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ABSTRACT

Esophageal cancer is a virulent malignancy associated with a 5-year
overall survival of approximately 5%. Treatment remains controversial —
despite the results of prospective, randomized trials of combined-modality
therapy — because results are poor with all strategies. The role of sur-
gical resection in patients with esophageal cancer is controversial. The
fact that most patients have advanced disease at the time of diagnosis
makes surgery futile in the majority of cases. Nevertheless, surgery is the
best option for cure in early-stage esophageal cancer and remains the
superior modality for local control in locally advanced disease. The
benefits and drawbacks of several surgical approaches are discussed in
this review. Multiple factors are implicated in the etiology of post-
esophagectomy complications, the rate of which is quite high. Perhaps
the most important contributor to morbidity and mortality after
esophagectomy is the development of pulmonary complications. Over
the past decade, there has been a trend toward the increased use of
trimodality therapy in potentially operable patients — induction
chemotherapy and radiation therapy, followed by surgery. The
rationale for using induction therapy is that it allows simultaneous
delivery of local (radiation therapy) and systemic (chemotherapy)
modalities, provides for early tumor regression and symptom control,
results in improved subsequent local control, and identifies responding
patients who might benefit from adjuvant therapy. Thus, on the basis of
recent studies and meta-analyses, there may be a modest survival
advantage for patients who receive induction chemotherapy followed
by surgery, compared with surgery alone. There is also an apparent
increase in treatment-related mortality, mainly for patients receiving
induction chemotherapy and radiotherapy. Currently, National Compre-
hensive Cancer Network guidelines support the use of induction therapy
only in established clinical trial protocols.
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Esophageal cancer is among the 10 most
common solid tumors in the United

States.1,2 It is a particularly virulent malig-
nancy that is associated with 5-year overall
survival rates of approximately 5%.2 In the
United States, the incidence of adenocar-
cinoma of the esophagus has increased
more rapidly over the past 4 decades than
any other cancer.1,2 The most important
risk factor for the development of adeno-
carcinoma of the esophagus is the pres-
ence of Barrett’s esophagus (BE),3,4 which
is found in approximately 10% of patients
with gastroesophageal reflux.5

The presence of BE is associated with
an increased risk of adenocarcinoma by a
factor of between 30 and 125.3,6 It is esti-

mated that up to 90% of all adenocarci-
nomas arise from BE. It has also been
demonstrated that symptomatic gastro-
esophageal reflux, even in the absence of
BE, is a risk factor for the development of
esophageal cancer.7 The recent increase
in the incidence of esophageal carcinoma
and the relationship of esophageal carcinoma
to gastroesophageal reflux suggests that the
incidence will continue to increase and that
esophageal cancer will increase in importance.

Analysis of extent of disease for
esophageal cancer is represented by the
TNM classification (Table 1), which is
based on the premise that a cancer grows
locally (T), spreads to regional lymph
nodes (N), and eventually metastasizes to

distant sites (M), and that this progression
is associated with diminishing survival.8

The role of surgical resection in patients
with esophageal cancer is controversial.
The fact that most patients have advanced
disease at the time of diagnosis—even if
not demonstrable with clinical and radio-
graphic staging—makes surgery futile in
the majority of cases. In addition, the
morbidity associated with esophagectomy
raises concerns about its applicability in
most patients. Nevertheless, surgery is the
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best option for cure in patients with early-
stage disease and remains the superior
modality for local control in patients with
locally advanced disease.9 In order to
understand how surgical resection should
be employed in patients with esophageal
cancer, it is important to understand the
fundamental aspects— including risks
and benefits— of various esophageal
resection strategies.

ESOPHAGECTOMY: SURGICAL
OPTIONS

General Considerations
Esophagogastrectomy (EG) is associated
with considerable morbidity and mortality.10

While advances in perioperative manage-
ment strategies have improved early
morbidity, complications of EG continue to
be appreciably higher than other similarly
complex operations, such as pancreatec-
tomy, gastrectomy, and hepatectomy.
Furthermore, as the average 5-year
survival for esophageal cancer patients is
still only 25%, the deleterious effects of
surgical complications on quality of life
cannot be overstated—especially in the
context of a limited life expectancy.

Various surgical approaches may be
employed for esophageal resection.
Factors involved in the choice of procedure
may include disease stage, the location of
the primary tumor, patient-related factors
(age, previous surgical history, pulmonary
function), and the preferences of the
surgeon. In general, a proximal margin of
10 cm and a distal margin of 5 cm should
be achieved; thus, the location of the
tumor is an important determinant of the
surgical approach.11

In addition, the optimal location of the
anastomosis has been debated (cervical
vs. thoracic). Advantages of the cervical
anastomosis include more extensive re-
section of the esophagus, the possibility of
avoiding thoracotomy, less severe symp-
toms of reflux, and less severe complica-
tions related to anastomotic leak. Advantages
of the thoracic anastomosis include a lower
incidence of anastomotic leak and a lower
stricture rate.10

The extent of lymphadenectomy asso-
ciated with surgical resection has also
been debated. Proponents of the radical or
“three-field” (cervical, thoracic, celiac)

approach report that surgical staging and
local control rates are improved.12 Ad-
vocates of the transhiatal approach (in
which a cervical and celiac lymph node
dissection may still be performed) have
demonstrated that overall survival is equiv-
alent and that overall morbidity is reduced.13,14

Although some surgeons prefer the
colon interposition, most surgeons use the
stomach as the conduit to replace the
esophagus after EG. The use of the gastric
conduit simplifies the procedure, and is
associated with equivalent patient satisfac-
tion and fewer postoperative complica-
tions. Colon interposition is usually
reserved for patients who have had
previous gastric surgery or other proce-
dures that have devascularized the
stomach. Either the left or right colon may
be used, and the colon may be positioned
as either isoperistaltic or retroperistaltic.

Ivor-Lewis Esophagogastrectomy
Ivor-Lewis esophagogastrectomy (ILE) in-
volves abdominal and right thoracic
incisions, with upper thoracic esopha-
gogastric anastomosis (at or above the

azygos vein).15 Mobilization of the stomach
for use as the conduit is performed, with
dissection of the celiac and left gastric
lymph nodes, division of the left gastric
artery, and preservation of the gastroepi-
ploic and right gastric arteries. This
approach should be reserved for lesions in
the distal esophagus, as margins may be
inadequate for tumors in the middle
esophagus.

