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CHAPTER 1
GENERAL INTRODUCTION
AND OUTLINE OF THESIS

INTRODUCTION
In the Netherlands, incidence of esophageal cancer is steadily increasing with an
average increase of 1.3% per year.[1] In 2011, approximately 2561 new cases were
diagnosed.[1] Esophageal cancer can be histologically classified in 2 main subtypes,
adenocarcinoma and squamous cell carcinoma. Although, worldwide incidence
of esophageal squamous cell carcinoma (ESCC)* is the highest, in the Western
world increase in esophageal cancer is mainly due to a marked rise in incidence of
adenocarcinoma.[2]
Unfortunately, symptoms such as dysphagia, odynophagia and retrosternal
discomfort only occur when the tumor is large enough to obstruct the esophageal
lumen. Therefore, at time of diagnosis in approximately 50% of cases the
cancer has disseminated to distant organs or surrounding structures such as
the trachea, aorta and pericardium. These tumors are considered unresectable
and contribute to an overall 5 year survival rate of approximately 17%.[1]
Worldwide, esophageal cancer is the 7th leading cause of cancer death.[3]
Radical surgery offers the best treatment option for patients with locally advanced
esophageal cancer.[4] The 5 year survival of patients that underwent surgical
resection without (neo)adjuvant therapy is at most 36%.[5, 6] At present,
approximately half of the patients diagnosed with esophageal cancer are eligible for
surgery due to improvements in diagnostics and the use of neoadjuvant treatment.[4]

SURGERY
In patients who are eligible for surgery, an open transthoracic approach resulted in
a modest improved long-term survival compared to an open transhiatal approach,
however the first is associated with increased morbidity.[4, 6] Minimally invasive
techniques (MIE) for esophagectomy have evolved rapidly and introduction of the
robot assisted MIE (RAMIE) technique has further optimized surgical strategies.[7,
8] Preliminary results already showed that robot-assisted esophagectomy, using a
transthoracic approach, is associated with reduced morbidity. Currently, a study is
ongoing that compares open transthoracic with robot-assisted esophagectomy.[9]

NEO-ADJUVANT TREATMENT
Neo-adjuvant therapy further improved patients prognosis.[10, 11] Worldwide
neo-adjuvant chemoradiotherapy seems to be favored above peri-operative
chemotherapy, although a clear benefit of neo-adjuvant chemoradiotherapy
above peri-operative chemotherapy has not been established yet.[11, 12] Aim
of pre-operative chemoradiotherapy is to reduce local regional recurrence, and
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to increase radical resections (R0) and complete pathological response (i.e. the
resection specimen is free of tumor cells). A study already showed that response
to pre-operative chemoradiotherapy was significantly associated with higher
percentage of R0, complete pathological response and improved survival.[13]
In the Netherlands, the CROSS study*, a randomized controlled clinical trial, including
366 patients with resectable gastro-esophageal junction (GEJ) or esophageal cancer
(adeno; 75%, squamous; 25% and large-cell undifferentiated carcinoma), showed a
complete pathological response of 23% (adeno), and an improved median overall
survival (49 versus 26 months; p=.003) in patients receiving chemoradiotherapy
(carboplatin, paclitaxel and concurrent radiation) compared with patients who
underwent surgery alone.[14] Chemoradiotherapy according to the CROSS regime is
now considered a standard of treatment for esophageal cancer, in the Netherlands.

TUMOR HETEROGENEITY
However, chemoradiotherapy is associated with significant toxicities, because not
only tumor cells are targeted.[14] Moreover, despite successful completion of neoadjuvant therapy and radical esophagectomy, mortality rate due to recurrence
of disease is still high.[14] This high recurrence rate can be attributed to the
heterogeneity observed in a tumor. Long-standing histopathological analysis already
showed a diversity in grade of tumor differentiation, vascularity, inflammation and
tumor invasion.
Selective pressure induced by chemo(radio)therapy can result in expansion of
resistant cells. This means that chemotherapy-sensitive cells die, but resistant cells
who gained a beneficial mutation that promotes survival, have the opportunity
to expand.[15] These resistant cells either developed during treatment due to
occurrence of new mutations (contributing to tumor heterogeneity), or already
existed before onset of therapy.[15] The resistant clones mostly consist of cancer
stem cells that were initially maintained in a quiescent state [16] or cells showing
mesenchymal characteristics (i.e. cell that underwent epithelial to mesenchymal
transition).[17] Chemo(radio)therapy eliminates rapidly proliferating cells, but
does not account for tumor heterogeneity nor for quiescent cancer stem cells.
Therefore, new strategies, such as targeted therapy should be used that take
into account the emerging molecular data that are relevant to tumorigenesis and
data that underlies the intra-tumor heterogeneity. Eventually this may lead to a
personalized cancer treatment.

* A list of abbreviations is included at the end of the thesis
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TARGETED THERAPY IN ESOPHAGEAL CANCER
Targeted therapy in oncology has 3 important features. First, it aims to increase
efficacy because it is a tumorigenesis-driven therapy. Second, it aims to reduce
toxicity because tumor cells are mainly targeted. And third, it is a personalised
treatment because of its biomarker based-strategy.[18]
The rationale behind targeted therapy is to select patients based on high (in case of
a proto-oncogene) biological marker expression, or to restore expression of a tumor
suppressor by means of gene transfer therapy. Tumors that can be targeted, exhibit
markers that play a role in the 6 well-known hallmarks of oncogenesis: sustained
proliferative signalling, evading growth suppressors, activation of invasion and
metastasis, replicative immortality, angiogenesis and resisting cell death.[19]
Example of such biological markers are epidermal growth factor receptor (EGFR)*,
vascular endothelial growth factor (VEGF)*, β-catenin*, hepatocyte growth factor
MET*, human epidermal growth factor receptor 2 (HER2)*, phosphorylated
mammalian target of rapamycin (p-mTOR)* and cyclooxygenase 2 (COX-2)*.
EGFR, HER-2 and MET are receptor tyrosine kinases (RTKs) whose overexpression induce sustained proliferative signalling. Reduction in expression of
β-catenin, a cell-cell matrix attachment protein, is involved in the epithelial to
mesenchymal transition (EMT)* program, and thus in activation of invasion and
metastasis.[20] p-mTOR is an intracellular serine/threonine protein kinase that
is involved in cell growth, proliferation, motility, synthesis, transcription and cell
survival. Over-expression of VEGF and COX-2 are both involved in angiogenesis.
Most promising clinical trials with targeted agents directed against EGFR, VEGF,
β-catenin, MET, HER2 and COX-2 will be described.
EGFR inhibitors
In a multicentre phase 2/3 study, 258 patients with non-metastatic esophageal
carcinoma who were not suitable for surgery were included. In the study cetuximab
therapy, i.e. a monoclonal EGFR antagonist, was added to chemoradiotherapy
(cisplatin, capacitabine and concurrent radiotherapy). Treatment failure and
overall survival (OS)* were compared between patients who received the
combined therapy and the ones who received chemoradiotherapy alone.
[21]. OS in the experimental arm was worse (22.1 versus 25.4 months; HR 1.53;
90% CI 15.1-25.5; p=0.035). In addition, the percentage of treatment failure
free was lower (66.4%; 95% CI 58.6-73.6 versus 76.9%; 95% CI 69.7-83.0)
and toxicities such as dermatological, biochemical and cardiotoxicities were
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significantly higher (p=.004) in the experimental arm.[21] Because cetuximab
therapy compromised the dose intensity of chemoradiation therapy, addition
of cetuximab it is not recommended in esophageal carcinoma (EAC).*[21]
In another recent phase 2 study, including 41 patients with resectable EAC
(n=32) and ESCC (n=9), cetuximab was added to radiation therapy.[22] Complete
pathological response was seen in 28% of patients with adeno- and 67% of
patients with squamous cell carcinoma. These pathological complete response
rates were comparable (28%[22] versus 23%[14]) when chemoradiotherapy
according to the CROSS regimen was administered.[14] Additionally, a recent
study including 12 patients with resectable esophageal adenocarcinoma,
showed that addition of cetuximab with concurrent radiation to perioperative
epirubicin, cisplatin and capecitabine was accompanied with severe adverse
events post-operatively without a complete pathological response. [23]
In all studies selection of patients for cetuximab therapy was not based on EGFR
over-expression.[21-23]
VEGF inhibitors
In phase 2 studies including patients with advanced and metastatic gastric or
GEJ carcinomas it was shown that addition of bevacizumab to chemotherapy
resulted in median OS of 12.3-16.8 months.[24, 25] Subsequently, these
promising results led to a phase 3 study, the AVAGAST trial.[26] In this study
774 patients (93 centres from 17 countries) with advanced gastric (87%) or
GEJ tumors (13%) were included, and bevacizumab plus chemotherapy was
compared with chemotherapy and placebo. Although the OS was not significantly
improved in the experimental arm, response rate significantly increased (46.0%
versus 37.3%; p=.0315) and progression free survival was significantly higher
in the combination treatment arm (6.7 versus 5.3 months; p=.0037).[26]
In addition, neoadjuvant studies including 62 [27] and 28 [28] patients with
esophageal cancer (adeno and squamous cell carcinoma), showed a modest
improvement in survival when bevacizumab was added to chemoradiotherapy.
Complete pathological responses reported in the 2 studies were both 29%[27, 28]
which was comparable when chemoradiotherapy according to the CROSS regimen
was given (29% versus 23%[14]).
Again, in none of these studies selection for bevacizumab therapy was based on
VEGF over-expression, although post-hoc analysis of the phase 3 trial showed
an association between plasma VEGF and response to bevacizumab.[26, 29]

* A list of abbreviations is included at the end of the thesis
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β-catenin restorers
No clinical trials with agents that restore membranous β-catenin in esophageal
adenocarcinoma, or in other tumor types have been performed yet. Nevertheless,
results of preclinical trials with migfilin, a compound that promotes degradation of
cytosolic β-catenin, showed that transfection with migfilin resulted in decreased
cell motility and tumor invasion in esophageal squamous cell carcinoma cell lines.
[30] In addition, an alternative might be to restore components located upstream
of β-catenin such as Wnt inhibitory factor (WIF-1), a Wnt antagonists. Restoration
of the WIF-1 gene by transfection, led to decreased cell proliferation in esophageal
cancer cell lines.[31]
MET inhibitors
In a phase 1b/2 study, 121 patients with advanced or metastatic gastric of GEJ
carcinomas were included, and the efficacy of rilotumumab (i.e. a hepatocyte
growth factor inhibitor) was evaluated. Results showed that addition of
rilotumumab to epirubicin, cisplatin and capacitabine (ECX) resulted in a modest
improvement in survival compared with patients that received ECX and placebo
(11.1 versus 8.9 months, p=0.22).[32] However, pre-planned subgroup analysis
showed that patients with high MET expression significantly experienced
improved survival (11.1 versus 5.7 months, p=0.012).[33] These results led to a
phase 3 study, the RILOMET-1 trial in which patients with unresectable advanced
or metastatic gastric/ GEJ tumors who are HER2 negative and MET positive are
currently recruited.[34] The estimated date of completion is December 2015.
HER2 inhibitors
In a multicentre phase 3 study, the TOGA trial, 594 patients were included
with locally advanced and metastatic gastric or GEJ adenocarcinoma who had
immunohistochemical (IHC) 3+ expression or HER2 gene amplification.[35]
Results showed that addition of trastuzumab, a monoclonal IgG HER2 antibody,
to chemotherapy significantly resulted in improved prognosis compared
with patients who received chemotherapy alone (13.8 versus 11.1 months;
p=0.0046). It is believed that trastuzumab induces antibody-dependent cellular
cytotoxicity (ADCC) in cells that over-express the HER2 receptor. Accordingly,
post-hoc analysis showed that patients with IHC 3+ and HER2 gene amplifications,
benefitted most from addition of trastuzumab therapy.[35] For patients
with advanced and metastatic gastric or gastroesophageal junction (GEJ)*
adenocarcinoma Trastuzumab therapy is now regarded the standard of care.
Another phase 3 study is ongoing including patients with resectable EAC with IHC 3+ or
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HER2 gene amplification. Patients receive neoadjuvant chemotherapy (carboplatin
and paclitaxel) and concurrent radiotherapy followed by esophagectomy.
Patients are assigned to chemotherapy and trastuzumab therapy or placebo
and chemotherapy. Study outcomes are expected to be presented in 2018.[36]
COX-2 inhibitors
Due to reported cardiotoxities associated with celecoxib[37], few clinical trials have
been performed with COX-2 inhibitors. A neoadjuvant phase 2 study, including
patients with esophageal cancer, showed that addition of celecoxib to chemotherapy
(cisplatin and fluorouracil) and concurrent radiotherapy, resulted in a clinical complete
response of 54% (5/7) and a complete pathological response of 20% (1/5).[38]
Currently, a phase 2 trial is ongoing with celecoxib, cisplatin, irinotecan and
concurrent radiation, of which results are expected soon. In this study patients
with resectable esophageal cancer have been recruited.[39] Again, in none of these
studies, selection of cetuximab therapy was based on COX-2 over-expression.
To summarize, in most clinical trials selection for targeted therapy was not based on
biomarker expression.[32, 34-36] It is expected that efficacy of targeted therapy will
increase when patients are carefully selected.

PROGNOSTIC VERSUS PREDICTIVE BIOLOGICAL MARKERS
In literature, often prognostic and predictive biological markers are used
interchangeably, although it should be noted that prognostic marker can be
predictive as well. The original definition of a prognostic biological marker is: ‘A
marker that provides information on the likely course of cancer in an untreated
patient’, while the definition of predictive biomarker is defined as: ‘A marker that
can be used to identify sub-populations of patients who are likely to respond to a
given therapy.’[40] In general, it can be said that prognostic markers are used to
select patients for treatment, whereas predictive markers are used to select specific
treatment for patients.[18]
In the thesis the focus is on prognostic markers.

ESOPHAGEAL ADENOCARCINOMA (EAC) VERSUS ESOPHAGEAL SQUAMOUS
CELL CARCINOMA (ESCC)
The etiology and risk factors of EAC and ESCC differs.[41] While ESCC is associated
with low socioeconomic status, excessive alcohol consumption and tobacco smoking,
risk factors of EAC are tobacco smoking, gastro-esophageal reflux disease and hiatal
hernia.[41] Additionally, ESCC arise from esophageal squamous dysplasia, whereas
* A list of abbreviations is included at the end of the thesis
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EAC which originates from esophageal Barrett’s dysplasia (i.e. Barrett’s esophagus).
Therefore, EAC and ESCC should be considered as different entities and should be
treated accordingly. The focus in this thesis is on EAC, because it represents the
most common subtype in Western countries and the incidence is still increasing.

CENTRAL AIM, THESIS OUTLINE AND RESEARCH QUESTIONS
The central aim of the thesis was to evaluate the prognostic significance of biological
markers expressed in a tissue micro array (TMA)* using immunohistochemistry (IHC)*
in patients that underwent esophagectomy due to esophageal adenocarcinoma
(EAC)*.

RESEARCH QUESTIONS
Chapter 2
What is the prognostic significance of COX-2 and VEGF* in EAC? And are COX-2 and
VEGF protein expression correlated in EAC?
Chapter 3
What is the percentage of p-mTOR* over-expression and is this associated with a
poor survival?
Chapter 4
1. What is the percentage and prognostic significance of HER2* protein and gene
amplification in EAC?
2. What is the agreement between the different HER2 testing methods?
Chapter 5
1. What is the agreement between automated FISH* and conventional HER2
testing methods?
2. What is the prognostic significance of automated FISH using different
thresholds?
Chapter 6
1. What is the agreement between the different MET* antibodies?
2. What is the prognostic significance of the 6 MET antibodies?
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Chapter 7
1. Are EMT-associated markers* expressed in EAC?
2. What is the prognostic significance of and correlations between E-cadherin,
β-catenin, EGFR, N-cadherin and Cyclin D1* expression?
Chapter 8
What are the most important prognostic parameters in EAC?

* A list of abbreviations is included at the end of the thesis
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CHAPTER 2
Cyclooxygenase isoenzyme-2 and
vascular endothelial growth factor
are associated with poor prognosis in
esophageal adenocarcinoma
JOURNAL OF GASTROINTESTINAL SURGERY. 2012
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Margriet JD Prins
Roy JJ Verhage
Fiebo JW ten Kate
Richard van Hillegersberg

ABSTRACT
Background
Cyclooxygenase isoenzyme-2 (COX-2) and vascular endothelial growth factor
(VEGF) contribute to angiogenesis and are over-expressed in various malignancies.
The aim of the study was to evaluate expression, prognostic value and correlation
between COX-2 and VEGF expression in esophageal adenocarcinoma (EAC).
Methods
Surgical specimens of 154 patients with EAC were used to construct a tissue micro
array (TMA). TMA sections were immunohistochemically stained for COX-2 and
VEGF and scored on intensity of staining.
Results
Estimated 5 year cancer specific survival was 37%. High COX-2 and VEGF expression
was observed in 39 (26.5%) and in 77 (53.8%) tumors, respectively. Both markers
were associated with poor cancer specific survival (p=.022 and p=.004, respectively,
log rank). No significant correlation was found between VEGF and COX-2 expression
(r=063; p=.455). In multivariate analysis, high COX-2 expression (HR 1.65; 95% CI
1.04-2.61; p=.034) was associated with overall survival. In patients with T3 tumors,
COX-2 expression was an independent prognostic factor for cancer specific survival
(HR 1.81 95% CI 1.10-2.95; p=.019).
Conclusions
This is the first study to evaluate the prognostic value and correlation of COX-2 and
VEGF expression in a large and homogenous population of patients with EAC. No
correlation between COX-2 and VEGF expression was found. Both markers were
expressed in EAC and were associated with poor prognosis. The findings support
the use of COX-2 and VEGF inhibitors in future clinical studies.
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COX-2 AND VEGF

INTRODUCTION
Worldwide, esophageal cancer is the 7th leading cause of cancer death.[1]
Advancements in diagnostics, surgical techniques and the application of neoadjuvant
chemotherapy have improved survival rates. Studies report 5 year survival rates
of up to 40% for patients with resectable disease.[2-4] Further therapeutic
improvements are warranted and the focus is now turning to targeted therapy.
This has led to an increasing interest in the prognostic and therapeutic value of
biological tumor markers that are known to play a key role in carcinogenesis and
progression. Markers which can be selectively blocked with pharmaceuticals are
of particular interest.[5-7] Two of these biomarkers, cyclooxygenase-2 (COX-2) and
vascular endothelial growth factor (VEGF) may play a significant role in esophageal
adenocarcinoma (EAC).
COX-2 is the rate-limiting enzyme involved in the conversion of arachidon acid
to eisosanoids such as prostaglandin (PG), prostacyclin and tromboxanes. Its
expression is induced by several stimuli including growth factors, inflammation and
cytokines. Over-expression of COX-2 is reported in many human malignancies such
as colon[8], gastric[9], pancreas[10], lung[11], breast carcinoma[12] and also in
esophageal cancer[13, 14].
The VEGF gene family belongs to the platelet-derived growth factor (PDGF) gene
and encodes for VEGF-A, B, C, D, E and placenta growth factor (PIGF). VEGF-A,
referred to as VEGF, is the most potent endothelial cell specific mitogen that induces
angiogenesis, which is critical to both tumor growth and systemic spreading of
tumor cells.[15] High VEGF expression is reported in several malignancies, including
esophageal cancer.[13, 16-19]
A relationship between COX-2 and VEGF has been described earlier.[20, 21] COX2 generated PGs contributed to angiogenesis through the induction of VEGF.
Moreover, it was demonstrated that COX-2 inhibition (e.g. with the use of diclofenac,
rofecoxib or celecoxib) resulted in both COX-2 and VEGF protein down-regulation.
These findings suggest that COX-2 and VEGF expression are interlinked.[22, 23]
The role of COX-2 and VEGF and their interaction in EAC is yet unclear. The aim
of this study was to evaluate expression and prognostic significance of COX-2 and
VEGF in adenocarcinoma of the esophagus. Furthermore, the correlation between
COX-2 and VEGF protein expression in EAC was evaluated.
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MATERIALS AND METHODS
Study population
All patients who underwent esophagectomy for cancer between August 1988
and November 2009 at the University Medical Center Utrecht were collected in
a database. Patients with histologically proven EAC were included. Patients with
esophageal squamous cell carcinoma (ESCC), neoadjuvant treatment, pathological
T4 disease, distant metastases, tumor positive resection margins (R1) according
to the College of American Pathologists (CAP) criteria[24], and patients who
died in-hospital or within 30 days from operation were excluded from the study.
All tumor resection specimens were reviewed by an experienced pathologist
(FJWtK). Tumors were staged according to the TNM staging system (7th edition).
[25] A follow-up study was performed in which patients were followed up until
death or up to July 2011. Follow-up data were collected with the use of chart
examination, general practitioners archives and the Dutch Cancer Registry.
Primary outcome was the percentage of COX-2 and VEGF expression. Secondary
outcomes were the correlation between COX-2 and VEGF expression as well
as cancer specific survival (CSS; defined as the time between surgery and death
due to cancer) and overall survival (OS; defined as the time between surgery and
death). The study was performed in accordance with the local ethical guidelines
concerning informed consent using patient’s material after surgical resection.
TMA construction
Formalin-fixed, paraffin-embedded tumor blocks were used for construction
of a tissue micro array (TMA) as described earlier by Boone et al.[13] Briefly,
for each tumor specimen, three representative regions were marked on the
pathological hematoxylin & eosin (H&E) stained slide. These regions, referred
to as tumor cores, were punched out and placed into the TMA paraffin block.
Immunohistochemistry
From the TMA, 4μm sectioned slides were deparaffinized in xylene (15 minutes) and
dehydrated in serial ethanol dilutions (15 minutes). Between all steps, tumor slides
were rinsed with Tris-HCL buffered saline pH 7.4 (TBS). The endogenous peroxide
activity was blocked by hydrogen peroxidase (0.3%) methanol solution for 20
minutes. Antigen retrieval was achieved by boiling the slides for 10 minutes in 0.01
mol/L sodium citrate (pH 6.0). Then TMA slides were incubated during 60 minutes
in blocking solution (contents: 0.1 mol/L Tris-HCL pH 7.4; 1 mol/L MgCl2; Tween-20;
10% BSA; Goat serum and H2O) to block unspecific binding sites. Subsequently,
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TMA slides were incubated with COX-2 monoclonal antibody (Cayman Chemical,
Catalog#160112, Clone CX229, dilution 1:100), overnight at 4°C. The next day slides
were rinsed with TBST (Tris-HCL buffered saline pH 7.4 with Tween-20) and postantibody blocking solution (not diluted) was added for 15 minutes. Subsequently,
slides were incubated with polyclonal Goat-anti-Mouse/Rabbit/Rat IgG (not
diluted) during 30 minutes. Peroxidase staining was visualized with 3-amino-9ethylcarbazole (AEC) solution and slides were counter stained with hematoxylin (10
seconds).
For VEGF staining, tumor slides were deparaffinized in xylene (15 minutes) and
dehydrated in serial ethanol dilutions (15 minutes). Between all steps, slides were
rinsed with phosphate buffered saline pH 7.4 (PBS). The endogenous peroxide
activity was blocked by hydrogen peroxide (3%) for 15 minutes. Antigen retrieval
was achieved by boiling the slides for 20 minutes in sodium citrate (pH 6.0).
After a cooling off period (20 minutes), the slides were incubated with polyclonal
VEGF165 antibody (R&D Systems, Catalog#AF293NA, dilution 1:50) for 60 minutes
at room temperature. Subsequently, TMA slides were incubated with biotinylated
secondary Rabbit-anti-Goat antibody (1:50) for 30 minutes. Slides were treated with
Strep Avidin-Biotin complex for 30 minutes and peroxidase staining was visualized
using 3,3’-diaminobenzide for 10 minutes. The sections were counterstained with
hematoxylin (10 seconds).
For positive controls, colon and stomach carcinoma (known to express high COX-2
protein) were included and a Grawitz tumor as positive control for VEGF staining.
Non-cancerous esophageal squamous cell epithelia were used for internal control.
Negative controls were achieved by omitting the primary antibody.
Immunohistochemical scoring
Immunohistochemical scoring was performed by FJWtK. Cores were considered lost
if less than 10% of the tissue contained tumor (i.e. sampling error), less than 10% of
tissue was present (i.e. absent core) or when 2 out of 3 cores were lost. The scoring
of VEGF and COX-2 expression were based on the intensity of staining, which ranged
from 1 (no staining), 1 (weak), 2 (moderate) and 3 (strong staining). The lowest
observed staining score for COX-2 was 1. At least 1 tumor core had to have a score of
3 to be considered as high COX-2 staining. The highest scoring intensity observed in
VEGF stained cores was 2. For VEGF, the median score of the sum of the two highest
cores was calculated and used as a cut off value. Tumors which scored <1 were
defined as low VEGF expression and tumors which scored ≥ 1 as high VEGF staining.
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Statistical analysis
Association between clinical parameters and COX-2 and VEGF staining were
evaluated using cross tabulation (Pearson’s Chi-square test). Survival rates were
estimated by using the Kaplan Meier function (log rank test) to compare the OS and
CSS among patients with high versus low COX-2 and VEGF expression. Correlation
between COX-2 and VEGF expression (dichotomous values) was evaluated using
the Pearson’s correlation. The following parameters were evaluated in univariate
analysis: T-stage (T1 or T2 vs. T3), lymph node metastases (no vs. yes), differentiation
grade (good and moderate vs. poor),
COX-2 (low vs. high), lymph node ratio
(≤25% vs. >25%), vasoinvasion (no vs.
yes), perineural growth (no vs. yes),
VEGF (low vs. high), median age (<64
vs. ≥64 years), gender and perinodal
extension (no vs. yes). Variables that
were significant in univariate analysis
were included in multivariate analysis
(Cox proportional hazards regression
analysis). A p-value of <.050 was
considered statistically significant.
All analyses were performed using
standard statistical software (SPSS
version 15.0; SPSS inc, Chicago,
Illinois).

RESULTS
Between 1988 and 2009, 290
patients underwent esophageal
resection for EAC at the Department
of Surgery of the University Medical
Centre Utrecht. Patients with tumor
positive resection margins (R1; n=
26), with T4 disease (n=7), patients
who were pretreated (n= 49) and
patients whose clinical and/or
pathological data was incomplete
or missing (n= 54) were excluded.
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Figure 1. Representative examples of COX-2 and VEGF staining
A: Tumor core showing strong (3+) cytoplasmic and granular COX-2 staining. Stromal tumor cells did
not or only slightly stain positive for COX-2. Original magnification (200 x).
B: Magnification (400 x) of tumor core shown in A.
C: Tumor core showing strong cytoplasmic VEGF staining (2+). Original magnification (200 x).
D: Tumor cells showing weak cytoplasmic VEGF staining (1+). Original magnification (200 x).

In a total of 154 patients, the female to male ratio was 1:4.5 with a median age
of 64.0 years (range, 33.8-81.3). Lymph node metastases were observed in 104
(67.5%) patients of which 62 (59.6%) patients had perinodal extension (i.e. extra
capsular location of tumor cells). A lymph node ratio (i.e. the number of positive
nodes divided by the total number of resected nodes) of >25%[24] was observed in
48 (31.2%) patients.
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Table 2. Correlation of COX-2 expression and clinical and pathological parameters

Total*
Gender
Male
Female
Median age
< 64 years
 64 years
PATHOLOGICAL
DATA
T-stage
T1 or T2
T3
Tumor
differentiation
G1 or G2
G3
Vaso invasion
Yes
No
Perineural growth
Yes
No
LNN metastases
Yes
No
LNN ratio
 25%
> 25%
FOLLOW-UP DATA
Recurrence and /or
metastases
yes
no
Localregional
recurrence
yes ‡
no
Distant metastases
yes ‡
no

Total (n)
147

COX-2 expression
Low (%)
High (%)
73.5
26.5

p value†
-

121
26

76.0
61.5

24.0
38.5

.129

72
75

75.0
72.0

25.0
28.0

.680

46
101

82.6
69.3

17.4
30.7

.090

55
88

72.7
72.7

27.3
27.3

1.000

69
78

75.4
71.8

24.6
28.2

.625

43
103

65.1
76.7

34.9
23.3

.149

102
42

68.6
88.1

31.4
11.9

.015

96
48

78.1
66.7

21.9
33.3

.138

88
50

69.3
80.0

30.7
20.0

.173

31
50

74.2
80.0

25.8
20.0

.541

75
50

68.0
80.0

32.0
20.0

.140

* Tumor cores from 147 patients were assessable for COX-2 scoring (147 of 154: 95.5%)
† Pearson Chi-square test
‡ A proportion of patients (n= 18) experienced both locoregional and distant metastases
LNN - lymph nodes.
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Figure 2. Cancer specific survival according to high
and low COX-2 staining
Log rank test was used to compare differences
between survival curves.

  







 





Figure 3. Cancer specific survival according to
high and low VEGF staining
Log rank test was used to compare differences
between survival curves.

