
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Oesophagogastric cancer: exploring the way to an individual approach

Stiekema, J.

Publication date
2015
Document Version
Final published version

Link to publication

Citation for published version (APA):
Stiekema, J. (2015). Oesophagogastric cancer: exploring the way to an individual approach.
[Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/oesophagogastric-cancer-exploring-the-way-to-an-individual-approach(8ff142c0-dbac-4b9c-a0ec-2a45babee0bc).html


JURRIËN STIEKEMA

ANNEMIEKE CATS

ARNO VELDS

IRIS DE RINK

EWALD VAN DYK

LODEWYK F.A. WESSELS

MARJA NIEUWLAND

WIM BRUGMAN

MARIE-LOUISE F. VAN VELTHUYSEN

JOHANNA W. VAN SANDICK

TO BE SUBMITTED



GENOME-WIDE COPY NUMBER ANALYSIS FOR 

PATIENT STRATIFICATION AND THERAPEUTIC 

TARGET IDENTIFICATION IN OESOPHAGEAL 

ADENOCARCINOMA PATIENTS



176

CHAPTER 11

ABSTRACT

Aim
To explore the potential role of genome-wide copy number (CN) profiling using next-
generation sequencing for improved pre-treatment patient stratification and therapeutic 
target identification in oesophageal adenocarcinoma (OAC) patients. 

Methods
In a prospective study, pre-treatment endoscopic biopsy specimens were collected from 
OAC patients eligible for neoadjuvant chemoradiotherapy followed by surgery. DNA 
and RNA were isolated from biopsy samples with a tumour percentage of at least 50%. 
Genome-wide DNA and RNA sequencing was used to generate CN and gene expression 
profiles. Analytical Multi-scale Identification of Recurrent Events (ADMIRE) was used for 
the identification of recurrent copy number aberrations (CNAs). Unsupervised clustering 
was performed on CN data to explore the existence of genetically different subgroups. 
Finally, the impact of CN status on gene expression levels of several frequent recurrent 
events was evaluated.  

Results
CN and gene expression profiles were generated from 60 and 23 OAC patients respectively. 
Analyses of CN data confirmed several previously identified recurrent CNAs in OAC. The 
most significant focal event was amplification of a region harbouring the KRAS gene, 
with a high CN gain in 18% of OAC samples. Unsupervised clustering identified 2 clusters 
with no significant differences in clinicopathological characteristics. After a median 
follow-up of 25 months, median disease free survival was not reached in cluster 1 (N = 
25), compared to 30 months (p = 0.048) in cluster 2 (N = 32). In total, 20% of OAC samples 
had a high CN event in one or more receptor tyrosine kinases. In frequently amplified 
genes, especially high CN gains led to increased gene expression. 

Conclusions
The results suggest that copy number profiling of pre-treatment biopsy samples may have 
a role for improved patient stratification in patients with locally advanced oesophageal 
adenocarcinoma. Several receptor tyrosine kinases, but also their downstream targets 
are amplified in oesophageal adenocarcinoma and functional studies exploring ways to 
effectively target these pathways are warranted.



