H).

Dilation of JAM-C-/- esophagus was observed at late
embryonic stages

To study the role of JAM-C during esophageal devel-
opment, we examined esophageal morphogenesis of
JAM-C−/− embryos from E11.5 onward, at which stage

mouse esophagus is completely separated from the
trachea. Histological analysis revealed no morpho-
logic changes in JAM-C−/− esophagus at E11.5 com-
pared to littermate control (Fig. 2A,B). However,
from E15.5 onward, a significant dilation of JAM-C−/−

esophagus was observed (Fig. 2C,D). Whole-mount
and histological analyses at E16.5 (Fig. 2E,F), E18.5
(Fig. 2G,H), and postnatal day 3 (Fig. 2I–L) revealed
progressive esophageal dilation in JAM-C−/− mice,
with lower half of esophagus being more severely
affected (red arrows in Fig. 2E–J). Similar to that
observed in adult JAM-C−/− mice, the thickness and
histological structure of the esophageal wall in JAM-
C−/− embryos examined at all stages appeared to be
comparable to that of control littermates.

Because dilation of the esophagus in JAM-C−/− mice
first appeared at around E15.5, we performed
immunostaining with smooth muscle actin (α-SMA)

Fig. 2 Esophageal dilation in JAM-C−/− mice at later embryonic stages.
Histological studies of JAM-C−/− and control esophagus at E11.5 (A,B), E15.5 (D,E).
Gross pictures of JAM-C−/− and control esophagus at E16.5 (E,F), E18.5 (G,H, postnatal days 3 (P3) (I,J). Histological study of
JAM-C−/− and control esophagus at postnatal day 3 at the diaphragm level (K,L; insets are a lower magnification of K and L).
Immunostaining with an antibody to α-SMA revealed two well-organized layers of α-SMA+ muscle cells in E15.5 JAM-C−/− esophagus
that were comparable to those observed in control littermates (M,N). Eso, esophagus; Tr, trachea; mu, muscular layers.
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antibody at E15.5 to test whether JAM-C is required
for esophageal muscle differentiation. At E15.5, the
esophageal muscle layers are well formed, and α-SMA
is expressed in all muscle cells in both inner and outer
layers of the esophagus.28 In JAM-C−/− esophagus, we
observed two well-organized layers of α-SMA+ muscle
cells (mu) separated properly by fibrous tissue, which
was comparable to littermate control (Fig. 2M,N).
These results suggested that a mechanism other than
esophageal muscular defects might contribute to
esophageal dilation in JAM-C−/− mice.

Reduced innervations of esophagus in JAM-C−/− mice

The esophagus and gastrointestinal tract are inner-
vated by the enteric nervous system, abnormality
of which causes a spectrum of disorders or enteric
neuropathies, including megaesophagus, achalasia,
gastroparesis, intestinal pseudo-obstruction, and
constipation.1,2 Previous study has shown that
JAM-C is expressed in the peripheral nervous system
and plays an important role in integrity and function
of peripheral nerves.19,22,27 We examined the esopha-
geal innervations of JAM-C−/− mice at E15.5 and
adult by immunostaining with an antibody to NF
(Fig. 3A–D). In the muscle and subepithelial layers of
control esophagus at E15.5, abundant NF+ fibers/

neural cells were observed (Fig. 3A). However, in
JAM-C−/− esophagus, the number of NF+ nerve
fibers/neural cells was significantly reduced (Fig. 3B).
Quantification of NF+ fibers/neural cells in the muscle
layers of JAM-C−/− mice revealed a significant reduc-
tion relative to control (Fig. 3A). Similarly, a marked
reduction in NF+ nerves/ganglia was observed in the
esophageal wall of adult JAM-C−/− mice (Fig. 3C,D).
In some extremely enlarged esophageal segments,
there was nearly an absence of NF+ nerves/ganglia in
the muscle layer of the esophageal wall.

To better visualize the innervations of the esopha-
gus, we use Wnt1-Cre that lineage labels all peripheral
nervous system and tdTomato Red reporter mice.26,29

We crossed JAM-C+/−, Wnt1-Cre, tdTomato Red+/+

mice with JAM-C+/− mice to obtain JAM-C−/−, Wnt1-
Cre, and tdTomato Red+/− mice (JAM-C knockout
mice). Wnt1-Cre and tdTomato Red+/− littermate mice
were used as control. The esophagus was dissected and
its innervation (tdTomato Red+) was analyzed by
direct visualization. Whole-mount fluorescence pic-
tures revealed that the control esophagus was popu-
lated by the ganglia and innervated by a dense network
of nerves (tdTomato Red+) (Fig. 3e,f). The number of
ganglia/nerve fibers per area in each segments of JAM-
C−/− esophagus was significantly reduced. Section
analysis revealed markedly reduced innervations/

Fig. 3 Reduced esophageal innervations in JAM-C−/− mice.
Immunostaining with an antibody to neurofilament (NF) revealed a significant reduction in the number of NF+ nerve fibers/ganglia in
JAM-C−/− esophagus compared to littermate control at E15.5 (A,B; arrowhead) and postnatal six weeks (C,D; arrowhead).
Quantification of the innervation density in the esophageal wall of JAM-C−/− and control mice (A′). n = 4, P < 0.05. Lineage analysis
using Wnt1-Cre; tdTomato Red revealed that the number of nerve fibers/ganglia per area was significantly reduced in the esophagus of
JAM-C−/− mice compared to littermate control at four months (E–I). Whole-mount view (E,F); quantification of innervation in the
upper and lower half of the esophageal muscle layers of JAM-C−/−; Wnt1-Cre+/−; tdTomato Red+/− mice (g). n = 4, P < 0.05. Histological
analysis of the esophagus of JAM-C−/−; mice and control littermates at the diaphragma level (H,I). Eso, esophagus; Dia, diaphragm.
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ganglia in the muscle layers of JAM-C−/− esophagus
(Fig. 3g–i). We counted the number of innervation
fibers/ganglia per area at upper diaphragm segment
and lower diaphragm segment of control and JAM-
C−/− esophagus, and found that compared to control,
the innervations in upper and lower esophagus were
reduced by about 21.3% (control: 327.8 ± 62.0; JAM-
C−/−: 258.0 ± 48.4) and 26.9% (control: 337.7 ± 60.0;
JAM-C−/−: 246.9 ± 55.2), respectively (Fig. 3g). This
result was consistent with the observation that the
lower segment of JAM-C−/− esophagus was more
severely dilated than the upper segment.

To investigate whether JAM-C deletion results in
enteric neuropathy and dysfunction, we examined the
intestinal innervations of adult JAM-C−/− mice on a
Wnt1-Cre; tdTomato Red+/− reporter background.
Whole-mount fluorescence images revealed a distinct
network of enteric innervations of small intestine,
distal colon and rectum in JAM-C−/− mice that were
comparable to littermate control at four months. In
addition, the size of JAM-C−/− intestines appeared to
be normal (Fig. 4a–f).

DISCUSSION

Previous studies have reported that ablation of
JAM-C on a 129 × C57/B6 mixed genetic back-

ground resulted in perinatal lethality, only a small
proportion (around 10%) of JAM-C mutant (JAM-
C−/−) mice survived into adulthood, and exhibited an
enlarged esophagus (megaesophagus), but underly-
ing mechanism remains unknown.19,22,23 In this
report, we crossed JAM-C−/− mice onto a C57/B6
background that greatly improved survival of JAM-
C−/− mice, about 40% JAM-C−/− mice can survive to
adulthood. Similar to JAM-C−/− mice on a 129 ×
C57/B6 background, the JAM-C−/− mice on a C57/B6
background exhibited progressive esophageal dila-
tion that was first observed at E15.5. A significant
reduction in innervations of JAM-C−/− esophagus
was observed, which may underlie the pathogenesis
of megaesophagus in JAM-C−/− mice.