Transhiatal Esophagogastrectomy
Transhiatal esophagogastrectomy (THE) is
performed using abdominal and left
cervical incisions.13,15 The mobilization of
the stomach for use as the conduit is
performed as in the ILE procedure. The
majority of the dissection of the esoph-
agus, which is performed through the
hiatus, is accomplished under direct vision
if retraction is optimized. Visualization and
control of segmental esophageal vessels
dramatically reduces blood loss and the
need for transfusion. The cervical esoph-
agus is mobilized through a limited cervical
incision (with preservation of the left recur-
rent laryngeal nerve) and is transected at

Table 1. Current TNM staging of esophageal cancer.

TNM classification

T
Tis Carcinoma in situ
T1 Tumor invading lamina propria, muscularis mucosae, or submucosa
T2 Tumor invading muscularis propria
T3 Tumor invading periesophageal tissue
T4 Tumor invading adjacent structures

N
N0 No regional lymph node metastases
N1 Regional lymph node metastases

M
M0 No distant metastases
M1a Upper thoracic tumors metastatic to cervical nodes

Lower thoracic tumors metastatic to celiac nodes
M1b Other nonregional lymph node metastases or distant metastases

Stage groupings

Stage 0 Tis N0 M0

Stage I T1 N0 M0

Stage IIA T2 N0 M0
T3 N0 M0

Stage IIB T1 N1 M0
T2 N1 M0

Stage III T3 N1 M0
T4 N0-1 M0

Stage IVA T1-4 N0-1 M1a

Stage IVB T1-4 N0-1 M1b
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the thoracic inlet. Esophagectomy is
completed via the abdominal incision and
the gastric conduit is drawn through the
mediastinum and exteriorized in the cervical
incision for the esophagogastric anasto-
mosis. This approach may be used for
lesions at any thoracic location; however,
transhiatal dissection of large, middle
esophageal tumors adjacent to the trachea
is difficult and may be hazardous. These
tumors are best managed with a three-
incision approach.

McKeown (Three-Incision)
Esophagogastrectomy
The McKeown (three-incision) esophago-
gastrectomy approach begins with a right
thoracotomy for mobilization of the esoph-
agus and complete thoracic lymph node
dissection.15 In contrast to THE, this dissec-
tion is done under direct vision, allowing
more precise dissection in cases where the
tumor is large, lymphadenopathy is present,
or the tumor is in proximity to the airway.
This component may also be performed
thoracoscopically. Following thoracic dis-
section, the abdominal and left surgical
approaches are performed with the patient
in the supine position.

The McKeown approach is particularly
suited to mid esophageal tumors requiring
extensive dissection. The cervical anasto-
mosis allows for better margins than would
be possible using ILE; in addition, the
management of cervical anastomotic
issues tends to be easier than the manage-
ment of thoracic anastomotic problems.

Left Thoracoabdominal
Esophagogastrectomy
Left thoracoabdominal esophagogastrec-
tomy (LTE) employs a contiguous abdominal
and left thoracic incision, through the eighth
intercostal space.15 Mobilization of the
stomach for use as the conduit is per-
formed as above and esophagectomy is
accomplished via the left thoracotomy. The
esophagogastric anastomosis is performed
in the left chest, usually just superior to the
inferior pulmonary vein, although it may be
performed higher if the conduit is tunneled
under the aortic arch. This approach may
be used for lesions in the distal esophagus
or cardia tumors requiring extensive gastric
resection.

Minimally Invasive
Esophagectomy
The term “minimally invasive esophagec-
tomy” (MIE) encompasses strategies that
combine laparoscopic mobilization of the
gastric conduit (and the other abdominal
components of the procedure) with com-
plete laparoscopic esophageal mobilization
and cervical anastomosis, with thoraco-
scopic mobilization of the esophagus and
cervical anastomosis, or with thoracoscopy
(or limited thoracotomy) for a thoracic
anastomosis.16 While this approach is
feasible and may offer cosmetic advan-
tages, there have been no demonstrated
advantages in other outcomes (such as
length of stay, postoperative pain, return to
full activity, or overall complications) as
have been demonstrated with other
minimally invasive thoracic procedures.
Drawbacks include a considerable learning
curve and longer procedure length. An on-
going clinical trial may address these issues.

Transthoracic Esophagectomy vs.
THE: Morbidity and Mortality
While there are several approaches to
esophagectomy, several specific issues
merit focused attention—use of thoraco-
tomy (as opposed to THE or MIE), place-
ment of the anastomosis in the thorax or
the neck, and the use of induction therapy
(as opposed to surgery alone). Debate
continues as to whether THE results in
lower morbidity and mortality than trans-
thoracic esophagectomy. To investigate
this question from a nationwide multicenter
perspective, Rentz et al used the Veterans
Administration National Surgical Quality
Improvement Program to prospectively
analyze risk factors for morbidity and mor-
tality in patients undergoing transthoracic
esophagectomy or THE from 1991 to 2000.17

Overall mortality was 10.0% for trans-
thoracic esophagectomy and 9.9% for THE
(P = .983). Morbidity occurred in 47% of
patients after transthoracic esophagec-
tomy and in 49% of patients after THE
(P = .596). Risk factors for mortality com-
mon to both groups included a serum
albumin value of less than 3.5 g/dL, age
greater than 65 years, and blood transfu-
sion of greater than 4 units (P < .05).
When comparing transthoracic esophagec-
tomy with THE, there was no difference in

the incidence of respiratory failure, renal
failure, bleeding, infection, sepsis, anasto-
motic complications, or mediastinitis. The
authors concluded that there were no
significant differences in preoperative
variables and postoperative morbidity or
mortality between transthoracic esopha-
gectomy and THE.

In another study, 220 patients with
adenocarcinoma of the mid to distal
esophagus or adenocarcinoma of the
gastric cardia involving the distal esoph-
agus underwent either THE or transtho-
racic esophagectomy with extended en
bloc lymphadenectomy.14 Perioperative
morbidity was higher after transthoracic
esophagectomy, but there was no signifi-
cant difference in operative mortality.
Median overall, disease-free, and quality-
adjusted survival did not differ statistically
between the groups.

In summary, there appears to be no
difference in early or long-term survival
between the two procedures, but there
may be an advantage for THE in terms of
operative morbidity.