177

GENOME-WIDE COPY NUMBER ANALYSIS IN OESOPHAGEAL ADENOCARCINOMA PATIENTS

INTRODUCTION

Despite significant improvements in the treatment of oesophageal adenocarcinoma 
(OAC), the overall prognosis remains dismal.1 In patients who are eligible for potentially 
curative oesophagectomy, the introduction of neoadjuvant chemoradiotherapy (CRT) 
has led to high radical (R0) resection rates, thereby improving local control.2 Still, 5-year 
overall survival rates do not exceed 40%, mainly due to distant disease recurrence.3,4 
The identification of patients at risk for disease recurrence could lead to a better 
patient stratification for different treatments. The use of neoadjuvant CRT followed 
by oesophagectomy makes it imperative to identify these patients prior to the start of 
treatment. Over the last decade, genome-wide analyses with array- and next-generation 
sequencing techniques have provided the possibility to elucidate genomic events 
contributing to carcinogenesis. Furthermore, genomic profiling can also be used to identify 
cancer subtypes. In breast cancer, this has already led to prognostic gene-expression 
signatures with clinical applicability.5 In colon cancer, gene expression profiling as well as 
DNA copy number (CN) profiling using array comparative genomic hybridization (aCGH) 
have shown promise for tumour characterization and patient selection.6,7 In oesophageal 
cancer, some promising results in gene expression studies have been published.8,9 Most 
of these series are limited to patients treated without neoadjuvant treatment and/or 
include both adeno- and squamous cell carcinoma. Also, most studies in which DNA 
aberrations are evaluated are mainly limited to patients treated without neoadjuvant 
treatment and/or lack survival information.9-12 In the current prospective study with 
well-documented clinical and follow-up data, we have used DNA sequencing to generate 
CN profiles in a patient series with locally advanced OAC treated with neoadjuvant CRT 
followed by surgery. The aim of this study was to explore if CN profiling can identify 
genomically different subtypes of OAC and to analyse genetic aberrations that may be 
exploited as therapeutic targets, or lead the way to future targeted therapies. 
 
METHODS

Patients and treatment
Patients with histologically proven oesophageal adenocarcinoma who presented with 
potentially curable disease were eligible for the current study. Pre-treatment biopsy 
samples of oesophageal cancer obtained during endoscopy were collected between 
September 2008 and September 2012 at the Netherlands Cancer Institute and the 
Leiden University Medical Centre (LUMC). All biopsy samples were fresh-frozen in liquid 
nitrogen and stored at -80 0C. Routine staging before treatment included endoscopic 
ultrasonography (EUS), contrast-enhanced CT and FDG-PET/CT. Potentially curative 
treatment consisted of neoadjuvant CRT during five weeks followed by oesophagectomy. 
CRT consisted of radiotherapy (50 Gy/25 fractions) during weekdays combined with 
cisplatin and 5-fluorouracil (5-FU) during the first and last week of radiotherapy, or 
radiotherapy (41.4 Gy/23 fractions) combined with weekly carboplatin and paclitaxel 
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(CROSS-regimen).2 Oesophageal resection was preferably performed 6 weeks after the 
completion of CRT via a transhiatal or transthoracic approach dependent on the location 
of the tumour. Clinical and follow-up data were collected in a prospectively maintained 
database. Biopsy samples were collected after oral and written informed consent was 
obtained. The medical ethical committees of both participating institutions approved 
this study. 

DNA/RNA SEQUENCING 
DNA and RNA were isolated from up to twenty 30 μm slides using the AllPrep microkit and 
the RNEasy minikit (Qiagen) respectively, according to the manufacturers instructions. 
Two 8 μm slides from both ends were stained using haematoxylin and eosine (H&E). The 
tumour percentage was estimated by a pathologist on both these slides. Only biopsy 
samples with an average tumour percentage of at least 50% were used for subsequent 
DNA and RNA isolation. Quantification and quality assessment of DNA and RNA were 
performed with a Bioanalyzer (Agilent, Santa Clara, CA, USA). DNA sequencing libraries 
were constructed with a TruSeq DNA Library Preparation Kit (Illumina, San Diago, CA, 
USA). RNA libraries were constructed with the TruSeq mRNA Library Preparation Kit, 
using ribosomal RNA (rRNA) depleted RNA samples. rRNA was removed from the samples 
using the Ribo-Zero kit (Epicentre, Madison, WIS, USA). Libraries were sequenced on 
an Illumina HiSeq2000 platform with a single-read 51-base protocol. Sequences were 
aligned to the human genome (Hg19). 

