Prognostic significance of neuroepithelial transforming gene 1
in adenocarcinoma of the oesophagogastric junction
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Background: Neuroepithelial transforming gene 1 (NET1) mediates tumour invasion and metastasis in
a number of cancers, including gastric adenocarcinoma. It is an indicator of poor prognosis in breast
cancer and glioma. This study examined NET1 expression and its prognostic significance in patients
with adenocarcinoma of the oesophagogastric junction (AOG).

Methods: NETT1 expression was measured by immunohistochemistry in a tissue microarray, constructed
from biobanked tissue collected over a 10-year interval, and linked to a prospectively maintained clinical
database.

Results: Using the Siewert classification for AOG, type I tumours expressed significantly higher levels
of NET1, with lowest expression in type III and intermediate levels in type II (P=0-001). In patients
with AOG type III, NET 1-positive patients were more likely to be female (P =0-043), have advanced
stage cancer (P =0.035), had a higher number of transmural cancers (P =0-006) and had a significantly
higher median number of positive lymph nodes (P =0-029). In this subgroup, NET1-positive patients
had worse median overall (15 versus 23 months; P=0-025) and disease-free (11 versus 36 per cent;
P =0-025) survival compared with NET1-negative patients.

Conclusion: Although existing data show differences in clinical and prognostic indices across AOG
subtypes, there are no studies showing differences in tumour biology. These data suggest NET1, a
known mediator of an aggressive tumour phenotype in a number of gastrointestinal cancers, is expressed
differentially across AOG subtypes and may be of prognostic significance in the clinical management of

this condition.

Introduction

The incidence of oesophageal adenocarcinoma has
increased markedly in the West over the past 30 years',
with most tumours concentrated in the lower oesophagus
and oesophagogastric junction. The widely used Siewert
classification system® is based on distance of the centre
of the tumour from the anatomical cardia, where the
endoscopic cardia is defined as the upper end of the
longitudinal folds of the gastric mucosa. Adenocarcinoma
of the oesophagogastric junction (AOG) type I involves
the distal oesophagus and arises mostly in the specialized
intestinal metaplasia of Barrett’s oesophagus; AOG type 11
arises immediately at the junction or anatomical cardia; and
AOG type III is a subcardiac gastric carcinoma infiltrating
the oesophagogastric junction and distal oesophagus from

below*. Previous studies have shown differences in survival
among these subgroups’, and their clinical management
can differ in terms of choice of operation and neoadjuvant
treatments®’. The biology of these tumour subtypes
remains unclear, with AOG type I strongly linked to reflux
and obesity. It has been suggested that characterization
of the molecular pathways across the junctional spectrum
might inform clinical decision-making in the future™.
Neuroepithelial tansforming gene 1 (NETT) is located at
chromosome 10p15 and encodes a 54-kDa oncoprotein®.
It is a guanine nucleotide exchange factor involved in
cytoskeletal regulation and cancer cell invasion”. NET1
expression has been identified in the gastrointestinal
tract and other epithelial cancers, where it has been
shown to be a marker of aggressive disease with reduced
disease-free survival'®!! | high tumour grade!? and lymph



node metastasis'®. It is a mediator of invasion and
metastasis in gastric adenocarcinoma'®!'¥, In oesophageal
adenocarcinoma, in vitro data suggest that NET1 is highly
expressed and acts as a promoter of tumour invasion'*. The
prognostic significance of NET'1 expression in oesophageal
adenocarcinoma and across the AOG spectrumis unknown,
and was the focus of the present study.

Methods

Approval to conduct the study was obtained from the ethics
committees of both Mater Hospital (University College
Dublin) and St James’s Hospital (Trinity College Dublin).

Patient cohort and database

An original cohort of consecutive patients who had surgery
for oesophageal and junctional tumours over a 10-year
period at a specialist oesophageal cancer surgical centre
based at a large tertiary referral university hospital was
used. Patient data were maintained prospectively from
the date of diagnosis, and included demographic parame-
ters, body mass index, adjuvant or neoadjuvant therapies,
duration of follow-up, presence of Barrett’s metaplasia
(specialized intestinal metaplasia) and/or dysplasia, histol-
ogy, clinical and pathological staging, and extent of surgical
resection. Patients were excluded where: histology was
not adenocarcinoma, neoadjuvant therapy was used, cores
were not readable after antigen retrieval and staining, there
was insufficient clinical information, postoperative death
occurred, death was from other causes, or the cause of
death was unknown.