OUTCOMES AFTER
ESOPHAGECTOMY
The most significant technical compli-
cation of surgical therapy is an anasto-
motic leak. Ercan et al recently compared
outcomes after stapled cervical anasto-
mosis compared to hand-sewn.18 At 30
days, freedom from cervical wound infec-
tion was 92% for stapled vs. 71% for sewn
anastomoses (P = .001); freedom from cer-
vical anastomotic leak was 96% vs. 89%
(P=.09), respectively. Other hospital com-
plications occurred in 58% and 49%,
respectively (P = .17). Other complications
include the development of anastomotic
strictures requiring dilatation, pneumonia,
temporary or permanent vocal cord paral-
ysis secondary to injury of the recurrent
laryngeal nerve, and dumping syndrome.
The 30-day operative mortality ranges from
3% to 16%.10

Risk Factors for Postsurgical
Complications
Improvements in perioperative care, sur-
gical techniques, and anesthetic tech-
niques have lead to consistently decreased
complication rates, but esophagectomy
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remains a formidable operation. Many
analyses have been performed to identify
the most important risk factors for esopha-
gectomy.19–25 Multiple factors are impli-
cated in the etiology of postesophagectomy
complications. For instance, high-volume
centers of esophageal surgery have consis-
tently reported significantly lower compli-
cation rates than low-volume centers,26 and
patients of high-volume surgeons experi-
ence better outcomes than those of low-
volume surgeons.27

Several well-designed studies have
investigated which variables most likely
predict complications after EG. Using the
Department of Veterans Affairs National
Surgical Quality Improvement Program
database, Bailey et al recently evaluated
nearly 1,800 patients before and after EG
and related preoperative, intraoperative,
and postoperative variables with morbidity
and mortality.19 Factors independently
associated with postoperative complica-
tions included induction therapy, diabetes,
increased age, and intraoperative blood
transfusions, among others. Another study
retrospectively reviewed 269 EG patients
by multivariate analysis of 30 preoperative
and 18 postoperative variables, concluding
that the most accurate model for pre-
dicting overall mortality comprises age,
intraoperative blood loss, and postopera-
tive requirement for inotropic support and
respiratory complications. Similarly, Bartels
et al found that a composite score— incor-
porating preoperative functional status,
and cardiac, respiratory, and hepatic
function—was more accurate in predicting
mortality from EG than was assessment of
the individual factors.20

These efforts, however, have produced
few practical suggestions for altering the
manner in which EG is approached, except
to stratify risk. Furthermore, only Bartels et
al have demonstrated beneficial applica-
tion of risk stratification; no other reports
have verified the usefulness of these data
toward improving patient outcomes.20

Pulmonary Complications
Perhaps the most important contributor to
morbidity and mortality after esophagec-
tomy is the development of pulmonary
complications.10,28–33 Other factors have
been demonstrated in individual studies to
be associated with increased mortality

after esophagectomy, including age, atrial
fibrillation, surgical approach, extent of
resection, genetic and immune factors,
nutrition, the use of induction therapy, and
pain management10; however, the impor-
tance of these factors varies across
studies, with the exception of age.34

Several factors have been associated
with pulmonary complications after esopha-
gectomy, including issues related to the
preoperative status (age, nutritional status,
induction therapy, baseline pulmonary
function, ethanol use, smoking history,
poor performance status), intraoperative
details (stage/location of tumor, surgical
approach, estimated blood loss, length of
surgical procedure, entry into two separate
body cavities, disruption of bronchial
innervation, lymphatic circulation), and
postoperative details (pulmonary toilet,
vocal cord paralysis or recurrent laryngeal
nerve palsy, postoperative respiratory
muscle dysfunction).

Atkins and colleagues performed a
study to determine current morbidity and
mortality for EG in a consecutive series of
patients using multiple modern resection
techniques. Preoperative, procedural, and
postoperative variables were statistically
related to postoperative mortality to identify
the greatest influences on short-term
results. The influence of preoperative
comorbidities on postoperative morbidity
and mortality was based on the Charlson
score, a comorbidity index incorporating
individual factors on a weighted basis. In
this manner, diagnoses more likely to be
associated with postoperative morbidity are
given progressively higher point values.

Mortality for EG in this series was 5.8%
(22/379). However, 64% of patients (200/
379) experienced at least one complica-
tion following EG. The mean intensive care
unit stay was 4 days (range, 0–139 days),
while the mean hospital length of stay was
15 days (range, 5–149 days). The median
length of stay was 10 days, and 74.9% of
patients were discharged from the hospital
within 14 days of EG. When preoperative,
procedural, and postoperative variables
were analyzed by univariate means, age as
a continuous variable (P = .003), anasto-
motic leak (P = .03), pneumonia (P =
.0005), Charlson comorbidity index score
> 3 (P = .05), and swallowing scores of 3
or 4 (P = .012) were each associated with

increased mortality following esophageal
resection. However, when evaluated by
multivariable analysis, only age (P = .002)
and pneumonia (P = .0008) were inde-
pendently associated with mortality. In fact,
the development of pneumonia was associ-
ated with a 20% incidence of death, com-
pared with a 3.1% incidence of death among
patients free of pneumonia. Pneumonia
was the principal cause of death in 12 of the
22 (54.5%) patients who died, and respi-
ratory failure secondary to pneumonia was
prominent in 18 of the 22 (81.8%) deaths.

Finally, postoperative barium esopha-
gography studies were evaluated and
graded on a scale ranging from a normal
study (n = 252), to delayed gastric empty-
ing (n = 44), to frank aspiration (n = 38),
or leak (n = 35). Patients with a normal
swallow study or delayed gastric emptying
developed pneumonia in 8.8% of cases,
while 38.6% of patients with swallow
studies showing aspiration or leak devel-
oped pneumonia. Patients who developed
pneumonia had significantly worse swal-
lowing studies compared with those
patients who were free of pneumonia.