The esophagus receives dual innervations from the
vagal nerves and myenteric plexus that play critical
roles in controlling peristalsis of the esophagus. Dele-
tion of JAM-C resulted in marked enlargement of the
esophagus (megaesophagus) with 100% penetrance.
Immunostaining and lineage tracing experiments
revealed a significant reduction in the number of
NF+ or Tomato Red+ nerves/ganglia. Esophageal
dilation in JAM-C−/− mice was first observed at E15.5
that is well correlated to onset of innervations of the
esophagus,6 suggesting that impaired esophageal
innervations may underlie the pathogenesis of
megaesophagus in JAM-C−/− mice. In contrast, the

Fig. 4 Lineage analysis the enteric innervations of small intestine, distal colon and rectum in JAM-C−/− mice.
By using Wnt1-Cre+/−; tdTomato Red+/− mice, whole-mount lineage analysis revealed that the enteric innervations of small intestine
(A,D), distal colon (B,E) and rectum (C,F) in JAM-C−/− mice were comparable to littermate control at four months and the
morphology of JAM-C−/− intestine appeared to be normal.
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enteric innervations of small intestine, distal colon
and rectum in JAM-C−/− mice and the size of JAM-
C−/− intestines appeared to be normal, suggesting a
specific requirement for JAM-C in esophageal neural
development and function. JAM-C is specifically
expressed at cell–cell junctions of Schwann cells and
perineural cells in a variety of myelinated nerve fibers
of the peripheral nervous system.19,20 Deletion of
JAM-C specifically in Schwann cells results in
peripheral neuropathies similar to those observed in
JAM-C global knockout mice. However, Schwann
cell-specific JAM-C−/− mice do not develop
megaesophagus,20 suggesting JAM-C expression in
Schwann cells and perineural cells is not required for
esophageal neural development and function.

Mouse esophagus is initially composed of smooth
muscles at later embryonic stages, and the smooth
muscles are replaced gradually by skeletal muscles,
following a cranial to caudal pattern. Mouse esopha-
geal muscle differentiation starts at around E13, but
the striation, a morphological feature of skeletal
muscle, first appears in the rostro-most regions of the
esophagus at E15. At adulthood, mouse esophagus
consists of two layers of skeletal muscles, except the
LES that is made up of mostly smooth muscle cells. A
unique feature of esophageal skeletal muscle cells is
that, due to the lack of bone, they are connected to
each other and extracellular matrix. These connec-
tions are thought to play an important role in coor-
dinated peristaltic contraction of the esophagus.28

Disruption of esophageal skeletal myogenesis, or
smooth to skeletal muscle transition results in mal-
formation and dysfunction of the esophagus, leading
to megaesophagus.12,30 Our histological analyses
revealed that the thickness and structure of the
muscle layers of esophageal wall in JAM-C−/−

embryos at embryonic stages and young adulthood
appeared to be comparable to that of control
littermates, despite marked esophageal dilation.
Immunostaining at E15.5 revealed two well orga-
nized layers of α-SMA+ muscle cells separated prop-
erly by fibrous tissue in JAM-C−/− esophagus, which
was comparable to littermate control. These results
suggest that a mechanism other than esophageal mus-
cular defects might contribute to esophageal dilation
in JAM-C−/− mice.

It has been shown that JAM-C is expressed in
esophageal epithelium, and loss of JAM-C expression
in esophageal epithelium of JAM-C−/− mice might
contribute to esophageal dysfunction and dilation.
However, restoration of JAM-C expression in epithe-
lial cells of JAM-C−/− mice couldn’t rescue the mutant
mice from megaesophagus.22

In conclusion, megaesophagus is a rare human
disease, the etiology and pathogenesis of the
megaesophagus has not been well understood. Gene
defect was considered one of the most important eti-
ology for megaesophagus: familial achalasia was

reported24 and megaesophagus was also detected
in human congenital birth defect syndrome.25 In
JAM-C−/− mice, we observed progressive congenital
megaesophagus with complete penetrance, suggest-
ing JAM-C as a potential candidate gene for human
megaesophagus. Our data prove JAM-C−/− mouse
line is a representative model for megaesophagus
study. Further studies are required to determine the
molecular mechanism by which JAM-C regulates
esophageal innervations and peristaltic function.
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Case report

Spontaneous circumferential intramural esophageal dissection complicated with
esophageal perforation and esophageal-pleural fistula: a case report and
literature review

R. Y. Zhu,1 T. T. Law,2 D. Tong,2 G. Tam,2 S. Law2

1Yong Loo Lin School of Medicine, National University of Singapore, Singapore, and 2Division of Esophageal
and Upper Gastrointestinal Surgery, Department of Surgery, University of Hong Kong, Queen Mary Hospital,
Hong Kong

SUMMARY. Spontaneous intramural esophageal dissection (IED) is a rare disease entity. There are few reports
of spontaneous IED requiring surgical treatment. Hereby, we report a 37-year-old gentleman who was diagnosed
to have spontaneous extensive circumferential IED complicated with esophageal perforation, empyema, and
esophageal-pleural fistula. Esophageal stenting and drainage of empyema were unsuccessful. Computed tomogra-
phy and gastrografin contrast swallow demonstrated a leak to the pleural cavity, suggestive of esophageal-pleural
fistula. Subsequently, a two-stage operation was performed: cervical esophagogastrostomy to bypass the perforated
esophagus, followed by esophagectomy and decortication of the right lung. The patient recovered and was dis-
charged home after a 3-week hospitalization. The management principles and recent published literature related to
IED were reviewed.

INTRODUCTION

Intramural esophageal dissection (IED) was first
described by Marks and Keet in 1968.1 Other terms
used to describe this clinical condition including
intramucosal esophageal dissection, intramural eso-
phageal rupture, esophageal apoplexy,2 and submu-
cosal hematoma. IED is an uncommon but distinct
clinical entity characterized by the separation of the
mucosa and/or submucosa from deeper muscular
layers. Spontaneous IED is classically seen in elderly
women who are often taking anticoagulants, yet it has
also been reported in young healthy individuals.3 In
the latter case, it is usually precipitated by repeated
retching or vomiting, which shares the same precipi-
tating factors as Mallory–Weiss tear or Boerhaave’s
syndrome.4,5 Other causes of IED include iatrogenic
interventions (such as endoscopy) or foreign body
impaction.5–7 The proposed pathophysiology of IED
is that an esophageal mucosal break followed by an

increase in intraesophageal pressure that causes sepa-
ration of mucosa and/or submucosa from muscular
layers. Mucosal break can be caused by trauma such
as foreign body impaction or air insufflations such as
endoscopic intervention; whereas bleeding within the
submucosal layer may account for IED in patients
taking anticoagulants. Common presenting symp-
toms include dysphagia, odynophagia, and chest pain
whereas patients with submucosal hematoma may
present with postprandial hematemesis.8 When the
dissection confines to the submucosal plane, the risk of
mediastinal contamination is low and the patient can
be treated conservatively. However, if the dissection
had transmural involvement with esophageal perfora-
tion, surgical treatment may be indicated.9–12 We
report an unusual case of spontaneous extensive
circumferential IED complicated by esophageal per-
foration, empyema, and esophageal-pleura fistula
requiring esophagectomy as definitive treatment. Lit-
eratures on other therapeutic approaches for IED are
reviewed.