Copy number analysis
Reads were aligned to the reference genome (hg19) using the BWA backtrack algorithm13 
and counted in 20kb non-overlapping bins. These bin counts were corrected for guanine-
cytosine (GC) bias using a loess fit. The mappability value of each bin is precomputed by 
summarizing the alignment results of all possible 51mers from the reference sequence. 
A linear model intercepting 0 was used to fit the loess-corrected count data to the 
mappability values. The slope of this fit, multiplied with the mappability value for each 
bin, provides the bin’s reference value that is used to calculate the final log2 copy number 
ratios. Bins overlapping ENCODE14 blacklisted regions and bins with a mappability 
< 0.2 were excluded from the final dataset. Data were then exported to Nexus version 
6.0 (Biodiscovery, El Segundo). CNAs were identified with the Fast Adaptive States 
Segmentation Technique 2 algorithm. The significance threshold for segmentation was 
set at 1.0 x 106 with a minimum number of 3 bins per segment and a maximum bin 
spacing of 1,000 Kbp. Copy number gains and losses were defined by log2ratio values 
of 0.35 and -0.35, respectively and high CN gains and losses were defined by log2ratios 
of 1.0 and -1.1. Analytical Multi-scale Identification of Recurrent Events (ADMIRE)16 was 
used to identify recurrent CN changes. This is an algorithm developed at the Netherlands 
Cancer Institute and has recently been shown to have a high sensitivity for detecting 
focal events. In the ADMIRE analysis, focal CNAs were defined as CNAs with a length < 
3Mb. The False Discovery Rate (FDR) was set at 25%. Unsupervised hierarchical clustering 
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Table 1. Clinicopathological characteristics of oesophageal adenocarcinoma patients  
   included in the current study (N = 60). 

 

Characteristics All 
patients  

N (%) 

Cluster 1 
N (%) 

Cluster 2 
N (%) 

P-value 

All patients 60 (100) 25 (42) 35 (58)  
Sex 
  - Male 
  - Female 

 
50 (83) 
10 (17) 

 
20 (80) 
  5 (20) 

 
30 (86) 
5 (14) 

 
0.7281 

Age in years 
  - ≤ 60 
  - > 60 

 
22 (37) 
38 (63) 

 
10 (40) 
15 (60) 

 
12 (34) 
23 (66) 

 
0.7871 

cT classificationa 
  - T2 
  - T3 

 
  9 (15) 
51 (85) 

 
  5 (20) 
20 (80) 

 
  4 (11) 
31 (89) 

 
0.4701 

cN classificationa 
  - N0  
  - N+ 

 
17 (28) 
43 (72) 

 
  8 (32) 
17 (68) 

 
    9 (26) 
  26 (74) 

 
0.7721

 

Tumour location 
  - Distal oesophagus 
  - GEJ 

 
30 (50) 
30 (50) 

 
  9 (36) 
16 (64) 

 
  21 (60) 
  14 (40) 

 
0.1151 

Neoadjuvant therapy 
  - 41.4 Gy + carboplatin/paclitaxel 
  - 50 Gy + cisplatin/5-FU 
  - Other 

 
17 (28) 
41 (68) 
 2 (4) 

 
  5 (20) 
20 (80) 

0 (0) 

 
12 (34) 
21 (60) 

2 (6) 

 
0.1892 

Type of resection 
  - THOCR 
  - TTOCR 
  - None 

 
49 (82) 
  8 (13) 

3 (5) 

 
23 (64) 
  2 (36) 

0 (0) 

 
26 (74) 
  6 (17) 

3 (9) 

 
0.1642 

Radicality of resection*  
  - R0 
  - R1  

 
54 (95) 
 3 (5) 

 
24 (96) 

1 (4) 

 
30 (94) 

2 (6) 

 
1.0001 

ypT classification*a 
- T0 

  - T1 
  - T2 

- T3 

 
16 (28) 
   6 (11) 
   9 (16) 
 26 (45) 

 
  7 (28) 
  3 (12) 
  3 (12) 
12 (48) 

 
  9 (28) 

3 (9) 
  6 (19) 
14 (44) 

 
0.9503 

ypT classification*a 
- N0 

  - N1 
  - N2 

- N3 

 
29 (51) 
16 (28) 
10 (18) 

2 (3) 

 
10 (40) 
  9 (36) 
  4 (16) 

2 (8) 

 
19 (59) 
  7 (22) 
  6 (19) 

0 (0) 

 
0.1633 

Pathological response*b 
  - TRG 1 (complete response)  

- TRG 2 
  - TRG 3 
  - TRG 4 

- TRG 5 

 
13 (23) 
10 (17) 
24 (42) 
  9 (16) 

1 (2) 

 
 5 (20) 