Similarly, Dumont et al also noted that
two thirds of all fatal complications were
respiratory in nature.29 In the Avendano
study of 61 patients after esophagectomy,
all patients who died postoperatively devel-
oped pneumonia.28 Kinugasa et al found
that development of pneumonia after
esophagectomy was associated with worse
prognosis for overall survival (P < .01),
along with pathologic tumor stage; they
showed recently that those with
pneumonia had 26.7% 5-year survival
while those without pneumonia had 53.4%
survival at 5 years.31

One of the most consistently proven
preoperative factors associated with post-
operative pulmonary morbidity is advanced
age. Sauvanet et al showed that pulmonary
morbidity was associated with age greater
than 60 years.24 Kozlow et al also show
strong association between aspiration
pneumonia and age.35 In addition,
advanced age has also been shown to be
an independent predictor of mortality after
esophagectomy.10,19,32

Although it has been demonstrated that
patients subjected to esophagectomy who
are older than 70 years have significantly
higher rates of pulmonary complications,
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mortality for elderly patients undergoing
esophagectomy has decreased consider-
ably over the past 2 decades36 and esopha-
gectomy can be performed safely in the
elderly population.34 Elderly patients, par-
ticularly those with significant esophageal
disorders (including malignancy and end-
stage benign disorders of the esophagus),
are more likely to have underlying, subclin-
ical swallowing disorders that may predis-
pose them to postoperative complications
such as aspiration and pneumonia.
Therefore, it seems that the best approach
for the elderly patient with resectable
esophageal disease is to recommend
surgery (provided the patient is physiologi-
cally able to tolerate the procedure),
keeping in mind the attendant risks.

MANAGEMENT OF BARRETT’S
ESOPHAGUS WITH HIGH-
GRADE DYSPLASIA
The treatment of patients with BE and high-
grade dysplasia (HGD) is controversial.
Esophagectomy has been considered the
treatment of choice in operable patients
due to the risk of subsequent development
of carcinoma (prophylactic), as well as the
risk of unrecognized cancer due to
sampling error in endoscopic biopsies
(therapeutic). In a study of 15 patients with
a preoperative diagnosis of BE with high-
grade dysplasia only who underwent EG,
the final pathologic study demonstrated
carcinoma in situ in 3 patients (20%) and
invasive carcinoma in 8 patients (53%).37 A
meta-analysis of published results of 119
patients undergoing resection demon-
strated an incidence of invasive cancer rate
of 47%, an operative mortality of 2.6%,
and a 5-year survival in patients with in-
vasive carcinoma of 82%.37 Thus, a sub-
stantial percentage of patients with BE and
high-grade dysplasia already have invasive
carcinoma at the time of diagnosis.

As with BE and low-grade dysplasia,
the options of photodynamic therapy38 and
radiofrequency ablation39 may be con-
sidered. Unlike resection, each of these
minimally invasive techniques has an
associated treatment failure rate. Of par-
ticular concern is the risk of residual
columnar cells becoming embedded in the
squamous re-epithelialization process, pre-
venting visualization at surveillance biopsy.

MANAGEMENT OF
ESOPHAGEAL CANCER
Evidence-based guidelines and stage-
specific therapy should be employed to
optimize outcomes.9 Esophageal cancer
treatment remains controversial—despite
the results of prospective, randomized
trials of combined-modality therapy—
because results are poor with all strategies.
Successful treatment of esophageal cancer
must include therapy for local control
(surgery or radiation therapy) and effective
systemic therapy (which has not been
developed to date).

Improving Preoperative Staging
Staging studies are performed to assess
prognosis and determine therapy. Com-
puted tomography (CT) can determine the
location and extent of the primary esopha-
geal tumor, including local invasion of the
mediastinum, tracheobronchial tree, aorta,
and pericardium. Furthermore, this test
can evaluate the mediastinum for lymph
node involvement and exclude metastases
in the liver, adrenals, and brain.

Positron emission tomography (PET) has
emerged as a useful study to improve the
staging of esophageal carcinoma. Patients
with a tissue diagnosis of esophageal car-
cinoma should undergo PET scanning for
evaluation of metastatic disease. This
technology has been shown to be effective
in identifying metastatic disease in patients
with esophageal carcinoma. In a study of
58 patients with esophageal cancer
(biopsy-proven), PET identified primary
tumors in 56.40 In this study, 35 patients
underwent esophagectomy; 21 were found
to have involved lymph nodes, 11 of which
were identified preoperatively by PET.
Luketich and colleagues evaluated 91
patients with esophageal cancer.41 In
follow-up, 70 sites of metastases were
identified in 39 patients; PET detected 51
metastases in 27 of 39 patients. In this
study, PET was superior to CT in terms of
sensitivity (69% vs. 46%), specificity (93%
vs. 74%), and accuracy (84% vs. 63%).

In a prospective study of preoperative
staging, Flamen and colleagues compared
the accuracy of PET to conventional
staging modalities in 74 patients with
esophageal cancer.42 In this study, PET had
a higher accuracy for identifying stage IV

disease compared to the combination of
CT and endoscopic ultrasound (EUS; 82%
vs. 64%, respectively). Evaluation with PET
led to upstaging in 11 patients (15%) and
downstaging in 5 patients (7%).

Endoscopic ultrasound provides five-
layer examination of the esophageal wall to
delineate tumor depth and examine
adjacent structures, especially lymph
nodes. It provides the most sensitive
characterization of the primary tumor in
terms of depth of mural invasion (T status).
With EUS, malignant lymph nodes will
appear large, round, hypoechoic, and
heterogenous, with sharp borders. Benign
nodes tend to be small, oval, hyperechoic,
and homogenous, with indistinct borders.
The overall accuracy for T staging is 84%;
assessment is most accurate for T3 and T4
tumors (90%) and there is potential to
overstage T1 and T2 tumors.43

Endoscopic ultrasound may also be used
in the staging of lymph node metastases.
Lymph node staging with EUS criteria
alone has an accuracy of 84%, a sensitivity
of 89%, and a specificity of 75%.44 Endo-
scopic ultrasound-guided fine-needle aspi-
ration of suspected lymph nodes improves
the accuracy of this technique, and has a
sensitivity of 92% and a specificity of
93%.45 The limitations of T staging by EUS
include dependence on the experience of
the sonographer and the relative inability to
assess obstructing tumors.

Combined-Modality Treatment
Resectable patients with T1/T2 esophageal
carcinoma are advised to proceed with
surgery.9 Patients with T3 or N1 disease may
be candidates for preoperative chemo-
therapy and radiation therapy followed by
surgery, though induction therapy regimens
are recommended only in established
clinical trials. Patients with locally advanced
disease may receive definitive treatment with
chemotherapy and radiation therapy as well.
A recent trial assessed chemoradiotherapy
with and without surgery in 172 randomly
assigned patients with locally advanced
esophageal cancer.46 This study demon-
strated equivalent survival, yet the surgical
mortality was unacceptably high.