Follow-up was complete in 144 (93.5%) patients with a median follow-up of
26.4 months (range 2.7 to 260.3). Estimated 5 year CSS was 37% (median CSS
30.4 months). All patient and tumor characteristics are summarized in table 1.
COX-2 expression
Tumor cores of 147 (95.5%) patients were assessable for COX-2 scoring. Overall
COX-2 staining was seen in all tumor cores (100%). Cytoplasmic COX-2 staining
was high in 39 (26.5%) tumors and low in 108 (73.5%) tumors (figure 1A-B). COX2 staining was positively associated with lymph node metastases (p=.015, table
2). Median CSS was 39.4 months in patients with low COX-2 expression (95% CI
20.00-58.93) versus 21.0 months (95% CI 17.96-24.00) in patients with high COX2 expression (p=.022; log rank, figure 2). High COX-2 expression was significantly
and inversely associated with CSS (HR 1.70; 95% CI 1.07-2.69; p=.023, table 4).
COX-2 expression was not associated with recurrence of disease (p=.173, table 2)
VEGF expression
VEGF evaluation was assessable in tumor cores of 143 (92.9%) patients. Overall
staining was seen in 90 (62.9%) tumors. High cytoplasmic expression was seen
in 77 (53.8%) and low staining in 66 (46.2%) of patients (figure 1C-D). VEGF
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Table 3. Correlation of VEGF expression and clinical and pathological parameters

Total*
Gender
Male
Female
Median age
< 64 years
 64 years
PATHOLOGICAL
DATA
T-stage
T1 or T2
T3
Tumor
differentiation
G1 or G2
G3
Vaso invasion
Yes
No
Perineural growth
Yes
No
LNN metastases
Yes
No
LNN ratio
 25%
> 25%
FOLLOW-UP DATA
Recurrence and /or
metastases
Yes
No
Localregional
recurrence
Yes ‡
No
Distant metastases
Yes ‡
No

Total (n)
143

VEGF expression
Low (%)
High (%)
46.2
53.8

p value†
-

117
26

44.4
53.8

55.6
46.2

.384

71
72

49.3
43.1

50.7
56.9

.454

44
99

72.7
34.3

27.3
65.7

.000

52
87

53.8
39.1

46.2
60.9

.090

68
75

38.2
53.3

61.8
46.7

.071

41
101

43.9
47.5

56.1
52.5

.695

100
40

40.0
60.0

60.0
40.0

.032

93
47

55.9
25.5

44.1
74.5

.001

87
47

35.6
61.7

64.4
38.3

.004

30
47

26.7
61.7

73.3
38.3

.003

75
47

37.3
61.7

62.7
38.3

.009

* Tumor cores from 143 patients were assessable for VEGF scoring (143 of 154: 92.9%)
† Pearson Chi-square test
‡ A proportion of patients (n= 18) experienced both locoregional and distant metastases
LNN - lymph nodes.
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Table 4. Univariate and multivariate analysis of associations between histopathologic parameters and
cancer specific survival (CSS)
Median CSS in
Unadjusted HR (95% CI) p value
Adjusted HR (95% CI) *
months
Negative
Positive
(Univariate)
(Multivariate)
26.9
20.7
1.864 (1.160-2.995)
.010
32.2
26.7
1.050 (0.592-1.860)
.868
24.5
37.6
1.001 (0.657-1.525)
.998
†
22.9
10.282 (4.441-23.807)
.000
3.833 (1.404-10.468)
†
23.2
6.595 (3.166-13.740)
.000
2.338 (0.979-5.587)
127.9
21.2
2.952 (1.809-4.817)
.000
2.103 (1.214-3.644)
64.3
18.5
3.832 (2.194-5.213)
.000
1.595 (0.943-2.698)
39.4
21.0
1.698 (1.074-2.685)
.023
1.546 (0.947-2.525)
†
21.6
3.283 (2.107-5.116)
.000
1.538 (0.901-2.623)
49.4
21.2
2.532 (1.633-3.927)
.000
1.142 (0.705-1.851)
59.5
21.6
1.897 (1.216-2.959)
.005
0.877 (0.544-1.415)

Perinodal extension ‡
Gender (male/ female)
Median age (<64/ ≥64 Y)
T stage (T1,T2/ T3)
Positive lymph nodes
G grade (G1,G2/ G3) §
LNN ratio (≤25%/ >25%)
COX-2 (low/ high)
Vasoinvasion
Perineural growth
VEGF (low/ high)

p value

.009
.056
.008
.082
.081
.114
.589
.591

* Multivariate analysis was carried out
with variables proven significant in
univariate analysis.
† Median survival was not determined,
since expected cumulative survival
within the study period did not reach
50%
‡ As a proportion of patients with
positive lymph nodes (n= 100).
Perinodal extension was not included
in multivariate analysis.
§ G grade indicates tumor
differentiation
LNN indicates lymph nodes; CI,
confidence interval

* Multivariate analysis was carried out with variables proven significant in univariate analysis.
† Median survival was not determined, since expected cumulative survival within the study period
did not reach 50%
‡ As a proportion of patients with positive lymph nodes (n= 100). Perinodal extension was not
included in multivariate analysis.
§ G grade indicates tumor differentiation
LNN indicates lymph nodes; CI, confidence interval
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Perinodal extension †
Gender (male/ female)
Median age (<64/ ≥64 Y)
T stage (T1,T2/ T3)
G grade (G1,G2/ G3) ‡
COX-2 (low/ high)
Vasoinvasion
Positive lymph nodes
LNN ratio (≤25%/ >25%)
Perineural growth
VEGF (low/ high)

* Multivariate analysis was carried out
with variables proven significant in
univariate analysis.
†As a proportion of patients with
positive lymph nodes (n= 100).
Perinodal extension was not included in
multivariate analysis. ‡ G grade indicates
tumor differentiation. LNN indicates
lymph nodes; CI, confidence interval.

p value
.016
.661
.157
.000
.000
.010
.000
.000
.000
.000
.001

Unadjusted HR (95% CI)
(Univariate)
1.736 (1.108-2.722)
1.120 (0.674-1.860)
1.319 (0.899-1.934)
5.537 (3.148-9.736)
2.864 (1.846-4.443)
1.732 (1.138-2.636)
2.635 (1.771-3.922)
3.585 (2.130-6.034)
2.592 (1.735-3.873)
2.333 (1.536-3.543)
1.945 (1.295-2.920)
2.974 (1.390-6.364)
2.218 (1.342-3.665)
1.645 (1.037-2.607)
1.458 (0.897-2.367)
1.393 (0.730-2.657)
1.355 (0.827-2.221)
1.139 (0.714-1.815)
1.045 (0.667-1.636)

(Multivariate)

Adjusted HR (95% CI) *

* Multivariate analysis was carried out with variables proven significant in univariate analysis.
†As a proportion of patients with positive lymph nodes (n= 100). Perinodal extension was not
included in multivariate analysis. ‡ G grade indicates tumor differentiation. LNN indicates lymph
nodes; CI, confidence interval.

Median OS
in months
Negative
Positive
26.7
19.2
24.0
29.0
24.4
27.4
196.1
21.2
64.3
19.5
29.1
19.5
61.6
21.2
193.1
22.9
48.9
18.3
39.4
21.0
41.3
21.0

Table 5. Univariate and multivariate analysis of associations between histopathologic parameters and
overall survival (OS)

Table 5

.005
.002
.034
.128
.314
.228
.585
.848

p value
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Table 6
* Multivariate analysis was carried out with
variables proven significant in univariate
analysis.
† As a proportion of patients with positive
lymph nodes (n= 88). ‡ G grade indicates
tumor differentiation. LNN indicates lymph
nodes; CI, confidence interval.
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expression positively correlated with tumor stage (p=.000), presence of lymph
node metastases (p=.032) and a lymph node ratio of >25% (p=.001, table 3). In
patients with lymph node metastases, VEGF was significantly associated with
perinodal nodal extension (p=.024, data not shown). Patients with high VEGF
expression more frequently developed recurrence of disease (p=.004, table 3).
Patients with low VEGF expression had a median CSS of 59.5 months (95% CI 0.00153.03) whereas patients with high VEGF expression had a median CSS of 21.6
months (95% CI 16.18-27.02; p=.004; log rank, figure 3). High VEGF expression was
significantly associated with poor CSS (HR 1.90; 95% CI 1.22-2.96; p=.005, table 4).
Correlation between COX-2 and VEGF
Tumor cores of 143 (92.9%) patients were assessable for combined evaluation of
VEGF and COX-2 staining. There was no significant correlation between VEGF and
COX-2 expression (r=.063; p=.455).
Multivariate analysis
In multivariate analysis, high COX-2 expression was not associated with poor CSS
(HR 1.55; 95% CI 0.95-2.53; p=.081, table 4) For OS, high COX-2 expression was
an independent prognostic factor (HR 1.65; 95% CI 1.04-2.61; p=.034, table 5).
VEGF expression was not independently associated with CSS (HR 0.88; 95% CI 0.541.42; p=.591, table 4) nor with OS (HR 1.05; 95% CI 0.67-1.64; p=.848, table 5).
In the subset of patients with advanced disease (i.e. T3 tumors), COX-2 was an
independent prognostic marker for CSS (HR 1.81; 95% CI 1.10-2.95; p=.019,
table 6) as well as for OS (HR 1.90; 95% CI 1.18-3.05; p=.008, data not shown).

DISCUSSION
This is the first study that evaluated the prognostic value and interaction of COX-2
and VEGF expression in a large and homogenous population of patients with EAC.
Patients who received neo-adjuvant treatment or patients with T4 disease, distant
metastases at time of operation and tumor positive resection margins were excluded.
The prognostic value of COX-2 and VEGF over-expression
The results showed high COX-2 and VEGF expression in 39 (26.5%) and in 77 (53.8%)
of patients. Both were significantly associated with poor cancer specific survival (CSS)
(p=.022 and p=.004, respectively, log rank). In addition, COX-2 was independently
associated with poor overall survival (OS). In patients with advanced disease (T3),
COX-2 was also an independent prognostic marker for CSS. This suggests that COX-2
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is particularly of prognostic significance for patients with advanced disease.
Other studies have also identified COX-2 expression as an independent prognostic
factor in EAC[14, 26, 27] and in ESCC[28]. Some authors have reported an
independent prognostic significance of VEGF over-expression in ESCC[29-31],
whereas other studies could not find any association between VEGF expression
and survival in EAC[32] and ESCC[33-35]. In EAC, only one study has showed the
independent prognostic value of VEGF over-expression.[18]
Some important limitations of these studies must be mentioned. Buskens et
al., Takatori et al., Saad et al. and Ogata et al. included patients who had distant
metastases at time of resection, which was seen in 19% (28/145), 33% (75/228),
40% (30/75) and in 24% (22/92) of cases, respectively.[14, 18, 28, 31] In addition,
the series of Buskens et al. included 33 of 145 (23%) patients with a positive
resection margin (R1).[14] Patients with distant metastases and R1 margins have
poor prognosis irrespective of COX-2 expression. The inclusion of such cases greatly
affects the survival rate of the studied population, making it difficult to interpret the
correlation between protein expression and prognosis. Furthermore, many of these
studies analyzed OS instead of CSS.[14, 26, 27]
Correlation between COX-2 and VEGF expression
COX-2 and VEGF both play an important role in carcinogenesis, tumor progression
and angiogenesis. In the studied cohort, we did not observe a correlation between
VEGF and COX-2 expression (r=.063; p=.455). Other studies with varying population
size, patient selection and methodology reported otherwise and suggest that the
two markers are interlinked.[23, 36, 37]
Vallböhmer et al. (n=75) and von Rahden et al. (n=123) evaluated the quantity of
VEGF and COX-2 messenger RNA in EAC using quantitative reverse transcription
polymerase chain reaction (qRT PCR). Both authors reported a significant correlation
between COX-2 and VEGF (r=.460; p<.001 and r=.764; p<.001, respectively).[23,
36] However, Vallböhmer et al. investigated a mixed population (16 patients with
ESCC, 15 with Barrett’s esophagus and 44 with EAC) and found that COX-2 and VEGF
expressions were only correlated when the overall study population was analyzed.
[36]
In another study of 40 patients with ESCC, a significant correlation between
high COX-2 (65.4%) and VEGF (50%) expression (p<.005) was reported using
immunohistochemistry.[37] The study included patients who received neoadjuvant
therapy before surgery. Pathological complete response (i.e. the absence of visible
tumor cells) was seen in 35% of patients. The evaluation of tumor specific protein
expression in specimens without visible tumor cells is questionable. However, these
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specimens were considered as negative staining for both COX-2 and VEGF. This
increased the proportion of VEGF and COX-2 co-expression (i.e. negative staining).
Relationship of COX-2 and VEGF and clinical and pathological parameters
Analysis of (linear) relationships between COX-2 expression and prognostic parameters
showed a significant correlation between high COX-2 expression and the presence
of lymph node metastases. This is consistent with previous studies.[27, 37, 38] High
VEGF expression was significantly correlated with depth of tumor invasion (T-stage),
presence of lymph node metastases, lymph node ratio, and perinodal growth. In
addition, expression was associated with recurrence of disease. This is also consistent
with previous studies which describe a correlation between VEGF and T-stage[18, 29,
35, 39, 40], lymph node metastases[18, 39-43], and recurrence of disease[18, 29].
COX-2 and VEGF expression were both associated with lymphatic tumor metastases.
A possible explanation might be found in the involvement of HIF-1α, which is an
important transcription factor regulating transcription of genes that are involved
in metastatic spreading of disease. COX-2 and VEGF are target genes of HIF-1α and
are both responsible for vasodilation, increased vessel permeability and tumor
cell invasion. We hypothesize that COX-2 and VEGF both lead to vasodilatation
of lymphatic vessels leading to increased microvascular permeability. The leaky
state of microvessels causes extravasation of tissue metalloproteinase, which
is also induced by COX-2 and VEGF.[44, 45] This causes degradation of the
extracellular matrix, further facilitating invasion of cancer cells into the lymphatic
vessels. Furthermore, VEGF induced metalloproteinases may lead to degradation
of basement membrane and therefore to higher T-stage (i.e. depth of tumor
invasion). Again, this is hypothetical and requires investigation in future studying.
Evaluation of COX-2 and VEGF expression using immunohistochemistry (IHC)
Reported rates of high VEGF and COX-2 protein expression in esophageal
cancer vary widely from 25%-91% for COX-2[13, 14, 46] and 24%-80% for
VEGF expression[13, 18, 30, 35, 40, 42]. This variation is mostly due to
differences in patient selection (e.g. inclusion of patients with both ESCC
and EAC, with distant metastases or R1 resection margins) and methodology
(e.g. the use of different cutoff values, reagents or scoring methods).
It might be argued that evaluation of messenger RNA expression with qRT-PCR
and Northern blot techniques provides a more objective analysis of COX-2 and
VEGF expression. However, immunohistochemistry (IHC) is the most frequently
used and most reliable method today for analyzing protein expression from
formalin-fixed and paraffin embedded material. IHC is still the gold standard to
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evaluate tumor marker expression for diagnostic purposes. Moreover, a major
advantage of IHC above other techniques is that it enables precise location
of the (increased) signal within the tumor cell. With techniques that evaluate
messenger RNA expression the histology of the tumor is no longer available.
These techniques may overestimate COX-2 and VEGF expression, because
non-cancerous tissues such as inflammatory cells and vascular endothelial
cells (that also express high levels COX-2 and VEGF) are included in the sample.
Targeted therapies with COX-2 and VEGF inhibitors
The results showed that COX-2 and VEGF expression were both associated with poor
survival. Therefore, specific inhibition of these pathways may affect prognosis. To
date, several trials have been conducted with VEGF inhibitors such as monoclonal
antibody bevacizumab or tyrosine kinase inhibitors (TKI’s) like sorafenib.[4749] Other trials included COX-2 specific inhibitors such as celecoxib.[22, 50, 51]
Two phase I-II trials, applying chemoradiotherapy (cisplatin, fluorouracil)
added with celecoxib, report clinical complete response 7 of 13 patients (54%)
and pathological complete response in 5 of 22 patients (22%), respectively.
[50, 51] Furthermore, Tuynman et al. reported significant COX-2 downregulation in patients who underwent neoadjuvant celecoxib treatment (p<
.010).[22] Although concerns exist about long-term usage of COX-2 inhibitors
with regard to its potential cardiovascular risk[52], in all studies celecoxib
was accompanied with acceptable toxicities without cardiovascular events.
A phase II study combining chemotherapy (iinotecan and cisplatin) with
bevacizumab treatment in 34 patients resulted in an overall response rate (i.e.
complete and partial response) of 65% (complete pathologic response in 6%).[47]
Another phase II study, which combined doxetaxel and cisplatin with sorafenib,
yielded 41% partial response (complete response in 0%).[48] A phase II study
with doxetaxel, cisplatin and fluorouracil added with bevacizumab (n=39) showed
a response rate of 67% (complete response in 5%).[49] These results support
the use of VEGF and COX-2 inhibitors in future studies. Combining the inhibitors
could possibly show synergistic effects, ultimately benefitting patients’ prognosis.
Future perspectives
At present, all patients receive neoadjuvant treatment. Therefore, it is not possible
to validate the prognostic value of COX-2 and VEGF expression in a prospective
cohort. However, it would be of great value to prospectively evaluate COX-2
and VEGF expression in pre-treatment biopsies. Using this method, correlation
between COX-2 and VEGF expression and response to neoadjuvant treatment can
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be evaluated. When patients are not expected to benefit from adjuvant therapy,
surgery could be rescheduled accordingly to prevent further progression of disease.
In conclusion, the results show high COX-2 in a quarter of EAC patients and high VEGF
expression in over half of EAC patients. Both markers were associated with poor
prognosis. Moreover, COX-2 was an independent prognostic marker for survival.
Although a relationship between COX-2 and VEGF expression could not be identified,
the findings support the use of COX-2 and VEGF inhibitors in future clinical studies.
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ABSTRACT
Background
Protein kinase mammalian target of rapamycin (mTOR) is an important downstream
effector of the phosphatidylinositol 3-kinase (PI3K)/ Akt signaling pathway.
In several tumor types, phosphorylated mTOR (p-mTOR) over-expression is
an independent prognostic marker for poor survival. However, in esophageal
adenocarcinoma (EAC) p-mTOR expression has not been assessed before.
Methods
Tumor cores of 154 patients with EAC were included in a tissue micro array (TMA).
Scoring criteria was based on p-mTOR staining intensity.
Results
In total 147 (95.5%) patients were available for immunohistochemical evaluation.
Over-expression of p-mTOR was detected in 29 (19.7%) tumors, whereas 118 (80.3%)
patients showed negative expression. Over-expression was significantly associated
with poor overall survival in univariate analysis (hazard ratio (HR) 1.648; 95% CI
1.019-2.664; p=.042). Median survival was 21.2 months in patients with p-mTOR
over-expression and 29.0 in the negative p-mTOR group (p=.040). In addition, a
trend towards p-mTOR over-expression and vasoinvasive growth was seen (p=.057).
In multivariate analysis, including clinical and pathological variables (p<0.10), only
T-stage (HR 2.795; 95% CI 1.343-5.813; p=.006) and differentiation grade (HR 2.198;
95% CI 1.353-3.570; p=.001) were independent prognostic markers of poor survival.
Conclusion
p-mTOR over-expression was detected in 19.7% and was associated with poor
overall survival.
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INTRODUCTION
In the Western world esophageal cancer is the 7th leading cause of cancer
death.[1] Advances in surgical techniques and application of neoadjuvant
chemo(radio)therapy have improved morbidity and survival rates.[2]
Further improvement might come from molecular therapy that interferes
with signaling pathways in cancer cells. There is increasing interest in the
prognostic value of biological markers that are associated with a poor survival.
mTOR is the major downstream effector of phosphatidylinositol 3-kinase/Akt (PI3K/
Akt) signaling pathway which is frequently activated in human cancer cells. In the
cell, mTOR resides in two distinct complexes; mTOR complex 1 and 2 (mTORC1
and 2).[3] The PI3K/Akt/mTORC1 pathway is activated upon ligand binding to
growth factor receptors and is regulated by nutrients.[4] Activation at mTOR’s
serine2448 (i.e. phosphorylation) leads to phosphorylation of ribosomal protein
S6 kinase 1 (S6K1) and eukaryotic translation initiation factor 4E binding protein
1 (4EBP1). This results in translation of proteins involved in cell cycle progression,
proliferation, survival, angiogenesis and stress-induced signaling pathways.
Activation of the mTORC2 pathway is considered as an integral part of the PI3K/
Akt pathway as it directly phosphorylates Akt.[5] However, mTORC1 but not
mTORC2 is sensitive for rapamycin therapy, suggesting that only mTORC1 (now
defined as mTOR) represents an attractive target for molecular therapy.[3, 6]
Phosphorylated mTOR (p-mTOR) expression was previously assessed in esophageal
squamous cell carcinoma (ESCC) in which 25% of patients had over-expression.
[7] In another study with ESCC p-mTOR was identified as an independent
prognostic factor for a poor survival.[8] However, in esophageal adenocarcinoma
(EAC), p-mTOR protein expression has not been assessed before. The aim of the
present study was to investigate the percentage and prognostic value of p-mTOR
over-expression in EAC. We hypothesized that over-expression of p-mTOR is
seen in a substantial part of patients with EAC and results in a poor prognosis.

PATIENTS AND METHODS
Study population
The study population and follow-up is described previously.[9] In short, patients
who underwent esophagectomy for adenocarcinoma (EAC) between August 1988
and November 2009 at the Department of Surgery of the University Medical Center
Utrecht, were collected in a database. Patients with neoadjuvant treatment were
excluded. Positive resection margins (R1) according to the College of American
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Pathologists (CAP) criteria[10], pathological T4 disease and patients with distant
metastases were also excluded from the study because these pathological
features represent advanced stage of the disease and are associated with a
poor survival.[11] These factors were considered of strong prognostic value,
irrespective of p-mTOR staining, and therefore were excluded from further analysis.
The surgical resection specimens were reviewed by an experienced pathologist
(FJWtK). Tumors were staged according to the TNM staging system (7th edition).[12]
The primary outcome was the percentage of p-mTOR expression. The secondary
outcomes were the overall survival (OS, defined as time between surgery and
death). The study was performed in accordance with the local ethical guidelines
concerning informed consent using patient’s material after surgical resection.
Tissue microarray (TMA) construction
Formalin-fixed, paraffin-embedded tumor blocks were used for construction
of a tissue micro array (TMA) as previously described.[13] Cases were
excluded when more than 1 core was missing (i.e. absent cores) or when
more than 1 core per patient did not contain tumor cells (i.e. sampling error).
Immunohistochemistry
From the obtained TMA, 4μm sectioned slides were deparaffinized in xylene
(15 minutes) and dehydrated in serial ethanol dilutions (15 minutes). Between
all steps, tumor slides were rinsed with phosphate buffered saline pH 7.4 (PBS).
Antigen retrieval was achieved by boiling the slides for 20 minutes in sodium
citrate (pH 6.0). After a cooling off period (20 minutes), the endogenous peroxide
activity was blocked by hydrogen peroxide (3%) for 15 minutes. Subsequently, the
slides were blocked with Avidin solution (5 minutes) and Biotin blocking solution
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(5 minutes). Furthermore, the tumor slides were incubated with normal goat
serum 10% for 10 minutes. In the presence of normal goat serum the specimens
were incubated overnight (3° Celsius) with the primary antibody against p-mTOR
(Ser2448, Cell signaling technology Inc, Danvers, USA, catalog# 2976, dilution 1:50).
The next day, specimens were incubated with secondary goat-anti-rabbit
antibody for 30 minutes. Subsequently, Strept Avidin Biotin Complex was
added for another 30 minutes. At last, peroxidase activity was visualized
by incubating the slides for 10 minutes with 3,3’-diaminobenzide and
the sections were counterstained with hematoxylin (10 seconds).
A breast carcinoma that was known to express high p-mTOR levels was used as a
positive control and negative controls were achieved by omitting the primary antibody.
Immunohistochemical scoring
Immunohistochemical scoring was performed by a pathologist (FJWtK). The immuno
scoring was based upon the intensity of the antibody staining and was scored as 0
(absent), 1+ (weak cytoplasmic staining), 2+ (moderate cytoplasmic either alone or
in combination with membranous staining) and 3+ (strong cytoplasmic either alone
or in combination with membranous
staining) (table 2). Staining intensity of
0 and 1+ were considered as negative
staining, whereas cores scored with 2+
and 3+ as p-mTOR over-expressive. At
least 1 tumor core had to have a score
of 2+ or 3+ to be considered as p-mTOR
over-expressive.
Statistical analysis
The association between p-mTOR staining
and clinical features as seen in the whole
resection specimen, were evaluated using
cross tabulation (Chi-square test). The
Kaplan Meier function (log rank test) was
used to compare the overall survival (OS)
of patients with p-mTOR over-expression
versus negative expression. The following
clinical and pathological variables were
evaluated in univariate analyses: median
age (<64 vs. ≥64 years), gender, T-stadia
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Figure 1. Representative examples of p-mTOR staining in esophageal adenocarcinoma
A: Tumor core with negative expression for p-mTOR. Original magnification (100x).
B: Tumor core showing weak cytoplasmic p-mTOR staining (1+). Original magnification (100x).
C: Tumor core showing a moderate cytoplasmic in combination with complete basolateral and luminal
p-mTOR expression (2+). Original magnification (100x).
D, E: Tumor core showing strong cytoplasmic and complete membranous staining (3+). Original
magnification (100x).
F: Magnification (600x) of tumor core shown in E.

(T1 or T2 vs. T3), differentiation grade (good and moderate vs. poor), vasoinvasion
(yes vs. no), perineural invasion (yes vs. no), lymph node metastases (yes vs. no),
lymph node ratio (i.e. the number of positive nodes divided by the total number of
resected nodes, ≤25% or >25%), perinodal extension (i.e. extra-capsular location
of tumor cells) yes vs. no) and p-mTOR (positive vs. negative). Variables with a p
value of 0.10 or less in univariate analysis were included for multivariate analysis
to control for confounding (Cox proportional hazards regression analysis). A
p-value of <0.05 (two-sided) was considered statistically significant. All analyses
were performed using SPSS software (version 20.0; SPSS inc, Chicago, Illinois).
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Figure 2. Overall survival according to positive and negative p-mTOR staining
Log rank test was used to compare differences between survival curves

RESULTS
RESULTS
In total, 290 patients underwent surgical resection for EAC between 19882009. Patients were excluded when they received neoadjuvant treatment
(n= 49), had tumor positive resection margins (R1; n= 26), T4 disease (n=7),
or when clinical and/ or pathological data was incomplete or missing (n= 54).
The 154 included patients consisted of 126 men (81.8%) and 28 (18.2%) females.
Tumor status at time of resection was T3 disease in 102 (66.2%) and T1 or T2 was
reported in 52 (33.7%) patients.
In 144 (93.5%) patients follow-up data was complete. Median followup was 26.4 months (range 2.7-260.3). Estimated 5 year OS was 33%. The
baseline patient and tumor characteristics are summarized in table 1.
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Table 4
* Multivariate analysis was carried out with variables
with p-value ≤ 0.10 reported in univariate analysis
† As a proportion of patients with positive lymph
nodes (n= 100). Perinodal extension was not
included in multivariate analysis.
‡ G grade indicates tumor differentiation
LNN indicates lymph nodes
CI indicates confidence interval
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p-mTOR expression
Tumor cores of 147 (95.5%) patients were assessable for p-mTOR scoring. In 7
patients p-mTOR status was not assessable either because of absence of tumor
cells (n=4) or absent cores (n=3). Both cytoplasmic and membranous p-mTOR
staining was seen in which partial membranous staining was seen in 38.1% (56/147)
and complete membranous staining in 27.9% (41/147) of cases (figure 1). Overexpression of p-mTOR (i.e. IHC 2+ or 3+ score) was detected in 29 of 147 (19.7%)
cases, whereas 118 (80.3%) patients showed negative p-mTOR expression (figure 1).
Prognostic significance of p-mTOR
Over-expression of p-mTOR was not correlated with any of the clinical and
pathological variables (Chi-square test, table 3), although a trend towards
vasoinvasion and p-mTOR over-expression was seen (p=.057). Patients with
p-mTOR over-expression had a significantly worse overall survival (OS) compared
to patients with negative expression (HR 1.648; 95% CI 1.019-2.664; p=.042, table
4). Median survival was 21.2 months in patients with p-mTOR over-expression and
29.0 months in patients with negative expression (p=.040; log rank test, figure 2).
In multivariate analysis, T-stage (HR 2.795; 95% CI 1.343-5.813; p=.006) and grade
of tumor differentiation (HR 2.198; 95% CI 1.353-3.570; p=.001) were significantly
associated with poor OS (table 4), but not p-mTOR over-expression (HR 1.402; 95%
CI 0.862-2.279; p=.174, table 4).