CASE REPORT

A 37-year-old gentleman presented with a 2-week
history of dyspnea and right-sided chest discomfort.
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He did not have dysphagia or odynophagia. There
was no history of vomiting or foreign body ingestion.
He was febrile and tachycardic on admission.
Physical examination demonstrated reduced breath
sound and crepitations in the right chest. Laboratory
tests revealed leukocytosis. Chest X-ray showed

loculated right pleural effusion (Fig. 1). He was
treated as pneumonia with antibiotics and pleural
drainage. Subsequent computed tomography (CT)
scan of the thorax and abdomen showed exten-
sive circumferential IED extending from the
cervical esophagus to the gastroesophageal junc-
tion (GEJ). There was no contrast extravasation.
Oesophagogastroduodenoscopy (OGD) was per-
formed and found a mucosal perforation at the
middle third of the esophagus (29 cm). Patient was
treated conservatively with nasogastric tube feeding
and drainage of the right pleural effusion. He
remained well, and reassessment CT scan 2 weeks
later showed that the esophagus was dilated and with
circumferential wall thickening (Fig. 2). There were
rim enhancing subpulmonic pleural effusions
loculated at the right lower hemithorax. Gastrografin
contrast swallow demonstrated a dissected esophagus
(Fig. 3a,b). An esophageal stent (Polyflex stent,
Boston Scientific, Boston, MA, USA) was deployed
under endoscopic and fluoroscopic guidance with an
attempt to seal the perforation. However, he had per-
sistent sepsis and an increased amount of turbid fluid
from the chest drain was noted. Repeated OGD iden-
tified a new perforation site from 34 to 38 cm and
that was distal to the distal end of the stent (GEJ
at 43 cm). Another CT scan showed circumferen-
tial wall thickening of distal esophagus with
paraesophageal air pockets distal to esophageal stent
tracking to the right posterior pleura with pleural
collection, suggestive of esophageal-pleural fistula
(Fig. 4).

Fig. 1 Chest X-ray showing right lower and middle zone
consolidation and loculated pleural effusion.

(A) (C)

(B)

Fig. 2 Computed tomography showing (A) extensive circumferential esophageal dissection extending from cervical esophagus to
esophagogastric junction. (B) Esophageal dissection with true lumen (black arrow, nasogastric tube in situ) and false lumen (white
arrow). (C) Loculated subpulmonic pleural effusion in right lower hemithorax with rim enhancement.
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He was referred to our unit 1 month after stenting.
OGD showed that the Polyflex stent was located at
24–32 cm, there was an ulcerative area at 34–35 cm
communicating to the false lumen leading to a fistula

(Fig. 5). Gastrografin contrast swallow confirmed
that the leakage site was at the right lower esophagus
5 cm inferior to the stent, and multiple contrast
out-pouchings along mid and lower esophagus were

(A)

Fig. 3 (A) Gastrografin swallow showing esophageal perforation and dissection into the submucosal space from the upper esophagus
down to the esophagogastric junction. (B) White arrow: septum. Hash: true lumen. Asterisk: false lumen.
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identified (Fig. 6). Given the long-standing history
of esophageal perforation and contamination,
esophageal exclusion with esophagogastrostomy
bypass followed by second-stage esophagectomy was
performed.

During the first operation, the esophagus was
excluded proximally at the cervical level via a left
neck incision and stapled distally at the abdomen. A
narrow gastric tube was created for reconstruction
via the retrosternal route and cervical esopha-
gogastrostomy was performed. A drainage tube was
kept in the esophageal lumen for decompression.
There was subclinical leakage at the esophagogastric
anastomosis and that was treated conservatively. He
underwent esophagectomy and decortication of the
right lung 1 month later. The operation was difficult
because of the dense adhesions in the right pleural
cavity as a result of esophageal perforation and
empyema thoracis. Postoperative course was
uneventful. He was discharged home 3 weeks after
the esophageal exclusion.

The resected segment of esophagus measured
15 cm (length) × 6 cm (width). A 5 cm (length) ×
3.5 cm (width) mucosal defect was noted in the
middle third of esophagus (Fig. 7). Microscopically
deep fissuring ulcers lined by inflamed granulation
tissue were noted particularly in the lower third of
the esophagus. The ulcers involved the muscularis
propria layer. There was no evidence of viral infec-
tion or malignancy.

DISCUSSION

IED is generally regarded as a benign condition that
usually can be treated conservatively. IED is an intra-
mural pathology most of the time; however, it can
result in esophageal perforation. For IED patients
without esophageal perforation, intravenous fluid,
antiemetic and proton pump inhibitor with close
monitoring were probably adequate treatments.
When there is perforation, the treatment should
follow the principle of esophageal perforation man-
agement. For hemodynamically stable patients, anti-
biotics, and chest drain insertion may be considered
whereas for those with unstable cardiopulmonary
vital signs and evidence of uncontrolled sepsis,
surgery is essential for life saving.

By far, there are few reports of IED requiring sur-
gical treatment. Our patient had spontaneous IED
but presented with atypical symptoms. The atypical
presentation might cause a delay in diagnosis. For
patients presented with typical symptoms including
repeated vomiting, a recent history of foreign body
ingestion or upper gastrointestinal tract instrumenta-
tion, a high index of suspicion can help in prompt
diagnosis.

Contrast swallow studies and CT scan with oral
and intravenous contrasts are the preferred initial
investigations.13 Contrast swallow study showing a
double-barreled esophagus or a mucosal stripe sign is
diagnostic of IED.5 It also allows the assessment of
any associated esophageal perforation. There are dif-
ferent degrees of esophageal perforation as suggested
by Skinner and Belsey,14 ranging from air leakage to
contained perforation, free mediastinal leakage and
free leakage with extension into the pleural space,
which was seen in our patient. A concentric or eccen-
tric esophageal wall thickening appeared in CT scan
could represent submucosal hematoma in IED.15

There is no consensus on the treatment of IED
with perforation. Endoscopic treatment options
of esophageal perforation include the placement of
self-expandable plastic stent (SEPS) and the use of
endoscopic clips. While the use of SEPS is generally
accepted as one of the treatment options in selected
patients with Boerhaave’s syndrome,16–18 there is little
evidence on the use of SEPS in the treatment of IED.
Buscaglia reported the placement of SEPS in a case of
iatrogenic IED occurring after stricture dilatation.19

However, in his report patient also underwent
thoracotomy and lung decortication. Endoscopic
treatment of spontaneous IED has been reported
in some patients.20,21 Gluck reported the use of
endoscopic dilatation of the esophageal stricture in
two IED patients after spontaneous healing had
occurred,20 while Bak reported endoscopic incision
of the septum between true and false lumens using
a needle-type diathermy knife.21 There has been
only one report on successful endoscopic treatment in

(B)

Fig. 3 Continued.
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circumferential spontaneous IED.22 Kim reported a
case of successful endoscopic treatment for circum-
ferential spontaneous IED by incision of the septum
between the false and true lumens, transaction of the
true esophageal wall, balloon dilatation, and metal
stent insertion in a patient with underlying liver
cirrhosis.22 One should note that esophageal perfora-

tion did not occur in that reported case and the aim
of stent insertion was to relieve dysphagia. Metal
stent insertion was performed 16 months after the
initial presentation. Endoscopic clips maybe used for
the closure of perforations and fistulas. A device
named Over-the-Scope-Clip (OTSC) (Ovesco Endos-
copy AG, Tübingen, Germany) is designed for full

(A) (C) (E)

(B)

(G)

(D) (F)

Fig. 4 (A–G) Computed tomography showing circumferential wall thickening of esophagus with paraesophageal air pockets
(black arrows) distal to esophageal stent tracking to right posterior pleura with pleural collection noted suggesting presence of
esophageal-pleural fistula.

