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Chapter 1

Esophageal cancer

Esophageal cancer is the 8" most common type of malignancy and the 6" most common
cause of cancer mortality in the world." In 2002, the amount of newly diagnosed
patients worldwide was approximately 462.000." The two most common histologic
subtypes are esophageal squamous cell carcinoma (ESCC), arising from dysplastic
squamous epithelium of the esophagus and esophageal adenocarcinoma (EAC),
originating from dysplasia in columnar-lined esophagus with intestinal metaplasia (i.e.
Barrett's esophagus).?3 For the past decades the incidence of esophageal cancer has
rapidly increased, particularly due to a rise in adenocarcinoma of the esophagus.* Yet,
worldwide the incidence of ESCC is highest.

For patients diagnosed with locally advanced esophageal cancer, the best chance of cure
is offered by radical surgical resection.> As symptoms, such as dysphagia and retrosternal
discomfort, arise only when the tumor is large enough to obstruct the esophageal
lumen, patients are frequently diagnosed at an advanced stage. Consequently, less than
half of patients are eligible for surgery due to tumor ingrowth into adjacent structures
or due to the presence of distant metastases.®’

Surgical treatment of esophageal cancer

As the esophagus has a unique longitudinal lymphatic drainage system in the
submucosal layer, lymph node metastases of esophageal cancer can occur along the
entire esophagus from the cervical to the abdominal part.®'" The optimal treatment for
esophageal cancer, therefore, consists of transthoracic en bloc esophagectomy (TTE) with
an extensive mediastinal and abdominal lymph node dissection (LND).> This approach
through thoracotomy is accompanied by significant morbidity, which is predominantly
due to cardiopulmonary complications. 213

To reduce the surgical trauma and thus the morbidity of open TTE, less invasive
surgical techniques such as transhiatal esophagectomy (THE) and minimally invasive
esophagectomy (MIE) have been introduced.' A randomized controlled trial on TTE
versus THE has shown the latter to carry a lower complication rate.'? However, since
with THE the esophagus is stripped out of the mediastinum, only a limited LND can be
carried out without dissection of the upper mediastinal lymph nodes.*'¢ Consequently, a
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trend towards a better survival for TTE over THE was detected.'2'” Statistical significance
was not reached, but this was most probably a result of the fact that the study was
underpowered.

With regard to MIE, the world’s largest series on thoracolaparoscopic esophagectomy
has shown a significantly lower blood loss and morbidity compared to open TTE."®
However, the survival after this procedure was worse than after open TTE (3-year overall
survival rate for stage Il patients of 20%'® vs. 50%>'°, respectively). This could be
explained by the fact that the disadvantages of “conventional” scopic surgery, such as a
2-dimensional vision, disturbed eye-hand coordination and fewer degrees of freedom,?°
hamper the surgeon in performing a proper mediastinal LND, thereby increasing the risk
of regional tumor recurrence.

Robotic systems have been developed to overcome the limitations of conventional
scopic surgery.?° The Da Vinci® robotic system consists of 3 parts (Figure 1): |) the 3-
armed robotic system which is positioned next to the operating table; Il) the console
of the robotic system with joystick-like hand controls and with foot pedals through
which the surgeon can control the arms of the robotic system and lll) the accessories
cart which holds e.g. the insufflator, light sources and focus control. The Da Vinci®
robotic system offers the surgeon a tenfold magnified, 3-dimensional view on the
surgical field.2" The surgeon’s tremor is filtered and the articulated surgical instruments
allow for more degrees of freedom. These advantages facilitate a precise dissection in
a confined operating space. Robotic surgical systems have successfully been applied in
various specialities such as urology,?>?* gynaecology,® cardiothoracic surgery??¢ and
general surgery?’. For radical prostatectomy the robot-assisted approach has shown
to be superior to the conventional laparoscopic approach?? and has therefore become
the treatment of choice in many centers. Robotic systems may also be of added value
in thoracoscopic esophagectomy, by facilitating a more accurate mediastinal dissection
of the esophagus with the surrounding lymph nodes when compared to conventional
thoracoscopic esophagectomy.

"
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Figure 1 - The Da Vinci® surgical system consisting of the surgeon’s console (A), the accessory cart (B) and the
robotic surgical system (C) (see page 292 for color figure).

Neoadjuvant therapy

Due to the frequent occurrence of recurrent disease, the survival after esophagectomy
is relatively poor. The overall 5-year survival rate after open TTE is around 35%.'” Tumor
recurrence can be locally (i.e. at the anastomosis), regionally (i.e. the mediastinal lymph
nodes) or systemically (i.e. organ metastases or distant lymph nodes). Locoregional
recurrence is due to an incomplete tumor resection and, thus, to inadequate surgery,
whereas the latter is predominantly a consequence of early metastatic spread.

A recent meta-analysis has revealed that neoadjuvant chemoradiotherapy (CRTx)

12
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improves the two-year survival rate of esophageal cancer patients with approximately
10% by downstaging of the tumor and by early opposing metastatic spread.?® Yet, it
is unknown at what frequency neoadjuvant therapy is nowadays incorporated in the
work-up of esophageal cancer patients.

A disadvantage of chemotherapy is that it destructs all proliferating cells, including
normal healthy cells leading to toxicity.?>3° Hence, therapy has been developed that
selectively acts on tumor cells by aiming at molecular characteristics of a tumor.?’
Although various targets for molecular therapy have been identified in cancer?* and
although some clinical studies with targeted therapy have been performed in esophageal
carcinoma,?*3° it remains to be further elucidated which particular molecular markers to
target in esophageal cancer.

The presence of molecular markers in tissues can be assessed by means of
immunohistochemical analysis of formalin-fixed, paraffin-embedded tissues. The
tissue microarray (TMA) technology has been developed to facilitate high-throughput
immunohistochemical and in situ hybridization analysis of tissues.® By inserting small
(diameter 0.6mm) donor biopsy cores into a single recipient paraffin block (Figure 2),
these tissues can be analyzed under identical laboratory and evaluation conditions,
without significantly damaging the patient’s tissue.>® Moreover, it leads to a reduction
of the amount of consumables used and time needed for interpretation.

Diagnostic imaging

Staging of esophageal cancer can be done with diagnostic modalities such as endoscopic
ultrasonography (EUS), computed tomography (CT) scanning and ultrasonography (US)
of the neck.?”38 EUS has proven to be the most accurate tool for assessing the depth
of tumor infiltration into the esophageal wall.*® Organ metastases can accurately be
identified by CT-scanning, whereas US of the neck is the preferred diagnostic modality for
the detection of supraclavicular lymph node metastases.®® It is, however, unknown in what
frequency these different diagnostic modalities are currently being applied worldwide in the
work-up of esophageal cancer patients.

13
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Figure 2 - Simplified schematic overview of the construction of a tissue microarray (TMA). A: donor paraffin
block containing tissue (dark); B: microscopical selection of 3 representative tissue regions on a haematoxylin &
eosin section of the donor paraffin block; C: from each representative tissue region a biopsy core (diameter 0.6
mm) is punched out of the corresponding donor paraffin block; D: biopsy cores are transferred to the recipient
TMA paraffin block. E: multiple sections can be cut from the TMA paraffin block; F: immunohistochemical
analysis performed on a single TMA-slide provides information on hundreds of tissues.

For patients without lymph node metastases in the resected specimen (pNO), the extensive
LND turned out to be abundant. In these patients, the morbidity of esophagectomy
could be improved by tailoring the extent of LND. This might be achieved by introducing
the sentinel node (SN) concept in esophageal cancer surgery. A sentinel node (SN) is

14
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a lymph node that receives lymphatic flow directly from the primary tumor, being the
first site of metastatic spread.*® The SN concept states that when pathologic analysis of
SNs shows no evidence of tumor, a LND of the draining lymph nodes may be omitted.*'
This technique is nowadays widely accepted as an alternative for the standard axillary
lymphadenectomy in breast carcinoma patients.*

After resection of the esophagus and cardia, the digestive tract is generally reconstructed
with a gastric conduit {Figure 3).#* This conduit is created by means of linear staplers
and is anastomosed in the neck or intrathoracically. An important cause of morbidity
and mortality after esophagectomy is anastomotic leakage.* The reported incidence
of cervical anastomotic leakage ranges from 0%-25%.4* To assess the anastomotic
integrity before oral intake is resumed, an aqueous contrast swallow examination is
routinely performed around the 7™ postoperative day in many centers.** In case no
radiological leakage is noticed, diet is gradually resumed; when a radiological leakage
is detected, oral intake is prohibited for another week. Yet, the value of this routine

radiological examination is controversial.

Figure 3 - Schematic overview on esophagectomy with gastric conduit formation. A: Tumor in the middle
part of the esophagus B: Resection includes the thoracoabdominal part of the esophagus, the cardia and
mediastinal and abdominal lymph nodes (not shown). To reconstruct the digestive tract, from the stomach
a conduit is constructed. C: The gastric conduit is pulled through the posterior mediastinum to the neck. A
handsewn or stapled anastomosis is made between the conduit and the cervical part of the esophagus

15
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OUTLINE AND CENTRAL QUESTIONS OF THIS THESIS

The general aim of this thesis is to investigate strategies in the field of surgery (Part I),
molecular biology (Part Il) and diagnostic imaging (Part Ill) through which the outcome
of patients that undergo esophagectomy for esophageal cancer could be improved.

The studies presented in this thesis are guided by the following research questions:

e Whatis the current worldwide practice in surgical techniques, preoperative staging
and neoadjuvant therapy as applied in esophageal cancer? (Chapters 2 and 11)

e Could the application of minimally invasive robotic systems reduce the morbidity
of transthoracic esophagectomy without compromising oncologic outcome?
(Chapters 3-7)

e Which markers are potential targets for neoadjuvant molecular therapy in squamous
cell carcinoma of the esophagus? (Chapters 8-10)

e Is there a justification for sentinel node biopsy or routine post-esophagectomy
aqueous contrast swallow examination in esophageal cancer? (Chapters 12 and
13)

16
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Chapter 2

ABSTRACT

Background

In patients with esophageal cancer, radical surgical resection of the esophagus and
surrounding lymph nodes is the only curative treatment option. Nevertheless, no
standard surgical procedure exists. The aims of the present study were to gain insight
into the frequencies of the various surgical techniques in esophageal cancer surgery as
applied by surgeons throughout the world and to identify intercontinental differences
regarding surgical techniques.

Methods

Surgeons with particular interest in esophageal surgery, including members of the
International Society for Diseases of the Esophagus (ISDE), the European Society of
Esophagology Group d’Etude Européen des Maladies de I'Oesophage (ESE-GEEMO)
and the OESO, were invited to participate in an online questionnaire. Questions were
asked regarding approach to esophagectomy, extent of lymphadenectomy (LND),
type of reconstruction and anastomotic techniques. Subanalyses were performed for
surgeon’s case volume per year, years of experience in esophageal cancer surgery and

continent.

Results

Of 567 invited surgeons, 269 participated resulting in an overall response rate of 47%.
The responders currently performing esophagectomies (n=250; 44%), represented
41 countries across the 6 continents. Fifty-two percent of responders favor open
transthoracic esophagectomy (TTE) over transhiatal esophagectomy (THE) or minimally
invasive esophagectomy (MIE). THE is preferred by 26%, whereas MIE is favored by
14%. Eight percent have no preference for one approach to esophagectomy over the
other. The extent of LND is most frequently the 2-field, routinely performed by 73% of
surgeons. The continuity of the digestive tract is most frequently restored with a gastric
conduit (85%). In open TTE, the anastomosis is routinely created in the neck by 56% of
responders and in the chest by 40%. Cervical anastomoses are routinely fashioned by
means of a handsewn technique by 65% of responders, while 35% favor the stapled
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technique. The cervical incision is predominantly performed vertically on the left side
of the neck (routinely by 66%). A horizontal neck incision is routinely carried out by
19% of responders and a vertical right-sided incision by 11%. Significant differences
in surgical techniques could be detected between low- and high-volume surgeons,
between surgeons with <10 vs. >21 years of experience and between surgeons from
different continents.

Conclusions

Currently, the most commonly applied surgical procedure is the open right-sided
transthoracic approach with a two-field lymphadenectomy, using a gastric tube
anastomosed at the left side of the neck by means of a handsewn, end-to-side
technique. The results of this survey provide baseline data for future research and for
the development of international guidelines.

25
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INTRODUCTION

For patients with locoregional esophageal cancer there is general consensus that the
best chance of cure is offered by radical resection of the esophagus and surrounding
lymph nodes.? Nevertheless, no standard surgical procedure exists for the type of
approach, the extent of lymphadenectomy or the anastomotic technique.
Transthoracic esophagectomy (TTE) allows for en bloc resection of the esophagus and
surrounding tissues such as the mediastinal lymph nodes, aiming at a radical resection
to increase survival.># Transhiatal esophagectomy (THE) is less extensive and therefore
has the benefits of a relatively low blood loss, short surgery time and low complication
rates.> Controversy persists over which surgical approach is best as neither a randomized
controlled trial nor a meta-analysis could detect a significant difference in overall survival
between both procedures.>¢” To reduce postoperative morbidity, minimally invasive
esophagectomy (MIE) using thoracoscopy and laparoscopy has been introduced.®°
Long-term results of these techniques have to be awaited.

Due to the unique submucosal lymphatic drainage system of the esophagus,’ lymph
node metastases may be located in the abdominal, mediastinal or cervical region.'>'3
Several studies have shown a significant survival benefit for patients having undergone a
3-field lymph node dissection (LND) compared to 2-field LND.'4'® However, these studies
are non-randomized and therefore benefit of 3-field LND may be attributed to stage-
migration.™ The optimal extent of LND still remains a matter of international debate.
The anastomosis between the substitute for the esophagus and the remaining
esophageal segment can be created intrathoracically or in the neck.222 Two recent
randomized controlled trials have shown both procedures to be equally safe with
comparable leakage and mortality rates.?>2' In addition, both the cervical and the
intrathoracic anastomosis can be fashioned using a handsewn or a stapled technique
in an “end-to-end”, “end-to-side” or “side-to-side” manner,>?8 depending on the
surgeon’s experience and preference.

The objectives of the present study were to gain insight into the frequencies of the
various surgical techniques applied in esophageal cancer surgery and to identify
intercontinental differences. Since there has been a lot of interest recently in the effect
of operation volume on the outcome of esophageal cancer surgery,232 we have tried
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to detect differences in surgical techniques between surgeons with different levels of

experience in esophageal cancer surgery. This is the first survey on this topic published
so far. n

MATERIALS AND METHODS

Questionnaire

A web-based questionnaire (http://www.esophagussurvey.com) was designed in 2007
that addressed: (I) demographic data and surgical experience in esophageal cancer
surgery; (ll) pre-operative work-up of esophageal cancer patients; (lll) techniques
of esophageal cancer surgery; (IV) postoperative management and (V) additional
commentaries. In this manuscript the results of parts I, lll and IV will be presented.
Answers to most questions could be given on a 3-point-scale: ‘never-occasionally-
routinely’. Sporadically, responders were asked to reply to questions by choosing from a
multiple-choice list or by giving percentages. The answers from returned questionnaires

were directly entered into an online database.

Invited physicians

Surgical members of the International Society for Diseases of the Esophagus (ISDE),
the European Society of Esophagology - Group d'Etude Européen des Maladies de
I'Oesophage (ESE-GEEMO) and the OESO were invited by electronic mail (e-mail) to
participate in the questionnaire and received a link to the website, a personal login name
and a password. Written permission was obtained from the Presidents of these societies
in order to gain access to their membership databases and to contact their members. In
addition, surgeons known from personal networks were requested to participate in the
survey and responders were able to recommend colleagues in the field.

The first invitation was sent on July 23, 2007. Reminder e-mail notices were sent every
2 weeks to those who had not responded to the initial request. The survey was closed
on October 23, 2007. A recipient was considered a ‘non-responder’ if no reply was
received on this day. If the responder did not perform esophageal cancer surgery (by

replying ‘no’ to the corresponding question), the questionnaire would end and no
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further data were collected.

For comparing the surgical techniques of low-volume and high-volume surgeons, we
defined low-volume surgeons as surgeons who performed <10 esophagectomies per
year, medium-volume surgeons as surgeons who carried out 11-20 esophagectomies,
and high-volume surgeons >21. In addition, to reveal differences in surgical techniques
between regular and senior surgeons, responders were divided into 3 groups according
to the years of experience in esophageal cancer surgery: surgeons having performed
esophagectomy for <10 years, 11-20 years or >21 years.

Statistical analysis

All data were analyzed anonymously. Statistical analysis was performed when
appropriate, using SPSS (Version 12.0, for Windows). Surgical approaches, extent of
lymphadenectomy, anastomotic techniques and other elements of esophageal cancer
surgery were compared with regard to surgeon’s case volume, years of experience and
continent. Percentages were rounded to the nearest integer and as a consequence the
sum of percentages may not equal 100%. For comparison of data between continents,
the continents South-America, Oceania and Africa were excluded since they each had
less than 5% (n=13) of the total amount of responders.

ResuLts

Characteristics of Responders

Of 567 invited physicians, 269 participated in the questionnaire resulting in an overall
response rate of 47%. Nineteen (7%) responders indicated not to actively practice
esophageal cancer surgery. The remaining 250 responders (specific response rate 44 %)
formed the basis for all further analysis. They represented 41 countries across the 6
continents (Table 1). Due to a technical failure of the website, 5 of 250 responders were
not able to answer all questions of part Il. Consequently, the total amount of responders
to those questions could vary between 245 -250.

Of the 250 responders, 159 (64 %) were member of the ISDE, 36 (14%) were member of
more than 1 esophageal society, 21 (8%) were ESE member, 33 (13%) were known from
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personal networks and 1 was referred by a colleague. An overview of the responders’
function, case volume per year and years of experience is given in Table 2. Twenty-four
percent of responders were low-volume, 31% medium-volume and 45% high-volume
esophageal cancer surgeons.

North-American responders were mainly medium- (36%) and high-volume (55%)
surgeons, while Asian responders were predominantly high-volume (65%). European
responders were equally distributed over the 3 categories. Surgeons with =11 years of
experience were predominantly high-volume surgeons (48%), whereas surgeons with

<10 years of experience were equally distributed over the 3 categories.

Table 1 - Specific response rates per continent and country

Invited, Participated*, Specific Response Rate,
%

250 - = - o oo AN

*Countries with 3 or less responders include: Portugal (3), Austria (3), Hungary (3), Czech Republic (2), Poland
(2), Serbia (2), Turkey (2), Israel (2), Taiwan (2), Mexico (2), Argentina (2), Chile (2), Ireland (1), Slovenia (1),
Romania (1), Croatia (1), Norway (1), Switzerland (1), Saudi Arabia (1), Thailand (1), Uruguay (1), Sudan (1),
South Africa (1)
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Table 2 - Overview of the function, personal esophagectomy case volume per year and years of experience in
esophageal cancer surgery of the 250 surgical responders.

Surgical approaches

Fifty-two percent (n=127) of responders predominantly use open TTE. THE is preferred
by 26% (n=63) of responders, while MIE is favored by 14% (n=35). Eight percent
(n=20) have no preference for one approach over the other. TTE is the most commonly
applied procedure in all 3 continents (Figure 1a). With increasing experience, the routine
use of TTE rises and that of THE declines (Figure 1b and 1c). Twenty responders (8%)
indicated never to perform TTE. The transhiatal approach is never used by 25% of
responders, while 60% never treat their patients by MIE. In case of open transthoracic
esophagectomy, a right-sided thoracotomy is routinely performed by 91% of surgeons,
while 8% routinely perform a left-sided thoracotomy.

Forty percent of responders apply minimally invasive techniques in esophageal cancer
surgery. In Figure 2, an overview is given of the application of MIE with regard to
surgeon’s experience and continent. When performing MIE, 34% of surgeons routinely
use laparoscopy. The thoracoscopic and thoracolaparoscopic approaches are both
routinely applied by 26% of surgeons. Low-volume surgeons performing MIE favor the
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laparoscopic approach (routinely done by 43%), whereas high-volume surgeons use the
thoracoscopic, laparoscopic and thoracolaparoscopic approaches in equal frequency

(routinely performed by 30%).

Figure 1 - Favored approach to esophagectomy according to (A) continent, (B) case volume per year and (C)
years of esophageal cancer surgery experience. Values within bars represent number of responders.
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TH: transhiatal esophagectomy; TT: transthoracic esophagectomy;
MIE: minimally invasive esophagectomy

Lymphadenectomy

The extent of LND is most frequently the 2-field LND (Figure 3). Low-, medium- and
high-volume surgeons all perform the 2-field LND most (routinely applied by 66%,
77% and 73%, respectively). Three-field LND was routinely carried out more by high-
volume surgeons than low-volume surgeons (21% and 9% respectively). Comparably,

surgeons with >21 years of experience are more likely to routinely execute the 3-field
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LND than surgeons with <10 years of experience (17% and 9% respectively). North-
American and European responders favor the 2-field LND (routinely performed by 86%
and 79%), while Asian responders carry out the 2-field and the 3-field LND in equal
frequency (both routinely performed by 49%).

Figure 2 - Overview of the application of minimally invasive esophagectomy, according to (A) continent, (B)
case volume per year and (C) years of esophageal cancer surgery experience.
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Type of reconstruction

The preferred type of reconstruction is shown in Figure 4. The gastric tube is routinely
applied by 90% of European, 80% of Asian and 79% of North-American surgeons. Asian
and North-American responders routinely perform a whole stomach reconstruction more
often than European responders (22% and 21% vs. 11%, respectively). Surgeons with >21
years of experience routinely use the whole stomach more often than surgeons with <10
years of experience (21% vs. 10% respectively).
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The gastric conduit’s linear staple line is routinely oversewn by 77% of responders,
occasionally by 11% and never by 13%. Of surgeons with >21 years of experience
66% routinely oversew the staple line, compared to 81% of surgeons with <10 years of
experience. In addition, 62% of North-American responders routinely oversew compared to
79% of European and 82% of Asian responders.

Figure 3 - Extent of lymph node dissection as currently applied by the responders.
Values within bars represent number of responders.
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Anastomotic techniques

In open TTE, the anastomosis is routinely created in the neck by 56% of responders and
in the chest by 40%. In the thoracoscopic approach the cervical anastomosis is favored
over the intrathoracic anastomosis (routinely performed by 87% and 8%, respectively).
During open TTE, Asian responders routinely perform a cervical anastomosis more
routinely than an intrathoracic anastomosis (Figure 5), while no preference for either
was seen among European responders. No substantial differences could be detected
between more experienced and less experienced surgeons.

During TTE the cervical incision is predominantly performed vertically on the left side of
the neck (routinely by 66%). A horizontal neck incision is routinely carried out by 19%
and a vertical right-sided incision by 11%). Half of Asian responders routinely perform a
horizontal incision and 39% a vertical left-sided incision. On the contrary, the European
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and North-American responders predominantly use the left-sided approach (routinely
performed by 76% and 75%, respectively).

Cervical anastomoses are more frequently fashioned by means of a handsewn technique
than by a stapled technique (routinely performed by 65% vs. 35%, respectively). In
Europe, the handsewn method (routinely used by 77%) is preferred, whereas in North-
America the stapled method is favored (routinely used by 69%). Asian responders
routinely perform both techniques in equal frequencies (50%). Low-volume surgeons
routinely use the stapled method less often than do high-volume surgeons (26% vs.
42 %, respectively).

Conversely, in case of intrathoracic anastomoses the stapled technique is favored
over the handsewn method (routinely applied by 62% and 34%, respectively). Asian
surgeons routinely perform the stapled technique more often than North-American
and European (79% vs. 69% and 54%, respectively). High-volume surgeons routinely
apply the stapled method more often than low-volume surgeons (75% vs. 55%,
respectively).

In both cervical and intrathoracic anastomoses the end-to-side anastomotic technique is
applied most often (routinely used by 50% and 64% respectively), followed by the end-
to-end (33% and 24%, respectively) and the side-to-side (14% and 8%, respectively)
techniques. In Asia and Europe, the cervical anastomosis is most frequently performed
in an end-to-side manner (52% and 51%, respectively), whereas in North-America the
side-to-side and end-to-side methods are preferred (both routinely used by 43% of
responders). In intrathoracic anastomoses, all continents routinely use the end-to-side
technique most often (Asia 69%, Europe 63% and North-America 57%).

Other elements of esophageal cancer surgery

A pyloroplasty is routinely performed by 40% of responders, whereas it is never
done by 38%. Sixty-two percent of North-American responders routinely perform
a pyloroplasty, compared to 34% of European and 24% of Asian. Surgeons having
performed esophagectomy for >21 years routinely perform a pyloroplasty more often
than surgeons with <10 years of experience (47% and 32%, respectively).

Clinical presence of tumor invasion into the pleurae or the crurae of the diaphragm
is a contraindication for esophagectomy for 21% of responders, while 26% routinely
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surgically treat these patients. High-volume surgeons (32 %) routinely treat these patients

more often than low-volume surgeons (17 %). Asian responders (39%) routinely operate

these patients more often than North-American (26%) or European (24%) responders.

Patients with clinical evidence of M1a lymph node metastases are not surgically treated

by 28% of responders. In contrast, 51% of responders occasionally operate these

patients, while 21% do so routinely. High-volume surgeons (29%) routinely operate on

these patients more often than low- (15%) and medium-volume (14 %) surgeons.

Figure 4 - Type of reconstruction used after esophagectomy. Values within bars represent number of responders.
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Figure 5 - Frequency of the application of cervical and intrathoracic anastomoses with regard to surgeons’
experience in esophageal cancer surgery and nationality. Values within bars represent number of responders.
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Discussion

In esophageal cancer surgery various techniques are being used for esophagectomy,
lymphadenectomy and for constructing the anastomosis.?'%33 The findings of this survey
provide a comprehensive insight into the frequencies of these techniques as applied in
esophageal cancer surgery by surgeons worldwide.

Extended TTE is the most commonly used approach in all continents, particularly in
Asia. The higher application of TTE in Asia may be a reflection of this continent’s higher
incidence rate of esophageal squamous cell carcinomas, which are often located in the
mid/upper part of the esophagus.>*3> With growing experience the use of TTE increases
while that of THE decreases, even when excluding the Asian responders (data not
shown). This may indicate that patients with advanced or mid/upper esophageal tumors
requiring TTE are being referred to surgeons in tertiary referral centers with particular
experience in esophageal cancer surgery. In addition, it may reflect that surgeons having
performed esophagectomy for 221 years were taught TTE in the time THE was just in
early development and they nowadays still associate most with the extended TTE.
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Consistent with the preference for TTE, the results of this survey show that 2-field LND
is nowadays the most commonly applied extent of LND. This is in line with the long-
term results of a randomized study on TTE and THE in which a trend towards an overall
survival benefit was noticed in patients having undergone TTE.® A 3-field LND was
routinely performed by only 13% of responders, predominantly Asian.

Minimally invasive techniques have emerged to reduce the morbidity associated with
esophagectomy.®1%36 Various studies on MIE have shown a substantial lower blood loss,
pulmonary complication rate and hospital stay compared to open approaches.®'%3 Our
survey reveals that MIE is now applied by 40% of responders.

The anastomosis between the substitute of the esophagus and the remaining proximal
esophagus can be located in the neck or in the chest.?!?2 Several randomized trials have
shown both techniques to be equally safe with comparable morbidity.>?? The results
of this survey show that during open TTE a cervical anastomosis is applied more often
than an intrathoracic anastomosis, except for European responders, who have no clear
preference. Both cervical and intrathoracic anastomoses can be made using a stapler
instrument or by hand.?62¢ A meta-analysis could not detect a significant difference
in the incidence of anastomotic stenosis or leakage between both techniques.?® The
responders to our survey prefer the handsewn technique for cervical anastomoses and
the stapled technique for intrathoracic anastomoses.

As with all questionnaires, the answers of the responders of our survey may not reflect
the views of all surgeons.3” However, with a specific response rate of 44%, predominantly
from members of prominent esophageal societies from various countries, our results
are likely to be representative for the current practice of esophageal cancer surgery.
Compared to the response rate of North-America (58%) and Europe (49%), that of
Japan was relatively low (22%). Nevertheless, 20% of the total amount of responders
was Asian which provides an acceptable impression of the techniques applied in this
continent.

In our subanalyses it was noted that the surgeon’s case volume is related to the
continent the surgeon is from, reflecting the global differences in incidence rates of
esophageal cancer and in organization of medical care.>® These geographical disparities
in experience may have influenced the comparison of the surgical techniques of high-

and low-volume surgeons. Although in the present literature esophageal surgeons are
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considered high-volume surgeons when they perform more than 5 cases annually,394°
we have chosen to use higher cut-off values, since our baseline table showed that 76%
of responders perform even more than 10 esophagectomies yearly.

In conclusion, this international survey among surgeons with particular interest in
esophageal cancer surgery reveals that the most frequently used technique is open TTE
with a 2-field LND and a handsewn, end-to-side anastomosis located on the left side of
the neck. Moreover, the techniques applied in esophageal cancer surgery have shown
to depend on the surgeon’s experience and nationality. This data may be used as a basis
for future trials comparing the various techniques, aiming to identify the most optimal
combination for surgical treatment. In addition, the results of this study may help to
formulate guidelines on these subjects. It should be worthwhile to repeat this survey

within several years to detect possible changes in techniques over time.
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ABSTRACT

Background

Transthoracic esophagectomy with extended lymph node dissection is associated with
higher morbidity rates than transhiatal esophagectomy. This morbidity rate could be
reduced by the use of minimally invasive techniques. The feasibility of robot-assisted
thoracoscopic esophagectomy (RTE) with mediastinal lymphadenectomy was assessed

prospectively.

Methods
This study investigated 21 consecutive patients with esophageal cancer who underwent
RTE using the Da Vinci® robotic system. Continuity was restored with a gastric conduit

and a cervical anastomosis.

Results

A total of 18 (86%) procedures were completed thoracoscopically. The operating time
for the thoracoscopic phase was 180 min (range, 120-240 min), and the median blood
loss was 400 ml (range, 150-700 ml). A median of 20 (range, 9-30) lymph nodes were
retrieved. The median intensive care unit stay was 4 days (range, 1-129 days), and the
hospital stay was 18 days (range, 11-182 days). Pulmonary complications occurred in
10 patients (48%), and one patient (5%) died of a tracheo-neo-esophageal fistula.

Conclusions

In this initial experience, robot-assisted thoracoscopic esophagectomy was found to be
feasible, providing an effective lymphadenectomy with low blood loss. Standardization
of the technique and increased experience should reduce the complication rate, which
is in the range of the rate for open transthoracic dissection.
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INTRODUCTION

In esophageal cancer, extended transthoracic resection offers the best chance for
complete tumor clearance and long-term survival." A trend towards a 5-year survival
benefit (37% vs 27%) has been demonstrated for the transthoracic approach compared
to the transhiatal technique.2 However, morbidity associated with the open transthoracic
esophago-lymphadenectomy is considerably higher. This is mainly caused by a higher
number of pulmonary complications (57 vs 27%), reflected by a longer duration of
mechanical ventilation and longer ICU and hospital stay.?

Since minimally invasive surgery induces less surgical trauma and immunological stress,
it may potentially reduce the postoperative complication rate.? Various approaches have
been investigated, each with their specific technical advantages and difficulties.*® In
general, minimally invasive esophagectomy is a feasible, but technically demanding
procedure.” The advantages reported so far are a substantially reduced blood loss, and
shorter ICU and hospital stays.®

Robot-assisted minimally invasive surgery allows for precise dissection and manipulation
in a confined operating space.>’® As a result, this technology may aid to perform a
thoracoscopic extended mediastinal lymphadenectomy. In this study we describe the
first series of robot-assisted thoracoscopic esophago-lymphadenectomy.

MATERIALS AND METHODS

Patients

Between October 2003 and January 2005, patients with esophageal cancer, potentially
resectable at diagnostic work-up, were included to undergo robot-assisted thoracoscopic
esophago-lymphadenectomy. Patients with significant pulmonary comorbidity were
excluded from this study and underwent conventional transhiatal esophageal resection.
The preoperative diagnostic work-up consisted of endoscopy with biopsy and histological
examination, endoscopic ultrasonography (EUS) (with indicated fine needle aspiration
(FNA)), computed tomography of thorax and abdomen, ultrasonography of the neck
(with indicated FNA) to preclude M1b metastases, bronchoscopy in case of suspected
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ingrowth in the upper airway determined by computed tomography of thorax or by
endosonography and pulmonary function test. Indications for operation were similar as
those for open surgery. Neoadjuvant chemotherapy (5-FU, cisplatin) was given in case
of endoscopically and cytologically proven M1a lymph node metastases around the
celiac axis to enhance the probability of curative resection. All patients were followed in

the outpatient clinic at 3-4 months intervals.

Operative technique

The optimal thoracic port positions were first tested in a laboratory setting on human
cadavers. To reach the entire mediastinum from diaphragm to thoracic aperture, a
cranial position of the robot was found to be optimal, with ports in triangular formation

(Figure 1).

Figure 1 - Set-up and positioning of the operating team in robot-assisted thoracoscopic esophago-
lymphadenectomy.

R: robotic cart; RA: right robotic instrument arm in the 8th intercostal space; LA: left robotic instrument arm
in the 4th intercostal space anterior to the scapular rim; CA: camera arm in the 6th intercostal space; Asterix:
thoracic assisting ports in the 5th and 7th intercostal spaces; M: video cart (with monitor, insufflator, ultrasonic
generator, light source, camera unit and focus control and synchronizer); AN: anaesthetic equipment; A:
assistant; N: scrub nurse; C: robotic console; S: surgeon.

The newly developed thoracoscopic procedure was initially combined with open
abdominal dissection of the stomach to create the gastric conduit and to perform

a celiac lymph node dissection. After the first 16 cases, the learning curve for this
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procedure had stabilised and it was decided to perform a complete minimally invasive
procedure. The laparoscopic abdominal phase was performed without robot assistance
as initial experimental studies revealed that large ranges of the robotic arms would limit
the use of the robotic system in this part of the procedure.

All minimally invasive parts of the surgical procedure were performed by the same
experienced laparoscopic surgeon (RvH). There were 2 surgical assistants. General
anaesthesia was combined with thoracic epidural anaesthesia to minimize intra-
operative and postoperative pain.

The patient was intubated with a left-sided double-lumen tube and positioned in the
left lateral decubitus position, 45° tilted towards prone position. In this position, the
right lung is out of the operating field without retraction following desufflation. The
robot was positioned on the dorso-cranial side and 2 assistants were on the anterior
side. Three robotic ports were placed identically in all patients. A 10 mm camera port
was placed at the 6th intercostal space, posterior to the posterior axillary line. Two 8
mm ports were placed just anteriorly to the scapular rim in the 4th intercostal space
and more posteriorly in the 8th intercostal space. Two thoracoscopic ports were used
in the 5th and 7th intercostal spaces, just posterior to the posterior axillary line. These
ports were used for conventional thoracoscopic assistance, such as suction, traction and
clipping (Figure 2).

