ANTICANCER RESEARCH 26: 3439-3444 (2006)

Meta-analysis and Pooled Re-analysis of Copy
Number Changes in Colorectal Cancer Detected
by Comparative Genomic Hybridization
SIMON HUGHES1, RICHARD D. WILLIAMS2, EMILY WEBB1 and RICHARD S. HOULSTON1

Sections of 1Cancer Genetics and 2Paediatric Oncology,
Institute of Cancer Research, 15, Cotswold Road, Surrey, SM2 5NG, U.K.

Abstract. Background: Comparative genomic hybridization
(CGH) provides an insight into chromosomal changes
associated with colorectal cancer (CRC) development.
However, a problem with many studies is the limited cohort
size, making the significance of some findings unclear.
Materials and Methods: To derive a better insight into the
chromosomal changes associated with CRC, we performed a
meta-analysis and pooled re-analysis of published metaphase
CGH data. Results: In addition to recurrent alterations, gains
of 20 13q, 8q and 7p and loss of 18, 17p, 8p and 4p, pooling
identified less frequent, but significant changes, including gain
of 1q and 3, and losses from 6q, 9p and 21q. Conclusion:
These additional alterations may be characteristic of some
tumors and thus have relevance to CRC biology. Meta-analysis
not only has the potential to detect novel changes, present at
low frequency in several independent studies, but can provide
greater reliability for their detection than single studies alone.

of tumor cells, whilst still providing genome-wide analysis of
chromosomal changes in a single experiment (7). Recurrent
CNAs, as detected by mCGH, include gain of chromosome
20q and 13q and losses of chromosome 18q and 4q (3, 8, 9).
Other changes, such as gain of 1q and 3, have been reported
in some (10, 11), but not all studies (12, 13). As different
reports have examined varying numbers of tumors, it is
likely that less frequently occurring CNAs will not have
been observed in all studies. To determine whether metaanalysis of mCGH data from several studies can clarify the
prevalence of specific CNAs and better evaluate the
significance of rare chromosomal abnormalities in CRC, we
have reassessed the published mCGH literature. Using this
approach, we have identified distinct and consistent regions
of copy number change, furthermore, additional, less
common CNAs have also been identified, which may be of
biological relevance.

Colorectal cancer is a common malignancy with around
110,000 cases in the United States each year (1) and despite
improvements in surgical and medical management disease,
prognosis remains poor (2). Chromosome copy number
abnormalities (CNAs) are a feature of CRC development
and progression (3). Allelic imbalance at tumor suppressor
gene or oncogene loci may be important to the tumorigenic
process, whilst other CNAs may reflect global genomic
instability.
Investigation of CNAs in CRC has included both
molecular and cytogenetic techniques (4-6). Metaphase (m)
CGH has the advantage of not requiring in vitro culturing
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Identification of published studies. Reports detailing mCGH data
on colorectal tumors were identified using the PubMed (January 2006)
database (http://www.ncbi.nlm.nih.gov). The search terms were
"colorectal cancer", "colon cancer", "rectal cancer", "adenoma", "CGH",
"comparative genomic hybridization" and "comparative genomic
hybridisation". Primary data papers (published in English in peerreviewed journals) matching these criteria were retrieved and the
bibliographies checked for other relevant publications. Data were also
obtained from the Progenetix database (http://www.progenetix.net),
SKY/M-FISH and CGH database (http://www.ncbi.nlm.nih.gov/sky)
and Charité Online CGH Tumour Database (http://amba.charite.de/~
ksch/cghdatabase/index.htm).
Database construction. Patient age, gender, Dukes stage,
histological grade, DNA index and tumor microsatellite instability
(MSI) status were extracted from the published articles and
summarized in a consistent manner to aid comparison. Where
possible, and when specified in the studies, cases with MSI and no
chromosomal alterations were excluded from the analysis. Each
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case was given a unique identification number in the meta-analysis
database. Chromosomes were divided into individual bins defined
by the 862 cytogenetic bands. Alterations were defined as the
sequence of cytogenetic bands that they covered, for example, a
copy number change on chromosome 8p would encompass the
cytobands 8p23.3 to 8p11.1. This approach enabled the analysis of
aberrations of differing size. Thresholds for the definition of losses
and gains, between the papers, ranged from 0.5 to 0.875 and 1.15
to 1.5, respectively. Chromosomal alterations were transformed
into loss –1, no change 0 and gain +1. The sex of the control DNA
used for the separate studies was not always provided, therefore,
though the data from the X and Y chromosomes was extracted
from reports, it was not included in the meta-analysis. No
discrimination was made between high copy number or standard
gain, as it was of concern that such a differentiation would
potentially bias the data.
Statistical analysis. To assess heterogeneity between studies in the
rate of loss or gain at each cytogenetic band, a Monte Carlo
approach was adopted with the program CLUMP being used to
generate 10,000 replicates (14). The resulting p-values were
adjusted using the Bonferroni correction for multiple testing, and
compared with an individual test significance level of 0.05.
Threshold values for chromosomal alterations were assigned for
the three tumor types, adenomas, primary tumors and liver
metastases, and corresponded to the overall 95% upper confidence
limits for the rates of gain and loss of copy number. Differences
between adenomas and primary tumors, and between primary
tumors and metastasis were assessed by means of the Chi-square
test or Fisher exact test. A p-value of 0.05 or less was determined as
being statistically significant.