Spontaneous circumferential IED 5

© 2014 International Society for Diseases of the Esophagus

876 Diseases of the Esophagus

VC 2014 International Society for Diseases of the Esophagus



thickness closure of perforations. The system consists
of a nitinol alloy clip that is mounted on a transpar-
ent cap fitted to the tip of an endoscope. The clip is
deployed when the edges of the perforation site are
engaged within the cap. The concept is similar to
the endoscopic band-ligation system for esophageal
varices. Preliminary clinical data on OTSC closure of
esophageal perforations and fistulas are encouraging.
A multicenter European cohort study reported the

result of OTSC in 36 patients with iatrogenic perfo-
rations of the gastrointestinal tract <3 cm in size and
all patients were presented within 24 hours of onset of
perforation.23 The successful rate was 89%. Five out
of 36 patients had iatrogenic esophageal perforation;
all were treated with OTSC successfully. OTSC is
a relatively new device and clinical data are mainly
from iatrogenic perforations, i.e. post-endoscopy per-
forations and postoperative anastomotic leak;24 it
was also reported to be successful in the closure of
esophagobronchial fistula.25 By far, there is little evi-
dence on the use of OTSC in the closure of other
types of esophageal perforation (e.g. Boerhaave’s).

In our patient, it was evident that esophageal per-
foration into the mediastinal space occurred early in
the course, and the extent of IED was an extensive
circumferential one involving the whole length of
the thoracic esophagus as evident on the CT scan.
Stenting performed in the referring hospital was
proven to be unsuccessful, rather dissection seemed
to progress to the distal part of the esophagus after
stenting (distal to stent), which lead to the subsequent
development of esophageal-pleural fistula. We postu-
lated that the pressure exerted from the stent might
further exacerbate the dissection. Therefore, in con-
trast to Boerhaave’s syndrome where SEPS may be
successful in selected patients, stenting in extensive
circumferential IED with evidence of esophageal per-
foration might not be beneficial to the patient. There
has been no successful report in the literature by far.

There were seven patients with spontaneous IED
requiring surgical treatment being reported in the
literature.9–12,26,27 All patients survived. Esophageal
perforation occurred in five patients at the time of
surgery, one was a contained perforation (Table 1).
Two out of the seven patients had upfront esopha-
gectomy performed, both presented with extensive
circumferential mucosal dissection.11,27 Eosinophilic
esophagitis was found in one of the esophagectomies
specimen,11 while the pathology of the other showed
neutrophil infiltrations and granulation tissue in
the submucosal layer.27 The pathology of our patient

(A) (B) (C) (D)

Fig. 5 (A,B) Oesophagogastroduodenoscopy showing esophageal stent. (C) Ulcerative area approximately 1 cm distal to stent.
(D) Tight stricture at 37 cm.

Fig. 6 Gastrografin swallow showing leakage at right lower
esophagus, 5 cm inferior to stent (black arrow) with multiple
filling out-pouchings.
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showed that there were multiple deep fissuring ulcers
lined by inflamed granulation tissue. There was also
evidence of transmural scarring which was compat-
ible with IED. Extensive circumferential intramu-
ral dissection of the whole thoracic esophagus is
extremely rare. Esophagectomy is the preferred treat-
ment option especially when there is a perforation.27

Timely surgery may result in early recovery. Wang
et al. reported that for patient who underwent
upfront esophagectomy, they could be discharged
within 2 weeks.27 For the patient presented in the
present report, he was discharged 3 weeks after the
second operation.

CONCLUSION

IED is a rare disease entity. A high index of suspicion
may help in achieving prompt diagnosis. Contrast
swallow studies and CT scan with oral and intrave-
nous contrast are the preferred choice of investigation
modalities. There is no guideline for the treatment of
IED available currently. It is regarded as a benign
condition that can be treated conservatively usually.
However, esophageal stenting may not be beneficial
particularly when the stent is unable to cover the
whole dissection zone. It is not known, on the other
hand, when esophageal stenting is adequate to cover
the whole zone of dissection with inclusion of perfo-
ration site is feasible, and this needs further investi-

gation. At the moment, there is no robust evidence in
support of using esophageal stent for the treatment of
IED. We proposed that when esophageal perforation
is evident, esophagectomy should be considered as
the upfront treatment option particularly if there are
signs of uncontrolled sepsis.
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Case report

Successful endoscopic resection of adenocarcinoma arising in an esophageal
inlet patch

V. R. Hudspeth,1 D. S. Smith,2 T. Pacicco,2 Jason J. Lewis2

1Internal Medicine and 2Gastroenterology, Carolinas Medical Center, Charlotte, North Carolina, USA

SUMMARY. An esophageal inlet patch is an area of heterotopic gastric mucosa in the upper esophagus. Most are
asymptomatic and found incidentally. There are only 43 case reports of adenocarcinoma arising in an inlet patch,
and the majority of these underwent surgical resection. We present the case of a 77-year-old man with intramucosal
adenocarcinoma of the cervical esophagus, found within an esophageal inlet patch, staged T1a N0 Mx by
endosonographic criteria. He was successfully treated with endoscopic therapy alone. One year following the
endoscopic resection, there are no signs of residual or recurrent disease. This case highlights that adenocarcinoma
can be a rare complication of an esophageal inlet patch, and that if found early, endoscopic resection appears safe
and efficacious.

INTRODUCTION

An esophageal inlet patch is an area of heterotopic
gastric mucosa in the upper esophagus. Unlike
Barrett’s esophagus, which is acquired secondary to
inflammation from chronic gastroesophageal reflux,
esophageal inlet patches are thought to be congeni-
tal.1 Although somewhat controversial, it is thought
that an inlet patch arises when the embryonic colum-
nar epithelium of the esophagus is not completely
replaced by stratified squamous epithelium during
development. Supporting this theory, columnar cells
in inlet patches stain for glucagon, similar to embry-
onic gastric mucosa, unlike adult gastric mucosa.2

Prevalence of inlet patches noted at the time of
upper endoscopy has been reported to range from
0.4% to 10%.3,4 This reported prevalence may be
endoscopist dependent, as inlet patches can be diffi-
cult to see in the proximal esophagus, and are usually
best seen upon withdrawal.3 Most inlet patches are
asymptomatic and found incidentally; however, there
are reports attributing these to perforation, webs,

strictures, and globus sensation.1 Adenocarcinoma
arising from an inlet patch is exceedingly rare, with a
recent literature review reporting only 43 cases.5

CASE REPORT

A 77-year-old asymptomatic man with a history
of gastroesophageal reflux disease (GERD) and
nondysplastic Barrett’s esophagus underwent a sur-
veillance esophagogastroduodenoscopy (EGD) 2
years after his most recent exam. He felt well at the
time, with no dysphagia, odynophagia, or weight loss.
EGD revealed a 1.5 cm exophytic polypoid lesion
20 cm from the incisors, arising from what appeared
to be an esophageal inlet patch (Fig. 1). Fifteen centi-
meters of normal appearing squamous mucosa sepa-
rated this lesion from the patient’s known intestinal
metaplasia at the gastroesophageal junction. Review
of prior endoscopy reports made no mention of the
presence of an inlet patch, nor polypoid lesion seen in
the proximal esophagus. Biopsy with cold forceps of
this polypoid lesion demonstrated invasive moder-
ately differentiated adenocarcinoma arising within an
adenomatous polyp.