Tumour staging and oesophagogastric junction
subgroups

Tumours were staged according to the International Union
Against Cancer (UICC) sixth edition staging system'®. All
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Fig. 1 Immunohistochemical staining of tissue microarrays for
neuroepithelial transforming gene 1 (NET1) protein. Arrows
indicate a grade 1 (original magnification x 40) and b grade 3
(original magnification x 10) positive staining of NET1

Table 1 Clinical characteristics of patients with neuroepithelial transforming gene 1-positive and -negatve status

Age (years)® 67 (27-84)
Sex ratio (M:F) 76:13
Body mass index (kg/m?)* 25 (17-48)
Length of follow-up (months)” 20 (6-109)
Alive at follow-up 42 (47)
Disease-free at follow-up 36 (40)
Barrett's cesophagus 38 of 84 (45)
Barrett's cesophagus with dysplasia 26 of 84 (31)

67 (27-84) 67 (39-82) 09641
39:7 37:6 1-000

24.6 (17-37) 25.1 (18-48) 0-705%

17-5 (7-100) 20 (6-109) 0-202%
22 (48) 20 (47) 1-000
19 (41) 17 (40) 1-000
26 of 44 (59) 12 of 40 (30) 0-009
17 of 44 (39) 9 of 40 (23) 0-156

Values in parentheses are percentages unless indicated otherwise; *values are median (range). NET1, neuroepithelial transforming gene 1. 1Fisher’s exact

test, except $Mann—Whitney U test.



patients were categorized according to their postoperative
pathological status. NET1 expression and relationship to
known clinical and prognostic variables, including survival
analysis, was examined for all patients. Further analysis also
examined NET1 expression and prognostic significance in
AOG types I and II compared with that in patients with
AOG type II1. Patients with tumours more than § cm above
the anatomical cardia, arising in Barrett’s oesophagus, were
included with AOG type I for analysis.

Tissue microarrays

Tissue microarrays were constructed using tumour cores
from patients undergoing surgery for adenocarcinoma of
the oesophagus and oesophagogastric junction between
1999 and 2010. Tumour biopsies from fresh resected tissue
were processed in formalin and embedded in paraffin wax
by a designated biobank technician!”. Tumour material
was identified from tissue blocks and 2-mm cores were
assembled in triplicate for each patient on an array for
immunohistochemical analysis. Investigators were blinded
to all clinical data at the time of staining. Staining was
performed using a NET1 antimouse immunoglobulin
G primary antibody (Santa Cruz Biotechnology, Dallas,
Texas, USA) and biotinylated secondary antibody, follow-
ing a standard laboratory protocol'. Diaminobenzidine
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Fig. 2 Comparison of median neuroepithelial transforming gene
1 (NETT1) level by H-scores in the three subtypes of
adenocarcinoma of the oesophagogastric junction (AOG).
Horizontal lines represent median H-scores for each tumour
subtype and symbols show the interquartile range of individual

values. P=0.001 for all comparisons (ANOVA)

was used to stain NET1 (brown), with haematoxylin and
eosin as a counterstain (blue). Tissue microarrays were
constructed using two prostate cancer cores (Gleeson
grade 4) for orientation of the slides, providing a second
tissue type and positive control'”.