DISCUSSION
This is the first study that evaluated the prognostic value of p-mTOR expression
in esophageal adenocarcinoma (EAC). Over-expression of p-mTOR was seen in
19.7% of patients and was significantly associated with a poor overall survival (OS).
A homogenous population of patients with adenocarcinoma was evaluated in the
present study. However, a possible limitation of this study was that the number
of patients with a complete follow-up (n=144) was relatively small. This might
underlie the lack of independent prognostic significance of p-mTOR expression;
in multivariate analysis the grade of tumor differentiation and T-stage, but not
p-mTOR over-expression were independent prognostic variables for a poor OS.
Possibly in a larger population with adenocarcinoma p-mTOR will be independently
and significantly associated with survival.
A borderline significance was found between p-mTOR over-expression and
vasoinvasive tumor growth (p=.057). Vasoinvasive tumor growth requires
degradation of components of the extracellular matrix through collagenases, e.g.
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metalloproteinase-9 (MMP-9). Previously, a relationship between p-mTOR, MMP9 and vasoinvasive tumor growth was shown.[14] It can be hypothesized that in
EAC, the effect of p-mTOR on survival might be through vasoinvasive tumor growth
by up-regulation of MMP-9. However, this is hypothetical and requires further
investigation in future clinical trials.
Also in other human cancers including ESCC, p-mTOR over-expression was reported
ranging from 16-64%.[7, 8, 15-20] In addition, in most of these studies p-mTOR
over-expression was an independent prognostic factor for poor survival.[8, 15-20].
On the contrary, in endometrial and cholangiocarcinoma, and in Ewing sarcoma
p-mTOR over-expression was significantly associated with improved prognosis.[2123] However, limitations of these studies were the small sample sizes. Therefore no
definite conclusions can be drawn from these studies. It can be concluded that in
most human cancers, p-mTOR over-expression is associated with poor prognosis.
In the present study, immunohistochemistry (IHC) was used to evaluate p-mTOR
expression, which is a generally accepted method to evaluate protein expression for
diagnostic purposes. Moreover, IHC enables precise localization of the signal within
the tumor cell.
Using IHC, the present study showed both cytoplasmic and membranous p-mTOR
localization. This is in consistence with previous studies.[16, 17, 20, 24] The
significance of p-mTOR cell membrane localization in cancer cells is not known. It
can be hypothesized that in cancer cells p-mTOR translocation to the cell membrane
is a reflection of inappropriate activation of the PI3K/Akt/mTOR pathway. However,
again this is hypothetical and should be investigated in future studies.
The PI3K/Akt/mTOR pathway is negatively regulated by tumor suppressors
phosphatase and tensin homolog (PTEN) and tuberous sclerosis proteins 1 and
2 (TSC1-2). Loss of PTEN and TSC1-2 leads to increased p-Akt, p-mTOR, S6K1 and
4EBP1 expression. Because pharmaceutical development of rapamycin (analogues)
is more advanced and validated in clinical trials compared with p-Akt, PI3K, p-S6K1
and 4EBP1 inhibitors, only expression of p-mTOR was evaluated in the present
study.[25]
Preclinical studies with esophageal cancer cells, reported everolimus-induced
p-mTOR down-regulation and G1/S cell cycle arrest.[26] Despite these promising
results, no clinical trials including solely patients with esophageal cancer have yet
been performed yet.
To date, some patients with esophageal cancer (n=6) along with other advanced
and/ or metastatic solid tumors (n=180) were included in phase I/II studies with
everolimus.[27-30] Response rates were reported in 4 patients (4/92; 4.3%) of
which 1 had esophageal cancer, and in 2 (2/9; 22.2 %), also including 1 patient
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with esophageal cancer.[29, 30] In 2 other studies, response rates of 3.6% (1/28)
and 35.0% (20/57), respectively were reported.[27, 28] In addition, in a case report
rapamycin led to a stable disease that lasted for 7 months.[31]
In none of these studies a clinical complete response was reported.[27-30] It
should be noted that p-mTOR inhibition therapy was used as adjuvant therapy in
patients with advanced disease. In addition, this moderate success might be due to
nonspecific selection of patients for p-mTOR molecular therapy.[27-30] Results of
the present study recommend selection of patients with p-mTOR over-expression
for p-mTOR inhibition therapy.
In conclusion, p-mTOR over-expression was seen in 19.7% of patients and was
associated with a poor overall survival.
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ABSTRACT
Background
In esophageal adenocarcinoma (EAC), concordance and prognostic significance
of HER2 protein over-expression and gene amplification is equivocal, which led
us to reevaluate this by immunohistochemistry (IHC) and in situ hybridization.
Methods
154 patients were included in a tissue micro array (TMA). HER2 gene amplification
was assessed by fluorescence and silver-enhanced in situ hybridization (FISH and
SISH) and expression with the HercepTestTM.
Results
HER2 was amplified in 16% by SISH and 18% by FISH. HER2 positivity (IHC 3+/2+
with ISH+) was seen in 12% and over-expression (IHC 3+/2+) in 14%. Concordance
was 92% between SISH/IHC, 90% between FISH/IHC and 95% between SISH/FISH.
All IHC 3+ cases were amplified by SISH and in 93% by FISH. Of the IHC 2+ this was
33% (SISH) and 50% (FISH). Of the IHC 1+ cases, still 6% (SISH) and 8% (FISH) showed
amplification. HER2 positivity, over-expression and amplification were all associated
with poor cancer specific survival, in univariate analysis. Furthermore, HER2
positivity and amplification (SISH) were independently associated with poor survival
(HR 6.343; 95% CI 1.218-36.234; P=.029 and HR 3.231; 95% CI 1.092-9.563; P=.034).
Conclusion
HER2 positivity and gene amplification are fairly frequent and independently
associated with poor survival.
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INTRODUCTION
In the Western world, esophageal cancer constitutes the 7th leading cause
of tumor death.[1] Advances in surgical techniques and introduction of
neoadjuvant chemo(radio)therapy has already improved patient’s prognosis.
[2, 3] Further improvements might come from molecular therapy that
targets biological markers that play a key role in oncological processes.
The proto-oncogene, human epidermal growth factor 2 (HER2) receptor can
be specifically targeted by monoclonal antibody trastuzumab. Activation of
HER2 plays a pivotal role in cell proliferation, inhibition of apoptosis and tumor
progression, which is mainly mediated through the Ras/Raf/Mitogen-activated
protein kinase (MAPK) and the phosphatidylinositol-3-kinase/Akt mammalian
target of rapamycin pathway.[4, 5] In this, HER2 protein over-expression and
HER2 gene amplification represent features of adverse clinical outcome.
In the ToGa trial (Trastuzumab for Gastric Cancer) on patients with advanced
gastric or gastro-esophageal junction (GEJ) carcinomas who had a positive HER2
status, it was shown that addition of trastuzumab to chemotherapy significantly
improved survival.[6] Because of the similarities between gastric and esophageal
carcinoma with respect to risk factors and molecular characteristics,[7] evaluation
of HER2 in esophageal carcinoma might have clinical consequences as well.
There are several methods to determine the HER2 status; immunohistochemistry
(IHC) to evaluate protein expression, and molecular techniques such as in situ
hybridization (ISH) to investigate the amplification status. Post-hoc analysis of
the ToGa trial showed that patients with HER2 protein over-expression derived
the greatest benefit from trastuzumab.[6] Therefore, IHC was recommended
as initial HER2 testing method.[8] According to guidelines for gastric and breast
cancer, tumors with an IHC 3+ score are considered as positive and IHC 1+ as
negative for HER2 expression. Tumors with IHC 2+ are considered equivocal and
are subjected to validated ISH techniques like fluorescence and silver-enhanced
in situ hybridization (FISH and SISH, respectively). Patients with IHC 3+ or 2+
with HER2 gene amplification are then considered eligible for trastuzumab.[8]
However, in esophageal adenocarcinoma (EAC), selection criteria for trastuzumab
therapy are unclear, it is unknown which HER2 testing method can be best
used to identify a HER2 positive tumor, and published data on the prognostic
significance of HER2 in EAC are conflicting.[9-17] A recent meta-analyses however,
showed that a HER2 positive status is associated with a poor survival.[18]
Moreover, HER2 gene amplification is usually seen in patients with IHC 3+, but the
percentage of HER2 gene amplification in patients with IHC 0, 1+ and 2+ is unclear.
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We hypothesized that HER2 over-expression and gene amplification are
seen in approximately 22% of patients[6, 18] and that a HER2 positive
status results in a poor prognosis. The aim of the study was to evaluate
the percentage of HER2 gene amplification in all HER2 IHC groups, and to
confirm their prognostic value in EAC using different HER2 testing methods.
Study population
All patients who underwent esophagectomy for cancer between August 1988
and November 2009 at the University Medical Center Utrecht were collected in a
database. Patients with histologically proven EAC were included whereas patients
with neoadjuvant treatment were excluded. Positive resection margins (R1)
according to the College of American Pathologists (CAP) criterion [19] and patients
with pathological T4 disease were also excluded because these pathological
features represent advanced stage of the disease and are associated with a very
poor survival [20] irrespective of the HER2 status. Furthermore, patients who
died in-hospital or within 30 days from operation, were excluded from analyses.
A HER2 positive status was defined as IHC 2+ or 3+ staining (IHC), or ≥6
HER2 gene copy numbers (SISH), or a HER2/CEP17 ratio ≥1.8 (FISH) or IHC
3+ and 2+ staining in combination with gene amplifications (according
to the gastric scoring method). This modified HER2 scoring system was
also applied in the current study, because gastric cancer and esophageal
adenocarcinoma share similarities with regard to etiology and risk factors.[7]
All tumor resection specimens were reviewed by an experienced pathologist
Figure 1.
A-D: TMA cores from one patient showing HER2 positivity
A: H&E core;
B: IHC 3+ staining;
C: ≥10 copies (SISH);
D: HER2 amplified tumor (FISH)
E-H: TMA cores from one patient showing discordant results between IHC and ISH (SISH and FISH)
E: H&E core;
F: IHC 1+ staining
G: focal ≥6 copies (SISH)
H: polysomy (FISH)
I: FISH analysis showed polysomy (HER2/CEP17 ratio 1.233). SISH analysis showed 6-10 HER2 gene
copy numbers and IHC analysis showed 3+ staining (data not shown)
J: FISH analysis showed polysomy (HER2/CEP17 ratio 1.100). SISH analysis showed 6-10 HER2 gene
copy numbers, while IHC analysis showed 1+ staining (data not shown)
K: Heterogenous HER2 gene amplification as shown with FISH. SISH analysis showed ≥ 6 HER2 gene
copy numbers, while IHC showed 2+ staining (data not shown)
L: FISH showed an amplified tumor. SISH analysis showed ≥ 6 HER2 gene copy numbers, while IHC
analysis showed IHC 1+ staining (data not shown)
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(FJWtK). Tumors were staged according to the tumor node metastasis (TNM)
staging system (7th edition).[21] Patients were followed up until death or up
to June 2012. Primary and secondary outcome was the prognostic value of a
positive HER2 status and the agreement between the different HER2 testing
methods. The study was performed in accordance with the local ethical guidelines
concerning informed consent using patient’s material after surgical resection.
TMA construction
Formalin-fixed,
paraffin-embedded
tumor
blocks
were
used
for
construction of a tissue micro array (TMA) as described previously.[22]
IHC, SISH and FISH
HER2 IHC staining was performed using an automated staining machine (BondTM
System, Leica Microsystems GmbH, Wetzlar, Germany) and a biotin-free BondTM
Polymer Define Detection System (Leica Microsystems GmbH, Catalog no DS98000).
Automated staining steps included antigen retrieval (BondTM epitope retrieval
solution 2) and incubation with the primary antibody (Neomarkers SP3, RM9103-s,
91035906D, 1:100, Fremont USA) for 15 minutes.
SISH analysis was performed using the automated SISH staining machine (BenchMark
XT, Ventana). The staining procedure steps included deparaffinization, pre-treatment
(based on ‘heat unmasking’ using reaction buffer during 36 minutes), incubation
with ISH protease 3 (8 minutes), incubation with HER2 probe (SISH V-Probe, 2 drops
for 4 minutes), hybridization (52°C during 6 hours), denaturation (72°C, during 24
minutes), washing procedures (Stringency Saline-Sodium Citrate buffer (pH 7.0) #1,
#2 and #3), incubation with Silver C (1 drop, 8 minutes) and counterstaining with
Hematoxylin.
FISH was carried out with the automated FISH staining procedure (Menarini
Diagnostics, Leica) which included several steps. Between all steps, slides were
washed in Bond Wash Solution (150 µl) (1-12 minutes). In the first step, Bond
Dewax Solution (150 µl) was added to paraffin-embedded slides for 2 minutes.
Subsequently, slides were washed with alcohol (150 µl) during 1 minute. Antigen
retrieval was achieved using Bond ER Solution (150 µl, 32 minutes) followed
by incubation with enzyme 5 (ID 2006, reagent UPI 03045025) for 2 minutes.
Subsequently, the slides were incubated with LSI HER2/CEP17 probe 3D test (ID
2006) during 19 minutes. The slides were rinsed with Post Hybridization Wash 2 (ID
2006) (150 µl) for 2 minutes. The slides were then washed in deionized water (150
µl) during 103 minutes and were dried.
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Table 2
* Multivariate analysis was carried out with
variables with p-value ≤ 0.10 reported in
univariate analysis
† As a proportion of patients with positive
lymph nodes (n= 100). Perinodal extension
was not included in multivariate analysis.
‡ G grade indicates tumor differentiation
LNN indicates lymph nodes
CI indicates confidence interval
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Figure (2A) CSS according to low (IHC 0/1+)
and high HER2 protein expression (IHC 2+/3+).
Log rank test was used to compare differences
between survival curves. Patients with a HER2
protein over-expression had significantly worse
CSS compared with patients with low HER2
expression (P=.020). Median survival was 35.6
and 20.7 months, respectively in patients with
low and protein over-expression.
(2B) CSS according to low (<6) and high (≥6)
HER2 gene copy numbers. Patients with gene
amplification (≥6) had significantly worse
CSS compared with patients without HER2
amplification (P=.042). Median survival was 21.0
in patients with, and 39.4 months in individuals
without HER2 gene amplification.
(2C) CSS according to HER2 positivity and
negativity. Patients with HER2 positivity (IHC 3+
or 2+ with gene amplification) had a significantly
worse CSS compared with patients with HER2
negative expression (P=.043). Median survival
was 35.6 in the negative and 20.7 months in
patients with HER2 positivity.
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Scoring of the tissue micro array (TMA)
Immunohistochemical scoring was performed by 2 readers (FJWtK and MJDP).
Inter-observer variation was <5%. For the SISH score, the TMA slides were
simultaneously evaluated by the same readers. Thereafter, the FISH score
was evaluated by 1 reader (MJDP). Because FISH has a low inter-observer
variation [23] it was not thought to be beneficial to check again for this well
established low inter-observer variability. In all cases, the readers were blinded
for the other HER2 testing methods.Immunohistochemical (IHC) scoring of
HER2 expression was based on the modified and validated Hercep TestTM.[24]
HER2 heterogeneity
HER2 heterogeneity was defined as the presence of both HER2 protein overexpression/ gene amplification in 1-2 tumor core(s) (not expressed as a percentage)
and low HER2/ absence of gene amplification in the other core(s), observed in 1 tumor.
Statistical analysis
Retrospective power analyses (power 80%, α= 0.05), based on a previously
published data [10] showed that a minimum of 108 patients needed to be included
to detect a difference in survival between HER2 positive and negative patients.
Associations between clinical features such as age, gender, recurrence of
disease and pathological features such as T-stage, positive lymph nodes etc.
on the one hand, and a positive HER2 status on the other hand were evaluated
using the Pearson’s Chi-square test. Kaplan Meier function was used to compare
the cancer specific survival (CSS, defined as the period between surgery and
death due to cancer) among patients with positive and negative HER2 status.
The clinical and pathological features summarized in table 2 (left column), were
included in univariate analysis, in which HER2 ratio by FISH indicates HER2 copy
numbers to chromosome 17 centromere (HER2/CEP17 ratio; ≥1.8 versus <1.8) and
lymph node ratio the number of positive nodes divided by the total number of resected
nodes; ≤25% versus >25%. Variables with a P-value <0.10 were included in multivariate
analysis (Cox proportional hazards regression analysis). All analyses were performed
using standard statistical software (SPSS version 20.0; SPSS inc, Chicago, Illinois).
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RESULTS
In total, 290 patients were operated for EAC between 1988 and 2009. Patients with R1
resection (N=26), T4 disease (N=7), patients who received neoadjuvant chemotherapy
(N=49) and patients with incomplete follow-up data (N=54) were excluded from
analysis, leaving 154 patients (table 1). Follow-up was complete in 144 (94%) patients
and median follow-up was 27.1 months (range, 2.7-271.1). The 5 year CSS was 38%.
HER2 protein expression
Tumor cores of 149 (97%) patients were available for immunohistochemical
evaluation. In 5 cases cores were missing because of absence of tumor cells
(N=3) or missing cores (N=2). In total 89 patients (60%) were negative for HER2;
39 (26%) patients showed IHC 1+; 6 (4%) had IHC 2+ and 15 (10%) patients had
an IHC 3+ score. HER2 over-expression was seen in 14% of patients and was
significantly associated with poor CSS (HR 1.897; 95% CI 1.098-3.277; P=.022,
table 2). Median survival was 20.7 months in patients with HER2 over-expression
and was 35.6 months in patients with low protein expression (P=.020, log rank)
(figure 2A). Furthermore, HER2 protein over-expression was associated with
lymph node ratio >25% (P=.042) and with distant metastasis (P=.044, Chi-square,
supplementary table 1A). HER2 protein over-expression was more frequently
observed in gastro-esophageal junction tumors than in distal esophageal tumors
(17.1% versus 7.3%), however this was statistically not significant (p=.128).
HER2 gene amplification by SISH
Cores of 153 patients (99%) were available for SISH analysis. In 1 patient, the cores
were not assessable because of absence of tumor cells. Low level amplification (610 copies) was seen in 8 (5%) patients, and 17 (11%) had high level amplification
(>10 copies). In total 25 (16%) patients had HER2 gene amplification (≥6).
Gene amplification was significantly associated with T-stage (P=.011), lymph node
ratio >25% (P=.001), and with recurrence of disease (P=.044, supplementary table 1B).
Patients with HER2 gene amplification (≥6) had a significantly worse CSS (HR 1.691; 95%
CI 1.014-2.820, P=.044, table 2). Median survival was 21.0 in patients with, and 39.4
months in individuals without HER2 gene amplifi cation (P=.043, log rank, figure 2B).
HER2 gene amplification by FISH
Cores of 149 patients (97%) were available for FISH evaluation. Tumor cores of 2
patients were absent, and in 3 cases the cores did not contain tumor cells. Amplified
tumors (HER2/CEP17 ratio ≥1.8) were seen in 27 patients (18%). A high HER2 ratio (≥1.8)
was significantly associated with worse CSS (HR 1.828, 95% CI 1.102-3.033, P=.020,
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table 2 and supplementary figure 1), with median age (P=.029) with T-stage (P=.048),
vasoinvasive tumor growth (P=.046), lymph node metastases (P=.036), lymph node
ratio >25% (P=.004) and with recurrence of disease (P= .047, supplementary table 1C).
CEP17 copy number increase (i.e. ≥3 copy numbers of centromere 17) was seen
in 18 of 149 (12%) cases. Furthermore, 16 of 18 (89%) patients with CEP17
copy number increase had low HER2 expression whereas only 2 of 18 (11%)
patients had HER2 over-expression, this result was statistically not significant
(P=.655). CEP17 copy numbers (≥3) was neither associated with clinical or
pathological features nor with CSS (HR 1.318, 95% CI 0.679-2.556, P=.415).
HER2 positivity
According to the current standard used in gastric cancer, 12% of patients had HER2
positivity. This HER2 positivity was not associated with any of the included clinical
and pathological variables (data not shown), but was significantly associated with
a poor CSS (HR 1.828; 95% CI 1.010-3.309; P=.046). Patients with HER2 positivity
had a median survival of 20.7 versus 35.6 months in patients who were negative
(P=.043, log rank) (figure 2C).
Concordance between IHC, FISH and SISH
Concordance between IHC and SISH was 92% (136 of 148), was 90% between IHC
and FISH (131 of 145), and was 95% between SISH and FISH (141 of 149) (data not
shown). More specifically, all patients (15 of 15, SISH) and 93% (14 of 15, FISH)
with IHC 3+, had gene amplification. In patients with IHC 2+, gene amplification
was seen in 33% (2 of 6, SISH) and in 50% (3 of 6, FISH). However, also in the IHC
1+ group, gene amplification was seen in 6% (8 of 128, SISH) and in 8% (10 of 124,
FISH) (data not shown). Patients with IHC 0 did not have HER2 gene amplification.
Patients with HER2 IHC 3+ expression can be considered as ‘true’ HER2 positive
tumors, because in gastric, gastro-esophageal junction and in breast cancer
these patients are eligible for trastuzumab therapy and no further analysis
is required. The sensitivity of FISH to detect an IHC 3+ HER2 tumor was 93%
(14 of 15) and was 100% (15 of 15) when SISH was applied (data not shown).
Furthermore, SISH interpretation was less time consuming compared with FISH.
HER2 heterogeneity
HER2 protein intratumoral heterogeneity was observed in 10 of 148 (7%) cases.
HER2 gene copy number heterogeneity was found in 3% (5 of 153) using SISH, and
was in 6% (9 of 149) using FISH (e.g. figure 1k).
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Multivariate analysis
In multivariate analysis, HER2 positivity (HR 6.343; 95% CI 1.218-36.234; P=.029),
HER2 gene amplification (SISH) (HR 3.231; 95% CI 1.092-9.563; P=.034), T-stage
(HR 3.465; 95% CI 1.310-9.169; P=.012), grade of tumor differentiation (HR 2.450;
95% CI 1.381-4.344; P=.002) and lymph node ratio (HR 2.497; 95% CI 1.4054.438; P=.002) were independent prognostic markers for poor CSS, but not HER2/
CEP17 ratio by FISH and HER2 protein over-expression (HR 1.103; 95% CI 0.4322.815; P=.838 and HR 1.434; 95% CI 0.401-5.121; P=.579, respectively) (table 2).

DISCUSSION
To our knowledge, this is the first study in EAC that included several techniques
to evaluate HER2 in one tissue microarray, showing that HER2 positivity
(12%) and HER2 gene amplification as assessed with SISH (16%), were
independently associated with poor CSS. Concordance between IHC and
SISH was 92%, between IHC and FISH 90% and 95% between SISH and FISH,
which is similar to previously published IHC/ISH concordance rates.[25, 26]
Most discordant cases were found in patients with low IHC HER2 expression, who
still had HER2 gene amplification (6-8%). In esophageal cancer, this phenomenon has
been reported before with percentages ranging from 2-33%.[10, 15, 16, 25, 26] The
IHC/ISH disagreement observed might be explained by erroneous post-translational
processes, such as inappropriate protein glycosylation, incorrect 3-dimensional
folding and dysfunctional mobilization of the protein to the cell membrane, resulting
in decreased HER2 protein expression, while the HER2 gene is amplified.[27]
In literature, a number of studies reported the independent prognostic significance
of a positive HER2 status in EAC.[10-12] Also a recent meta-analysis confirmed the
results of the present study,[18] however most studies failed to find any association
between HER2 and survival.[13-17] The absence of standardized HER2 testing
methods might underlie these contrasting results. In EAC there is no clear definition
of a true positive HER2 tumor. Trastuzumab has not been registered for EAC yet.
However, if that was the case, according to the HER2 scoring guidelines for gastric
cancer [24], 12% of patients would be eligible for therapy. When using SISH or FISH
as first testing method, 16-18% of patients would have been selected, including
patients with IHC 1+ with gene amplification. Therefore, it must be considered to
reevaluate EAC patients with IHC 1+ with in situ hybridization techniques in order
to reduce the number of false-negative cases, which results in under treatment
of patients. It should be noted here that SISH proved to be equally sensitive as
FISH, but was less time-consuming and may therefore be the preferred technique.
Traditionally, correction for chromosome 17 polysomy was believed to be essential
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to identify a true HER2 amplified tumor, because only the latter group is thought to
respond to trastuzumab therapy. Polysomy is defined as ≥3 centromere 17 copies,
which is assumed to be representative for chromosome 17. A study in breast cancer
reported that genes localized on chromosome 17 showed a complex pattern of gains
and losses, which was unrelated with centromere 17 copy numbers. It was therefore
concluded that chromosome 17 polysomy is a rare event.[28] Although the entire
chromosome 17 was not evaluated in the present study, true polysomy, defined
as a complete gain of chromosome 17 might be a rarity in EAC as well. Increased
copy numbers of centromere 17 were seen in 18 of 149 (12%) cases and did not
have prognostic significance, which is similar to previous studies.[17, 25] Therefore,
evaluation of the absolute HER2 gene copy numbers might be sufficient to identify
HER2 amplified tumors. Moreover, from literature it is suggested that if ≥6 gene
copies are seen with a single probe, then the sample can be considered as positive,
irrespective of the presence of increased chromosome 17 centromere copies.[29]
In esophageal cancer there are no definite agreements with regard to ‘borderline’
amplified tumors. In breast cancer ‘borderline’ amplification is defined as a
HER2 ratio of 1.8-2.2. In the present study, 5 patients had a HER2 ratio between
1.8-2.2. SISH showed 6-10 HER2 copies in 60% (3 of 5) of these cases. This
suggests that a HER2 ratio of 1.8-2.2 represents a minor subgroup that can be
incorporated in the amplified category. A future trial should determine whether
patients with ‘borderline’ amplification benefit from trastuzumab therapy.
In breast, gastric and gastro-esophageal junction carcinoma, HER2 is a well
established therapeutic target.[6, 30] To date, in esophageal cancer only 2 studies with
trastuzumab in combination with chemo(radio)therapy have been performed. Results
of these studies showed a pathological complete response in 3 of 7 (43%) patients
that underwent surgical resection,[31] and an overall response rate (i.e. complete
and partial response) of 32% (7/22) of patients with unresectable disease.[32] These
results emphasize the need for initiation of a clinical trial with trastuzumab therapy
for patients with esophageal adenocarcinoma who have a HER2 positive status.
In conclusion, HER2 gene amplification was seen in 16% (SISH) and in 18% (FISH),
HER2 protein over-expression in 14% and HER2 positivity in 12% of patients.
In multivariate analysis, HER2 positivity and gene amplification (SISH) were
independently associated with a poor CSS, but not HER2/CEP17 ratio (FISH)
and HER2 over-expression. When using the current guidelines for gastric cancer
concerning HER2, patients could be selected who significantly had a worse prognosis,
indicating that these guidelines can also be applied for patients with esophageal
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cancer. However, it must be considered to reevaluate IHC 1+ patients with ISH, in
which SISH is the preferred method. Future clinical trials should determine whether
patients with IHC 1+ who have gene amplification benefit from trastuzumab therapy.
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Supplementary figure 1.
CSS according to HER2 high and low ratio. Patients with a HER2 ratio (≥1.8) had a significantly worse
CSS compared with patients with a low HER2 ratio (P=.019). Median survival was 41.3 in the low and
21.0 months in the high HER2 ratio (≥1.8).
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ABSTRACT
Introduction
The manual fluorescence in situ hybridization (FISH) HER2/CEP17 testing method
is frequently used, however, it is a time consuming and reliable to subjectivity.
Automation of FISH might increase the throughput and accuracy. Aim of the study was
to evaluate the agreement between automated and conventional FISH with regard
to a reference test (SISH) for HER2 amplification, as well as its prognostic significance.
Methods
154 esophageal adenocarcinomas were included in a tissue micro array (TMA).
HER2/CEP17 gene amplification was assessed by automated FISH and was compared
with conventional HER2/CEP17 testing methods.
Results
46.8% of patient showed HER2 amplified tumors by automated FISH (ratio ≥1.8)
compared with 18.1% by conventional FISH. A high automated HER2/CEP17 ratio
(≥1.8) was significantly associated with worse survival (HR 1.731; 95% CI 1.0752.786; p=.024). However, agreement between automated and conventional
FISH was only 72.2% and 71.4% between automated FISH and SISH, compared
with 94.6% for conventional FISH/SISH. Therefore, thresholds for HER2/CEP17
amplification were sequentially raised from HER2/CEP17 ratio 1.8 till 5.0.
A HER2/CEP17 ratio threshold of ≥3.6 had similar prognostic significance as
conventional FISH (HR 1.880; 95% CI 1.060-3.332; p=.031 versus HR 1.828;
95% CI 1.102-3.033; p=.020), yielded comparable amplification rates as
conventional FISH (14.3% versus 18.1%) and comparable agreement to SISH/IHC.
Conclusion
Automation of HER2 FISH analysis in esophageal cancer has not been performed
before. Automated HER2 is feasible, but it seems that the HER2/CEP17 threshold
should be adjusted to ≥3.6 to arrive at best comparability with other methods and
prognostic value.
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INTRODUCTION
HER2 protein over-expression and gene amplification is frequently seen in
several cancer types such as breast, gastric and also in esophageal cancer.
[1-3] Accurate evaluation of the HER2 status in esophageal cancer is
important to select patients for HER2 targeting therapy such as trastuzumab.
Indeed, HER2 positive patients with gastric and esophageal junction
adenocarcinoma seem to significantly benefit from trastuzumab therapy.[1]
Patients with IHC 3+ are considered positive and eligible for trastuzumab therapy,
whereas IHC 0/1 are considered not eligible.[4, 5] The remaining IHC 2+ cases
are considered equivocal, and are subject to second-line molecular testing of
gene amplification status by fluorescence or silver-enhanced (FISH and SISH)
techniques of which FISH is most commonly used. With the FISH technique,
probes bind to the HER2 gene, and other probes bind to the centromere region of
chromosome 17 (CEP17), which is used to correct for chromosome 17 polysomy.[3]
At present, assessment of the FISH signals is typically performed by
manual counting of the HER2 and CEP17 signals. Subsequently, the HER2/
CEP17 signal ratio is calculated. However, manual FISH signal counting
is time consuming and might be prone to subjectivity. Furthermore,
counting can be complicated by overlapping HER2 and/or CEP17 signals.
We hypothesized that automated scoring of FISH signals by image analysis
improves the throughput and accuracy of HER2 testing. The aim of this study was
therefore to compare automated image FISH based analysis with conventional
FISH, SISH and IHC HER2 testing methods with regard to its prognostic significance.