Past medical history was notable for GERD,
Barrett’s esophagus diagnosed 3 years prior, colon
adenomas, diverticulosis, small hiatal hernia, fatty
liver, obesity, atrial fibrillation, chronic obstructive
pulmonary disease, and obstructive sleep apnea.
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Social history was notable for a 42 pack/year smoking
history, with cessation many years ago, and one alco-
holic drink per day. Family history was remarkable
for his father dying of colon cancer at age 80.

Endoscopic ultrasound (EUS) was performed and
showed a hypoechoic noncircumferential mass from
20 to 22 cm, up to 5 ml thick with well-defined
borders, without evidence of submucosal invasion or
lymphadenopathy (Fig. 2). This was staged T1a N0
Mx by endosonographic criteria. A computerized
tomography (CT) chest scan showed no discrete mass
or metastatic disease. Barium swallow showed a 3 cm
by 7 mm filling defect of the lumen in the proximal
esophagus.

After surgical consultation and multidisciplinary
review, where the patient’s advanced age, medical
comorbidities, and patient preference were taken into
account, the decision was made to proceed with endo-
scopic mucosal resection. Given the proximity of this
lesion to the upper esophageal sphincter, the patient
was intubated and the procedure was performed under

general anesthesia. The lesion was felt too large for
Band endoscopic mucosal resection. Submucosal
injection of 4 ml of saline created a lift beneath the
lesion. A 25 mm hexagonal, braided snare with appli-
cation of cautery was then used to remove the mass.
The lesion was excised en bloc and retrieved com-
pletely. The margins of the resection bed were treated
with argon plasma coagulation for tissue destruction
(Fig. 3). Pathology again showed invasive intra-
mucosal adenocarcinoma with no evidence of inva-
sion into the resected submucosa. There was cautery
effect at the resected margin, but no evidence of
dysplasia or carcinoma. A second gastrointestinal
pathologist reviewed the case and concurred with
these findings. Biopsies of the adjacent inlet patch
performed at the time of resection confirmed hetero-
topic gastric mucosa without dysplasia or carcinoma.

A repeat EUS/EGD with biopsy 2 months later
showed no evidence of residual adenocarcinoma. Fol-
lowing this surveillance procedure, the patient sought
a second opinion at another institution at which time
a positron emission tomography/CT showed no
fludeoxyglucose uptake within the esophagus at the
20 cm level, nor nodal or metastatic uptake. Endo-
scopic surveillance was recommended and the patient
returned to have the remainder of his care at our
institution. After an additional 3 months, surveillance
EGD/EUS failed to demonstrate endoscopic or
pathologic recurrence of residual tumor. At that time,
biopsies of the gastroesophageal (GE) junction dem-
onstrated low-grade dysplasia in the distal segment of
Barrett’s esophagus. The patient was subsequently
referred for ablative therapy of the GE junction. At
that time, radiofrequency ablation (RFA) of the inlet
patch was additionally performed. Six months after
endoscopic resection, the patient underwent repeat
EUS which demonstrated prominent tissue at the
resection site, likely representing scar tissue, and
no lymphadenopathy. This was biopsied and

Fig. 1 Endoscopic view of esophageal mass, 20 cm from the
incisors.

Fig. 2 Endoscopic ultrasound image of esophageal mass
demonstrating a hypoechoic, well-circumscribed lesion (red
arrow) confined only to the mucosal layer, with the submucosal
layer intact and completely encircling the lesion (yellow arrow).

Fig. 3 Post-resection image following endoscopic mucosal
resection and argon plasma coagulation treatment.
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demonstrated benign gastric cardia tissue with mod-
erate chronicinflammation, consistent with an inlet
patch. No intestinal metaplasia was identified on Peri-
odic Acid-Schiff/Alcian Blue staining.

One year following resection, the patient has had
several upper endoscopies which have failed to show
recurrence of disease (Fig. 4). He is currently doing
well and undergoing completion of eradication of the
Barrett’s esophagus in the distal esophagus and the
inlet patch with RFA.

DISCUSSION

Adenocarcinoma is a rare complication of an esopha-
geal inlet patch, with only 43 prior reported cases.5

Given the rarity, surveillance after discovery of
an asymptomatic inlet patch is typically not
recommended.1,6,7

Current guidelines for esophageal cancer do not
address treatment of adenocarcinoma arising from an
esophageal inlet patch.8 However, the vast majority
of prior reports have undergone surgical resection via
esophagectomy.5,9 Radiation therapy and chemo-
therapy, alone or in combination with surgery, have
also been described.5 In our case, EUS showed that
invasion was limited to the mucosal layer, with no
invasion into submucosa, perilesional lymphade-
nopathy, or local metastatic disease. With this
finding, along with the patient’s age and multiple
medical comorbidities, the decision was made to
pursue endoscopic resection rather than surgery.

There are also no current guidelines regarding sur-
veillance of an adenocarcinoma associated with an
esophageal inlet patch after endoscopic resection.8

However, the current National Comprehensive
Cancer Network guidelines support surveillance
endoscopy for Tis or T1a lesions following endo-

scopic mucosal resection every 3 months for a year
and then annually thereafter.8 The patient is currently
being followed under this protocol.

Typically ablation of asymptomatic inlet patches is
not recommended. However, in this case, given the
concomitant dysplastic Barrett’s esophagus at the GE
junction, we opted to include the remaining inlet patch
in the therapy session. McBride et al. have reported
repopulation of heterotopic gastric mucosa with
stratified squamous epithelium using endoscopic
thermal electrocoagulation, in a patent with dys-
phagia and stricture associated with an inlet patch.10

In summary, we report the case of a 77-year-old
man with intramucosal adenocarcinoma of the cervi-
cal esophagus, found within an esophageal inlet
patch, successfully treated with endoscopic therapy
alone. One year following the endoscopic resection,
there are no signs of residual or recurrent disease.
This case highlights that adenocarcinoma is a rare
complication of an esophageal inlet patch, and that
endoscopic resection appears safe and efficacious.
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Images in esophageal diseases

Hiccups and gastroesophageal reflux disease as seen on high resolution
esophageal manometry

C. L. Greene, D. S. Oh, S. G. Worrell, J. A. Hagen

Keck School of Medicine of the University of Southern California, Los Angeles, California, USA

A 40-year-old male was referred for consideration of
anti-reflux surgery. He had a history of severe cyclical
hiccups since 2008 lasting 7–10 days per episode and
was taking omeprazole (40 mg daily) for heartburn.
His initial endoscopy performed while hiccupping
showed LA grade B erosive esophagitis. High-
resolution esophageal manometry (HRM) performed

while he was hiccuping showed a mechanically defec-
tive lower esophageal sphincter (LES) and complete
absence of esophageal peristalsis (total LES length:
1.3 cm [nmL 2.7–4.8]; mean resting pressure:
4.4 mmHg [nmL 13–43 mmHg]) (Fig. 1). A dual-
probe 24-hour pH study off medical treatment, while
hiccupping, showed severely increased acid exposure,
with a composite score of 233 distally and 422 proxi-
mally. Repeat HRM was performed when the patient
was not hiccupping, and showed restoration of
esophageal peristalsis and improved LES mechanics
(total LES length: 2.4 cm; mean resting pressure:
15.2 mmHg) (Fig. 2).
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Fig. 1 High resolution manometry performed while hiccupping. Crural contractions and drop in thoracic pressure (arrows) indicate
hiccups. There is absence of esophageal peristalsis and a very low resting pressure in the lower esophageal sphincter (LES).
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Our findings that hiccups are associated with
incompetence of the LES and inhibition of esopha-
geal peristalsis that is reversible with cessation of
hiccups suggest that it is the hiccup that causes reflux
and not the reflux that causes the hiccups. Unfortu-
nately, the medical literature on the relationship of

hiccups and gastroesophageal reflux disease is rel-
egated to case reports, but the documented normal-
ization of esophageal body peristalsis and LES
parameters in our patient when hiccups are absent
suggests that hiccups are the cause of reflux.