Results
Systematic review and Meta-analysis. Forty-one studies were
identified, which reported on the mCGH profiles of colorectal
tumors (3, 5, 8-13, 15-47). Four of the studies were excluded,
as they only examined single tumors (19), or they were a reanalysis of previously published data (32, 33, 35). Of the
remaining studies, 14 did not present raw mCGH data in a
form suitable for extraction and pooling (8, 9, 11-13, 17, 24,
25, 27, 34, 36, 38, 39, 41). However, 23 studies providing
extractable data on 538 colorectal tumors, were suitable for
pooling and provided an overview of allelic imbalances (3, 5,
10, 15, 16, 18, 20-23, 26, 28-31, 34, 37, 40, 42-47). Assuming
partial independence of CNAs at each cytoband, there was no
significant heterogeneity between observations from different
studies for the three tumor types, as all adjusted p values were
greater than 0.05. For liver metastases, 5% of adjusted p
values were less than 0.05 and hence significant, but it was felt
that this was not a high enough proportion to reject the
assumption of no heterogeneity between study observations.
On this basis, we felt it was permissible to pool mCGH data
from individual studies.
The tumors comprised 65 adenomas, 308 primary tumors
and 165 metastases (123 liver, 11 lymph node, 7 peritoneal
and 24 lung). Several of the excluded papers presented

3440

their mCGH data as summary figures, which made
incorporation into this meta-analysis difficult. For the
metastasis group only, the data from liver metastasis were
further analyzed due to the small numbers of lymph,
peritoneal and lung metastases. MMR status and DNA
index were infrequently reported; hence it was not possible
to make meaningful sub-analyses of the pooled data using
such information.
The overall CNA frequencies were significantly higher in
liver metastases compared with primary lesions and in
primary lesions compared with adenomas (p<0.0001)
(Figure 1). For all cytogenetic bands, the mean frequency
of copy number gain were 8%, 11% and 14%, and for losses
6%, 9% and 11%, respectively for adenomas, primary
tumors and metastases.
Analysis of the chromosomal differences with increasing
Dukes’ stage identified a significant increase (p<0.05) in the
frequency of gain of 1q, 7p, 8q, 13q, 17q and 20q, in
addition to loss of 2q, 4, 8p, 10q and 18q.
Five of the studies reported mCGH findings for 43
matched primary tumors and liver metastases (9, 15, 16, 23,
31). Pooled analysis of these samples identified a series of
CNAs and although not statistically significant, gains of
chromosomes 6, 7 and 8q, and losses of chromosomes 4, 8p
and 18q were more frequent in metastatic tumors. When
analyzing the non-matched pooled data the frequency of 11
(3 gains, 8 losses) CNAs were significantly different between
adenomas and primary tumors (Figure 1a). Though notably
higher frequencies of 20q11.1q13.3 and 13q11q34 and loss
of 18q11.1q23 were observed in primary lesions, some
aberrations appeared more common in adenomas. A
comparison of primary tumors and liver metastases
identified 19 (15 gains, 4 losses) significant differences in
the frequency of CNAs between specific chromosomal
regions (Figure 1b).