MATERIALS AND METHODS
Study population
All data from patients who underwent esophagectomy for cancer between August
1988 and November 2009 at the University Medical Center Utrecht were collected
as described before.[3]
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.[6] Primary outcome parameters were
the comparative prognostic significance of HER2/CEP17 FISH ratio using
automated and manual analysis, and concordance between HER2 methods.
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FISH staining
FISH was carried out with the automated FISH staining procedure (A. Menarini,
Benelux) which included several steps, as described previously. In short, antigen
retrieval was achieved using Bond ER Solution (150 µl, 32 minutes) followed by
incubation with enzyme 5 (ID 2006, reagent UPI 03045025) for 2 minutes. Then,
slides were incubated with LSI HER2/CEP17 probe 3D test (ID 2006) during 19
minutes. The slides were rinsed with Post Hybridization Wash 2 (ID 2006) (150 µl) for
2 minutes, then washed in deionized water (150 µl) during 103 minutes, and dried.
Automated FISH counting
FISH counting was performed using the D-sight imaging device (A. Menarini,
Benelux) according to the instructions of the manufacturer. Areas of tumor
cells were selected using the DAPI filter, red and green spots were segmented
automatically and the HER2/CEP17 ratio of non-overlapping nuclei (80%
probability) was automatically calculated. Non-tumor cells were removed
from the analysis, and the final HER2/CEP17 ratio was summarized in tables.
In total, 14 different focal layers were projected into a single best-focus image.
Conventional FISH counting
Counting of the FISH signals was based on HER2 copy numbers and
copy numbers of chromosome 17 centromere. Approximately, 40 nuclei
per tumor were evaluated, and the mean HER2/CEP17 signal ratio was
calculated. A ratio of ≥1.8 was considered as HER2/CEPT17 amplified.
Conventional IHC and SISH
IHC staining was done on the tissue micro array (TMA) slides as described
previously.[3] SISH staining was performed using the automated SISH staining
machine (BenchMark XT, Ventana), in which a single probe for HER2 gene copy
numbers was used. Six or more HER2 gene copies were considered as HER2
amplification.[3]
Statistical analysis
Associations between clinical features and automated HER2/CEP17 ratio were
evaluated using cross tabulation (Pearson’s Chi-square and Pearson correlation).
Survival rates were estimated by using the Kaplan-Meier curves and log rank test
to compare cancer specific survival (CSS, defined as the period between surgery
and death due to cancer) and overall survival (defined as the period between
surgery and death) among patients with positive and negative HER2 status.
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Table 1. Baseline Characteristics (n= 154)
n (%)*

Table
Table 11
** Data
Data are
are nn (%),
(%), unless
unless noted
noted otherwise
otherwise
†† In
In 44 cases
cases resection
resection specimen
specimen did
did not
not
contain
contain lymph
lymph nodes.
nodes.
Median
Median number
number of
of resected
resected lymph
lymph nodes
nodes
was
was 13
13 (range
(range 0-70)
0-70)
‡‡ As
As aa proportion
proportion of
of patients
patients with
with lymph
lymph
node
node involvement
involvement (n=
(n= 104)
104)
LNN
LNN indicates
indicates lymph
lymph nodes
nodes

Gender
Male
Female
Age (y)
Median (range)
Tumor extend (T stage)
T1-2
T3
LNN involvement
Yes
No
Unknown†
LNN ratio > 25%
Yes
No
Unknown†
Perinodal extension ‡
Yes
No

126 (81.8)
28 (18.2)
64.0 (33.8-81.3)
52 (33.8)
102 (66.2)
104 (67.5)
46 (29.9)
4 (2.6)
48 (31.2)
102 (66.2)
4 (2.6)
62 (59.6)
42 (40.4)

* Data are n (%), unless noted otherwise
† In 4 cases resection specimen did not contain lymph nodes.
89
89
Median number of resected lymph nodes was 13 (range 0-70)
‡ As a proportion of patients with lymph node
involvement (n= 104)
LNN indicates lymph nodes
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Table 2: Correlation of HER2 gene amplification and clinical and pathological parameters; * Tumor cores from 126 and 149 patients, respectively
were assessable for automated and conventional FISH analysis; † Pearson Chi-square test; ‡ A proportion of patients (n=10) experienced both locoregional and distant metastases; LNN indicates lymph nodes. Bold values indicates significant results.
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Table 3A
Agreement between automated FISH and conventional FISH
FISH (automated) <1.8 (FISH)
1.8-2.0 (FISH)
≥2.0 (FISH)

AUTOMATED HER2

Total

Non amplified
<1.8

66

1

0

67

Low amplification
1.8-2.0

7

0

0

7

High amplification
≥2.0

27

0

25

52

Total

100

1

25

126

Table 3B
Agreement between automated FISH and conventional SISH
FISH (automated) 0-5 copies (SISH)
6-10 copies (SISH) ≥10 copies (SISH)

Total

Non amplified
<1.8

66

1

0

67

Low amplification
≥1.8-2.0

6

1

0

7

High amplification
≥2.0

29

6

17

52

Total

101

8

17

126

Table 3C
Agreement between conventional FISH and SISH
FISH
0-5 copies (SISH)
6-10 copies (SISH) ≥10 copies (SISH)
(conventional)
Non amplified
119
3
0
<1.8

Total
122

Low amplification
≥1.8-2.0

1

1

0

2

High amplification
≥2.0

4

4

17

25

Total

124

8

17

149

3A: In total, tumor cores of 126 patients were available to compare FISH (conventional) and
automated FISH score. Identical results (FISH conventional and automated FISH results) are shown
in bold. Overall agreement of was 72.2% (91/126). In 35 cases automated FISH results were different
from the FISH score (manual counting). Almost all discordant cases were seen in the <1.8 group
(manual score). 3B: In total, tumor cores of 126 patients were available to compare SISH and the
automated FISH score. Identical results are shown in bold. Overall agreement of was 71.4% (90/126).
3C: Tumor cores of 149 patients were available to compare both in-situ hybridization techniques; SISH
and conventional FISH. In 94.6% (141/149) of cases, SISH and FISH evaluation showed identical results.

91

92

Figure 2. Disagreement between automated and conventional FISH in esophageal adenocarcinoma. Automated HER2 analysis showed a ratio of
3.040 (A) whereas in the same tumor a ratio of 1.233 was estimated using conventional FISH (B). A possible explanation might be that with HER2
digital scoring approximately 40 nuclei could be shown simultaneously, compared with at most 25 nuclei by conventional FISH microscope. Areas of
heterogeneity could be relatively easily identified with D-sight imaging, while these could be missed with conventional microscopy.
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Figure 3. Association between HER2/CEP17 amplification and survival in esophageal adenocarcinoma. A: The HER2/CEP17 threshold of ≥1.8 was significantly associated with poor CSS. Median survival
was 50.2 months in patients with a low ratio and was 24.0 months in patients with a ratio of ≥1.8 (log
rank, p=.022). B: The HER2/CEP17 threshold of ≥3.6 was also significantly associated with poor CSS.
Median survival was 39.4 months in the low and 20.7 months in patients with a ratio of ≥3.6 (log
rank, p=.028).
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p-value of <0.10 were included in multivariate survival analysis by Cox regression
to control for confounding. P-values <0.05 were considered statistically significant.
All analysis were performed using SPSS (version 20.0; SPSS inc, Chicago, IL).
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Table 4: Agreement between different automated FISH thresholds and conventional HER2 testing
methods
Thresholds for automated FISH were sequentially raised from HER2/CEP17 ratio 1.8 till 5.0 and
agreement between automated HER2/CEP17 ratios and conventional HER2 testing methods were
compared. Furthermore, the association between the different HER2/CEP17 thresholds and prognosis was evaluated.
Bold values indicates significant results.
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26.7
24.5
26.9
†
†
88.9
†
49.4
50.2
39.4
37.6
41.3

Median CSS
in Months
33.9
37.6
20.7
22.9
21.2
18.5
21.6
21.2
24.0
20.7
16.7
21.0

(Univariate)
1.051 (0.593-1.864)
1.002 (0.656-1.531)
1.811 (1.126-2.913)
9.865 (4.283-22.723)
3.084 (1.877-5.070)
3.524 (2.279-5.451)
3.310 (2.121-5.165)
2.543 (1.641-3.940)
1.731 (1.075-2.786)
1.880 (1.060-3.332)
2.491 (1.334-4.651)
1.828 (1.102-3.033)

Unadjusted HR (95% CI)

.865
.992
.014
.000
.000
.000
.000
.000
.024
.031
.004
.020

p value

3.271 (1.064-10.063)
1.875 (0.983-3.577)
2.351 (1.250-4.423)
1.399 (0.761-2.570)
1.532 (0.848-2.769)
1.317 (0.686-2.526)
1.337 (0.360-4.966)
3.477 (0.872-13.867)
1.769 (0.669-4.675)

(Multivariate)

Adjusted HR (95% CI) *

Table 5. Univariate and Multivariate analysis of associations between histopathologic parameters
and cancer specific survival (CSS)

Gender (male/female)
Median age (≥64 Y/<64)
Extracapsular (yes/no)‡
T stage (T3/T1,T2)
G grade (G3/G1,G2)$
LNN ratio (>25%/≤25%)
Vasoinvasion (yes/no)
Perineural growth (yes/no)
HER2 automated (≥1.8/<1.8)
HER2 automated (≥3.6/<3.6)
HER2 automated (≥5.0/<5.0)
FISH conventional (≥1.8/<1.8)

Table 5

* Multivariate analysis was carried out with variables with p-value ≤0.10 reported in univariate
analysis
‡ As a proportion of patients with positive lymph nodes (n= 100). Perinodal extension was not
included in multivariate analysis.
† Median survival was not determined, since expected cumulative survival within the study period
did not reach 50%.
$ G grade indicates tumor differentiation; LNN indicates lymph nodes; CI indicates confidence
interval

p value

.039
.056
.008
.280
.158
.408
.665
.077
.250

* Multivariate analysis was carried out with
variables with p-value ≤0.10 reported in
univariate analysis
‡ As a proportion of patients with positive
lymph nodes (n= 100). Perinodal extension
was not included in multivariate analysis.
† Median survival was not determined, since
expected cumulative survival within the study
period did not reach 50%.
$ G grade indicates tumor differentiation;
LNN indicates lymph nodes; CI indicates
confidence interval
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automated HER2 FISH. In 28 of 154 (18.2%) cases, the tumor was not assessable
because of missing cores or due to insufficient quality of the tumor cores.
Consistency of automated FISH
In total, 36 TMA cores of 12 patients were independently reanalyzed by automated
FISH using different thresholds for automatic HER2/CEP17 analysis that are
mentioned in table 4. Agreement between the 2 observations was 94.4% when a
ratio of ≥3.6, 81.0% when a ratio of ≥1.8, and 94.4% when a ratio of ≥5.0 was used.
Agreement between automated FISH and conventional ISH methods
A HER2/CEP17 ≥1.8 by automated FISH analysis was seen in 46.8% (59/126) of patients
and was significantly associated with T-stage (p<.000), perineural growth (p=.003),
lymph node metastases (p<.000), lymph node ratio (p=.026) and with recurrence of
disease (p=.004, table 2). For conventional FISH, a high HER2 ratio of ≥1.8 was seen in
only 18.1% (27/149) of patients, which was significantly associated with median age
(p=.029), T-stage (p=.048), vasoinvasive tumor growth (p=.046), lymph node metastases
(p=.036), lymph node ratio (p=.004) and recurrence of disease (p=.047, table 2).
Agreement between automated and conventional FISH was 72.2% (91/126, table
3A) and correlation was 0.460 (Pearsons correlation (p<.000). The comparison is
illustrated in figure 1 (scatter plot). A discordant case is shown in figure 2. With
HER2 digital scoring more nuclei could be shown simultaneously (approximately
40), compared with at most 25 nuclei by conventional FISH microscope.
Furthermore, agreement between automated HER2 ratio ≥1.8 and IHC was 68.5%
(85/124), compared with 90.3% between conventional FISH and IHC (table 4).[3]
Agreement between automated and conventional FISH with SISH as reference test
To investigate whether conventional or automated FISH can be best used
to identify HER2 amplification, both methods were compared with SISH
as a third reference test. Agreement between automated FISH using the
standard ≥1.8 HER2/CEP17 ratio and SISH was 71.4% (90/126, table 3B)
and was 94.6% (141/149, table 3C) between conventional FISH and SISH.
Because it looked like automated FISH overclassified tumors as
HER2 amplified when using the standard HER2/CEP17 ≥1.8 ratio, the
threshold for HER2 amplification was sequentially raised from 1.8
to 5.0, and agreement with FISH, SISH and IHC reanalyzed (table 4).
Agreement between automated and SISH, was the highest, i.e. 94.4%, when a
HER2/CEP17 threshold of ≥3.0 was used. Using this threshold, 17.5% (22/126)
of patients showed HER2 amplification, compared with 18.1% by conventional
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FISH. Concordance between HER2 ratio ≥3.0 and IHC was 93.5% (116/124)
and compared with 90.3% between conventional FISH and IHC (table 4).
A threshold of ≥3.6 yielded comparable amplification rates as conventional FISH
(18/126; 14.3% versus 18.1%[3]) and showed comparable agreement with SISH
(115/126; 91.3% versus 94.6%[3]) and IHC (114/124; 91.9% versus 90.3%[3], table
4). Furthermore, the ratio of ≥3.6 was significantly associated with T-stage (p=.010),
lymph node ratio (p=.009) and with recurrence of disease (p=.039, table 2).
Agreement between HER2/CEP17 ratio of ≥5.0 and conventional FISH was
89.7% (113/126), was 90.5% (114/126) between SISH and automated FISH,
and was 92.7% (116/126) between automated FISH and IHC (table 4).
Prognostic significance
A HER2/CEP17 ratio ≥1.8 by automated FISH was significantly associated with
worse CSS (log rank, p=.022, figure 3A), but not with worse overall survival (OS)
(HR 1.389; 95% CI 0.907-2.126, p=.131). In comparison, prognostic value of HER2
ratio by conventional FISH was better (HR 1.828; 95% CI 1.102-3.033; p=.020).[3]
A HER2/CEP17 ratio of ≥3.0 was neither associated with CSS (HR 1.490;
95% CI 0.853-2.605; p=.161) nor with OS (HR 1.266; 95% CI 0.745-2.153;
p=.383). By contrast, HER2/CEP17 ratios ≥3.6 was significantly associated
with decreased CSS (log rank, p=.028, figure 3B) but not with OS.
An automated HER2 ratio of ≥5.0 was the strongest predictor of poor
survival (HR 2.491 95% CI 1.334-4.651; p=.004), however using this
threshold only 10.3% of patients were defined as HER2 amplified.
In Cox proportional regression analysis, neither automated HER2/CEP17 ratios
nor conventional FISH were independently associated with poor survival (table 5).

DISCUSSION
HER2 gene amplification portends poor prognosis.[3, 7] Furthermore, HER2 levels
predicts response to HER2 targeted therapy.[1, 8] Despite the need of a robust HER2
testing method, consensus regarding the optimal HER2 testing method is currently
lacking.
Automated FISH analysis with D-Sight using the traditional HER2/CEP17 threshold
of ≥1.8 showed HER2 amplification in no less than 46.8% of patients, in contrast
to only 18.1% for manual FISH.[3] This points to enhanced sensitivity of the
D-sight image acquisition that for example allows overlapping HER2 signals to
be identified, while these are missed with visual counting. Moreover, with
HER2 digital scoring approximately 40 nuclei could be shown simultaneously,
compared with at most 25 nuclei by conventional FISH microscope. Therefore,
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areas of heterogeneity could be relatively easily identified with D-sight
imaging, while these could be missed with conventional microscopy (figure 2).
Additionally, the results of the present study showed reproducibility percentages
with automated FISH of 81%, 94% and 94% when HER2 thresholds of 1.8, 3.6 and
5.0, respectively, were used. There were several days between the 2 observations,
suggesting that the storage time, did not significantly affect FISH results.
However, the concordance between the manual and the automated FISH analysis
(≥1.8) was only 72.2%. This might indicate that using the 1.8 threshold derived
from conventional FISH studies may lead to overclassification of tumors as HER2
positive. Therefore, different thresholds for automated FISH were analyzed in which
SISH was used as a third reference test. Previously, it was shown that SISH was
an independent prognostic feature for a poor survival.[3] Moreover, it is generally
accepted that when ≥6 HER2 genes are seen with a single probe, the tumor is
considered as HER2 positive.[5]
A HER2/CEP17 threshold of ≥3.0 for automated FISH showed highest agreement
with manual SISH but was not associated with survival. In contrast, thresholds of
≥3.6 and ≥5.0 were significantly associated with poor survival. A disadvantage,
however, of using the threshold of 5.0 is that only 10.3% would be considered as
HER2 positive.
Trastuzumab has not been registered for esophageal adenocarcinoma yet,
however if that was the case, a threshold of ≥5.0 would lead to under-treatment of
patients. The present study therefore suggests that a ratio of ≥3.6 for automated
FISH best approaches the results of conventional HER2 testing methods,
also with regard to prognostic significance. It should be noted, however, that
predictive value for response to trastuzumab therapy is the ultimate readout.
This is the first time that an automated HER2 procedure, using the D-sight imaging,
was used in esophageal adenocarcinoma. Only a few studies in breast cancer
compared automated and manual FISH.[9-13] Results of these studies showed high
correlation coefficients between manual and automated FISH scores of 0.92 and
0.98 respectively using conventional thresholds for HER2 amplification.[10, 13]
A possible explanation might be found in the different automated FISH
imaging software used.[9-13] For example, in the present study 14
separate images were obtained and projected in a single best focus image,
compared with only 3 layers in a previous study.[10] Analysis of multiple
images might greatly enhance the sensitivity of detecting HER2 signals.
The software used in the present study was not designed to rule out non-neoplastic
cells. Therefore, non-cancer cells had to be manually removed before analysis.
This greatly increased the time of sample analysis, and would be impractical
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when used for clinical purposes, which require high throughput screening.
Therefore, D-sight imaging software would benefit from improvements in
detecting non-cancer cells to enhance its applicability as a clinical diagnostic test.
In conclusion, automated HER2 FISH analysis of esophageal adenocarcinoma by
D-sight seems feasible, but the threshold for HER2 amplification should be adjusted
to ≥3.6 to arrive at best comparability with other methods and prognostic value.
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TAKE HOME MESSAGES
1. This is the first paper in which automated HER2 FISH analysis were

compared with conventional FISH, in esophageal adenocarcinoma.

2. HER2/CEP17 amplification by automated FISH was seen in 46.8% of

tumors compared with 18.1% by conventional FISH, and was significantly
associated with poor survival.

3. Automation of HER2 FISH analysis using the HER2/CEP17 ratio threshold
of ≥1.8 derived from conventional FISH studies, might have led to
overclassification of tumors as HER2 positive, and therefore led us to
reanalyze the thresholds for automated FISH.

4. Automated HER2 is feasible, but it seems that the HER2/CEP17 threshold

should be adjusted to ≥3.6 to arrive at best comparability with other HER2
testing methods and prognostic value.
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ABSTRACT
Background
MET is one of the most frequently activated genes in cancer. MET encodes a
tyrosine kinase membrane expressed on epithelial cells. The most prominent
factor for MET activation is hepatocyte growth factor receptor (HGF). Activated
MET results in increased cell proliferation, angiogenesis, invasiveness and
metastasis. Aim of the study was to evaluate the agreement and the prognostic
significance of MET expression in esophageal adenocarcinoma using 6
different MET antibodies: polyclonal rabbit anti-MET (CVD13), monoclonal
3D4, D1C2 and monoclonal 8F11, and polyclonal C-12 (Sc-10) and C-28 (Sc-61).
Material
Tumor cores of 154 esophageal adenocarcinomas were included in a tissue
micro array (TMA). Immunohistochemistry (IHC) was used to evaluate
the MET immunoreactivity. Scoring was based on staining intensity.
Results
Agreement between the different antibodies was low. Highest agreement
percentages between monoclonal D1C2 and polyclonal rabbit-anti-MET antibody
was only 66.7%. Microscopic assessment for MET immunoreactivity was most
feasible for polyclonal rabbit anti-MET, because of minimal background staining.
Surprisingly, membranous MET immunoreactivity using the polyclonal rabbit-antiMET was 38.4% and was associated with improved cancer specific survival (CSS) (HR
1.902; 95% CI 1.168-3.099; p=.010). Expression of MET evaluated with the other
MET antibodies was not associated with survival.
In multivariate analysis, T-stage (HR 4.279; 95% CI 1.587-11.535; p=.004), grade of
tumor differentiation (HR 2.138; 95% CI 1.250-3.658; p=.006) and lymph node ratio
(>25%) (HR 1.725; 95% CI 1.023-2.907; p=.041) were independently associated with
poor CSS, but not the absence of membranous MET expression (HR 1 .041; 95% CI
0.615-1.763; p=0.881).
Conclusions
Agreement between the different MET antibodies was low. Microscopic evaluation
for MET immunoreactivity was most feasible for polyclonal rabbit-anti-MET
CVD13, of which membranous staining was associated with improved survival.
Development of a validated antibody for MET expression is essential for
reliable selection of patients that could benefit from anti MET therapy.
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INTRODUCTION
Advances in surgical techniques and introduction of neoadjuvant chemo(radio)
therapy have substantially improved the prognosis of patients with esophageal
cancer. Further improvements might come from molecular therapy that targets
biological markers and play a key role in oncological processes.[1]
The hepatocyte growth factor receptor, the MET receptor, is a transmembrane
receptor tyrosine kinase that consists of a 145 kDa membrane spanning β-chain and
an extracellular 50 kDa α-chain. The receptor is encoded by the MET gene, located at
chromosome 7, band 7q31.2. and is primarily expressed in epithelial cells [2]. MET is
predominantly activated by its only known ligand, hepatocyte growth factor (HGF).
HGF was initially identified as a scatter factor that mediated dissociation of cohesive
epithelial colonies into individual cells.[3] HGF is secreted by mesenchymal cells and
mainly acts as a paracrine factor on epithelial cells. HGF has multiple actions, which
include disruption of cell-cell junctions through interaction with cadherins, (focal)
degradation of the extracellular matrix, induction of tubule formation as well as
mesenchymal transformation, promotion of cell motility and invasion.[3, 4]
Once MET is switched on, down-stream signaling pathways are activated such as
the mitogen-activated protein kinase (MAPK), the phosphoinositide 3-kinase-AKT
(PI3K/AKT), and the signal transducer and activator of transcription proteins (STATs)
pathways.[5]
Under normal conditions, MET is involved in embryogenesis, organ regeneration,
angiogenesis, cell growth, cell differentiation and in wound healing.[6] However,
in cancer cells aberrant activation of MET results in increased cell proliferation,[3]
angiogenesis,[3] morphogenic differentiation (i.e. mesenchymal transition),[3]
resistance to apoptosis,[7] tumor invasion and metastasis.[2, 8] Therefore, MET is
an attractive target for inhibition therapy.
Currently, a phase 3 trial is ongoing, including patients with metastatic gastric
and gastro-esophageal junction carcinomas in which selection for MET inhibition
therapy is based on MET immunohistochemical staining.[9] Unlike the Hercept test
used for HER2 evaluation there is no validated diagnostic test for MET expression
available yet.
There are several commercial MET-antibodies available however, in esophageal
cancer it is not known which antibody can be best used to evaluate MET expression.
Therefore, the aim of this study was to assess and to compare 6 different
commercially available MET-antibodies with regard to immunoreactivity and
prognostic significance.
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MATERIALS AND METHODS
Study population
Between August 1988 and November 2009 patients who underwent esophagectomy
for cancer at the University Medical Center Utrecht were collected in a database.
Patients with histologically proven EAC were included. Patients were excluded
when they received neoadjuvant treatment, had positive resection margins (R1)
according to the College of American Pathologists (CAP) criteria or had pathological
T4 disease. These factors were considered of strong prognostic value, irrespective
of tumor marker expression, and therefore were excluded from further analysis.
All tumor resection specimen were reviewed by a pathologist (FJWtK) and
were staged according to the TNM staging system (7th edition). A followup study was performed in which patients were followed up until death or
up to September 2013. Follow-up data were collected with the use of chart
examination, general practitioners archives and the Dutch Cancer Registry.
Primary outcome was the percentage of immunoreactivity. Secondary outcomes
were the correlation between immunoreactivity and survival defined as cancer
specific survival (CSS; the time between surgery and death related to cancer)
and overall survival (OS; defined as the time between surgery and death).
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.[10]
TMA construction
Formalin-fixed, paraffin-embedded tumor blocks were used for construction of a
tissue micro array (TMA) as described previously.[11]
MET immunohistochemistry (IHC), using polycloncal rabbit-anti-MET clones
CVD13, C-12 and C-28.
From the TMA, 4μm sectioned slides were deparaffinized in xylene (15 minutes) and
dehydrated in serial ethanol dilutions (15 minutes). Between all steps, tumor slides
were rinsed with Phosphate- buffered saline pH 7.4 (PBS). The endogenous peroxide
activity was blocked by hydrogen peroxidase (0.3%) methanol solution for 20 minutes.
Antigen retrieval was achieved by boiling the slides for 20 minutes in sodium citrate
(pH 6.0). After a cooling off period (20 minutes) the slides were blocked with Avidin
solution (5 minutes) and Biotin blocking solution (5 minutes). Furthermore, the tumor
slides were incubated with normal goat serum 10% for 10 minutes. In the presence
of normal goat serum the specimens were incubated for one hour (20° Celsius) with
the primary antibody against MET (CVD13 , Invitrogen, dilution 1:100, C-12 and C-28,

106

CHAPTER 6

MET EXPRESSION

Santa Cruz Biotechnology, dilution 1:100). The specimens were then incubated with
secondary goat-anti-rabbit antibody for 10 minutes. Subsequently, Strept Avidin
Biotin Complex was added for another 10 minutes. At last, peroxidase activity was
visualized by incubating the slides for 10 minutes with 3,3’-diaminobenzide and
the sections were counterstained with hematoxylin (10 seconds). A breast and a
colon carcinoma that are known to express high MET levels were used as positive
controls and negative controls were achieved by omitting the primary antibody.
MET IHC, using monoclonal-anti-MET clone 3D4
For 3D4 MET staining, antigen retrieval and visualization method was the same
as described above. Incubation with the primary antibody (mouse monoclonal
MET antibody, clone 3D4 (1:50) was overnight (4°C). A breast and a colon
carcinoma that are known to express high MET levels were used as positive
controls and negative controls were achieved by omitting the primary antibody.
MET IHC, using monoclonal-anti-MET clone 8F11
MET antibody 8F11 was performed using an automated staining machine (BondTM
System, Leica Microsystems GmbH, Wetzlar, Germany). For MET antibody 8F11
staining automated steps includes antigen retrieval and incubation with primary
antibody directed against MET (MET, clone 8F11 (1:30). Positive control was prostate
epithelium.
MET IHC, using monoclonal rabbit-anti-MET clone D1C2
The TMA sections were deparaffinized by three xylene rinses (5 min) and
rehydrated in decreasing ethanol dilutions (3 x 100%, 2 x 96%, 1 x 70% and 1 x
50%). After washing with H2O, endogenous peroxidase activity was inactivated by
incubating the sections in 3% H2O2 for 10 min. After washing with H2O, antigen
retrieval was carried out by heating the sections under high pressure up to 1.2
bar in Tris-EGTA buffer (0.01 M Tris, 0.001 M EGTA, pH 9.0). After washing with
1X PBS, endogenous biotin was blocked using the Avidin/Biotin Blocking Kit (SP2001; Vector Laboratories, Inc.; Burlingame, CA 94010, USA) according to the
manufacturer’s protocol. After washing with 1X PBS, the sections were incubated
with 0.22% albumin solution from bovine serum (PBS) in 1X PBS for 7 min to reduce
non-specific background staining. Subsequently, the sections were incubated
overnight with 1:100 monoclonal rabbit MET antibody (clone D1C2; Cell Signaling
Technology, Inc.; Danvers, MA 01923, USA) at 4°C. After washing with 0.1%
Tween-20 in 1X PBS, the sections were incubated for 30 min with 1:150 biotinylated
polyclonal swine anti-rabbit secondary antibody (E0431; Dako, Heverlee, Belgium).
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Table 1. Baseline Characteristics (n= 154)
n (%)*
Gender
Male
Female
Age (y)
Median (range)
Tumor extend (T stage)
T1-2
T3
LNN involvement
Yes
No
Unknown†
LNN ratio >25%
Yes
No
Unknown†
Perinodal extension ‡
Yes
No

126 (81.8)
28 (18.2)
64.0 (33.8-81.3)
52 (33.8)
102 (66.2)
104 (67.5)
46 (29.9)
4 (2.6)
48 (31.2)
102 (66.2)
4 (2.6)

Table 1.
* Data are n (%), unless noted otherwise
† In 4 cases resection specimen did not contain
lymph nodes. Median number of resected lymph
nodes was 13 (range 0-70)
‡ As a proportion of patients with lymph node
involvement (n= 104); LNN indicates lymph
nodes

62 (59.6)
42 (40.4)

After washing with 0.1% Tween-20 in 1X PBS, slides were incubated for 20 min with
Table 1.
an* Data
avidin-biotinylated
horseradish peroxidase complex that was prepared according
are n (%), unless noted otherwise
4 cases
resection specimen did protocol
not contain lymph
nodes.
to† Inthe
manufacturer’s
(PK-6100;
Vector Laboratories, Inc.). Finally, after
Median number of resected lymph nodes was 13 (range 0-70)
washing
withof0.1%
1X PBS and 1X PBS, horseradish peroxidase activity
‡ As a proportion
patients Tween-20
with lymph nodein
involvement
(n= 104); LNN indicates lymph nodes
was
visualized by incubating the sections for 2x 5 min with 3, 3’-diaminobenzidine
prepared according to the manufacturer’s protocol (K3468; Dako). It should be
notes that all antibodies were diluted in 0.22% BSA in 1X PBS and that the sections
were counterstained with haematoxylin before mounting them with a coverslip.
IHC scoring of membranous MET immunoreactivity using clone CVD13
Immunohistochemical scoring was performed by FJWtK. Membranous MET
immunoreactivity was considered as positive staining and absence of membranous
staining as MET negative. Intensity of membranous staining was documented, but
not scored.
IHC scoring of cytoplasmic MET immunoreactivity using clone CVD13 and scoring
of clone D1C2 (membranous) and clone 3D4 (cytoplasmic)
The scoring of MET immunoreactivity using rabbit-polyclonal anti-MET CVD13
(cytoplasmic), D1C2 (membranous) and 3D4 (cytoplasmic) MET antibody was
based on the intensity of staining, which generally ranged from 0 (negative),
1+ (weak), 2+ (moderate) and 3+ (strong staining). Tumor cores staining 0 or 1+
were considered as low and cores with a score of 2+ or 3+ as high expression.
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Figure 1.
A: Membranous (IHC 2+) and cytoplasmic staining (IHC 3+) was observed using polyclonal rabbit-MET
antibody. The antibody was specific for tumor cells, because non-tumor did not stain for MET.
B: Nuclear staining in tumor cells as well as in stromal tissue were observed using the rabbit-polyclonal C-28 antibody, indicating that polyclonal C-28 was not specific for MET.
C: Cytoplasmic staining (IHC 2+) was observed using mouse-monoclonal 3D4 antibody. The staining
with monoclonal 3D4 was weak, even at higher concentrations (1:50).
D: All tumor cores stained positive for MET using the rabbit-polyclonal MET antibody C-12, again
indicating that polyclonal C-12 was not specific for MET.

