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SUMMARY

Background
Small bowel adenocarcinoma is a rare cancer and consequently the options for clinical 
trials are limited. As they are treated according to either a colorectal or a gastric cancer 
regimen and the molecular biology of a tumor is a pivotal determinant for therapy 
response, chromosomal copy number aberrations were compared with the colorectal and 
gastric adenocarcinomas. 

Materials and methods
A total of 85 microsatellite stable (MSS) adenocarcinomas from the stomach, colorectum 
and small bowel were selected from existing comparative genomic hybridization (aCGH) 
datasets. We compared the aCGH pro!les of the three tumor sites by supervised analysis 
and hierarchical clustering. 

Results
Hierarchical clustering revealed substantial overlap of 27 small bowel adenocarcinoma 
copy number pro!les with matched colorectal adenocarcinomas, but less overlap 
with pro!les of gastric adenocarcinomas. DNA copy number aberrations located 
at chromosomes 1p36.3-p34.3, 4p15.3-q35.2, 9p24.3-p11.1, 13q13.2-q31.3 and 
17p13.3-p13.2 were the strongest features discriminating small bowel and colorectal 
adenocarcinomas from gastric adenocarcinomas. 

Conclusions
We show that MSS small bowel adenocarcinomas are more similar to colorectal than to 
gastric cancer, based on the 27 genome-wide DNA copy number pro!les that are currently 
available. These molecular similarities provide added support for treatment of MSS small 
bowel cancers according to colorectal cancer regimens. 
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INTRODUCTION 

Small bowel adenocarcinomas are rare and comprise only about 2% of gastrointestinal 
malignancies.1,2 Prognosis of patients with small bowel adenocarcinomas is poor with a 
!ve year overall survival rate of 20 to 30%.3 Small bowel adenocarcinomas are usually 
diagnosed at an advanced stage requiring systemic drug therapy in addition to surgical 
resection. Clinical trials to determine optimal treatment regimens for patients with small 
bowel adenocarcinomas have been limited due to the low incidence. As a result, patients 
with small bowel adenocarcinomas are treated with either colorectal or gastric cancer drug 
regimens.2,4 

The molecular biology of a tumor is a pivotal determinant for therapy response, implying 
that common molecular characteristics lead to comparable drug sensitivity. Relations 
in the molecular biological between small bowel adenocarcinomas on the one hand 
and colorectal and gastric cancer on the other, could therefore aid in therapy selection. 
Associations of  response to systemic chemotherapy with molecular characteristics are 
ample, however limited for a relatively new technique such as aCGH.5-8 One genome-
wide study demonstrates that a deletion of chromosome 11q is correlated with a better 
response to anthracycline-based chemotherapy in early breast cancer.8 In another study 
we demonstrated that colorectal cancer patients who do respond to systemic combination 
therapy with capecitabine and irinotecan have regions located on chromosome 18 
frequently deleted.6 Speci!c gene ampli!cations, such as N-myc, EGFR and ERBB2, are 
decisive factors in therapy choice.5 Copy number aberrations are frequently referred to as 
a hallmark of cancer. Indeed, by analyzing DNA copy number pro!les of 373 cancers we 
demonstrated, that cancers cluster according to their embryological origin.9 Others have 
shown that tumor subtypes that are based on copy number can have different prognosis.10 
Thus, although currently limited precedent exits for genome-wide copy number pro!les in 
relation to therapy, copy numbers well represent the biology of a tumor.

Since aCGH can be performed using DNA extracted from formalin !xed paraf!n 
embedded  (FFPE) archival tissue11 it is feasible to create series of rare tumors such as small 
bowel adenocarcinomas. The aim of our current study was to investigate whether small 
bowel adenocarcinomas copy number pro!les are more similar to those of colorectal or 
gastric adenocarcinomas. The result of such a comparison may provide further insights 
into the biology of small bowel adenocarcinomas and establish some evidence for choosing 
the optimal treatment regimen for these patients. 
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MATERIALS & METHODS 

Data collection
The series of samples in the present study was composed of three previously published 
series.12-16 In these studies two different aCGH platforms were used; 5K BAC arrays17 and 
30K oligonucleotide arrays.18 All data were generated using DNA isolated from FFPE 
tumor tissues and had more than 70% tumor cells. Obviously, the number of available 
small bowel adenocarcinoma samples that could be included was the rate limiting factor. 
Microsatellite instable adenocarcinomas were excluded, since these represent a different 
biological entity.19 The 27 microsatellite stable samples14 were matched with gastric and 
colorectal adenocarcinomas based on TNM stage,20 gender and age. If multiple samples 
matched equally well, one sample was randomly selected (supplementary Table1).