Table 2 Comparison of pathological detils in neuroepithelial transforming gene 1-positive and -negative groups

Well 10(11) 3(7) 7(16) 0187
Moderate 46 (52) 26 (57) 20 (47) 0-399
Poor 30 (34) 16 (35) 14 (33) 1-000
Undifferentiated 3(3) 1(2) 21(5) 0-608
Tumour category
T 10(11) 8(17) 2(5) 0-091
T2a 20 (22) 7(15) 13 (30) 0210
T2b 2(2) 0(0) 2(5) 0-231
T3 53 (60) 31 (67) 22 (51) 0135
T4 4(4) 0(0) 4(9) 0-051
Node category
NO 28 (31) 15 (33) 13 (30) 0-824
N1 52 (58) 27 (59) 25 (58) 1-000
N2 4(4) 1(2) 3(7 0-349
N3 5(6) 3(7) 2(5) 1-000
No. of positive nodes” 2(0-32) 3 (0-31) 2 (0-32) 0-859%
Lymph node ratio” 0(0-1) 0-15 (0-0-93) 0-15 (0-1) 0-815%
RO resection 65 (73) 31 (67) 34 (79) 0-241
Lymphatic invasion 66 (74) 34 (74) 32 (74) 1-000
Vascular invasion 42 of 87 (48) 21 (46) 21 of 41 (51) 0-670
Perineural invasion 36 of 88 (41) 18 (39) 18 of 42 (43) 0-829

Values in parentheses are percentages unless indicated otherwise; *values are median (range). NET1, neuroepithelial transforming gene 1. {Fisher’s exact

test, except Mann—Whitney U test.
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Fig. 3 Differences between patients with neuroepithelial transforming gene 1 (NET1)-positive and -negative type III adenocarcinoma
of the oesophagogastric junction with regard to: a sex (men versus women), b International Union Against Cancer (UICC) stage (stage
greater than II versus other), ¢ tumour (T) category (T3 versus other) and d number of positive lymph nodes (horizontal bars denote
median value, boxes the interquartile range, and bars the range). a P=0.043, b P =0.035, ¢ P=0-006 (Fisher’s exact test); d P=0.029

(Mann-Whitey U test)

Staining was considered positive when membranous with
stromal sparing (Fig. I). Stained slides were photographed
electronically using a digital image viewer (Scanscope®;
Aperio, Vista, California, USA) for analysis and scoring.
NETT expression was recorded using a qualitative and
semiquantitative modified H-score?*-2}. H-scores were
derived from three independent observers. Mean scores
were calculated for each patient based on the three
representative tissue cores by multiplying intensity score
(0-3) by the percentage positivity in quartiles (0-100 per
cent). The intensity of the core was graded as the additive
expression across heterogeneous sampling. Mean values
were then calculated between the three observers. Where
the standard deviation of the three scores was greater than
half of the total final score, an independent pathologist

reviewed these cores and assigned a final score. Patients
with a final H-score of less than 5 were judged to be
NET I-negative, as described elsewhere!”.

Statistical analysis

Univariable statistical analysis and Kaplan—Meier survival
analyses were carried out using Mann—Whitney U, Fisher’s
exact, Kruskal WallissANOVA and log rank tests, as appro-
priate. Multivariable survival analysis was performed using
a Cox proportional hazards model and forward stepwise
regression, adjusting for variables found to be significant
predictors of survival (P < 0.050) on univariable analysis.
The statistical package SPSS® version 20 (IBM, Armonk,
New York, USA) was used for statistical analysis. P < 0.050
was considered statistically significant for all analyses.
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Fig. 4 Kaplan-Meier analysis of a overall and b disease-free
survival for all 89 patients, according to neuroepithelial
transforming gene 1 (NET1) status. a P=0.546,b P=0.358
(log rank test)

Results

From an original cohort of 210 patients, 89 patients
remained after exclusions and formed the basis of this
analysis. Exclusions were: cores not readable after antigen
retrieval and staining (5), insufficient clinical information
(3), in-hospital death (4), death from other causes (23),
cause of death unknown (14), squamous cell carcinoma
(41) and use of neoadjuvant treatment (31). Most patients
(57, 64 per cent) underwent transthoracic oesophagectomy,
seven (8 per cent) had a transhiatal approach and 24 (27
per cent) underwent gastrectomy; operative data for one
patient were not available.