  5 (20) 
10 (40) 
  5 (20) 

0 (0) 

 
  8 (25) 

    5 (16) 
14 (44) 

    4 (12) 
  1 (3) 

 
0.8103

 

 

 

Table 1. Clinicopathological characteristics of oesophageal adenocarcinoma patients 
included in the current study (N = 60)

THOCR, Transhiatal oesophagectomy; TTOCR, Transthoracic oesophagectomy; R0, Microscopically 
radical resection; R1, Microscopically irradical resection; TRG, Tumour regression grade
* In resected patients
a According to the TNM-classification of the American Joint Committee on Cancer 7th edition
b Pathological response according to Mandard. Patients with a complete response at the primary 
tumour site but residual vital tumour cells in one ore more lymph nodes were classified as TRG 2.  
1 Fisher’s Exact Test
2 Pearson Chi-Square Test
3 Chi-Square Test of Trend
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using K-means clustering method was performed using complete linkage. In order to 
detect consistent differences in CN changes between these two clusters, comparative 
KC-SMART was used.17,18 

Gene expression analysis
HTSeq was used to assess the number of uniquely assigned reads for each gene. Genes 
with an expression value of 0 in all samples were removed from the dataset. Expression 
values were then normalized to 106 total reads. For each gene in a sample, the expression 
value was divided through the median expression of this gene in all samples.

Statistics
Comparisons of clinicopathological characteristics between groups were done using 
Pearson’s X2 or Fisher’s exact test for nominal variables, the X2 test of trend for ordinal 
variables and the Mann-Whitney U test for continuous variables. Disease free survival was 
defined as the period between the date of endoscopy (i.e. the date of tissue sampling) and 
the date first date of tumour recurrence. Survival curves were plotted using the Kaplan-
Meier method and compared with the log-rank test. Hazard ratios (HR) were calculated 
using univariate Cox regression analysis. All tests were two-sided and a P value < 0.05 
was considered significant. SPSS statistical software (SPSS, Chicago,IL, version 20.0) was 
used for analyses. 

RESULTS

Study patients
Sixty patients with OAC were included in the current study. Patient and tumour 
characteristics are presented in Table 1. All patients were planned for neoadjuvant 
CRT followed by surgery. In total, three patients did not undergo surgical treatment. 
One patient had a transient ischemic attack after finishing neoadjuvant CRT and was 
not operated. Two patients developed extensive nodal disease. One of these patients 
received definitive CRT (50.4 Gy + carboplatin/paclitaxel) during 5.5 weeks and the other 
patient was treated with chemotherapy only. We excluded the patients who did not 
undergo surgical treatment from the survival analyses. All other 57 patients underwent 
CRT followed by oesophagectomy. After a median follow-up of 25 months (range 8 – 60 
months), 21 of 57 (37%) patients had recurrent disease, corresponding with a two-year 
disease free survival of 62%. In 17 of 21 (81%) patients, the first site of disease recurrence 
included distant metastases. Two patients with locoregional disease as the first site of 
relapse had undergone a microscopically irradical (R1) resection (N = 2).

Recurrent copy number aberrations (CNAs)
DNA samples of 60 oesophageal adenocarcinomas were profiled using next-generation 
DNA sequencing. Frequently amplified broad chromosomal events included regions 
at chromosomal arms 3q, 5p, 6p, 7p and q, 8q, 12p, 13p, 17q, 18p and q, 20p and q. 
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Frequently deleted regions were located at chromosomal arms 3p, 4p and q, 5q, 6p, 8p, 
9p, 16p, 17p, 18p and q, 19p, 21q, 22q. The frequency of these amplified and deleted 
regions varied between 10% - 37% and 10% - 28%, respectively. Recurrent focal copy 
number events are listed in Table 2. ADMIRE identified amplification of a focal region 
at 12p12.1 including the KRAS gene as one of the most prominent amplified events, 
considering both amplification frequency and magnitude. The most prominent deleted 
focal region was at 3p14.2, where the FHIT gene is located. The frequency and CN status 
(gain/high copy gain) of amplifications in several receptor tyrosine kinases (RTKs) are 
shown in Table 3. In total, 12 of 60 (20%) adenocarcinomas had a high copy number 
amplification in one or more RTKs. KRAS showed the highest frequency of high copy 
number alteration (18%). None of the recurrent focal events was significantly associated 
with survival. 