Gastric adenocarcinomas were selected from a set of 206 samples analyzed with BAC 
aCGH (Buffart et al., submitted for publication) including 122 randomly selected samples 
from the Dutch D1/D2 trial15 and 84 randomly selected samples from the archives of the 
University of Leeds (Leeds, general In!rmary,UK). Of these samples 139 were microsatellite 
stable all of intestinal type. 

Colorectal adenocarcinomas were selected from an initial aCGH dataset of a panel of 74 
colorectal tumors, performed on BAC aCGH.12 Of these 74 colorectal adenocarcinomas, 
64 are microsatellite stable. All aCGH data are publicly available under accession number 
GSE23418 (http://www.ncbi.nlm.nih.gov/geo/ and supplementary Table1).

Cross-platform calibration
Since the original DNA copy number pro!les were generated using two different aCGH 
platforms, prior to clustering and classi!cation, resolution and de"ection differences of 
the copy number pro!les were calibrated. To facilitate the calibration procedures, two 
small bowel, two gastric and two colorectal adenocarcinomas were analyzed on both the 
BAC and oligonucleotide aCGH platform. The results from this experiment were used to 
establish the required preprocessing steps in order to obtain platform independent pro!les 
and copy number calls. Preprocessing methods as well as meta-analysis procedures were 
performed using R, version 2.6.1. Processing procedures are described in supplementary 
Materials and Methods. The success of the platform calibration was assessed by 
hierarchical clustering of the six samples, which showed that the same samples clustered 
in pairs independent of the aCGH platform (supplementary Figure 1). For clustering the 
R package WECCA,21 designed for clustering copy number pro!les rather than expression 
pro!les, was used with probabilities as described by Smeets et al.22 with settings: “ordinal”, 
“all equal” and “ward linkage”.

Meta-analysis procedures
The entire dataset was preprocessed, normalized and calibrated as described for the 
calibration samples. DNA copy number data was determined by “CGHcall”, calling 
probabilities of 0.5 or more. The accuracy of the normalization, segmentation and calling 
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was veri!ed by visual inspection. Regions of gains and losses were used for the supervised 
and unsupervised analysis.23

For supervised analysis a two-sample Wilcoxon test using 10.000 permutations was 
performed  to calculate the signi!cance of DNA copy number differences between 
small bowel and gastric adenocarcinomas and between small bowel and colorectal 
adenocarcinomas for each region.24 Two separate tests were performed to compare 
frequencies of gains and frequencies of losses between the groups. P-values were corrected 
for multiple testing using permutation-based false discovery rate (FDR).  Regions with 
FDR < 0.05 were taken into account to calculate the difference in number of regions and 
length of the genome between small bowel and gastric adenocarcinomas and between 
small bowel and colorectal adenocarcinomas. Similarities between small bowel and gastric 
adenocarcinomas and between small bowel and colorectal adenocarcinomas were de!ned 
by the overlap of aberrant regions occurring in more than 33% per organ of origin as 
previously described.25  Additionally to determine similarities between small bowel and 
colorectal and between small bowel and gastric adenocarcinomas a Pearson correlation 
was calculated based on the frequencies of the gains and losses of the regions. Per region 
the maximum frequency of either loss or gain was calculated. The frequencies of losses 
were multiplied by -1.

Unsupervised clustering was performed as described for the control samples. To determine 
the number of most stable clusters, consensus clustering26 was implemented. The stability 
of 2-5 clusters was measured by running the clustering 1000 times leaving out 20% of the 
samples each time.

To evaluate whether the samples cluster by site of origin the chi-square test was used. To 
!nd the most discriminative features between clusters the distance between all regions was 
de!ned as the symmetric Kullback-Leibler divergence.27 To obtain the list of UCSC genes 
located on the most discrimination regions the UCSC table browser data retrieval tool was 
used.28 Genes overlapping with the Cancer Census29 list were identi!ed (Table1).