Figure 2 - Thoracoscopic port placement in a patient positioned in the left lateral decubitus position, 45°
tilted towards prone position. The 12 mm camera trocar is in the 6th intercostal space, the right robotic 8
mm trocar in the 8th intercostal space, the left robotic 8 mm trocar in the 4th intercostal space anterior to

the scapular rim. The two thoracic assisting ports in the 5th and 7th intercostal spaces are also indicated. (see
page 293 for color figure)
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After division of the pulmonary ligament, the parietal pleura was divided at the anterior
side up to the level of the azygos vein. The azygos vein was ligated with sutures and
clips. The mediastinal pleura above the azygos vein was preserved and lifted upwards
for the paratracheal lymph node dissection.

Then the parietal pleura was divided at the posterior side along the azygos vein and
thoracic duct. The thoracic duct was clipped at the level of the diaphragm to prevent
leakage. The tumor and adjacent lymph nodes were dissected en bloc, with clipping of
the aortoesophageal vessels. The right vagal nerve was identified and dissected below
the level of the carina. A penrose drain was placed around the esophagus to facilitate

traction (Figure 3).
Figure 3 - Thoracoscopic monitor view halfway the mediastinal dissection. A penrose drain around the
esophagus is used to retract the esophagus anteriorly. The cautery hook instrument is held between aorta and

esophagus; the suction device at the left. The descending aorta, just after the aortic arch, has been cleared
from the adjacent lymphatic tissue en bloc with the esophagus (see page 293 for color figure).

P
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Esophagbs

Right lung

In this way the entire thoracic esophagus was mobilized from the thoracic inlet to the
diaphragmatic reflections. Finally, a subcarinal lymph node dissection was performed.
The specimen included the lower and middle mediastinal, subcarinal and right-sided
paratracheal nodes. The aortopulmonary window nodes were dissected separately. A
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24-F chest tube was placed and the lung insufflated under direct vision. The patient was
then put in supine position.

Through a midline laparotomy, the greater and lesser curvature were dissected and a
3-4 cm wide gastric tube was constructed with staplers. The left gastric artery and vein
were then transected at its origin, with concomitant resection of local lymph nodes. A
feeding jejunostomy was installed in first jejunal loop after Treitz ligament. The cervical
esophagus was mobilized through a right-sided longitudinal neck incision. A hand sewn
end-to-side esophagogastrostomy was performed in the neck using one layer PDS 3/0
running sutures.

In case of laparoscopic abdominal phase, the cervical esophageal transection was
performed first. Five abdominal ports were used. An 11 mm camera port was introduced
supra-umbilical, an 11 mm working port was placed at the left midclavicular line at the
umbilical level. A5 mm working port was placed more cranially at the right midclavicular
line. A5 mm assisting port was placed in the left subcostal area. A 12 mm port was
placed pararectal right for the liver retractor. The abdomen was insufflated to a carbon
dioxide pressure level of 15 mm Hg. The greater and lesser curvature were dissected
with ultrasonic coagulating shears. The left gastric artery and vein were then transected
at their origin, with resection of local lymph nodes. The hiatus was opened and the
distal esophagus dissected from the right and left crus. Carbon dioxide pressure level
was then reduced to 5 mm Hg to avoid a high intrathoracic pressure. The first jejunal
loop after Treitz ligament was identified and marked with an instrument for the creation
of a feeding jejunostomy. The esophagus and surrounding lymph nodes were pulled
into the abdomen under laparoscopic vision. A 7 cm transverse incision was made at the
level of the left para-umbilical port to extract the specimen and stomach using a wound
protector. Outside the abdomen, a 3-4 cm wide gastric tube was then constructed with
GIA staplers and suturing of the stapled line with PDS 3/0. After pulling the gastric tube
to the neck, a feeding jejunostomy was placed at the level of the transverse incision. An
esophagogastrostomy was performed in the neck.

Statistical analysis

Al patient data were collected prospectively and analyses were made using SPSS (version
12.0 for Windows). Data are presented as median and range.
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REsuLTs

Twenty-one consecutive patients were included to undergo robot-assisted (Da Vinci®,
Intuitive Surgical, Inc, Sunnyvale, California, USA) thoracoscopic esophagectomy. Patient
characteristics are described in Table 1. Indications for surgery were adenocarcinoma
in 10 (48%) cases or squamous cell carcinoma in 11 (52%), located in the mid
esophagus in 8 (38%) or lower esophagus in 13 (62%) cases. Three (14%) patients

received neoadjuvant chemotherapy since M1a lymph nodes were detected by EUS and

confirmed by preoperative FNA or CT-scan.

o me - - - BsUn
e e ey ' - 6 (29)

Age- median (range) = e - 62 (47-78)
ASA-classification—no. (%) -
1 : - , ; -
. s - 11(52)
. -
Body mass index —,mediank,‘(‘range)y‘f - ; 26 (19-36)
Smokers - median (%) , 10 (48%)

Eighteen (86%) procedures were completed thoracoscopically. Conversion to
thoracotomy was due to either extensive pulmonary adhesions (n=1), a bulky adhesive
tumour (n=1) or bleeding from an aortoesophageal artery at the level of the aortic arch
(n=1).

Median robotic set-up time was 7 (4-15) min. Median operating time for the
thoracoscopic phase was 180 (120-240) min and 450 (370-550) min for the
complete procedure. With growing experience, median operating time for the
thoracoscopic phase reduced from 228 in the first 10 cases to 168 min in the last
11 cases. The median blood loss was 400 (150-700) ml for the robot-assisted
thoracoscopic phase and 950 (250-5300) ml for the complete procedure.
The upper value represents the blood loss in the patient with bleeding from an

aortoesophageal artery that required conversion.
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Table 2 - Characteristics of surgery and early postoperative course in 21 patients who underwent
robot-assisted thoracoscopic esophagectomy

Postoperative complications are listed in Table 2. One patient died due to a tracheo-

neo-esophageal fistula that was treated by pneumonectomy (5%). Another patient
developed leakage due to an ischemic lesion of the distal neo-esophagus, which could
be managed by relaparotomy. Pulmonary complication rate reduced from 60% in the
first 10 cases to 32% in the last 11 cases. In the first 10 cases, pulmonary complications
were mainly caused by left sided pneumonia and associated ARDS in 3 (33%) patients.
In those 3 patients long ICU and ventilation times were recorded, representing the
upper values of these parameters.

A median of 20 (9-30) lymph nodes were retrieved. Tumor free resection margins (RO)
were obtained in 16 (76%) patients, microscopic residual tumor (R1) circumferential
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resection margins in 5 (24%). No macroscopic residual tumor (R2) margins occurred.
Stage grouping and tumor characteristics are shown in Table 3.

Table 3 - Characteristics of the resected tumor in patients who underwent robot-assisted thoracoscopic
esophagectomy

o
. 20(9-30)

Tumor free resection margins (R0), microscopic residual tumor (R1), macroscopic residual tumor (R2)

Discussion

This is the first reported series of robot-assisted thoracoscopic esophago-
lymphadenectomy. We demonstrated that, with proper placement of the robotic ports,
this procedure can be performed safely. In conventional thoracoscopic procedures,
mediastinal lymphadenectomy is technically hindered by working in a three-dimensional
field through a two-dimensional view with rigid instruments. The robot offers a three-
dimensional magnified vision and articulating instruments, allowing a precise dissection
of the peri-esophageal tissue along all the vital structures, such as pulmonary vein,
trachea, aorta and recurrent nerves.

The first case of a robot-assisted thoracoscopic esophagectomy was recently published.
Inthat report a complete robot-assisted approach was used in the thoracic and abdominal
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phase. The set-up used in this study was developed and extensively tested in our
laboratory on human cadavers. We experienced this set-up to be beneficial as the entire
mediastinum from diaphragm to thoracic aperture could be reached. Furthermore, we
found that the abdominal phase is less suitable for the robotic approach, as manoeuvres
with large amplitude are necessary to dissect the entire greater curvature.

Local tumor recurrence is a main cause of treatment failure in esophageal cancer. In a
retrospective analysis of 149 patients who underwent open transhiatal resection, disease
recurred in 52% (median follow up 24 months) within a median time of 11 months. In
these patients, 23% recurred only locally, whereas 14% recurred systemically.'? Thus,
in a substantial number of patients (23%), recurrence is probably due to either an
incomplete positive lymph node dissection or an incomplete circumferential tumor
dissection margin (R1). In this particular group of patients, a more radical surgical
approach could reduce locoregional recurrence and thereby prolong disease-free
survival. The thoracoscopic approach offers an excellent access to the mediastinum,
allowing an extended lymphadenectomy as well as en bloc dissection of the peritumoral
tissue. Indeed, the RO resection rate in our series (76%), compares well to that found
after open transthoracic resection (79%).?

The open transhiatal resection is generally associated with a shorter duration of surgery
compared to the open transthoracic approach (3.5 vs 6 hours).? Moreover, median
blood loss is lower (1.0 vs 1.9 liters) and respiratory complication rate is significantly
less (57 vs 27%). In a large meta-analysis, the operative mortality rate of the transhiatal
approach was around 6% versus 10% for the transthoracic approach.’ With these
figures in mind, minimally invasive procedures have been developed, aiming at a lower
complication rate combined with equally or better oncologic results. Various reports
have shown the feasibility of the laparoscopic transhiatal approach.”'#'¢ However, these
procedures are technically demanding and do not significantly improve the already
low morbidity and mortality rates and short operating time of the open transhiatal
approach.'” More importantly, oncologic outcome will not be improved as mediastinal
lymphadenectomy and en bloc tumor resection cannot be performed. To our opinion,
maximal benefit should come from the minimally invasive thoracic procedures.’
Indeed, the largest reported series of 222 patients, combining the thoracoscopic and

laparoscopic approach, shows major improvements of the peri-operative morbidity and
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mortality rates.'® Median duration of surgery was 5 hours, blood loss 300 ml, pulmonary
complication rate 22% and mortality 1.4%. However, it has to be noted that in their
series, 5-year survival rate was comparable to the open transhiatal resection.

In our series we aimed at a complete mediastinal lymphadenectomy, which could be
well performed with the aid of robotic technology. The median number of lymph nodes
resected in our series is less than reported previously in the open transthoracic procedure
(20 vs 31).2 The explanation for this difference may be a less extensive resection in
the robot-assisted thoracoscopic procedure, or the pathological technique of counting
lymph nodes in our study. Before we introduced robot-assisted thoracoscopic esophageal
resection, median number of thoracic and abdominal lymph nodes resected by means
of transthoracic approach was 16 (range 1-43). Nonetheless, the outcome compares
favourably to a recently published report of 25 laparoscopically assisted transhiatal
procedures where a mean number of 7 nodes was found.'” In a large experience of 46
thoracolaparoscopic procedures, the mean number of nodes was 10.°

After evaluating the first 10 cases, we found that the incidence of pulmonary
complications was high (60%), mainly caused by left sided pneumonia and associated
ARDS in 3 (33%) patients. These complications were probably related to barotrauma
of the left lung. During single-lung ventilation, high tidal volumes and pressures were
found in a number of patients. In the following 11 patients we implemented measures
to minimize injury to the collapsed right lung; we installed CPAP (5 mBar) during the
desufflation phase. Furthermore, to reduce shear forces in the left lung, pressure
controlled ventilation with small tidal volumes was applied. From that time on we did
not encounter ARDS anymore. The pulmonary complication rate in the last 11 cases
was reduced to 32%.

Another explanation is the learning curve associated with new technically complex
procedures. In our series, the operating time of the robot-assisted thoracoscopic part
reduced markedly with a median of 228 minutes in the first 10 cases to 168 minutes in
the last 11. These figures are in agreement with other studies reporting a steep learning
curve with video-assisted thoracoscopic esophago-lymphadenectomy.2’ Conversion rate
in this series (14%) is comparable to other."®

In conclusion, we found that robot-assisted thoracoscopic esophago-lymphadenectomy
for esophageal cancer is feasible. Robot-assistance allows precise dissection in the
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mediastinum. This approach has the potential of reducing postoperative complications
with optimal surgical en bloc dissection of the tumor and peri-esophageal tissues. Our

aim is now to standardize the procedure so that it can be compared with other operative

techniques. B
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After esophagectomy continuity is frequently restored by gastric replacement. The
staple line of this gastric conduit is generally oversewn to prevent leakage and erosion
of adjacent tissue (Figure 1). This last step is often omitted during minimally invasive
esophagectomy (MIE) as technical difficulties make it time consuming.! Moreover, there
is little evidence that supports the need for oversewing staple lines in gastrointestinal
surgery. We describe two major complications that occurred after abandoning

oversewing the staple line of the gastric conduit following esophagectomy.

Figure 1 - The gastric conduit is created by means of several linear staplers (left). The gastric conduit staple
line is routinely oversewn with PDS 3-0 to prevent complications (right).
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Case 1

A 66-year-old female patient with a squamous cell carcinoma of the mid esophagus
underwent robot-assisted thoracoscopic esophagectomy (RTE). Through laparotomy the
resected specimen and abdominal lymph nodes were removed. Using the GlA-stapler (GIA
80, 3.8 mm, Tyco Healthcare, Norwalk USA) a 3 cm wide gastric conduit was created.? The
staple line was not oversewn.

On the first postoperative day the left thoracic drain produced bile. Methylene blue was
injected in the nasogastric tube, which was detected in the thoracic drain soon afterwards.
A contrast enhanced X-ray examination of the gastric conduit showed leakage at the
distal staple line at the level of the diaphragm (Figure 2).

Relaparotomy revealed a defect of the staple line just above the pylorus. A controlled
fistula was made by placing a Foley catheter in the esophageal defect, covering the defect
by omentum and draining the mediastinum. She recovered from the mediastinal sepsis
after extended ICU stay of 39 days. On day 45 post surgery the Foley catheter could be
removed. She left the hospital on day 61 in good condition.

Figure 2 - Case 1: Contrast examination of the neo-esophagus showing leakage (arrow) at the non-oversewn
distal staple line.
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Case 2

A 69-year-old male patient with an adenocarcinoma of the esophagus underwent RTE
with gastric conduit formation through laparotomy. The staple line was not oversewn.
At day 9 his condition deteriorated and he had to be reintubated. Since bronchoalveolar
aspirate contained bile, a bronchoscopy was performed showing a fistula between the
right bronchus and the gastric conduit.

Thoracotomy revealed a defect of 4 centimeters in the right main bronchus
communicating with the neo-esophagus. Given the size of the bronchial defect and the
condition of the lung with massive infiltrate, a pneumonectomy was performed. The
gastric conduit was well perfused and the defect was closed with stitches. Despite this
intervention, the patient died from ongoing sepsis.

Discussion

Gastric conduit staple lines are routinely oversewn to prevent local complications.
Nevertheless, evidence about the value of this step is scarce. No randomized controlled
trials are available comparing complication rate of oversewn versus non-oversewn
(gastric) staple lines. In MIE, oversewing the gastric conduit staple line is often omitted
because of technical difficulties in laparoscopic suturing. To our knowledge, this is the
first report describing the possible consequences of abandoning this step.

In our hospital from 1995 until 2003, 126 consecutive patients underwent
esophagectomy for malignancy either by transthoracic or transhiatal approach. Conduit
staple lines were routinely oversewn. No leakage at the staple line has occurred in any
of the patients. In contrast, in the first 13 minimally invasive cases, staple lines were
not oversewn, resulting in leakage in 2 patients (15%).2 After these two events, we
reintroduced this step and no staple line leakage was encountered in the following 20
patients.

The incidence of dehiscent gastrotomy staple lines is not precisely described in the
literature. Several factors may contribute to staple line leaks.? Technical inadequacies
of stapling material can lead to staple line disruptions, as probably occurred in our first
case.> Moreover, surrounding organs can be injured by protruding staples resulting in
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fistula, as found in our second case. Thirdly, ischemia in the region of the staple line
can cause leakage. Also, staples can be caught in the posterior mediastinum during the
conduit pull up procedure, causing damage to adjacent structures and to the conduit
itself. Gastrotomy leaks can lead to severe sepsis, mediastinitis and respiratory-neo-
esophageal or aorto-neo-esophageal fistula.*

Respiratory-neo-esophageal fistula is a rare but dangerous complication of
esophagectomy. Although several cases are described of fistula located at the
esophagogastric anastomosis,* few cases are depicted at the staple line of the gastric
conduit.*® In these cases, oversewing of the staple line is not reported.

Remarkably, the largest reported series of MIE has not reported any complication at
the non-oversewn staple lines in 222 patients.” Nevertheless, as the consequences of
a possible leakage are severe and carry a high mortality rate, oversewing the gastric
conduit staple line should be performed routinely, even in MIE. In MIE, extracorporeally
the gastric tube can be created and conventionally oversewn through a 7 ¢cm transverse

incision.
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ABSTRACT

Background

The standard surgical procedure for esophageal cancer is transthoracic esophagectomy
with en bloc resection of the azygos vein, thoracic duct and mediastinal lymph nodes.
To reduce morbidity of esophagolymphadenectomy, minimally invasive techniques are
increasingly being applied. In (robot-assisted) thoracoscopic esophagolymphadenectomy,
the azygos vein is generally left in place, as the scopic ligation of the numerous
intercostal veins is technically difficult and time-consuming. This could affect the extent
of mediastinal lymph node dissection. Therefore, in this study, the effect of azygos vein
preservation during thoracic esophagectomy on mediastinal lymph node harvesting

was assessed.

Materials and Methods

In 15 human cadavers, a right-sided thoracotomy was performed, followed by
esophagectomy with mediastinal lymph node dissection after ligation of the azygos arch
(representing the situation in robot-assisted thoracoscopic esophagolymphadenectomy).
Subsequently, the remaining azygos vein with surrounding tissue was resected. The
number of lymph nodes in both specimens was determined.

Results

A mean of 17.3 (95% Poisson Cl 15.3-19.6) lymph nodes was dissected en bloc with
the esophagus, and 0.67 (95% Poisson Cl 0.32-1.23) around the separately resected
azygos vein. The additional azygos vein resection did not add to the number of lymph
nodes dissected in 60% (9/15) of cadavers.

Conclusions

The extent of mediastinal lymph node dissection was not substantially affected by
leaving the azygos vein in situ. Time-sparing azygos vein preservation in (robot-assisted)
thoracoscopic esophagolymphadenectomy may therefore be considered justified.
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INTRODUCTION

For patients with resectable esophageal cancer, surgery offers the best chance for cure
with an overall 5-year survival rate of around 25%. To achieve radical tumor resection, a
transthoracic en bloc esophagectomy (EBE) is performed within an envelope of adjacent
tissues that includes lymphatic tissue, the azygos vein and the thoracic duct.” A recent
randomized trial has shown a trend towards a survival benefit for EBE compared
with the transhiatal approach.? Nevertheless, this gain in survival is accompanied by
significant perioperative morbidity.2 Minimally invasive thoracoscopic techniques have
been developed to reduce morbidity and mortality.>* Recently, we have shown robot-
assisted thoracoscopic esophago-lymphadenectomy to be feasible.®

In the thoracoscopic and robot-assisted thoracoscopic approaches, the azygos vein is
left in place after ligation of the azygos arch, since ligating the numerous intercostal
veins scopically is technically difficult and time-consuming.®® This might lead to a
limited mediastinal lymph node dissection compared to the open transthoracic en bloc
procedure, possibly affecting oncologic outcome.

The aim of the present study was to assess, in a cadaveric model, the effect of azygos
preservation during transthoracic esophagolymphadenectomy on the extent of
mediastinal lymph node dissection.

IMATERIALS AND METHODS

Fifteen fresh frozen human adult cadavers donated to the Department of Pharmacology
and Anatomy of the University Medical Center Utrecht were included. Since these
cadavers were donated, autopsy was not routinely performed and causes of death were
therefore unknown. Cadavers with thoracic trauma or thoracic disease were excluded
from this study.

All surgical procedures were carried out by an experienced esophageal surgeon (RvH)
assisted by one surgical assistant (JB) at the Department of Pharmacology and Anatomy.
Prior to performing surgery, cadavers were defrosted.

After the cadaver was placed in left lateral position, a right-sided posterolateral
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thoracotomy was performed through the 6th intercostal space. First, the esophagus
with surrounding tissue was dissected exactly as performed in the robot-assisted
thoracoscopic procedure. To achieve this, the pulmonary ligament was divided and
the anterior parietal pleura was divided from diaphragm up to the level of the azygos
arch. The azygos arch was ligated with sutures. Then, the posterior parietal pleura was
divided along the azygos vein. The thoracic duct and mediastinal lymph nodes were
dissected en bloc with the esophagus. The esophageal resected specimen included
upper, lower and middle mediastinal, bilateral paratracheal and subcarinal lymph nodes.
No abdominal resection or lymph node dissection was performed. Secondly, the azygos
vein with surrounding fatty tissue was dissected separately from the ligated azygos arch
up to the level of the diaphragm (Figure 1).

Figure 1 - Schematic view of the esophagus (E) and azygos vein (AV) during the rightsided thoracic dissection.
Following ligation of the azygos arch, the esophagus with surrounding tissue is dissected conform the robot-
assisted thoracoscopic approach. Separately, the azygos vein is resected after ligating the intercostal veins. The
mediastinal lymph node stations are indicated according to the American Joint Committee for Cancer Staging
and End-results,®® with corresponding stations according to the Japanese Society for Esophageal Diseases' in
parantheses:

©Boonel/v Hillegersberg 2007

2R: right upper paratracheal (#105); 4R: right lower paratracheal (#106); 7: subcarinal (#107); 8: paraesophageal
(#108 and #110) and 9: pulmonary ligament (#111). SVC: superior vena cava; RL: right lung.
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By one pathologist with ample experience in oncologic pathology (MS), the esophageal
resected specimens and azygos vein resected specimens were examined for lymph
nodes by carefully slicing the surrounding fatty tissue. The selected tissues were fixed
in formalin and embedded in paraffin. Then, slices were sectioned at 3 pm and stained
with haematoxylin-and-eosin. By light microscopic examination, lymph nodes were
identified and counted.

Results are presented as mean with 95% Poisson Confidence Interval (95% Poisson Cl).
To calculate the percentage of residual lymph nodes after azygos vein preservation, in
each cadaver the number of lymph nodes surrounding the azygos vein was divided by
the total amount of dissected mediastinal lymph nodes (lymph nodes at the esophagus
+ at the azygos vein) multiplied by 100%.

REsuLTs

12 male and 3 female cadavers underwent transthoracic esophagolymphadenectomy
with separate resection of the azygos vein. Age at time of death was 75 years (range
43 -91).

An overview of the amount of lymph nodes located at the resected esophageal
specimen and at the azygos vein specimen per cadaver is shown in Table 1. A mean
amount of 17.3 lymph nodes (95% Poisson Cl:15.3-19.6) was dissected en bloc with
the esophagus. Around the separately resected azygos vein, a mean of 0.67 lymph
nodes (95% Poisson Cl 0.32—-1.23) was located. In 60% of cadavers (9 out of 15), no
lymph nodes were found around the azygos vein. In the 6 cadavers with lymph nodes
in the azygos vein resected specimen, a range of 1—- 3 lymph nodes (mean 1.7) were
found. The mean percentage of residual lymph nodes was 3.3% (range 0-17.6).
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Table 1 - Overview of the amount of lymph nodes located at the esophageal resected specimen and the
azygos vein resected specimen in 15 cadavers.

Lnn azygos Residual
Cada Gende .

Lnn: lymph nodes. Residual Inn = (Inn azygos vein / (Inn esophagus + Inn azygos vein)) x 100%

Discussion

Transthoracic esophagolymphadenectomy is considered the best option for performing
radical tumor resection, yet is accompanied by a high morbidity rate mainly due to
pulmonary complications.2 Minimally invasive techniques have been introduced to
reduce this morbidity without compromising oncologic outcome.? However, preserving
the azygos vein during (robot-assisted) thoracoscopic esophagolymphadenectomy?*
might impair mediastinal lymph node harvesting and thus oncologic outcome. The
results of our cadaveric study show that the preservation of this vein leads to a negligible
reduction of dissected mediastinal lymph nodes. Moreover, in 60% of the cadavers no
residual lymph nodes were located around the azygos vein.

The main motive for surgeons to preserve the azygos trunk in thoracoscopic
esophagolymphadenectomy, is that ligation of the numerous intercostal veins scopically
is technically difficult and time-consuming. An additional reason to preserve the azygos
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vein is to prevent injury of the bronchial artery, which may occur during dissection of the
azygos vein.'1! Extensive upper mediastinal lymph node dissection and bronchial artery
injury in particular, frequently cause tracheal ischemia, resulting in severe complications
such as ischemia or ulceration of the trachea.™

However, not only in thoracoscopic esophagolymphadenectomy the azygos vein and
intercostal veins are spared. A comparable modification of the open transthoracic EBE
has been described by even strong advocates of EBE." Even so, most proponents of en
bloc resection have hold on to the traditional en bloc procedure with resection of the
azygos vein and intercostal veins.2™

In this cadaveric study, we have focused on the effect of azygos vein preservation on
mediastinal lymph node dissection. The lateral margins of the resected esophageal
specimens were not assessed, as our experimental set-up with separate azygos vein
removal did not allow for such a comparison. The robot-assisted thoracoscopic approach
differs from the typically thoracoscopic approach in the resection of the thoracic duct.>’
Therefore, we included the thoracic duct in the dissection en bloc with the resected
esophageal specimen.

Human cadavers provide a natural model for esophagectomy.'"” Anatomy of cadavers
is similar to that of patients, and lifting of the abdominal viscera due to relaxation
of the diaphragm following death resembles the patient receiving thoracic surgery
under general anaesthesia.’® Although cadavers are conserved through procedures as
refrigeration or embalming, changes produced have no significant consequences on
experimental surgery.'s Nevertheless, a main disadvantage of the cadaveric model is
that neither blood loss nor physiological functions are assessable.®

Consistent with the results of the cadaveric study by Herbella et al.’®18, the number
of mediastinal lymph nodes in our study varied widely. During right-sided transthoracic
esophagolymphadenectomy, lymph node stations #105, #106, #107, #108, #110,
#111 and #112 according to the Japanese Society for Esophageal Diseases' and
2R, 2L, 3P 4R, 5, 7, 8 and 9 according to the American Joint Committee for Cancer
Staging and End-results are to be dissected (partly shown in Figure 1). Dissection of
these lymph node stations in our study has resulted in a range of 7 — 34 lymph nodes,
compared to 7 — 15 as reported in the Brazilian cadaveric study.'® This implies that when

examining esophageal resection specimens, not solely the total amount of mediastinal
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lymph node metastases should be determined, but the percentage of tumor positive
lymph nodes out of the total amount of resected mediastinal lymph nodes. Since we
have not performed an abdominal lymph node dissection, the amount of dissected
lymph nodes in this cadaveric study is less than numbers reported in clinically peformed
thoracoabdominal esophagolymphadenectomy.?

The number of lymph nodes located in the fatty tissue surrounding the azygos vein was
inconsistent as well in the present study, ranging from 0 — 3. Yet, the mean amount
of lymph nodes adjoining the azygos vein was only 0.67. Furthermore, in 60% of our
cadavers, no residual nodes were present when the trunk of this vein was preserved.
The clinical relevance of this small amount of residual nodes on local tumor recurrence
rate and survival is to be questioned. In general, although some groups have described
survival rates after minimally invasive esophageal resection,>?' more studies on long-term
outcome of thoracoscopic esophagolymphadenectomy for esophageal cancer have to
be obtained to assess if this surgical technique results in survival rates comparable to the
conventional transthoracic approach.

In conclusion, the extent of mediastinal lymph node dissection during thoracic
esophagolymphadenectomy was not substantially affected by preserving the azygos
vein. Since ligating the intercostal veins during the (robot-assisted) thoracoscopic
approach is technically difficult and time-consuming, preservation of the azygos vein
may be warranted. However, more clinical studies reporting the recurrence and survival
rates after thoracoscopic esophagolymphadenectomy have to provide the ultimate
proof that oncologic outcome is comparable to the open transthoracic approach.
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ABSTRACT

Background

Thoracoscopic esophagectomy was introduced to reduce morbidity of transthoracic
esophagectomy (TTE). Robotic systems were developed to facilitate scopic surgery. Aim
of this study was to assess the short- and mid-term results of robot-assisted thoracoscopic
esophagectomy (RTE) for esophageal cancer.

Patients and Methods
Between October 2003 and May 2007, 47 patients with resectable esophageal cancer
underwent RTE. Clinical data were prospectively collected.

Results

Conversion to thoracotomy occurred in 15%. Median operation time was 450 minutes;
median blood loss 625 millilitres. Median postoperative ventilation time was 1 day,
ICU stay 3 days and hospital stay 18 days. Pulmonary complication rate decreased
from 57% in the first 23 operated patients to 33% in the last 24 patients. In-hospital
mortality was 6%. Radical resection (RO) was achieved in 77%. A median of 29 (range
8-68) lymph nodes were dissected. Forty-nine percent of patients had stage IVa disease.
After a median follow-up of 35 months, median disease-free survival was 15 (95% ClI
12-18) months.

Conclusions

RTE has proven to be oncologically safe with alymphadenectomy and RO rate comparable
to open TTE, combined with low blood loss and a steep learning curve. It is expected
that surgery time, blood loss and pulmonary complication rate will further decrease

with growing experience.
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INTRODUCTION

Esophageal carcinoma is the 8" most common type of cancer in the world, with an
estimated 462.000 newly patients diagnosed globally in 2002.* Radical surgical resection
of the esophagus and the surrounding lymph nodes has proven to offer the best
chance for cure in patients with locoregional disease.? Transthoracic esophagectomy
(TTE) allows for an en bloc resection of the esophagus and an extensive mediastinal
lymphadenectomy. Yet, this approach through thoracotomy is associated with significant
morbidity, predominantly respiratory.? Transhiatal esophagectomy (THE) carries a lower
complication rate, however, since the esophagus is stripped out of the mediastinum only
a limited lymphadenectomy can be carried out, without a dissection of the carinal and
paratracheal lymph nodes.?

To reduce surgical trauma and thereby the morbidity of esophagectomy, minimally
invasive techniques have been developed.*> Several studies on minimally invasive
esophagectomy (MIE) have shown a substantial decrease in blood loss, complication rate
and hospital stay.*® However, conventional scopic surgery has several limitations, such as
a 2-dimensional view, a disturbed eye-hand-coordination and a decrease in degrees of
freedom due to the large, rigid scopic surgical instruments.®” This might hamper a proper
mediastinal dissection during thoracoscopic esophagectomy.

Robotic systems have been designed to overcome the disadvantages of scopic surgery.
The Da Vinci® robotic system (Intuitive, Sunnyvale, California, USA) provides a 3-
dimensional, tenfold magnified view on the operating field.5” It filters the tremor of the
surgeon, restores the natural eye-hand-coordination axis owing to the ergonomically
designed surgeon’s console and offers more degrees of freedom through its articulating
scopic surgical instruments. As a result, robotic systems facilitate a precise dissection in a
confined surgical field. This could be of added value during the mediastinal dissection of
the esophagus and the surrounding lymph nodes.

The first case description of a thoracoscopic esophagectomy aided by a robotic system
was published by Kernstine et al. in 2004.8 Two years later we have published our initial
experience with robot-assisted thoracoscopic esophagectomy (RTE) in conjunction with
conventional laparoscopy.® This innovative surgical procedure has shown to be technically
feasible and was associated with low blood loss.® In the current article, the short- and
mid-term results of RTE with 2-field lymph node dissection (LND) will be described.
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PATIENTS AND METHODS

From October 2003 - May 2007, 73 patients with potentially resectable esophageal
cancer were surgically treated at the authors” institute. Forty-seven (64%) of 73 patients
underwent thoracoscopic esophagectomy with a 2-field LND aided by the Da Vinci®
robotic system. Patients with a distal esophageal or gastroesophageal junction (GEJ)
tumor that had severe cardiopulmonary comorbidity were offered open THE (n=14)
or conventional laparoscopy (n=2) instead of RTE, as it was judged that the risk of
morbidity would be too high in case of one-lung-ventilation and extensive mediastinal
dissection. Six patients underwent open TTE (due to the use of the robotic system
for a different type of operation at the day of esophagectomy) and 4 a diagnostic
conventional thoracoscopy.

Preoperative work-up

Routine diagnostic work-up consisted in all patients of esophagogastroscopy with
tumor biopsy, endoscopic ultrasonography (EUS) with fine needle aspiration (FNA)
of suspected malignant lymph nodes if indicated (M1b lymph nodes'), computed
tomography (CT) scanning of the chest and abdomen, ultrasonography (US) of the neck
with FNA if indicated, electrocardiography and lung function testing. Bronchoscopy
was performed in case of suspected airway ingrowth and 18F-fluorodeoxy-glucose
(FDG) positron emission tomography (PET) scanning with CT fusion when lymph node
metastases beyond the surgical field or organ metastases were suspected on CT scanning.
The exact location of the tumor in the esophagus was determined by gastroscopy or EUS.
Tumors were considered upper esophageal when they were located between 18 and 24
cm of the incisor teeth, middle esophageal when located between 24 and 32 cm and lower
esophageal (including GEJ tumors) when located between 32 and 40 cm.'® Neoadjuvant
therapy was not administered routinely. In 3 patients neoadjuvant chemotherapy was

given for distant lymph node metastases (M1a) diagnosed with EUS.
Anaesthesiology

All patients received an epidural catheter in the 6™, 7™ or 8" epidural space to provide
adequate postoperative analgesia. Patients were intubated with a left-sided double-
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lumen tube to accomplish selective deflation of the right lung during the thoracoscopic
phase. Antibiotic prophylaxis was provided by cefazolin (2000mg) and metronidazole
(500mg). In addition, 30 minutes before the incision methylprednisolone (10mg/kg)
was administered to minimize postoperative pulmonary complications. Fluid strategy
was aimed at a mild positive fluid balance of approximately 1 litre. During one-lung-
ventilation, a pressure-controlled ventilation strategy was applied with maximal
pressures of <20 cmH,0."? Postoperatively, patients were transferred to the intensive
care unit (ICU).

Surgical technique

All surgical procedures were performed by 1 oncologic surgeon (RvH) with ample
experience in minimally invasive surgery and in esophageal cancer surgery, who was
assisted by a surgical assistant and a scrub nurse. Our surgical technique has been
described extensively in 2006,° but has meanwhile undergone some slight modifications.
In short, the patient was positioned in left lateral decubitus position, 45° tilted towards
prone position. The robotic system was placed at the dorsocranial side of the patient.
The position of the robotic instrument ports and of the assistant’s instrument ports are
depicted in Figure 1. After the pulmonary ligament was divided, the parietal pleura
was dissected at the anterior side of the esophagus from the diaphragm up to the
azygos arch. The azygos arch was ligated. Then, the dissection of the parietal pleura
was continued above the azygos arch for a right paratracheal lymph node dissection.
Subsequently, the parietal pleura was dissected at the posterior side of the esophagus
from cranially to caudally along the azygos vein, including the thoracic duct. At the level
of the diaphragm, the thoracic duct was clipped with a 10 mm endoscopic clipping
device (ENDOCLIP™ ||, Covidien, Mansfield, MA, USA). A penrose drain was placed
around the esophagus to facilitate esophageal mobilisation. In this way, the esophagus
can be resected en bloc with the surrounding mediastinal lymph nodes and the thoracic
duct from the diaphragm up to the thoracic inlet. The LND includes the right-sided
paratracheal (lymph node station 2R), tracheobronchial (lymph node station 4), carinal
(station 7) and periesophageal (station 8) lymph nodes.