Patients with M1a disease may be
considered for induction therapy and
surgery, though the majority of these
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patients are not candidates for surgery.
Patients with distant metastatic disease
(M1b) may be treated palliatively with chemo-
therapy, with or without radiation therapy.

Over the past decade, there has been a
trend toward the increased use of
trimodality therapy in potentially operable
patients—induction chemotherapy and
radiation therapy, followed by surgery. The
rationale for using induction therapy is that
preoperative therapy allows simultaneous
delivery of local (radiation therapy) and
systemic (chemotherapy) modalities, pro-
vides for early tumor regression and
symptomatic control, results in improved
subsequent local control, and identifies
responding patients who may benefit from
adjuvant therapy.

Compared to surgery alone, induction
chemotherapy alone has not been shown
to improve survival in all studies. Three
large prospective, randomized trials evalu-
ated the use of induction therapy with
cisplatin and 5-fluorouracil (5-FU) followed
by surgery, compared to surgery alone.
Two trials demonstrated that overall long-
term survival and median survival were
nearly identical in patients treated with in-
duction chemotherapy followed by surgery,
compared to surgery alone47,48; the third
trial demonstrated an advantage with
induction chemotherapy.49

In a study from Hong Kong, 147 pa-
tients were randomized to receive induction
therapy (cisplatin and 5-FU) followed by sur-
gery or surgical resection only.47 The 2-year
survival for patients receiving induction
therapy and surgery vs. surgery alone was
44% vs. 31% (P = not significant). In an
Intergroup study, 423 patients were similarly
randomized to receive induction chemo-
therapy followed by surgery or surgery
alone. There was no difference in median
survival, 2-year survival, or 4-year survival
between the patients who received chemo-
therapy and surgery vs. surgery alone.48

The Medical Research Council (MRC)
reported a trial involving patients with
potentially resectable esophageal carci-
noma.49 In this trial, 802 patients were
randomized to receive induction chemo-
therapy (two cycles of cisplatin and 5-FU)
followed by surgery or surgery alone. At
short median follow-up, there was a 3.5-
month advantage in median survival (16.8

months vs. 13.3 months) in the patients
receiving induction therapy. However, this
trial had numerous problems with clinical
methodology, including the treatment of
10% of patients off protocol with radio-
therapy, the exclusion of patients from
China, and a lower than expected median
survival in the patients treated with surgery
alone. Longer follow-up will be necessary
to ascertain if a survival advantage
persists.

Cunningham and colleagues recently
reported the results of the Medical Research
Council Adjuvant Gastric Infusional Chemo-
therapy (MAGIC) trial.50 In this study,
patients with resectable adenocarcinoma
of the stomach, gastroesophageal junction,
or lower esophagus were randomized to
either perioperative chemotherapy and
surgery (250 patients) or surgery alone
(253 patients). Chemotherapy consisted of
three preoperative and three postoperative
cycles of epirubicin, cisplatin, and infused
fluorouracil (ECF). As compared with the
surgery-alone group, the ECF group had a
higher likelihood of overall survival (5-year
survival rate, 36% vs. 23%) and progres-
sion-free survival. However, only 26% of
patients in this trial had carcinoma of the
esophagus or the gastroesophageal junction.

Several trials have investigated the use
of induction chemotherapy and radiation
therapy followed by surgery compared to
surgery alone.48,51-55 In a study by Leprise
and colleagues, 86 patients were random-
ized to receive preoperative cisplatin and
5-FU plus radiation therapy plus surgery or
surgery alone.51 There was no significant
survival difference at 1, 2, and 3 years.

A study from Walsh and colleagues
focused on the use of multimodality
therapy in a subset of patients with adeno-
carcinoma of the esophagus.55 In this
study, 113 patients with adenocarcinoma
were randomized to receive preoperative
cisplatin/5-FU with concomitant radiation
therapy (40 Gy) plus surgery or surgery
alone. Median survival was improved with
induction therapy (16 months vs. 11
months; P = .01). There are, however,
concerns regarding this study. It is not
clear that all patients were staged similarly,
and the average delay to surgery was 3
months. The patient withdrawal rate in the
combined-modality group was 17%, and

51 other patients (45%) dropped from
analysis. The 3-year survival rate of 6% in
the surgical arm compares unfavorably
with most other studies in the literature;
survival in the Intergroup study was
approximately 26%.48

Bosset and colleagues studied 282
patients with squamous cell cancer of the
esophagus randomized to receive preoper-
ative cisplatin with concurrent RT (37 Gy)
plus surgery or surgery alone.53 Complete
pathologic response was observed in 26%
of the patients receiving combined therapy;
however, median survival was 18 months
in both groups and there was no difference
in 1-, 2-, and 5-year survival. In a study by
Urba and colleagues, 100 patients were
randomized to receive cisplatin, vinblas-
tine, and 5-FU with concurrent radiation
therapy (45 Gy) plus surgery or surgery
alone.52 At a median follow-up of 8.2 years,
there is no significant difference in survival
between the groups.

Randomized trials comparing induc-
tion chemotherapy and radiation therapy
followed by surgery compared to surgery
alone in patients with potentially resectable
esophageal cancer demonstrate conflicting
results. In an attempt to clarify the role of
induction therapy in esophageal cancer,
Fiorica and colleagues performed a meta-
analysis of six published randomized trials
comparing preoperative chemotherapy
and radiation therapy followed by surgery
to surgery alone.56 They concluded that the
pooled estimate of treatment effects was
statistically significant in favor of preopera-
tive chemoradiotherapy followed by
surgery for overall survival. However, they
conceded that exclusion of the controver-
sial Walsh trial55 led to a loss of statistical
significance between groups. In addition,
the risk for postoperative mortality was
higher in the chemoradiotherapy plus
surgery group.

Another meta-analysis was performed
to determine the effect of preoperative
treatment on survival of patients with re-
sectable esophageal cancer and the effect
of preoperative treatment on patient
mortality.57 Eleven randomized trials invol-
ving 2,311 patients were analyzed, demon-
strating that preoperative chemotherapy
improved 2-year survival compared with
surgery alone; the absolute difference was
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4.4% (95% confidence interval [CI],
3%–8.5%). For combined chemoradio-
therapy, the increase was 6.4% (nonsignif-
icant; 95% CI, -1.2%–14.0%). Treatment-
related mortality increased by 1.7% with
neoadjuvant chemotherapy (95% CI, -.9%
–4.3%) and by 3.4% with chemoradio-
therapy (95% CI, -.1%–7.3%), compared
with surgery alone. Finally, another meta-
analysis assessed nine randomized trials
with a total accrual of more than 1,000
patients.58 This analysis found that induc-
tion chemoradiotherapy followed by surgery
was associated with improved 3-year
survival and reduced local and regional
recurrence, compared to surgery alone.