RESULTS

Frequency of DNA copy number aberrations in selected gastrointestinal adenocarcinomas  
The overall pattern of DNA copy number changes in microsatellite stable adenocarcinomas 
of the small bowel, stomach and colorectum found in the current study are consistent 
with frequencies of deletions and gains reported in literature (Figure 1). Most common 
aberrant regions in colorectal adenocarcinomas were gains of chromosomes 7, 8q, 13, and 
20q and losses of chromosomes 4, 8p, 14, 15, 17p and 18.30,31 Most common aberrant 
regions in small bowel adenocarcinomas were gains of chromosomes 5p, 7, 8q, 13, 16 and 
20 and losses of chromosomes 4, 5q, 8p, 17p, and 18.32,33 Most common aberrant regions 
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in gastric adenocarcinomas were gains of chromosomes 1p, 7p, 8q, 17q, 20 and losses of 
chromosomes 3p, 4, 5q, 6q, 9p, 12q, 13 and 18q.31,34-36 Thus, the selected sets of samples 
from each tumour site were considered to be representative.

Differences and similarities between gastrointestinal adenocarcinomas by supervised analyses
Signi!cant differences as well as similarities are observed between the three tumor sites 
(Figure 1). Similarities were determined by the overlap of the genome that was aberrant 
in more than 33% of the tumors per site. Copy number aberrations that were observed 
in more than 33% of the 27 small bowel adenocarcinomas encompassed 32% of the 
genome. Similarly, 30% and 36% of the genome was aberrant with frequencies of gains or 
losses higher than 33% in colorectal and gastric adenocarcinomas, respectively. Sixty-four 
percent of these aberrant regions in small bowel adenocarcinomas were also aberrant in 
colorectal adenocarcinomas. The overlap of aberrant regions was slightly smaller between 
gastric and small bowel adenocarcinomas, namely 50% (Figure 1). Furthermore, Pearson 
correlations were calculated to estimate the similarities in frequency of aberrant regions 
between the different tumor types. Frequencies of the small bowel were more correlated 
with colorectal than with gastric adenocarcinomas (Pearson correlations were 0.75 and 
0.63 respectively).

The differences in number and length of aberrant regions were larger between small bowel 
and gastric adenocarcinomas (50 regions with FDR < 0.05 over 499 Mb) compared to 
small bowel and colorectal adenocarcinomas (18 regions with FDR < 0.05 over 153 Mb). 
These results indicate that the DNA copy number aberrations might be organ-speci!c 
and that small bowel adenocarcinomas are molecularly more similar to colorectal than to 
gastric adenocarcinomas. Differences between small bowel versus gastric adenocarcinomas 
and small bowel versus colorectal adenocarcinomas might be somewhat skewed due to 
platform differences.

Unsupervised hierarchical clustering of gastrointestinal adenocarcinomas
Unsupervised hierarchical cluster analysis of colorectal and gastric adenocarcinomas 
revealed two distinct clusters (Figure 2a): one containing primarily gastric 
adenocarcinomas (n=24) and only 2 colorectal adenocarcinomas, the other one containing 
primarily colorectal adenocarcinomas (n=27) and only 5 gastric adenocarcinomas (p-value 
<0.001). In addition, we identi!ed that this dataset consist of 2 stable clusters by consensus 
clustering26 (data not shown), con!rming that these two clusters are robust.
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Figure 1. Frequencies of aberrations based on called data for colorectal, small bowel and gastric 
adenocarcinomas. On the horizontal axis the 2000 sampled positions are plotted from chromosome 1 
to chromosome 22. The X and Y chromosomes are not shown. On the vertical axis, frequencies of gains 
and losses are depicted. Gains are above zero and losses below zero. To determine p-values two separate 
test were performed to compare frequencies of gains and losses. Bars between the frequency plots 
illustrate the minimum FDR of the two tests per position in gray scale such that black are the most 
signi!cantly different regions and white the least signi!cantly different regions between the groups. 
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Hierarchical clustering of gastric, colorectal and small bowel adenocarcinomas also 
revealed two distinct clusters (Figure 2b), con!rmed by consensus clustering (data 
not shown). The !rst cluster contained the same 24 gastric adenocarcinomas, 1 of 
the 2 colorectal adenocarcinomas and 5 of the 27 small bowel adenocarcinomas. 
The second cluster contained the 5 previous gastric adenocarcinomas, 28 colorectal 
adenocarcinomas and 22 small bowel adenocarcinomas. The !rst cluster is thus primarily 
a gastric adenocarcinoma cluster and the second one contains the majority of colorectal 
adenocarcinomas and small bowel adenocarcinomas (81% of SBAs, p-value = 0.001). 

Kullback-Leibler divergence shows that chromosomes 1p36.3-p34.3, 4p15.3-q35.2, 
9p24.3-p11.1, 13q13.2-q31.3 and 17p13.3-p13.2 are the most discriminative 
chromosomal regions of the two clusters (Figure 3, Table1). Adding the small bowel 
adenocarcinomas did thus not change the chromosomal regions that discriminate the two 
main clusters from each other. 