Baseline clinical and demographic information is
presented in Table 1. Median duration of follow-up was 20
(range 6—109) months. NET'T staining was highly variable
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Fig. 5 Kaplan—Meier analysis of a overall and b disease-free
survival for 31 patdents with type Il adenocarcinoma of the
oesophagogastric junction, according to neuroepithelial
transforming gene 1 (NET1) status. a P=0.025,b P=0.025
(log rank test)

across patients. Fig.1 shows representative images of
different NET1 staining intensities. Some 46 patients (52
per cent) were NET 1-positive. There were no differences
in NET1 status in terms of age, sex, body mass index
or duration of follow-up, or in the proportion alive and
disease-free at follow-up.

Data regarding Barrett’s metaplasia were recorded for 84
(94 per cent) of the 89 patients. Barrett’s oesophagus was
detected more frequently in the tumour cores of NET1-
positive than in NET1-negative patients (59 wversus 30
per cent respectively; P = 0-009) (Table I). More dysplastic
Barrett’s was also detected in the NET1-positive group,
although this was not statistically different (39 versus 23 per
cent respectively; P = 0-156). Of seven patients with high-
grade dysplasia, five (71 per cent) were NET 1-positive,



compared with 12 (63 per cent) of 19 patients with low-
grade dysplasia (P = 1-000).

Barrett’s oesophagus was seen more frequently in AOG
type I tumours (31 of 39, 79 per cent) than in AOG types 11
and III (7 of 45, 16 per cent) (P < 0-001) (Fig. S1, support-
ing information). In 39 patients with AOG type I tumours,
which included five patients with tumours more than 5 cm
above the cardia, Barrett’s oesophagus was presentin 24 (86
per cent) of 28 patients in the NET1-positive group, com-
pared with seven (64 per cent) of 11 in the NET 1-negative
group (P =0-187) (Fig. $2, supporting information).

Expression of NET1 according to subtype
of oesophagogastric junction adenocarcinoma

Of 89 patients with AOG, 39 (44 per cent) had AOG type
I, 19 (21 per cent) AOG type [T and 31 (35 per cent) AOG
type III tumours. There was significant variation in NET'1
staining (by H-score) (Fig. 2). Median H-scores were 11-1
(i.q.r. 1.7-46:3), 4.2 (0-40-0) and 0 (0-5-8) for AOG I, 1I
and III respectively (P = 0-001).

Pathological findings and NET1 expression

Pathological correlations by NETT status for the overall
group are presented in Table 2. NET1-positive and
-negative groups were similar in terms of level of
differentiation, tumour (T) category, node (N) category,
number of positive lymph nodes, lymph node ratio (ratio of
positive lymph nodes to excised lymph nodes), RO resection
rate, and lymphatie, perineural and vascular invasion.

There was higher overall NE'T1 expression in AOG type
I'and II patients combined, compared with AOG type III
(median H-score 9-6 versus 0 respectively; P=0-001).

Although there were no differences between NET1-
positive and -negative patients regarding clinical, demo-
graphic and histopathological parameters for AOG types
I and II (data not shown), this was not the case for the
31 patdents with AOG type III tumours (Fig. 3). In the
NET1-positive subgroup, there were more women (4 (44
per cent) of 9 versus 2 (9 per cent) of 22 in the NETI-
negative subgroup; P = 0-043), more advanced UICC stage
cancers (9 (100 per cent) of 9 greater than stage 2 versus
12 (55 per cent) of 22 respectively; P=0-035), more T3
cancers (8 (89 per cent) of 9 versus 7 (32 per cent) of 22;
P=10-006) and a higher median number of positive lymph
nodes (6-0 versus 3-0; P = 0-029).

Survival analysis

Overall and disease-free survival analyses for all 89
patients according to NET1 status are shown in Fig. 4,

and those for the 31 patients with AOG type III
tumours in Fig. 5. Median overall survival was numerically
greater in the NETI1-negative than in the NETI1-
positive group, but this difference was not significant (37
versus 23 months respectively; P=0-546). NET1-positive
patients with AOG type III tumours had worse median
overall survival (15 versus 23 months for NET 1-negative
patients; P =0-025). In the NET1-negative group, 8 (36
per cent) of the 22 patients were disease-free at last follow-
up, compared with one (11 per cent) of the nine patients in
the NET1-positive group (P = 0-025).