Table 2. Recurrent focal copy number aberrations in oesophageal adenocarcinoma  

   identified by ADMIRE (N = 60). 

Chr. Cytoband  Mb Gene(s) of interest in region Frequency  

Amplifications 

3 q29 195.34 – 195.48 MUC4, MUC20 16/60 (27%) 

5 p15.33 0.70 – 0.86 - 19/60 (32%) 

6 p21.33 30.56 – 32.46 NOTCH4, TNF 11/60 (18%) 

7 p11.2 54.86 – 55.36 EGFR 19/60 (32%) 

8 q24.21 126.34 – 129.38 POU5F1B, MYC 25/60 (42%) 

11 q13.3 68.88 – 71.34 CCND1, FGF3, FGF4, FGF19 13/60 (22%) 

12 p12.1 25.12 – 26.32 KRAS 16/60 (27%) 

17 q21.2 39.78 – 39.80 KRT17 9/60 (15%) 

18 q11.2 19.32 – 21.26 CABLES1, GATA6, RBBP8, CTAGE 20/60 (33%) 

19 q12 30.30 – 30.36 CCNE1 6/60 (10%) 

Deletions 

1 p35.3 28.72 – 29.06 RAB42 15/60 (25%) 

3 p21.31 47.08 – 49.60 SMARCC1 13/60 (22%) 

3 p14.3 57.40 – 57.96 - 8/60 (13%) 

3 p14.2 60.46 – 60.48 FHIT 36/60 (60%) 

4 p16.3 3.92 – 4.20 - 24/60 (40%) 

4 p16.1 9.16 – 9.30 USP17 24/60 (40%) 

4 p14 38.98 – 40.86 RFC1 16/60 (27%) 

5 q31.1 133.50 – 134.22 PPP2CA 8/60 (13%) 

11 q15.4 9.22 – 9.76 - 8/60 (13%) 

14 q24.3 73.84 – 74.36 NUMB 9/60 (15%) 

15 q15.1 40.80 – 41.76 RAD51 15/60 (25%) 

15 q21.2 50.58 – 51.30 - 8/60 (13%) 

16 q23.1 78.42 – 79.02 WWOX 24/60 (40%) 

20 p12.1 14.78 – 15.16 MACROD2 14/60 (23%) 

21 q22.12 36.24 – 36.46 RUNX1 8/60 (13%) 

 

Table 2. Recurrent focal copy number aberrations in oesophageal adenocarcinoma identified by ADMIRE (N=60)
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Figure 1a. Disease free survival according to groups defined by unsupervised clustering analysis of 
copy number data (N = 57)

Hierarchical clustering and survival
Unsupervised complete-linkage clustering based on CN data identified 2 clusters. 
Patient and tumour characteristics for both clusters are shown in Table 1. There were no 
statistically significant differences in clinicopathological characteristics between these 
clusters. Cluster 2 (N = 32) had a significantly worse prognosis than cluster 1 (N = 25). 
Median disease free survival was not reached in cluster 1, compared to 30 months (p = 
0.048; HR 2.65, Figure 1a) in cluster 2. Median distant metastasis free survival was not 
reached in either cluster (p = 0.023; HR 3.85, Figure 1b). When a comparative KC-SMART 
analysis was performed between the two clusters with the FDR set at 1%, no significantly 
different regions were identified. When the FDR was set at 5%, several regions at 
chromosome 7, 8q, 12p and 18q were identified as significantly different between these 
two clusters. Focal events included gain of a region at 7p11.2, immediately adjacent to 
EGFR, and at 8q24.12, harbouring ENPP2. Broad events included multiple gains at 7q and 
8q and losses at 12p (Cluster 1) and 18q12 (Cluster 2). 
 