Statistical analysis
Association between clinical parameters such as gender and age and pathological
parameters such as T-stage, lymph node metastases etc. on the one hand and
MET immunoreactivity on the other hand were evaluated using cross tabulation
(Pearson’s Chi-square test). The Kaplan- Meier function was used to plot CSS
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Figure 2. Cancer specific survival (CSS).
Median survival in patients with MET
membranous expression was not
reached. This was 25.1 in patients who
did not had MET membranous expression
(Log rank p=.009).
The absence of MET membranous
expression was significantly associated
with a poor CSS (HR 1.902; 95% CI 1.1683.099; p=.010)

60

Survival (months), Cancer specific survival

for patients with high and MET immunoreactivity, which were compared by
means of the Log-rank test. The Pearson Chi-square test was used to analyze
the correlation between different MET-antibodies using dichotome variables.
The following parameters were evaluated in univariate analysis (Cox proportional
hazards regression models): T-stage (T1 or T2 vs. T3), lymph node metastases
(yes vs. no), differentiation grade (good and moderate vs. poor), lymph node
ratio (i.e. the number of positive nodes divided by the total number of resected
nodes; ≤25% vs. >25%), vasoinvasion (yes vs. no), perineural growth (yes vs. no),
median age (<64 vs. ≥64 years), gender, perinodal extension (yes vs. no) and
membranous MET immunoreactivity using polyclonal rabbit anti-MET clone
CVD13 (membranous vs. non-membranous and high vs. low cytoplasmic staining),
membranous MET expression using D1C2 (high vs. low) and cytoplasmic MET
using 3D4 (high vs. low). Variables that were significant in univariate analysis were
included in multivariate analysis (Cox proportional hazards regression analysis). A
p-value of <.05 was considered statistically significant. All analyses were performed
using standard statistical software (SPSS version 20.0; SPSS inc, Chicago, Illinois).
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RESULTS
Between 1988-2009, 290 patients underwent surgical resection for EAC
at the Department of Surgery of the University Medical Center Utrecht.
Patients were excluded when they had tumor positive resection margins
(R1; n= 26), T4 disease (n=7), when they received neoadjuvant treatment
(n= 49) or when clinical and/ or pathological data was incomplete or missing
(n= 54). The patients baseline characteristics are described in Table 1.
Monoclonal mouse-anti-MET antibody, clone 8F11
Anti-MET antibody clone 8F11 did not stain for MET expression. The
control tissue (prostate epithelium), however, stained positive for MET.
Polyclonal rabbit-anti-MET , clone C-12 and polyclonal rabbit-anti-MET , clone C-28
Using the polyclonal rabbit-anti-MET C-12 and C-28, all tumor cells and smooth
muscle cells stained positive. More specifically, with clone C-28 nuclear MET
immunoreactivity was shown in all tumor cores, which is not considered as inclusion
criterium for clinical trials (only membranous or cytoplasm is). Therefore, polyclonal
rabbit-anti-MET C-12 and C-28 were considered non-specific for MET (Figure 1 B,D).
Monoclonal mouse-anti-MET antibody, clone 3D4
The staining with monoclonal 3D4 was weak, even at higher concentrations (1:50),
highest intensity of immunoreactivity was 2+. The positive control however (breast
and colon carcinoma) strongly stained for MET (data not shown). Monoclonal
3D4 MET antibody only showed cytoplasmic staining (figure 1C). High MET
MEMBRANOUS MET
POLYCLONAL AB CVD 13

CYTOPLASMIC MET
POLYCLONAL AB CVD 13

MEMBRANOUS
MET
MONOCLONAL D1C2

CYTOPLASMIC
MET
MONOCLONAL 3D4

MEMBRANOUS MET
POLYCLONAL AB CVD13

-

Agreement 74.2%
P=<.001

Agreement 66.0%
P<0.001

-

CYTOPLASMIC MET
POLYCLONAL AB
CVD13
MEMBRANOUS
MET
MONOCLONAL D1C2

Agreement 74.2%
P=<.001

-

Agreement 66.7%
P<0.001

-

Agreement 66.0%
P<0.001

Agreement 66.7%
P<0.001

-

-

CYTOPLASMIC
MET
MONOCLONAL 3D4

-

-

-

-

Table 2.

Agreement percentages between different MET-antibodies.
P value of <0.001 denotes a significant correlation between different MET-antibodies using the Pearson Chi-square test.
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32.1
39.4
20.7
22.1
23.2
18.5
21.2
21.6
21.2
25.1

27.4
24.5
26.7
†
†
88.9
†
†
61.6
†

(Univariate)
1.095 (0.618-1.9423)
1.030 (0.674-1.573)
1.848 (1.148-2.974)
10.697 (4.643-24.645)
6.729 (3.234-14.002)
2.550 (1.703-3.816)
3.327 (2.024-5.469)
3.151 (2.022-4.909)
2.621 (1.696-4.060)
1.902 (1.168-3.099)

Unadjusted HR (95% CI)

.755
.891
.012
.000
.000
.000
.000
.000
.000
.010

p value

4.279 (1.587-11.535)
2.237 (0.935-5.351)
1.725 (1.023-2.907)
2.138 (1.250-3.658)
1.378 (0.815-2.332)
1.239 (0.767-2.003)
1.041 (0.615-1.763)

(Multivariate)

Adjusted HR (95% CI) *

* Multivariate analysis was carried out with variables with p-value ≤ 0.10 reported in univariate analysis
‡As a proportion of patients with positive lymph nodes (n= 100).
Perinodal extension was not included in multivariate analysis.
† Median survival was not determined, since expected cumulative survival within the study period did not reach 50%
$G grade indicates tumor differentiation; LNN indicates lymph nodes; CI indicates confidence interval

Gender (male/female)
Median age (≥64 Y/<64)
Perinodal extension (yes/no)‡
T stage (T3/T1,T2)
LNN meta (yes vs no)
LNN+ ratio (>25%/ ≤25%)
G grade (G3/ G1,G2)$
Vasoinvasion (yes/no)
Perineural growth (yes/no)
Membranous MET (no/yes)

Median CSS
in Months

Table 3. Univariate and Multivariate analysis of associations between histopathologic parameters
and cancer specific survival (CSS)

Table 3

* Multivariate analysis was carried
out with variables with p-value ≤ 0.10
reported in univariate analysis
‡As a proportion of patients with positive
lymph nodes (n= 100).
Perinodal extension was not included in
multivariate analysis.
† Median survival was not determined,
since expected cumulative survival within
the study period did not reach 50%
$G grade indicates tumor differentiation;
LNN indicates lymph nodes; CI indicates
confidence interval

.004
.070
.041
.006
.232
.381
.881

p value
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cytoplasmic staining defined as ≥2+ was seen in 40 patients (28.0%). Cytoplasmic
MET was not associated with any of the clinical and pathological parameters. In
addition, cytoplasmic expression was neither associated with CSS (HR 1.130, 95%
CI 0.699-1.826; p=.618) nor with OS (HR 1.121; 95% CI 0.721-1.7217; p=.613).
Monoclonal rabbit-anti-MET, clone D1C2
Monoclonal rabbit-anti-MET antibody showed predominantly membranous
staining. Stromal cells only stained weakly for MET staining.
High membranous staining defined as ≥2+, was seen in 77 (54.2%) patients. Low
membranous staining was seen in 65 (45.8%) patients. The membranous staining
was inversely associated with T-stage (p=.005) and with lymph node metastases
(p=.048). Membranous MET expression was not associated with CSS (HR 1.212; 95%
CI 0.779-1.884; p=.394) nor with OS (HR 1.161; 95% CI 0.776-1.736; p=.468).
Polyclonal rabbit-anti-MET antibody, clone CVD13
Membranous as well as cytoplasmic staining were observed and scored. MET
membranous staining was considered as positive MET staining. MET expression
was predominantly seen in tumor cells while stromal cells slightly stained
positive for MET expression (figure 1A). Membranous staining was observed in
58 (38.4%) and high cytoplasm staining (i.e. ≥2+) in 79 of 151 (52.3%) patients.
Membranous MET expression was inversely associated with grade of
tumor differentiation (p=.002), T-stage (p<.001), lymph node metastases
(p=.040) and recurrence of disease (p=.002). On the contrary, cytoplasmic
staining was not associated with any clinical and pathological parameters.
Median survival (CSS) was 25.1 months in patients who did not show MET
membranous expression, and median survival was not reached in patients
with MET membranous expression using the polyclonal antibody (p=.009, log
rank, figure 2). The absence of MET membranous expression was significantly
associated with a poor CSS (HR 1.902; 95% CI 1.168-3.099; p=.010) and with
OS (HR 1.703; 95% CI 1.111-2.209; p=.015). On the contrary, the intensity of
cytoplasmic MET staining was neither associated with CSS (HR 1.003; 95% CI
0.654-1.539; p=.988) nor with OS (HR 1.028; 95% CI 0.698-1.513; p=.890). Neither
absolute absence of cytoplasmic staining was associated with survival (p=.942)
Agreement between different MET antibodies
Agreement percentages of high and low immunoreactivity and correlations
between different MET antibodies were calculated using the Pearson
Chi-square test (i.e. high versus low MET immunoreactivity, Table 2).
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Membranous MET and cytoplasmic immunoreactivity observed with polyclonal
rabbit-anti-MET CVD13 were significantly associated (agreement 74.2%;
p=<.0001, table 2). In addition, a significant relationship was seen between
membranous MET (polyclonal CVD13) and membranous MET immunoreactivity
observed with monoclonal D1C2 antibody (agreement 66.0%; p<.0001,
table 2). Agreement between cytoplasmic staining (polyclonal CVD13) and
membranous staining (monoclonal D1C2) was 66.7% (p<.0001, table 2).
However, cytoplasmic MET immunoreactivity, observed with monoclonal 3D4
antibody, was not significantly associated with any other MET antibodies:
agreement was only 55.6% (p=.978) between membranous MET (CVD
13), was 45.6% (p=.520) between membranous expression (monoclonal
D1C2) and was 55.9% (p=.121) between cytoplasmic MET (CVD13).
Multivariate analysis
High T-stage (HR 4.279; 95% CI 1.587-11.535; p=.004, table 3), high grade of
tumor differentiation (HR 2.138; 95% CI; 1.250-3.658; p=.006, table 3) and lymph
node ratio (i.e. number of positive lymph nodes divided by the total number of
resected lymph nodes) >25% (HR 1.725; 95% CI 1.023-2.907; p=.041, table 3)
were independently associated with poor CSS. Membranous MET imunoreactivity
observed with polyclonal rabbit-anti-MET antibody, was not independently
associated with poor CSS (HR 1.041; 95% CI 0.615-1.763; p=0.881, table 3).

DISCUSSION
In the present study, 6 different antibodies for MET immunoreactivity were used
and compared in resected tumor specimen of patients with adenocarcinoma
of the esophagus, who underwent surgical resection with curative intent,
without neoadjuvant treatment. The 6 antibodies showed conflicting results in
percentage of MET immunoreactivity, agreement percentages and prognosis.
Highest agreement percentage between membranous MET (monoclonal D1C2)
and cytoplasmic expression (polyclonal rabbit-anti-MET CVD13) was only 66.7%.
Microscopic assessment for MET immunoreactivity was most feasible for polyclonal
rabbit-anti-MET antibody, clone CVD13, because there was minimal background
staining. Moreover, only absence and present of membranous MET staining observed
with polyclonal rabbit-anti-MET discriminated into worse and better prognosis.
Results of this study showed that membranous MET immunoreactivity was only
observed using monoclonal D1C2 and polyclonal CVD13. Unexpectedly, MET

114

CHAPTER 6

MET EXPRESSION

membranous staining using clone CVD13 was significantly associated with improved
survival. An explanation of this unexpected finding might be that membranous
MET staining is an important derivative of prognostic beneficial features. As
mentioned previously, in non-cancer cells MET expression is predominantly
found at the plasma membrane. Therefore, results of the present study suggest
that membranous MET staining in cancer cells, represents a subgroup of patients
with better prognostic features. Additionally, membranous MET immunoreactivity
observed with clone CVD13 and D1C2 was more frequently seen in patients with
low T-stage and lymph node negative patients. Furthermore, membranous MET
immunoreactivity observed with clone CVD13 was more frequently seen in patients
with good-moderate grade of tumor differentiation and in patients who did not
experience recurrence of disease. In agreement with the present results, a recent
study, including 950 patients with gastric cancer, using SP44 rabbit-monoclonal
MET-antibody, showed that membranous MET immunoreactivity was significantly
associated with improved survival (p=0.006).[12]
Another explanation may lie within the increased endocytotic rate observed in
cancer cells.[13] Activated MET shuttles between the plasma membrane and
intracellular compartments. Normally, wild-type MET is predominantly expressed
at the plasma membrane and is localized in intracellular compartment upon HGF
stimulation. In cancer cells, increased endocytosis might result in reduced (or
absent) membranous MET and accumulation of MET in the cytoplasm instead. If
the increased endocytosis hypothesis is correct, then the oncologic propensity of
MET not only depends on its activation state, but also on its cellular localization.
Nevertheless, the current outcomes cannot not (totally) support this hypothesis.
Although, cytoplasmic and membranous MET immunoreactivity were significantly
associated, one would expect that membranous expression is inversely associated
with cytoplasmic staining, which was not the case. Furthermore, in the current
study increased cytoplasmic MET staining was not associated with poor survival,
again indicating that there seems to be no causal relationship between absent
membranous staining and accumulation of cytoplasmic MET immunoreactivity.
Although, it should be mentioned here that immunohistochemistry might not be
the method to assess causal relationships.
Only few studies with other cancer types reported similar outcomes regarding
the prognostic significance of high MET immunoreactivity and favorable
outcome. In hepatocellular carcinoma[14], breast carcinoma[15] (using
polyclonal C-12) and in Hodgkin’s Lymphoma[16] (using polyclonal C-28), high
MET immunoreactivity was correlated with favorable characteristics. In these
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studies polyclonal antibodies were used that both detect cytoplasmic as well
as membranous staining. Unfortunately, it was not specifically mentioned
whether membranous or cytoplasmic staining was observed and scored.
Nevertheless, current results suggest that in esophageal adenocarcinoma, absence
of the MET receptor using polyclonal rabbit anti MET clone CVD13 represents a
more aggressive subtype. This finding has yet to be confirmed in future studies.
Activation of MET has been reported frequently in esophageal adenocarcinoma [2, 8,
17-20] with over-expression rates ranging from 34%[21] to 100%[17]. As mentioned
before, several mechanisms lead to MET activation such as (dysregulated) HGF
receptor binding[3], activating point mutations in the MET tyrosine kinase or
juxtamembrane domain[22], failed degradation of MET protein[13], MET gene
amplification[2, 23] and MET over-expression itself[7]. However, so far activating
MET point mutations has only been reported in lung[24], colorectal[25], head and
neck[26], hereditary papillary renal cell[27] and gastric carcinoma[28], but not in
esophageal cancer[29] In addition, in esophageal carcinoma MET amplifications are
only reported a minority of cases (2-8%)[2, 23] suggesting that MET over-expression
frequently is the result of increased transcription (induced by aberrant HGF).
In conflict with the present results, previous studies showed that high MET
immunoreactivity (83%; polyclonal rabbit clone C-28[8] and 54%; monoclonal
3D4[20]) was significantly associated with a poor prognosis. With the exception of
the study of Tuynman et al.[20] (showing cytoplasmic MET immunoreactivity) it was
not mentioned whether membranous or cytoplasmic staining was observed and
scored[8]. This is unfortunate, because it is thought that the oncologic propensity
of MET also depends on its cellular localization and not only on its activated state.
Another recent study including patients with esophageal adenocarcinoma (n=128)
and with esophageal squamous cell carcinoma (ESCC) (n=118) showed that high MET
membranous staining (34%), defined as positive MET staining in ≥50% of tumor cells,
observed with SP44 MET-antibody was significantly and independently associated
with poor survival in patients with adenocarcinoma, but not in patients with
ESCC[21]. This is conflicting with the present results and with the above described
study including 950 patients, which is difficult to explain. Therefore, future studies
are needed to clarify the prognostic role of membranous MET immunoreactivity.
This is important because currently, patients are recruited for clinical studies
with MET inhibitors of which selection is based on high MET immunoreactivity.
The rationale behind targeted therapy is to select patients based on aberrant
tumor marker expression. Currently, there is a lack of a robust MET-antibody
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and the reason of this might be the poor stability of MET receptor’s epitope
during the fixation process. This complicates MET staining in formaldehyde fixed
paraffine-embedded tissue (FFPT). It is essential to use a robust and validated MET
antibody for reliable selection of patients that could benefit from anti MET therapy.
There are several MET inhibitors available of which monoclonal rilotumumab
antibody is at the forefront of development. Rilotumumab is a humanized
monoclonal antibody that is directed against HGF.
Results of a phase 2 study including 121 patients with advanced or metastatic
gastric or gastro-esophageal junction adenocarcinomas, showed that addition of
rilotumumab to chemotherapy (epirubicin, cisplatin and capacitabine) resulted
in a modest improvement in survival compared with patients that received ECX
and placebo (11.1 versus 8.9 months, p=0.22). Pre-planned analysis however,
showed that patients with high MET immunoreactivity significantly experienced
improved survival (11.1 versus 5.7 months, HR 0.34 CI 0.15-0.78, p=0.012). High
cytoplasmic MET immunoreactvity was seen in 42% of patients and was defined
as >50% of tumor cells with ≥1+ cytoplasmic staining. On the contrary, patients
with low MET (≤50% of tumor cells stained ≥1+) did not benefit from addition
of rilotumumab.[9] Moreover, additional biomarker analysis showed that MET
gene amplification (p=0.80), baseline circulating HGF (p=0.29) and circulating
MET (p=0.55) were not associated with response to rilotumumab treatment.[30]
The results of this phase 2 study led to a phase 3 trial (RILOMET-1 trial)
including patients with unresectable gastric and gastro-esophageal junction
adenocarcinomas, of which recruitment is currently ongoing. In this trial,
selection for rilotumumab is based on immunohistochemistry (IHC) using a
monoclonal Met4 antibody.[9] Met4 reacts with an epitope within the extracellular
domain of MET receptor, and proved to be more sensitive than 3D4 MET
antibody[31]. Unfortunately, Met4 antibody is not commercially available yet.
In addition, another phase 3 trial is currently ongoing with metastatic
HER2 negative and MET positive gastro-esophageal carcinoma, in
which selection for MET inhibition therapy is also based on IHC.[32]
The low agreement percentages of different MET antibodies observed in this study
and the contradicting results regarding the prognostic of high MET immunoreactivity
highlights the importance to use a robust antibody for identifying patients who
need anti-MET targeting. It is not recommend to use MET inhibition therapy
for patients showing MET membranous expression observed with polyclonal
antibody clone CVD13, because these patients do not represent an aggressive
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subgroup that needs targeting. Additionally, the low agreement between different
MET antibodies raise the question which patient really stain positive for MET.
In summary, microscopic evaluation of MET inmmunoreactivity in esophageal
adenocarcinoma was largely dependent on the antibody used and showed
conflicting results. Most reliable of the 6 tested antibodies was the polyclonal
rabbit-anti-MET, clone CVD13. Moreover, when this antibody was used, absence of
membranous MET immunoreactity was significantly associated with worse survival.
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ABSTRACT
Background
E-cadherin, β-catenin, epidermal growth factor (EGFR), N-cadherin and Cyclin
D1 are involved in epithelial to mesenchymal transition (EMT), a biological
process which is considered a critical process during dissemination and tumor
invasion. However, the prognostic significance of, EMT markers in esophageal
adenocarcinoma (EAC) is unknown. Aim of this study was to evaluate the
prognostic value of, and the association between different EMT markers in EAC.
Method
Tumor cores of 154 resected tumor specimens of patients who did not receive
pre-operative therapy and underwent esophageal resection for esophageal
adenocarcinomas were included in a tissue micro array. Immunohistochemistry was
used to evaluate the EMT markers and scoring criteria were based on staining intensity.
Results
EMT associated markers were expressed in esophageal adenocarcinoma; reduced
membranous E-cadherin and β-catenin were seen in respectively 11.4% and
51.7%, nuclear β-catenin in 19.1%, EGFR over-expression in 56.5% and Cyclin D1
over-expression in 27.4% of tumors. Mesenchymal marker N-cadherin was not
expressed in EAC. A positive correlation was seen between membranous β-catenin
and E-cadherin expression (R=0.209, p=.001) and between EGFR and Cyclin D1
(R=0.257, p=.002).
In univariate analysis, EGFR over-expression and membranous β-catenin staining
and were significantly associated with poor survival (HR 2.145; 95% CI 1.429-3.218,
p<.001 and HR 1.665; 95% CI 1.114-2.488; p=.013, respectively). However, Cyclin D1
over-expression (HR 1.092; 95% CI 0.702-1.698; p=.697), nuclear β-catenin staining
(HR 1.322; 95% CI 0.799-2.189; p=.277) and E-cadherin down-regulation (HR 1.012;
95% CI 0.554-1.851; p=.968) were not associated with survival.
In multivariate analysis, EGFR expression was an independent prognostic factor for
a poor survival (HR 1.678; 95% CI 1.055-2.668; p=.029) together with T-stage (HR
2.759; 95% CI 1.356-5.576; p=.005).
Conclusion
This study supports the presence of EMT in esophageal adenocarcinoma. In univariate
analysis membranous β-catenin and EGFR expression were associated with survival.
Furthermore, EGFR over-expression was independently associated with a poor survival.
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INTRODUCTION
Radical surgical resection of the esophagus offers the best treatment option
for patients with esophageal cancer.[1] Addition of neoadjuvant chemo(radio)
therapy has further improved survival rates.[2] Patients might further benefit
from addition of other types of therapy, for example molecular therapy
that specifically targets biological markers that have a prominent role in cell
cycle control progression, lymph node metastases and tumor progression.
Glycogen adhesion protein E-cadherin, β-catenin, mesenchymal marker N-cadherin,
epidermal growth factor receptor (EGFR) and cell cycle regulator Cyclin D1 are
involved in epithelial mesenchymal transition (EMT), a biological process in which
epithelial cells loss their inter- and intracellular adhesions and change into a
mesenchymal phenotype.[3, 4] EMT plays a role in physiological processes such as
embryogenesis and tissue repair but also in tumor dissemination.[3, 5] In cancer,
EMT is considered a critical process during invasion, dissemination and non-response
to chemotherapy. Down-regulation of E-cadherin and to a lesser extent β-catenin
are believed to be key players in EMT.[3, 5] Loss of membranous E-cadherin leads
to disruption of the cellular adhesions and in increased Cyclin D1 gene promoter
activity, further increasing tumor invasiveness.[6] Furthermore, the E-cadherin/βcatenin complex and EGFR are both localized in the cellular adherens junctions
resulting in cross-links between EGFR and the catenin complex signaling.[7, 8]
The aim of the study was to evaluate the prognostic value of, and correlations
between E-cadherin, β-catenin, EGFR, N-cadherin and Cyclin D1 expression
in a homogenous group of patients with esophageal adenocarcinoma (EAC).

MATERIALS AND METHODS
Study population
All patients who underwent esophagectomy for cancer between August
1988 and November 2009 at the University Medical Center Utrecht were
collected in a database. Patients with histologically proven EAC were included.
Patients with neoadjuvant treatment were excluded. Positive resection
margins (R1) according to the College of American Pathologists (CAP) criteria
and with pathological T4 disease were also excluded from the study. These
factors were considered of strong prognostic value, irrespective of tumor
marker expression, and therefore were excluded from further analysis.
All tumor resection specimen were reviewed by a pathologist (FJWtK). Tumors
were staged according to the TNM staging system (7th edition).[9] A follow-
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up study was performed in which patients were followed up until death or
up to September 2013. Follow-up data were collected with the use of chart
examination, general practitioners archives and the Dutch Cancer Registry. Patients
who died from post-operative complications, defined as death within 30 days of
esophagectomy or death during hospitalization, were excluded from analysis.
Primary outcome was the percentage of molecular marker expression. Secondary
outcomes were the correlation between tumor marker expression and overall survival
(OS; defined as the time between surgery and death) and cancer specific survival
(CSS; defined as the time between surgery and cancer related death). 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.[10]
TMA construction
Formalin-fixed,
paraffin-embedded
tumor
blocks
were
used
for
construction of a tissue micro array (TMA) as described previously.[11]
Immunohistochemistry
From the TMA, 4μm sectioned slides were deparaffinized in xylene (15 minutes)
and dehydrated in serial ethanol dilutions (15 minutes). Between all steps, tumor
slides were rinsed with Phosphate- buffered saline pH 7.4 (PBS). The endogenous
peroxide activity was blocked by hydrogen peroxidase (0.3%) methanol solution
for 20 minutes. Antigen retrieval was achieved by protein Kinase (2 drops) for
5 minutes. To prevent background staining, slides were blocked using Protein
Block (2 drops, Novolink) for 5 minutes. Subsequently, the slides were incubated
with primary EGFR antibody (EGFR Zymed, clone 31G7, 1:30) overnight (4°C).
Incubation with the secondary antibody (Post Primary block, Novocastra) for
30 minutes followed by incubation of Novolinktm polymer (Novocastra) for
30 minutes Slides were developed with DAB (Novolinktm chromogen) for 5
minutes, followed by haematoxylin counterstaining. Peroxidase activity was
visualized by incubating the slides for 5 minutes with 3,3’-diaminobenzide
and the sections were counterstained with hematoxylin (10 seconds).
E-cadherin, β-catenin, N-cadherin and Cyclin D1 staining was performed using an
automated staining machine (BondTM System, Leica Microsystems GmbH, Wetzlar,
Germany). For E-cadherin staining automated steps includes antigen retrieval
(EDTA solution for 20 minutes) and incubation with primary antibody directed
against E-cadherin (Novocastra, clone 36B5 138532 (1:40). For Cyclin D1 antigen
retrieval was achieved using EDTA solution for 20 minutes followed by incubation
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with the primary antibody against Cyclin D1 (Neomarkers SP4, 9104S111OH (1:10).
For β-catenin staining a mouse monoclonal anti-β-catenin (Novocastra, clone
17C2 6016184 (1:20) was used and for N-cadherin a mouse monoclonal
anti-N-cadherin (Sigma, clone GC4 082M4785V (1:800) was used. In
both stainings, antibody retrieval method was performed with EDTA.
Immunohistochemical scoring
Immunohistochemical scoring was performed by FJWtK. The scoring of EGFR
expression ranged from 0 (negative), 1+ (weak), 2+ (moderate) and 3+ (strong
membranous staining). Tumor cores staining 0 or 1+ were considered as low and
cores with a score of 2+ or 3+ as high EGFR expression.
Scoring of E-cadherin expression was based on intensity of membranous staining
that ranged from 3+ (strong membranous), 2+ (moderate), 1+ (weak) and negative
(no membranous E-cadherin expression).[12] Tumor cores that showed ≤2+
expression were considered as reduced E-cadherin membranous expression.
Scoring of β-catenin expression was based on intensity of membranous staining
that ranged from 3+ (strong membranous), 2+ (moderate), 1+ (weak) and negative
(no membranous β-catenin). Cores were considered as high β-catenin expression
(i.e. normal) when ≥2+ staining was seen.
N-catenin expression was not seen in the esophageal adenocarcinoma TMA.
The positive control, a cardiomyocyte, and perivascular structures present in the
esophageal adenocarcinoma TMA, stained positive for N-cadherin.
Scoring of cyclin D1 was based on the proportion of positive staining tumor cells.
This scoring system included 1+ (<10%), 2+ (10-30%) and 3+ staining (≥30% of tumor
cells stained positive for Cyclin D1). Tumors were considered as positive with a score
of 2+ and 3+.
Statistical analysis
Association between clinical parameters such as gender and age and pathological
parameters such as T-stage, lymph node metastases etc. on the one hand and EGFR,
E-cadherin and β-catenin on the other hand were evaluated using cross tabulation
(Pearson’s Chi-square test). The Kaplan Meier function (log rank test) was used to
compare the OS among patients with low versus high EGFR, E-cadherin, β-catenin
and Cyclin D1 expression. The Pearson Correlation test was used to evaluate the
correlations between the different biological markers using continuous variables.
The following parameters were evaluated in univariate analysis: T-stage (T1 or T2 vs.
T3), lymph node metastases (yes vs. no), differentiation grade (good and moderate
vs. poor), EGFR (high vs. low), Cyclin D1 (high vs. low), E-cadherin (normal vs down-
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Table 1. Baseline Characteristics (n= 154)
n (%)*
Gender
Male
Female
Age (y)
Median (range)
Tumor extend (T stage)
T1-2
T3
LNN involvement
Yes
No
Unknown†
LNN ratio >25%
Yes
No
Unknown†
Perinodal extension ‡
Yes
No

126 (81.8)
28 (18.2)
64.0 (33.8-81.3)
52 (33.8)
102 (66.2)
104 (67.5)
46 (29.9)
4 (2.6)
48 (31.2)
102 (66.2)
4 (2.6)
62 (59.6)
42 (40.4)

Table 1.
* Data are n (%), unless noted otherwise
† In 4 cases resection specimen did not contain lymph nodes.
Median number of resected lymph nodes was 13 (range 0-70)
‡ As a proportion of patients with lymph node involvement
(n= 104); LNN indicates lymph nodes

regulation), membranous β-catenin
(normal
vs
down-regulation),
nuclear β-catenin staining (yes
vs. no), lymph node ratio (i.e. the
number of positive nodes divided by
the total number of resected nodes;
≤25% vs. >25%), vasoinvasion (yes
vs. no), perineural growth (yes vs.
no), median age (<64 vs. ≥64 years),
gender and perinodal extension
(yes vs. no). Variables that were
significant in univariate analysis
were included in multivariate
analysis (Cox proportional hazards
regression analysis) in which the
enter method was applied. A
p-value of <.05 was considered
statistically significant. All analyses
were performed using standard
statistical software (SPSS version
20.0; SPSS inc, Chicago, Illinois).