Univariable analysis identified sex, pathological T
category, number of positive lymph nodes and UICC stage
as predictors of survival (data not shown). On multivariable
analysis, NETT independently predicted both disease-free
and overall survival (odds ratio for overall survival 2-66, 95
per cent confidence interval 1.06 to 6-64; P=0-037).

Discussion

Although some authors suggest that subclassification of
AOG is not necessary, and that management protocols
should not differ between tumour subtypes™, this study has
demonstrated clear differences in biology between AOG
subtypes. The most recent edition of the American Joint
Committee on Cancer TNM staging manual provides
a uniform classification for AOG and clarifies previous
discrepancies in relation to oesophageal and gastric staging
systems?’ 27, However, pathological and prognostic varia-
tions between these tumour subtypes’® suggest underlying
biological differences that warrant further investigation.

In colorectal cancer, the identification of several
biomarkers has changed management protocols®® 31,
Identification and validation of similar biomarkers in AOG
may help to identify cellular pathways that may explain the
phenotypic differences observed in subtypes of these can-
cers. Previous gene expression studies in oesophageal and
gastric cancer have identified potential biomarkers for tar-
geted therapy in this field, in relation to both identification
of responders to therapy**** and overall prognosis**.

The strong predominance for NET1 positivity seen
in the AOG type I tumours compared with AOG
type III suggests that these represent distinet biological
entities. The status of AOG type II in the literature has
been controversial. Some authors contend that these are
reflux—related tumours and should be classified with AOG
type I, with the absence of specialized intestinal metaplasia
being related to tumour overgrowth®*. Conflicting data
suggest a weak relationship between reflux and AOG type
II*®. The present study showed an intermediate level of
NET1 expression in AOG type II tumours, and it remains



unclear whether these tumours represent a third, discrete,
biological entity or simply a collection of type I and type
III tumours, not requiring further subclassification.

Overall survival in the present cohort, considering the
relative proportion of patients with NO disease (31 per cent)
and exclusion of those undergoing neoadjuvant therapy, is
consistent with the literature®”.

NETT status did not predict survival in the overall
cohort, but there was a clear survival advantage in patients
with AOG type III who were NET1-negative. NET1
positivity in these patients was associated with greater
tumour size, larger number of positive lymph nodes and
higher UICC stage, all of which are established markers of
poor prognosis*®.

There are certain limitations to this study. The study
design did not allow for an a priori sample size calculation.
Patients receiving neoadjuvant treatment were excluded,
potentially excluding a greater proportion of locally
advanced and more aggressive tumour types.

The present study represents a novel observation in
relation to NETT expression for AOG and suggests that
there are biological differences between tumour subtypes.
Further characterization of the role of NET1 and its
related proteins in AOG models may provide valuable
insights into the biology of these tumours and how that
biology translates to clinical practice.

Acknowledgements

This research received funding from the Mater Hospital
Foundation (non-governmental).
Disclosure: "The authors declare no contlict of interest.

References

I Lepage C, Drouillard A, Jouve JL, Faivre J. Epidemiology
and risk factors for oesophageal adenocarcinoma. Dig Liver
Dis 2013; 45: 625-629.

2 Pennathur A, Gibson MK, Jobe BA, Luketich JD.
Oesophageal carcinoma. Lancet 2013; 381: 400-412.

3 Siewert JR, Stein HJ. Classification of adenocarcinoma of
the oesophagogastric junction. Br 7 Surg 1998; 85:
1457-1479.

4 Siewert JR, Feith M, Werner M, Stein HJ. Adenocarcinoma
of the esophagogastric junction: results of surgical therapy
based on anatomical/topographic classification in 1002
consecutive patients. Ann Surg 20005 232: 353-361.

5 Reynolds JV, Ravi N, Muldoon C, Larkin JO, Rowley S,
O’Byrne K er al. Differental pathologic variables and
outcomes across the spectrum of adenocarcinoma of the
esophagogastric junction. World 7 Surg 2010; 34:
2821-2829.

6

10

11

13

14

15

16

17

18

19

Mariette C, Piessen G, Briez N, Gronnier C, Triboulet JP.
Oesophagogastric junction adenocarcinoma: which
therapeutic approach? Lancet Oncol 2011; 12: 296-305.
Stein HJ, Feith M, Siewert JR. Cancer of the
esophagogastric junction. Surg Oneol 2000; 9: 35-41.