In the first 15 patients the abdominal phase was performed through an open approach;
in the following patients a conventional laparoscopic approach was used (without
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the robotic system). The position of the laparoscopic trocars is shown in Figure 2. The
surgical technique has been described previously.® The LND included the lymph nodes
surrounding the left gastric artery and the lesser omental lymph nodes. The resected

specimen was removed through a 7 cm transverse transabdominal incision.

Figure 1 - Trocar set-up during the robot-assisted thoracoscopic phase.

la: left robotic arm; ra: right robotic arm; ca: robotic camera arm; a: assistant port

By means of several linear staplers (GIA 80, 3.8 mm; Covidien), a 3-4 cm wide gastric
conduit was created. In the first 13 RTE patients, the stapled line of the gastric conduit
was not oversewn, since we were planning to perform an entirely minimally invasive
procedure including intracorporeally creation of the gastric conduit. Due to 2 large
complications at the non-oversewn stapled line, we have reintroduced this routine
practise.” Through a left-sided vertical incision along the sternocleidoid muscle, a
handsewn end-to-side anastomosis was made between the gastric tube and the
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cervical esophagus using 3-0 PDS one-layer running sutures. No formal cervical LND
was carried out. Cervical lymph nodes were only dissected if during the cervical phase
of esophagectomy lymph node metastases were macroscopically suspected.

Figure 2 - Trocar set-up during the conventional laparoscopic phase. The camera is inserted trough the 10mm

trocar port; two 5mm trocars are used as working ports. Trough the 12mm right pararectal trocar port the
liver retractor is inserted. The ultracision device is introduced through the 12mm paraumbilical port.

Histopathologic examination

The upper mediastinal (i.e. paratracheal, tracheobronchial, carinal and aortopulmonary
window), peri-esophageal and left gastric lymph node stations were marked by the
surgical team. At the Department of Pathology, lymph nodes were identified by slicing
the fatty tissue surrounding the esophagus and gastric cardia. Subsequently, the
resected tumor and the identified lymph nodes were fixed in formalin and embedded
in paraffin. Tissue sections (3um) were stained with Haematoxylin-Eosin for standard
histopathological examination. For the present study, all resection specimens were
revised by 1 oncologic pathologist (MS). Under light microscopic examination the
following histopathologic characteristics were determined: histological type, grade of
differentiation, tumor infiltration depth and presence of residual tumor at the resection
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margins. Dissected malignant and non-malignant lymph nodes were identified, counted
and recorded by their anatomic location. Tumors were staged according to the most
recent Tumor Node Metastasis (TNM) classification.'® For lower esophageal tumors,
lymph node metastases near the celiac trunk and those within 1 cm of the origin of the
left gastric artery were considered distant lymph node metastases (M1a disease). For

mid-esophageal tumors, all non-regional lymph nodes were considered M1b disease.®

Follow-up

After discharge from our hospital, patients were seen at our Outpatient Department at
a 3-to 4-month interval for the 1 year, at a 6-month interval for the 2" year and once a
year in the subsequent years. At every visit, a medical interview and physical examination
was done. Diagnostic modalities such as gastroscopy with biopsy, CT-scan, FDG-PET-
scan or magnetic resonance imaging (MRI) were performed in case of suspected tumor
recurrence, which is in accordance with the 2007 National Comprehensive Cancer
Network (NCCN) Esophageal Cancer Clinical Practice Guidelines.™ Tumor recurrence in
the anastomotic region or in the diaphragmatic crus (in case of pT4 crus) was considered
local recurrent disease. Metastases in locoregional (i.e. mediastinal) lymph nodes were
regarded as regional recurrence. Distant recurrent disease was divided according to the
route of tumor spread: haematogenously (e.qg. liver, bone, lung and cerebral metastases),
lymphogenously (in case of cervical, celiac or other distant lymph node metastases),

transperitoneally, transpleurally or a combination of these 4 categories.

Data collection and statistical analysis

Data regarding surgery, postoperative course, postoperative complications and follow-
up were prospectively recorded in an Access database (for Windows, 2002). Statistical
analysis was performed when appropriate, using SPSS (Version 12.0, for Windows).
Percentages were rounded to the nearest whole integer and consequently the sum
of percentages may exceed 100%. For comparison of continuous data with a non-
Gaussian distribution, the Mann-Whitney test was used. A p-value <0.050 was
considered statistically significant. Disease-free survival was estimated using the Kaplan
Meier survival analysis method and is presented as median with 95% Confidence
Intervals (95%Cl).
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REsuLTs

Patient characteristics

Thirty-three (70%) of 47 patients were male and 14 were female. Median age was 62
(range 39-78) years, median body mass index 25 (range 19-39). The American Society
of Anaesthesiologists’ (ASA) physical status score was 2 or 3 in 60% of patients.

Intra-operative characteristics

Forty (85%) procedures were completed thoracoscopically. Conversion to thoracotomy
occurred in 7 (15%) patients and was due to insufficient deflation of the right lung
(n=2), inadequate port position caused by kyphosis (n=1) or by a protruding scapular
rim (n=1), extensive pleural adhesions (n=1), a bulky adhesive tumor in the upper
mediastinum (n=1) or a bleeding from a bronchial artery which could not be controlled
thoracoscopically (n=1).

Conversion of the laparoscopic phase was required in 4 (15%) of 26 patients because
of widespread adhesions resulting from previous abdominal surgical procedures (n=2),
possible tumor ingrowth in the right crus of the diaphragm (n=1) or considerable
macroscopic lymph node metastases near the celiac trunk which were deemed too
large for laparoscopic removal (n=1).

Median operation time of the robot-assisted thoracoscopic phase was 180 (range 120-
240) minutes and of the total procedure 450 (360-550) minutes. Median blood loss
of the thoracoscopic procedure was 250 (0-800) millilitres and of the entire procedure
625 (150-5300) millilitres. When comparing the first 23 operated patients with the
last 24, a significant decrease in total blood loss was detected (median 900 vs. 450
millilitres, respectively; p=0.0004), even after exclusion of the 2 outliers of the first
group (3™ patient, 2500 millilitres and 20™ patient, 5300 millilitres; p=0.001; Figure
3a). In addition, a significant reduction in surgery time was noticed when comparing
the first 23 patients with the last 24 patients (median 7.5 vs. 7.0 hours, respectively;
p=0.024; Figure 3b).
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Figure 3 - A: Boxplot graphs of total blood loss in the first 23 patients (with exclusion of 2 outliers) and
the last 24 patients having undergone RTE (p=0.001). B: Boxplot graphs of total surgical time in the first 23
patients and the last 24 patients having undergone RTE (p=0.024).
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Table 1 - Postoperative complications of 47 esophageal cancer patients having undergone RTE.
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* Pulmonary complications were defined as pneumonia (l e. infiltrate on chest x-ray in combination with
the identification of a pathogen in sputum culture), atelectasis (i.e. lobar collapse on chest x-ray) or Adult
Respiratory Distress Syndrome (ARDS). t+ Of which 4 were temporary # Cardiac complications consisted of

myocardial infarction or atrial fibrillation.

Postoperative course

Patients were ventilated for 1 day (median; range 0-126). Median ICU stay was 3
(range 0-136) days and median hospital stay was 18 (range 10-182) days. Results
on postoperative complications are shown in Table 1. Three (6%) patients died
postoperatively, 1 due to a myocardial infarction, 1 due to Adult Respiratory Distress
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Syndrome and 1 due to a tracheo-neo-esophageal fistula. The tracheo-neo-esophageal
fistula was due to the non-oversewn gastric conduit stapled line.'* When comparing the
first 23 operated patients with the last 24 patients a decrease in pulmonary complication

rate was noticed (57% vs. 33%, respectively).

Table 2 - Histopathologic results of the 47 esophageal cancer patients having undergone RTE

a - As determined by pre-operative gastroscopy or endoscopic ultrasonography
b - RO: no microscopic residual tumor; R1: microscopic residual tumor; R2: macroscopic residual tumor

Histopathologic results

An overview of the histopathologic results of the 47 malignancies is given in Table 2. The
majority of tumors (74%) were located in the distal esophagus or on the GEJ. According
to the TNM classification, 17% of tumors were stage Il and 60% were stage IV. Of
the 11 (23%) tumors with microscopic tumor residual (R1), 9 had involvement of the
circumferential resection margins, 1 of the proximal and 1 of the distal resection margin.
A total of 1479 lymph nodes were dissected (Figure 4), resulting in a median amount
of 29 (range 8-68) per patient. Of these 1479 dissected lymph nodes, 257 (17 %) were
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tumor positive. Lymph node metastases were detected in 39 (83%) patients, whereas
8 (17%) patients had no lymph node metastases. The median amount of lymph node
metastases per patient was 3 (range 0-38) for the entire study-population and 4 (range
1-38) for the 39 patients with lymph node metastases. The median lymph node ratio in
lymph node-positive patients was 13% (range 2%-69%).

In the 47 patients, 373 upper mediastinal lymph nodes were dissected (Figure 4) with
a median of 6 lymph nodes per patient (range 0-28). Of 373 upper mediastinal lymph
nodes, 303 (81%) were located at or above the carina (stations 4 and 7). Seventy (19%)
upper mediastinal lymph nodes were found paratracheally. Eleven (23%) patients
had at least 1 lymph node metastasis in the upper mediastinum. Of the 35 patients
with a distal esophageal or GEJ tumor, 10 (29%) had upper mediastinal lymph node
metastases (Figure 5). Of these 10 patients, 5 had 1 lymph node metastasis in the upper
mediastinum, 3 had 2 tumor-positive lymph nodes and 2 had 3 tumor-positive lymph
nodes.

Figure 4 (left) - Distribution of 1479 lymph nodes dissected in 47 patients having undergone RTE.
Figure 5 (right) - Location of lymph node metastases in 35 patients with a distal esophageal or
gastroesophageal junction tumor having undergone RTE.

2/35 = 6%
— R
—_ e

10/35 = 29%
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A total of 384 lymph nodes were dissected paraesophageally with a median of 8 (range
0-25). Sixty-nine (18%) of 384 paraesophageal lymph nodes contained tumor cells,
resulting in a median of 1 metastatic paraesophageal lymph node per patient. In the
upper abdomen, 672 lymph nodes were dissected with a median of 12 (range 1-37)
per patient. Metastases were detected in 161 (24%) of the resected abdominal lymph
nodes, with a median of 2 (range 0-31) per patient. In 12 patients a total of 50 cervical
lymph nodes were dissected. Metastatic tumor cells were found in 8 (16%) of these
lymph nodes, which resulted in upstaging of 3 patients.

Table 3 - Location of tumor recurrence in the 30 patients who developed recurrent disease after RTE

k 30(100)

Recurrence

Since 3 (6%) patients had died in-hospital and 1 patient was diagnosed with liver
metastases at the time of esophagectomy, 43 patients were evaluable for recurrence.
At the time of analysis, all patients had undergone esophagectomy at least 12 months
previously. None of these 43 patients were lost to follow-up. After a median follow-up
interval of 35 (range 12-55) months, 13 (30%) of 43 patients had no symptomatic
evidence of recurrent disease. The median follow-up of these 13 patients was 30 (range
12-54) months. In the 30 patients with symptomatic recurrent disease, the median time
interval between esophagectomy and symptomatic tumor recurrence was 9 (range 3-29)

months. Overall median disease-free survival was 15 (95% Cl 12-18) months (Figure 6).
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In Table 3 an overview is given on the first location of symptomatic tumor recurrence
in the 30 patients with recurrent disease. In 1 patient with suspected recurrent disease
based on the medical interview, no exact location of tumor recurrence could be

registered, as the patient refused to undergo any diagnostic modality.

Figure 6 - Disease-free survival in 43 patients having undergone RTE and that were evaluable for follow-up.
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Discussion

Minimally invasive techniques for esophagectomy have been designed to reduce the
morbidity of this major surgical procedure. Several clinical studies have reported MIE to
be associated with a favourable outcome on blood loss and hospital stay when compared
to open esophagectomy.>'> Yet an ongoing debate continues on whether MIE, either
conventional or robot-assisted, is oncologically equal to open esophagectomy. The
current study reveals that RTE offers a lymphadenectomy and radical resection (RO) rate
similar to open TTE.? In addition, the median disease-free survival rate of 15 months in
predominantly advanced (stage lll-IVa) patients is comparable to open 2-field TTE.® The
extensive upper mediastinal LND provided by RTE has identified lymph node metastases
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in almost 30% of patients with a distal esophageal or GEJ tumor (Figure 5). These
lymph nodes would not have been dissected by a transhiatal approach,® which is for
many surgeons the preferred surgical approach in patients with a distal esophageal or
GEJ tumor.

Due to the 3-dimensional magnified view of the operating field and the articulating
surgical instruments, robotic systems facilitate a precise dissection in a confined
operating space.6 Therefore, during RTE a proper mediastinal lymphadenectomy (Figure
4) including the carinal, aortopulmonary window and right paratracheal lymph node
stations can be carried out. With a total of 757 dissected mediastinal lymph nodes in
47 patients, RTE has even provided a more extensive mediastinal LND when compared
to open TTE (733 mediastinal lymph nodes in 51 patients with Barrett cancer).”” Overall,
a median of 29 lymph nodes were dissected with RTE, which is comparable to the 31
lymph nodes reported in open TTE with 2-field LND.? RTE has offered a more extensive
lymphadenectomy when compared to conventional thoracoscopic esophagectomy.
Berrisford et al.' recently reported a median of 21 lymph nodes in 77 conventional
thoracolaparoscopic esophagectomies, while Smithers et al.’ found a median of 17
lymph nodes in 331 patients having undergone a thoracoscopic approach. With regard
to tumor infiltration of the resection margins, the percentage of RO-resections in the
current RTE series (77%) is similar to that of open TTE.?

The median disease-free survival of 15 months is in the range of open TTE having
in mind that 60% of patients had stage IV disease.>'® The relatively high amount of
patients with stage IVa disease in our series could first of all be explained by the fact
that our center is a tertiary referral center for esophageal cancer patients. Patients with
localized disease are still treated in regional hospitals, whereas those having advanced
stages are being referred. Secondly, the magnified view on the surgical field as provided
by laparoscopy may have assisted in a more extensive dissection of the lymph nodes
surrounding the celiac trunk. Yet, patients with M1a disease may have comparable
survival to N1 patients.” M1a disease is therefore not a contraindication for curative
surgery, as also stated in the 2007 National Comprehensive Cancer Network (NCCN)
Esophageal Cancer Clinical Practice Guidelines.™Thirdly, itis generally acknowledged that
it is difficult to distinguish locoregional lymph nodes (N1) located in the lesser omentum
from those 1 cm near the origin of the left gastric artery and the celiac trunk (M1a).
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A comparison on disease-free survival between RTE and conventional thoracoscopic
esophagectomy is difficult to undertake, since the MIE case series reporting disease-free
survival have in their initial experience predominantly treated patients with early stages
of esophageal cancer.*®

The location of tumor recurrence was predominantly systemic (Table 3). Organ and
peritoneal metastases occurred in 57% (17/30) of patients with tumor recurrence,
which is somewhat higher compared to after open TTE (41%).2° Yet, this is a reflection
of early dissemination at the time of surgery rather than inadequate surgery. Since there
is substantial evidence that neoadjuvant therapy significantly improves the survival in
esophageal cancer by opposing early metastatic spread and by increasing the number
of radical resections,?' preoperative chemotherapy is nowadays part of our routine
treatment in patients with esophageal adenocarcinoma. This may increase the interval
between surgery and tumor recurrence and may potentially decrease the number of
patients with haematogenous recurrence.

In open TTE with 2-field LND or 3-field LND the reported rates of mediastinal recurrences
were 21% and 35%, respectively.?>?2 In our series, 8 (27 %) patients with symptomatic
recurrent disease have developed regional recurrence indicating that RTE provides for a
proper mediastinal LND.

The operating time of RTE is relatively high when compared to open TTE.> We had
to deal with a changing team of surgical assistants and scrub nurses with variable
experience in robotic surgery. Nonetheless, a significant decrease in operating time and
in total blood loss was noticed over time (Figure 3), representing the learning curve of
the surgeon and anaesthesiological team. Overall blood loss was substantially lower
(625 milliliters) when compared to that of open TTE (1900 milliliters).32* Hospital stay
was comparable to open TTE, but was higher than reported in MIE.3# This is partly due
to the fact that the fast-track recovery program that is applied by other institutes has
not been implemented in our hospital yet.*

Although currently the morbidity of RTE is comparable to that of open TTE, a reduction
in pulmonary complication rate from 57% to 33% was noticed, which brings it in the
range of the open transhiatal approach.? The rate of recurrent nerve palsies of RTE is
relatively high. This is a consequence of the extensive en bloc LND that is performed in
the superior mediastinum. Since the recurrent nerve and its small branches are located in
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the fatty tissue of the superior mediastinum, they might be partly damaged with the en
bloc resection. The incidence of anastomotic leakage was relatively high.?42> A possible
explanation is the small (3-4 cm) diameter of the created gastric conduit created in the
beginning of this series. Nowadays we make wider gastric tubes (5-6 cm), which has
resulted in substantial reduction of anastomotic complications. With growing experience,
we expect a further reduction in operating time, pulmonary complication rate and
overall morbidity. When compared to conventional thoracoscopic series, (pulmonary)
morbidity of RTE is presently higher.# This is most probably a result of the substantially
more extensive lymphadenectomy that is carried out during RTE.™'® Secondly, this
could be due to the position of the patient. During RTE, we place the patient in left
lateral decubitus position, 45° tilted towards prone position. To accomplish optimal
view on the mediastinum, the right lung is deflated. Deflation and reinflation of the
lung may cause production of inflammatory mediators,?® which may cause pulmonary
complications. In case of a prone position of the patient, two-lung-ventilation can be
preserved. This may further reduce the pulmonary complication rate.”’?

In conclusion, RTE for esophageal cancer has offered a lymphadenectomy, radical
resection rate and median disease-free survival comparable to open TTE. In addition,
when compared to conventional thoracoscopic esophagectomy, RTE has provided a
more extensive LND. At present, the morbidity is comparable to the open approach,
but a substantial reduction in pulmonary complication rate has been noticed when
comparing the first 23 to the last 24 operated patients representing our learning
curve. With growing experience, a further reduction in operating time, pulmonary
complication rate and overall morbidity is expected. Long-term overall survival data of
a larger study population, preferably with an equal distribution of early and advanced
stages of disease, have to be awaited to assess if overall survival of RTE is comparable
to that of open TTE.
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Chapter 7

ABSTRACT

This is the first report of a thoracoscopic esophagectomy for a giant leiomyoma of
the upper esophagus aided by a robotic system. A 37-year-old man presented with
progressive dysphagia and nocturnal aspiration. Endoscopic ultrasound and CT scan of
the chest revealed an upper esophageal tumor of 9 x 4 cm arising from the muscularis
mucosae. A fine needle aspiration showed clustering of mesenchymal cells, confirming
the diagnosis of a stromal cell tumor. A mesenchymal malignancy was suspected because
the tumor was located in the upper esophagus and was arising from the muscularis
mucosae, both uncommon for a leiomyoma. Moreover, tumor size, an indicator of
potential malignancy if >3 cm, was 9 cm. Therefore, an esophagectomy was performed
thoracoscopically with the formation of a gastric conduit via laparotomy and a hand-
sewn end-to-side cervical anastomosis. The thoracoscopic phase was performed with
support of the da Vinci™ robotic system, which allowed for an excellent 3-dimensional
view and a precise dissection of the esophagus along the vital mediastinal structures.
The duration of the thoracoscopic part was 115 min and that of the total procedure was
270 min. Blood loss during the thoracoscopic phase was 50 mL; total blood loss was
200 mL. The patient was ventilated for 1 day; his total intensive care stay was 2 days.
He left the hospital in good condition on the 11 postoperative day. Histopathological
examination combined with immunohistochemistry revealed a leiomyoma of 9.0 x 5.0

x 2.5 cm. After 3 years of follow-up, the patient is in good health.
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INTRODUCTION

Leiomyoma is the most common benign tumor of the esophagus, accounting for 70-
80% of all benign esophageal neoplasms.” Generally, leiomyomas are solitary, well
encapsulated submucosal tumors. Arising from smooth muscle cells, they are mainly
located at the middle or lower third part of the esophagus.?* More than half the patients
are asymptomatic.’ Symptoms, predominantly dysphagia and retrosternal discomfort,
occur mostly when tumor size becomes larger than 5 centimetres.'?

Therapy of choice in small leiomyomas is surgical enucleation because malignancy
cannot otherwise be excluded and symptoms will arise or aggravate as tumor size
increases.* In general, giant leiomyoma (>8 cm) require esophagectomy, as enucleation
would result in muscular defects too large to allow a tension-free suture.>® Moreover,
large mesenchymal tumors are more suspicious for malignancy.” When a mesenchymal
malignancy of the esophagus is suspected, esophagectomy is indicated aiming at
radical resection.t As these malignancies only rarely spread to regional lymph nodes, a
lymph node dissection can be omitted, unless nodal tumor involvement is established
macroscopically during surgery.®

Since esophageal surgery is associated with a high morbidity,® minimally invasive
techniques have been introduced such as thoracoscopic and laparoscopic surgery.'
These techniques, however, are technically more demanding than open surgery due
to a 2-dimensional vision, a disturbed eye-hand coordination and decreased degrees
of freedom. Robotic systems have been developed to overcome these limitations.
Advantages of robotic systems are a 3-dimensional vision, restoration of the natural
eye-hand axis and enhanced dexterity due to articulated instruments." In specialized
centers, robotic systems are used to support delicate scopic procedures. Robotic systems
may also be of added value in thoracoscopic esophageal tumor resection, to dissect
precisely along vital structures such as the pulmonary vein, aorta or trachea.'

We report the first case of a robot-assisted thoracoscopic esophagectomy for a giant
upper mesenchymal tumor of the esophagus in a young patient in which a mesenchymal

malignancy was suspected.
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IMIATERIALS AND METHODS

Patient

A 37-year-old man presented at our Outpatient Surgery Department with a five-month
history of progressive dysphagia for solid food and nocturnal aspiration. Complaints
of retrosternal pain, gastroesophageal reflux or weight loss were not present. Physical
examination revealed no abnormalities.

Esophagogastroscopy showed normal esophageal mucosa with a luminal impression
on 19 -24 cm from the incisor teeth. Subsequent endoscopic ultrasonography (EUS)
demonstrated a hypoechoic, homogeneous tumor of 9 by 4 cm, arising from the
muscularis mucosae. Fine needle aspiration (FNA) of the tumor showed clustering of
mesenchymal cells, yet was inconclusive in distinguishing leiomyoma from a potentially
malignant gastrointestinal stromal tumor (GIST) or a leiomyosarcoma. On computed
tomography (CT)-scan of the chest, the tumor was located posteriorly to the esophagus,
originating from the esophageal wall or the posterior mediastinum (Figure 1). Metastases
in the liver or lung were not found. A mesenchymal malignancy was suspected since
the tumor arose from the muscularis mucosae, was located at the upper esophagus and
was 9 cm in length. A minimally invasive esophagectomy was performed.

Figure 1 - CT-scan of the chest. White arrow indicating the tumor originating from the esophageal wall or
the posterior mediastinum. The esophageal lumen is indicated by the white asterisk.
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Surgical technique

The thoracoscopic phase was performed with support of the Da Vinci™ robotic system
(Surgical Intuitive, Inc., Mountain View, CA). Under general anaesthesia, the patient
was intubated with a double-lumen tube and placed in left lateral decubitus position,
45¢ tilted towards prone position. The robot was positioned on the dorso-cranial side
of the patient (Figure 2). The robotic camera port was placed in 6" intercostal space
posterior to the posterior axillary line. The left robotic port was placed in 4™ intercostal
space just anteriorly to the scapular rim and the right robotic port in 8" intercostal
space more posteriorly than the left robotic port (Figure 3). Two additional ports were
placed in the 5" and 7t intercostal spaces just posterior to the posterior axillary line for
standard thoracoscopic assistance.

Figure 2 (left) - Schematic drawing of the set-up of the operating team during robot-assisted thoracoscopic
esophageal resection. The da Vinci™ robotic system (R) is placed at the dorsocranial side of the patient. From
behind the console (C) the surgeon (S) controls the robotic system and is assisted by two surgical assistants
(A) and one scrub nurse (N). LA: left robotic arm; CA: camera arm; RA: right robotic arm; M: monitor; AN:
anaesthesia team.

Figure 3 (right) - Schematic drawing of the positioning of the patient and placement of the trocars for
connection of the robotic system and for conventional scopic assistance. LA: left robotic arm; RA: right robotic
arm; CA: camera arm; A: conventional scopic assistance. See text for detailed explanation.
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After division of the pulmonary ligament, the parietal pleura was divided at the anterior
side up to the azygos vein. The azygos vein was ligated using clips and sutures. The
giant esophageal tumor was located from the level of the azygos arch to the thoracic
aperture (Figure 4). After dissection along the tumor, the parietal pleura was divided
at the posterior side down the azygos vein and thoracic duct. The aortoesophageal
vessels were disected and the thoracic duct was clipped at the level of the diaphragm.
The right vagal nerve was identified and dissected below the level of the carina. Then,
a penrose drain was placed around the esophagus to facilitate traction. In this way the
entire thoracic esophagus was mobilized from the thoracic inlet to the diaphragmatic
reflections.

Figure 4 - Thoracoscopic overview of the tumor (T). The esophagus (E) is lifted by a penrose drain.

LRI: left robotic instrument; RRI: right robotic instrument.

Through a laparotomy the greater and lesser curvature of the stomach were dissected
and a gastric conduit was constructed with several linear GIA-staplers.

To create the cervical anastomosis, a right-sided approach is routinely performed in
our institute. The rationale is that the cervical part of the thoracic duct, located at
the left side of the neck, could be damaged during a left-sided approach, resulting
in chylous leakage. Recently, we have changed this into the left-sided approach to
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avoid bilateral recurrent nerve paresis. In short, a vertical incision of 10 cm is made at
the anterior border of the sternocleido-mastoid muscle up to the cranial part of the
manubrium sterni. Lateralisation of the great vessels with transection of the omohyoid
muscle and ligation of the inferior thyreoid artery. The right recurrent nerve is identified
and preserved. Subsequently, the esophagus is mobilized circularly and transected.
After removing the esophageal specimen via the abdomen and after placing the gastric
conduit in the posterior mediastinum, a handsewn end-to-side esophagogastrostomy is

made using one-layer PDS 3/0 running sutures.

REsuLTs

Robotic set-up time consisting of sterile draping of the robotic arms and positioning of
the robotic system next to the operation table was 9 minutes. Duration of the robot-
assisted thoracoscopic phase was 115 minutes and of the total procedure 270 minutes.
Blood loss during the thoracoscopic part was 50 ml; total amount of blood loss was 200
ml. There were no intraoperative complications.

On the first day after surgery, the patient was extubated and on the second day he left
the ICU. The patient was discharged home in good condition on the 11th postoperative
day.

Gross examination of the resected specimen revealed an oval, sharply demarcated
encapsulated submucosal mass of 9.0 x 5.0 x 2.5 cm. Histopathological examination
displayed irregular bundles of spindle cells and low mitotic activity (1 mitosis / 2 mm?).
Immunohistochemistry was negative for CD117 (c-KIT) and CD34, but positive for
smooth muscle actin and desmin (Figure 5). So it was concluded to be a leiomyoma.
At present, 3 years after surgery, the patient is in excellent health.
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Figure 5 - Hematoxylin and eosin staining (left) and alpha-SMA immunohistochemical staining (right) of the
mesenchymal tumor (magnification 200x) (see page 294 for color figure).

Discussion

Although infrequent, leiomyoma is the most common benign esophageal tumor.
The incidence reported in autopsy series varies from 0.006% to 0.1%.? Esophageal
leiomyomas are typically found in patients between 30 and 50 years old and are almost
twice as common in men.3®

The diagnostic modalities of choice in the workup of a patient with an esophageal
mesenchymal tumor are endoscopy, endoscopic ultrasound and CT-scan of the chest.’
Even with these diagnostic modalities, differentiating a benign from a malignant
mesenchymal neoplasm before surgery is difficult.’ It is therefore not exceptional that
a suspected mesenchymal malignancy turns out to be benign after resection,'* which
also occurred in our patient. In our case, on EUS the tumor was shown to arise from
the muscularis mucosae and was located in the upper esophagus, which are both
uncommon for an esophageal leiomyoma.?* Moreover tumor size, which is an indicator
of potential malignancy if > 3cm,” was 9 cm. Although definitive diagnosis can only
be made by histopathologic examination, FNA may help in determining the choice of
esophagectomy or esophagus sparing enucleation, but should only be performed in
case of suspicion of malignancy, as enucleation could be hampered by the previous
puncture.®

Small leiomyomas are preferably resected by transthoracic enucleation and suturing
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of the consequent muscular defect to prevent mucosal bulging.® In tumors larger than
8 cm, enucleation would result in large muscular defects, necessitating application of
a tissue flap. In these cases, esophagectomy is recommended.>6'* Esophagectomy is
always indicated when a mesenchymal malignancy is suspected.

As conventional esophageal surgery is accompanied by high morbidity, minimally
invasive surgical techniques have been developed.” Robotic systems have been
introduced to facilitate endoscopic surgery in a confined operating space. Recently,
the first results of robot-assisted enucleation of 2 small esophageal leiomyomas (4.5
x 2.0 and 3.2 x 2.6 cm respectively) have been reported.' In our patient, the large
submucosal tumor of suspected malignant behaviour required esophagectomy, which
was successfully performed thoracoscopically with support of the da Vinci™ robotic
system. The robotic aid provided excellent 3-dimensional view and precise dissection of
the esophagus along the vital mediastinal structures. This minimally invasive approach
minimized total blood loss to 200 ml and resulted in a fast recovery of 11 days, compared
to 19 days after open transthoracic esophagectomy.® The relatively short hospital stay
after thoracolaparoscopic esophagectomy as described by Luketich can be attributed to
the fast track recovery program, which is not available in our center so far.'

In our institute this robot-assisted thoracoscopic approach is now the preferred strategy
for these giant tumors and for malignant esophageal neoplasms. However, further
studies are needed to assess if a robot-assisted thoracoscopic approach is superior to
the conventional thoracoscopic approach with regards to patient outcome.

In conclusion, robot-assisted thoracoscopic esophagectomy was performed with
minimal blood loss and fast patient recovery for an upper giant esophageal leiomyoma

which was suspected to be a malignant mesenchymal tumor.
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ABSTRACT

Background

Tissue microarray (TMA) technology has been developed to facilitate high throughput
immunohistochemical and in situ hybridization analysis of tissues by inserting small
tissue biopsy cores into a single paraffin block. Several studies have revealed novel
prognostic biomarkers in esophageal squamous cell carcinoma (ESCC) by means of TMA
technology, although this technique has not yet been validated for these tumors. Since
representativeness of the donor tissue cores may be a disadvantage compared to full
sections, the aim of this study was to assess if TMA technology provides representative
immunohistochemical results in ESCC.

Materials and Methods

A TMA was constructed containing triplicate cores of 108 formalin-fixed, paraffin-
embedded squamous cell carcinomas of the esophagus. The agreement in the
differentiation grade and in immunohistochemical staining scores of CK5/6, CK14, E-
cadherin, Ki-67 and p53 between TMA cores and a subset of 64 randomly selected
donor paraffin blocks was determined using kappa statistics.

Results

The concurrence between TMA cores and donor blocks was moderate for Ki-67
(x=0.42) and E-cadherin (x=0.47), substantial for differentiation grade (x=0.65) and
CK14 (k=0.71) and almost perfect for p53 (x=0.86) and CK5/6 (k=0.93).

Conclusion

TMA technology appears a valid method for immunohistochemical analysis of molecular

markers in ESCC provided that the staining pattern in the tumor is homogeneous.
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INTRODUCTION

Esophageal carcinoma is the 8 most common type of cancer in the world.! Although
the recent rise in incidence of esophageal cancer has predominantly been caused by
an increase in adenocarcinomas, the majority of esophageal cancer cases globally are
squamous cell carcinomas.’ For both histological types, radical en bloc esophagectomy
with an extensive lymph node dissection offers the best chance for cure, leading to an
overall 5-year survival rate of around 30%.23

Well-known histopathological factors for prognostication of esophageal cancer include
the TNM stage, the number of positive lymph nodes and the presence of extracapsular
lymph node involvement.*” Recently, there has been a growing interest in the prognostic
value of molecular markers in (esophageal) cancer.? The expression of such markers
is often studied by immunohistochemistry on formalin-fixed, paraffin-embedded
tumor slides. Tissue microarray (TMA) technology has been developed to enable high
throughput immunohistochemical analyses.® By inserting small (diameter e.g. 0.6mm)
donor tissue core biopsies into a single recipient paraffin block, this technique allows for
rapid analysis of large numbers of tissues under standardized laboratory and evaluation
conditions, without significantly damaging the patient’s tissue. In addition, TMA
technology leads to a significant reduction of the amount of consumables used and
time needed for interpretation, increasing cost-effectiveness.

A potential disadvantage compared to full tissue sections is that the donor cores may
not be representative for the whole tumor, particularly in case of heterogeneous tumors
and heterogeneously expressed molecular markers. Hence, some validation studies have
been performed in various cancers using different kinds of antibodies.’®'” Although
several studies have revealed novel prognostic biomarkers in esophageal squamous
cell cancer (ESCC) by means of TMA technology,’®% this technique has not yet been
validated for these tumors.

The aim of the present study was therefore to validate TMA technology in ESCC by
assessing the concurrence of immunohistochemical staining scores of established
molecular markers with various expression patterns between triplicate 0.6mm core

biopsies of the TMA and their whole tissue section counterparts.
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IMATERIALS AND METHODS

TMA construction

Formalin-fixed, paraffin-embedded tissues from thoracic ESCCs of consecutive patients
having undergone esophagolymphadenectomy at the authors’ institute between 1989
and 2006 were retrieved from the archives of the Department of Pathology. Patients
who received neoadjuvant therapy were excluded from this study. The study was carried
out in accordance with the ethical guidelines of our institution concerning informed
consent about the use of patient’s materials after surgical procedures.

By an experienced pathologist (FtK), 3 representative tumor regions were marked on
one selected Haematoxylin and Eosin (H&E)-stained section of each tumor, avoiding
areas of necrosis. From these 3 tumor regions, a tissue cylinder with a diameter of 0.6
mm was punched out of the corresponding paraffin block (‘donor block’) and placed
into the TMA paraffin block using a manual tissue arrayer (MTA-I, Beecher Instruments
Inc., Sun Prairie, USA), which was guided by the MTABooster® (Alphelys, Plaisir, France).
The distribution and position of the cores was determined in advance with the TMA-
designer Software (Alphelys-TMA Designer®, Version 1.6.8, Plaisir, France). Cores
of normal esophageal mucosa, lymph node, kidney, liver, spleen and prostate were

incorporated in the tissue array block as internal controls.

Immunohistochemistry

For each marker, a 4um slide of the TMA and one of every selected donor paraffin block
were immunohistochemically stained. Table 1 shows the details of all antibodies, dilutions,
incubation times and antigen retrieval methods applied in this study.