RESULTS
Between 1988 and 2009, 290 patients underwent esophageal resection for EAC.
Patients with neoadjuvant treatment (n= 49), with tumor positive resection margins
(R1; n= 26), with T4 disease (n=7), or when clinical and/ or pathological data was
incomplete or missing (n= 54) were excluded from further analyses. From this
cohort, 154 patients met the inclusion criteria (table 1).
Median follow-up was 27.7 months (range 2.7 to 286.4). Median follow-up of
the survivors was 132.6 months (range 46.1 to 286.4). Recurrence of disease was
reported in 88 (61.5%) patients.
β-catenin
Tumor cores of 143 (92.9%) patients were available for evaluation of
β-catenin staining (figure 3 A,B). Down-regulation of membranous β-catenin
was seen in 51.7% (figure 3B) and nuclear β-catenin expression in 19.1% of
tumors (figure 3B). Normal membranous β-catenin expression was more
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Log Rank P=.012

0

20

40

60

Time (months)

Figure 1. Down-regulation of membranous Beta-catenin was associated
with poor overall survival. Median survival in patients with low expression
was 22.9 and was 41.3 months EGFR
in patients with normal expression.
100

80

EGFR low

Survival %

EGFR high
60

40

20

Log Rank P <.0001
0

0

20

40

60

Time (months)
Figure 2. EGFR over-expression was significantly associated with poor
overall survival. Median survival was 59.5 months in patients with low
and 20.8 months in patients with high EGFR expression (p<.001, log rank).
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130

37.0
65.3

40.0
69.3

44.6
38.5

36.6
50.0

63.0
34.7

60.0
30.7

40.6
46.2

30.2
48.5

37.3
59.5

46.9
37.5

35.6
60.0

48.0
60.0

32.9
60.0

121
26

71
76

46
101

55
88

69
78

43
103

102
42

96
48

87
50

25
50

73
50

67.1
40.0

52.0
40.0

64.4
40.0

53.1
62.5

62.7
40.5

69.8
51.5

59.4
53.8

63.4
50.0

55.4
61.5

43.5

56.5

High
EGFR
(%)

147

Low
EGFR
(%)

†

24
48
72
48

.003

84
48

.006
.324

94
46

98
42

.014
.285

41
101

.042

56
84

.001
67
76

46
97

.001

.496

68
75

117
26

143

Total
(n)

.102

.565

-

P value

61.1
37.5

29.2
37.5

61.9
37.5

52.1
50.0

59.2
33.3

56.1
50.5

64.2
40.8

32.1
64.3

37.0
58.8

57.4
46.7

51.3
53.8

51.7

Low
Bcatenin
(%)

38.9
62.5

70.8
62.5

38.1
62.5

47.9
50.0

40.8
66.7

43.9
49.5

35.8
59.2

67.9
35.7

63.0
41.2

42.6
53.3

48.7
46.2

44.8

High
Bcatenin
(%)

41
99

.545

71
46

24
46

.007
.009

84
46

92
46

.007

.813

98
40

67
74

.005

.005

54
84

44
97

67
74

115
26

141

Total
(n)

<.001

.015

.202

.813

-

P value

80.3
78.3

75.0
78.3

79.8
78.3

81.5
78.3

84.7
70.0

95.1
75.8

80.6
81.1

87.0
78.6

68.2
86.6

79.1
82.4

80.9
80.8

No
nuclear
Bcatenin
(%)
80.9

19.7
21.7

21.7
21.7

20.2
21.7

18.5
21.7

15.3
30.0

4.9
24.2

19.4
18.9

13.0
21.4

31.8
13.4

20.9
17.6

19.1
19.2

nuclear
Bcatenin
(%)
19.1

.791

.758

.840

.649

.048

.007

.942

.208

.010

.616

.991

-

P value

72
52

25
52

86
52

99
46

101
44

43
105

68
81

57
87

49
100

74
75

122
27

149

Total
(n)

90.3
84.6

96.0
84.6

90.7
84.6

90.9
84.8

90.1
86.4

90.7
87.6

88.2
88.9

93.0
85.1

77.6
94.0

83.8
93.3

88.5
88.9

88.6

E-cad
(%)

9.7
15.4

4.0
15.4

9.3
15.4

9.1
15.2

9.9
13.6

9.3
12.4

11.8
11.1

7.0
14.9

22.4
6.0

16.2
6.7

11.5
11.1

11.4

E-cad
down
Regul.
(%)

Table 2.
† Pearson Chi-square test
‡ A proportion of patients (n= 11 for EGFR, n= 12 for β-catenin membranous, n=11 for nuclear β-catenin and n= 11 for E-cadherin) experienced both locoregional and distant metastases; LNN - lymph nodes

Total
Gender
Male
Female
Median age
<64 years
64 years
T-stage
T1 or T2
T3
G grade
G1 or G2
G3
Vaso invasion
Yes
No
Perineural growth
Yes
No
LNN metastases
Yes
No
LNN ratio
25%
>25%
Recurrence of disease
yes
no
Local recurrence
yes ‡
no
Metastases
yes ‡
no

Total
(n)

.340

.145

.279

.273

.509

.594

.901

.150

.003

.067

.957

-

1

P value
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Figure 3.
Figure 3.
A: Membranous β-catenin 3+ expression without nuclear accumulation of β-catenin.
A: Membranous β-catenin 3+ expression without nuclear accumulation of β-catenin.
B: Negative membranous expression with nuclear accumulation of β-catenin.
B: Negative membranous expression with nuclear accumulation of β-catenin.
C: Normal E-cadherin expression (3+).
C: Normal E-cadherin expression (3+).
D: Absence of E-cadherin.
D: Absence of E-cadherin.
E: EGFR over-expression (3+).
E: EGFR over-expression (3+).
F: Negative EGFR expression.
F: Negative EGFR expression.
G: Positive control (cardiomyocyte) for N-cadherin.
G: Positive control (cardiomyocyte) for N-cadherin.
H:Negative N-cadherin staining whole tumor slide, taking into account the invasive
H:Negative N-cadherin staining whole tumor slide, taking into account the invasive
border of the tumor.
border of the tumor.
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frequently seen in tumors with a good to moderate grade of tumor differentiation
(p<.001) and in early tumors (T1/T2) (p=.015), and was inversely associated
with vasoinvasion (p=.005), lymph node metastasis (p=.005) and recurrence
of disease (p=.007). Nuclear β-catenin expression was more frequently seen
in patients with early disease (T1/T2) (.010) and in patients without perineural
tumor growth (p=.007) and without lymph node metastasis (p=.048) (table 2).
Furthermore, down-regulation of membranous β-catenin was associated
with poor survival (HR 1.665; 95% CI 1.114-2.488; p=.013 and CSS HR 1.847;
95% CI 1.181-2.888; p=.007) but not nuclear β-catenin staining (HR 1.322
95% CI 0.799-2.189; p=.277 and CSS HR 1.216; 95% CI 0.704-2.100; p=0.483).
Median survival was 41.3 months in patients with normal and was 22.9
in patients with reduced β-catenin expression (p=.012, log rank, figure 1).
E-cadherin expression
Tumor cores of 149 (96.8%) patients were available for E-cadherin evaluation
(figure 3 C,D). E-cadherin down-regulation was seen in 17 (11.4%) patients (figure
3D). Reduced expression of E-cadherin expression was significantly associated
with T-stage (p=.003, Chi-square, table 2) and was not associated with survival (HR
1.012; 95% CI 0.554-1.851; p=.968 and CSS HR 1.168; 95% CI 0.563-2.422; p=0.676).
EGFR expression
Tumor cores of 147 (95.5%) patients were available for immunohistochemical EGFR
evaluation. High EGFR expression was seen in 83 (56.5%) patients (figure 3E). High
EGFR expression was more frequently seen in tumors with a poor grade of tumor
differentiation (p=.001, Chi-square, table 2), and was positively associated with T-stage
(p=.001), perineural tumor invasion (p=.042), lymph node metastases (p=.014) and
with recurrence of disease (p=.006). High EGFR was significantly associated with
decreased survival (HR 2.145; 95% CI 1.429-3.218; p<.001, table 3 and with CSS HR
2.166; 95% CI 1.384-3.390; p=.001). Median survival was 59.5 months in patients with
low and 20.8 months in patients with high EGFR expression (p<.001, log rank, figure 2).
Cyclin D1 expression
In 146 (94.8%) patients, Cyclin D1 was available for immunohistochemical evaluation.
Predominantly, a nuclear Cyclin D1 expression pattern was seen. High cyclin D1
expression was seen in 40 (27.4%) patients (data not shown). Cyclin D1 expression
was neither associated with clinical and pathological parameters nor with survival
(HR 1.092; 95% CI 0.702-1.698; p=.697 and CSS HR 1.54; 95% CI 0.719-1.854; p=.552).
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26.7
24.4
26.7
29.1
26.0
26.9
196.5
107.6
80.1
193.0
59.5
44.5
59.5
41.3

Median OS
in Months
29.1
29.1
19.5
24.0
33.9
25.1
21.6
21.0
21.6
23.2
18.5
21.2
20.8
22.9

Unadjusted
HR (95% CI)
(Univariate)
1.082 (0.651-1.797)
1.215 (0.828-1.783)
1.810 (1.144-2.864)
1.092 (0.702-1.698)
1.322 (0.799-2.189)
1.012 (0.554-1.851)
5.065 (2.981-8.604)
2.672 (1.747-4.082)
2.501 (1.688-3.705)
3.245 (1.972-5.340)
2.550 (1.703-3.816)
2.235 (1.466-3.408)
2.145 (1.429-3.218)
1.665 (1.114-2.488)

.762
.320
.011
.697
.277
.968
.000
.000
.000
.000
.000
.000
.000
.013

P
value

2.759 (1.365-5.576)
1.614 (0.965-2.700)
1.304 (0.770-2.207)
1.237 (0.649-2.359)
1.591 (0.936-2.704)
1.270 (0.786-2.051)
1.678 (1.055-2.668)
1.377 (0.856-2.216)

(Multivariate)

Adjusted HR (95% CI) *

Table 3. Univariate and Multivariate analysis of associations between clinical and pathological
features and overall survival (OS)

Gender (male/ female)
Median age (≥64 Y/ <64)
Perinodal extension (yes/ no)
Cyclin D1 (high/low)
Nuclear β-catenin (yes/no)
E-cadherin (down/normal)
T stage (T3/ T1,T2)
G grade (G3/ G1,G2) ‡
Vasoinvasion (yes/ no)
LNN meta (yes/ no)
LNN ratio (>25%/ ≤25%)
Perineural growth (yes/ no)
EGFR (2+,3+/0,1+)
β-catenin (down/normal)

P
value

.005
.068
.324
.518
.086
.329
.029
.188

* Multivariate analysis was
carried out with variables
with P value ≤0.10 reported
in univariate analysis
† Median survival was not
reached
‡ G grade indicates tumor
differentiation
LNN indicates lymph nodes
CI indicates confidence interval

* Multivariate analysis was carried out with variables with P value ≤0.10 reported in univariate
analysis
† Median survival was not reached
‡ G grade indicates tumor differentiation
LNN indicates lymph nodes
CI indicates confidence interval

Table 3
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N-cadherin
N-cadherin staining was not seen in patients with esophageal adenocarcinoma. In
addition, also in selected whole tumor slides of patients that developed recurrence of
disease (n=3) with regard to the invading edge the tumor, versus patients (n=3) that
did not develop recurrence of disease, expression of N-cadherin was not seen (figure
3H). Perineural structures, however stained positive for N-cadherin (data not shown).
Correlation between biological markers
EGFR expression was significantly associated with Cyclin D1 expression (R=0.257,
p=.002, Pearson Correlation). E-cadherin expression was significantly associated
with membranous β-catenin (R=0.209; p=.001), but not with nuclear β-catenin
(R=0.138; p=.107). Furthermore, E-cadherin down-regulation was neither associated
with Cyclin D1 (R=0.038; p=.656) nor with high EGFR expression (R=0.084; p=.319).
Multivariate analyses
In multivariate analysis using the enter method, including clinical and pathological
parameters (p<.10), high EGFR expression was an independent prognostic factor
for a poor survival (HR 1.678; 95% CI 1.055-2.668; p=.029) together with T-stage
(HR 2.759; 95% CI 1.356-5.576; p=.005). Regarding CSS EGFR over-expression was
not independently associated with poor survival (HR 1.468; 95% CI 0.888-2.426;
p=.134)

DISCUSSION
Epithelial to mesenchymal transition (EMT) is increasingly recognized as a key
mechanism in tumor dissemination. Epithelial cancer cells that undergo an EMT,
lose their inter- and intracellular adhesions and change into a mesenchymal
phenotype. Identification of cells that underwent an EMT may provide a target to
reduce (chemoradio)therapy resistance and recurrence of disease.
Results of this study showed β-catenin down-regulation in 51.7%, nuclear
accumulation of β-catenin in 19.1%, reduction in E-cadherin in 11.4%, and EGFR and
Cyclin D1 over-expression in 56.5% and 27.4%, respectively, of tumors. N-cadherin
was not expressed in esophageal adenocarcinoma. Moreover, down-regulation
of membranous β-catenin and EGFR over-expression were associated with poor
survival.
E-Cadherin/β-catenin complex play a major role in epithelial cell-to-cell adhesion
providing a link, through β-catenin, between the actin cytoskeleton.[13] The
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interaction between β-catenin and E-cadherin is in agreement with the present
study, which showed a positive correlation between expression of E-cadherin and
β-catenin.
Down-regulation of E-cadherin and to a lesser extent β-catenin are important
hallmarks of EMT. [3, 5] The relationship between loss of E-cadherin in cancer
cells and passage through EMT is well established.[8, 14] Pre-clinical experiments
showed that silencing of E-cadherin resulted in a morphological shift from an
epithelial to a fibroblast phenotype (i.e. EMT), as well as a concomitant increase in
tumor invasiveness.[15] Furthermore, there is increasing evidence that binding of
growth factors such as TGF-β and EGF to receptor tyrosine kinases such as EGFR,
induces EMT and that constitutive activation of EGFR stabilizes the mesenchymal
phenotype.[3, 5] [8, 16] Moreover, cancer cells that lose E-cadherin expression are
more sensitive for the actions of EGF and TGF-β.[17] Loss of E-cadherin is often
accompanied with loss of membranous β-catenin and translocation of β-catenin
to the nucleus.[18, 19] In the nucleus, β-catenin integrates with the T-cell factor/
lymphoid enhancer factor-1 (TCF/LEF-1) complex and contributes to passage
through an EMT by inducing gene transcription of, for example, Cyclin D1.[18, 20]
Therefore, results of the present study indicate that a subgroup of cells might have
gone through the EMT program, which is depicted by expression of EMT-associated
markers such reduced expression of E-cadherin and β-catenin, accumulation of
β-catenin in the nucleus and EGFR and Cyclin D1 over-expression.
The present study has some limitations that should be mentioned. First, a TMA
was used to evaluate EMT associated markers, instead of whole tumor resection
specimen. It is believed that when EMT occurs in cancer, it only involves a subset
of cancer cells that are mostly located at the invasive front of the primary tumor or
tumor-microenvironment interface.[21] Although, in some cases the TMA included
the invasive border of the tumor, percentage of EMT associated markers could be
higher when whole resection specimen were evaluated. Nevertheless, using the
TMA, EGFR over-expression, reduction of membranous β-catenin and E-cadherin,
and accumulation of nuclear β-catenin were fairly frequent. Especially the latter
is not a frequent finding in all cancer types[3], indicating that accumulation of
β-catenin in esophageal adenocarcinoma may have significant importance.
Second, EMT is a very dynamic process. Within the tumor, cells may pass through
EMT morphogenesis to different phases, with some cells mainly exhibiting an
epithelial phenotype whereas others fully transform into mesenchymal cells.[5]
In addition, EMT is a reversible process, which means that mesenchymal cells can
re-transform into epithelial derivatives, a process called mesenchymal to epithelial
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transition (MET).[3, 5] These characteristics of EMT challenge examination of EMTassociated markers in formaldehyde fixed paraffin-embedded tissue (FFPT).
Third, we did not find a (direct) correlation between reduced expression of
E-cadherin and β-catenin, and accumulation of nuclear β-catenin. This indicates
that other mechanism such as activation of the Wnt signaling pathway, might have
an additional role in inducing translocation of β-catenin to the nucleus. It is known
that activation of the Wnt signaling pathway induces EMT as well.[3]
And fourth, mesenchymal marker N-cadherin was neither expressed in the TMA
nor in selected whole resection specimen. Neuronal cadherin (N-cadherin) is
frequently expressed in the nervous system, smooth muscle cells, fibroblasts and
endothelial cells.[22] In addition, it is established that when cancer cells switch
from an epithelial to a mesenchymal phenotype, this transition is marked by a
down-regulation of E-cadherin and an increase of N-cadherin, called ‘the cadherin
switch’.[23] The absence of N-cadherin expression in esophageal adenocarcinoma
is in contrast to other studies who reported a significant relationship between
N-cadherin expression and tumor invasiveness[24] and poor prognosis[25]. From
this study however, it might be concluded that in esophageal adenocarcinoma
N-cadherin has a less prominent role in tumor invasiveness.
In the current report, EGFR over-expression was associated with aggressive tumor
characteristics. Similar to our study, previous studies showed correlations between
EGFR over-expression and T-stage[26, 27], lymph node metastases[26, 27], grade of
tumor differentiation[28] and recurrence of disease[29], confirming the prominent
role of EGFR over-expression in esophageal cancer.
The independent prognostic significance of EGFR over-expression in esophageal
carcinoma has only been reported in a small series of esophageal adenocarcinomas
before.[30] In the present study, the independent prognostic significance of EGFR
over-expression was confirmed in a relatively large homogeneous population with
adenocarcinoma.
Identification of EMT-associated markers such as reduced expression of E-cadherin
and β-catenin, and EGFR over-expression, may provide (novel) targeted therapies
that can be used improve patient’s prognosis.
EGFR inhibition is at the forefront of development of molecular targeted therapy.
Numerous phase 1-2 studies have been performed with EGFR inhibitors, with
response rates varying from 9%-72%.[31-42] However, results of a recent phase 2/3
study, including 258 patients with non-metastatic esophageal carcinoma, showed
that addition of cetuximab therapy, i.e. a monoclonal EGFR antagonist, to definitive
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chemoradiotherapy (cisplatin and capecitabine and concurrent radiotherapy) led to
a reduced overall survival (OS) compared to patients that received standard therapy
(22.1 versus 25.4 months; HR 1.53; 90% CI 15.1-25.5; p=0.035).[43] Additionally,
a recent study including 12 patients with resectable esophageal adenocarcinoma,
showed that addition of cetuximab with concurrent radiation to perioperative
epirubicin, cisplatin and capecitabine was accompanied with severe adverse events
post-operatively without a complete pathological response. The high incidence of
post-operative toxicity might be due to the extension of the pre-operative treatment.
[44] Therefore, it is not recommended to add cetuximab to chemoradiation therapy.
Strategies to restore expression of β-catenin and E-cadherin are in its infancy,
but seem promising. Preclinical trials with migfilin, a compound that promotes
degradation of cytosolic β-catenin, showed that transfection resulted in decreased
cell motility and tumor invasion in esophageal squamous cell carcinoma cell
lines.[45] Moreover, there is evidence that a combination of MS-275, i.e. histone
deacetylase inhibitor, and gefitinib, an EGFR inhibitor, increased sensitivity to EGFR
inhibition and restored E-cadherin levels.[46]
In summary, markers associated with EMT such as reduced expression of E-cadherin
and β-catenin, accumulation of nuclear β-catenin and EGFR over-expression were
seen in EAC. β-catenin and EGFR over-expression were significantly associated with
a poor prognosis, and EGFR was independently associated with a poor survival.
The present results support therapeutic targeting of cancer cells that show EMT
features by using EGFR inhibitors and possibly also agents that re-activate β-catenin
and E-cadherin expression.
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ABSTRACT
Background
In esophageal adenocarcinoma there is a lack of a model that predicts long term
survival after esophagectomy. Biological markers may predict the prognosis
as well as the response to targeted therapy. Aim of this study was to develop a
model including clinical, pathological and molecular data, in order to uncover
the most important prognostic variables in esophageal adenocarcinoma.
Method
Relevant clinical, pathological and biological variables were included in uni- and
multivariate models with the aim of predicting disease free and cancer specific
survival.
Results
Pathological parameters were better predictors of survival than biological parameters.
A model including T-stage, lymph node ratio, vasoinvasive tumor growth and
tumor differentiation, explained 42% (R2=0.416) of cancer specific survival and 42%
(R2=0.422) of the variation of disease free survival (DFS). When including an interaction
term between lymph node ratio and E-cadherin expression in the model, 46% of
variation (R2=0.456) in CSS and 48% (R2=0.483) of variation in DFS could be explained.
Conclusion
The analysis showed that pathological parameters are the most important
predictors of survival. Biological markers have limited additional value in predicting
patient’s prognosis, but may be useful to direct targeted therapy in the future.
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INTRODUCTION
In esophageal adenocarcinoma, there is a lack of a prognostic model that predicts
long term survival after radical esophagectomy. A modern and comprehensive
prognostic model can take into account the emerging molecular data that are
relevant to oncogenesis and targeted therapy. There is increasing evidence that
lymph node ratio (i.e. the number of positive lymph nodes divided by the total
number of resected lymph nodes), extra nodal tumor growth (i.e. tumor cells
invading the lymph node capsule),[1] and biological markers[2-5] have prognostic
significance.
In previous studies it was shown that biological markers such as EGFR, VEGF,
β-catenin, MET, HER2 and COX-2[2-5] were associated with a poor prognosis known
to be involved in one or more of the 6 well-known capabilities of cancer. These are
sustained proliferative signalling, evading growth suppressors, activation of invasion
and metastasis, replicative immortality, angiogenesis and resisting cell death.[6]
The aim of this study was to develop a model combining clinical, pathological
and molecular data, in order to gain insight into the most important prognostic
parameters in esophageal adenocarcinoma.

MATERIAL AND METHODS
Patient population
Patients (n= 290) who underwent esophagectomy for cancer between August 1988
and November 2009 at the University Medical Center Utrecht were collected in a
database. Patients with histologically proven EAC were included. Exclusion criteria
were neoadjuvant treatment (n= 49), positive resection margins (R1) (n= 26) according
to the College of American Pathologists (CAP) criteria and pathological T4 disease (n=
7). These factors were considered of strong prognostic value, irrespective of tumor
marker expression, and therefore were excluded from further analysis. In addition
patients whose clinical data was incomplete or missing were also excluded (n= 54).
All tumor resection specimen were reviewed by a pathologist (FJWtK). Tumors were
staged according to the TNM staging system (7th edition). Follow-up was performed
in which patients were followed up until death or up to September 2013. Followup data were collected using chart examination, general practitioners archives and
the Dutch Cancer Registry. Patients who died from post-operative complications,
defined as death within 30 days of esophagectomy or death during hospitalization,
were excluded from analysis.
Study outcome was the development of a prognostic model including clinical,
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pathological and molecular data. 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.
Included variables for analysis
Pathological variables:
Lymph node ratio (continous variable); T-stage (T1,T2 vs. T3); vasoinvasive tumor
growth (yes vs. no); grade of tumor differentiation (good and moderate vs. poor) and
perineural growth (yes vs. no), Barrett’s esophagus (yes vs. no) and extracapsular
tumor growth (i.e. extranodal tumor growth/ perinodal extension) (yes vs. no).
Clinical variables:
Gender and median age (<64 yr versus ≥64 yr).
Biomarkers
EGFR expression (high vs. low); vascular endothelial growth factor (VEGF) (high
vs. low); human epidermal growth factor receptor 2 (HER2) (high vs. low); MET
(membranous vs. non-membranous); β-catenin (normal vs. reduced); E-cadherin
(normal vs. reduced); COX-2 (high vs. low); p-mTOR (high vs. low); p53 (high vs.
low); and Cyclin D1 (high vs. low).
Univariate and multivariate models:
Univariate Cox proportional hazard models with disease free survival as well as
cancer specific survival as dependent variables were fitted including all of the above
mentioned variables as independent variables using the Cox proportional hazard
function from the survival R package.
We noticed that pathological variables greatly outperformed clinical variables as
well as biological markers in univariate analysis. To investigate a possible additive
value of biological markers independent of pathological variables we first identified
an optimal multivariate Cox model including only pathological variables. This
was done using a stepwise backward procedure based on Akaike’s Information
Criterion (AIC) starting with all six pathological variables. To this base model, which
included lymph node ratio, T-stage, vasoinvasive tumor growth and grade of tumor
differentiation, we added each biological marker in turn to determine whether it
had additional prognostic value.[7]
We also explored possible interactions of biological marker on the one hand and
clinical and pathological variables on the other, by fitting Cox models for all possible
interactions between the two groups.
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LNN ratio
T-stage, T1,T2 vs. T3
vasoinvasion, yes vs no
G diff, G1,G2 vs. G3
perineural, yes vs. no
Barrett epithelium, yes vs. no
EGFR, high vs. low
VEGF, high vs. low
ß-catenin, normal vs. reduced

y

MET, membranous vs. non
extranodal tumor growth, yes vs. no
HER2 , high vs.low
COX-2, high vs. low
synaptophysin, high vs. low
P53, high vs. low
pmTOR, high vs. low
Cyclin D1, high vs. low
E-cadherin, normal vs. reduced
Gender

14

12

10

8

6

4

2

0

Age <64, vs. ≥ 64 yrs

−log(P)

Figure 1A. Clinical, pathological and biological markers and their association with cancer
specific survival (CSS). Lymph node ratio was most associated with poor CSS followed by
T-stage, vasoinvasive tumor growth, grade of tumor differentiation and perineural tumor
growth.