To ensure that the clustering was not in"uenced by tumors located at cardia (n=6) or 
rectum (n=6) two additional hierarchical clustering analyses were performed by leaving 
out the tumors of these sites. The numbers of gastric and colorectal tumors per cluster 
were still signi!cant (p-value no cardia < 0.001, p-value no rectum < 0.001) as well as the 
number of small bowel tumors in the “gastric clusters’ versus “colorectal cluster” (p-value 
no cardia = 0.001, p-value no rectum < 0.001). 

In either the comparison of small bowel to gastric or colorectal adenocarcinomas 
results cannot be in"uenced by platform differences since both gastric and colorectal 
adenocarcinomas were performed on the same platform and only small bowel 
adenocarcinomas were different.
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Figure 2. Dendrograms of unsupervised hierarchical clustering. (A) Colorectal adenocarcinomas, CRC, 
light grey and gastric adenocarcinomas, GC, black (B) of all samples, small bowel adenocarcinoma, 
SBA, dark grey. Samples on the horizontal axis and chromosomal regions on the vertical axis, ordered 
by chromosomal position. Odd chromosomes are depicted in black and even chromosomes in grey. 
Within the heatmap, black blocks depict normal copy number, dark grey blocks loss and light grey 
blocks gain.
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Figure 3. Discriminating features expressed bij Kullback-Leibler divergence. On the horizontal axis 
the 228 regions are plotted from chromosome 1 to chromosome 22. The X and Y chromosomes 
are not shown. On the vertical axis, KL divergences are depicted. The grey !lled plot illustrates 
the KL divergence scores for the two main clusters of the colorectal and gastric adenocarcinoma 
clustering results. The black line illustrates the KL divergence scores between the two main clusters 
of the clustering results of colorectal and gastric adenocarcinomas extended with small bowel 
adenocarcinomas. The higher the score the more discriminating the region is.

Table 1. Overview of the most discriminating chromosomal regions between the “colorectal, CRC, 
cluster” and the “gastric, GC, cluster”. In order to limit the length of the table, only  Cancer Census 
genes in the regions are listed. 

Region Genes cancer census list Feature “GC cluster” or “CRC cluster”

1p36.3-p34.3 LCK, MDS2, PAX7, PRDM16, 
RPL22, SDHB

More frequently gained in “GC cluster”

4p15.3-q35.2 CHIC2, FBXW7, FIP1L1, IL2, KIT, 
PDGFRA, PHOX2B, RAP1GDS1

More frequently lost in “GC cluster”

9p24.3-p11.1 FANCG, JAK2, MLLT3, PAX5 More frequently lost in “GC cluster”

13q13.2-q31.3 LCP1, LHFP, RB1 More frequently gained in “CRC cluster” 
and more frequently lost in “GC cluster”

17p13.3-p13.2 USP6 More frequently lost in “CRC cluster”
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DISCUSSION 

Our study demonstrates that small bowel adenocarcinomas are more like colorectal than 
gastric adenocarcinomas based on genome-wide DNA copy number aberrations. This is in 
line with previous studies that investigated other molecular characteristics of these tumor 
entities. For example, the DNA hypermethylation patterns of a selected panel of genes 
also indicate such an association.37 Other studies have focused on similarities between 
colorectal and small bowel adenocarcinomas alone. These studies indicate that genes 
mutated in colorectal cancer i.e. SMAD4, APC, KRAS and Ⱦ-catenin were also detected 
in small bowel adenocarcinomas although at different frequencies.32,38 Methylation and 
mutation of the APC gene, which plays a key role in the initiation of colorectal neoplasia, 
were detected in both colorectal and small bowel adenocarcinomas, although less 
frequently in the latter. This indicates that APC may not be pivotal for the initiation of 
small bowel adenocarcinomas.14 The resulting small bowel and colorectal adenocarcinoma 
copy number alterations, which occur at a later stage of progression, still show high 
similarities, likewise the DNA hypermethylation.

In addition, small bowel adenocarcinomas more often show colorectal cancer characteristic 
cytokeratin protein staining patterns with CK20-positive and CK7-negative.39,40 Under the 
assumption that tumor biology drives phenotypic characteristics, including drug sensitivity, 
mutation, methylation and our aCGH data would all support treatment of MSS small 
bowel adenocarcinoma according to a colorectal cancer regimen. 