For all stainings, sections were deparaffinized in xylene for 10 minutes followed by
dehydration through graded alcohols. Endogenous peroxidase activity was blocked for
15 minutes in a buffer solution of pH5.8 (containing 8.32 g citric acid, 21.52 g disodium
hydrogen phosphate, 2 g sodium azide in 1 litre of water) with hydrogen peroxide (0.3%).
After antigen retrieval for 20 minutes, a cooling-down period of 30 minutes was followed
by incubation with the primary antibody. Depending on the antibody used, slides were
incubated with the secondary antibody followed by the streptavidin-biotin complex or
slides were directly incubated with Powervision (details of both products shown in the
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legend of Table 1). Then, the peroxidase reactivity was developed by 3,3’-diaminobenzidine
for 10 minutes and slides were counterstained with Mayer’s haematoxylin. In between
steps, slides were washed with phosphate-buffered saline (pH 7.4).

Immunohistochemical scoring

By 2 observers (FtK and JB) conjointly, the degree of differentiation and the percentage
of immunohistochemically stained tumor cells were determined in all TMA cores and
in the full-sections of the selected donor blocks. Histologic grade was scored as well
differentiated (G1), moderately differentiated (G2) or poorly differentiated (G3).”’
Staining of p53 and Ki-67 were marked as negative (<10% of tumor nuclei stained),
weakly positive (10-50%) or strongly positive (>50%).222* Cytokeratin (CK)5/6 and CK14
staining were scored as negative (<10% of tumor cell cytoplams stained), weakly positive
(10-80%) or strongly positive (>80%). E-cadherin expression was regarded negative
when <50% of tumor cell membranes stained; positive when >50% stained.?*?°
Cores were considered lost if less than 10% of cells contained tumor (‘sampling error’)
or when less than 10% of tissue was present (‘absent core’). Cases were excluded if
2 out of 3 cores were lost. When the scores between the cores of a particular case
differed, the most frequent score determined the overall score. In case of 3 different
scores in one case, the middle score was chosen. When only 2 cores were available with

both a different score, the case was excluded from further analysis.?®

Statistical analysis

Statistical analyses were performed using SPSS software for Windows (Version 12.0,
SPSS, Chicago, IL). Sixty-four donor blocks (60% of the tumors incorporated in the
TMA) were randomly chosen by means of a random selection function of SPSS.

To determine the chance-corrected agreement between the immunohistochemical
staining scores of TMA cores and large sections, the Cohen’s weighted kappa (i) statistic
was calculated. Chance-corrected agreement was considered poor if k<0.00, slight
if 0<x<0.20, fair if 0.21<k< 0.40, moderate if 0.41<k< 0.60, substantial if 0.61<k<
0.80 and almost perfect if 0.81<k<1.00.77 The overall agreement was defined as the
percentage of correct agreement between the TMA and the donor blocks from the total

number of cases.?®
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REesuLts

Of the 324 (3x108) tumor tissue cores that were transferred into the TMA paraffin
block, a median of 295 (91%) was available for immunohistochemical scoring on the
6 TMA-slides used in this study (Table 2). Of the 64 randomly selected cases, a median
of 176 (92%) of 192 cores (3x64) was evaluable on the TMA-slides.

Table 2 - Overview of the amount of cores that were evaluable, absent or contained too little tumor in ali 108
cases and in the 64 randomly selected cases on the TMA-slides.

H&E CK5/6 CK14 E-cadherin Median

- -

o - - Gow @1w - C1%
- .
. -
G% % 6%

oW @%)  @%)

- :13 -  1‘3 : - 13 :

am 0% 0%
2% Q% % @ Q%)

H&E = Haematoxylin and Eosin

On the H&E-stained TMA-slide, 49 (76%) of the 64 randomly chosen cases were
represented by 3 cores; 14 (22%) by 2 cores. One (1.6%) case was excluded from
further analysis because only a single core was available. The agreement in the scores
for the grade of differentiation between the TMA cores and the full-sections is shown
in Table 3. The weighted kappa score was 0.65.

Fifty-nine (92%) of the 64 randomly selected cases stained for CK5/6 were represented
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by 3 cores (Figure 1); the 5 remaining cases by 2 cores. The immunohistochemical scores
of the TMA and the donor blocks are shown in Table 4. Overall agreement in CK5/6
scores between the TMA and the donor blocks was 98%, with a kappa of 0.93.

Figure 1 - Example of strong CK5/6-staining in TMA cores and the corresponding full-section. (A) Three TMA
cores representing one tumor; magnification 20x. (B) Enlargement of the middle TMA core depicted in (A);
magnification 100x. (C) Part of the slide of the donor block of the same tumor; magnification 100x (see page
295 for color figure).

Figure 2 - Representative example of E-cadherin-staining in TMA cores and the corresponding full-section. A)
Three TMA cores representing one tumor; magnification 20x. (B) Enlargement of the right TMA core depicted
in (A); magnification 100x. (C) Part of the slide of the donor block of the same tumor; magnification 100x
(see page 295 for color figure).

Figure 3 - Representative example of p53-staining in TMA cores and the corresponding full-section. A) Three
TMA cores representing one tumor; magnification 20x. (B) Enlargement of the left TMA core depicted in (A);
magnification 100x. (C) Part of the slide of the donor block of the same tumor; magnification 100x (see page
295 for color figure).
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For CK14, two cases were excluded since only 1 tumor core was left and 3 cases
because the 2 available cores had discrepant immunohistochemical scores. Fifty (85%)
of 59 cases had a complete agreement (Table 4). Four cases were scored 1 class higher
on TMA when compared with the full-sections. Conversely, 5 other cases were classified
lower on TMA, with 1 case 2 classes lower. Kappa score was 0.71.

Regarding E-cadherin staining, 3 assessable cores were present in 89% of the cases,
two cores in 11%. Overall agreement in E-cadherin staining scores was accomplished
in 72% of cases (Table 5). In one case, a higher score was found on the TMA compared
to the full-section. In 17 cases, the expression of E-cadherin was scored lower on TMA
than on the full-sections. The observed kappa was 0.47.

Table 3 - Agreement in the degree of differentiation between TMA cores and full sections.

G1: well-differentiated, G2: moderately differentiated, G3: poorly differentiated

Three-core analysis of Ki-67 staining could be performed in 78% of selected cases and
two-core-analysis in 19%. Two cases were represented by a single tumor core and were
therefore excluded from further analysis. Ki-67 staining was scored as “moderate” on
both TMA and full-sections in 42 (69%) of 61 selected cases. In 79% of cases, the
Ki-67 scores of the TMA were similar to that of the full-sections. Thirteen cases were
discordant (Table 6); kappa was 0.42.

With regard to p53 staining, two cores were present in 12 (19%) cases and 3 cores
were available in 51 (80%) cases. One case was excluded as it was represented by only
1 TMA core. Complete agreement was achieved in 87% of the selected tumors (Table
6). In the 8 non-concordant cases, the difference was one class, resulting in a kappa of
0.86.
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Table 4 - Agreement in immunohistochemical scores between TMA cores and full slides stained for CK5/6
and CK14

1080%  >80%
s

= -
5B 093
- =3 2 - 8
. 1080% 0 1 2 13
>80% 0 4 34 38
. Total 5 17 i 59 0.71

Table 5 - Agreement in immunohistochemical scores between TMA cores and full slides stained for E-
cadherin.

E-cadherin  <50% Total K
T™MAs <50% = =y 39
>50% . 24 25
Total 23 a1 64 047

Table 6 - Agreement in immunohistochemical scores between TMA cores and full slides stained for Ki-67 and

p53.

, Ki-67 <10% 10-50% >50% Total x
T™MAs <10% 7 1 0 3
. 1050% 5 2 48
- 10

Total 5 49 7 61 0.42

- ;

L% 19 3 0 22
10-50% 0 1 — 3
0% . ¢ 3 35 38

Total 19 7 37 63 0.86
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DiscussioN

After its introduction in 1998, TMA technology has been applied in the
immunohistochemical analysis of various malignancies, including squamous cell
carcinomas and adenocarcinomas of the esophagus.?%2%-33 Although it seems a very
attractive method for high-throughput analysis of hundreds of tissues simultaneously,
it may have limitations as the evaluation of the marker expression is reduced from full-
section analysis to a few tissue cores of only 0.6mm in diameter, especially for proteins
that are heterogeneously expressed or that are cell cycle dependent.® It is therefore
essential to assess, in each type of cancer individually and for every molecular marker,
whether or not TMA technology is feasible and valid.3>3¢ To our knowledge, this has not
been done in esophageal cancer.

In our TMA containing triplicate cores of 108 ESCCs, a median of 9% of cores was
uninformative (6% lost during tissue processing and 3% containing too little tumor),
which is comparable to results reported in other studies.'>3*37 Improper selection of
representative tumor areas on the donor block’s H&E-slide by the pathologist or incorrect
punching of these representative areas out of the donor block can cause tissue cores
that contain too little tumor. Possible causes of absent cores are the size and fragility of
the tumor tissue used and the aggressiveness of tissue processing applied.'’-3#3°
Moreover, the number of available cores on the TMA-slide depends on the level at
which the TMA paraffin block has been sectioned. The slides stained for H&E, CK14,
Ki-67 and p53 were one of the first slides that were cut from our TMA block, whereas
sections stained for CK5/6 and E-cadherin were taken slightly deeper. On these latter
sections a lower number of absent cores was observed (Table 2), showing that not all
cores were placed at the exact same level in the TMA block during TMA construction,
mainly due to dissimilar thicknesses of the donor paraffin blocks that were used to
construct the TMA.40

The agreement in immunohistochemical results of the markers between our TMA and
the full-sections varied from moderate to almost perfect (kappa 0.42 to 0.93), which is
consistent with results reported in other TMA validation studies.!"'317.3>38 The observed
variation in agreement could be due to tumor heterogeneity, topographical variation in
the expression pattern of the molecular marker or to the scoring criteria used.?®
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Regarding tumor heterogeneity, the optimal amount of tissue cores incorporated in the
TMA has been a matter of debate. Several validation studies have shown that 3 cores are
highly representative for the full-section.’>'>264! The addition of a 4% core did not add
to the percentage of agreement in a colorectal cancer TMA."> Moreover, the more cores
punched per case, the fewer cases can be placed into the TMA reducing throughput.
Adding a 4" core may nevertheless be worthwhile in tissues prone to uninformative
cores due to small lesions such as dysplasias or carcinomas in situ.3® In our TMA the
amount of uninformative cores was low (5-10%), probably because ESCCs have a large
diameter, thereby increasing the chance of obtaining a core containing tumor tissue.
Taken together, we consider it justified to utilize 3 biopsy cores in ESCCs. Nonetheless,
using such a low amount of cores requires careful selection of the tumor regions by an
experienced pathologist to deal with the heterogeneity of the tumor in the TMA 36

The agreement between TMA and full-sections was substantial to almost perfect for
cytokeratins 5/6 and 14. Since 91% of cases have shown a very strong expression of
CK5/6 and only 1 of 64 cases showed negative staining, this molecular marker does not
subdivide ESCCs and consequently will not be a prognostic marker for this malignancy.
CK14 was more evenly distributed over the 3 scoring groups, but since 1 case was scored
2 classes lower on TMA when compared to the full-section, kappa was lower when
compared to CK5/6.

The relatively moderate concordance in case of Ki-67 may be explained by the fact that
almost 80% of cases were situated in 1 category (staining of 10-50% of tumor cells)
with 13 discordant cases deviating from this category. E-cadherin also had a moderate
concordance, mainly since the relatively faint staining intensity of this molecular maker
made its assessment in our TMA very difficult (Figure 2).

TMA technology was also found to be valid for determining the histologic grade of
differentiation in ESCC. Complete agreement between TMA and full-sections occurred
in 78% (49 out of 63; kappa 0.65) of selected cases, which is high when compared to
the 40% agreement achieved in a TMA of bladder cancer.#? Due to its homogeneous
staining pattern, p53 showed excellent concordance (x 0.86) in our microarray
(Figure 3).

The concurrence between the TMA and the full-sections is affected by the cut-off
values of the immunohistochemical scoring system of the stainings as well.’33 The
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application of a 2-class scoring system in an endometrial cancer TMA improved kappa
to 1.0 compared to 0.81 with a 3-class system.™ In our study, the 2-class scoring system
did not substantially affect the kappa (data not shown). Since the E-cadherin expression
had a very low intensity in our ESCCs, we have chosen to apply a 2-class system. In
addition, the cut-off values indicating a strong immunohistochemical expression were
set higher in the cytokeratins (80%) than in the other molecular markers (cut-off value
50%), because otherwise practically all tumors would be designated having a strong
expression of cytokeratins.

Now our esophageal cancer TMA has been validated, it will be used to correlate
the expression of various molecular pathways with clinicopathologic data, aiming at
detecting markers of prognostic significance and molecular targets for new therapies.
Since the agreement between TMA slides and full-sections depended on the molecular
marker stained for, it should be considered to assess the expression pattern of a marker
on a full-section first, before staining a TMA slide. When a focal or heterogeneous
expression pattern is noticed, it might be more valuable to assess marker expression
by means of full-sections instead of TMA. On the other hand, when a marker shows
a homogeneously diffuse expression pattern, staining a TMA slide does allow for
high throughput screening of tumors. When a prognostic molecular marker has been
identified by means of TMA technology, it is recommended to verify the results by full-
section analysis.

In conclusion, this study has demonstrated TMA technology to be a valid method for
immunohistochemical analysis in ESCC with agreement levels for well-known molecular
markers with different staining potential between TMA and full-sections ranging from
moderate to almost perfect.
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ABSTRACT

Background

Neoadjuvant chemotherapy may improve the outcome of esophageal cancer after
esophagectomy, but is accompanied by considerable toxicity by collateral destruction of
normal cells. Such side-effects may be avoided by developing therapies that specifically
target molecular characteristics of tumors. Aim of the present study was to determine
the proportion of esophageal squamous cell carcinoma (ESCC) patients that could
possibly benefit from (a combination of) currently available targeted therapies, by
assessing the frequency of immunohistochemical expression of their target molecular
markers in ESCC tissues.

Materials and methods

Sections from a validated tissue microarray comprising 108 ESCCs were
immunohistochemically stained for Bcl-2, c-KIT, cyclo-oxygenase-2 (COX-2), cyclin
D1, estrogen receptor (ER), epidermal growth factor receptor (EGFR), Her-2/neu,
progesterone receptor (PR) and vascular endothelial growth factor (VEGF).

Results

VEGF, cyclin D1, EGFR and COX-2 could be detected in 55%, 42%, 40% and 40%,
respectively. Her-2/neu, Bcl-2 and c-KIT were detected in 12%, 11%, and 10% of the
tumors, respectively. No nuclear expression of ER or PR was noticed. The concurrent
expression of 2 of the most frequently expressed markers (VEGF, cyclin D1, EGFR
and COX-2) ranged from 11% (COX-2 and EGFR) to 26% (cyclin D1 and VEGF). The
expression of all 4 markers was seen in 5% of ESCCs.

Conclusion

Promising targets for molecular therapy in ESCC appear COX-2, VEGF, EGFR and cyclin
D1, since they are frequently overexpressed. Phase Il clinical studies on these molecular
markers may therefore be warranted. The role for targeted therapy against ER, PR, Her-
2/neu, cKIT or Bcl-2 in ESCC seems limited.
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INTRODUCTION

With an estimated 462.000 newly diagnosed patients in 2002, esophageal carcinoma
is the 8™ most common type of malignancy in the world.” Although the recent rise
in incidence of esophageal cancer has predominantly been caused by an increase in
adenocarcinomas, the majority of esophageal cancer cases worldwide are squamous
cell carcinomas. For patients with locoregional disease, surgical resection is the best
treatment option for cure.2 Yet, overall survival after resection is relatively poor with 5-
year survival rates of around 35%, due to early tumor recurrence and early occurrence
of metastatic disease.>*

A recent meta-analysis of randomized controlled trials (RCTs) has revealed that
neoadjuvant chemo(radio)therapy could improve the survival after esophagectomy for
esophageal cancer® by increasing resectability and by opposing metastatic spread. As
conventional chemotherapeutic agents are moderately specific for tumor cells, they
are frequently accompanied by considerable toxicity.®” Consequently, many patients
fail to complete their chemotherapy. With the increasing knowledge on molecular
carcinogenesis, therapies have been developed directed against biological characteristics
of tumors. In this way, selective destruction of tumor cells can be accomplished, possibly
leading to increased efficiency and specificity with a reduction in toxicity of the therapy.
Moreover, it allows for therapy tailored to the patient’s individual tumor.

Targeted therapy can act at various molecular pathways, e.g. that of growth factor
receptors (epidermal growth factor receptor [EGFR] and Her-2/neu), the cell cycle
(cyclin-dependent kinases), apoptosis (Bcl-2) or angiogenesis (vascular endothelial
growth factor [VEGF]).2 For breast carcinoma patients with a positive expression of
molecular markers such as estrogen receptor (ER), progesterone receptor (PR) or Her-
2/neu, targeted therapy against these molecules has nowadays been integrated into
the standard adjuvant treatment regimen as several RCTs have shown a significant
improvement in disease-free and overall survival.>'" In order to guide targeted therapy,
analysis of the expression of these molecular markers is essential and is part of the
routine histopathologic examination in breast cancer.'

In irresectable or recurrent esophageal cancer some phase Il trials have been performed

on the addition of targeted therapy to conventional chemotherapy, with variable
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results.®'37¢ The question remains which particular molecular marker(s) need targeting.
The aims of the present study were therefore to determine the frequency of the
immunohistochemical expression in esophageal squamous cell carcinoma (ESCC) of
markers that are targets for currently available molecular therapies and to determine the
coexpression of these markers, in that way assessing the proportion of ESCC patients
that could potentially bénefit from (a combination of) such targeted therapy.

IVIATERIALS AND METHODS

Tissue microarray (TMA) construction

Formalin-fixed, paraffin-embedded tissues from thoracic ESCCs of 108 consecutive
patients having undergone esophagectomy at the authors’ institute between 1989 and
2006 were retrieved from the archives of the Department of Pathology. Patients who
received neoadjuvant therapy were excluded. The study was carried out in accordance
with the ethical guidelines of our institution concerning informed consent about the
use of patient’s materials after surgical procedures.!”

The construction of our TMA has extensively been described in a previous paper.'® In
short, on 1 selected H&E-stained section of each tumor, 3 representative tumor areas
were microscopically marked avoiding regions of necrosis. From these 3 tumor areas, a
small tissue cylinder (diameter 0.6 mm) was punched out of the corresponding paraffin
block and placed into the TMA paraffin block using a manual tissue arrayer (MTA-,
Beecher Instruments Inc., Sun Prairie, USA), which was guided by the MTABooster®
(Alphelys, Plaisir, France). Recently, we have validated our TMA for well-known molecular

markers.'8

Immunohistochemistry

In Table 1, an overview is given on the details of all primary antibodies, dilutions,
incubation times and antigen retrieval methods applied in this study. TMA-sections
(4pm) were immunohistochemically stained for Bcl-2, c-KIT, cyclin D1, Her-2/neu, ERa
and PR using an automatic staining machine (Bond™ System, Leica Microsystems
GmbH, Wetzlar, Germany) and a biotin-free Bond™ Polymer Define Detection System
(Leica Microsystems GmbH, Catalog no DS9800).
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For VEGF, slides were stained manually. After deparaffinization and dehydration,
endogenous peroxidase was blocked for 30 minutes with a blocking buffer solution of
pH5.8 (containing 8.32g citric acid, 21.52g disodium hydrogen phosphate, 2g sodium
azide in 1 liter of water) with hydrogen peroxide (0.3%). Antigen retrieval was carried
out for 20 minutes. After a cooling-off period of 30 minutes, slides were incubated
with normal goat serum (Dako, Glostrup, Denmark, catalogue# X0907; dilution 1:50).
Incubation with the primary antibody took place in normal goat serum overnight. The
next day, slides were incubated with a polymerized horseradish peroxidase-conjugated
goat anti-rabbit 1gG (PowerVision; ImmunoVision Technologies, Norwell, MA, USA).
The peroxidase reactivity was developed by 3,3'-diaminobenzidine for 10 minutes
and slides were counterstained with Mayer's haematoxylin. Between all steps, slides
were washed in phosphate-buffered saline with a pH of 7.4. Appropriate positive and
negative controls were used throughout.

The immunohistochemistry staining protocol for COX-2 has extensively been described
in a previous manuscript.” For EGFR, antigen retrieval was carried out with Protein K for
5 minutes after deparaffinization, dehydration and blocking of endogenous peroxidase.
Following incubation with the primary antibody, immunoreactivity was visualized with
the Novolink™ polymer detection system (Leica Microsystems GmbH, Catalog no
RE7280-k). The peroxidase reactivity was developed by 3,3’-diaminobenzidine and

slides were counterstained with haematoxylin.

Immunohistochemical scoring

The immunohistochemical staining of all TMA cores was scored conjointly by 2 observers
(FtK and JB). Cores were considered lost if less than 10% of the tissue contained tumor
(‘'sampling error’) or when less than 10% of tissue was present (‘absent core’). Cases were
excluded if 2 out of 3 cores were lost.

Staining of cyclin D1, ERa.and PR were scored as 0 (no staining), 1 (<10% of tumor nuclei
stained) or 2 (210%). Bcl-2 and c-KIT were scored as O (no staining or weak cytoplasmic
staining), 1 (moderate cytoplasmic staining) or 2 (strong). Tumors were considered positive
if they had a score of 1 or 2. The highest score determined the overall score of the tumor.
Her-2/neu expression was scored according to the Dako scoring system.2 EGFR was

scored as O (no membranous staining), 1 (weak, membranous staining comparable to
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normal esophageal epithelium), 2 (moderate membranous staining, stronger than normal
epithelium) or 3 (strong membranous staining). At least 2 tumor cores had to have a score
of 2 or higher to be considered EGFR positive.

The scoring of COX-2 was done according to a modification of the scoring system of
Sivula et al.’®: 0 (no staining), 1 (weak, diffuse cytoplasmic staining or stronger intensity in
<10% of tumor cells), 2 (moderate or strong staining in 10-50%), 3 (moderate or strong
staining in 50-80%) and 4 (strong staining in 280%). Tumors with a mean score of 0 or 1
were considered COX-2 negative, whereas those with score 2-4 were regarded as COX-2
positive.

For VEGF, cores were scored on a scale of 0-6. Cores with a score of 3 or more were

considered VEGF positive.

Table 2 - Clinicopathologic characteristics of the 108 ESCCs incorporated in the TMA
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Statistical analysis
Statistical analysis was performed using SPSS for Windows (Version 15.0). Percentages

were rounded to the nearest integer.

ResuLts

Clinicopathologic data

The clinicopathologic characteristics of the study population are shown in Table 2. The
mean age at the time of surgery was 62 (range, 36-79) years. The average tumor size
was 4.7 (range, 0.8-11.0) cm. Sixty percent of patients were stage Il or IV. Sixty-four
(59%) of 108 patients had lymph node metastases. Of those 64 patients with lymph

node metastases, 36 (56%) had extracapsular growth.

Immunohistochemical results

On the 9 slides stained for the above-mentioned molecular markers, a median of 3 (3%;
range, 1-7) of 108 tumors was lost due to absence of tissue or due to sampling errors.
This resulted in a median of 105 (97%; range 101-107) assessable ESCCs (Table 3).

Table 3 - Number of evaluable tumors per molecular marker of the 108 tumors that were incorporated in the
TMA and frequency of expression of the markers in the evaluable tumors

Expression

Marker No. of assessable tumors (%) Positive (%) Negative (%)

£ 107.(99) 00 - 107.(100)
e . o@® = 10s5a00)
101(94) : 10000  91(90)
w608 - 1201 = 94@9)
iesfs: - i aw
wsey . . - Duy . e
e . A e
101 (94) - 56 (55) 45 (45)
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In Table 3 an overview is given on the expression of the different markers in our ESCC
population. For ER, nuclear expression was observed in none of the 107 evaluable
tumors. A non-specific cytoplasmic staining was noticed in 23 (21%) tumors. None
of the ESCC TMA cores showed any expression of PR, although in the control tissue a
strong nuclear staining was observed.

Of the 101 evaluable ESCCs stained for c-KIT, 10 (10%) showed positive expression
(Figure 1). Twelve (11%) of 106 tumors were positive for Bcl-2 (Figure 1). Expression of

Figure 1 - Immunohistochemical staining of (A) Cox-2, (B) EGFR, (C) VEGF, (D) cyclin D1, (E) Her-2/neu, (F)
Bcl-2 and (G) ¢-KIT in our ESCC TMA (see page 296 for color figure).
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Her-2/neu was noticed in 13 (12%) of the 106 tumors that were evaluable (Figure 1).
Forty-three (42%) of 103 ESCCs have shown positivity for cyclin D1 (Figure 1), whereas
60 (58%) were negative. Expression of EGFR was noticed in 42 (40%) of 105 tumors
(Figure 1). Of the 101 evaluable tumors for COX-2, 40 (40%) of tumors were positive
(Figure 1). A score of ‘2" was assigned to 19 tumors, ‘3’ to 18 tumors and ‘4’ to 3
tumors. In 56 (55%) of 101 evaluable tumors, positive cytoplasmic expression of VEGF
was detected (Figure 1).

Then, the concurrent expression of the most frequently expressed markers (cyclin D1,
COX-2, EGFR and VEGFR) was determined. Concurrent expression of cyclin D1 and
COX-2 was detected in 14 (14%) of 98 tumors (Table 4). Simultaneous expression of
cyclin D1 and VEGF was noticed in 25 (26%) of 98 tumors, whereas cyclin D1 and
EGFR in 21%. VEGF with COX-2 expression was noticed in 23 (24%) of 96 tumors and
VEGF with EGFR in 23%. The expression of all 4 markers was noticed in 5 (5%) of 93

evaluable tumors.

Table 4 - Overview of the proportion of ESCCs with concurrent expression of 2 molecular markers out of the
total amount of assessable ESCCs.

EGFR Cyclin D1 COX-2 VEGF

EGRR. . 21102=21%  11/101=11%  23/100=23%
CycinD1  21102=21% - 1apB=14%  2598-26%
oX2  11101=11%  14/98=14% . 23/96 = 24%
VEGF  23/100=23% 25/98 = 26% 23/96 = 24% -

DiscussioN

Neoadjuvant chemotherapy may improve the survival of esophageal cancer patients.
Targeted therapy could be of further benefit by selectively destroying tumor cells. To
determine which molecular markers are potential candidates for the treatment of ESCC
patients, we have performed an immunohistochemical study on a validated ESCC TMA.
Several in vitro and in vivo studies have revealed that the growth of ESCC cell lines
expressing ER can be inhibited by administering estrogen.?'23 It could, therefore, be
postulated that esophageal tumors with expression of ER may benefit from targeted
therapy such as tamoxifen. However, none of our 108 ESCCs showed expression of
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ERa, which is comparable to the results of Kalayarasan et al.?*

Trastuzumab, a therapeutic monoclonal antibody that specifically targets Her-2/neu, is
routinely given to Her-2/neu positive breast carcinoma patients as it significantly improves
their disease-free survival.’® Of particular interest for ESCC therapy, trastuzumab has
shown to enhance radiosensitivity in ESCC cell lines.?> In our ESCCs, 12% was positive
for Her-2/neu and would thus have been eligible for trastuzumab therapy. This is in the
range of the frequency of Her-2/neu positivity (0-56 %) reported in previous articles?*
29 |n patients with ESCC, no phase Ii clinical trials have yet investigated the effect of
targeted therapy to Her-2/neu. In esophageal adenocarcinoma only one phase I/Il study
has been performed and this study was closed early due to a slow patient accrual which
was a result of a disappointing low number of Her-2/neu positive patients.*

The Bcl-2 proto-oncogene plays a central role in inhibiting programmed cell death.?'*2
It has shown to be upregulated in various malignancies®*** and is associated
with chemotherapy and radiotherapy resistance in lung and colon carcinoma.®-3¢
Overexpression of Bcl-2 was detected in 11% of our ESCCs, which is relatively low when
compared to the 18-100% reported in the literature.®3° In a large RCT, an antisense
oligonucleotide against Bcl-2, oblimersen, has shown to improve the overall-survival in
advanced melanoma patients.®® Currently, we are awaiting the results of the first phase
I/l clinical trial (NCTO0064259) on the effect of oblimersen in advanced esophageal
patients given in combination with conventional chemotherapy (i.e. cisplatin and
fluorouracil).

Cyclin D1 is an important regulator of cell cycle progression by phosphorylating and
inactivating the retinoblastoma protein.*' It is overexpressed in various malignancies,
such as breast cancer and head and neck squamous carcinomas.**** In the current
study, 42% of ESCCs showed cyclin D1 expression. Flavopiridol has revealed to
decrease cyclin D1 expression in esophageal cancer cells and to enhance tumor cell
radiosensitivity,*4® but its exact working mechanism regarding cyclin D1 reduction is
not fully understood.

Forty percent of our ESCCs were positive for EGFR, which is comparable to other
reports.?” The 2 most common forms of therapy against EGFR are monoclonal antibodies
(MoAb) and small molecule tyrosine kinase inhibitors (TKI).#® In ESCC cell lines, the TKI
erlotinib induced growth inhibition and cell cycle arrest.*® In addition, in a phase Il study

143




Chapter 9

on the TKI gefitinib in second-line treatment of advanced esophageal cancer patients,
5 of 9 ESCC had stable disease.*® Given these promising results, more studies targeting
this molecular marker are warranted.

Angiogenesis is crucial for tumor growth and metastasis. VEGF plays a pivotal role
in angiogenesis by stimulating the proliferation and migration of endothelial cells.>'
Bevacizumab, a humanized monoclonal antibody directed against VEGF, has significantly
improved the survival of patients with metastatic colorectal cancer or advanced non-
small-cell lung cancer when given in combination with conventional chemotherapy.5253
In esophageal cancer, some phase Il (neo)adjuvant trials of bevacizumab with
chemoradiotherapy are currently recruiting patients (trials NCT00570531 and
NCT00354679). VEGF expression was detected in 55% of our ESCCs, which is in the
range of the 24-93% as reported in the literature.>* This proportion of patients may
therefore benefit from bevacizumab therapy.

Since the results of the current study reveal that 40% of the tumors are COX-2 positive,
the administration of selective COX-2 inhibitors such as celecoxib and meloxicam might
be advantageous in ESCC patients. Several in vitro studies have shown selective COX-2
inhibitors to restrain cell growth and to induce apoptosis in ESCC cell lines.5>5” Moreover,
in an RCT on the effect of preoperative administration of meloxicam in ESCC patients
scheduled to undergo esophagectomy, significantly more apoptotic tumor cells and a
decreased intratumoral level of COX-2 mRNA were detected in the group of patients
having received meloxicam.*® However, an RCT of celecoxib in patients with mild or
moderate esophageal squamous dysplasia has shown no inhibition of esophageal
squamous carcinogenesis.>® Additional phase Il trials on the effect of selective COX-
2 inhibitors in ESCC patients are therefore warranted. Given the possible increased
cardiovascular risk of celecoxib,?? the focus may shift to the other selective COX-2
inhibitors. Yet, in a large (n=222) RCT on the effect of celecoxib in patients with Barrett’s
esophagus more cardiovascular toxic effects were detected in the placebo group.®

In 1998, Kononen et al. introduced the TMA technology to facilitate high-throughput
immunohistochemical analysis of a large set of tissues simultaneously.5* By inserting
small tissue biopsy cores of the donor paraffin blocks into a recipient TMA paraffin block,
tissues can be analyzed under identical laboratory and evaluation conditions, without
significantly damaging the patient’s tissue. Since the small tissue cores may compromise
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representativeness of the full-sections, we have recently validated our ESCC TMA.™®
The current study has attempted to identify potential markers for targeted therapy
in ESCC based on the frequency of their immunohistochemical expression. Yet, one
should keep in mind that the immunohistochemical presence of a marker (e.g. EGFR)
does not always predict the response of that tumor to targeted therapy.®* Nevertheless,
immunohistochemical studies such as the current one provide a basis for further research
on targeted therapy.

We have not assessed the prognostic significance of the markers as our study population
consisted mainly of patients with advanced (i.e. stage IIl/IV) disease. The presence of
lymph node metastases would affect the survival more than would the presence or
absence of molecular markers. As ESCC and esophageal adenocarcinoma are considered
different disease entities, they should be treated differently.%¢¢” Now we have assessed
the frequency of the expression of the different markers in ESCCs, it would be of value
to perform a comparable study in (a TMA of) esophageal adenocarcinomas.

In conclusion, promising targets for molecular therapy in ESCC are cyclin D1, COX-
2, VEGF and EGFR in view of their frequent immunohistochemical expression. Phase
Il clinical studies on (a combination of) these markers in ESCC patients are therefore

warranted.
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ABSTRACT

Background

The mammalian target of rapamycin (mTOR), an important regulator of protein
translation and cell proliferation, is activated in various malignancies. In a randomized
controlled trial of advanced renal cell carcinoma patients, targeted therapy to mTOR
by means of rapamycin analogues has shown to significantly improve survival. An in
vitro study has revealed that mTOR is activated in esophageal squamous cell carcinoma
(ESCC) cell lines and that mTOR expression is inhibited by rapamycin. The objectives of
this histological study were to determine the proportion of ESCC tissues with activated
mTOR (p-mTOR) expression, thereby assessing the percentage of patients with ESCC
that would possibly benefit from neoadjuvant rapamycin therapy and to identify the

clinicopathologic features of these potentially rapamycin-sensitive tumours.

Methods

The expression of p-mTOR (Ser2448) was immunohistochemically assessed in a validated
tissue microarray comprising triplicate tissue biopsy cores of 108 formalin-fixed, paraffin-
embedded ESCCs. Staining results were correlated with clinicopathologic data.

Results

Normal esophageal epithelium was negative for p-mTOR. Activated mTOR expression
was located in the cytoplasm of esophageal tumor cells. Twenty-six (25%) of 105
assessable ESCCs showed tumour cells with positive staining for p-mTOR. Activated
mMTOR expression was only associated with a lesser degree of differentiation (P=0.024).
No correlation was detected between p-mTOR and the proliferation marker Ki-67.

Conclusions

Activated mTOR can be detected in one quarter of ESCCs. Since this subset of patients
may potentially benefit from mTOR inhibiting therapy, a phase Il clinical trial of
neoadjuvant mTOR-inhibiting therapy in patients with ESCC may be considered.
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INTRODUCTION

Esophageal cancer is the 8" most common malignancy in the world with an estimated
462.000 new cases diagnosed in 2002." Radical surgical resection of the esophagus
with an extensive lymphadenectomy offers the best chance for cure.? Notwithstanding
recent advances in surgical strategies and postoperative care, the prognosis of patients
is limited with an overall 5-year survival rate after esophagectomy of around 30%.>* A
meta-analysis has shown that neoadjuvant chemoradiotherapy, compared to surgery
alone, improves the 2-year survival rate in esophageal cancer patients with approximately
10% by enhancing locoregional control and opposing early metastatic spread.®
Although at present the most commonly used neoadjuvant agents are conventional
chemotherapeutics, the expanding knowledge on the molecular carcinogenetic
pathways has ushered in a new era of neoadjuvant therapy; molecular targeted therapy.®
The addition of molecular-targeted agents to current neoadjuvant treatment regimens
might further improve the survival after surgery for esophageal cancer.