147

Lymph node ratio
T-stage, T3 vs. T1,T2.
Vasoinvasion, yes vs. no
G diff, G3 vs. G1,G2.
Perineurale, yes vs. no
BE, no vs. yes
EGFR, high vs. low
VEGF, high vs. low
ß-cat, reduced vs. normal
MET, non vs. membranous
Extranodal, yes vs. no
HER2, high vs. low
COX-2, high vs. low
Synaptophysin, high vs. low
P53, high vs. low
p-mTOR, high vs. low
Cyclin D1, high vs. low
E-cadherin, reduced vs. normal
Gender
Age, <64 vs. ≥64 yrs

Unadjusted *HR (CSS)
13.082
10.524
3.209
3.260
2.614
2.180
2.111
2.157
1.879
1.939
1.890
1.956
1.662
1.683
1.553
1.539
1.122
1.163
0.919
0.959

P value
1.75e-14
9.17e-12
6.08e-8
8.86e-7
8.23e-6
3.50e-4
8.51e-4
1.85e-3
4.95e-3
6.70e-3
7.69e-3
1.43e-2
2.81e-2
3.56e-2
6.79e-2
9.68e-2
6.34e-1
6.84e-1
7.73e-1
8.46e-1

#R2
0.249
0.312
0.165
0.158
0.104
0.079
0.073
0.070
0.054
0.050
0.067
0.033
0.030
0.028
0.029
0.017
0.002
0.001
5.48e-4
2.45e-4

Table 1A. Univariate analysis CSS.
Table 1A. Univariate analysis CSS.
Pathological variables were better associated with CSS compared to biological
variables were better associated with CSS compared to biological
orPathological
clinical variables.
or clinical
variables.
*HR
denotes
Hazard ratio
2
denotes
Hazard ratio
#R*HR
denotes
R-squared
(i.e. coefficient of determination)
#R2 denotes R-squared (i.e. coefficient of determination)

RESULTS
Univariate analysis
In total 20 variables were included in univariate analysis. Results showed that
pathological variables were nearly all better predictors of cancer specific survival
(CSS) and disease free survival (DFS) than biological markers and clinical variables
(figure 1A and supplementary (S) figure 1B, the supplementary figures and tabels
are included at the end of this chapter). LNN ratio (CSS; p=1.75e-14; HR=13.082
and DFS; p=3.47e-13; HR=10.400, table 1A and table S1B) was most strongly
associated with poor outcome, followed by T-stage (CSS; p=9.17e-12; HR=10.524
and DFS; p=7.14e-12; HR=10.684, table 1A and table S1B), vasoinvasive tumor
growth (CSS; p=6.08e-8; HR=3.209 and DFS; p=3.63e-9; HR=3.504, table 1A and
table S1B), perineural growth (CSS; p=8.23e-6; HR=2.614 and DFS; p=3.71e-6;
HR=2.705, table 1A and table S1B), and grade of tumor differentiation (CSS;
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Adjusted
*HR (CSS)
Lymph node ratio
4.500
T-stage, T3 vs. T1T2
4.794
Vasoinvasion, yes vs. no 1.523
G diff, G3 vs. G1,G2
1.990

P value
5.04e-5
3.48e-4
9.20e-2
1.02e-2
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Adjusted
HR (DFS)
3.421
5.143
1.745
1.711

P value
1.55e-3
1.85e-4
2.78e-2
4.65e-2

Table
base model.
model. The
The base
base model
modelconstitutes
constituteslymph
lymphnode
noderation,
ration,T-stage,
T-stage,
Table 2.
2. Multivariate
Multivariate analysis,
analysis, base
vasoinvasion and grade of tumor differentiation. *HR denotes Hazard ratio
vasoinvasion and grade of tumor differentiation. *HR denotes Hazard ratio

p=8.86e-7; 3.260 and DFS; p=5.34e-6; HR=3.006, table 1A and table S1B).
To a lesser extent, some biological markers were significantly associated with
CSS and DFS as well (figure 1A and figure S1B). In case of CSS epidermal growth
factor receptor (EGFR; p=8.51e-4; HR= 2.111) was most strongly associated with
prognosis, followed by vascular endothelial growth factor (VEGF; p=1.85e-3;
HR=2.157), β-catenin (p=4.95e-3; HR=1.879), the hepatocyte growth factor receptor
(MET; p=6.70e-3; HR=1.939), human epidermal growth factor receptor 2 (HER2;
p=1.43e-2; HR=1.956) and COX-2 (p=2.81e-2; HR=1.662, table 1A) expression.
With regard to DFS, VEGF (p=1.60e-3; HR=2.175) was most strongly associated with
prognosis followed by MET (p=2.72e-3; HR=2.073), EGFR (p=6.61e-3; HR=1.831),
β-catenin (p=9.84e-3; HR=1.779), COX-2 (p=2.70e-2; HR=1.666), synaptophysin
(p=3.24e-2; HR=1.684), p53 (p=3.53e-2; HR=1.663) and HER2 (p=3.54e-2; HR=1.782,
table S1B).
Other well-known biological markers such as phosphorylated mammalian target of
rapamycin (p-mTOR), nuclear accumulation of β-catenin, cell cycle regulator Cyclin
D1 and cell adhesion molecule epithelial cadherin (E-cadherin) were not significantly
associated with CSS and DFS, nor were clinical parameters such as age and gender.
Multivariate analysis CSS
A multivariate prognostic model was build combining 4 pathological variables:
lymph node ratio (HR 4.500; p=5.04e-5), T-stage (HR 4.794; p=3.48e-4), vasoinvasive
tumor growth (HR 1.523; p=.091) and grade of tumor differentiation (HR 1.990;
p=1.02e-2, table 2). Using this base model, 42% of variation (R2=0.416) of cancer
specific survival could be explained by the model (figure 2A). In most cases the
inclusion of biological marker did not improve the multivariate model. Only
the inclusion of HER2 (R2=0.418), COX-2 (R2=0.428) and E-cadherin (R2=0.434)
led to any improvement of the multivariate model (figure 2A and table 3A).
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E-cadherin normal vs reduced
COX-2 high vs low
HER2 high vs low
base
MET membranous vs non
EGFR high vs low
ß catenin normal vs reduced
synaptophysin high vs low
VEGF high vs low
pmTOR high vs low
P53 high vs low

0.8

0.6

0.4

0.2

0.0

Cyclin D1 high vs low

R squared

Figure 2A. The predictive significance of the prognostic model on cancer specific survival (CSS). Using the
base model 42% of variations (R2=0.416) of cancer specific death could be explained. The base model
slightly improved when HER2 (R2=0.418), COX-2 (H2=0.428) and E-cadherin (R2=0.434) were added.

E-cadherin, reduced vs. normal
COX-2, high vs. low
HER2, high vs. low
Base
MET non vs. membranous
EGFR, high vs. low
ß-cat, reduced vs. normal
Synaptophysin, high vs. low
VEGF, high vs. low
p-mTOR, high vs. low
P53, high vs. low
Cyclin D1, high vs. low

#R2 (CSS)
0.434
0.428
0.418
0.416
0.416
0.415
0.413
0.411
0.411
0.409
0.408
0.404

P value
1.52e-2
2.29e-2
1.23e-1
8.37e-1
2.18e-1
6.36e-1
2.20e-1
1.22e-1
5.92e-1
6.40e-1
9.69e-1

Table 3A. Multivariate analysis, CSS. Addition of HER2, COX-2, E2
cadherin improved the base model. #R denotes R-squared (i.e.
Table 3A. Multivariate analysis, CSS. Addition of HER2, COX-2, E-cadherin improved the base model.
coefficient
of(i.e.
determination)
#R2 denotes
R-squared
coefficient of determination)
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Lymph node ratio
T-stage
Vasoinvasion
G diff
Perineural
EGFR
VEGF
Β-catenin
MET
Extranodal growth
HER2
COX-2
Synaptophysin
P53
p-mTOR
Cyclin D1
E-cadherin
Gender
Age
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Lymph node ratio
T-stage
Vasoinvasion
G diff
Perineural
EGFR
VEGF
Β-catenin
MET
Extranodal growth
HER2
COX-2
Synaptophysin
P53
p-mTOR
Cyclin D1
E-cadherin
Gender
Age

Figure 3. Correlations between different variables (clinical, pathological and biological). For example,
a (positive) correlation was shown between HER2 and COX-2 expression, and between p53 and MET
expression. Red bullet indicates a negative and blue a positive interaction.

Multivariate analysis DFS
With regard to DFS, using the same base model: lymph node ratio (HR 3.421;
p=1.55e-3), T-stage (HR 5.143; p=1.85e-4), vasoinvasive tumor growth (HR 1.745;
p=2.78e-2) and grade of tumor differentiation (HR 1.711; p=4.65e-2, table 2), 42%
of variation (R2=0.422) of DFS could be explained (figure S2B and table S3B). Again,
in most cases the inclusion of biological marker did not improve the multivariate
model. Only MET (R2=0.427), COX2 (R2=0.430) and E-cadherin (R2=0.445) did (figure
S2B and table S3B).
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Age

Gender

Extra nodal growth

Barrett epithelium

Perineural growth

G diff

vasoinvasion

T-stage

Lymph node ratio
HER2
p-mTOR
COX-2
VEGF
EGFR
E-cadherin
Cyclin D1
P53
MET
Synaptophysin
β-catenin

Figure 4 (CSS). Interactions between different parameters (clinical, pathological and biological). Red
bullet indicates a negative and blue a positive interaction.

Associations between biological markers and clinical and pathological variables
The lack of the independent significance of most biological markers in
multivariate analysis, even when significant in univariate analysis, can
largely be explained by their correlations with clinical variables in our
dataset. Strong positive correlations were shown between, for instance,
VEGF and MET on the one hand, and T-stage on the other (figure 3).
Interactions between clinical and biological markers
Next we explored possible interactions between clinical and biological markers. The
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LNN:E-cad interaction
E-cadherin normal vs reduced
COX-2 high vs low
HER2 high vs low
base
MET membranous vs non
EGFR high vs low
ß catenin normal vs reduced
synaptophysin high vs low
VEGF high vs low
pmTOR high vs low
P53 high vs low

1.0

0.8

0.6

0.4

0.2

0.0

Cyclin D1 high vs low

R squared

Figure 5A. Extended model. When the interaction term ‘lymph node ratio and E-cadherin expression’
was added, 46% of variations (R2=0.456, p=1.18e-4) in cancer specific death could be explained.

most significant interaction was that of E-cadherin with lymph node ratio (figure
4, CSS and figure S4B, DFS). An interaction indicates that 2 variables have an effect
on CSS and DFS which is not additive. Furthermore, interactions between COX-2
expression on the one hand, and T-stage, barrett epithelium and age on the other
hand, were observed. When including the interaction between E-cadherin and
lymph node ratio to the multivariate model, 46% (R2=0.456, p=1.18e-4) of variation
of CSS (figure 5A) and 48% of variation (R2=0.483, p=9.86e-6, figure S5B) in DFS
could be explained, suggesting that reduced expression of E-cadherin in the context
of lymph node metastasizing disease, constitutes a specifically aggressive subset.

DISCUSSION
Prognosis of esophageal adenocarcinoma is now mainly based on clinical
and pathological parameters. However, there is increasing evidence that
biological markers, involved in critical pathways, have additional prognostic
value. Currently, these biological markers are not included in the TNM cancer
staging system.[8] A prognostic model that includes both biological markers
as well as clinical and pathological variables might improve prognostication.
In esophageal carcinoma, several models and nomograms have been developed
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attempting to predict response to chemoradiation therapy[9, 10], 30 day mortality
and/or in-hospital mortality[11] and lymph node metastasis.[12] In addition,
a model has been described that was designed to predict long time survival
after esophagectomy[13], however a lack of simplicity prevented application
of the model in the clinical field. Likewise, a nomogram was developed to
predict long term outcome, however it did not include biological markers.[14]
Results of this study showed that pathological variables were much better
predictors of cancer specific survival (CSS) and disease free survival (DFS) than
biological markers and clinical variables. By combining 4 prognostic markers
(lymph node ratio, T-stage, vasoinvasive tumor growth and grade of tumor
differentiation) 42% of variation of CSS and DFS could be explained by the model.
In univariate analysis, expression of VEGF, β-catenin, synaptophysin and p53 had
prognostic significance, but addition of these markers did not improve the model
in multivariate analysis. An explanation for this phenomenon can largely be
explained by their correlations with clinical variables that have strong prognostic
significance. For instance, T-stage is a stronger predictor of survival compared to
VEGF, explaining the independent prognostic significance of T-stage, but not of VEGF.
All biological markers mentioned previously are involved in the well-known
hallmarks of cancer, which comprises 6 biological capabilities [6]. First, EGFR and
HER2 (ERBB-1 and ERBB-2, members of the epidermal growth factor family) and
the hepatocyte growth factor receptor, MET, are receptor tyrosine kinase receptors
(RTKs) whose over-expression induce sustained proliferative signalling. Additionally,
MET is involved in multiple other processes such as angiogenesis,[15] resisting cell
death, [16] tumor invasion and metastasis.[17, 18] Second, reduction in expression
of β-catenin, a cell-cell matrix attachment protein, is involved in the epithelial to
mesenchymal transition (EMT) program and thus in activation of invasion and
metastasis.[2] Third, over-expression of VEGF and COX-2 are both involved in
angiogenesis. Other biological markers involved in the remaining capabilities of
cancer like evading growth suppressors (e.g. Cyclin D1) and replicative immortality
(telomerase) were either not identified as (additive) prognostic marker or not
assessed in this study. The present results suggest that EGFR, VEGF, β-catenin,
MET, HER2 and COX-2 play a significant role in esophageal oncogenesis.
Although, we did not discover a prognostic model that could be implemented in
the clinic directly, numerous correlations have been observed that might help to
increase our understanding of the biology of esophageal cancer. For example, a
positive correlation was shown between HER2 and COX-2. The next step would be
to evaluate at the cellular level if COX-2 and HER2 expression are co-localized. In the
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future it might be an option to combine HER2 therapy with COX-2 targeted therapy.
In this study surgical resection specimens of non-pre-treated patients were used,
therefore real prognostic markers were identified. The next step would be to evaluate
if prognostic biological markers such mentioned above predict response to targeted
therapy as well. In breast it has already been shown that HER2 over-expression
is a biological marker of poor prognosis and a predictive marker of response to
trastuzumab, a humanized monocloncal antibody.[19, 20] In this EGFR, VEGF,
β-catenin, MET, HER2 and COX-2 may direct the use of targeted therapy in the future.
Present results showed that lymph node ratio negatively interacted with E-cadherin
expression. Reduction of E-cadherin, which constitutes a part of the adherens
junction complex providing the tight junctions between epithelial cells, is the key
element in epithelial to mesenchymal transition (EMT).[21] A reduction in E-cadherin
promotes the growth of epithelium cells, because of the loss of contact inhibition of
proliferation.[22] Therefore, cells that exhibit loss of E-cadherin are more susceptible
to invade foreign tissue including lymphatic tissue.[21] When the interaction term
‘lymph node ratio-E-cadherin’ was added to the base model, 46% and 48% of variation
in CSS and DFS respectively, could be explained. The interaction term indicated that
lymph node ratio had a much greater effect on survival when E-cadherin expression
was reduced. This is in line with the results of a recent meta-analysis, that showed a
relationship between reduced E-cadherin and lymph node metastases.[23] Patients
exhibiting a high lymph node ratio with reduced expression of E-cadherin, constitute a
specifically aggressive subgroup, who may need specific surveillance and treatment.
To a lesser extent, COX-2 expression interacted with extranodal tumor growth and
with T-stage. This means that tumors expressing COX-2 with extranodal tumor growth
or a high T-stage, represent an aggressive subgroup. Additionally, COX-2 expression
interacted with age, however the clinical significance of this seems limited.
A limitation of this study should be mentioned. The analysis comprised a
selected number of patients (n=154) with T1-3 disease operated in a single
center. Ideally the results should be validated in a new and independent
patient population. Furthermore, the prognostic significance of the clinical,
pathological and the biological markers were retrospectively evaluated.
Nevertheless,the prognostic model consisting of lymph node ratio,T-stage,vasoinvasive
growth and grade of tumor differentiation, and the interaction between E-cadherin
and lymph node ratio are practical, easily obtained and transportable to the clinic.
In conclusion, results showed that clinical and pathological variables are better
predictors of DFS and CSS compared to biological markers, but biological
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markers have an additional value in predicting patients’ prognosis and may have
a role in directing targeted therapy in the future. Future directions would be to
validate the newly discovered model in a new and independent patient cohort.
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SUPPLEMENTARY TABLES AND FIGURES

lymph node ratio
T-stage, T1,T2 vs. T3
vasoinvasion, yes vs. no
perineural, yes vs. no
G diff, G1,G2 vs. G3
Barrett epithelium, yes vs. no
VEGF, high vs. low
MET, membranous vs. non
extranodal tumor growth, yes vs. no

y

EGFR, high vs. low
ß-catenin, normal vs. reduced
COX-2, high vs. low
synaptophysin, high vs. low
P53, high vs. low
HER2, high vs. low
pmTOR, high vs. low
Age <64 vs. ≥ 64 yrs
E-cadherin normal vs. reduced
Gender

−log(P)

12

10

8

6

4

2

0

Cyclin D1, high vs. low

Figure S5B. Extended model (DFS). When the interaction term ‘lymph node ratio and
E-cadherin expression’ was added, 48% of variations (R2=0.483) in recurrence of disease
could be explained.
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Lymph node ratio
T-stage, T3 vs. T1,T2
Vasoinvasion, yes vs. no
Perineurale, yes vs. no
G diff, G3 vs. G1,G2
BE, no vs. yes
VEGF, high vs. low
MET, non vs. membranous
Extranodal, yes vs. no
EGFR, high vs. low
ß-cat, reduced vs. normal
COX-2, high vs. low
Synaptophysin, high vs. low
P53, high vs. low
HER2, high vs. low
p-mTOR, high vs. low
Age, <64 vs. ≥64 yrs
E-cadherin, reduced vs. normal
Gender
Cyclin D1, high vs. low

Unadjusted *HR (DFS)
10.400
10.684
3.504
2.705
3.006
2.062
2.175
2.073
1.943
1.831
1.779
1.666
1.684
1.663
1.782
1.373
0.859
1.242
0.965
0.989

P value
3.47e-13
7.14e-12
3.63e-9
3.71e-6
5.34e-6
8.57e-4
1.60e-3
2.72e-3
5.41e-3
6.61e-3
9.84e-3
2.70e-2
3.24e-2
3.53e-2
3.54e-2
2.22e-1
4.79e-1
5.60e-1
9.06e-1
9.63e-1
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#R2
0.242
0.334
0.203
0.119
0.149
0.074
0.077
0.066
0.076
0.053
0.049
0.032
0.031
0.040
0.027
0.010
0.004
0.003
9.86e-5
1.57e-5

Table S1B. Univariate analysis DFS.
Again pathological variables were better associated with DFS compared to biological or clinical
variables. *HR denotes Hazard ratio; #R2 denotes R-squared (i.e. coefficient of determination)
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E-cadherin normal vs reduced
COX-2 high vs low
MET membranous vs non
base
HER2 high vs low
ß catenin normal vs reduced
EGFR high vs low
synaptophysin high vs low
Cyclin D1 high vs low
pmTOR high vs low
VEGF high vs low

1.0

0.8

0.6

0.4

0.2

0.0

P53 high vs low

R squared

Figure S2B. The predictive significance of the prognostic model on disease free survival (DFS).
Using the base model (T-stage, lymph node ratio vasoinvasive tumor growth and grade of tumor
differentiation) 42% (R2=0.422) of variations of cancer specific death could be explained. The base
model slightly improved when MET (R2=0.427), COX-2 (R2=0.430) and E-cadherin (R2=0.445) was added.

LNN:E-cad interaction
E-cadherin, reduced vs. normal
COX-2, high vs. low
MET, non vs. membranous
Base
HER2, high vs. low
ß-cat, reduced vs. normal
EGFR, high vs. low
Synaptophysin, high vs. low
Cyclin D1, high vs. low
p-mTOR, high vs. low
VEGF, high vs. low
P53, high vs. low

#R2 (DFS)
0.483
0.445
0.430
0.427
0.422
0.417
0.417
0.415
0.409
0.409
0.409
0.407
0.397

P value
9.86e-6
1.17e-2
3.54e-2
8.48e-1
2.90e-1
8.23e-1
4.27e-1
2.67e-1
6.07e-1
8.26e-1
2.59e-1
5.27e-1

Table S3B. Multivariate analysis, DFS. Addition of MET, COX-2, E-cadherin improved the base model.
Addition of the interaction term ‘LNN:E-cad’ further improved the model. #R2 denotes R-squared (i.e.
coefficient of determination)
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T-stage
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HER2
p-mTOR
COX-2
VEGF
EGFR
E-cadherin
Cyclin D1
P53
MET
Synaptophysin
β-catenin
Figure S4 (DFS). Interactions between different parameters (clinical, pathological and
biological). Red bullet indicates a negative and blue a positive interaction.

LNN:E-cad interaction
E-cadherin normal vs reduced
COX-2 high vs low
MET membranous vs non
base
HER2 high vs low
ß catenin normal vs reduced
EGFR high vs low
synaptophysin high vs low
Cyclin D1
pmTOR high vs low
VEGF high vs low

1.0

0.8

0.6

0.4

0.2

0.0

P53 high vs low

R squared

Figure S5B. Extended model (DFS). When the interaction term ‘lymph node ratio and E-cadherin
expression’ was added, 48% of variations (R2=0.483) in recurrence of disease could be explained.
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CURRENT TREATMENT OF ESOPHAGEAL ADENOCARCINOMA
Despite improvements in surgical techniques (i.e. minimally invasive esophagectomy)
and in neoadjuvant treatment, mortality rates for esophageal cancer is still high.
Presently, patients with esophageal cancer are preoperatively treated with the 5
weekly CROSS regimen* (paclitaxel, carboplatin and concurrent radiotherapy). With
this treatment a complete pathological response is achieved in 30% of patients.
[1] Unfortunately, still a subset of these patients develop distant recurrence of
disease, which means that despite local control achieved with chemoradiotherapy
and esophagectomy, poor prognostic features that are currently unknown, might
underlie recurrence of disease. Identification of these poor tumor characteristics,
by means of identification of biological tumor markers, has not been successful yet.
It can be stated that surgical treatment of esophageal cancer reached a certain
plateau. Therefore, further improvement in treatment of esophageal cancer
might come from identification of biological markers that are aberrantly
expressed. In the last decade, a more individualized cancer treatment is
persuaded attempting to identify patients with poor tumor characteristics.
Rational behind the choice of evaluation of biological markers described in this thesis.
In this thesis a knowledge-driven approach was used, which means that important
biological markers were evaluated that were thought to be relevant in esophageal
adenocarcinoma. Markers were examined of which corresponding targeted
therapy has already been used in other cancer types[2-4]. Immunohistochemistry
(IHC) and gene amplification methods were used to evaluate biological
markers. An advantage of IHC above evaluation of genetic expression is that
the end product of the particular gene, i.e. the proteins, are evaluated, and
that the precise cellular localization of the protein expression can be assessed.
Results of this thesis showed that biological markers involved in one or more
hallmarks of cancer were aberrantly expressed in esophageal adenocarcinoma.
Some of these markers such as cyclo-oxygenase 2 (COX-2), vascular endothelial
growth factor (VEGF), phosphorylated mammalian target of rapamycin (p-mTOR),
human epidermal growth factor receptor (HER2), epidermal growth factor
receptor (EGFR) and β-catenin were significantly associated with poor prognosis.

PROGNOSTIC VERSUS PREDICTIVE BIOMARKERS
In literature, prognostic and predictive biological markers are interchanged
frequently. In general, prognostic markers predict patients’ clinical outcome when no
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prior anticancer treatment has been given. Stated differently, a prognostic marker is a
marker that provides information on the likely course of cancer in an untreated patient.
Pure prognostic markers are urgently needed in the clinic because they can be used
to predict recurrence of disease. For instance, a subset of patients successfully
treated with the CROSS regimen, i.e. patients that showed complete pathological
response (30%), still developed recurrence of disease. This finding indicates that
these patients exhibit poor tumor characteristics that are currently not known.
In respect to the definition of a prognostic marker, it should be mentioned here
that the CROSS study might not be best study to identify pure prognostic markers,
because patients were pre-operatively treated. It is important to assess the
prognostic significance of biological markers in a non-pre-treated group of patients.
An example of clinical implementation of a prognostic model is the MammaPrint®
which is currently used and further evaluated in breast carcinoma[5]. This prognostic
gene expression signature is used to identify patients with a ‘poor signature’ who
are likely to relapse (i.e. develop recurrence of disease). These patients should
undergo adjuvant therapy, while patients with a ‘good signature’ will be spared
from a toxic therapy.
In esophageal cancer such prognostic model has not been developed yet. We have
seen that conventional prognostic variables such as T-stage*, lymph node status,
grade of tumor differentiation and vasoinvasive tumor growth still better predicted
prognosis than biological markers. Nevertheless, in the future, biological markers may
have an additional role in directing targeted therapy: patient who are prone to relapse
and show aberrant biological marker expression, may benefit from targeted therapy.
On the other hand, a predictive marker can be used to identify sub-populations
of patients who are likely to respond to a given therapy. Despite several
attempts[6-8] currently, in esophageal adenocarcinoma there is no model available
yet that can be used to predict response to therapy. The reason might be that
several mechanisms, presently unknown, underlie resistance against cancer
treatment. Moreover, often a combination of treatment is used, which makes it
difficult to determine to which particular drug a patient developed resistance to.

THE SIGNIFICANCE OF BIOLOGICAL MARKER EXPRESSION
In this thesis we evaluated expression of biological markers in esophageal
adenocarcinoma. By doing this, we aimed to contribute to an individualized cancer
approach. We have shown that differences in prognostic outcome is because of
differences in expression of biological markers. However, with the exception of
studies with HER2[2] and MET inhibitors[9], in general selection of EAC* patients
* A list of abbreviations is included at the end of the thesis
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for targeted therapy has not been based on biological marker expression[4, 10-16].
We think that selection for targeted therapy based on previously established
biological markers is essential and we expect that the efficacy of targeted
therapy will increase when patients are carefully selected. This is already the
case in other cancer types, such as metastasized melanoma[17], non-small cell
lung cancer[18] and renal cell carcinoma[19]. We expect that within several
years also patients with esophageal cancer are not treated uniformly, but is
treated according to which pathway/ pathways drive(s) the oncogenic process.

THE ROLE OF EMT IN ESOPHAGEAL ADENOCARCINOMA
The role of epithelial to mesenchymal transition (EMT) has been discussed in
the thesis. It has been a challenge to identify the EMT process in esophageal
adenocarcinoma, because of its dynamic character: heterotypic signaling, such as
TGFβ* or EGF* mainly derived from non-tumorous cells, constituting the tumormicroenvironment, can lead to EMT[20]. However, absence of the same stimuli
(for instance when tumor cells have disseminated to distant sites) can reverse the
process, which is called mesenchymal to epithelial transition (MET)*. Furthermore,
it is likely that within one tumor, cancer cells may enter the EMT program only
partially, again complicating identification of EMT.
There is no gold standard to establish the presence of EMT, however in cancer
cell-lines it is well known that epithelial cancer cells changed into a mesenchymal
phenotype upon stimulation with EGF or TGFβ, which is accompanied with decreased
E-cadherin* and increased invasiveness[21]. On the other hand, using paraffinembedded tissue, it has been a challenge to find evidence of the EMT process.
Nevertheless, in this thesis we found evidence that at least a subgroup of cells have
underwent the EMT program, because of expression of EMT-associated markers.
Recently, a link between EMT and cancer stem cells has been reported regarding their
similarities[22, 23]. For instance, both cell types show great plasticity, contribute to
the tumor heterogeneity, are known to refer resistance to therapy, and the heterotypic
signals that trigger an EMT can also sustain cancer stem cells[24]. Additionally,
it has been shown that EMT cancer cells may be the precursors of (metastatic)
cancer stem cells[25]. Furthermore, there is increasing evidence that the signaling
between cancer stem cells and cells that underwent EMT on the one hand, and the
tumor micro-environment on the other hand, are not static but constantly changes
during tumor progression, invasion, and metastatic dissemination[24]. Therefore,
understanding of these dynamic interactions is essential for development of (novel)
targeted therapies directed to cancer cells that underwent EMT or cancer stem cells.

168

CHAPTER 9

GENERAL DISCUSSION

FUTURE DIRECTIONS: TO OVERCOME RESISTANCE TO TARGETED THERAPY
The rational behind targeted therapy is to target a biological marker which is
important for the biology of the tumor. When this biological marker is inhibited,
then tumor progression should be impaired. However, in clinical trials, it has been
shown that most clinical responses are only transitory[24]. Generally, resistance
to targeted therapy develops after approximately 6 months. This can be explained
by the fact that different parallel pathways may be involved in the same hallmark
of cancer[24]. When a targeted therapy inhibits one key pathway, the hallmark
might not be completely inhibited (because of activation of the parallel pathway).
This allows some cancer cells to survive with residual function, until the residual
cancer cells eventually adapt due to the selective pressure induced by the targeted
agent. An example of several pathways involved in one hallmark might have
been shown in this thesis. COX-2 and VEGF are both involved in angiogenesis, an
important hallmark of cancer, however in this thesis we did not find a correlation
between expression of these biological markers, indicating that angiogenesis might
be regulated by different (parallel) signalling pathways. A strategy to overcome
resistance might be to target several pathways simultaneously, thereby preventing
development of adaptive resistance. Unfortunately, this will almost-inevitable
lead to increased toxicities. Further studies should therefore be developed to
determine which additional mechanism underlie development of resistance to
(targeted) therapy and novel targeted agents should be developed accordingly.
In the UMC Utrecht (UMCU) there is increasing attention regarding personalised
cancer treatment. In collaboration with AMC and the Erasmus MC, in the UMCU
a project will be set up to predict which patients will benefit and which patient
will not benefit from the CROSS treatment. Patients that will not benefit from
the CROSS treatment should be rescheduled for surgical treatment immediately.
In this the UMC Utrecht aims to improve treatment of esophageal cancer.
In summary, treatment of esophageal carcinoma steadily improved in the last
2 decades: in patients that are eligible for treatment, 5 year survival was only
around 15% and now is up to 50% [1]. Still there is a window of opportunities
to improve treatment of esophageal cancer. Hopefully, future studies will
continue to focus on identification of prognostic as well as predictive biological
markers that eventually will improve treatment of esophageal adenocarcinoma.