Discussion
This meta-analysis has provided an unbiased estimate of the
frequency of CNAs across the genome and has
demonstrated that pooling of data can detect commonly
reported CNAs, as well as further common changes (present
in greater than 20% of tumors) not determined as such by
the original contributing mCGH studies. This is likely due
to the relatively limited numbers of samples examined in
some of the studies, which would make it difficult to
interpret the significance of low frequency CNAs.
Analysis of the 43 matched primary tumors and liver
metastasis allowed for an assessment of the validity of
inferences derived from pooled unpaired data (9, 15, 16, 23,
31). Although the observed changes were not statistically
significant, they showed an increase in CNA frequency,
similar to that observed for unmatched tumors.
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Figure 1. a) Comparison of adenomas (indicated by black lines) with primary tumors (indicated by grey lines). b) Comparison of primary tumors (indicated
by grey lines) with metastatic tumors (indicated by black lines). The frequency of copy number abnormalities at each chromosome region is expressed as
a percentage. Dashed vertical lines indicates the boundary between chromosomes. c) A summary of the percentage CNA frequencies in adenomas, primary
tumors and liver metastases. + signifies gain, and – signifies loss. Percentage values correspond to the averaged value over the region or gain or loss.
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Whilst the three tumor types share common alterations,
additional CNAs are acquired during disease progression
(Figure 1c). A summary of published data displays a step
wise accumulation of CNAs involved in the adenomacarcinoma sequence (48). Alterations observed on
chromosomes 1, 6p, 9p and 21q, although reported in
independent studies, have rarely been referred to as
recurrent changes.
An analysis of chromosomal differences between
Dukes’ stages identified an increased frequency of copy
number gain from stage B to D, confirming previous
observations (20). As there is strong relationship between
chromosomal gain and/or loss and modification of gene
expression, it is likely the changes observed will reflect
programmed cycle of events that promote tumor
development and survival.
Although mCGH does not permit specific gene
identification, it does point to regions of particular interest.
Furthermore, several proven or proposed tumor suppressor
genes or oncogenes have been reported to reside on effected
chromosomal arms. Therefore, the summarizing of several
papers, as performed here, can help to direct researchers to
particular sets of genes that may be of interest.
A point not discussed in the reviewed articles is the effect
of sequence dependent differences on the detection of
imbalances by metaphase CGH (49). The centromeric, pericentromeric and possibly telomeric regions of chromosomes
1, 9, 16 and 19, contain a large amount of repetitive sequence
elements, which may be more prone to exhibiting elevated
background signals by metaphase CGH (50). Furthermore,
results based on indirect fluorochrome labelling are more
prone to locus specific artefacts than results from direct
labelling (49). As a result, it is difficult to predict their effect
on a single experiment. Meta-analysis of four recent studies,
which applied array CGH for the analysis of colorectal
tumors (51-54) (data not shown) has produced results similar
to those identified by the mCGH meta-analysis. This
concordance increases the confidence with which the results
from the meta-analysis can be viewed and shows the
usefulness of such analyses for identifying significant CNAs
following the pooling of data from multiple studies.
By employing a meta-analysis approach, mCGH data
from different studies can be summarized. Furthermore, the
data obtained can provide a refinement of the results
obtained from independent studies. The combined database
described here has identified distinct and consistent regions
of copy number change, ranging from specific cytobands to
whole chromosomes. Moreover, it has identified additional
CNAs associated with colorectal tumors that may have
biological relevance yet to be elucidated. The pooling of
data, as described here, has the potential to provide greater
reliability of detecting genomic aberrations than single
studies alone.
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