Gene expression in relation to CN status
From 23 of 60 (38%) included OAC samples, gene expression data was available. The gene 
expression levels according to copy number status (gain/high CN gain) of some of the 
most frequent and highly amplified genes (EGFR, KRAS, POU5F1B, GATA6 and CCND1) are 
shown in Figure 2a-e. For all these genes, especially high copy number amplifications led 
to increased gene expression.  
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Figure 1b. Distant metastasis free survival according to groups defined by unsupervised clustering 
analysis of copy number data (N = 57)

DISCUSSION

In the current study, we used next-generation sequencing for copy number (CN) profiling 
of oesophageal adenocarcinoma (OAC). The results confirmed several known genomic 
aberrations, such as amplification of KRAS and loss of FHIT in OAC and identified several 
previously unreported focal copy number aberrations (CNAs). Unsupervised clustering 
identified two different prognostic subgroups, characterized by differences in genomic 
gains at chromosome 7 and 8q and losses at 12p and 18q12. Several genes encoding 
for receptor tyrosine kinases (RTKs) and their downstream signalling pathways were 
identified that may be targetable for currently available tyrosine kinase inhibitors. 
In several frequently amplified genes, high copy number gains led to increased gene 
expression. Especially the genes with high expression may be targetable for RTKs.

Only recently, a large combined dataset was published comprising array-based copy 
number data of 186 OAC samples.19 In that study, CNAs were compared between 
colorectal, gastric and oesophageal adenocarcinoma. The results showed that OAC 
harboured more focal CNAs compared to gastric and colorectal adenocarcinoma. 
Significant focal events included amplifications in regions containing CCND1, CCNE1, 
EGFR, MYC, GATA6 and KRAS, which is in concordance with the results from the current 
study. Other previously described amplifications in OAC include ERBB2 and MET.10,19,20 
These genes were located in broader amplified regions in the current study and not 
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Table 3. Frequency of gains and high copy gains in receptor tyrosine kinases and related genes in 
oesophageal adenocarcinoma (N = 60)

Table 3. Frequency of gains and high copy gains in receptor tyrosine kinases and related   
   genes in oesophageal adenocarcinoma (N = 60). 

 

Chr. Cytoband  Mb Gene target Frequency of gain  Frequency of high 
copy gain 

3 q26.32 178.87 – 178.95 PIK3CA 6/60 (10%) 2/60 (3%) 

6 p21.1 43.74 – 43.75 VEGFA 10/60 (17%) 1/60 (2%) 

7 p11.2 55.09 – 55.28 EGFR 16/60 (27%) 3/60 (5%) 

7 q31.2 116.31 – 116.44 MET 7/60 (12%) 0/60 (0%) 

10 q26.13 123.24 – 123.36 FGFR2 3/60 (5%) 1/60 (2%) 

12 p12.1 25.36 – 25.40  KRAS 5/60 (8%) 11/60 (18%) 

17 q12 37.84 – 37.88 ERBB2 3/60 (5%) 7/60 (12%) 

 
Hierarchical clustering and survival 
 identified as focal events. POU5F1B, which has not been identified as being amplified or 

overexpressed in OAC before, is likely co-amplified with the well-known proto-oncogene 
MYC. Interestingly, in a recent study by Hayashi et al., POU5F1B was shown to have a 
role in tumour growth and proliferation in gastric cancer cell lines, and amplification was 
associated with a poor prognosis in gastric cancer patients.21 Other focal amplifications 
that have previously not been reported in OAC included regions containing MUC4 and 
KRT17. These genes have been shown to play a role in tumourigenesis of other cancer 
types.22,23 Previously identified focal deletions in regions containing FHIT, WWOX, RUNX1 
and MACROD2 were also present in our dataset, with a deletion in a region containing 
FHIT as the most significant focal event.19 Recently, a study by Saldivar et al. showed that 
loss of FHIT expression initiated genome instability in vitro.24 The high rate of deletions 
at the FHIT locus in the current and previous studies might be associated with the large 
number of CNAs in OAC.10,19 Several other regions of CN loss in our series included known 
tumour suppressors, such as PPP2CA and NUMB.25,26 The CNAs detected in the data 
generated by next-generation sequencing in the current study resemble those identified 
in earlier studies, thereby further strengthening these results.10,19,20,27