* A list of abbreviations is included at the end of the thesis
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CHAPTER 10
SUMMARY

In the western world incidence of esophageal cancer is steadily increasing, mainly due
to the increase in esophageal adenocarcinoma. Neoadjuvant chemoradiotherapy
followed by esophagectomy now is the standard of care in Netherlands. It can be
stated that introduction of minimally invasive techniques for esophagectomy (MIE)
such as robotic-assisted esophagectomy and improvements in esophagectomy have
optimized treatment of esophagectomy. Despite this optimal treatment still a subset
of patients develops recurrence of disease. Therefore, further improvements might
come from identification and eventually targeting of poor tumor characteristics
already expressed in the primary tumor.
In this thesis we focussed on expression of biological markers expressed in the
primary tumor using a tissue micro array (TMA)*. All evaluated biological markers
described in this thesis were involved in one or more important hallmarks of
cancer such as: 1. Sustained proliferation; 2. Evading growth suppressors; 3.
Tumor invasiveness and metastatic dissemination; 4. Replicative immortality; 5.
Angiogenesis; and 6. Resisting cell death.
All included patients were diagnosed with esophageal adenocarcinoma (EAC) and
were non pre-treated. Of the corresponding pathological slides 3 representative
tissue regions were selected and punched out from the complementary paraffin
block containing the tumor. Subsequently, the biopsy cores (diameter 0.6mm) were
transferred to a donor paraffin block. Using a TMA technique, all tumors could be
evaluated simultaneously. With the exception of 2 studies, immunohistochemistry
(IHC) was used to examine the immunoreactivity of various biological markers.
The studies described in this thesis aim to evaluate the prognostic significance
of various biological markers expressed in esophageal adenocarcinoma.
COX-2* and VEGF* both are involved in angiogenesis, an important hallmark of
cancer. In Chapter 2 the percentage, simultaneous expression and the prognostic
significance of COX-2 and VEGF is described. Results showed that COX-2 overexpression was seen in 26.5% and VEGF in 53.8% of tumors. In univariate analysis,
both VEGF and COX-2 were associated with a poor cancer specific survival. In
patients with advanced disease, COX-2 was independently associated with poor
cancer specific survival, in multivariate analysis. No correlation was seen between
simultaneous expression of VEGF and COX-2, indicating that COX-2 and VEGF operate
in separate pathways in esophageal adenocarcinoma. It should be also mentioned
that immunohistochemistry might not be best way technique to show simultaneous
expression, but other methods currently not assessed such as immunoprecipitation
methods might be. Results showed that COX-2 and VEGF were fairly frequent in
esophageal adenocarcinoma, and eventually might represent attractive targets for
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targeted therapy. First, it should be investigated if COX-2 and VEGF over-expression
are associated with response to targeted therapy.
Phospharylated mammalian target of rapamycin (p-mTOR)* is the major
downstream effector of the phosphatidyl inositol 3-kinase/Akt (PI3K/Akt) signalling
pathway which is frequently activated in cancer cells. In the cell mTOR residues
in 2 different complexes: mTOR1 and mTOR2, of which only mTOR1, also defined
as mTOR is sensitive for rapamycin treatment (i.e. a macrolide produced by the
bacteria Streptomyces hygroscopicus). In esophageal squamous cell carcinoma
(ESCC) in our institution percentage of p-mTOR over-expression was seen in 25%,
but the prognostic significance was not assessed. In esophageal adenocarcinoma,
p-mTOR expression has not been evaluated before.
In Chapter 3 the percentage p-mTOR was assessed and the prognostic significance
of p-mTOR over-expression. p-mTOR over-expression was seen in 19.7% of patients.
p-mTOR over-expression was not correlated with any clinical or pathological variable,
except that a trend towards vasoinvasive tumor growth and p-mTOR over-expression
was seen. In univariate analysis over-expression of p-mTOR was significantly
associated with a poor survival, but not in multivariate analysis. Although p-mTOR
was not an independent variable for a poor prognosis, results showed that p-mTOR
over-expression is seen in almost one fifth of patients. Currently, in other tumor
types such as in renal cell carcinoma, p-mTOR inhibition therapy (everolimus) is
already the standard if care in patients with metastatic disease. It is expected that
everolimus treatment might also be implemented in the treatment of (metastatic)
esophageal adenocarcinoma.
Activation of the human epidermal growth factor 2 (HER2)* is involved in sustained
proliferation, metastatic dissemination and in resisting cell death. Targeting the HER2
receptor by means of trastuzumab therapy (i.e. a monoclonal antibody) in patients
with HER2 positivity seems an attractive option. In other cancer cell types such as in
breast and in gastric cancer or gastro-esophageal junctional (GEJ) carcinoma, HER2
inhibition therapy (trastuzumab) resulted in improved survival in patients who
showed HER2 positivity. There are several methods to examine the HER2 status: by
immunohistochemistry and by molecular techniques such as fluorescence and silverenhanced in situ hybridization techniques (FISH and SISH, respectively*). Currently,
in breast and in gastric (or GEJ)* carcinoma patients with an immunohistochemical
(IHC) score of 3+ or 2+ with HER2 gene amplification observed with SISH or FISH are
eligible for trastuzumab therapy. However, in esophageal adenocarcinoma there is
no clear definition of a true HER2 positive tumor.
In Chapter 4 the agreement between different HER2 testing methods and its
prognostic significance was evaluated. Results showed that HER2 protein over* A list of abbreviations is included at the end of the thesis
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expression was seen in 14%, HER2 positivity (defined as IHC 3+ or 2+ with ISH+)
in 12% and HER2 gene amplification in 18% of patients using FISH and 16% using
SISH. All were significantly associated with poor cancer specific survival in EAC, in
univariate analysis. In multivariate, SISH and HER2 positivity were independently
associated with poor survival. Agreement percentages between HER2 protein and
SISH techniques was 92%, was 90% between IHC and FISH and was 95% between
SISH and FISH. Interestingly, 6-8% of patients with IHC1+ also showed HER2 gene
amplification. Currently, in breast, gastric (or GEJ) carcinoma, these patients are not
selected for HER2 targeted therapy. Future clinical trials should decide if patients
with IHC 1+ with HER2 gene amplification should also be selected for trastuzumab
therapy. It should be mentioned that SISH was equally sensitive as FISH, but was less
time-consuming. With the FISH technique the CEP17 and the HER2 are manually
counted. Tumors with a high HER2/CEP17 ratio of ≥1.8 are considered as amplified.
Chapter 5 compared automated FISH counting with manual counting with regard
to the reference test (SISH). The prognostic significance of automated FISH and
conventional FISH were compared. Automated FISH analysis with D-sight* using
the traditional HER2/CEP17 ratio threshold of ≥1.8 showed HER2 amplification in
47% of patients in contrast to only 18% for manual FISH. It was concluded that
using the conventional 1.8 threshold, automated FISH analysis may have led to
overclassification of tumors as HER2 positive. Therefore, different thresholds for
automated FISH were analysed and compared to SISH. Results showed that a ratio of
≥3.6 for automated FISH best approaches the results of conventional ISH methods,
also with regard to prognostic significance. It can be concluded that automation of
FISH is possible with good reproducibility, but thresholds for HER2 amplification
should be adjusted to ≥3.6.
The MET* receptor, a hepatocyte growth factor, is involved numerous important
hallmarks of cancer such as sustained proliferation, tumor invasiveness and
metastatic dissemination and resisting cell death. Inhibiting the MET receptor
therefore seems an attractive option. Recently, patients are selected for
rilotumumab, a MET signalling inhibitor. Patients with high MET immunoreactivity
are selected for therapy. However, it is not known which antibody could be best
used to identify MET expression.
In Chapter 6 different anti-MET antibodies are described with regard to the
immunoreactivity (there is no standardized anti-MET antibody available, therefore
the term immunoreactivity is used instead of expression) and prognostic significance.
Furthermore, agreement percentages between different anti-MET antibodies are
reported. In non-cancer cells, predominantly membranous MET expression has
been observed. Membranous MET expression was seen with polycloncal rabbit-
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anti-MET clone CVD13 and with monoclonal rabbit-anti-MET clone D1C2. Only
immunoreactivity observed with polyclonal MET clone CVD13 was associated
with prognosis: membranous immunoreactivity was significantly associated with
improved survival. This result indicates that membranous MET immunoreactivity
represents a group of tumors with good clinical features such good grade of tumor
differentiation, low T-stage*, and absence of lymph node metastasis and recurrence
of disease.
Highest agreement percentage was only 66.7% and was seen between membranous
and cytoplasmic immunoreactivity using monoclonal clone D1C2 and polycloncal
clone CVD13, respectively. The results highlights the importance to use a robust
antibody for identifying patients who may need anti-MET targeting. Current
results cannot yet support the use of anti-MET clone CVD13 to select patients for
rilotumumab therapy, because with this antibody a group of patients are selected
that do not represent an aggressive subgroup that need targeting.
Lately, there has been increasing interest in a process called epithelial to mesenchymal
transition (EMT)*, because of its prominent role in tumor dissemination and also in
(chemo)therapy resistance. During the process of EMT, epithelial cells lose their
inter-and intracellular adhesions and change into a mesenchymal phenotype. This
change in cell morphology can be identified by reduced expression of E-cadherin and
membranous β-catenin* (i.e. epithelial markers) and on the other hand expression
of mesenchymal markers such as nuclear β-catenin and N-cadherin*.
Chapter 7 described the percentage, agreement and prognostic significance of
EMT-associated markers such as E-cadherin, EGFR, Cyclin D1 and β-catenin* in
esophageal adenocarcinoma. Results showed reduced E-cadherin and membranous
β-catenin expression in 11.4% and 51.7% respectively, nuclear β-catenin in 19.1%,
high EGFR expression in 56.5% and high Cyclin D1 expression in 27.4% of tumors.
On the contrary, mesenchymal marker N-cadherin was not expressed in esophageal
adenocarcinoma, which might indicate a less prominent role of N-cadherin in the
EMT process in EAC.
In univariate analysis, membranous β-catenin and high EGFR expression were
associated with poor survival. High EGFR expression was independently associated
with a poor survival. High EGFR and Cyclin D1 were significantly correlated, and
expression of membranous E-cadherin and β-catenin were also significantly
correlated. The expression of EMT-associated markers in EAC indicated that at least
a subgroup of cancer cells might have gone through the EMT program.
In esophageal cancer there is no prognostic model available yet including biological
markers, that can be used to predict patient’s prognosis. In Chapter 8 a model is
described that included pathological, clinical and biological variables in order to
* A list of abbreviations is included at the end of the thesis
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uncover the most important prognostic variables in esophageal adenocarcinoma.
Results of univariate analysis showed that pathological variables much better
predicted prognosis than biological markers and clinical variables, although to a
lesser extent biological markers were significantly associated with prognosis as well.
To investigate a positive additive value of biological markers, which is independent
of pathological variables, first an optimal multivariate Cox model including only
pathological variables was identified, which was considered as the base model.
This base model included lymph node ratio, T-stage, vasoinvasive tumor growth
and grade of tumor differentiation. Second, biological markers were added. Only
addition of HER2, COX-2, MET and E-cadherin significantly improved the model.
Additionally, possible interactions between biological markers on the one hand and
clinical and pathological variables on the other hand, were explored, which showed
an interaction between E-cadherin and lymph node ratio. When including this
interaction term to the base model, 46% and 48% of variations in cancer specific
death and recurrence of disease, respectively could be explained by the model.
These results suggested that reduced expression of E-cadherin and lymph node
metastasis constitutes an aggressive subset of cancer cells. It was concluded that
pathological variables better predicted patient’s prognosis than biological markers.
Nevertheless, biological markers have some additional value in predicting patient’s
prognosis and may direct the use of targeted therapy in the future.

Summary table: overview of expression of prognostic markers in esophageal adenocarcinoma.
#: One should keep in mind that first it should be evaluated if (aberrant) expression is associated with
response to targeted therapy.
$: In breast and in gastroesophageal junction tumors (GEJ) HER2 is associated with response to
trastuzumab therapy
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Biological marker
COX-2*
Chapter 2

VEGF*

% aberrant expression
27%

Biological pathways involved
(when marker is aberrantly
expressed)
Angiogenesis
Angiogenesis
Sustained proliferation

54%
20%

Sustained proliferation

Chapter 2

p-mTOR*
14%

Sustained proliferation

Chapter 4

Chapter 3

HER2* protein (2+/3+ vs. 1+)
12%

HER2 positivity (2+ with ISH+ or 3+
vs. 1+ or 2+ ISH-)

Biological pathways involved
(when marker
is aberrantly
Sustained
proliferation
expressed)
Sustained proliferation

16%
18%

Sustained proliferation

% aberrant expression

14%

Biological
Chapter
4 marker
SISH* (HER2/CEP17 ≥1.8/<1.8)
FISH* (HER2/CEP17
≥1.8/<1.8)
Chapter
4
Chapter 4
Automated HER2 (HER2/CEP17
38%

Angiogenesis;
Resisting cell death;
Tumor invasion and metastasis

≥3.6/<3.6)
Chapter 5

MET*

27%

Chapter 6

Cyclin D1*
Chapter 7

57%

-

Down regulation of E-cadherin is
involved in tumor invasion and
metastasis

Evading growth suppressors; cell
cycle control
Sustained proliferation

EGFR*
Chapter 7

Prognostic model
T-stage, LNN ratio, G-grade and
vasoinvasion + interaction term
‘LNN ratio-E-cadherin’
Chapter 8

Overview of expression of prognostic markers in esophageal adenocarcinoma.

Prognostic significance?
yes vs. no

Yes, independently associated
with OS* (all patients) and with
CSS* (in T3).
Yes, associated with poor
survival (CSS en OS, univariate
analysis)
Yes, associated with poor
survival (OS, univariate analysis)
Yes, associated with poor
survival (CSS, univariate analysis)
Yes, independently associated
with CSS
Prognostic significance?

yes vs.
no
Yes,
independently
associated
with CSS
Yes, associated with poor
survival (CSS, univariate analysis)
Yes, associated with poor
survival (CSS, univariate analysis)

Yes, membranous expression
associated with improved
survival (CSS and OS, univariate
analysis)
No.

Yes, independently associated
with OS, and in univariate
analysis associated with poor
survival (CSS).
2
Yes, 46% of variation (R =0.456)
2
in CSS and 48% (R =0.483) of
variation in DFS* could be
explained.

#

Suitable as target for targeted
therapy?
yes vs. no
#
Possibly . Over-expression seen
in 27%.

#

Possibly . Over-expression seen
in 54%.

Possibly . Over-expression seen
in 20%.
$
Yes

$

Yes

#

Suitable as target for targeted
$
therapy?
Yes
yes vs. no
$
Yes

Possibly . Over-expression seen
in 14%.

No, expression was associated
with improved survival.

Probably not. Cyclin D1 was not
associated with survival.
#
Possibly . Over-expression seen
in 57%.

Probably not. Currently no
selection can be applied based
on the model.

#: One should keep in mind that first it should be evaluated if (aberrant) expression is associated with response to targeted therapy.
$: In breast and in gastroesophageal junction tumors (GEJ) HER2 is associated with response to trastuzumab therapy

* A list of abbreviations is included at the end of the thesis
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CHAPTER 11
SUMMARY IN DUTCH
NEDERLANDSE SAMENVATTING

In de westerse wereld neemt de incidentie van slokdarmkanker gestaag toe.
Deze toename is voornamelijk toe te schrijven aan een stijgende incidentie van
het slokdarmadenocarinoom. Bij patiënten met een resectabel slokdarmtumor
is nu preoperatieve chemo(radio) therapie gevolgd door een slokdarmresectie in
Nederland de standaard behandeling. Door de opkomst van de minimaal chirurgische
(robot)-operatie technieken is de chirurgische behandeling van slokdarmkanker
geoptimaliseerd. Ondanks ontwikkelen helaas nog veel patiënten terugkeer van de
ziekte (relaps). In toenemende mate is er aandacht voor de expressie van markers
en de zogenaamde ‘targeted therapy’. Patiënten met expressie van markers die een
belangrijke rol spelen bij de pathogenese en progressie van slokdarmkanker, de
biomarkers, zouden in aanmerking kunnen komen voor ‘targeted therapy’. Hierbij
wordt gestreefd naar een behandeling op maat.
In dit proefschrift is gekeken naar biomarkers die in het slokdarmadenocarcinoom tot
expressie komen. Alle geïncludeerde patiënten (1988 tot 2009) zijn gediagnosticeerd
met het slokdarmadenocarcinoom en zijn niet voorbehandeld met chemo(radio)
therapie, omdat het laatste toen geen standaard behandeling was. Middels
een tissue micro array (TMA) waarbij het mogelijk is om van tientallen tumoren
gelijktijdig beoordelen, hebben we gekeken naar de expressie van biomarkers. Deze
expressie hebben we beoordeeld met behulp van kleuringen, immunohistochemie.
In dit proefschrift hebben we gekeken naar de prognostische waarde van biomarkers
in het slokdarmadenocarcinoom.
In hoofdstuk 2 hebben we gekeken naar de expressie van vasculair endotheliale
groei factor (VEGF) en cyclooxygenase isoenzyme-2 (COX-2). Beide biomarkers
spelen een belangrijke rol bij het vormen van nieuwe bloedvaten waardoor
bijvoorbeeld de tumor wordt voorzien van bloed. Dit proces wordt angiogenese
genoemd. Resultaten van het onderzoek lieten zien dat hoge expressie van COX2 gezien werd in een kwart en een hoge expressie van VEGF bij de helft van alle
patiënten. Bovendien was deze verhoogde expressie van beide biomarkers
geassocieerd met een slechtere overleving. Wanneer er werd gecorrigeerd voor
belangrijke ‘confounders’ zoals tumor stadium en lymfekliermetastase, bleek dat
COX-2 onafhankelijk van bovengenoemde ‘confounders’ geassocieerd was met een
slechtere overleving in de multivariaat analyses. Deze resultaten suggereren dat
patiënten met een hoge COX-2 en VEGF expressie mogelijk kandidaten zijn voor
‘targeted therapy’. Op deze manier zou de prognose van patiënten met COX-2 en
VEGF verbeterd kunnen worden. Allereerst zal dan wel moeten worden onderzocht
of expressie van COX-2 en VEGF geassocieerd zijn met response op ‘targeted
therapy’.
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De zogenaamde gefosforyleerd mammalian target of rapamycine (afgekort p-mTOR)
is een belangrijk integraal eiwit in de cel, dat wil zeggen dat het eiwit verschillende
signaal transducties ontvangt van binnen en buiten de cel. In kankercellen leidt
een verhoogde expressie van p-mTOR tot ongecontroleerde celdeling, celgroei
etc. Al eerder is in het slokdarmplaveiselcelcarcinoom gekeken naar de expressie
van p-mTOR, maar er is nog nooit gekeken naar de p-mTOR expressie middels
immunohistochemie in het slokdarmadenocarcinoom. In hoofdstuk 3 is beschreven
dat hoge expressie van p-mTOR werd gezien bij 20% van alle patiënten en dat deze
was geassocieerd met een slechtere overleving. Wanneer er gecorrigeerd werd
voor ‘confounders’ in de multivariaat analyse, bleek dat p-mTOR niet onafhankelijk
te zijn geassocieerd met een slechtere overleving.
Patiënten met een gemetastaseerd niercelcarcinoom komen nu in aanmerking
voor everolimus, een medicijn (‘targeted therapy’) gericht tegen p-mTOR. Onze
resultaten suggereren dat slokdarmkankerpatiënten met een hoge p-mTOR
expressie eveneens in aanmerking zouden moeten komen voor ‘targeted therapy’.
Biomarker HER2, humaan epitheliale groei factor receptor 2, is onder andere
betrokken bij verhoogde celdeling en uitzaaiing van tumorcellen. Daarom is het
blokkeren van HER2 met behulp van het medicijn trastuzumab (een monoclonaal
antilichaam) aantrekkelijk. Dit wordt nu al toegepast bij patiënten met borstkanker,
met een maagtumor of met een slokdarm-maag overgangstumor. Resultaten
hebben al aangetoond dat de prognose gunstig wordt beïnvloed wanneer patiënten
met een verhoogde HER2 behandeld worden met trastuzumab. Er zijn verschillende
methoden beschikbaar waarop HER2 expressie kan worden aangetoond, namelijk
met fluorescentie en silver-enhanced in situ hybridisatie (afgekort als FISH en
SISH) en met immunohistochemie (IHC). Met behulp van FISH en SISH kan HER2
genamplificatie aangetoond worden. Bij borst- en maagkanker komen patiënten met
een hoge IHC expressie (IHC 3+ of IHC 2+ in combinatie met HER2 genamplificatie)
in aanmerking voor trastuzumab en worden beschouwd als echte HER2 positieve
tumoren. Echter in het slokdarmadenocarcinoom is het niet duidelijk welke tumoren
echt als HER2 positief kunnen worden beschouwd.
In hoofdstuk 4 hebben we gekeken naar verschillende methoden waarop
HER2 expressie kan worden aangetoond. Resultaten lieten zien dat 14% van de
patiënten een hoge HER2 eiwit expressie hadden (IHC 3+ of 2+) en dat 18% en
16% HER2 genamplificatie lieten zien wanneer FISH respectievelijk SISH werd
gebruikt. Bovendien werd HER2 positiviteit (gedefinieerd als IHC3+ of IHC2+
met HER2 genamplificatie) gezien bij 12% van alle patiënten. De HER2 expressie
geëvalueerd met FISH, SISH, IHC en positiviteit waren allen geassocieerd met een
slechtere overleving. In de multivariaat analyse is gebleken dat HER2 expressie
* A list of abbreviations is included at the end of the thesis

183

geëvalueerd met SISH en HER2 positiviteit, onafhankelijk geassocieerd waren met
een slechtere prognose. Wat eveneens is opgemerkt is dat de overeenstemming
van de verschillende HER2 technieken niet 100% was. Met name bij patiënten met
een lage HER2 eiwit score (IHC1+) liet 6-8% van deze patiënten toch een HER2
genamplificatie zien. De toekomst zal moeten uitwijzen of deze patiënten alsnog in
aanmerking zouden moeten komen voor trastuzumab therapie.
Met behulp van de FISH techniek wordt zowel gekeken naar de HER2 signalen als naar
de CEP17 signalen. Dit laatste wordt gedaan om te kunnen corrigeren voor polysomie
(dat is 3 of meer kopieën van CEP17). Patiënten met een hoog ratio (HER2/CEP17
≥1.8) worden beschouwd als HER2 geamplificeerd en komen in aanmerking voor
trastuzumab therapie. Nu worden de HER2 en CEP17 signalen nog handmatig geteld
wat een zeer tijdrovende methode is. In hoofdstuk 5 hebben we de manuele HER2/
CEP17 ratio (verkregen met conventionele FISH) vergeleken met de automatische
HER2/CEP17 FISH techniek. Beide technieken hebben we vergeleken met SISH als
referentie test. Met behulp van de automatische FISH bepaling werden bij 47% van
de patiënten HER2 amplificaties gezien, dit in vergelijking met 18% wanneer de
conventionele FISH werd gebruikt. De overeenkomt van automatisch FISH en SISH
was slechts 70%, terwijl de overeenkomst van conventionele FISH en SISH 95% was.
Hierdoor concludeerden we dat de automatische FISH mogelijk een overschatting
geeft van het aantal HER2 amplificaties. Daarom hebben we de drempelwaarde van
de automatische FISH voor HER2 amplificatie stapsgewijs opgehoogd en opnieuw
vergeleken met de SISH als referentiemethode. Het is gebleken dat wanneer een
drempelwaarde van ≥3.6 werd gebruikt de resultaten van de automatische FISH het
beste overeenkwamen met die van de conventionele FISH methode, inclusief de
prognostische betekenis. Namelijk patiënten met een HER2/CEP17 ratio van ≥3.6
hadden een significant slechtere overleving dan patiënten met een ratio van <3.6.
De hepatocyt groei factor receptor, MET, speelt een belangrijke rol bij
ongecontroleerde celdeling, celgroei, uitzaaiingen van tumorcellen etc. Om
deze reden vormt inhibitie van de receptor door middel van rilotumumab (een
‘targeted therapy’) een aantrekkelijke optie. Momenteel worden patiënten met
een gemetastaseerde maag- of met een slokdarm-maag overgangstumor die een
hoge MET aankleuring laten zien, geïncludeerd in een studie waarin zij behandeld
worden met rilotumumab. Helaas is het MET antilichaam die in deze studie is
gebruikt commercieel nog niet beschikbaar. Van de beschikbare antilichamen is
het niet duidelijk welk antilichaam het beste gebruikt kan worden om MET aan te
tonen. In hoofdstuk 6 hebben we 6 verschillende MET antilichamen met elkaar
vergeleken betreffende de aankleuring van MET (het woord expressie kunnen we
niet gebruiken omdat er nog geen gevalideerd MET antilichaam beschikbaar is). Ook
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is de overeenkomst tussen de verschillende antilichamen met elkaar vergeleken.
Het hoogste overeenkomstpercentage van de verschillende MET kleuringen was
gezien tussen MET antilichaam kloon CVD13 en MET D1C2. Deze was slechts
67%. Ook is gebleken dat alleen de MET aankleuring bij gebruik van antilichaam
CVD13, geassocieerd is met de overleving. We hebben gezien dat een membraan
aankleuring (gezien met antilichaam CVD13) significant geassocieerd was met een
betere overleving. Dit geeft aan dat membraneuze MET aankleuring representatief
is voor een patiëntengroep die een betere prognose heeft. Om die reden zouden
deze patiënten juist geen geschikte kandidaat zijn voor ‘targeted therapy’. Deze
resultaten benadrukken het gebruik van een robuust antilichaam, zodat de juiste
patiënten geselecteerd worden voor ‘targeted therapy’.
De laatste tijd is er in toenemende mate interesse voor het proces: de epitheliale
naar mesenchymale transitie (EMT). Het EMT proces speelt een belangrijke rol
bij het uitzaaien van tumorcellen en bij resistentie tegen chemotherapie. In het
EMT proces verandert een (tumor)cel van een epitheliale naar een mesenchymaal
celtype (een stromaal celtype). Dit proces wordt gekarakteriseerd door een afname
van epitheliale marker zoals E-cadherine en β-catenine en juist een toename van
mesenchymale markers zoals N-cadherine en nucleair β-catenine (dat is translocatie
van β-catenine naar de kern).
In hoofdstuk 7 hebben we gekeken naar de expressie, de overeenkomst en de
prognostische waarde van EMT-geassocieerde markers zoals E-cadherine, EGFR,
Cycline D1, N-cadherine, β-catenine en nucleair β-catenine. Resultaten van de
studie lieten een afname van E-cadherine en β-catenine zien van 11% en 52%.
Een hoge expressie van EGFR, Cycline D1 en aankleuring van β-catenine in de
kern werd gezien bij respectievelijk 57%, 27% en 19%. Daarentegen werd er geen
expressie gezien van N-cadherine. Dit laatste suggereert dat N-cadherine in het
slokdarmadenocarcinoom mogelijk een minder grote rol speelt in het EMT proces.
Verhoogde en verlaagde expressie van respectievelijk EGFR en β-catenine waren
significant geassocieerd met een slechtere overleving. In multivariaat analyse
bleef alleen E-cadherine significant geassocieerd met de overleving. Een positieve
correlatie is er gezien tussen expressie van E-cadherine en β-catenine en tussen
EGFR en Cycline D1. Concluderend, de expressie van EMT-geassocieerde markers
in het slokdarmadenocarcinoom suggereert dat in elk geval een deel van de
kankercellen een EMT proces heeft ondergaan.
In het slokdarmadenocarcinoom is er nog geen prognostisch model beschikbaar,
waarin ook aandacht wordt besteed aan biomarkers, die in de kliniek gebruikt kan
worden om de lange-termijn overleving te voorspellen. In hoofdstuk 8 is er een
prognostisch model beschreven waarin alle belangrijke klinische en pathologische
* A list of abbreviations is included at the end of the thesis
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variabelen en ook biomarkers zijn geïncludeerd. Op deze manier hebben we
geprobeerd om de meest belangrijke prognostische variabelen in kaart te brengen.
De resultaten lieten zien dat pathologische variabelen veel sterker gecorreleerd
waren met een slechte overleving dan de biomarkers. Toch waren biomarkers
zoals EGFR, HER-2, COX-2, VEGF, MET en p-mTOR wel degelijk geassocieerd met
de prognose. Om de toegevoegde waarde van biomarkers te kunnen bepalen die
onafhankelijk zijn van de pathologische variabelen, hebben we eerst een optimaal
basis model opgesteld bestaande uit: tumor stadium, lymfekliermetastasen,
vasoinvasieve tumor groei en graad van tumor differentiatie. Vervolgens hebben
we de biomarkers toegevoegd aan het model. Resultaten hebben laten zien dat
toevoeging van HER2, COX-2, MET en E-cadherine het model verbeterden. Dat wil
zeggen dat de lange-termijn overleving nog beter voorspeld kon worden. Ook hebben
we gekeken naar verschillende interacties tussen pathologische variabelen enerzijds
en biomarkers anderzijds. Lymfekliermetastase had een negatieve interactie met
E-cadherine. Wanneer deze interactie term werd toegevoegd aan het prognostisch
model, kon de lange-termijn overleving nog beter worden voorspeld. Dit suggereert
dat een afname van E-cadherine expressie in combinatie met lymfekliermetastasen
representatief is voor een agressieve subgroep van kankercellen. Concluderend,
de pathologische variabelen waren beter geassocieerd met de overleving dan
biomarkers. Desalniettemin kunnen in de nabije toekomst de biomakers ingezet
worden om op deze wijze ‘targeted therapy’ te dirigeren.
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SAMENVATTING

* A list of abbreviations is included at the end of the thesis

187

LIST OF
ABBREVIATIONS
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Abbreviation

Explanation

Biological markers:
β-catenin
COX-2
E-cadherin
EGF
EGFR (ERBB1)
HER2 (ERBB2)
MET (synonym: HGFR)
N-cadherin
p-mTOR
TGFβ
VEGF

Beta-catenin (i.e. cadherin-associated protein)
Cyclo-oxygenase 2
Epithelial cadherin
Epidermal growth factor
Epidermal growth factor receptor
Human epidermal growth factor receptor 2
Hepatocyte growth factor receptor
Neural cadherin
Phosphorylated mammalian target of rapamycin
Transforming growth factor beta
Vascular endothelial growth factor

Clinical and pathological terms:
EAC
ESCC
CROSS regimen
CSS
DFS
GEJ
LNN
LNN ratio
OS
TMA
T-stage

Esophageal adenocarcinoma
Esophageal squamous cell carcinoma
Chemoradiotherapy for Oesophageal Cancer followed by Surgery
Study (neoadjuvant paclitaxel, carboplatin and concurrent radiotherapy).
Cancer specific survival
Disease free survival
Gastroesophageal junction
Lymph node(s)
Lymph node ratio
Overall survival
Tissue micro array
Tumor stage (i.e. depth of tumor infiltration): T1, T2 or T3

Laboratory processes:
D-sight
FISH
IHC
ISH
SISH

Digital microscope sight
Fluorescence in situ hybridization
Immunohistochemistry
In situ hybridization
Silver in situ hybridization

Biological (cancer) processes
EMT
MET

Epidermal to mesenchymal transition
Mesenchymal to epithelial transition
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