Thus, on the basis of recent studies
and meta-analyses, there may be a modest
survival advantage for patients who receive
induction chemotherapy followed by
surgery, compared with surgery alone.
There is also an apparent increase in treat-
ment-related mortality, mainly for patients
who receive induction chemotherapy and
radiotherapy. Due to the lack of consensus
regarding the use of induction chemo-
therapy prior to surgery in patients with
potentially resectable esophageal cancer,
the National Comprehensive Cancer Net-
work (NCCN) treatment guidelines support
the use of induction therapy only in estab-
lished clinical trial protocols.59

The use of induction regimens increases
the toxicity of treatment (as compared to
surgery alone). Age is often cited as a reason
for not considering preoperative therapy.
Rice and colleagues reported their results
with preoperative chemotherapy and radi-
ation therapy for esophageal cancer in
elderly patients.60 In this study, 312 consecu-
tive patients underwent esophagectomy for
esophageal cancer. Outcomes in patients
over 70 years old who underwent preoper-
ative therapy were compared with those of
patients younger than 70 who received
preoperative therapy. There were no differ-
ences in the rates of postoperative cardiac,
pulmonary, neurologic, gastrointestinal, or
anastomotic complications.

IMPROVING OUTCOMES AFTER
SURGICAL RESECTION FOR
ESOPHAGEAL CANCER

Surgeon and Hospital Volume
Birkmeyer and colleagues analyzed the

effect of hospital volume on outcomes from
complex surgical procedures using infor-
mation from the national Medicare claims
database.26 Mortality decreased as volume
increased for all types of procedures
analyzed, but the relative importance of
volume varied markedly according to the
type of procedure. For esophageal resec-
tion, adjusted mortality at very-low-volume
hospitals was 11.9% higher than at very-
high-volume hospitals.26

In a subsequent study, the effect of
surgeon volume was investigated.27 In this
study, surgeon volume was inversely
related to operative mortality for all proce-
dures studied. The adjusted odds ratio for
operative death (for patients with a low-
volume surgeon vs. those with a high-
volume surgeon) varied widely according
to procedure. Surgeon volume accounted
for a large proportion of the apparent effect
of hospital volume, accounting for 46% of
mortality for esophagectomy. For most pro-
cedures, including esophageal resection
and lung resection, mortality was higher
among patients with low-volume surgeons
than those with high-volume surgeons,
regardless of the surgical volume of the
hospital in which they practiced.27

Molecular Markers
A better understanding of the molecular
biology of esophageal cancer will improve
patient outcomes in several ways. An
established marker or panel of markers
may lead to earlier diagnosis in patients
with gastroesophageal reflux disease or
BE. The use of molecular markers may
improve the staging of patients with
esophageal cancer in terms of measuring
extent of disease and assessing prognosis.
Prediction of treatment sensitivity or resis-
tance using molecular parameters will
improve the assignment and efficacy of
therapy. Finally, molecular and genetic
factors may prove to be important targets
for biologic therapy.

Several mechanisms of resistance to
chemotherapy have been identified among
the agents that are commonly used in the
systemic treatment of patients with
esophageal cancer—paclitaxel, platinum,
and 5-FU. A recent study from our labora-
tory evaluated the initial endoscopic biopsy
material from patients who subsequently
underwent trimodality therapy, including

chemotherapy with cisplatin and 5-FU,
radiation therapy, and surgery.61 Analysis
was performed on seven markers of
chemotherapy or radiation therapy resis-
tance. In this study, elevated expression of
GST-π and P-gp was associated with
decreased survival, thus they may be
markers of treatment resistance. Ex-
pression of erb-B2 was associated with
enhanced survival; thus erb-B2 may be a
marker of treatment sensitivity.

Another study was performed in an
attempt to define the prognostic value of a
group of molecular tumor markers in a
well-staged population of patients treated
with trimodality therapy for esophageal
cancer.62 The original pretreatment paraf-
fin-embedded endoscopic esophageal
tumor biopsy material was obtained from
118 patients treated with concurrent cis-
platin, 5-FU, and radiation therapy (45 Gy)
followed by resection. Three markers of
possible platinum chemotherapy associa-
tion (metallothionein [MT], glutathione
S-transferase-π [GST-π], P-glycoprotein
[P-gp or multidrug resistance]) and one
marker of possible 5-FU association
(thymidylate synthase [TS]) were measured
using immunohistochemistry. The median
cancer-free survival was 25.0 months, with
a significantly improved survival for the 38
patients who had a complete response
(P < .001). High-level expression of GST-π,
P-gp, and TS was associated with de-
creased survival. Multivariate analysis
identified high-level expression in two of
the platinum markers (GST-π and P-gp)
and the 5-FU marker TS as independent
predictors of early recurrence and death.
Independent prognostic significance was
observed, which suggests that it may be
possible to predict which patients may
benefit most from trimodality therapy.

DISCUSSION
As with most malignancies, thorough, ac-
curate staging, multidisciplinary evaluation,
and guidelines-oriented stage-specific
therapy are critical to optimizing outcomes
for patients with esophageal cancer.9

Patients with stage T1-2N0 disease are
treated with surgical resection alone, while
most patients with T3 or N1/M1a disease
should be evaluated for induction therapy
followed by surgery. Patients who are not
considered surgical candidates, for onco-
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logic or physiologic reasons, are considered
for chemotherapy and radiation therapy. A
spectrum of surgical approaches may be
employed, based on factors such as
disease stage and location of the tumor.
Outcomes after esophagectomy may be
optimized by thorough staging, careful pa-
tient selection and preparation, and strict
attention to the evaluation and manage-
ment of postoperative complications, par-
ticularly pneumonia.10 In the future, biologic
parameters may improve the clinician’s
ability to select which patients would benefit
from surgical resection.60

REFERENCES
1. Blot WJ, Devesa SS, Kneller RW, et al: Rising

incidence of adenocarcinoma of the esophagus
and gastric cardia. JAMA 265:1287–1289, 1991