An innovative target for molecular therapy is the mammalian Target of Rapamycin
(mTOR). This 289-kDa serine/threonine protein kinase is activated by the
phosphatidylinositol-3-kinase (PI3K)/Akt signalling pathway and functions as a key
regulator of protein translation and cell proliferation by phosphorylating its downstream
markers p70s6k and 4E-binding protein1.® mTOR is up-regulated in various
adenocarcinomas, such as prostate cancer, renal cell carcinoma and breast cancer.'%"?
This is of particular clinical interest as mTOR inhibitors (i.e. rapamycin analogues
like temsirolimus and everolimus) are commercially available. A recent randomized
controlled trial revealed that temsirolimus significantly improves the overall survival of
advanced renal cell carcinoma patients.'

Regarding squamous cell carcinomas, analysis of the protein expression of mTOR is
scarce and restricted to oral cancer and head and neck carcinomas.'®"” In esophageal
squamous cell carcinoma (ESCC) only an in vitro study has been performed, which
has shown an activated state of mTOR in cell lines, with rapamycin reducing mTOR
expression.'® However, no studies are available that have assessed the activation status
of mTOR protein in ESCC specimens.

The expression of molecular markers in paraffin-embedded tissues is usually assessed
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by immunohistochemistry. In 1998, Kononen et al. introduced the tissue microarray
(TMA) technology to enhance throughput.” By inserting small (diameter 0.6mm) cores
of paraffin-embedded tissues into a single recipient block, this technique allows for
rapid immunohistochemical analysis of hundreds of tissues concurrently under identical
laboratory and evaluation conditions, without significantly damaging the patient’s
tissue.?0

The objectives of the present study were to determine the proportion of ESCC tissues
showing expression of activated mTOR (p-mTOR), thereby assessing the percentage
of ESCC patients that would possibly benefit from neoadjuvant rapamycin therapy
and to identify the clinicopathologic features of these potentially rapamycin sensitive

tumours.

MATERIALS AND METHODS

Patients and specimens

One-hundred and eight consecutive patients with ESCC having undergone transhiatal
or transthoracic esophagolymphadenectomy between 1989 and 2006 at the authors’
institute were included in this study. Patients who received neoadjuvant therapy were
excluded.

Paraffin-embedded tissue specimens of all patients were retrieved from the archives
of the Department of Pathology. The study was carried out in accordance with the
ethical guidelines of our institution concerning allowing anonymous or coded use of
left over tissue from surgical procedures.?’ From all paraffin blocks, a 4um slide was
stained with haematoxylin and eosin (H&E) for histopathologic diagnosis. All tumours
were graded for differentiation (G1: well differentiated, G2: moderately differentiated,
G3: poorly differentiated)??, infiltration depth (T1-T4)?3, number of dissected lymph
nodes, metastatic lymph node involvement and presence of extracapsular growth by an
experienced pathologist (FtK). Tumors were staged according to the most recent Tumor
Node Metastasis (TNM) staging system.23
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TMA construction

On 1 selected H&E-stained section of each tumour, 3 representative tumour regions
were marked avoiding areas of necrosis. From these regions, a tissue cylinder with a
diameter of 0.6mm was punched out of the corresponding paraffin block and placed
into the TMA paraffin block using a custom-made precision instrument (MTA-I, Beecher
Instruments, Sun Prairie, USA), which was guided by the MTABooster® (Alphelys, Plaisir,
France). The distribution and position of the cores was determined in advance with
the TMA-Designer® Software (Version 1.6.8, Alphelys). Cores of normal esophageal
mucosa, lymph node, kidney, liver, spleen and prostate were incorporated in the TMA
as internal controls. In a previous study, we have validated this TMA approach using
established molecular markers with various expression patterns.?*

Immunohistochemistry

A 4pm section of the TMA was deparaffinized in xylene for 10 minutes followed by
dehydration in serial ethanol dilutions. Antigen retrieval was carried out by boiling
the slides in sodium citrate (pH 6.0) for 20 minutes. After a cooling-off period in the
citrate buffer solution for 30 minutes, endogenous peroxidase activity was blocked
by 3% hydrogen peroxide for 15 minutes. To avoid aspecific staining, endogenous
Avidin and Biotin were blocked with Avidin Biotin blocking solution (Dako, Glostrup,
Denmark, catalog#X0590) for 10 minutes. Subsequently, incubation with normal swine
serum (Dako, catalog#X0901, dilution 1:5) was carried out for 10 minutes. Then, slides
were incubated with the primary antibody against p-mTOR (Ser2448, Cell Signaling
Technology Inc, Danvers, USA, catalog# 2976, dilution 1:50) in normal swine serum
overnight in 4°C. The next day, incubation with the secondary antibody (swine-anti-
rabbit, Dako catalog#E0353, dilution 1:300 in 10% human serum) was applied for
30 minutes, followed by the Strept Avidin Biotin Complex (Dako, catalog#K0377) for
60 minutes. The peroxidase reactivity was developed by 3,3’-diaminobenzidine (10
minutes) and slides were counterstained with Mayer’s haematoxylin. Between all steps,
slides were washed in phosphate-buffered saline (pH7.4). Breast carcinoma known for
its p-mTOR positivity was used as positive control tissue (Figure 1).""132> Negative control
was obtained by omitting the primary antibody.

Since mTOR s involved in cell proliferation, a second TMA-slide was stained for the
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proliferation marker Ki-67 (MIB-1) to assess if a correlation exists. After deparaffinization,
rehydration and boiling in citrate buffer as mentioned above, slides were incubated
with the primary antibody against MIB-1 (Dako, catalog#M7240, dilution 1:100) on
an autostaining machine for 60 minutes. Subsequently, slides were incubated with the
secondary antibody followed by the Strept Avidin Biotin Complex. Then, the peroxidase
reactivity was developed and slides were counterstained with haematoxylin. Tonsil was

used as positive control tissue.

Figure 1 - Positive activated mammalian target of rapamycin (p-mTOR) staining in control breast cancer tissue
(A, original magnification x100; B, original magnification x200; C, original magnification x400). A strong,
brown, cytoplasmic staining is seen (see page 297 for color figure).

Scoring

Immunohistochemical staining of p-mTOR was scored conjointly by 2 observers (FtK
and JB) using a scoring system that incorporates both staining intensity and percentage
of positive tumour cells. Of each core, the intensity of p-mTOR staining (0 absent, 1
weak or 2 strong) was multiplied by the percentage of positive staining tumour cells,
resulting in a score ranging from 0-200.2¢ Cases were marked (-) in case all cores had a
score O, (+) when the highest score of the 3 cores was 1-19, or (++) when the highest
score was 20 or higher (Figure 2).

Of each core the percentage of tumor cells expressing Ki-67 was assessed. For
determining the Ki-67 score of a tumor, the mean Ki-67 score of the corresponding
tumor cores was calculated. Then, tumors were divided into 3 groups according to their
Ki-67 score: negative (<10% of tumor nuclei stained), weakly positive (10-50%) or
strongly positive (>50%; Figure 3).27
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TMA cores were considered lost if less than 10% of cells contained tumour (‘sampling
error’) or when less than 10% of tissue was present (‘absent core’). Patient cases were

excluded if 2 out of 3 cores were lost.

Figure 2 - No activated mammalian target of rapamycin (p-mTOR) staining was detected in normal oesophageal
squamous epithelium (A, original magnification x100). A strong cytoplasmic staining (score ++) was detected
in oesophageal squamous carcinoma cells (B, original magnification x100; C, original magnification x200; D,
original magnification x400) (see page 297 for color figure).

Statistical analysis

Statistical analysis was done using SPSS (Version 12.0). Percentages were rounded to
the nearest whole integer. Tumors with p-mTOR expression (score + and ++) and those
without p-mTOR expression (score -) were compared with the Pearson’s chi-square test
or Fisher's exact test. The Spearman’s rank correlation coefficient (rho) was computed
to determine the correlation between the expression of p-mTOR and the expression of
Ki-67. Two-tailed P-values <0.050 were considered statistically significant.
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Figure 3 - Ki-67 staining of an oesophageal squamous cell carcinoma core showing a strong, nuclear staining
in more than 50% of tumour cells (A, original magnification x100; B, original magnification x400) (see page
298 for color figure).

ResuLts

Three (3%) of 108 cases were excluded, because only a single tumour biopsy core
was evaluable on the TMA slide stained for p-mTOR. The study population therefore
consisted of 105 patients, 56 male (53%) and 49 female, with a mean age of 62
(range 36-79). The average tumour size was 4.7cm (range 0.8-11.0). The grade of
differentiation was predominantly moderate (62%) or poor (32%). A mean of 15 lymph
nodes were dissected during esophagectomy. Sixty-two (59%) patients had lymph
node metastases. In 55% of these lymph node-positive patients, extracapsular lymph
node involvement was detected. An overview of clinicopathologic features of the study
population is given in Table 1.

In the control tissue a perinuclear staining of p-mTOR was seen (Figure 1a, 1b, 1¢).
As depicted in Figure 2a, normal esophageal epithelium was negative for p-mTOR. In
ESCC, p-mTOR staining was noticed in the cytoplasm of tumour cells (Figure 2b, 2c,
2d). Tumour cells expressing p-mTOR were noticed in 26/105 (25%) ESCCs. Eighteen
(69%) of the p-mTOR expressing tumours had a score between 1 and 19 (+). A score of
20 or higher (++) was given to 8 (8%) ESCCs (Table 1).
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As shown in Table 1, p-mTOR expression was associated only with a lesser degree of
differentiation (P=0.024). No statistical significant difference could be detected between
p-mTOR positive and p-mTOR negative tumors with regard to tumor location, TNM stage
or the presence of lymph node metastases. In addition, no correlation was detected
between the expression of p-mTOR and Ki-67 (Spearman’s rho 0.058, P=0.56).

Table 1 - Activated-mTOR expression and clinicopathologic characteristics of 105 patients with squamous cell
carcinomas of the esophagus

p-mTOR (%)*

No. of
cases (%)* + ++ P-valuet
>62 years 54 (51) 43 (80) 9(17) 2 @)
<62 years 51 (49) 36 (71) 9(18) 612} 637
Gender
- Male 56 (53) 42 (75) 9 (16) 5(9)
- Female 49 (47) 37 (76) 9 (18) 3 (6) 1.00
Location tumour
Upper 1/3 esophagus 9(9) 7 (78) 2 (22) 0(0)
Middle 1/3 esophagus 55 (52) 41 (75) 10 (18) 4(7)
Distal 1/3 esophagus 41 (39) 31 (76) 6(15) 4 (10) 1.00
Differentiation grade**
G1 6 (6) 5(83) 0 (0) 1017)
G2 65 (62) 54 (83) 9(14) 23
G3 34 (32) 20 (59) 9 (27) 5(15) 0024
TNM-stage
| ; 7t 4 (57) 1(14) 2 (29)
lla 28 27) 23 (82) 4 (14) 1(4)
b 7(7) 4 (57) 1(14) 2 (29)
1 48 (46) 36 (75) 11(23) 1)
Va : 6 (6) 5 (83) 0 (0) 167
,l\/b‘ : ~ 9(9) 7 (78) 1Y 1D 0.62
Lnn metastasis (N1 & M1lym)
Ne. 43 (41) 31(72) 8(19) 4 (9)
Yes 62 (59) 48 (77) 10 (16) 4 (6) 0.65
Extracapsular growth'' ‘
No 28 (45) 22 (79) 5(18) 1(4)
Yes - 34 (55) 26 (76) 5(15) 3(9) 1.00
Ki-67 score*
<10% 515) 3 (60) 1 (20) 1(20)
. 10-50% 85 (83) 66 (78) 14 (16) 5 (6)
250%,» 13(13) 8 (62) 3(23) 2 (15) 0.26
Total . i 105(100) 79 (75) 18 (17) 8(8) -

*Sum of percentages may exceed 100% because of rounding. tCalculated between p-mTOR positive (score +
and ++) tumors and p-mTOR negative (score -) tumors. **G1: well differentiated; G2: moderately differentiated;
G3: poorly differentiated. T+Determined for the 62 patients with lymph node metastases. #For comparison of
p-mTOR expression and Ki-67 expression, 2 extra cases have been excluded from the study population since the
tumor cores of these cases were absent on the TMA slide stained for Ki-67.
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DiscussioN

MTOR plays an important role in protein translation, cell growth and cell proliferation
by integrating both environmental and internal factors, including nutrients, growth
factors and energy levels.?® Subsequent to preclinical studies revealing the expression
of mTOR protein in several cancer tissues and showing mTOR inhibitors to inhibit cell
proliferation in cancer cell lines, rapamycin and its analogues are increasingly being
tested in oncologic clinical trials.?° In a phase Il trial of patients with locally advanced or
metastatic breast carcinomas, weekly intravenous infusion of the rapalog temsirolimus
resulted in a response rate of 9.2%.% In addition, a recent randomized controlled
trial showed that temsirolimus significantly improved overall survival (P=0.008) and
progression-free survival (P<0.001) in advanced renal cell carcinoma patients.

As far as we know, no studies have yet investigated p-mTOR expression in ESCC or
the application of mTOR inhibitors in ESCC patients. However, Hou et al. have shown
expression of mTOR in 2 esophageal squamous cell carcinoma cell lines, with a higher
expression in the poorly differentiated cell line.'® This is in line with the statistical
significant association that was found in the current study between the expression of
p-mTOR in ESCC and a poorer degree of tumor differentiation. Moreover, they detected
a significant decrease in mTOR mRNA levels in ESCC cells treated with rapamycin.'® The
goal of our study was to investigate the frequency of p-mTOR in human ESCC tissue
samples, thereby assessing the amount of patients that would possibly benefit from
mTOR inhibiting therapy.

To determine the expression of p-mTOR in a large study population under identical
laboratory and evaluation conditions, we have used a TMA slide containing triplicate
core biopsies of 108 ESCCs. The expression of mTOR has previously been determined
by means of TMA technology in malignancies such as prostate, breast and renal call
cancer. Since a potential disadvantage of TMA technology might be that the small
(diameter 0.6mm) tissue cores are not representative for the full-section, we have
recently validated our TMA using well-known molecular markers.2* Although our TMA
has proven valid, one should keep in mind when interpreting the results of the current
study that false-negative observations still may have occurred. Yet, this would only lead
to a higher amount of ESCCs that are p-mTOR positive and that therefore might benefit
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from rapamycin therapy. Moreover, when performing immunohistochemical analysis
on full-sections instead of on a TMA slide the representativeness of a single slide for
the entire tumor may be questioned as well and false-negative results may also occur.
Nevertheless, as with all immunohistochemical studies, it should be worthwhile to
perform this study in a different ESCC population to confirm the current data.

The reported percentages of malignancies expressing activated mTOR vary widely, from
15% in hepatocellular carcinomas to around 60% in gastric adenocarcinoma and biliary
tract carcinoma.263%3" Although this could be explained by differences in tumour biology,
it should be taken into account that the percentage of carcinomas expressing activated
mTOR also depends to a great extent on the scoring system used. In several studies
that have assessed the expression of mTOR in cancer tissues by immunohistochemistry,
tumours were marked as positive in case any positivity was noticed.??33 According to
this scoring system 25% of our tumours would be positive for p-mTOR. However, in a
recently published scoring system of p-mTOR applied in biliary tract adenocarcinomas,
tumours were considered positive when the multiplication of percentage of staining
tumour cells and staining intensity (on a scale of 0-2) was 20 or higher.2¢ When we would
apply this scoring system, only 8% of our ESCCs would be expressing p-mTOR. From a
clinical point of view, it remains to be elucidated which degree of p-mTOR expressing
would lead to benefit from mTOR inhibitors. One could imagine that in tumours in
which only 20% of tumour cells express activated mTOR, mTOR inhibitors could only
destroy 20% of tumour cells and leave the rest unaffected leading to outgrowth of
resistant clones. Nevertheless, in these tumours mTOR inhibitors could still be effective
when given in combination with chemotherapy.

Since p-mTOR is involved in the regulation of cellular proliferation,’#3* we have assessed
the correlation between the expression of p-mTOR and that of the proliferation marker
Ki-67. However, comparable to the results reported in primary liver neoplasms,*
no correlation was found. This could be explained by the fact that the cell cycle is
controlled by numerous other molecular pathways, for example the retinoblastoma
protein, E2F-family proteins, cyclins and p53 protein, which are also commonly mutated
in malignancies.>>3®

Although some studies have shown p-mTOR to be an adverse prognostic marker in breast

carcinoma and biliary tract cancer,'>?¢ we did not assess the prognostic significance of
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p-mTOR in ESCC since the current study population consisted mainly of patients with
advanced disease. As the presence of (distant) lymph node metastases would probably
affect the disease-free survival and overall-survival more than would the presence of
p-mTOR expression, it should be recommended to study the prognostic significance of
p-mTOR in a large population of early-staged ESCCs (i.e. stage I-lla).

In summary, activated mTOR was detected in 25% of patients with ESCC, predominantly
in poorly differentiated tumours. Since patients with such tumours may benefit from
mTOR inhibiting therapy, further clinical studies are warranted.
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ABSTRACT

Background

The outcome of esophagectomy could be improved by optimal diagnostic strategies
leading to adequate preoperative patient selection. Neoadjuvant therapy could improve
outcome by increasing the number of radical resections and by controlling metastatic
disease. The purposes of this study were to gain insight into the current worldwide
practice of staging modalities and neoadjuvant therapy in esophageal cancer and to
detect intercontinental differences.

Methods

Surgeons with particular interest in esophageal surgery, including members of the
International Society for Diseases of the Esophagus (ISDE), the European Society of
Esophagology - Group d’Etude Européen des Maladies de I'Oesophage (ESE-GEEMO)
and the OESO, were invited to participate in an online questionnaire. Questions were
asked regarding staging modalities, neoadjuvant therapy and response evaluation
applied in esophageal cancer patients.

Results

Of 567 invited surgeons, 269 participated resulting in a response rate of 47%. The
responders currently performing esophagectomies (n=250; 44%) represented 41
countries across the 6 continents. Esophagogastroscopy with biopsy and computed
tomography (CT) scanning were routinely performed by 98% of responders for
diagnosing and staging esophageal cancer, while endoscopic ultrasound (EUS) and barium
esophagography were routinely applied by 58% and 51% respectively. Neoadjuvant
therapy is routinely administered by 33% and occasionally by 63% of responders.
Of the responders that administer identical neoadjuvant regimens to esophageal
adenocarcinoma and squamous cell carcinoma, 54% favor chemoradiotherapy. For
adenocarcinoma, chemotherapy is preferred by 31% of the responders that administer
neoadjuvant therapy, whereas for squamous cell carcinoma the majority of responders
(38%) prefer chemoradiotherapy. Response to neoadjuvant therapy is predominantly
assessed by CT scanning of the chest and abdomen (86 %). Barium esophagography, EUS
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and combined CT/PET-scan are requested for response monitoring in equal frequency
(25%). Substantial differences in applied staging modalities and neoadjuvant regimens

were detected between surgeons from different continents.

Conclusions

Currently, the most commonly applied diagnostic modalities for staging and restaging
esophageal cancer are CT scanning of the chest and abdomen, gastroscopy, barium
esophagography and EUS. Neoadjuvant therapy is routinely applied by one third of the
responders. Intercontinental differences have been detected in the diagnostic modalities
applied in esophageal cancer staging and in the administration of neoadjuvant
therapy. The results of this survey provide baseline data for future research and for the
development of international guidelines.
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INTRODUCTION

Due to the rise in occurrence of esophageal adenocarcinoma (AC) the incidence of
esophageal cancer is rapidly increasing, more than any other type of malignancy.'2 With
an estimated 462.000 newly diagnosed patients in 2002, it is the 8" most common
malignancy worldwide.? Esophageal cancer patients are frequently diagnosed at an
advanced stage owing to late presentation of symptoms. Consequently, less than half
of patients are eligible for curative treatment.* For patients with locoregional disease the
best chance of cure is offered by radical resection of the esophagus and the surrounding
lymph nodes.> The overall 5-year survival rate after surgery is around 35%.5

The outcome of esophagectomy could be improved by adequate preoperative patient
selection using diagnostic modalities such as computed tomography (CT) scanning,
endoscopic ultrasonography (EUS) and ultrasonography (US) of the neck.”® Patients
diagnosed with distant metastases (M1b) or local irresectable disease should not
undergo esophageal resection, but should be offered palliative therapy.”'%"" Several
diagnostic modalities are available for diagnosing, staging and restaging esophageal
cancer.”*™ At this moment, it is unclear in what frequency these different diagnostic
modalities are being applied in the work-up of esophageal cancer patients.

Nearly half of patients develop recurrent or metastatic disease within the first year
after esophagectomy, indicating that resection was not extensive enough or that
micrometastases were already present at the time of surgery.” Neoadjuvant treatment
has therefore been introduced aiming at increasing resectability by reducing tumor
size and by controlling early metastatic spread.’® A recent meta-analysis of randomized
controlled trials has shown a significant survival benefit in patients with esophageal AC
or squamous cell carcinoma (SCC) receiving neoadjuvant chemoradiotherapy (CRTx)
and, to a lesser extent, in patients with AC receiving neoadjuvant chemotherapy (CTx)."”
Although substantial evidence for the application of neoadjuvant therapy is provided, it
is indefinite if and how neoadjuvant therapy is nowadays incorporated in the treatment
of esophageal cancer patients.

The aims of the present study were to gain insight into the current practice of the
application of staging modalities and neoadjuvant therapy in esophageal cancer patients
by surgeons worldwide and to identify intercontinental differences.
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IMATERIALS AND METHODS

Questionnaire

A web-based questionnaire (http://www.esophagussurvey.com) was designed in 2007
that consisted of 5 parts: (I) demographic data and surgical experience in esophageal
cancer surgery; (Il) pre-operative work-up of esophageal cancer patients; (Ill) techniques
of esophageal cancer surgery; (IV) postoperative management and (V) additional
commentaries. In this manuscript the results of parts |, Il and V will be presented.
Answers to most questions could be given on a 3-point-scale: ‘never-occasionally-
routinely’. Sporadically, responders were asked to reply to questions by choosing from a
multiple-choice list or by giving percentages. The answers from returned questionnaires

were directly entered into an online software database.

Invited physicians

By electronic mail (e-mail) an invitation to participate in the questionnaire together with a
link to the website, a personal login name and a password were sent to surgical members
of the International Society for Diseases of the Esophagus (ISDE), the European Society of
Esophagology - Group d'Etude Européen des Maladies de I'Oesophage (ESE-GEEMO) and
the OESO. Written permission was obtained from the Presidents of these societies in order
to gain access to their membership databases and to contact their members. In addition,
surgeons known from personal networks were invited to participate in the survey and
responders were able to recommend colleagues in the field. The first invitation was sent
on July 23, 2007. Reminder e-mail notices were sent every 2 weeks to those who had not
responded to the initial request. The survey was closed on October 23, 2007. A recipient
was considered a non-responder if no reply was received on this day. If the responder did
not perform esophageal cancer surgery (by replying ‘no’ to the corresponding question),
the questionnaire would end and no further data were collected.

There has been a lot of interest recently in the effect of operation volume on the outcome
of esophageal cancer surgery.'®2° For comparing the results of low-volume and high-
volume surgeons, we defined low-volume surgeons as surgeons who performed <10
esophagectomies per year, medium-volume surgeons as surgeons who carried out 11-

20 esophagectomies, and high-volume surgeons >21. To reveal differences in between
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regular and senior esophageal cancer surgeons, responders were divided into 3 groups
according to the years of experience in esophageal cancer surgery: surgeons having
performed esophagectomy for <10 years, 11-20 years or >21 years.

Statistical analysis

Alldatawere analyzed anonymously. Statistical analysis was performed when appropriate,
using SPSS (Version 12.0, for Windows). The application of the various diagnostic
modalities and of neoadjuvant therapy was compared with regard to surgeon’s case
volume, years of experience and the continent the responder is from. Percentages were
rounded to the nearest integer and as a consequence the sum of percentages may
not equal 100%. For comparison of data between continents, the continents South-
America, Oceania and Africa were excluded since they each had less than 5% (n=13) of

the total amount of responders.

REsuLTs

Characteristics of Responders

Of 567 invited physicians, 269 participated in the questionnaire, resulting in an overall
response rate of 47%. Nineteen (7%) responders indicated not to actively practice
esophageal cancer surgery. The remaining 250 responders (specific response rate 44%)
formed the basis for all further analysis. They represented 41 countries across the 6
continents (Table 1).

Sixty-four percent of responders were member of the ISDE, 15% were
member of more than 1 esophageal society, 8% were ESE member, 14% were
known from personal networks and 1 responder was referred by a colleague.
An overview of the responders’ function, case volume per year and years of experience
is given in Table 2. North-American responders were mainly medium- and high-volume
surgeons, while Asian responders were predominantly high-volume surgeons. European
responders were equally distributed over the 3 categories. Surgeons with >11 years of
experience are predominantly high-volume surgeons, whereas those with <10 years of
experience were equally distributed over the 3 categories.
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Table 1 - Response rates per continent and country.

No. No. Specific
Country invited participatedt Response Rate, %

+Countries with 3 or less responders include: Portugal (3), Austria (3), Hungary (3), Czech Republic (2), Poland
(2), Serbia (2), Turkey (2), Israel (2), Taiwan (2), Mexico (2), Argentina (2), Chile (2), Ireland (1), Slovenia (1),
Romania (1), Croatia (1), Norway (1), Switzerland (1), Saudi Arabia (1), Thailand (1), Uruguay (1), Sudan (1),

South Africa (1)
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Table 2 - Overview of the function, personal esophagectomy case volume per year and years of experience in
esophageal cancer surgery of the 250 surgical responders.

n %
10 4
; - , 49 20
_Regularstaff 188 =
Other & . : 3 1

- Personal case volume/year
o 59 24
20 V 79 32
53 21
27 i
10 4
4 Z
18 7

Years of experience

<6 : 30 12
6-10 49 20
11=15 49 20
16-20 : = 51 20
21-25 41 16
26-30 18 7
>30 12 5
Overall 250 44

Staging modalities

Esophagogastroscopy with biopsy and CT-scan of the chest and abdomen are part of
the routine preoperative work-up of esophageal cancer patients in 98% of responders
(Figure 1). The combination of EUS, CT-scan and US of the neck is routinely requested by
17% of surgeons. Of the 244 responders that routinely execute a CT-scan of chest and
abdomen, 71 (29%) also routinely perform an US of the liver. Of the 127 responders
who routinely apply a barium esophagogram to diagnose esophageal cancer, 126
(99%) also routinely perform a gastroscopy with biopsy.

In Figure 2, an overview is given on the intercontinental differences regarding the
various diagnostic modalities used for diagnosing and staging esophageal cancer. EUS is
routinely employed by 70% of North-American and European responders compared to
35% of Asian responders. Laparoscopic staging is routinely performed by 14% of North-
American responders compared to 10% of European and 2% of Asian responders.
Surgeons with 221 years of experience routinely employ EUS less often than those with
<10 years of experience (49% vs. 63%, respectively). In addition, the former execute
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an US of the liver more often than the latter (37% vs. 24%, respectively). Moreover,
surgeons with =21 years of experience in esophageal cancer surgery routinely perform
a barium examination more often than do surgeons with <10 years of experience (63%
vs. 46% respectively). High-volume surgeons perform an FDG-PET scan more routinely
than low-volume surgeons (24% vs. 15%, respectively). In addition, high-volume
surgeons more routinely request a CT/FDG-PET scan than low-volume surgeons (34%

vs. 19%, respectively).

Neoadjuvant therapy

Neoadjuvant therapy is routinely given by 33%, occasionally by 63% and never by 4%
of responders (Figure 3). Of the 241 surgeons that apply neoadjuvant therapy, 148
(61%) give identical neoadjuvant regimens to SCC and AC.

In case of identical regimens, CRTx is favored by 54% of responders, whereas CTx is the
preferred method for 17% of responders (Figure 4). Radiotherapy (RTx) is only given
occasionally (24%). Cisplatin combined with 5-fluorouracil (5-FU) is the most frequently
applied chemotherapeutic regimen, applied by 53% of the responders that give
neoadjuvant chemo(radio)therapy to esophageal cancer patients. Both the combination
Carboplatin with 5-FU and Epirubicin with Cisplatin and 5-FU (ECF) are applied by 13%.
The indications for neoadjuvant treatment are summarized in Table 3.

Figure 1 - Application of the different diagnostic modalities for diagnosing and staging esophageal cancer by
the 250 responders. Values within bars represent number of responders

Esophagogastroscopy + Biopsy I T ) | w Rouincly |
| @ occasionally |
CT Chest/Abdomen 7Y B =1

| O Never

EndoscopicUitrasound [N @404 (0]
Barium Contrast Swallow Exam 127 g e 47

Ultrasonography Liver IS 0 66

combinedcT/FDGPET NN 0 3 0] 80

]

]

]

Ultrasonography Neck NN T 1 86 ]

FoG-PET NN B G S RS 65 ]

Bronchoscopy NN T 190 1]

Laparoscopic staging : A5 | 99 ]

MRIC| H Y 132 ]

Th picstaging 70 7 T 179 ]
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Figure 2 - Application of barium contrast swallow examination A), endoscopic ultrasonography (EUS) B), 18F-
fluoro-2-deoxy-D-glucose positron emission tomography (FDG-PET) scan C), ultrasonography (US) of the neck
D) and US of the liver E) by all responders, responders from Europe, North-America and Asia. Values within
bars represent number of responders

aNever
Oem cnally

=Routinely |

Al Europe  North-America

A BARIUM CONTRAST

North-America ~ Asia

US liver

Table 3 - Indication for neoadjuvant therapy in esophageal cancer patients according to stage. Responders
are divided to those who give identical regimens to adenocarcinoma (AC) and squamous cell carcinoma (SCC)
and those who treat AC and SCC differently.

Identical regimens AC SCC

- w3y e o Gy G
26% e e
60% = sy
87% : - oew o m
By oms .

Ninety-three responders (39%) apply different neoadjuvant regimens for SCC and AC.
For AC, CTx is preferred by 31% of these responders. CRTx is favored by 11% of the
responders that administer neoadjuvant therapy, whereas RTx is never preferred. In
SCC, on the contrary, CRTx is the preferred method (38%). CTx is favored by 9% of
the responders that use neoadjuvant therapy and RTx by 7%. The most frequently used
chemotherapeutic regimen in AC is ECF (35%), while in case of SCC it is Cisplatin with
5-FU (51%). The indications for neoadjuvant in AC and SCC are summarized in Table 3.

Asian responders less often use neoadjuvant therapy compared to North-American
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and European responders (Figure 3). Surgeons with =21 years of experience routinely
perform neoadjuvant therapy less often than those with <10 years of experience (25%
vs. 37%, respectively). In addition, North-American responders more frequently give
identical neoadjuvant regimens to SCC and AC than European or Asian responders
(83% vs. 58% and 59%, respectively).

Figure 3 - Administration of neoadjuvant therapy in esophageal cancer by all responders, European responders,
North-American responders and Asian responders. Values within bars represent number of responders

100%

| ONever

90% 4‘ O Occasionally
W Routinely
80% - —

70% -

60% -

50% ‘

40% -

30%

|
20% -
10% -

0%

All Europe North-America Asia

Figure 4 - Administration of chemoradiotherapy (CRTx) chemotherapy (CTx) and Radiotherapy (RTx) by the
148 responders giving identical neoadjuvant regimens to squamous cell carcinoma (SCC) and adenocarcinoma
(AC) (left figure), and by the 93 responders giving different regimens to SCC (middle) and AC (right). Values
with in bars represent number of responders
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Figure 5 - Frequency of the different diagnostic modalities used for restaging esophageal cancer after
neoadjuvant therapy. Values with in bars represent number of responders

CT Chest/Abdomen 207 [ 25 [5]| mRoutinely |

Endoscopic Ultrasound | 58 j' gﬁever V
Barium Contrast Swallow Exam 118 ]
Combined CT/FDG-PET = 75 ]
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Other 212 ]
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Response monitoring

Response to neoadjuvant treatment is predominantly assessed by CT scanning of the
chest and abdomen (Figure 5). Of the 25 responders that routinely perform a diagnostic
modality for assessing the response to neoadjuvant therapy other than those mentioned
in Figure 5, 16 perform a gastroscopy with biopsy.

Almost 50% of Asian responders routinely perform a barium esophagography to
evaluate the response to neoadjuvant therapy, compared to 24% of European and
7% of North-American responders. A CT scan is routinely performed by 92% of Asian
and European responders, compared to 69% of North-American responders. North-
American surgeons routinely perform a combined CT/FDG-PET scan more often than

Asian and European responders (52% vs. 20% and 16%, respectively).

Discussion

The results of this survey have gain insight into the use of the various diagnostic
modalities for (re)staging esophageal cancer and in the application of neoadjuvant
therapy by surgeons worldwide. In addition, several intercontinental differences on
these topics have been revealed.

Patients with dysphagia may undergo barium esophagography in an attempt to
diagnose esophageal cancer by identifying contour abnormalities.2'22 Although less
invasive and less expensive than endoscopy, it neither does allow for direct visualization
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of esophageal wall abnormalities nor does provide histologic samples. Consequently,
gastroscopy should still be performed subsequent to esophagography when a
malignancy is suspected.” Half of responders (predominantly Asian) routinely perform
an esophagogram in the preoperative work-up. Inevitably, almost all of these responders
routinely perform a gastroscopy as well.

EUS has proven to be the most accurate tool for assessing the depth of tumor
infiltration into the esophageal wall and for detecting locoregional and celiac lymph
node metastases.22425 Fifty-eight percent of responders routinely executes an EUS. Asian
responders routinely use EUS less often than European and North-American responders
(Figure 2) which, in combination with the higher frequency of the use of barium
esophagograms in this continent, may reflect that Asians more often assess tumor
infiltration depth by means of esophagograms.?>?” Nonetheless, the major advantage
of EUS is that it also enables the detection (and FNA) of lymph node metastases.?®
FDG-PET scanning has recently been introduced into esophageal cancer staging to
enhance the detection of lymph node metastases as well as organ metastases.?>3" A
systematic review has shown a moderate sensitivity and specificity of 0.51 and 0.84,
respectively, for the detection of locoregional lymph node metastases and 0.67 and 0.97,
respectively, for distant metastases.*® The broad implementation of FDG-PET in staging
esophageal cancer is further questioned by Van Westreenen et al. since in their large
prospective study no substantial benefit was detected for FDG-PET over ‘conventional’
diagnostic modalities (EUS, CT scan and cervical US). In the current survey 21% of the
responders routinely perform an FDG-PET scan.

According to the current staging systems,33 lymph node metastases in the cervical
region are considered M1b disease in case of a mid or distal esophageal tumor and
hence these patients should be offered palliative treatment. Several studies have shown
that US of the neck (with FNA if indicated) is the preferred diagnostic tool for detecting
supraclavicular lymph node metastases, with a sensitivity and specificity of 75% and
91% respectively for US alone and 72% and 100% respectively for US with FNA."3¢
Only half of the responders routinely executes a cervical US.