Chan AM, Takai S, Yamada K, Miki T Isolation of a novel
oncogene, NET1, from neuroepithelioma cells by expression
c¢DNA cloning. Oncagene 1996; 12: 1259-1266.

Murray D, Horgan G, Macmathuna P, Doran P.
NET1-mediated RhoA activation facilitates
lysophosphatidic acid-induced cell migration and invasion in
gastric cancer. By 7 Cancer 2008; 99: 1322-1329.

Gilerease MZ, Kilpatrick SK, Woodward WA, Zhou X,
Nicolas MM, Corley L] et al. Coexpression of alpha6beta4
integrin and guanine nucleotide exchange factor Netl
identifies node-positive breast cancer patients at high risk
for distant metastasis. Cancer Epidemiol Biomarkers Prev
2009; 18: 80-86.

TuY,Lu],Fu], Cao Y, Fu GG, Kang R etal.
Over-expression of neuroepithelial-transforming protein 1
confers poor prognosis of patients with gliomas. 7pn 7 Ciin
Oncol 2010; 40: 388 -394,

Chen L, Wang Z, Zhan X, Li DC, Zhu YY, Zhu J.
Association of NET-1 gene expression with human
hepatocellular carcinoma. Int 7 Surg Pathol 2007; 15:
346-353.

Bennett G, Sadlier D, Doran PP, Macmathuna P, Murray
DW. A functional and transcriptomic analysis of NET'1
bioactivity in gastric cancer. BMC Cancer 2011; 11: 50.
Leyden J, Murray D, Moss A, Arumuguma M, Doyle E,
McEntee G etal. Netl and Myeov: computatonally
identified mediators of gastric cancer. Br J Cancer 2006; 94:
1204-1212.

Lahiff C, Cotter E, Casey R, Doran P, Pidgeon G, Reynolds
J etal. Expression of neuroepithelial transforming gene 1 is
enhanced in oesophageal cancer and mediates an invasive
tumour cell phenotype. 7 Exp Clin Cancer Res 2013; 32: 55.
Greene FL, Sobin LH. A worldwide approach to the TNM
staging system: collaborative efforts of the AJCC and UICC
7 Surg Oncol 2009; 99: 269272,

Ennis DP, Pidgeon GP, Millar N, Ravi N, Reynolds JV.
Building a bioresource for esophageal research: lessons from
the early experience of an academic medical center. Dis
Esopbagus 2010; 23: 1-7.

Hsu SM, Raine L, Fanger H. The use of antiavidin antibody
and avidin-biotin—peroxidase complex in
immunoperoxidase technics. Am 7 Clin Pathol 1981; 75:
816-821.

Kawata H, Shimada N, Kamiakito T, Komatsu K, Morita T,
Ota T et al. RhoC and guanine nucleotide exchange factor
Netl in androgen-unresponsive mouse mammary carcinoms
SC-4 cells and human prostate cancer after short-term
endocrine therapy. Prostate 2012; 72: 1071-1079.

Allott EH, Lysaght J, Cathcart MC, Donohoe CL,
Cummins R, McGarrigle SA etal. MMPY expression in
oesophageal adenocarcinoma is upregulated with visceral



25

30

obesity and is associated with poor tumour differentiation.
Mol Carcinog 2013; 52: 144154,

Donohoe CL, Doyle SL, McGarrigle S, Cathcart MC, Daly
E, O’Grady A et al. Role of the insulin-like growth factor 1
axis and visceral adiposity in oesophageal adenocarcinoma.
Br 7 Surg 2012; 99: 387 -396.

Fraser JA, Reeves JR, Stanton PD, Black DM, Going JJ,
Cooke TG et al. A role for BRCAL1 in sporadic breast cancer.
Br 7 Cancer 2003; 88: 1263-1270.

McCarty KS Jr, Szabo E, Flowers JL, Cox EB, Leight GS,
Miller L et al. Use of a monoclonal anti-estrogen receptor
antibody in the immunohistochemical evaluation of human
tumors. Cancer Res 1986; 46(Suppl): 42445-4248s.