Fig. 2 High resolution manometry while the patient was not hiccupping. There is restoration of esophageal peristalsis and
improvement in lower esophageal sphincter (LES) mechanics.
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Images in esophageal diseases

Esophageal leukoplakia: a rare cause of white patches in esophagus with
malignant potential

S. K. Ratuapli,1 K. Thind,1 D. E. Fleischer,1 A. D. Shiff,1 A. E. Foxx-Orenstein,1 D. M. Lam-Himlin2

1Division of Gastroenterology and Hepatology and 2Laboratory Medicine and Pathology, Mayo Clinic Arizona,
Scottsdale, Arizona, USA

A white patch within the oral cavity, termed as oral
leukoplakia, is a premalignant condition, with risk
for progression to squamous cell carcinoma. An
analogous condition in the esophagus is termed as
esophageal leukoplakia. The malignant potential of
esophageal leukoplakia is unknown despite its asso-
ciation with squamous cell carcinoma in few cases.1

On endoscopy, these lesions appear similar to those
in the oral cavity, featuring well-demarcated white
patches or plaques.

A 75-year-old male was referred to us for evalua-
tion of gastroesophageal reflux. Esophagogas-
troduodenoscopy showed esophagitis, and a
well-demarcated white plaque in lower third of
esophagus (Fig. 1), consistent with esophageal

leukoplakia. Biopsies showed epithelial hyperplasia,
prominent granular cell layer, and superficial hyper-

orthokeratosis, features diagnostic for epidermoid
metaplasia, the histologic correlate to esophageal
leukoplakia (Fig. 2).

Despite the unclear premalignant status of esopha-
geal leukoplakia, its association with squamous
dysplasia and invasive squamous carcinoma in some
patients1,2 may warrant endoscopic surveillance.
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Fig. 1 Esophagogastroduodenoscopy showing white plaques at
lower third of esophagus.

Fig. 2 Biopsies of the plaque show squamous mucosa with
prominent granular layer and hyperorthokeratosis. (Hematoxylin
and eosin; magnification 200×.)
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Images in esophageal diseases

Spontaneous viral tracheoesophageal fistula

D. Adão, J. R. M. Carlotto, P. R. L. Oyama, F. A. M. Herbella

Department of Surgery, Federal University of São Paulo, São Paulo, Brazil

A 37-year-old male with human immunodeficiency
virus (HIV) infection presented with dysphagia for 6
months. Upper digestive endoscopy revealed three
esophageal fistulous orifices to the trachea (Fig. 1).
Biopsies showed cytomegalovirus (CMV) inclusion.
Bronchoscopy confirmed the diagnosis. Computed
tomography scan disclosed a mediastinal cavity and
the fistula (Fig. 2). An esophageal stent was placed
and HIV and CMV treatment started with complete
epithelialization of the orifices after 2 months.

Tracheoesophageal fistulas in HIV patients are rare
with Candida sp and Mycobacterium tuberculosis as
the main etiological agents. There are only two cases
reported due to CMV infection.1,2 Treatment of the
infectious agents and esophageal stenting to prevent
pulmonary aspiration was successful in the manage-
ment of the presented case.
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Fig. 1 Upper digestive endoscopy disclosing two fistulous orifices (arrow) to the trachea (A) where the tracheal lumen could
be seen (B).

Fig. 2 Computed tomography scan showing a breach in the
esophageal wall (arrow) in continuity with a mediastinal sinus (*)
and the tracheal lumen.
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Case report

Primary esophageal mucosa-associated lymphoid tissue lymphoma diagnosed by
using stacked forceps biopsy

D. S. Lee,1 Y. C. Ahn,1 D. W. Eom,2 S. J. Lee1

Departments of 1Internal Medicine and 2Pathology, Gangneung Asan Medical Center, University of Ulsan
College of Medicine, Gangneung, South Korea

SUMMARY. Non-Hodgkin lymphoma involving the esophagus is very rare. Only a few cases have been reported
in the English literature to date, and it accounts for less than 1% of all cases of gastrointestinal lymphoma. As this
malignancy manifests as a submucosal tumor, pathological diagnosis by using a simple endoscopic biopsy alone is
difficult. Therefore, surgical biopsy, endoscopic mucosal resection, and endoscopic ultrasound-guided fine-needle
aspiration have been used in most cases. Herein, we report a case of esophageal mucosa-associated lymphoid tissue
lymphoma in a 49-year-old man, which involved the use of a stacked forceps biopsy to obtain adequate samples for
pathological analysis; the use of the stacked forceps biopsy method is unlike those used in previous cases. The
patient received cyclophosphamide, vincristine, and prednisolone chemotherapy; he achieved a complete response.
In addition, we review the literature relevant to this case.

INTRODUCTION

Mucosa-associated lymphoid tissue (MALT) lym-
phomas mainly arise in the gut, although a few cases
have been reported in which MALT lymphoma arose
in the lungs, thyroid, salivary glands, skin, conjunc-
tiva, soft tissue, dura mater, orbit, and liver. Within
the gastrointestinal tract, the stomach is the most
common site of MALT lymphoma, and the esopha-
gus is the least common site, accounting for only
approximately 1% of gastrointestinal occurrences.1

Many esophageal MALT lymphoma cases were diag-
nosed by using surgical biopsy, endoscopic mucosal
resection (EMR), and endoscopic ultrasound-guided
fine-needle aspiration (EUS-FNA).2–14 Pathological
diagnosis by using endoscopic forceps biopsy is diffi-
cult because esophageal MALT lymphoma is
obscured by the overlying mucosa, and therefore, it
appears similar to an esophageal submucosal tumor.
We have used a stacked forceps biopsy procedure
that allows tissue samples to be successfully obtained
in these circumstances,15,16 and herein we report on its
use in a case of MALT lymphoma of the esophagus.

CASE REPORT

A 49-year-old man was admitted to the hospital for
hematochezia, which had progressively worsened
over the preceding week. Hematochezia was the only
complaint of the patient; the physical examination
results and laboratory findings were normal. No
lymph nodes were palpable in the neck or the
trunk. No bleeding focus was observed by using
esophagogastroduodenoscopy and colonoscopy, but
a 0.8-cm subepithelial lesion located 28 cm from the
incisor teeth was apparent in the esophagus by using
esophagogastroduodenoscopy. The bleeding resolved
spontaneously and did not recur.

Endoscopic examination revealed a submucosal
mass with normal overlying mucosa in the middle
thoracic esophagus. Endoscopic ultrasonography
revealed hypoechoic mass in the second and third
layers (Fig. 1). By using chest computed tomography
(CT), a well-circumscribed intramural mass was
observed in the middle thoracic esophagus, but there
were no enlarged mediastinal or hilar lymph nodes.
However, on the abdomen CT scan and positron
emission tomography (PET)-CT, multiple lymphade-
nopathy was observed in the abdomen and the pelvis.