Neoadjuvant therapy significantly improves survival of esophageal cancer patients,
except for those that do not respond.’®'” Neoadjuvant therapy is routinely applied
by 33% of responders and occasionally by 63%. As SCC and AC have different
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pathogeneses, they should be viewed as separate tumor entities®® and perchance should
be given different neoadjuvant regimens. Nevertheless, more than half of responders
that apply neoadjuvant therapy give identical regimens to both histologic types. By
these responders, neoadjuvant CRTx is most commonly administered. When different
regimens are given, CTx is most commonly used in AC versus CRTx in SCC. However,
a meta-analysis has shown a significant survival benefit in patients with AC receiving
neoadjuvant CRTx and to a lesser extent in case of CTx."?

Response assessment to neoadjuvant therapy is very important, as it can alter the
treatment plan in non-responding patients. A systematic review has shown EUS and FDG-
PET scan to have comparable accuracy (86 %) for assessing the response to neoadjuvant
therapy, whereas that of CT-scan was significantly lower (54%).36 Our results show
that CT-scan is still the preferred diagnostic modality for response assessment. Almost
half of Asian responders routinely perform a barium esophagogram to evaluate tumor
response, which is surprising as it is only capable of assessing changes in esophageal
tumor size.*® No judgment can be made regarding the response in lymph nodes.
Although for our research question the current study set-up is best, some remarks have
to be made. First, questions regarding neoadjuvant therapy were asked to surgeons
as these questions were part of a survey that addressed surgical techniques as well.
Nevertheless, since multimodality treatment is coordinated by both the surgical and
medical oncologist, the results of this study will give an adequate reflection of the
currently applied neoadjuvant regimens. Second, the responders’ answers may not have
been representative for all esophageal cancer surgeons. Yet, with a specific response
rate of 44%, predominantly from members of prominent esophageal societies, our
results are likely to reflect the current view regarding staging and neoadjuvant therapy.
In conclusion, intercontinental differences have been detected in the diagnostic modalities
applied in esophageal cancer staging and in the administration of neoadjuvant therapy.
Currently, esophagogastroscopy with biopsy and CT scanning are most frequently used.
Neoadjuvant therapy is routinely administered by 33% of responders. The responders
that give identical regimens to SCC and AC most commonly administer CRTx. It should
be very worthwhile to repeat this study within several years to detect possible changes

over time.
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ABSTRACT

Background

The morbidity of esophagectomy could be reduced by omitting the extensive lymph node
dissection (LND) in patients without lymph node metastases. The aims of this study were
to assess the feasibility of the sentinel node (SN) concept in Western European esophageal

cancer patients and to compare our results with those reported in the literature.

Methods

The SN procedure was performed in 8 esophageal cancer patients without evidence of
lymph node metastases, who were scheduled for robot-assisted thoracolaparoscopic
esophagectomy with 2-field LND. The day before surgery, 4 deposits of Tc-99m-labeled
nanocolloid (400 MBq) were endoscopically injected into the submucosa of the tumor.
Lymphoscintigraphy was performed 1 and 3 hours after injection. Intraoperatively, SNs
were detected by gamma probe. Resected specimens were analyzed for remaining activity
by scintigraphy and by gamma probe.

Results

Visualization rates of lymphoscintigraphy 1 and 3 hours after tracer injection were 88%
and 100%, respectively. Intra-operative identification rate was 38%. The accuracy of the
SN procedure was 38%; false-negative rate was 100%. Studies reported in the literature
have shown visualization rates of SNs ranging from 60-92%. The overall false-negative
rate varied from 4-100%.

Conclusion

With a false-negative rate of 100%, the results of our feasibility study have shown SN
biopsy to be of no value in our study group. Nevertheless, since the results reported from
Japanese institutes in superficial carcinomas are promising, this technique may still be

feasible in superficial (i.e. cT1) tumors.
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INTRODUCTION

Esophageal cancer is the 8" most common malignancy in the world with an estimated
462.000 newly diagnosed patients in 2002." For patients with locoregional disease,
the best chance of cure is offered by radical esophagectomy.? As the esophagus has
a unigue submucosal lymphatic drainage system, the lymphatic spread of esophageal
cancer is unpredictable and very variable.> Hence, during transthoracic esophagectomy
(TTE) an extensive mediastinal and upper abdominal lymph node dissection (LND) is
performed to clear all metastatic disease. As the cervical region is a common site of
tumor recurrence, some surgeons routinely carry out a cervical LND as well.4®

TTE is accompanied by substantial morbidity, predominantly cardiopulmonary, which
is a result of the thoracotomy, the concurrent one-lung-ventilation and the extensive
mediastinal dissection.? Surgical strategies have been employed to reduce the morbidity,
e.g. less extensive procedures such as a transhiatal approach without thoracotomy or
minimally invasive techniques such as thoracoscopy and laparoscopy.”® For patients
without lymph node metastases in the resected specimen (pNO), the extensive LND
of TTE may be regarded redundant. In these patients, morbidity might be reduced by
tailoring the extent of LND. This could be accomplished by the application of sentinel
node navigation surgery.

A sentinel node (SN) is defined as the lymph node that receives lymphatic flow directly
from the primary tumor, being the first site of metastatic spread.® Depending on the
tracer used, SNs can be detected by a gamma camera, a gamma probe, computed
tomography (CT) lymphography, magnetic resonance imaging (MRI) lymphography or
by observing blue dye. The SN concept states that when pathologic analysis of the
detected SN(s) shows no tumor invasion, extensive dissection of the lymph nodes that
drain the SN(s) can be omitted.' SN biopsy is now widely adopted in the management
of early stage breast cancer and melanoma.®?

In esophageal cancer, SN mapping by radioactive tracer was first described by Kitagawa
et al. in 2000." In subsequent years several other clinical studies on this subject have
been performed, predominantly in Japanese institutes.’*'® In Japan screening modalities
have been introduced to detect and treat esophageal cancer at an early stage, as it is

a very common malignancy in that country. Patients with early stage disease generally
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have no lymph node metastases and are therefore candidates for the SN procedure.
The aims of the current study were to assess the feasibility of SN mapping in Western
European esophageal cancer patients and to compare our results with those reported
in the literature.

MATERIALS AND METHODS

Patients

Eight patients with resectable esophageal cancer who were scheduled to undergo
esophagectomy with 2-field LND were included in our feasibility study. Routine
diagnostic work-up consisted of esophagogastroduodenoscopy (EGD) with biopsy,
radial endoscopic ultrasonography (EUS) (GIF-UM130, Olympus, Hamburg, Germany),
CT scan of the chest and abdomen, ultrasonography (US) of the neck with fine needle
aspiration (FNA) when indicated, lung function testing and bronchoscopy in case of
suspected airway ingrowth. Patients were eligible for SN biopsy if all of the following
criteria were fulfilled: (i) proven adenocarcinoma (AC) or squamous cell carcinoma
(SCQ) of the esophagus; (ii) resectable disease (i.e. cT1-3 or cT4pleura/crus); (iii) no
pre-operative evidence of lymph node metastases (cNO, cMO0) and (iv) no neoadjuvant
therapy. The study was approved by our local medical research ethics committee and

written informed consent was obtained from all participating patients.

Radiocolloid injection and preoperative SN identification

One day before surgery patients underwent EGD under light sedation. Using a 9.8
mm gastroscope (GIF-140, Olympus, Hamburg, Germany), 400 MBq Tc-99m-labeled
nanocolloid (Amersham Cygne, Eindhoven, The Netherlands) in a maximum volume
of 2 mL was injected into the submucosal layer overlaying the tumor in 4 quadrants (2
proximal and 2 distal from the tumor; Figure 1).

One hour and approximately 3 hours after injection, static images in anterior, posterior
and lateral planes were obtained by a dual-head gamma camera with a low energy, high
resolution (LEHR) collimator (Argus®; Philips Medical Systems, Best, The Netherlands) to
locate focal areas of radioactivity. (Figure 2 and 3)
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Figure 1 - Peritumoral injection of the radioactive tracer into 4 quadrants during esophagogastroscopy (see
page 298 for color figure).

Surgical procedure and intraoperative SN identification

All patients underwent thoracolaparoscopic esophagectomy with two-field LND aided
by the Da Vinci™ robotic system (Intuitive Surgical, Sunnyvale, USA)." Dissected lymph
nodes included the paratracheal, subcarinal, aortopulmonary window, periesophageal,
celiac and lesser omental nodes. The digestive tract was reconstructed by a gastric
conduit, which was anastomosed in the neck.

During surgery, potential SNs in the thoracic and abdominal cavities were identified by
intracorporeally measuring the radioactivity with a handheld gamma probe (Europrobe
Il; Eurorad, Strasbourg, France). Radioactivity of the cervical region was assessed with the
handheld gamma probe through the cervical incision at the left side and percutaneously
at the right side of the neck. After the resected specimen was removed from the patient,
the thoracic and abdominal cavities were explored with the gamma probe for remaining
radioactivity.
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Figure 2 - Example of scintigraphic examination (thoracic part) performed one hour (left) and 3 hours (right)
after radioactive tracer injection. A focal area of radioactivity is noticed in the left infraclavicular region.

ANT ANT TH 3H

ANT: anterior; TH: thoracic; FLD: views with flood source (delineating the patient’s body contour).

Postoperative SN identification

At the Department of Pathology the resected specimen was opened and was attached
on a paraffin board. In this way, overlap in radioactivity from the tumor and from
possible lymph nodes was avoided. Lymphoscintigraphy of the resected specimen was
performed at the Department of Nuclear Medicine in order to visualize the location of
focal radioactivity; possible SNs were marked. Subsequently, the radioactivity of the
detected possible SNs was counted with the handheld gamma probe and the identified
hot nodes were separated from the resected specimen for individual histopathologic

examination.
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Figure 3 - Scintigraphic examination (abdominal part) performed one hour (left) and 3 hours (right) after
radioactive tracer injection in the same patient as in Figure 2. A focal area of radioactivity is seen caudal to
one of the injection sites.

ABD ANT FLD FLD ANT ABD 3H

ANT ABD ANT ABD 3H

POST ABD POST ABD 3H

ANT: anterior; POST: posterior; ABD: abdominal; FLD: views with flood source (delineating the patient’s body
contour).
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Histopathologic examination

The resected esophageal specimen including the remaining non-sentinel lymph nodes
were fixed in 4% formalin for 24 hours. Non-sentinel lymph nodes were identified
by slicing the fatty tissue surrounding the esophagus and gastric cardia. The resected
specimen and non-SNs, cut in largest diameter, were fixed in formalin and embedded
in paraffin. Tissue sections (3 pym) were stained with haematoxylin and eosin (H&E)
for routine histopathologic examination. All resected specimens were examined by 1
experienced oncologic pathologist (MS).

SNs were processed according to a regional standard protocol. After formalin fixation
and paraffin embedding, step sections of 3 um thick were cut at 5 levels with 250 um
intervals for H&E staining. In case no lymph node metastases could be identified by H&E
examination, immunohistochemical analysis was performed at each level with CAM
5.2 (Becton-Dickinson Biosciences, San Jose, USA, catalog# 349205) in case of primary
adenocarcinoma or CK AE1/3 (Neomarkers/Lab Vision, Fremont, USA, catalog# MS-

343-P) in case of SCC to detect micrometastases or isolated tumor cells.

Statistical analysis
Statistical analysis was performed using the SPSS software for Windows (Version 12.0,
SPSS, Chicago, IL, USA). The identification rate, accuracy, false-negative rate and

sensitivity of the SN procedure were calculated according to the standard definitions.2

REsuLTs

The median age at the time of surgery was 62 (range, 45-71) years (Table 1). The tumor
was located in the middle third part of the esophagus in 2 (25%) patients, the lower third
in 5 (63%) and the gastroesophageal junction in 1 (13%). The median tumor size was
3.5 (range, 2-8) cm. Histopathologic examination of the resected specimens revealed that

50% of the tumors were adenocarcinomas and 50% were squamous cell carcinomas.
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Pre-operative lymphoscintigraphy

No complications of the SN procedure were noticed. The lymphoscintigraphy performed
1 hour after radiocolloid injection identified possible SNs in 7 out of 8 patients, resulting
in a visualization rate of 88%. A median of 2 SNs (range 0-4) were detected by the
lymphoscintigraphy performed 1 hour after injection (Table 1). The visualization rate of
lymphoscintigraphy performed 3 hours post injection was 100%, with a median of 3.5
(range 2-7) identified SNs.

Intraoperative SN detection

With the intraoperative gamma probe, the identification rate was 38% (3 patients
out of 8). The main cause of failure was the accumulation of the radioactive tracer
in direct proximity to the tumor, surpassing the radioactivity of surrounding (regional)
lymph nodes. In 3 patients a total of 5 SNs could be detected with the intraoperative
gamma probe. These 5 SNs were detected cervically (n=3), para-esophageally (n=1) and
subcarinally (n=1).

SN detection in resected specimen

Scintigraphic examination of the resected specimen revealed a median of 5 SNs (range
1-5). The identification rate was 100%. When analysing the resected specimen with
the gamma probe, in all 8 patients 1 or more SN(s) were detected. Therefore, the post-
surgical identification rate for the gamma probe was 100%. A median number of 3 SNs
(range 1-5) were detected by gamma probe analysis of the resected specimens.

In all 5 patients with lymph node metastases in the resected specimen, the SN was tumor
negative even after immunohistochemical analysis and additional serial sectioning.
Therefore the false-negative rate was 100% and the sensitivity 0%. The overall accuracy
of SN biopsy in our study population was 38%.
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Discussion

The aim of the SN concept in esophageal cancer is to reduce the morbidity of
esophagectomy by diminishing the extent of LND based on the identification and
intraoperative histological examination of SNs in patients with clinically node-negative
disease. With a false-negative rate of 100%, the results of our feasibility study have
shown SN biopsy to be of no value in our study group.

Some technical issues deserve more consideration. In our series, lymphoscintigraphy 1
hour and 3 hours after radioactive tracer injection resulted in visualization rates of 88%
and 100%, respectively. The higher rate in the latter is probably due to further flow
of tracer particles in the lymphatics, resulting in the appearance of more first echelon
lymph nodes. These results exceed those reported in the literature (60-92%; Table 2),
despite the fact that the time between tracer injection and initial lymphoscintigraphy
in those studies was longer (range 3-12 hours).'2" This difference could be explained
by the variation in particle size of the radioactive tracers used. As shown in Table 2,
the most commonly used tracer in Japan is Tc-99m-labeled stannous colloid!314.16-18.21.22
(particle size 400-500 nm), whereas in the Western world it is Tc-99m nanocolloid?3-25
(<80 nm). The larger the particle size, the longer it takes to pass through the lymphatic
system.

In order to determine the location of the SNs, most research groups produce
lymphoscintigraphic images in 1 or 2 planes: anterior'3222628 nosterior or both's16.
However, due to overprojection of our injection sites it may be difficult to image SNs.
In order to increase the yield we added an oblique plane to the anterior and posterior
acquisition planes. Additionally, in the first patient we performed a single photon
emission CT (SPECT) study. Despite these efforts, visualization of peritumoral SNs
remained difficult due to massive retention of radioactivity at the injection sites. This
may have caused false-negative examinations. Overall, the false-negative rate of our
study (100%) is identical to that of Kosugi et al.’é, but substantial higher than results
reported in 4 other series (4-22%).141521.25
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It is hypothesized that our false-negative results could also be a result of metastatic
tumor cells. When either the lymphatic drainage channels or the lymph nodes are
blocked by tumor cells, the tracer may not be able to enter the initial lymphatic
drainage of the tumor and may follow an alternative route, in that way bypassing
the SNs. This hypothesis is supported by data from the literature. In 43 patients with
esophageal or gastric cancer having undergone SN mapping with 0.75 mCi 99mTc-
Sn colloid, radioisotope uptake was significantly decreased in lymph nodes in which
more than 60% of the lymph node contained metastatic tumor cells.' Remarkably,
when reviewing the current literature on SN biopsy in esophageal cancer, 4 (36%) of
11 studies included patients with clinical suspicion of lymph node metastases.'#'>17:2>
As this is an indication for extensive LND, SN biopsy in these patients offers no added
value. For this reason, our aim was to include only cNO patients in our feasibility study.
Nonetheless, histopathologic examination of the resected specimens revealed lymph
node metastases in 5 (63%) of 8 patients.

Our intraoperative gamma probe detection rate was 38%. Eight other research groups
have attempted to intraoperatively identify SNs with a gamma probe as well (Table
2).1315.182123.25 | amb et al. reported an intraoperative detection rate of 100%.2> An
explanation for their excellent results could be their open surgical procedure, which
facilitated proper assessment for radioactivity of all lymph node stations separately. In
addition, they have injected the radioactive tracer immediately before start of surgery,
which allowed for the identification of early lymphatic spread. Yet, the authors reported
no screening for undetected lymph nodes of resected specimens (e.g. with a gamma
camera). In our opinion, the intraoperative gamma probe is beneficial only in detecting
hot nodes in the cervical region and for exploring the abdominal and thoracic cavities
for remaining radioactivity after resection. Ex vivo SN identification by means of the
gamma probe was possible in all (100%) patients, which is comparable to the 90-
95% reported in the literature (Table 2).™'® As lymphoscintigraphy visualizes radioactive
tracer accumulation as well as tracer pathways, the actual amount of SNs identified
by gamma probe analysis of the resected specimens in our series was less than the
number of areas with high amounts of radioactivity as identified by lymphoscintigraphic
examination of the resected specimens.

As an alternative for the radionuclide procedure, Suga et al. have developed interstitial CT
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lymphography to detect SNs.2%3° With this technique the water-soluble iodine contrast
medium iopamidol is endoscopically injected into the submucosal layer surrounding
the tumor. By multiplanar reconstruction and maximum intensity projection images
reconstructed from the transaxial post-contrast CT images, the route of enhanced
lymphatic vessels can be visualized. The first lymph nodes with direct connection to these
lymphatic vessels are considered the SNs. In 12 patients with superficial esophageal
cancer, a median of 2.3 SNs were detected. All pre-operatively detected SNs were
identified during surgery. With a sensitivity of 100% and with no false-negative cases,
this technique seems promising.?>* Comparable favorable results of CT lymphography
have been obtained in other malignancies, such as lung and breast carcinoma.?' So
far only one research group has reported their experience with this technique.

SN mapping could also be done by means of ferumoxide-enhanced MRI lymphography.
3436 Similar to the 2 techniques described before, superparamagnetic iron oxide is
injected into the submucosa of the peritumoral region during gastroscopy. Overall
sensitivity of this procedure was only 66% (4 out of 6 patients), due to absence of flux
of ferumoxides to metastatic lymph nodes in 2 patients.?® An additional disadvantage
of this technique in esophageal cancer is that cardiac motion artifacts limit the scanning
area to the region from the larynx to the carina and from the gastric cardia to the renal
hilus.?” Consequently, periesophageal (i.e. regional) lymph nodes, which frequently are
the first site of metastatic tumor spread, can not be assessed. This may cause false-
negative examinations as well.

Although dye-guided detection of SNs is commonly used in breast cancer and melanoma,
it has not gained wide popularity in esophageal cancer. As the lymphatic drainage of
the esophagus is unpredictable and variable, real-time observation of the lymphatic
pathway of esophageal tumors by blue dye is only feasible when the esophagus is
entirely mobilized. This, however, will lead to destruction of the active lymphatic flow
from the primary tumor and will compromise the further detection of SNs. Furthermore,
it is difficult to differentiate blue colored upper mediastinal lymph nodes from nodes
that are pigmented by anthracosis. Additionally, it is impossible to directly follow the
lymphatic flow from the primary tumor to cervical lymph nodes. Only one group has
described the application of blue dye (in combination with a radioactive tracer) in SN
mapping for esophageal cancer.* Blue dye was easily detected in abdominal lymph
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nodes during laparotomy of patients with AEG III (subcardial) tumors. In case of distal
esophageal or AEG Il carcinomas, SNs located in the lower mediastinum could only be
detected with the radioactive tracer.?*

In conclusion, with a false-negative rate of 100%, our feasibility study has shown that
SN biopsy was of no value in our study group. Nevertheless, with a view on the results
of some Japanese studies regarding this subject, SN biopsy might still be applicable in

early stage (T1-2) esophageal cancer.
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ABSTRACT

Background
Water-soluble contrastswallowexaminationisroutinely performed after oesophagectomy
to detect leakage of the cervical oesophagogastric anastomosis. This study evaluated

the diagnostic accuracy and clinical value.

Methods

Patients with oesophageal carcinoma receiving oesophagectomy with gastric conduit
formation and a handsewn cervical anastomosis between 1989 and 2003 were reviewed
on outcome of routine aqueous contrast swallow examination (RACSE) and appearance
of clinical anastomotic leakage.

Results

RACSE was performed in 207 (82%) of 252 patients on postoperative day 8 (range
3-15). In 45 patients, no RACSE was executed, mainly due to a prolonged intensive
care unit stay. In 18 (9%) of 207 cases, the RACSE could not be interpreted by the
radiologist. In 19 (53%) of 36 patients who developed a clinical leakage, the leak had
already manifested clinically before the routine contrast examination was planned. Taken
together, the false positive rate was 8%, the false negative rate 48%, sensitivity 52 %,
specificity 92%, positive predictive value 46% and negative predictive value 93%. No
significant differences were found between the accuracy of RACSE in end-to-end or
end-to-side cervical anastomoses.

Conclusion

Given the very low sensitivity and low positive predictive value and given the fact that
in 53% of patients with a clinical leak, the leakage had appeared clinically before the
contrast swallow examination was routinely planned, we propose to abandon the routine
contrast swallow examination after oesophagectomy to detect cervical anastomotic
leakage. Alternatively, anastomotic integrity can be tested by drinking small amounts of

water with simultaneous observation of the cervical wound.
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INTRODUCTION

Radical oesophagolymphadenectomy remains the best chance for cure in patients
with esophageal cancer. It is one of the most invasive operations in gastrointestinal
surgery, associated with significant morbidity and mortality.! A feared complication of
oesophageal resection is anastomotic leakage, because of the potentially catastrophic
consequences of extravasation of gastrointestinal contents.*?

After oesophagectomy, continuity of the digestive tract is generally restored with a
gastric conduit, which is anastomosed in the neck or intrathoracically. Although
associated with a higher leak rate, cervical anastomoses are favored by many surgeons.
The main reason is that when anastomotic leakage occurs, it is often restricted to the
neck and can clinically be detected by the occurrence of wound infection or a salivary
fistula. This leakage can mostly be treated conservatively by opening the cervical wound
and applying local wound care.?

However, cervical leakage may descend into the posterior mediastinum, causing
severe sepsis and mediastinitis. This will result in considerable morbidity and mortality,
especially if untreated.

Consequently, to detect and treat anastomotic leakage timely, an aqueous contrast
swallow examination is routinely performed around the 7 postoperative day in many
hospitals worldwide. The value of this standard practice remains controversial, since
false-negative contrast swallows frequently occur and since these examinations are
occasionally accompanied by severe complications.>’

The objective of this study was to determine the accuracy and clinical value of the routine
aqueous contrast swallow examination (RACSE) in detecting or excluding leakage of

the cervical oesophagogastric anastomosis following oesophageal resection.
MEeTHODS

All consecutive patients who underwent oesophagectomy for oesophageal cancer with
gastric conduit formation and a cervical anastomosis at the authors’ institute from
January 1989 to June 2003 were retrospectively reviewed. Patients having received

other types of reconstruction (colon, jejunum) were excluded from this study.
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Surgical technique

Oesophagolymphadenectomy was performed through a transhiatal or a right-sided
transthoracic approach. To reconstruct the digestive tract, a 3 cm wide gastric tube was
fashioned along the greater curvature with a linear stapler device. After the staple line
was oversewn, the gastric conduit was brought up to the neck through the posterior
mediastinum. Using one-layer running suture (3-0 PDS), a cervical end-to-end or
end-to-side anastomosis was executed, depending on the surgeon’s preference and
experience. After completion of the anastomosis, a nasogastric tube was positioned
in the distal part of the gastric conduit. A feeding jejunostomy was placed to provide
enteral feeding.

Routine contrast swallow examination

Radiographic contrast swallow examination was routinely performed in our hospital
between the 7" and 10" postoperative day to detect anastomotic leakage. At the
Department of Radiology, patients were given 120 ml of a water-soluble contrast agent
(Ultravist 300) orally. Under fluoroscopy, spot images were obtained in anteriorposterior,
oblique and lateral planes. All studies were interpreted by the attending radiologist.

Postoperative management

Until the contrast swallow examination was executed, oral intake was prohibited and
patients were fed through the feeding jejunostomy. Furthermore, nasogastric suction
was maintained to decompress the gastric conduit. When the RACSE did not show
contrast leakage, oral intake was gradually resumed, starting with drinking small
amounts of water. However, when a radiological leak was detected without clinical
symptoms, oral intake was omitted for another week, followed by a second contrast
swallow examination to determine if the radiological leak had resolved.

The treatment of a clinical leak was dependent on the severity of leakage. In case of
limited clinical leakage, conservative treatment was carried out by opening the cervical
wound and applying local wound care. Excessive leakage with systemic manifestations
required surgical treatment by means of extensive drainage or takedown of the

anastomosis.
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Data collection and definitions

Data was collected from medical records of all patients that underwent oesophagectomy
from January 1989 —June 2003. Collected dataincluded age, gender, operative approach,
type of anastomosis (end-to-end or end-to-side), date, outcome and complications of
contrast swallow examination and date, appearance and treatment of clinical leakage.
Radiological leakage was defined by any extravasation of contrast during the swallow
examination observed by the radiologist, which was not due to contrast aspiration. The
gold standard “clinical leakage” was defined by: (i) the appearance of saliva through the
cervical wound, or (ii) anastomotic leakage assessed by other diagnostic examination
(e.g. gastroscopy, bronchoscopy or computed tomography scan), or (iii) anastomotic
dehiscence seen at re-exploration, appearing before or after the RACSE was performed.
A RACSE was defined true-positive when a patient with a radiological anastomotic leak
developed a clinical leakage postoperatively; true-negative when in a patient without
contrast leakage, no signs of a clinical leakage arose. The routine contrast examination
was considered false-positive or ‘subclinical’, when a radiological leak was detected,
but no clinical leakage occurred during the entire hospital stay; false-negative when an

anastomotic leakage arose clinically despite the absence of radiological leakage.

Statistical analysis

Statistical analysis was done using SPSS for Windows (Version 12.0). Numbers are presented
as mean (range). Percentages were rounded to the nearest whole number. False-positive
rate, false-negative rate, sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV)? of the conclusive RACSEs in detecting clinical anastomotic leakage
were calculated.

A subanalysis of end-to-end and end-to-side anastomoses was performed to compare the
accuracy of RACSE in detecting anastomotic leakage. Groups were compared by Fisher’s
exact test. P values of less than 0.050 were considered significant.
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ResuLts

During the study period, 252 patients underwent oesophagolymphadenectomy
for oesophageal cancer with gastric conduit formation and a handsewn cervical
anastomosis. The study group consisted of 180 male patients and 72 female patients
with a mean age of 62 (range 35-86). 189 patients were operated via a transhiatal and
63 via a transthoracic approach.

In Figure 1, an overview is given of the application of RACSE and the appearance of

clinical leakage in the study group.

Figure 1 - Overview of the outcome of the routine aqueous contrast swallow examination and the
appearance of clinical leakage in the study patients.

Study patients

N =252
Routine contrast swallow No routine contrast swallow
N =207 (82%) N =45 (18%)
y 4

Radiological leak No radiological leak Inconclusive

N =26 (12%) N =163 (79%) N =18 (9%)
Clinical leak || No clinical leak | | Clinical leak | | No clinical leak | | Clinical leak | | No clinical leak Clinical leak No clinical leak
N =12 (5%) N =14 (7%) N=11(5%) | IN=152 (74%)|| N=1(1%) N =17 (8%) N =12 (27%) N =33 (73%)

In 207 (82%) patients, a routine contrast swallow examination was performed on the
8th postoperative day (range 3-15). RACSE was not executed in 45 patients, because
they had an extended stay at the intensive care unit (n=31), because anastomotic leakage
had appeared clinically before performing the routinely planned swallow examination
(n=10), because leakage was detected by an other diagnostic modality (n=2) or for
other reasons (n=2). Clinically, a leakage occurred in 12 (27%) of these 45 patients on
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the 6th postoperative day (range 2-12).

In 18 out of 207 (9%), radiographic examinations were inconclusive. In 12 patients,
the cervical anastomosis could not be adequately assessed radiographically due to
aspiration, resulting in an inadequate amount of contrast in the gastric conduit. Overall,
some extent of aspiration occurred in 45 patients (22%); none of them developed
aspiration pneumonia or pulmonary oedema afterwards. RACSE was inconclusive in
4 other patients, because the end-to-side anastomosis hampered the radiologist in
differentiating leakage from filling of the blind end of the conduit, and in 2 patients
due to other causes. Consequently, in 5 of 18 patients a second contrast swallow
examination was planned. In one of the patients with an inconclusive first swallow
examination, a clinical leakage occurred, which was detected by the second radiological
examination.

Of 207 routine swallow examinations, 26 (12%) showed radiological leakage. In 14
of these patients, no clinical leakage occurred during the postoperative course. Of the
conclusive RACSEs, 7% (14 of 189) revealed a subclinical leak or was false-positive
(Figure 2).

Contrast leakage did not occur in 163 (79%) examinations. 11 patients with a negative
swallow examination developed a clinical leak, thus RACSE was false-negative in 6%
of the conclusive examinations. False-positive rate, false-negative rate, sensitivity,
specificity, PPV and NPV are shown in Table 1.

Table 1 - False-positive rate, false-negative rate, sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) of the conclusive routine aqueous contrast swallow examinations in detecting
anastomotic leakage. All data are expressed as percentages.
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Figure 2 - False-positive RACSE. Right anterior oblique view showing suggestion of contrast leakage (arrow)
on the early view (A), with subsequent extraluminal accumulation of contrast (arrow) (B) at the level of the
anastomosis anterior to the nasogastric tube (N) and posterior to the trachea (T). The patient developed no
clinical signs of anastomotic leakage during the postoperative course. A: anterior; P: posterior.

Of the 26 patients with radiological anastomotic leakage, 12 patients developed clinical
signs of leakage on the 10" (2-22) postoperative day (Figure 3). In 3 (25%) of these
patients, clinical leakage had already occurred before the RACSE was performed.
Twelve patients with radiological leakage seen on RACSE, but without clinical leakage
before or 7 days after this examination, received a second examination after 7 days
(2-17) to evaluate if radiological leakage was still present. In 7 patients a radiological
leakage was seen again on second swallow examination, of which 2 patients developed
a clinical leak after the 2™ swallow examination. Of 4 patients with a negative 2"
swallow examination, a clinical leakage occurred afterwards in 2 patients. One contrast

examination was inconclusive, but no clinical leakage arose in this patient.
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Figure 3 - True-positive RACSE. Anteriorposterior views during the early (A) and late (B) phases of the RACSE.

Leakage of aqueous contrast (arrow) at the cervical anastomosis. The patient developed a clinical anastomotic
leakage 5 days after the RACSE was performed.

Table 2 - False-positive rate, false-negative rate, sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) of routine contrast swallow examination in detecting anastomotic leakage:
comparison between end-to-end and end-to-side anastomoses.

*All data are expressed as percentages.

End-to-side
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Type of anastomosis

Of the 207 patients that have undergone a RACSE, 90 patients (44%) had received
an end-to-end anastomosis and 111 patients an end-to-side. In 6 patients, the type of
anastomosis was unknown. Clinical leak rate was 12% in both groups (P= 1.0).

Table 2 shows the false-positive rate, the false-negative rate, sensitivity, specificity, PPV
and NPV of the conclusive RACSEs in predicting clinical leakage in patients with an
end-to-end or end-to-side anastomosis. No significant differences were found between
the two groups. In Figure 4, an example of a false-negative RACSE is shown. This
examination was interpreted as filling of the blind loop of the end-to-side cervical
anastomosis, in a patient who developed a clinical leakage afterwards.

Figure 4 - False-negative RACSE; end-to-side anastomosis. Routine swallow examination showing delineated
accumulation of aqueous contrast (arrows) in the early (A) and late (B) phases, interpreted as filling of the
blind loop of the end-to-side anastomosis. No leakage was observed. The patient developed a clinical leak 5
days after the RACSE was performed. N: nasogastric tube.

Clinical leakage
Clinical leakage occurred in 36 (14%) patients at a median of 9 days after surgery
(range 2-22). A salivary fistula had appeared in 23 patients, in 8 patients dehiscence of
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the anastomosis was seen at reexploration, and in 5 patients anastomotic leakage was
assessed by another diagnostic modality (gastroscopy or CT-scan) since an extensive
leakage was suspected clinically in an intubated patient.

A RACSE had been performed in 24 of 36 patients who developed a clinical leak
during their postoperative course. In 12 out of 24 (50%), the RACSE confirmed or
detected clinical leakage. Although in 7 of 24 (29%) patients, clinical leakage had
already presented before the contrast examination was executed, the contrast swallow
examination was not cancelled.

In 12 of 36 patients with a clinical leak, a RACSE was not executed, since a clinical leak
had presented before the 7t postoperative day (n=10) or because anastomotic leakage
had been detected by an other diagnostic modality (n=2). Thus overall, in 19 (53%) of
36 patients, clinical leakage had already occurred before the RACSE was planned.
Anastomotic leakage was treated conservatively in 24 patients. Surgical intervention
was required in the remaining 12 patients, and consisted of anastomotic takedown
(n=8) or reexploration with drainage (n=4). Of all 36 patients with a clinical leak, 4 died

due to the consequences of anastomotic leakage.

Discussion

Leakage of the cervical oesophagogastric anastomosis has many presentations, ranging
from a subclinical radiological leak to severe mediastinitis.> To minimize morbidity,
early detection and treatment of these leaks is essential. In many hospitals throughout
the world, a contrast swallow examination is therefore routinely performed to detect
subclinical anastomotic leakage. However, the results of the current study show that
this routine examination has a low sensitivity and a low positive predictive value.

The cervical anastomosis between the gastric conduit and the remnant oesophagus can
be done handsewn or with a mechanical stapling device. A randomized controlled trial
has shown the incidence of anastomotic leakage in both methods to be comparable,
with a shorter operating time in case of a stapled cervical anastomosis.® The handsewn
anastomosis can be created by an end-to-end or end-to-side technique, depending on
the surgeon’s preference. Consistent with previous results published by our institute, no
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significant difference in the occurrence of clinical anastomotic leakage between both
handsewn techniques was shown in the current study.”® In general, incidence rates of
cervical leakage reported in the literature vary widely, from 0.8 to 30%.

To assess the integrity of the cervical oesophagogastric anastomosis, a contrast swallow
examination is routinely carried out around the 7™ postoperative day. The contrast media
of choice are water-soluble contrast agents, since they have no known harmful effects
on the neck or mediastinum and they are rapidly absorbed from these spaces if a leak
is present.”” Conversely, barium can elicit an intense inflammatory response and can
cause granulomata formation in the mediastinum.''2 The disadvantage of aqueous
contrast is, that it has less radiographic density than barium and has less mucosal
adherence, thus limiting the ability to detect leaks, particularly in case of subtle ones.'>
'* Moreover, aspiration of aqueous contrast might lead to pulmonary oedema due to its
hypertonicity, even causing death.”' Although in our study more than 20% of patients
aspirated water-soluble contrast to some extent, none of the patients developed serious
pulmonary complications afterwards, as the aqueous contrast agent Ultravist has a low
osmotic pressure. In our experience, the detection of aspiration is not the primary goal
of performing a RACSE. Detected aspiration is transient in most cases.