2. Jemal A, Siegel R, Ward E, et al: Cancer statis-
tics, 2006. CA Cancer J Clin 56:106–130, 2006

3. Spechler SJ, Robbins AH, Rubins HB, et al:
Adenocarcinoma and Barrett’s esophagus.
Gastroenterology 87:927–933, 1984

4. Spechler SJ: Clinical practice: Barrett’s esopha-
gus. N Engl J Med 346:836–842, 2002

5. Altorki NK, Oliveria S, Schrump DS: Epide-
miology and molecular biology of Barrett’s ade-
nocarcinoma. Semin Surg Oncol 13:270–280, 1997

6. Williamson WA, Ellis FH, Gibb P, et al: Barrett’s
esophagus: prevalance and incidence of ade-
nocarcinoma. Arch Int Med 151:2212–2216,
1991

7. Lagergren J, Bergstrom R, Lingren A, et al:
Symptomatic gastroesophageal reflux as a risk
factor for esophageal adenocarcinoma. N Engl
J Med 340:825–831, 1999

8. American Joint Committee on Cancer: AJCC
Cancer Staging Handbook (6th ed). Philadel-
phia, Lippincott-Raven, pp 3–8, 91–103, 2002

9. Ajani J, D’Amico TA, Hayman JA, et al (The
Writing Committee for the Guideline Panel):
Esophageal Cancer: Clinical Practice Guidelines
in Oncology. J Natl Compr Canc Netw 1:14–27,
2003

10. Atkins BZ, Shah AS, Hutcheson KA, et al: Re-
ducing hospital morbidity and mortality follow-
ing esophagectomy. Ann Thorac Surg 78:1170–
1176, 2004

11. Altorki NK, Girardi L, Skinner DB: En bloc eso-
phagectomy improves survival for stage III
esophageal cancer. J Thorac Cardiovasc Surg
114:948–956, 1997

12. van de Ven C, De Leyn P, Coosemans W, et al:
Three-field lymphadenectomy and pattern of
lymph node spread in T3 adenocarcinoma of
the distal esophagus and the gastro-esophageal
junction. Eur J Cardiothorac Surg 15:769–773,
1999

13. Orringer MB, Marshall B, Iannettoni MD: Trans-
hiatal esophagogastrectomy: clinical experience
and refinements. Ann Surg 230:392–397, 1999

14. Hulscher JB, van Sandick JW, de Boer AG, et
al: Extended transthoracic resection compared
with limited transhiatal resection for adenocar-
cinoma of the esophagus. N Engl J Med

347:1662–1669, 2002
15. Cooper JD: Overview of operative techniques, in

Pearson FG, Cooper JD, Deslauriers J, et al
(eds): Esophageal Surgery (2nd ed). New York,
Churchill Livingstone, p 793, 2002

16. Luketich JD, Alvelo-Rivera M, Buenaventura
PO, et al: Minimally invasive esophagectomy:
outcomes in 222 patients. Ann Surg 238:
486–494, 2003

17. Rentz J, Bull D, Harpole DH, et al: Trans-
thoracic versus transhiatal esophagectomy: a
prospective study of 945 patients. J Thorac
Cardiovasc Surg 125:1114–1120, 2003

18. Ercan S, Rice TW, Murthy SC, et al: Does esopha-
gogastric anastomotic technique influence the
outcome of patients with esophageal cancer?
J Thorac Cardiovasc Surg 129:623–631, 2005

19. Bailey SH, Bull DA, Harpole DH, et al: Outcomes
after esophagectomy: a ten-year prospective
cohort. Ann Thorac Surg 75:217–222, 2003

20. Bartels H, Stein HJ, Siewert JR: Preoperative
risk analysis and postoperative mortality of
oesophagectomy for respectable oesophageal
cancer. Br J Surg 85:840–844, 1998

21. Ferguson MK, Martin TR, Reeder LB, et al: Mor-
tality after esophagectomy: risk factor analysis.
World J Surg 21:599–604, 1997

22. Jamieson GG, Mathew G, Ludemann R, et al:
Postoperative mortality following oesophagec-
tomy and problems reporting its rate. Br J Surg
91:943–947, 2004

23. Rizk NP, Bach PB, Schrag D, et al: The impact
of complications on outcomes after resection
for esophageal and gastroesophageal junction
carcinoma. J Am Coll Surg 198:42–50, 2004

24. Sauvanet A, Mariette C, Thomas P, et al: Mor-
tality and morbidity after resection for adeno-
carcinoma of the gastroesophageal junction:
predictive factors. J Am Coll Surg 201:253–
262, 2005

25. Whooley BP, Law S, Murthy SC, et al: Analysis
of reduced death and complication rates after
esophageal resection. Ann Surg 233:338–344,
2001

26. Birkmeyer JD, Siewers AE, Finlayson EVA, et al:
Hospital volume and surgical mortality in the
United States. N Engl J Med 346:1128–1137,
2002

27. Birkmeyer JD, Stukel TA, Siewers AE, et al: Sur-
geon volume and hospital mortality in the United
States. N Engl J Med 349:2117–2127, 2003

28. Avendano CE, Flume PA, Silvestri GA, et al: Pul-
monary complications after esophagectomy.
Ann Thorac Surg 73:922–926, 2002

29. Dumont P, Wihlm JM, Hentz JG, et al: Res-
piratory complications after surgical treatment
of esophageal cancer: a study of 309 patients
according to the type of resection. Eur J
Cardiothorac Surg 9:539–543, 1995

30. Ferguson MK, Durkin AE: Preoperative predic-
tion of the risk for pulmonary complications
after esophagectomy for cancer. J Thorac
Cardiovasc Surg 123:661–669, 2002

31. Kinugasa S, Tachibana M, Yoshimura H, et al:
Postoperative pulmonary complications are
associated with worse short- and long-term out-
comes after extended esophagectomy. J Surg
Oncol 88:71–77, 2004

32. Law S, Wong KH, Kwok KF, et al: Predictive fac-
tors for postoperative pulmonary complications

and mortality after esophagectomy for cancer.
Ann Surg 240:791–800, 2004

33. Leo F, Venissac N, Palihovici R, et al: Aristotle,
esophagectomy, and pulmonary complications.
Ann Thorac Surg 77:1503, 2004

34. Poon RTP, Law SYK, Chu KM, et al: Esopha-
gectomy for carcinoma of the esophagus in the
elderly: results of current surgical manage-
ment. Ann Surg 227:357–364, 1996