Historically, the outcome of potentially curative surgery of oesophageal cancer has 
been poor with microscopically radical (R0) resection rates of only 70% and high local 
recurrence rates. The use of preoperative CRT has significantly improved surgical 
treatment outcome and, nowadays, most tumour recurrences are at distant locations.3,28 
The frequency of distant disease recurrence is still high and five-year survival does 
not exceed 40%. This suggests that additional systemic treatment is indicated for a 
subset of oesophageal cancer patients. This holds especially true for patients with 
lymph node positive disease and little to no response to CRT. Induction chemotherapy 
followed by CRT and surgery has been investigated, but has so far not been shown to 
improve survival.29 Identifying patients with locoregional disease who are at high risk for 
distant disease recurrence before the start of treatment could lead to improved patient 
stratification for future studies. Recent results from a gene expression study with gastric 
cancer patients showed that genetic profiling might also identify patients who are 
sensitive to a certain chemotherapeutic regimen.30 The results from the current study 
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suggest the existence of genomically different clusters of OAC. Notably, clinical T- and 
N-classification, pathological response and ypT- and N-classification were comparable 
between these two clusters. There was, however, a statistically significant difference in 
survival after CRT followed by surgery suggesting that these clusters harbour prognostic 
information. There are no CN datasets with survival information of OAC patients treated 
with CRT and surgery available for validation. We continue tissue sampling to validate 
the present findings in a subsequent patient cohort.

Next to the identification of genomically different subgroups of OAC with the potential of 
improved treatment selection, genetic profiling can also aid in the development of targeted 
treatment. RTKs and their downstream targets constitute one of the most frequently 
used therapeutic targets in cancer. Currently, the ERBB2 antibody trastuzumab is the 
only targeted agent that is used for OAC of the oesophagogastric junction with protein 
overexpression or amplification of ERBB2.31 In contrast, the addition of EGFR-antibody 
panitumumab to chemotherapy was associated with an inferior survival compared to 
chemotherapy alone in patients with oesophagogastric cancer.32 Patients included in this 
trial were not selected by mutational status, amplification or overexpression of EGFR, 
which may be one explanation for this negative study outcome. Furthermore, a mutation 
in KRAS, a well-known biomarker of anti-EGFR therapy resistance, was present in 6% of 
patients in that study. Similarly, in a study with 149 OAC samples, subjected to whole-
exome DNA sequencing, a KRAS mutation rate was seen in 3%. Amplifications of KRAS, 
however, were present in 21% of the same study population. Also, these were mainly 
high CN amplifications of this region, leading to increased KRAS gene expression. In two 
recent studies, not only KRAS mutations but also amplifications were related to anti-
EGFR resistance in colorectal cancer.33,34 Taken together, in future studies in which the 
RTK-RAS pathway is targeted, KRAS amplification status should be taken into account. 
Up to now, KRAS itself remains undruggable, but downstream targets (e.g. MEK) might 
serve as an alternative for patients with KRAS mutated or amplified tumours.35 

Strengths of the current study include the use of next-generation sequencing for 
copy number and gene expression profiling. This has generated unbiased and high-
resolution data. The patient cohort was homogeneous with regard to clinical tumour 
stage, histological subtype and treatment. Patients were treated with preoperative 
CRT followed by surgery. The prospective set-up allowed for the collection of well-
documented clinicopathological data. None of the patients was lost to follow-up. The 
study limitations will be overcome with time. The patient series will be expanded and 
duration of clinical follow-up will be longer in subsequent analyses. Generation of gene 
expression profiles was possible in only a subset of included OAC samples. This was 
mainly due to poor RNA quality in a number of samples that can partly be explained by 
the use of small endoscopic biopsy samples. Although recently developed protocols can 
be used to generate gene expression profiles from largely degraded RNA samples, this 
is still expensive. We have optimized our tissue sampling and biobanking protocols and 
hope to carry out further validation studies in the future. 
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Figure 2a – e.Relation between copy number status and gene expression for EGFR, KRAS, POU5F1B, GATA6, 
CCND1

Figure a.

Figure c.

Figure e.

Figure b.

Figure d.
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