Since contrast aspiration during the swallow examination frequently occurs, with possible
injurious consequences, and given the high incidence of false-positive and false-negative
results, the value of this routine practise following oesophagectomy has recently been
criticized.'®'” However, the studies on this subject have focused on barium contrast'®
%%, intrathoracic anastomoses?!, different types of resection'®, or pooled results of
patients with various types of (routes of) reconstruction.>6? In addition, patients who
did not undergo this routine examination or patients with an inconclusive routine
swallow examination were excluded.> We have therefore performed this retrospective
study to assess in a contiguous homogenous study population (patients with a gastric
conduit placed in the posterior mediastinum and a handsewn cervical oesophagogastric
anastomosis) the clinical value and diagnostic accuracy of this routine examination
performed with aqueous contrast.

Of our study patients, 18% did not undergo a RACSE. Main cause was an extended stay
at the intensive care unit (ICU), which is regularly seen after oesophageal resection. Of
141 patients who were randomly assigned to undergo transthoracic oesophagectomy,
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52 patients stayed 6 days or longer at the ICU, 14 (10%) of whom more than 2 weeks.?
As clinical apparent cervical leaks generally manifest between 2-10 days®, performing
a swallow examination in these latter patients is ineffective, as clinical leakage will
present before RACSE is performed in most cases.

In 18 (9%) patients, the performed RACSE was unsatisfactory, mainly due to an
inadequate amount of contrast in the gastric conduit due to aspiration of contrast.
Only 28% of these patients received a second swallow examination to reveal subclinical
anastomotic leakage. So in more than 70%, the surgeon accepted that no reliable
conclusions with regard to the integrity of the cervical anastomosis could be drawn
by the radiologist, and diet was gradually resumed based on clinical findings. None of
these patients developed a clinical leak during the postoperative course.

Comparable to the results of Tirnaksiz et al.>, RACSE performed in our study was
associated with a very high false-negative rate (48%) and consequently a low sensitivity.
First, this could be due to the timing of the RACSE. Although a water-soluble contrast
examination is routinely performed on postoperative day 7, it is in some cases performed
earlier, e.g. when patient recovery is fast. Hence, a clinical leakage that will manifest at
the 10" postoperative day may be missed by the RACSE. Secondly, since the radiographic
density and the mucosal coating ability of water-soluble contrast agents are less than
barium, small leaks may be missed.’*4

In 14 patients, although RACSE had shown extravasation of contrast, no clinical leakage
occurred during their postoperative course. As a result, positive predictive value of RACSE
was less than 50%. A possible explanation could be that in these patients the size of the
leak may be too small to become clinically apparent. Secondly, conservative treatment
after detection of a radiological leak could have resulted in healing of the anastomotic
leak. In addition, the contrast examination could have been truly false-positive.
Focusing on the 36 patients with a clinical leak, signs of leakage had already occurred
before the RACSE was planned in 53% of patients. Nevertheless, a routine swallow
examination was performed in 24 patients. Only 50% of the executed contrast
examinations detected the clinical leakage. So in no more than 12 of 36 patients,
contrast swallow examination detected or confirmed the clinical leak.

To assess if filling of the blind loop of the end-to-side anastomosis with contrast during
radiological swallow examination might hinder detecting leakage, a subanalysis was
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performed. No significant differences were detected in diagnostic accuracy compared
to the end-to-end anastomosis.

Because of its low sensitivity and low positive predictive value, the routine use of
water-soluble contrast swallow examination following oesophagectomy with a cervical
anastomosis is not justified. As an alternative, we propose to allow patients who have
no signs of a clinical leakage, small amounts of water from the 7t postoperative day
to test the cervical anastomosis (Figure 5).6'® When no leakage of the cervical wound
is noticed, diet can gradually be resumed. When an anastomotic leak is suspected
clinically, an aqueous contrast swallow examination can be justified to evaluate the
extent of the leakage.

Figure 5 - Proposed algorithm for assessing the integrity of the cervical oesophagogastric anastomosis
following oesophagectomy.

Esophagectomy with handsewn cervical anastomosis

A 4

Clinical anastomotic leakage
before 7t postoperative day?

v 3

Yes No
A 4 A
Aqueous contrast swallow Pilot of oral water
» examination to assess intake on 7th
extent of leakage postoperative day

A 4 A\ 4

Treatment dependent on
severity of leakage

Clinical anastomotic leakage during pilot?

I
v v

Yes No

F

Omit oral intake v

Gradually resume diet

224



Value of routine postoperative contrast swallow

Since June 2006, this is the current postoperative practise in our hospital. In 18
consecutive patients that have undergone oesophagectomy, an aqueous contrast
swallow examination was only performed on indication. In 16 of 18 patients, no clinical
signs of anastomotic leakage were present on the 7" postoperative day, so patients
were allowed to drink small amounts of water. None of the patients showed leakage
of the cervical wound during the test hence diet was gradually resumed. None of the
patients developed a clinical anastomotic leakage afterwards. In the two other patients,
a clinical anastomotic leakage occurred before the anastomosis was tested.

As our study population only consists of patients with a cervical anastomosis, we would
like to stress that our recommendation of abandoning the RACSE and introducing the
described clinical test is only applicable in case of a cervical anastomosis; we have no
experience with this test in intrathoracic anastomoses. Nevertheless, several studies
have described that the RACSE is also of limited value in these anastomoses.*

In conclusion, in this retrospective study the routine contrast swallow examination
has shown very disappointing diagnostic accuracy. Moreover, in more than 50% of
patients with a clinical leak, leakage occurred before the RACSE was planned. We
therefore propose to abandon routine water-soluble contrast swallow examination
after oesophagectomy to detect leakage of the cervical oesophagogastric anastomosis.
Alternatively, the integrity of the cervical oesophagogastric anastomosis can be tested by
drinking small amounts of water with simultaneous observation of the cervical wound.
An aqueous contrast swallow examination is only justified when an anastomotic leak is
suspected on clinical grounds, to visualize the extent of leakage.
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Chapter 14

Chapter | gives a short introduction on esophageal cancer, its current treatment and
its related diagnostic imaging modalities. It describes the aim of this thesis, which was
to investigate various strategies in the field of surgery (Part I), molecular biology (Part
Il) and diagnostic imaging (Part llI) through which the outcome of esophagectomy
for esophageal cancer could possibly be improved. In addition, central questions were
formulated to guide the studies described in this thesis.

PART I: SURGICAL STRATEGIES

For patients with locoregional esophageal cancer, radical surgical resection offers the
best chance for cure. Nevertheless, no standard surgical treatment exists with regard to
the approach to esophagectomy, the extent of lymphadenectomy or the anastomotic
technique. In order to gain insight into the current worldwide practice of esophageal
cancer surgery, we have initiated an international survey among 567 surgeons with
particular interest in esophageal cancer surgery, including members of the ISDE, the
ESE and the OESO. The results of this survey showed that surgical techniques vary
widely and depend on the surgeon’s experience in esophageal cancer surgery and the
surgeon’s nationality (Chapter 2). Open TTE with a 2-field LND and a gastric conduit
anastomosed at the left side of the neck is presently the most commonly applied surgical

technique. This survey has provided baseline data for further studies on these subjects

To reduce the morbidity of open TTE, minimally invasive surgical techniques such as
thoracoscopy and laparoscopy have been applied. Robotic systems have been developed
toovercomethe limitations of conventional scopicsurgery. Our first experience with robot-
assisted thoracoscopic esophagectomy (RTE) in 21 esophageal cancer patients has been
described in Chapter 3. This innovative surgical technique has shown to be technically
feasible and was associated with low blood loss. The robotic system facilitated a precise
dissection along the vital mediastinal structures such as the pulmonary vein, the trachea
and the aorta. A steep decrease in pulmonary complication rate was noticed, which
represented the learning curve of both the surgical and anaesthesiological team.
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The gastric conduit is the most commonly used reconstruction for the digestive tract
following esophagectomy. It is made by means of several linear staplers (Figure 3; p12).
The linear stapled line is routinely oversewn to prevent leakage at this stapled line and
to avoid damage to the mediastinal structures by possible protruding staples. Some
surgeons performing minimally invasive esophagectomy (MIE) create the gastric conduit
laparoscopically as well, in order to accomplish an entirely scopic surgical procedure.
Because oversewing the stapled line by means of scopic instruments is technically
difficult and time-consuming, this routine step is often abandoned. In our first 15 RTE
patients, we did not oversew the stapled line. This resulted in fulminant leakage at the
linear stapled line in 2 (13%) patients (Chapter 4). Since then, we have reintroduced
this routine practise and no local complications have been encountered afterwards. It
should therefore be recommended to always oversew the gastric conduit linear stapled
line, irrespective of the surgical approach.

During open TTE, the esophagus is resected en bloc with the surrounding mediastinal
lymph nodes and structures such as the azygos vein, the parietal pleura and the thoracic
duct. In (robot-assisted) thoracoscopic esophagectomy, the azygos vein is preserved as
the scopic ligation of the numerous intercostal veins is time-consuming and technically
difficult. One may postulate that this could negatively affect the extent of mediastinal
lymph node harvesting. A cadaveric study was therefore initiated to determine which
percentage of mediastinal lymph nodes would be left in situ when the trunk of the
azygos vein would be preserved (Chapter 5). A mean amount of 0.67 lymph nodes
were identified surrounding the azygos trunk. The mean percentage of residual lymph
nodes was 3.3%. Additionally, in 60% of cadavers no lymph nodes could be detected
at all near the azygos trunk. We therefore consider it justified to leave the azygos vein

in situ during (robot-assisted minimally invasive) transthoracic esophagectomy.

The short-and mid-term results of the world's largest patient series on RTE have shown
a substantial lower blood loss when compared to open TTE (Chapter 6). Moreover,
blood loss and operation time significantly decreased when comparing the last 24
patients with the first 23, which represents the learning curve of the surgical team. The
overall morbidity was in the range of open TTE, but a steep reduction in pulmonary
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complication rate was observed. The pulmonary complication rate (33%) in the last 24
patients was comparable to results reported in open THE. With increasing experience, it is
to be expected that surgery time, blood loss and complication rate will further decrease.
The median number of dissected lymph nodes was equal to open TTE, but more than
the conventional thoracoscopic approach. Of great clinical importance is the finding
that in almost one third of patients with a distal esophageal tumor having undergone
RTE, lymph node metastases were found in the upper mediastinum. These patients
benefited from the extensive mediastinal LND as provided by RTE, as in other hospitals
they would have undergone a transhiatal approach without a proper mediastinal LND.
The disease-free survival after RTE was comparable to open TTE as well, having in mind
that the majority of our patients had advanced stage disease.

Although squamous cell carcinoma and adenocarcinoma arise from dysplastic and
metaplastic esophageal epithelium, respectively, malignancies can also originate from
the mesenchymal layer of the esophagus (e.g. gastrointestinal stromal tumors and
leiomyosarcomas). In Chapter 7 we report the first case worldwide of robot-assisted
thoracoscopic esophagectomy for a giant submucosal tumor of the upper esophagus in
a young patient in whom a mesenchymal malignancy was highly suspected. Although
histopathologic analysis of the resected specimen revealed the mesenchymal tumor
to be benign, therapy would have been similar, as the enucleation of a large (>8 cm)
esophageal leiomyoma would create muscular defects too large to achieve tension-free

sutures.

PART Il: MOLECULAR BIOLOGICAL STRATEGIES

By selectively destructing tumor cells, neoadjuvant molecular therapy may possibly
lead to increased efficiency and specificity with a reduction in toxicity when compared
to conventional chemotherapy. The question is which particular molecular markers
need targeting. The aim of this part of the thesis was to identify potential markers for
targeted therapy in esophageal squamous cell carcinoma (ESCC), the histologic type
that constitutes the majority of esophageal cancer cases globally.
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The immunohistochemical analysis of molecular markers in tissues is facilitated by the
tissue microarray (TMA) technology. Since the small (diameter 0.6mm) tissue biopsy cores
on a TMA may not be representativeness for the donor paraffin block, we have validated
our TMA consisting of triplicate core biopsies of 108 ESCCs for well-known molecular
markers (Chapter 8). The chance-corrected agreement between the TMA cores and the
corresponding full-sections ranged from moderate to almost perfect, provided that the
staining pattern in the tumor is heterogeneous.

After the TMA was validated, it was used to identify possible targets for molecular therapy
in ESCC. Several therapeutic agents are nowadays commercially available that act at specific
tumor markers such as Bcl-2, cyclo-oxygenase-2 (COX-2), cyclin D1, c-KIT, epidermal growth
factor receptor (EGFR), estrogen receptor (ER), Her-2/neu, progesterone receptor (PR) and
vascular endothelial growth factor (VEGF). The immunohistochemical study described in
Chapter 9 has shown that potential targets for molecular therapy in ESCC appear COX-2,
EGFR, VEGF and cyclin D1, since they were frequently overexpressed in our TMA. Phase
Il clinical studies on these molecular markers may therefore be warranted. The role for

targeted therapy against ER, PR, Her-2/neu or Bcl-2 in ESCC seems limited.

Another promising target for molecular therapy is the mammalian Target of Rapamycin
(mTOR), a protein kinase that regulates protein translation and cell proliferation. This
marker is activated in various malignancies, which is of clinical interest as mTOR-inhibitors
are commercially available. A recent randomized controlled trial in advanced renal cell
cancer patients has revealed that the mTOR-inhibitor temsirolimus significantly improved
their survival. In esophageal carcinoma only an in vitro study has been performed with
ESCC cell lines, which has shown that mTOR was activated and that the expression of
mTOR was reduced by mTOR-inhibitors. Based on these results, we have initiated an
immunohistochemical study on our TMA to assess the percentage of ESCCs that express
activated mTOR, in that way determining the proportion of ESCC patients that might
benefit from mMTOR-inhibiting therapy (Chapter 10). In addition, the histopathological
characteristics of potential rapamycin-sensitive ESCCs were determined. The expression of
activated mTOR was detected in 25% of ESCCs and was associated with a poorer degree
of differentiation. Since this subset of ESCCs could benefit from mTOR-inhibiting therapy,
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a phase Il trial in the neoadjuvant setting may be considered. Yet, more research on the
Akt-mTOR-p70s6-kinase pathway should be carried out to gain more knowledge on the
interactions in this pathway.

PART IIl: DIAGNOSTIC IMAGING STRATEGIES

Adequate preoperative staging is important for the outcome of esophagectomy as it
allows for the selection of patients with resectable disease that will benefit from surgery
and for the identification of patients with metastatic disease that require palliative
therapy. Neoadjuvant treatment could improve the survival after esophagectomy by
downstaging of the tumor and by early opposing metastatic spread. Since it was unclear
at what frequency the various diagnostic modalities were being applied in esophageal
cancer and since it was indefinite if and how neoadjuvant therapy was incorporated in
the treatment of esophageal cancer patients, the international survey (partly described
in Chapter 2) addressed questions regarding these topics as well. Substantial differences
were detected in the application of diagnostic modalities and neoadjuvant therapy
between surgeons from different continents (Chapter 11). The most commonly applied
diagnostic modalities in esophageal cancer are gastroscopy with biopsy and CT scan
of the chest and abdomen. Neoadjuvant therapy is routinely given by one third of the
responders. Of these responders, 61% give identical neoadjuvant regimens to SCC and
AC. In case of identical regimens, chemoradiotherapy is the preferred regimen. In case
different regimens are given to SCC and AC, chemoradiotherapy is favoured for the
former whereas chemotherapy alone is preferred for the latter.

The morbidity of esophagectomy could be reduced by tailoring the extent of LND in
clinically node-negative patients. This might be achieved by introducing the sentinel
node (SN) concept in esophageal cancer surgery. The results of our feasibility study have
revealed a false-negative rate of 100% (Chapter 12). Therefore, SN biopsy was not of
value in our study group. Yet, based on the results reported from Japanese institutes,
this technique may be promising for superficial (i.e. cT1-2) tumors.
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In many hospitals worldwide, a water-soluble contrast swallow examination is routinely
performed around the 7" postoperative day to assess the integrity of the cervical
esophagogastric anastomosis before oral intake is resumed. The retrospective study
described in Chapter 13 has revealed that the routine contrast swallow examination
(RACSE) has a low sensitivity and low positive predictive value. Moreover, in more than
half of patients with a clinical anastomotic leak, the leakage had already appeared
clinically before the RACSE was carried out. Based on these results we recommended
abandoning RACSE in patients with a cervical anastomosis. The integrity of the cervical
anastomosis can easily be tested by drinking small amounts of water from the 7%
postoperative day with simultaneous observation of the cervical wound. In case no
signs of clinical leakage occur, diet can gradually be resumed. However, when a leakage
is suspected an aqueous contrast swallow examination should be performed to assess
the extent of leakage.

235







General discussion and conclusions



Chapter 15

The results of the studies described in this thesis are discussed in this chapter, guided by
the central questions that were formulated in the General Introduction (Chapter 1).

* What is the current worldwide practice in surgical techniques, preoperative
staging and neoadjuvant therapy as applied in esophageal cancer?

The results of our international survey have shown that the most commonly applied
surgical techniques are open transthoracic esophagectomy (TTE) with a 2-field lymph
node dissection (LND) and a gastric conduit anastomosed at the left side of the neck.
Esophagogastroscopy with biopsy and computed tomography scanning of chest and
abdomen are the most frequently performed preoperative diagnostic modalities.
Neoadjuvant therapy is routinely administered by one third of responders.

With a response rate of 47%, predominantly members of prominent esophageal
societies, the results of our survey give a representative overview on the current
worldwide practise in the management of esophageal cancer. Moreover, this survey has
provided baseline data for further studies and guidelines on these subjects. As a wide
variety in preoperative work-up and surgical techniques was detected among surgeons
worldwide, it should be encouraged to formulate an evidence-based international
guideline for the management of esophageal cancer patients. In addition, it would be
worthwhile to repeat this international survey within several years to detect changes
over time.

Although the results of our international survey have revealed that only one third of
surgeons routinely administer neoadjuvant therapy in esophageal cancer patients, it is
to be expected that in the near future it will be incorporated in the routine treatment
regimen. After all, several convincing studies, including a recent meta-analysis of
randomized controlled trials, favoring pre-operative therapy are currently available.3

It is generally accepted that esophageal squamous cell carcinoma (SCC) and
adenocarcinoma (AC) are different disease entities with distinct pathogenesis, tumor
biology and prognosis.*®> Yet, more than 60% of responders administer identical
neoadjuvant regimens to both histologic types. Further research should likely determine
which neoadjuvant regimens are best for SCC and AC separately, so that they can be
treated most efficiently.

238



General discussion and conclusions

* Could the application of minimally invasive robotic systems reduce the
morbidity of transthoracic esophagectomy without compromising

oncologic outcome?

After the optimal position of the trocars and the robotic system was determined and
extensively tested in our laboratory on living pigs and human cadavers, we introduced
robot-assisted thoracoscopic esophagectomy (RTE) into clinical practise on October 17,
2003. This thesis describes both the feasibility of RTE and the results of the first 47
patients having undergone RTE, which is the largest study on RTE published so far.

RTE was accompanied by significantly lower blood loss (median 625 mL) than open
TTE (mean 1900 mL).6 Moreover, a statistically significant decrease in blood loss was
detected with increasing experience. This is of particular clinical interest as several
studies have shown that esophageal cancer patients with major blood loss receiving
allogenic blood transfusions have a significant worse prognosis than patients without
transfusions.”™

The operation time of RTE is currently longer than open TTE, even in our last 24
operated patients.® First, this is due to the ongoing learning curve of the surgeon.
Second, it is a consequence of the fact that we had to deal with a changing team of
surgical assistants with variable experience in minimally invasive (robotic) surgery. With
increasing experience and consistency of the surgical team including the employment
of a physician assistant specialised in robotic surgery, operation time may be expected
to decrease further.

At present, the morbidity of RTE is comparable to that of open TTE. A steep decrease
in pulmonary complication rate was noticed when comparing the last 24 operated
patients with the first 23. With 33%, the pulmonary complication rate of the last 24
patients was comparable to the open transhiatal approach.® An additional reduction in
pulmonary complications may be anticipated with increasing experience and consistency
of both the surgical and anaesthesiological team. Still, during RTE, similar to open TTE
but in contrast to open THE, the right lung is deflated for 2-3 hours to achieve optimal
exposure of the mediastinal structures. Deflation with subsequent reinflation of the
lung is accompanied by the release of various cytokines and chemokines.’>'? As these
inflammatory mediators may cause pulmonary complications,’'* effort should be

undertaken to antagonize their production. This may be achieved by anaesthesiological
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strategies (e.g. protective ventilation strategies for the deflated or the dependent lung'4,
or systemic administration of anti-inflammatory or immunosuppressive drugs'>'6) and
surgical strategies (e.g. less manipulation of the deflated lung with surgical instruments
or optimal patient positioning so that gravity can aid in retracting the deflated lung).
When esophagectomy is performed it should be strongly recommended to oversew the
gastric conduit stapled lines even when the conduit is created intracorporeally during
minimally invasive esophagectomy, in order to avoid severe local complications at the
stapled lines, such as tracheo-neo-esophageal fistula.

The 3-dimensional, tenfold magnified view of the surgical field provides for an extensive
en bloc dissection of the esophagus and the surrounding mediastinal lymph nodes.
With a median number of 29 dissected lymph nodes, the extent of lymphadenectomy
of RTE is similar to that of open TTE.® The LND of RTE includes the superior mediastinal
lymph nodes as well. For 29% of patients with a distal esophageal or gastroesophageal
junction tumor, this was of particular interest as microscopic analysis showed the
presence of metastatic tumor cells in those superior mediastinal lymph nodes. When
surgically treated by a transhiatal esophagectomy, these tumor deposits would not have
been resected."”

As shown by the results of our cadaveric study, azygos vein preservation did not diminish
the extent of mediastinal lymphadenectomy. One may postulate that preserving the
azygos vein may affect the circumferential radical resection (RO) rate. Yet, the results
of our patient series on RTE have shown that the RO resection rate is similar to that
reported in open TTE.® Thus, leaving the azygos vein in situ during (robot-assisted)
thoracoscopic esophagectomy neither affects the extent of mediastinal LND, nor the
RO resection rate.

The disease-free survival of RTE is comparable to open TTE bearing in mind that a large
subset of patients had stage IVa disease.®'® An explanation for the high amount of
stage IVa patients is that our medical center is a tertiary referral center for esophageal
cancer patients. Secondly, the magnified view on the left gastric artery as provided by
laparoscopy facilitates an extensive dissection of these potential metastatic lymph nodes.
In addition, a recognized difficulty of the current TNM classification is the discrimination
of regional lymph nodes (e.g. lymph nodes in the proximal part of the lesser omentum)
from M1a lymph nodes (i.e. lymph nodes near the origin of the left gastric artery or the

celiac trunk).
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To confirm our data and to assess if long-term oncologic outcome of RTE is comparable to
open TTE, more prospective studies with a longer follow-up of larger study populations
are warranted. We are, therefore, pleased to see that other institutions have commenced
RTE."™2" For the ultimate comparison of RTE, open TTE and conventional thoracoscopic
esophagectomy, a (multicenter) randomized controlled trial should be conducted.

e Which markers are potential targets for neoadjuvant molecular therapy in
squamous cell carcinoma of the esophagus?

Of the molecular markers investigated in this thesis cyclo-oxygenase-2 (COX-2), vascular
endothelial growth factor (VEGF), cyclin D1, endothelial growth factor receptor (EGFR)
and mammalian target of rapamycin (mTOR), seem promising targets for molecular
therapy in esophageal squamous cell carcinoma (ESCC) based on the frequency of their
expression in our ESCC tissue microarray (TMA). Clinical trials with targeted therapy
against these markers are therefore warranted.

As esophageal SCC and AC are different disease entities,** it should be worthwhile to
assess the immunohistochemical expression of the above-mentioned molecular markers
in esophageal AC as well and to compare the results with those found in ESCC. Since
several studies have described a high expression of activated (p-) mTOR in glandular
malignancies,?>?* the expression of p-mTOR should in particular be investigated in
esophageal adenocarcinoma. In addition, it would be interesting to determine the
prognostic value of activated mTOR in both esophageal SCC and AC. In our series, no
accurate conclusions on the prognostic value of p-mTOR could be drawn. First, because
the clinical data of the ESCCs that were included in our TMA were primarily retrieved
from a retrospective database that included overall survival data only (without proper
assessment of cause of death) and not disease-free survival data. Second, because a
large subset of these patients had an irradical resection (R1/R2). This would affect the
prognosis more than would the presence or absence of p-mTOR.

In the clinical setting, the choice for a targeted therapy could be made on an individual
patient’s basis by immunohistochemical analysis of tumor biopsy tissue which is
obtained during preoperative esophagogastroscopy. Yet, one should keep in mind when
analyzing the results of immunohistochemical analyses that the expression of a marker

does not always guarantee effectiveness of the targeted therapy in that patient.?> When
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a clinical trial on targeted therapy is conducted, it is, therefore, recommended to assess
in patients both clinical and immunohistochemical effects of the therapy.

e Is there a justification for sentinel node biopsy or routine post-esophagectomy
aqueous contrast swallow examination in esophageal cancer?

The enormously high false-negative rate of our feasibility study has revealed the sentinel
(SN) procedure to be of no value in our study patients. One other research group has
published an identical high false-negative rate in esophageal cancer patients.?® Our
high false-negative rate could be due to metastatic tumor cells blocking the initial
lymphatic drainage pattern of the esophageal tumor, causing an alternative flow of the
radioactive tracer particles.?’ In the Western world, screening programs are currently
not being applied for early detection of esophageal cancer, as they are not considered
cost-effective. Since esophageal cancer only causes symptoms when the tumor size is
substantial, most of the patients are diagnosed at an advanced stage, which includes
deep esophageal wall infiltration and lymph node metastases. In contrast, in Japan,
effective screening programs are carried out resulting in the diagnosis of early-stage
disease.? In these superficial tumors, the lymphatic vessels located in the submucosal
layer may not have been infiltrated by tumor cells yet, which might make SN biopsy
feasible. Indeed, promising results have been published on this subject by certain
Japanese research groups.?3' Therefore, there could be a role for SN biopsy in this

subgroup of esophageal cancer patients.

Based on its low sensitivity and low positive predictive value and given the fact that in
half of patients with a clinical anastomotic leak, leakage had appeared clinically before
the routine aqueous contrast swallow examination (RACSE) was carried out, there
seems no role for RACSE in assessing the integrity of the cervical anastomosis after
esophagectomy with gastric conduit formation. As an alternative, patients without
signs of a clinical leakage could be allowed to drink small amounts of water from
the 7" postoperative day to test the cervical anastomosis. When no leakage of the
cervical wound is noticed, diet can gradually be resumed. When an anastomotic leak
is suspected clinically, an aqueous contrast swallow examination can be justified to
evaluate the extent of the leakage. Although in our experience this test is very useful
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and is currently part of our routine postoperative management, its diagnostic value (e.g.
sensitivity and negative predictive value) should objectively be assessed.

It should be stressed that our suggestion of abandoning the RACSE and introducing the
clinical test is for patients with a cervical anastomosis and a gastric conduit only. After all,
the consequences of anastomotic leakage in patients with an intrathoracic anastomosis
are much more severe.3 Yet, some studies have reported that RACSE has a limited value
in these anastomoses as well.333* In addition, although the gastric conduit is the most
frequently used reconstruction after esophagectomy,® a colonic or jejunal interposition
is applied in case a gastric conduit is not feasible.?® As these interpositions have both a
proximal and distal anastomosis that cannot easily drain through the surgical wound in

case of clinical leakage, a RASCE should always be carried out.

CONCLUSIONS

The following conclusions can be drawn from the studies described in this thesis:

e Surgical technigues, preoperative staging and neoadjuvant therapy, as currently
applied in esophageal cancer patients by surgeons worldwide, depend largely on
locoregional habits and the surgeon’s experience in esophageal cancer surgery.

e RTE is technically feasible and is associated with low blood loss. At present,
the overall morbidity is comparable to open TTE, but the substantial reduction
in pulmonary complication rate over time reveals a steep learning curve of both
surgical and anaesthesiological team. Blood loss, operation time and morbidity
might further decrease with more experience. The extent of lymphadenectomy,
radical resection rate and disease-free survival are similar to open TTE.

e  The molecular markers mTOR, VEGF, cyclin D1, EGFR and COX-2 may be potential
targets for molecular therapy in ESCC, based on their frequent expression in our
TMA. Phase Il clinical trials on compounds targeting these markers are warranted.

¢ Based on the high false-negative rate of our feasibility study, there seems no role for
sentinel node biopsy in esophageal cancer patients. Yet, given the results reported
from Japanese institutes in superficial carcinomas, there still might be a role for cT1
tumors. The routine agueous contrast swallow examination after esophagectomy
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with a gastric conduit formation and a cervical anastomosis should be abandoned
as it has a poor sensitivity and poor positive predictive value.
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Chapter 16

ACHTERGROND

Slokdarmkanker

Slokdarmkanker (oesophaguscarcinoom) is wereldwijd de 8% meest voorkomende
vorm van kanker en is de 6% meest voorkomende oorzaak van kankersterfte. In 2002
werd wereldwijd bij 462.000 nieuwe patiénten slokdarmkanker vastgesteld. De 2
meest voorkomende vormen van slokdarmkanker zijn het plaveiselcelcarcinoom en
het adenocarcinoom. De eerste is voornamelijk het gevolg van roken en overmatig
alcoholgebruik, terwijl de tweede veroorzaakt wordt door het optreden van
zuurbranden in de slokdarm. De snelle stijging in het jaarlijks aantal nieuwe patiénten
met slokdarmkanker is voornamelijk het gevolg van het toenemend optreden van het
adenocarcinoom. Wereldwijd is het plaveiselcelcarcinoom de meest voorkomende vorm.
Voor slokdarmkankerpatiénten is chirurgie de beste vorm van behandeling. Echter,
doordat de symptomen, zoals bijvoorbeeld slikklachten en pijn achter het borstbeen,
vaak pas ontstaan als de tumor de gehele slokdarmopening heeft versperd, wordt
de ziekte dikwijls in een vergevorderd stadium ontdekt. Hierdoor is behandeling met

uitzicht op genezing in meer dan de helft van de patiénten niet meer mogelijk.

Chirurgie

Slokdarmkanker heeft een onvoorspelbaar groei- en uitzaaiingspatroon. Om deze
reden wordt tijdens slokdarmkankeroperaties niet alleen de tumor verwijderd, maar
de gehele slokdarm, de slokdarm-maag overgang en de omringende lymfeklieren in
borstkas en buik (Figuur 1). Deze operatie wordt meestal uitgevoerd via grote snedes in
de borstkas, de buik en de hals (open transthoracale benadering) en gaat gepaard met
veel complicaties.

Om de chirurgische schade te beperken en om zo de complicaties van de operatie te
verminderen zijn andere operatieve benaderingen ontwikkeld. Zo is een operatietechniek
ontwikkeld waarbij alleen via de buik en de hals wordt geopereerd en waarbij de
borstkas gesloten blijft (open transhiatale benadering). Het nadeel hiervan is echter dat
lymfeklieren die in de borstkas liggen en die mogelijk kanker bevatten, niet verwijderd
kunnen worden. Een andere operatietechniek is slokdarmkankeroperatie via minimaal

invasieve chirurgie (‘kijkoperatie’ of ‘sleutelgatchirurgie’).
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Figuur 1 - Schematische weergave van de slokdarmkankeroperatie. A: tumor in het middelste deel van de
slokdarm; B: tijdens de operatie worden bijna de gehele slokdarm en de siokdarm-maagovergang verwijderd,
waarna van de maag een buis wordt gemaakt; C: de buismaag wordt op de oorspronkelijke plaats van de
slokdarm gelegd en vastgemaakt aan het restant slokdarm in de hals.

Minimaal invasieve chirurgie biedt ten opzichte van de open operatietechnieken
verschillende voordelen voor de patiént: er wordt minder schade aangericht doordat er
wordt geopereerd via zeer kleine snedes, de pijn na de operatie is minder, de herstelduur
na de operatie is korter en het cosmetisch resultaat is beter. Voor de chirurg brengen
minimaal invasieve operatietechnieken echter nadelen met zich mee. Zo is er sprake van
2-dimensionaal zicht (de chirurg kijkt naar een monitor) en is het zicht van de chirurg
afhankelijk van de camerastand die door de assistent wordt bepaald (Figuur 2). De

Figuur 2 - Nadelen van huidige minimaal invasieve operaties: 2-dimensionaal zicht, een veranderde oog-
hand-doel codrdinatie en het gebruik van lange, starre operatie-instrumenten.
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Figuur 3 - Het Da Vinci® robotsysteem bestaande uit de console (A), de kar met electronische apparatuur (B)
en de robot (C) (Voor kleurenfiguur zie pagina 292).

natuurlijke oog-hand-doel codrdinatie is verstoord, doordat de chirurg niet naar het
operatiegebied kijkt, maar naar de monitor. Tevens vindt verstoring plaats, doordat
de beweging van de uiteinden van de operatie-instrumenten tegengesteld is aan de
beweging van de handen van de chirurg. Een ander nadeel is dat de lange, starre operatie-
instrumenten minder goed te manoeuvreren zijn, waardooor verschillende handelingen
niet met hetzelfde gemak als in de open situatie kunnen worden uitgevoerd.

Het Da Vinci® robotsysteem is ontwikkeld om aan de nadelen van de huidige minimaal
invasieve chirurgie tegemoet te komen. Dit robotsysteem bestaat uit 3 delen (Figuur 3):
) de console waarmee de chirurg op afstand de robot bestuurt (Figuur 3A), Il) de
operatierobot met de 3 robotarmen (Figuur 3C) en lll) de kar met electronische apparatuur
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(Figuur 3B). De Da Vinci® robot biedt de chirurg een 3-dimensionaal, 10x vergroot zicht
op het operatiegebied. De operatie-instrumenten hebben kleine gewrichtjes aan het
(inwendige) uiteinde, waardoor soepele bewegingen mogelijk zijn. De camera is bevestigd
aan de middelste robotarm, die door de chirurg zelf te besturen is. Daarnaast biedt de
console de chirurg een comfortabele en ergonomisch verantwoorde werkplek.

Het Da Vinci® robotsysteem wordt momenteel in Amerika standaard toegepast bij
prostaatkankeroperaties, aangezien is gebleken dat deze techniek beter is dan de open
prostaatkankeroperatie en beter dan de minimaal invasieve operatie zonder robot-
assistentie. Het Da Vinci® robotsysteem zou ook van toegevoegde waarde kunnen zijn
bij slokdarmkankeroperaties, tijdens het vrijmaken van de slokdarm en de omringende

lymfeklieren van de omliggende belangrijke organen zoals het hart en de luchtpijp.