Patients with advanced colorectal cancer bene!t from 5-"uorouracil based chemotherapy 
in combination with platinum compounds or irinotecan.41 Several retrospective small 
bowel adenocarcinoma studies also demonstrate a survival bene!t with such regimens.4,42,43 
In addition, one of the few small bowel adenocarcinoma prospective phase II clinical trials 
treating patients with capecitabine in combination with oxaliplatin, showed a signi!cant 
increase in overall survival.44 In this context it appears reasonable to assume that targeted 
agents like bevacizumab or cetuximab, could also be considered for systemic treatment of 
KRAS wild-type small bowel adenocarcinomas, since they are also bene!cial for metastatic 
colorectal cancer.40,45 As Galsky et al.46 however point out, similar targets in different 
tumor types may differ in their behaviour as a result of up- and downstream signalling 
pathways of the therapeutic targets. The genome wide copy number signature similarities 
between small bowel and colorectal cancers, may suggest that are also more similarities 
with up and downstream pathways. 

Not all entities cluster entirely apart from each other; !ve small bowel adenocarcinomas 
clustered together with gastrics. This raises the question whether small bowel 
adenocarcinomas with a DNA copy number aberration pro!le more similar to gastric 
cancer originate from the duodenum, and should be treated like gastric cancer. However, 
only one of those !ve small bowel adenocarcinomas originated from duodenum making 
a relationship between DNA copy number pro!le and location within the small bowel 
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unlikely.  Similarly no signi!cant relation was found with TNM status (supplementary 
Table1) or ampli!cations. We speci!cally looked at the ampli!cation of ERBB2, known 
to occur frequently in gastric cancer and the target of Trastuzumab.47 In our dataset in 
4 gastric and 1 small bowel adenocarcimas ERBB2 was ampli!ed. Those samples do 
not cluster together. One of the gastrics and the small intestinal adenocarcnimas cluster 
with the colorectal cancers. Subtypes of colorectal and gastric adenocarcinomas that 
have previously been characterized by classical pathological features such as cardia and 
rectum do not cluster separately based on copy number pro!les, neither they in"uence the 
clustering of the small bowel either with colorectal or gastric adenocarcinomas. 

Small bowel adenocarcinoma is a very rare disease, in contrast to colorectal cancer, and  
several explanations for the low incidence of small bowel adenocarcinomas have been 
proposed including rapid turnover of small intestinal cells, lower exposure to carcinogenic 
components because of rapid transit time, lack of bacterial degradation and relatively 
dilute alkaline environment and higher activity of detoxifying enzymes like glutathione 
S-transferase.48 Interestingly, the substantial difference in incidence between small bowel 
and colorectal adenocarcinomas is not re"ected in different DNA copy number patterns 
observed in these two tumor types.

In this study we measure chromosomal aberrations and therefore included MSS tumors 
only.  MSI tumors are chromosomally more stable and characterized by loss of DNA 
mismatch repair19 which cannot be measured by aCGH. MSI tumors were thus excluded 
since we study relationships based on copy number here.

In summary, we show that genome-wide copy number pro!les of most small bowel 
adenocarcinomas overlap primarily with colorectal adenocarcinomas. Despite limited 
evidence for predictive copy number pro!les in general, the molecular similarities of 
this limited set of small bowel adenocarcinomas with colorectal cancers indicate that 
more patients would bene!t from the colorectal speci!c drug regimen rather than from a 
gastric speci!c regimen. These similarities might also provide a further rationale for the 
exploration of “colorectal cancer type” drug regimens for systemic treatment of MSS small 
bowel adenocarcinomas.4,14,48 Notwithstanding, the fact that this is the only small bowel 
adenocarcinoma aCGH dataset we know of, validation is still necessary to reinforce these 
!ndings.
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Supplementary table1. Overview of patient and tumor characteristics, aCGH platform and 
GEOnumbers of the 85 adenocarcinomas used in the study.