Leers JM, DeMeester SR, Chan N, Ayazi S, Oezcelik A,
Abate E eral. Clinical characteristics, biologic behavior, and
survival after esophagectomy are similar for adenocarcinoma
of the gastroesophageal junction and the distal esophagus.

F Thorac Cardiovase Surg 2009; 138: 594-602.

American Joint Committee on Cancer. AFCC Cancer Staging
Manual (6th edn). Springer: New York, 2002.

American Joint Committee on Cancer. A7CC Cancer Staging
Manual (7th edn). Springer: New York, 2009.

Sobin LH, Gospodarowicz M, Wittekind C. TNM
Classification of Malignant Tumours (7th edn).

Wiley- Blackwell: London, 2009.

Braun MS, Richman SD, Quirke P, Daly C, Adlard JW,
Elliote F et al. Predictive biomarkers of chemotherapy
efficacy in colorectal cancer: results from the UK MRC
FOCUS trial. 7 Clin Oncol 2008; 26: 2690-2698.

Loupakis F, Pollina L, Stasi I, Ruzzo A, Scartozzi M,
Santini D ezal. PTEN expression and KRAS mutations

on primary tumors and metastases in the prediction of
benefit from cetuximab plus irinotecan for patients with
metastatic colorectal cancer. 7 Clin Oneol 2009; 27:
2622-2629.

Ogino S, Nosho K, Kirkner GGJ, Kawasaki T, Meyerhardt
JA, Loda M etal. CpG island methylator phenotype,
microsatellite instability, BRAF mutation and clinical
outcome in colon cancer. Gut 2009; 58: 90-96.

Petit AM, Rak J, Hung MC, Rockwell P, Goldstein N,
Fendly B et al. Neutralizing antibodies against epidermal
growth factor and ErbB-2/neu receptor tyrosine kinases
down-regulate vascular endothelial growth factor
production by tumor cells in vitro and in vive: angiogenic
implications for signal transduction therapy of solid tumors.
Am F Pathol 1997; 151: 1523-1530.

2 Maher SG, Gillham CM, Duggan SP, Smyth PC, Miller N,

Muldoon C et al. Gene expression analysis of diagnostic
biopsies predicts pathological response to neoadjuvant
chemoradiotherapy of esophageal cancer. Ann Surg 2009;
250: 729-737.

33 Jorgensen JT. Targeted HER2 treatment in advanced

34

36

37

38

gastric cancer. Oncology 2010; 78: 26-33.

Peters CJ, Rees JR, Hardwick RH, Hardwick JS, Vowler SL,
Ong CA et al.; Oesophageal Cancer Clinical and Molecular
Stratification (OCCAMS) Study Group. A 4-gene signature
predicts survival of patients with resected adenocarcinoma of
the esophagus, junction, and gastric cardia. Gastroenterology
2010; 139: 1995-2004.

Chandrasoma P, Wickramasinghe K, Ma Y, DeMeester T.
Adenocarcinomas of the distal esophagus and ‘gastric cardia’
are predominantly esophageal carcinomas. Am 7 Surg Pathol
2007; 31: 569-575.

Lagergren J, Bergstrom R, Lindgren A, Nyrén O.
Symptomatic gastroesophageal reflux as a risk factor for
esophageal adenocarcinoma. N Engl 7 Med 1999; 340:
825-831.

Makowiec F, Baier P, Kulemann B, Marjanovic G, Bronsert
P, Zirlik K et al. Improved long-term survival after
esophagectomy for esophageal cancer: influence of
epidemiologic shift and neoadjuvant therapy. 7 Gastrointest
Surg 2013; 17: 1193-1201.

Gertler R, Stein H]J, Langer R, Nettelmann M, Schuster T,
Hoetler H er al. Long-term outcome of 2920 patients with
cancers of the esophagus and esophagogastric junction:
evaluation of the New Union Internationale Contre le
Cancer/American Joint Cancer Committee staging system.
Ann Surg 2011; 253: 689-698.