Neoadjuvante behandeling

Door het frequente optreden van terugkeer van de ziekte (tumor recidief), is de overleving
na slokdarmkankeroperaties relatief ongunstig. Vijf jaar na de operatie is gemiddeld nog
35% van de patiénten in leven. Om de kans op tumor recidivering te verminderen, kan
voorafgaand aan de operatie (= neoadjuvant) chemotherapie, al dan niet in combinatie
met bestraling, worden gegeven. Momenteel is onbekend in welke mate neoadjuvante
therapie wereldwijd wordt toegepast bij slokdarmkankerpatiénten.

Een groot nadeel van chemotherapie is dat het niet selectief is en daardoor alle delende
cellen kapot maakt, inclusief gezonde cellen. Als gevolg hiervan gaat chemotherapie vaak
gepaard met veel bijwerkingen. Verschillende medicamenten zijn onlangs ontwikkeld die
selectief aangrijpen op kankercellen, doordat zij gericht zijn tegen bepaalde moleculaire
karakteristieken (markers) van deze kankercellen. Onderzoek zal moeten aantonen

welke moleculaire markers aangegrepen moeten worden in slokdarmkanker.

De aanwezigheid van een moleculaire marker in een weefsel kan worden onderzocht
met behulp van een weefselkleuring. Deze kleuring wordt verricht op een heel dun
plakje weefsel (coupe), dat is gesneden van een blokje paraffine (soort kaarsvet dat
het snijden van coupes vereenvoudigd) met daarin het te onderzoeken weefsel. Om de
aanwezigheid van een marker in een groot aantal weefsels te onderzoeken, dient dus

van elk weefsel een coupe te worden gesneden en dient elke coupe met verschillende
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vioeistoffen te worden gekleurd, wat erg tijdrovend en duur is.

De tissue microarray (TMA) technologie is ontwikkeld om het gelijktijdig onderzoeken
van een groot aantal weefsels te vergemakkelijken (Figuur 4). Door het overplaatsen
van 3 kleine (diameter 0.6mm), representatieve naaldbiopten uit het weefsel in een
nieuw paraffine blokje (het TMA blokje), kan een groot aantal weefsels onder gelijke
laboratoriumomstandigheden worden onderzocht, zonder dat hierbij het weefel van de
patiént ernstig wordt beschadigd. Deze techniek leidt bovendien tot een afname van de
tijd die nodig is voor de beoordeling van de resultaten van de weefselkleuring.

Figuur 4 - Schematische, vereenvoudigde weergave van het maken van een tissue microarray (TMA). A:
paraffine-blokje met hierin weefsel (donker); B: van het paraffine-blokje in (A) wordt een coupe gesneden.
Hierop worden met behulp van een microscoop de 3 meest representatieve weefselgebieden geselecteerd;
C: prikken van weefselbiopten uit het paraffine-blokje in (A) ter plaatse van de meest representatieve
weefselgebieden; D: prikken van deze weefselbiopten in een nieuw, leeg paraffine blokje (dit wordt het TMA-
paraffine blokje); E: van het TMA-paraffine blokje kunnen meerdere coupes gesneden worden; F: kleuring van
1 TMA-coupe levert resultaten van honderden weefsels gelijktijdig
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Beeldvormende modaliteiten

Voorafgaand aan de operatie kan de uitgebreidheid van slokdarmkanker in het lichaam
in kaart worden gebracht met beeldvormende technieken zoals bv. inwendige echografie
van de slokdarm, CT-scan van de borstkas en buik of echografie van de hals. Het is
echter onbekend in welke frequentie deze verschillende modaliteiten wereldwijd worden
gebruikt in slokdarmkankerpatiénten.

Voor geopereerde patiénten bij wie de patholoog in het verwijderde weefsel geen
lymfeklieruitzaaiingen kan aantonen, was de uitgebreide verwijdering (dissectie) van alle
lymfeklieren achteraf gezien overbodig. In deze patiénten zouden de complicaties van
slokdarmkankeroperaties mogelijk verminderd kunnen worden door de uitgebreidheid
van de lymfeklierdissectie in te perken. Dit zou mogelijk bereikt kunnen worden door het
introduceren van de schildwachtklier(SWK) procedure in slokdarmkankeroperaties.

Een SWK is een lymfeklier die directe afvioed van lymfe krijgt uit de tumor. Hierdoor is
de SWK (theoretisch) de eerste plaats van tumoruitzaaiing. Wanneer de patholoog geen
kankercellen in de SWK kan aantonen, kan de dissectie van de lymfeklieren die aansluiten
op deze SWK achterwege gelaten worden, aangezien deze lymfeklieren (theoretisch)
ook geen kankercellen zullen bevatten. Deze techniek is zeer betrouwbaar gebleken in
vroeg-stadium borstkankerpatiénten en wordt in deze patiéntengroep dan ook veelvuldig
toegepast.

Nadat de slokdarm is verwijderd, dient de continuiteit van het spijsverteringskanaal te
worden hersteld. Dit gebeurt door van de maag een buis te maken met behulp van
een nietjesapparaat (Figuur 1b, p. 251). Deze buismaag wordt in de borstkas omhoog
getrokken en in de hals vastgemaakt aan het restant slokdarm (Figuur 1b-c, p. 251).
Een veel voorkomende complicatie van slokdarmkankeroperaties is lekkage van de
verbinding (anastomose) tussen buismaag en restant slokdarm. Voordat de patiént na
de operatie weer mag drinken of eten, wordt in veel ziekenhuizen rond de 7¢ dag
na de operatie routinematig een rontgen slikfoto vervaardigd om te onderzoeken
of de anastomose goed geheeld is. Indien op de rontgenfoto geen lekkage wordt
aangetoond, dan mag het dieet langzaam worden uitgebreid. Wordt een radiologische
lekkage vastgesteld, dan wordt de inname van water en voedsel voor nog een week
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uitgesteld. Er bestaat internationaal veel discussie over de waarde van deze routine
rontgen slikfoto, aangezien niet elke lekkage kan worden opgespoord en aangezien het
verslikken in het contrastmateriaal tot longontstekingen kan leiden.

CENTRALE VRAAGSTELLINGEN VAN DIT PROEFSCHRIFT

Het doel van dit proefschrift was om verschillende strategieén op het gebied van
chirurgie (Deel I), moleculaire biologie (Deel Il) en beeldvormende diagnostiek (Deel 1)
te onderzoeken die de uitkomst van patiénten die een slokdarmkankeroperatie hebben
ondergaan, zouden kunnen verbeteren. De studies beschreven in dit proefschrift werden
geleid door de volgende onderzoeksvragen:

e Wat is het huidige wereldwijde gebruik van operatietechnieken, beeldvormende
technieken en neoajuvante behandeling in patiénten met slokdarmkanker?

*  Kunnen minimaal invasieve robotsystemen de complicaties van open transthoracale
slokdarmkankeroperaties verminderen, zonder de overleving van de patiént nadelig
te beinvloeden?

* Welke markers zijn aangrijpingspunten voor moleculaire behandeling in het
plaveiselcelcarcinoom van de slokdarm?

e Is er een rol voor de schildwachtklierprocedure en de routine réntgenslikfoto in

slokdarmkanker?
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SAMENVATTING

In hoofdstuk 1 wordt een algemene introductie gegeven over slokdarmkanker, de
mogelijke vormen van behandeling en beeldvorming. Tevens worden de centrale

vraagstellingen van het proefschrift vermeld.

Deel I: Chirurgische strategieén

Voor patiénten met slokdarmkanker is het algemeen geaccepteerd dat chirurgie
de beste vorm van behandeling biedt. Desalniettemin bestaat er geen standaard
slokdarmkankeroperatie. Om meer inzicht te krijgen in de huidige gebruikte operatie-
technieken is een internationale enquéte gehouden onder chirurgen met interesse in
slokdarmkanker, waaronder leden van verschillende internationale slokdarmkanker-
verenigingen. De resultaten van deze enquéte laten zien dat chirurgische technieken
erg verschillen en afhangen van de ervaring van de chirurg in het uitvoeren van
slokdarmkankeroperaties en van de nationaliteit van de chirurg (Hoofdstuk 2). De
meest gebruikte techniek is de open transthoracale benadering met een buismaag en

een anastomose in de hals.

Voordat op 17 Oktober 2003 de eerste slokdarmkankerpatiént met behulp van
de operatierobot werd geopereerd, is de operatietechniek uitgebreid getest
in ons laboratorium op varkens. Onze eerste ervaring met robotgeassisteerde
slokdarmkankeroperaties in 21 slokdarmkankerpatiénten is beschreven in hoofdstuk
3. De operatietechniek was technisch uitvoerbaar en ging gepaard met zeer weinig
bloedverlies. De chirurg had veel baat bij de robot tijdens het vrijmaken van de slokdarm
en de omringende lymfeklieren in de borstkas. Een sterke afname in het aantal
longcomplicaties werd gezien in de laatste groep geopereerde patiénten vergeleken
bij de eerste, wat de leercurve van het operatieteam en het anaesthesiologisch team
weergaf.

Tijdens een slokdarmkankeroperatie wordt de continuiteit van het spijsverteringskanaal

hersteld doorvan de maag een buis te maken. Dit gebeurt met behulp van nietjesapparaat.
De nietjesrij wordt tijdens een open slokdarmkankeroperatie standaard met hechtingen
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overhecht om schade door eventuele uitstekende nietjes aan organen in de borstkas te
voorkomen. Tijdens minimaal invasieve slokdarmkankeroperaties wordt de buismaag in

de buik gemaakt. De nietjesrij wordt dan niet overhecht omdat dit door de lange, starre
operatie-instrumenten technisch zeer lastig is. In hoofdstuk 4 laten wij zien dat het
niet overhechten van de nietjesrij ernstige gevolgen kan hebben. In 1 patiént waarbij
de nietjesrij niet was overhecht werd tijdens een 2¢ operatie een gat in de buismaag
gezien. In een andere patiént was door een uitstekend nietje een directe verbinding
ontstaan tussen de luchtpijp en de buismaag, waarvoor de rechter long operatief
moest worden verwijderd. Uiteindelijk overleed deze patiént aan de gevolgen hiervan.
Hierna hebben wij het overhechten van de nietjesrij direct weer ingevoerd. Tijdens onze
robot-geassisteerde minimaal invasieve operaties wordt de buismaag buiten de patiént
gemaakt, waardoor het overhechten met de hand kan worden gedaan en niet met de
minimaal invasieve operatieinstrumenten. Sindsdien hebben we dergelijke complicaties

niet meer Waargenomen.

Naast de slokdarm looopt een ader (genaamd ‘vena azygos’) die een verbinding
vormt tussen de vele aderen tussen de ribben en de bovenste holle ader. Tijdens open
slokdarmkankeroperaties wordt deze ader samen met de slokdarm en het tussenliggende
vetweefsel verwijderd, om zoveel mogelijk lymfeklieren die in dit vetweefsel liggen, uit de
patiént te vewijderen. Tijdens minimaal invasieve slokdarmkankeroperaties, al dan niet
uitgevoerd met de robot, wordt deze ader niet verwijderd (maar wel het tussenliggende
vetweefsel), omdat het technisch moeilijk en tijdrovend is om alle zijtakken van deze
ader af te binden. In hoofdstuk 5 hebben wij op menselijke stoffelijke overschotten
onderzocht hoeveel lymfeklieren achterblijven als deze ader niet wordt verwijderd.
Gemiddeld bleken 0.67 lymfeklieren aanwezig te zijn rond deze ader. Verder kon in
60% van de stoffelijke overschotten totaal geen lymfeklieren gevonden worden rond
deze ader. Wij concluderen dan ook dat tijdens (zowel open als minimaal invasieve)

slokdarmkankeroperaties deze ader niet verwijderd hoeft te worden.
In hoofdstuk 6 worden de korte en middellange termijn resultaten beschreven van

's werelds grootste aantal slokdarmkankeroperaties uitgevoerd met behulp van een
operatierobot. Wanneer de resultaten van de laaste 24 geopereerde patiénten worden
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vergeleken met de eerste 23, dan wordt een significante afname in bloedverlies en
operatieduur gezien, wat de leercurve van het operatieteam weergeeft. Hoewel het
aantal complicaties momenteel gelijk is als bij de open transthoracale benadering, wordt
een duidelijke afname in het aantal longcomplicaties gezien over de tijd. Het aantal
verwijderde lymfeklieren tijdens de robot-geassisteerde operatie was vergelijkbaar met
de open transthoracale operatie. Een belangrijke bevinding was dat in 29% van de
patiénten met een tumor in het onderste deel van de slokdarm, tijdens de robotoperatie
lymfeklieren hoog uit de borstkas zijn verwijderd die kankercellen bevatten. Deze
lymfeklieren zouden niet verwijderd zijn tijdens de open transhiatale benadering, wat
voor veel chirurgen de standaarbehandeling is in patiénten met tumoren laag in de
slokdarm. De ziekte-vrije overleving na de robotgeassisteerde operatie was gelijk aan
de open transthoracale benadering.

Slokdarmkanker ontstaat meestal uit de oppervlakkige cellaag (epitheel) van de
slokdarm. Kanker kan echter ook ontstaan uit het bindweefsel van de slokdarm. In
Hoofdstuk 7 wordt een patiént beschreven bij wie in de spierlaag van de slokdarm een
zeer grote (diameter 9 cm) zwelling werd vastgesteld die zeer verdacht was voor kanker.
Met behulp van de Da Vinci® robot werd de slokdarm verwijderd. Dit was ‘s werelds
eerste robot-geassisteerde slokdarmverwijdering voor een zwelling in de spierlaag van
de slokdarm. Onderzoek door de patholoog toonde aan dat de zwelling goedaardig
was. Desalniettemin was de behandeling hetzelfde geweest, aangezien de zwelling
veel klachten gaf.

Deel lI: Moleculair biologische strategieén

De TMA technologie is ontwikkeld om de gelijktijdige analyse van grote aantallen
weefsels te vergemakkelijken. Aangezien de mogelijkheid bestaat dat de kleine
(diameter 0.6mm) weefselbiopten niet representatief zijn voor de weefselblokjes
waaruit zij afkomstig zijn, hebben wij onze TMA bestaande uit 108 plaveiselceltumoren
van de slokdarm gevalideerd (Hoofdstuk 8). Een TMA-coupe en een coupe van het
blokje waar de weefselbiopten uit afkomstig waren, zijn gekleurd voor verschillende
moleculaire markers. De patholoog heeft deze coupes afzonderlijk van elkaar beoordeeld

en heeft een score gegeven voor de mate van aankleuring. De (kans-gecorrigeerde)
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overeenkomst tussen de score van de TMA biopten en de corresponderende donor
blokjes varieerde van matig tot bijna perfect.

Nadat onze TMA valide was bevonden, is het gebruikt om mogelijke aangrijpingspunten
voor molecularie therapie in plaveiselceltumoren van de slokdarm te identificeren. In
hoofdstuk 9 is met behulp van weefselkleuringen op TMA coupes aangetoond dat de
moleculaire markers COX-2, EGFR, VEGF en cycline D1 mogelijke kandidaten zijn voor
moleculaire therapie in plaveiselceltumoren van de slokdarm, aangezien deze markers
frequent in onze TMA voorkwamen.

Een nieuwe, interessante moleculaire marker is mTOR, aangezien onlangs medicatie
tegen deze marker is ontwikkeld. De aanwezigheid van deze marker is al in
verschillende soorten kanker aangetoond, waaronder nierkanker. Tevens is gebleken
dat de overleving van patiénten met nierkanker die behandeld worden met het mTOR-
remmende medicijn langer is dan patiénten die dit medicijn niet krijgen. In een studie
van een andere onderzoeksgroep op 3 verschillende typen losse slokdarmkankercellen
is aangetoond dat mTOR ook aanwezig is en dat de aanwezigheid verminderd kan
worden met het mTOR-remmende medicijn. Op basis van deze resultaten hebben wij
een weefselkleuring voor actief mTOR gedaan op een TMA-coupe, om te bepalen
welk percentage van de plaveiselceltumoren van de slokdarm nu deze marker bezitten
(Hoofdstuk 10). Op deze manier kon indirect worden bepaald welk percentage
van de patiénten met een plaveiselceltumor van de slokdarm in aanmerking zou
kunnen komen voor behandeling met het mTOR-remmende medicijn. Actief mTOR
was aanwezig in 25% van de plaveiselceltumoren van de slokdarm. Op basis hiervan
zou overwogen kunnen worden een studie te starten naar de effectiviteit van mTOR-
remmende medicijnen voorafgaand aan de slokdarmkankeroperatie in patiénten met

een plaveiselceltumor van de slokdarm.

Deel llI: Diagnostische beeldvormende strategieén

Om inzichtelijk te krijgen in welke mate de verschillende diagnostische modaliteiten
momenteel worden toegepast in slokdarmkankerpatiénten, en in welke mate
neoadjuvantetherapie(chemotherapie, bestraling)wordtgegeven, zijnindeinternationale
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enguéte onder slokdarmchirurgen (zie hoofdstuk 2) ook vragen over deze onderwerpen
gesteld. De resultaten hiervan zijn beschreven in hoofdstuk 11. De meest gebruikte
diagnostische modaliteiten zijn de scopie van de slokdarm en maag en de CT-scan van
de borstkas en buik. Een derde van de chirurgen behandelt slokdarmkankerpatiénten
routinematig met neoadjuvante therapie. Aanzienlijke verschillen werden aangetoond
tussen chirurgen afkomstig van verschillende continenten.

Om te onderzoeken of de SWK procedure ook toepasbaar is in slokdarmkanker, hebben
wij een haalbaarheidsanalyse gedaan in 8 slokdarmkankerpatiénten (Hoofdstuk 12).
In 5 van de 8 patiénten werden na de operatie door de patholoog in het verwijderde
weefsel lymfeklieruitzaaiingen vastgesteld. De opgespoorde SWK in deze patiénten
toonde echter geen tumorweefsel. Hierdoor waren deze onderzoeken (100%) dus fout-
negatief. Deze patiénten hadden dus geen baat bij de SWK procedure. Echter, de goede
resultaten behaald in Japanse onderzoeken met patiénten met zeer vroege vormen van
slokdarmkanker tonen aan dat er mogelijk wel een rol voor de SWK procedure is weggelegd
in deze patiéntengroep. Doordat in Nederland geen screening op slokdarmkanker wordt

toegepast, zal het aantal patiénten dat hiervoor in aanmerking komt, minimaal zijn.

In hoofdstuk 13 worden de resultaten beschreven van het patiéntendossieronderzoek
naar de waarde van de routine rontgenslikfoto uitgevoerd na slokdarmkankeroperaties.
Uit deze studie bleek dat veel slikfoto’s geen lekkage lieten zien, terwijl in de praktijk wel
een lekkage ontstond (fout-negatief onderzoek). Bovendien waren in meer dan de helft
van de patiénten bij wie een lekkage ontstond, de symptomen al opgetreden voordat de
routine rontgenslikfoto werd uitgevoerd. Wij vinden dat daarom afgestapt moet worden
van het routinematig vervaardigen van een rontgenslikfoto. Om de anastomose te testen
introduceren wij als alternatief een klinische test.
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Wat is het huidige wereldwijde gebruik van operatietechnieken, beeldvor-
mende technieken en neoadjuvante behandeling in patiénten met slok-
darmkanker?

De operatietechnieken, pre-operatieve beeldvormende onderzoeken en neoadjuvante
therapie zoals momenteel door chirurgen wereldwijd worden toegepast in
slokdarmkankerpatiénten hangen zeer af van de nationaliteit van de chirurg en zijn/
haar ervaring in slokdarmkankeroperaties. De meest toegepaste operatietechniek is
de open transthoracale benadering met een buismaag en een anastomose in de hals.
De meest gebruikte diagnostische modaliteiten zijn de scopie van de slokdarm en
maag en de CT-scan van de borstkas en buik. Een derde van de chirurgen behandelt

slokdarmkankerpatiénten routinematig met neoadjuvante therapie.

Kunnen minimaal invasieve robotsystemen de complicaties van open
slokdarmkankeroperaties verminderen, zonder de overleving van
de patiént nadelig te beinvioeden?

Robot-geassisteerde slokdarmkankeroperaties zijn technisch uitvoerbaar en
gaan gepaard met weinig bloedverlies. Op dit moment is het aantal complicaties
vergelijkbaar met de open transthoracale benadering. Echter, de aanzienlijke
afname in het percentage longcomplicaties dat is aangetoond, laat een steile
leercurve zien van zowel het chirurgisch als het anaesthesiologisch team. Met
toenemende ervaring zal het aantal complicaties naar alle verwachting nog
meer dalen. Het aantal verwijderde lymfeklieren en de ziekte-vrije overleving zijn
vergelijkbaar met de open transthoracale benadering. De meest nauwkeurige
methode om deze onderzoeksvraag te onderzoeken, zou met behulp van een
studie zijn waarbij slokdarmkankerpatiénten geloot worden voor het ondergaan
van een open transthoracale slokdarmkankeroperatie of een robot-geassisteerde

minimaal invasieve slokdarmkankeroperatie.



Samenvatting

Welke markers zijn aangrijpingspunten voor moleculaire behandeling in
het plaveiselcelcarcinoom van de slokdarm?

De moleculaire markers mTOR, VEGF, cycline D1, EGFR en Cox-2 lijken potentiéle
doelen voor moleculaire behandeling in plaveiselceltumoren van de slokdarm,
door hun frequente voorkomen in onze TMA. Klinische studies naar het effect
van therapie gericht tegen deze markers dient overwogen te worden in deze
patiéntengroep.

Is er een rol voor de schildwachtklierprocedure en de routine réontgen slik-
foto in slokdarmkanker?

Op basis van het hoog aantal vals-negatieve resultaten aangetoond in onze
studie lijkt er geen rol weggelegd te zijn voor de schildwachtklierprocedure in
slokdarmkankerpatiénten. Echter, gezien de veelbelovende resultaten van Japanse
onderzoekers in oppervlakkige slokdarmtumoren, zou er wel een rol weggelegd
kunnen zijn in deze patiéntengroep.

Het valt aan te bevelen het routinematig uitvoeren van een réntgenslikfoto na
slokdarmkankeroperaties met een buismaag en een anastomose in de hals
achterwege te laten. Dit routine onderzoek gaat gepaard met een hoog aantal
fout-negatieve resultaten. Daarnaast zijn in meer dan de helft van de patiénten bij
wie klinisch een lekkage optreedt, de symptomen van lekkage al ontstaan voordat
de routine slikfoto wordt uitgevoerd.

263







Addenda



Surgical Endoscopy 2007; 21:2342-3



Addendum |

Robot-assisted thoracolaparoscopic
esophagolymphadenectomy for

esophageal cancer

Judith Boone
Inne H.M. Borel Rinkes
Richard van Hillegersberg

Department of Surgery,
University Medical Center Utrecht



Chapter 17

Dear Editors,

With interest we have read the article by Kernstine and co-authors in which they
describe their initial experience with totally robot-assisted thoracolaparoscopic esophago-
lymphadenectomy.'

Their series consists of 3 consecutive groups, each combining the robot-assisted
thoracoscopic procedure with either 1) open abdominal surgery, 2) laparoscopy or 3)
robot-assisted laparoscopy. These groups represent the learning curve followed by the
authors. Indeed, we followed a similar strategy in our first 21 cases of robot-assisted
thoracolaparoscopic esophagolymphadenectomy, published in this journal in 2006.2
We experienced a steep learning curve and only found a reduction of the pulmonary
complication rate after we introduced the laparoscopic abdominal phase. This is consistent
with previous reports of conventional thoracolaparoscopic esophagectomy.® Before
introducing the procedure in our clinic, we have tested the port position and the position
of the robotic system extensively in a cadaveric study and came to a similar thoracic
position as presented by Kernstine et al.” The position of the robotic system in our set-up,
however, is more dorsocranially.24

In our experience, the Da Vinci® robotic system is very beneficial during the thoracoscopic
phase of esophageal resection and lymph node dissection, allowing for a very precise
dissection along the vital mediastinal structures. Yet, we found the robotic system less
suitable for the abdominal phase, requiring manoeuvres with large amplitude leading to
collisions of the robotic arms. Especially during the dissection along the greater curvature
of the stomach, a large area of various positions has to be covered. We therefore perform
the abdominal phase by conventional laparoscopy, using an ultrasonic dissector device.
Selective use of the robot can save operating time. The median operating time of robot-
assisted thoracoscopy with conventional laparoscopy is 7.5 hours?, versus 11.2 hours in
case of the totally robotic procedure.

The authors do not describe any benefit of using the robotic system during the abdominal
phase. The median amount of lymph nodes dissected in the current series was less when
compared to our series: 18 'vs 202, even though they denominate their procedure a three-
field lymph node dissection. A formal cervical lymph node dissection was not performed
in this series, so in fact a two-field lymphadenectomy was carried out.
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With regard to the azygos vein, we agree with the authors that the trunk of this vein can
be preserved during robot-assisted thoracoscopic esophagolymphadenectomy. We have
recently shown in a cadaveric study that preservation of the azygos vein during thoracic
esophagolymphadenectomy did not substantially affect the extent of mediastinal lymph
node harvesting.®
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Dear Editor,

With interest we read the article by Galvani and co-authors, to be published in a
forthcoming issue of Surgical Endoscopy, in which they describe their initial experience
with laparoscopic transhiatal esophagectomy partly aided by a robotic system.’

Their series consists of 18 selected patients with Barrett's esophagus and high-grade
dysplasia (n=9), adenocarcinoma in situ (n=2), superficial adenocarcinoma (n=5) or T2-3
esophageal adenocarcinoma (n=2) without clinical evidence of lymph node metastases.
Since robot-assisted laparoscopic esophagectomy in these patients was accompanied
by low blood loss, low cardiopulmonary complication rate and no in-hospital mortality,
the authors conclude their surgical technique to be a safe and effective alternative for
the treatment of esophageal adenocarcinoma. We agree with the authors that this
procedure may be safe and effective for the treatment of high grade dysplasia or in situ
carcinoma, however, for esophageal cancer some remarks have to be made regarding
its oncologic effectiveness.

The mean amount of 14 lymph nodes dissected is less than in the open transhiatal
(mean 16) and transthoracic (mean 31) approach.? The authors fail to describe the
location of these lymph nodes, retrieved either abdominally (e.g. left gastric artery
nodes) or mediastinally. Most probably the mediastinal lymphadenectomy was limited
to the perioesophageal and the carinal stations. Several studies however, have shown
that distal esophageal adenocarcinomas frequently metastasize to lymph nodes located
in the upper mediastinum.3* When performing the hybrid robot-assisted transhiatal
approach, these potential metastatic lymph nodes will be left in situ. Recently, 2 series
of robot-assisted thoracolaparoscopic esophagolymphadenectomy have been published
describing a technique where a proper mediastinal lymph node dissection is performed
including the bilateral paratracheal and aortopulmonary window nodes.5¢

This may be the reason for the relatively high rate of tumor recurrence in the Galvani
series.” After a mean follow-up of 22 months, 2 (11%) patients had died and 3 (17%)
had recurrence in a patient population with 50% of patients diagnosed with high
grade dysplasia and 50% with superficial adenocarcinoma with neither lymph node
metastases nor tumor involvement in the resection margins. The technique described
by Galvani et al. may therefore not be suitable for esophageal cancer, but rather for
high grade dysplasia.
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Dear Editor,

With great interest we read the article by Schréder et al., to be published in a
forthcoming issue of the Journal of Gastrointestinal Surgery, in which they investigated
the potential value of resecting the azygos vein in transthoracic esophagectomy for
esophageal cancer.” During (robot-assisted) thoracoscopic esophagectomy the trunk
of the azygos vein is often preserved as the scopic ligation of the numerous intercostal
veins is technically difficult and time-consuming.?® One may postulate that this may
negatively affect the extent of lymph node harvesting or the circumferential radical (RO)
resection rate.

Schroder et al. have therefore performed a prospective evaluation on the amount of
lymph nodes surrounding the azygos vein in 92 patients with esophageal cancer having
undergone open transthoracic esophagectomy with two-field lymphadenectomy.!
Lymph nodes near the azygos vein were identified in 65% of patients and metastases
in these lymph nodes were found in 8%. They therefore conclude that the dissection of
the azygos vein should not be abandoned, irrespective of the surgical approach.

A comment should be made on the design of the study. As clearly shown in Figure
2 of their article, they dissected the azygos vein with the surrounding tissues sharply
from the esophagus, which is not representative for (robot-assisted) thoracoscopic
esophagectomy. In (robot-assisted) thoracoscopic esophagectomy, subsequent to the
ligation of the azygos arch, the mediastinal dissection of the esophagus and surrounding
tissues is performed sharply along the azygos trunk. In this way, the fatty tissue in
between the esophagus and the azygos vein (including the lymph nodes of stations 108
and 110) as well as the thoracic duct are included in the esophageal resected specimen
and are not left in situ when the trunk of the azygos vein is preserved.? The number of
lymph nodes that will be left in situ with (robot-assisted) thoracoscopic esophagectomy
will therefore be much less than stated in this article. Indeed, in our recently published
cadaveric study in which we investigated an identical research question, a mean
amount of only 0.67 lymph nodes were identified around the azygos vein using the
thoracoscopic dissection method.” Using this approach, in 60% of cadavers no lymph
nodes near the azygos vein were detected at all.

With regard to the possible effect of azygos vein preservation on the radical resection
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rate, we can refer to our first report on 21 esophageal cancer patients having undergone
robot-assisted thoracoscopic esophagectomy. The RO resection rate of 76% in that
series is similar to that of open transthoracic esophagectomy.2® In our opinion, it is
therefore justified to preserve the azygos trunk during (minimally invasive) transthoracic
esophagectomy.
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adenocarcinoma
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confidence interval
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chemoradiotherapy

computed tomography
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esophageal squamous cell carcinoma
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mij de afgelopen jaren hebt geboden en voor het vertrouwen dat je in mij hebt gehad.
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grote eer om onder uw begeleiding promotieonderzoek te hebben mogen verrichten.
Veel dank voor alle tijd die u hebt vrijgemaakt voor het onderzoek en veel dank voor

alles wat u mij heeft geleerd!

De leden van de beoordelingscommissie, Prof. dr. P.D. Siersema, Prof. dr. G.J.A.
Offerhaus, Prof. dr. J.J.B. van Lanschot, Prof.dr. M.A. Cuesta en Prof. dr. E.E.
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Voest, ben ik bijzonder erkentelijk voor hun bereidheid het proefschrift op zijn
wetenschappelijke waarde te beoordelen. Prof. dr. H. Obertop en Prof. dr. W.P.Th.
M. Mali wil ik danken voor hun bereidheid zitting te nemen in de promotiecommissie.

De leden van de beoordelingscommissie van het Alexandre Suerman stipendium en de
leden van de Raad van Bestuur van het UMC Utrecht ben ik bijzonder dankbaar voor
het mij toekennen van het stipendium. Zonder deze beurs was financiering van mijn
promotie-traject een lastige opgave geweest. Mijn intervisie-groepsgenoten Anne,
Kim, Mirjam en Maurits wil ik danken voor het delen van hun ervaringen en voor het
geven van feedback. Succes met het afronden van jullie proefschriften!

Daan Livestro, wat ben je toch een held! Je bouwt fantastische Acces-databases met
de meest uitgebreide gadgets zonder dat het je enige moeite lijkt te kosten. Zonder jou
was de internationale enquéte nooit mogelijk geweest. Dank voor alles! Veel succes en

geluk gewenst in Philadelphia.

| would like to thank all responders of the International Survey on Esophageal Cancer
for their appreciated participation and for sharing their expertise.

Dr. S.G. Elias, beste Sjoerd, ontzettend bedankt voor je statistische hulp bij de
internationale enquéte. Maria Schipper en Cas Kruitwagen van het Centrum voor

Biostatistiek wil ik danken voor hun statistische adviezen bij de hoofdstukken 5 en 13.

Prof. dr. LA.M.J. Broeders, beste lvo. Mede dankzij jou beschikte het UMCU als
eerste ziekenhuis in Nederland over een operatierobot en kon de basis voor deel 1
van dit proefschrift worden gelegd. Dr. A. Hennipman, een substantieel deel van dit
proefschrift heeft betrekking op de operaties die u in het verleden heeft verricht. Dank
voor alle gedetailleerde informatie over deze operaties en patiénten. Dr. E.J. Hazebroek,
beste Erik. Fijn dat nog een ervaren scopisch chirurg zich aan het operatieteam heeft
toegevoegd. Wanneer spring jij achter de console? Romy en Mariélle, dank voor het
vinden van de gaatjes in de overvolle agenda’s, voor jullie belangstelling voor mijn
onderzoek en voor alle gezelligheid! Carlo Schippers wil ik danken voor het bijhouden
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van de database en voor het informeren van alle patiénten over de vele klinische studies.
Sylvia van der Horst, succes met je opleiding tot physician assistant. Jammer dat we
maar zo kort hebben samengewerkt. Alle OK-assistenten, in het bijzonder Karen,

Ada, Signe, Gertine, Kim en Nynke.

Maurice Giezeman, dank voor je hulp bij de eerste robotoperaties en bij het opstarten
van de COCTAIL-studie (resultaten volgen spoedig). Dé anaesthesist van het UMCU,
Geert-Jan Cromheecke. Geweldig dat je altijd bereid bent om bij de slokdarmoperaties

aanwezig te zijn.
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10.

1"

STELLINGEN

behorende bij het proefschrift

‘Strategies to improve the outcome of esophagectomy for esophageal cancer’

Robot-geassisteerde thoracolaparoscopische oesophagusresectie (RTE) is technisch
uitvoerbaar, gaat gepaard met weinig bloedverlies en ievert een uitgebreide mediastinale
lymfeklierdissectie. (Dit proefschrift)

Niet alleen voor mid- en hoog-oesophageale tumoren maar ook voor resectabele
tumoren in de distale oesophagus of gastro-oesophageale overgang zou RTE de
standaardbehandeling moeten worden. (Dit proefschrift)

De nietjesrij van de buismaag dient standaard overhecht te worden, ook tijdens minimaal
invasieve oesophagusresecties. (Dit proefschrift)

Behoud van de vena azygos fijdens (minimaal invasieve) transthoracale
oesophagusresecties is oncologisch gezien geoorloofd. (Dit proefschrift)

De routine réntgenslikfoto na oesophagusresecties ter beoordeling van de cervicale
anastomose dient afgeschaft te worden. (Dit proefschrift)

De tissue microarray technologie is een valide methode voor immuunhistochemisch
onderzoek in plaveiselcelcarcinomen van de slokdarm. (Dit proefschrift)

mTOR lijkt een aangrijpingspunt voor moleculaire therapie in plaveiselcelcarcinomen van
de slokdarm, maar een groter effect van deze behandeling kan verwacht worden bij
adenocarcinomen van de slokdarm. (Dit proefschrift)

In het verleden behaalde resultaten bieden geen garantie voor de toekomst.

Men may have discovered fire, but women discovered how to play with it. (Carrie
Bradshaw, SATC)

Jong promoveren is profileren.

_Het succes van iemand dient niet alleen gemeten te worden aan de hoogten die zijn

bereikt, maar ook aan de obstakels die zijn overwonnen.

Utrecht, 10 december 2008
Judith Boone
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