NR Sample Site Localization TNM Age Gender Platform GEO 
number

1 SBA24 Small bowel Jejunum pT3N1M1 55 M oligo GSM388018 

2 SBA4 Small bowel Jejunum pT3N0Mx 66 M oligo GSM387998 

3 SBA42 Small bowel Duodenum pT4N1Mx 79 F oligo GSM388036 

4 SBA30 Small bowel Jejunum pT3N1Mx 69 M oligo GSM388024 

5 SBA33 Small bowel Ileum pT4N1Mx 51 M oligo GSM388027 

6 SBA45 Small bowel Jejunum pT4N0M0 77 F oligo GSM388039 

7 SBA5 Small bowel Ileum pT3N0Mx 73 M oligo GSM387999 

8 SBA1 Small bowel Duodenum pT3N1Mx 64 F oligo GSM387995 

9 SBA3 Small bowel Ileum pT4N1Mx 87 F oligo GSM387997 

10 SBA44 Small bowel Duodenum pT1N0Mx 60 M oligo GSM388038 

11 SBA37 Small bowel Duodenum pT3N0M0 63 M oligo GSM388031 

12 SBA22 Small bowel Ileum pT1NxMx 51 F oligo GSM388016 

13 SBA14 Small bowel Jejunum pT3N1Mx 34 M oligo GSM388008 

14 SBA23 Small bowel Duodenum pT4NxMx 60 M oligo GSM388017 

15 SBA13 Small bowel Jejunum pT3N1Mx 50 F oligo GSM388007 

16 SBA17 Small bowel Duodenum pT4N0Mx 61 F oligo GSM388011 

17 SBA39 Small bowel Ileum pT3N0Mx 61 M oligo GSM388033 

18 SBA32 Small bowel Ileum pT3N0Mx 80 F oligo GSM388026 

19 SBA25 Small bowel Ileum pT3N1M1 67 F oligo GSM388019 

20 SBA27 Small bowel Jejunum pT4N1M0 81 F oligo GSM388021 

21 SBA36 Small bowel Ileum pT3N1Mx 61 M oligo GSM388030 

22 SBA10 Small bowel Duodenum pT4N0Mx 55 M oligo GSM388004 

23 SBA26 Small bowel Jejunum pT3N1M0 80 F oligo GSM388020 

24 SBA9 Small bowel Duodenum pT4N0M1 59 F oligo GSM388003 

25 SBA20 Small bowel Duodenum pT4N1M1 29 M oligo GSM388014 

26 SBA8 Small bowel Jejunum pT4NxMx 35 F oligo GSM388002 

27 SBA41 Small bowel Duodenum pT1N0Mx 52 F oligo GSM388035 

28 SBA33_
control

Calibration
 sample

SBA33 SBA33 SBA33 SBA33 bac GSM574286 

29 SBA25_
control

Calibration
 sample

SBA25 SBA25 SBA25 SBA25 bac GSM574285 

30 CRC10_
control

Calibration
 sample

CRC10 CRC10 CRC10 CRC10 oligo GSM115212

31 CRC27_
control

Calibration
 sample

CRC27 CRC27 CRC27 CRC27 oligo GSM574284 
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NR Sample Site Localization TNM Age Gender Platform GEO 
number