We performed standard endoscopic biopsies (two
passes) in initial upper endoscopy and a pathological
diagnosis was not possible. Although additional
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standard endoscopic biopsies (two passes) were per-
formed in repeat upper endoscopy, a pathological
diagnosis was not possible. We therefore conducted a
stacked forceps biopsy to obtain sufficient tissue.
Stacked forceps biopsy is a method involving
repeated biopsies from the same lesion. We per-
formed a stacked forceps biopsy by using a conven-
tional biopsy forceps (FB-25K-1, Olympus Medical
Systems Corporation). This procedure was success-
fully completed without any complications such as
bleeding or perforation.

Histological examination of the stacked forceps
biopsy specimen revealed infiltration of atypical small
lymphoid cells consistent with MALT lymphoma,

while the mucosa itself was intact. The atypical lym-
phocytes were small to medium in size with mildly
irregular nuclei. Immunohistochemical staining
revealed that the lymphocytes were extensively and
homogenously immunoreactive for CD20, Bcl-2,
Bcl-6, and Ki67 (5%), but not for CD10 (Fig. 2).

Lymphoma was detected in the esophagus,
aortocaval lymph nodes, and both common iliac
lymph nodes by using chest CT, abdominal CT, and
PET-CT (Fig. 3). There were no clinical symptoms,
threatened end-organ function, cytopenia, or bulky
disease; however, the esophageal MALT lymphoma
was evaluated as a stage IVA tumor owing to
the involvement of intra-abdominal lymph nodes.

B C

Fig. 1 (A) Endoscopic findings revealed a 1.5 × 0.9-cm rounded mass with normal overlying mucosa in the esophagus located 28 cm
from the incisor teeth. (B) Endoscopic ultrasonographic findings showed a hypoechoic isoechoic mass located in the second to third
layer.

B

C D

Fig. 2 (A) Histological analysis revealed aggregation of small lymphoid cells in the subepithelial area (left image, hematoxylin and
eosin staining, ×100; right image, high-power magnification of the central area, ×400). (B) The tumor cells were immunohistochemically
positive for CD20, and some intraepithelial cells were present (×200). (C) The Ki67 labeling index slightly increased at approximately
6–7% (immunohistochemical staining, ×100).
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Helicobacter pylori immunoglobulin G showed posi-
tivity. But the patient did not receive eradication
therapy because a role of eradication therapy in
esophageal lymphoma was not clear and the patient
was scheduled to receive systemic chemotherapy. We
initiated cyclophosphamide, vincristine, and
prednisolone (CVP) chemotherapy ahead of schedule
as the patient indicated that he wanted the malig-
nancy to be treated aggressively. The patient received
CVP chemotherapy and achieved a complete
response; no recurrence was observed by using CT
and esophagogastroduodenoscopy at a follow up
approximately after 6 months.

DISCUSSION

MALT is an immune system component that protects
the freely permeable surface of the gastrointestinal
tract and other mucosa.17 In healthy individuals,
organized MALT is found throughout the small and
large intestines in the form of Peyer patches,
intraepithelial lymphocytes, and lymphoid cells in the
lamina propria.9,18 However, there is no known
MALT in the esophageal mucosa or submucosa
except in a few cases of Barrett esophagus.19 There-
fore, esophageal MALT is an abnormal lesion and is
considered a form of lymphoma. MALT lymphoma
develops mainly from the gastrointestinal tract and
has been found increasingly often in various other
organs. However, esophageal MALT lymphoma is
very rare.5

Owing to the rarity of MALT lymphoma, no stan-
dard diagnostic procedure has been established.
Pathological diagnosis by using endoscopic simple
forceps biopsy is difficult because the esophageal
MALT lymphoma is obscured by the overlying
mucosa, and it may therefore appear to be an esopha-
geal submucosal tumor. Of 13 previously reported

cases, five cases were diagnosed by using EMR, three
cases by using surgery, two cases by using EUS-FNA,
and only three cases by using endoscopic biopsy.2–14

Advantages of EMR include the acquisition of a suf-
ficiently large tissue sample for diagnosis, but it also
has some associated complications, including bleed-
ing and perforation. Although esophageal EMR is
less invasive than surgery, the average rate of bleed-
ing is 10% and the reported perforation rate is 0.3–
0.5%.20–22 Of particular concern are perforations of
the esophagus that can cause life-threatening condi-
tions such as mediastinitis. It is also difficult to
perform esophageal EMR because of the anatomical
location of lesions.

In an attempt to develop a less invasive diagnostic
tool, we performed stacked forceps biopsy, and this
allowed us to obtain a sample sufficient for diagno-
sis. Stacked forceps biopsy (also referred to as bite on
bite biopsy and tunneled biopsy) is a method origi-
nally devised to obtain tissue from the deeper layers
of the gastric wall and involves repeated biopsy at the
same site in order to obtain sufficient tissue sample.
In one study, the reported diagnostic yield of stacked
biopsies of submucosal lesions was 42% (15/36
lesions), and the complication rate was 2.8% (1/36
cases were complicated by bleeding). Although the
diagnostic yield appears to be limited, stacked
forceps biopsy may still be a reasonable choice for
a less-invasive procedure owing to the low rate of
complications.23

Stacked forceps biopsy is technically easier to
perform than more invasive technique such as EMR.
Compared with EUS-FNA, this technique has some
benefit in diagnostic yield of lesions originating from
the submucosal layer lesions. Buscaglia et al.
reported a significant improvement in diagnostic
yield with stacked forceps biopsy compared with
EUS-FNA when lesions originating from the
submucosal layer were targeted (65.1% vs. 37.5%)

B C

Fig. 3 Positron emission tomography revealed (A) 5–15-mm-sized multiple lymph nodes in the interaortocaval and paraaortic areas,
and (B) multiple lymph nodes in both the common iliac areas.
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(P = .047). This makes sense because the stacked
forceps biopsy has to tunnel through only the over-
lying mucosal layer to reach the underlying patho-
logical lesion and provides larger-sized tissue
samples. However, the risk of bleeding is significant
in stacked forceps biopsy. Buscalglia et al. reported
that 34.9% patients experienced significant bleeding
and required endoscopic hemostasis.24 But safety of
EUS-FNA for subepithelial lesions in gastrointesti-
nal wall is well-established,25 and procedure-related
complications are rare.26

Gastric MALT lymphoma without the t(11; 18)
chromosomal translocation has been shown to
regress completely after H. pylori eradication
therapy27; however, no standard treatment has been
established for esophageal MALT lymphoma. The
treatment used in 13 previously reported cases was
EMR alone in two cases,6,13 EMR followed by radio-
therapy in one case,11 surgical resection alone in three
cases,8,9,14 chemotherapy alone in three cases,2,4,12

H. pylori eradication therapy followed by chemo-
therapy in one case,10 and radiotherapy alone in two
cases.5,7 Our patient was treated with CVP chemo-
therapy owing to the possibility of aortocaval and
iliac lymph node involvement in abdomen and pelvis.