35. Kozlow JH, Berenholtz SM, Garrett E, et al: Epide-
miology and impact of aspiration pneumonia in
patients undergoing surgery in Maryland, 1999–
2000. Crit Care Med 31:1930–1937, 2003

36. Kinugasa S, Tachibana M, Yoshimura H, et al:
Esophageal resection in elderly esophageal car-
cinoma patients: improvement in postoperative
complications.Ann Thorac Surg 71:414–418, 2001

37. Ferguson MK, Naunheim KS: Resection for
Barrett’s mucosa with high-grade dysplasia:
implications for prophylactic photodynamic
therapy. J Thorac Cardiovasc Surg 114:824–
829, 1997

38. Overholt BF, Panjehpour M, Halberg DL: Photo-
dynamic therapy for Barrett’s esophagus with
dysplasia and/or early stage carcinoma: long-term
results. Gastrointest Endosc 58:183–188, 2003

39. Bergman JJ, Sondermeijer C, Peters FP, et al:
Circumferential balloon-based radiofrequency
ablation of Barrett’s esophagus in patients with
low-grade dysplasia or high-grade dysplasia
with and without a prior endoscopic resection
using the HALO360 ablation system. Gastrointest
Endosc 63:AB137, 2006 (abstr 137)

40. Block MI, Patterson GA, Sundaresan RS, et al:
Improvement in staging of esophageal cancer
with the addition of positron emission tomogra-
phy. Ann Thorac Surg 64:770–777, 1997

41. Luketich JD, Friedman DM, Weigel TL, et al:
Evaluation of distant metastases in esophageal
cancer: 100 consecutive positron emission
tomography scans. Ann Thorac 68:1133–
1137, 1999

42. Flamen P, Lerut A, Van Cutsem E, et al: Utility
of positron emission tomography for staging of
patients with potentially operable esophageal
carcinoma. J Clin Oncol 18:3202–3210, 2000

43. Saunders HS, Wolfman NT, Ott DJ: Esophageal
cancer: radiographic staging. Radiol Clin North
Am 35:281–294, 1997

44. Catalano MF, Sivak MV, Rice TW, et al: Endo-
sonographic features predictive of lymph node
metastases. Gastrointest Endosc 40:442–446,
1994

45. Wiersema MJ, Vilmann P, Giovannini M, et al:
Endosonography-guided fine-needle aspiration
biopsy: diagnostic accuracy and complication
assessment. Gastroenterology 112:1087–1095,
1997

46. Stahl M, Stuschke M, Lehmann N, et al:
Chemoradiation with and without surgery in
patients with locally advanced squamous cell
carcinoma of the esophagus. J Clin Oncol
23:2310–2317, 2005

47. Law S, Fok M, Chow S, et al: Preoperative
chemotherapy versus surgical therapy alone for
squamous cell carcinoma of the esophagus: a
prospective randomized trial. J Thorac
Cardiovasc Surg 114:210–217, 1997

48. Kelsen DP, Ginsberg R, Pajak T, et al: Chemo-
therapy followed by surgery compared with sur-
gery alone for localized esophageal cancer. N



196 Gastrointestinal Cancer Research Volume 1 • Issue 5

T.A. D’Amico

Engl J Med 339:1979–1984, 1998

49. MRC Oesophageal Cancer Working Party:
Surgical resection with or without preoperative
chemotherapy in oesophageal cancer: a ran-
domized controlled trial. Lancet 359:1727–
1733, 2002

50. Cunningham D, Allum WH, Stenning SP, et al:
Perioperative chemotherapy versus surgery
alone for resectable gastroesophageal cancer.
N Engl J Med 355:11–20, 2006

51. LePrise E, Etienne PL, Meunier B, et al: A ran-
domized study of chemotherapy, radiation ther-
apy, and surgery versus surgery for localized
squamous cell carcinoma of the esophagus.
Cancer 73:1779–1784, 1994

52. Urba S, Orringer M, Turrisi A, et al: Random-
ized trial of preoperative chemoradiation versus
surgery alone in patients with locoregional
esophageal cancer. J Clin Oncol 19:305–313, 2001

53. Bosset JF, Gignoux M, Triboulet JP, et al: Chemo-
therapy followed by surgery compared with sur-

gery alone in squamous cell cancer of the
esophagus. N Engl J Med 337:161–167, 1997

54. Burmeister BH, Smithers BM, Fitzgerald L, et al:
A randomized phase III trial of preoperative
chemoradiation followed by surgery (CR-S) ver-
sus surgery alone (S) for localized resectable
cancer of the esophagus. Proc Am Soc Clin
Oncol 21:130, 2002 (abstr 518)

55. Walsh TN, Noonan N, Hollywood D, et al: A
comparison of multimodal therapy and surgery
for esophageal adenocarcinoma. N Engl J Med
335:462–467, 1996

56. Fiorica F, Di Bona D, Schepis F, et al: Pre-
operative chemoradiotherapy for oesophageal
cancer: a systematic review and meta-analysis.
Gut 53:925–930, 2004

57. Kaklamanos IG, Walker GR, Ferry K, et al: Neo-
adjuvant treatment for resectable cancer of the
esophagus and the gastroesophageal junction:
a meta-analysis of randomized clinical trials.
Ann Surg Oncol 10:754–761, 2003

58. Urschel JD, Vasan H: A meta-analysis of ran-
domized controlled trials that compared neoad-
juvant chemoradiation and surgery to surgery
alone for resectable esophageal cancer. Am J
Surg 185:538–543, 2003

59. National Comprehensive Cancer Network:
Practice guidelines in oncology. Avalaible at:
http://www.nccn.org

60. Rice DC, Correa AM, Vaporciyan AA, et al: Pre-
operative chemoradiotherapy prior to esopha-
gectomy in elderly patients is not associated
with increased morbidity. Ann Thorac Surg 79:
391–397, 2005

61. Aloia TA, Harpole DH Jr, Reed CE, et al: Tumor
marker expression is predictive of survival in
patients with esophageal cancer. Ann Thorac
Surg 72:859–866, 2001

62. Harpole DH, Moore M, Herndon JE, et al: The
prognostic value of molecular marker analysis
in patients treated with trimodality therapy for
esophageal cancer. Clin Cancer Res 7: 562–
569, 2001

Disclosures of Potential Conflicts of Interest

Dr. D’Amico indicated no potential conflicts of interest.