32 CRC1 Colorectum Rectum pTxN1M0 59 F bac GSM197326 

33 CRC2 Colorectum Left colon pTxN1M0 65 F bac GSM197691 

34 CRC3 Colorectum Transverse
colon

pTxN0M0 65 F bac GSM197666 

35 CRC4 Colorectum Left colon pTxN0M0 71 M bac GSM197642 

36 CRC5 Colorectum Left colon pTxN0M0 82 F bac GSM197679 

37 CRC6 Colorectum Right colon pTxN0M0 56 F bac GSM197902 

38 CRC7 Colorectum Left colon pTxN1M0 62 M bac GSM197777 

39 CRC8 Colorectum Rectum pTxN1M0 67 F bac GSM197805 

40 CRC9 Colorectum Right colon pTxN1M0 80 F bac GSM197808 

41 CRC10 Colorectum Colon pTxN2M0 57 F bac GSM197811 

42 CRC11 Colorectum Right colon pTxN2Mx 58 F bac GSM197650 

43 CRC12 Colorectum Rectum pTxN0M0 70 M bac GSM197646 

44 CRC13 Colorectum Left colon pTxN0M0 63 M bac GSM197664 

45 CRC14 Colorectum Rectum pTxN1M1 66 M bac GSM197644 

46 CRC15 Colorectum Left colon pTxN0M0 68 M bac GSM197892 

47 CRC16 Colorectum Right colon pT3N0M0 65 F bac GSM197695 

48 CRC17 Colorectum Left colon pT3N0M0 65 M bac GSM197662 

49 CRC18 Colorectum Rectum pTxN0M0 68 M bac GSM197920 

50 CRC19 Colorectum Right colon pT3N0M0 62 M bac GSM197890 

51 CRC20 Colorectum Left colon pTxN0M0 71 F bac GSM197910 

52 CRC21 Colorectum Left colon pTxN0M0 86 F bac GSM197888 

53 CRC22 Colorectum Left colon pTxN1M1 76 F bac GSM197922 

54 CRC23 Colorectum Right colon pTxN2M0 74 F bac GSM197693 

55 CRC24 Colorectum Left colon pTxN1M0 47 M bac GSM197711 

56 CRC25 Colorectum Left colon pTxN2M0 56 F bac GSM197692 

57 CRC26 Colorectum Right colon pTxN2M0 59 M bac GSM197752 

58 CRC27 Colorectum Transverse
colon

pTxN0M0 53 M bac GSM197708 

59 CRC28 Colorectum Right colon pT3N0M0 88 F bac GSM197701 

60 CRC29 Colorectum Rectum pTxN0M0 71 F bac GSM197874 

61 GC19_
control

Calibration
 sample

GC19 GC19 GC19 GC19 GC19 GSM574282 

62 GC28_
control

Calibration
 Sample

GC28 GC28 GC28 GC28 GC28 GSM574283 

63 GC1 Stomach Body pT2N2M0 21 M bac GSM574253 

Supplementary table 1. Continued
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NR Sample Site Localization TNM Age Gender Platform GEO 
number

64 GC2 Stomach Whole
Stomach

pT4N1M0 66 F bac GSM574254 

65 GC3 Stomach Body pT1N0M0 53 M bac GSM574255 

66 GC4 Stomach Antrum pT2N1M0 69 M bac GSM574256 

67 GC5 Stomach Body pT1N1M0 42 F bac GSM574257 

68 GC6 Stomach Antrum pT2N1M0 84 M bac GSM574258 

69 GC7 Stomach Cardia pT3N2M0 59 M bac GSM574259 

70 GC8 Stomach Cardia pT2N0M0 71 M bac GSM574260 

71 GC9 Stomach Cardia pT3N2M0 39 F bac GSM574261 

72 GC10 Stomach Antrum pT1N0M0 53 F bac GSM574262 

73 GC11 Stomach Unknown pT3N0M0 62 F bac GSM574263 

74 GC12 Stomach Body pT3N1M0 66 M bac GSM574264 

75 GC13 Stomach Cardia pT3N2M0 74 F bac GSM574265 

76 GC14 Stomach Cardia pT3N0M1 71 M bac GSM574266 

77 GC15 Stomach Antrum pT2N0M0 78 M bac GSM574267 

78 GC16 Stomach Body pT3N1M0 77 F bac GSM574268 

79 GC17 Stomach Body pT3N2M0 66 F bac GSM574269 

80 GC18 Stomach Antrum pT2N2M0 86 M bac GSM574270 

81 GC19 Stomach Body pT2N1M0 70 M bac GSM574271 

82 GC20 Stomach Body pT2N0M0 67 M bac GSM574272 

83 GC21 Stomach Body pT2N0M0 67 F bac GSM574273 

84 GC22 Stomach Antrum pT3N1M0 67 M bac GSM574274 

85 GC23 Stomach Body pT4N1M0 60 F bac GSM574275 

86 GC24 Stomach Antrum pT3N1M1 58 F bac GSM574276 

87 GC25 Stomach Antrum pT2N2M0 81 M bac GSM574277 

88 GC26 Stomach Antrum pT3N3M0 74 M bac GSM574278 

89 GC27 Stomach Cardia pT2N0M0 54 F bac GSM574279 

90 GC28 Stomach Unknown pT1N0M0 74 F bac GSM574280 

91 GC29 Stomach Body pT4N1M0 74 F bac GSM574281 

Supplementary table 1. Continued
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Supplementary Figure 1. Dendrogram of the six control samples. The same samples on 
different platforms cluster in pairs. For the colorectal adenocarcinomas, CRC, and the 
gastric adenocarcinomas, GC, the controls are on the oligonucleotide platform the small 
bowel adenocarcinomas, SBA, controls are on the BAC platform. 

SUPPLEMENTAL MATERIALS AND METHODS

Cross-platform calibration
Raw copy number ratios were reanalyzed using the original feature extraction !les. 
BAC and 30K oligonucleotide arrays of small bowel and gastric adenocarcinomas were 
analyzed using Bluefuse software version 3.4 (BlueGnome, Cambridge, UK). BAC arrays 
of colorectal adenocarcinomas were analyzed using Imagene 5.6 software (Biodiscovery, 
Marina del Rey, California, USA). For the oligonucleotide arrays, spots with con!dence 
value below 0.3 were excluded and only probes mapping to chromosomes 1–22 (UCSC 
May2004 freeze of the Human Golden Path - NCBI build 35) were included for further 
analysis. For the BAC arrays, spots with a con!dence value below 0.7 were excluded. The 
con!dence threshold settings were lower for the oligonucleotide arrays in order to have 
equal performance resolution 1. For all BAC arrays, the mean of the triplicate spots was 
calculated for each BAC clone from chromosomes 1 to 22 (UCSC July2003 freeze of the 
Human Golden Path - NCBI Build 34). The R package Limma 2 was used to read the raw 
data into R and for background correction 3. 