In summary, we report a case of esophageal MALT
lymphoma diagnosed by using stacked forceps
biopsy. The patient underwent CVP chemotherapy
and achieved a complete response; he was followed
up for a long period. It is reasonable to consider
stacked forceps biopsy as a less-invasive tool for the
diagnosis of esophageal MALT lymphoma.
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Case report

Case report of achalasia secondary to a lung carcinoma of the mediastinal type

Hu Jian, Gong Ming, Song Shuai, Wang Tianyou, Chang Dong
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SUMMARY. Pseudo- or secondary achalasia may mimic primary achalasia upon radiological examination and
may be difficult to diagnose. It is usually due to a cancer or metastases involving the gastroesophageal junction. We
present the case of a 53-year-old woman with recent onset of dysphagia, and with typical findings suggesting
primary achalasia. We found a 4-cm mediastinal tumor invading the lower esophagus, which was proven to be a
metastasis from a lung carcinoma. The patient was treated with surgery, chemotherapy and radiotherapy. In
patients with a new onset of achalasia symptoms, keeping in mind the possibility of an underlying cancer is
important.

INTRODUCTION

Achalasia is a rare motor disorder of the esophagus
caused by the absence of esophageal peristalsis and
lower esophageal sphincter (LES) relaxation, result-
ing in impaired deglutition. Its annual incidence is
about 1.6/100,000 individuals, with a prevalence of
10/100,000 individuals.1 Men and women are equally
affected, and the disease may occur at any age.1 Its
exact causes are unknown, but the symptoms results
from the degeneration of neurons in the esophageal
wall. Histopathology usually reveals a decreased
number of neurons, and the remaining neurons are
usually under inflammatory assault.1

Secondary achalasia, or pseudoachalasia, occurs
when a disease (infection or cancer) damages the
esophageal neural plexuses.2 Achalasia-like symp-
toms can be seen in cancer patients, and this condi-
tion accounts for 2.4–4% of patients who present with
achalasia symptoms.2,3 Cardia and lower esophagus
carcinomas are responsible for the majority of cases.4

Generally, patients with pseudoachalasia display
clinical symptoms, esophageal manometry and
endoscopy features that are similar to that of patients
with primary achalasia, posing a problem for correct
diagnosis.2–5 Currently, no feature allows differentiat-
ing primary from secondary achalasia. In the present

report, we present a case of secondary achalasia
caused by a lung carcinoma of the mediastinal type.

CASE REPORT

A 53-year-old woman presented with dysphagia to
semisolid diets for 2 months and a 5-kg weight loss.
Barium esophagography showed an esophageal
dilation with a 3-cm tapered narrowing of the
gastroesophageal junction (Fig. 1). Endoscopy
revealed a patulous, dilated esophagus with a slightly
red and swelled esophageal mucosa. Manometry
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Fig. 1 Barium esophagography showing a dilated esophagus
with a tapered gastroesophageal junction, suggesting achalasia.
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indicated the absence of esophageal peristalsis and
LES relaxation when swallowing. LES resting pres-
sure was 46.7 mmHg. The diagnosis was primary
achalasia.

She underwent endoscopic esophagus dilation and
Botox injection, without any symptom relief. Com-
puted tomography (CT) scan showed a 4-cm mass at
the gastroesophageal junction and lower esophagus
(Fig. 2). Thoracotomy revealed a 4 × 4 × 3 cm tumor
invading the lower esophagus, the descending aorta
and part of the inferior lobe of the left lung. It was
impossible to completely remove the tumor, and
an esophagogastric short-circuit anastomosis was
performed.

Histopathology revealed a lung adenocarcinoma
(Fig. 3). The patient received four cycles of taxol
plus carboplatin and radiotherapy. After 14 months,
CT scan showed an enlarged mass in the lower
esophagus, invading the esophagogastric stroma.
A gastrostomy was performed for nourishment. A

surgery was performed after 8 months, and the
patient died from acute massive hemorrhage.

DISCUSSION

Pseudoachalasia is a rare condition accounting for
only 2.4–4% of patients with achalasia symptoms. In
our hospital, we examined the records of 152 achala-
sia cases diagnosed between 2000 and 2012, and
found that only five (3.3%) were eventually diagnosed
with pseudoachalasia. A review showed that the
causes of secondary achalasia were primary malig-
nancy of the esophagus or gastroesophageal junction
(50%); metastases from lung or breast cancers (19%);
benign disorders like mesenchymal tumors, second-
ary amyloidosis or peripheral neuropathy (14%);
iatrogenic achalasia following antireflux surgery
(11%), diseases of the central nervous system (3.5%)
or paraneoplastic syndromes associated with small
cell carcinoma lung, bronchial carcinoids and or
mesothelioma (2.5%).4 Furthermore, pseudoa-
chalasia may be secondary cervical, pancreatic,
breast, esophageal, stomach or lung cancer.4

Four mechanisms were proposed to explain how
tumors can induce achalasia. First, direct tumor inva-
sion of the myenteric plexus of the esophagus has
been documented in some patients.2,4 The submucosal
spreading of the neoplasm infiltrates the
intermuscular layer and destroys the ganglion cells
that mediate the inhibitory innervation of the LES.
Second, malignant strictures of the distal esophagus
may induce an obstruction with secondary neuronal
inhibition of esophageal peristalsis. More than 50%
of the circumferential involvement of the
esophagogastric junction by gastric cardia cancer
induces secondary achalasia.4,5 This mechanism was
presumed to be responsible for the pseudoachalasia
case reported here. Third, tumors may interfere with
peristalsis by damaging the vagus nerve.4 Finally,
achalasia may be the result of a paraneoplastic neu-
ropathy without neural invasion.4

Clinical presentations of primary and secondary
achalasia are similar. An abrupt onset of dysphagia in
an elderly patient suggests secondary achalasia and is
not commonly seen in primary idiopathic achalasia.3,5

Patients with pseudoachalasia are often older (>60
years), have a short duration of dysphagia (<6
months) and have a substantial weight loss.4 Barium
swallow examination may reveal a nodular of shoul-
dered segment of the distal esophageal narrowing.4,5

Importantly, the length of the narrowed esophageal
segment was found to be longer than 3.5 cm in 80% of
the patients with pseudoachalsia, which is the most
important feature in radiological differentiation
between primary and secondary achalasia.5 However,
the predictive value of these criteria was not found to
be high.3,5 Esophageal manometry is useful in

Fig. 2 Computed tomography scan showing the tumor in the
mediastinum.

Fig. 3 Histopathological examination revealed a lung
adenocarcinoma (200× magnification).
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achalasia diagnosis, as well as upper gastrointestinal
endoscopy.3,5 However, again, these tools are ineffec-
tive in distinguishing primary from secondary acha-
lasia.3,5 An endoscopic ultrasound to look for
submucosal tumor and lymph nodes may be
helpful.3,5 A deep biopsy can be performed, but it has
been shown to have a low diagnostic yield.4 A CT
scan may show asymmetric thickening of the esopha-
geal wall or cardia, mediastinal lymphadenopathy or
may identify the primary cancer,4,5 but negative
results should not lead to complete reassurance of a
benign etiology.4

Surgical exploration may be necessary to differen-
tiate pseudoachalasia from primary achalasia. Our
patient had symptoms that were similar to primary
achalasia. Our patient probably represents a typical
case of pseudoachalasia due to a pulmonary carci-
noma of the mediastinal type. We illustrated a perfect
example of how misleading a presentation of
pseudoachalasia may be. The present report also sug-
gests that treating the cancer with chemotherapy and
radiation therapy could alleviate the dysphagia.4

In conclusion, a clinical suspicion of secondary
achalasia will at least help in making a correct diag-
nosis, thus treating the real cause of achalasia and
avoiding unnecessary procedures.
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