As the original datasets were mapped to different freezes of the human reference sequence, 
all datasets were remapped to the March 2006 human reference sequence (NCBI36/hg18). 
The data-mining tool BioMart in the Ensembl release 49 4 was used to remap the BAC 
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clones. Only BAC clones identi!ed in the March 2006 freeze of the Ensembl database were 
included and clones that mapped to more than one chromosome were removed. The !nal 
number of BAC clones included after remapping to the March 2006 freeze was 2854 out 
of 5000 clones. We used the Batch Coordinate Conversion (liftOver) tool from the UCSC 
Genome Bioinformatics resource 5 (http://genome.ucsc.edu/cgi-bin/hgLiftOver) to remap 
the oligonucleotides to the March 2006 freeze of the human reference sequence (NCBI36/
hg18). The !nal number of oligonucleotides after remapping to the March 2006 freeze was 
26623 out of 26846. 

The R package CGHcall 6 was used to preprocess and normalize the data. Cellularity was 
set to “0.7” since all samples contained 70% or more tumors cells, and normalization to 
“mode”. For segmentation, the R package DNAcopy 7 was used; segmented log2 ratios 
were renormalized by median normalization. Normalization and segmentation steps 
were performed separately per platform and tumor site. To allow comparisons between 
platforms, log2 ratio’s of all samples were re-sampled to 2000 positions equally spread over 
the genome, effectively 1.5Mb spatial resolution as previously described 8. As the de"ection 
of a copy number aberration is lower for the oligonucleotide array than for the BAC arrays 
9, all samples were calibrated to the BAC platform using results from the six samples run 
on both platforms. The difference in de"ection between the two different platforms was 
determined empirically by multiplying the segmented and re-sampled oligonucleotide data 
by numbers from 0.5 to 2.5 in steps of 0.01 and calculating the distance in the results 
between the two platforms. This distance was calculated by taking the median of the 
differences from the 2000 data points per sample and the mean of the medians of the 
6 samples for each step. The lowest distance was achieved for calibration number, n = 
1.78, which is in concordance with our previously calculated calibration number 9. Log2 

ratios for each of the 2000 positions of the oligonucleotide arrays was now multiplied by 
1.78. The calibrated oligonucleotide values and the BAC aCGH log2 ratios of these 2000 
positions were used to identify calling probabilities of gains and losses implemented in the 
R package CGHCall 6.



71

Copy number pro!les relate small bowel to colorectal adenocarcinomas

3

REFERENCES
1. Coe BP, Ylstra B, Carvalho B et al. Resolving the resolution of array CGH. Genomics 

2007;89(5):647-53.

2. Smyth GK, Michaud J, Scott HS. Use of within-array replicate spots for assessing differential 
expression in microarray experiments. Bioinformatics 2005;21(9):2067-75.

3. Ritchie ME, Silver J, Oshlack A et al. A comparison of background correction methods for two-
colour microarrays. Bioinformatics 2007;23(20):2700-7.

4. Hubbard T, Andrews D, Caccamo M et al. Ensembl 2005. Nucleic Acids Res 2005;33(Database 
issue):D447-D453.

5. Hinrichs AS, Karolchik D, Baertsch R et al. The UCSC Genome Browser Database: update 
2006. Nucleic Acids Res 2006;34(Database issue):D590-D598.

6. van de Wiel MA, Kim KI, Vosse SJ et al. CGHcall: calling aberrations for array CGH tumor 
pro!les. Bioinformatics 2007;23(7):892-4.

7. Olshen AB, Venkatraman ES, Lucito R et al. Circular binary segmentation for the analysis of 
array-based DNA copy number data. Biostatistics 2004;5(4):557-72.

8. Jong K, Marchiori E, van der Vaart A et al. Cross-platform array comparative genomic 
hybridization meta-analysis separates hematopoietic and mesenchymal from epithelial tumors. 
Oncogene 2007;26(10):1499-506.

9. Ylstra B, van den Ijssel P, Carvalho B et al. BAC to the future! or oligonucleotides: a perspective 
for micro array comparative genomic hybridization (array CGH). Nucleic Acids Res 

2006;34(2):445-50.




