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Abstract

Results from studies investigating the relationship between colorectal cancer survival and chromosome 18q allelic imbalance (Al)/
loss of DCC expression (LOE) have been inconsistent. We have reviewed and pooled published studies to estimate the prognostic sig-
nificance of chromosome 18q status more precisely. Data from 27 studies were eligible. Survival data were pooled using standard meta-
analysis techniques. Considerable variation between assessment method, marker choice, and threshold for assigning AI/LOE was
observed. Pooling data from a 2189 cases from 17 studies showed significantly worse overall survival in patients with AI/LOE
(HR =2.00, 95%CI: 1.49-2.69), maintained both in the adjuvant setting (HR =1.69, 95%CI:1.13-2.54), and also by method
(HR =1.67, 95%CI: 1.19-2.36, genotyping microsatellites; HR = 3.00, 95%CI: 1.98-4.56, immunohistochemistry). There was how-
ever evidence of heterogeneity and publication bias. Cancers with chromosome 18q loss appear to have a poorer prognosis. Prospective

studies using consistent methodology are needed to precisely quantify its effect and role in patients with stage 11111 disease.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Colorectal cancer (CRC) is one of the most common
malignancies in developed countries [1]. In North Amer-
ica, it is the most common cause of cancer-related mor-
tality in non-smoking men and in non-smoking women
it is the second common cause of cancer [2]. Although
prognosis has improved over the past three decades
and a greater proportion of patients now present with
potentially curable disease [3], the outlook for most pa-
tients still remains relatively poor.

Molecular analyses have shown that the natural his-
tory of all CRCs is not the same [4]. Whilst a small pro-
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portion of CRCs develop from the microsatellite-
instability (MSI) (chromosome-stable) pathway, many
develop from the chromosomal-instability (microsatel-
lite-stable) pathway and are characterised by aneu-
ploidy, allelic losses, amplifications and translocations
[5]. Although CRC prognosis is stage and grade depen-
dent, cancers with similar clinico-pathological features
may show significant differences in outcome. This is
likely in part to be due to underlying molecular hetero-
geneity. Identifying molecular markers of prognosis as
an adjunct to traditional staging systems is clearly highly
advantageous, and has not surprisingly been an area of
active research in recent years [6].

One of the most promising markers studied to date,
observed in up to 70% of CRCs, is chromosome 18q loss
[7]. This has been evaluated by a number of methods,
including loss of heterozygosity (LOH)/allelic imbalance
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(AI), and DCC gene expression. DCC maps to chromo-
some 18g21 and is a key gene involved in colorectal carci-
nogenesis [8]and the primary candidate for the biological
effect of chromosome 18q AI[9,10]. Chromosomal loss at
this region is thought to result in haploinsufficiency at
DCC and therefore reduced protein expression.

A number of studies have investigated the relationship
between chromosome 18q AI, DCC expression and prog-
nosis in CRC. Although many have reported a poorer
survival with these phenotypes, estimates of the prognos-
tic value have differed considerably between studies, as
have the methods used. To gain a better insight into the
value of chromosome 18q AT and loss of DCC expression
(LOE) as prognostic markers we have undertaken a sys-
tematic review of published studies and used standard
meta-analysis techniques as per Cochrane [11]and QUO-
ROM [12] guidelines to derive a more precise estimate of
the prognostic significance of this phenotype.

2. Materials and methods
2.1. Eligibility criteria

Studies were eligible for pooling if survival was as-
sessed in CRC patients stratified by chromosome 18q
genotype or DCC expression status. The primary out-
comes of interest were overall survival (OS) and dis-
ease-free survival (DFS). Only studies providing
information on survival were included. Studies assessing
the relationship between chromosome 18q markers and
stage were not eligible. Care was taken to account for
overlapping and duplicated datasets.

2.2. Identification of studies

Studies were identified using the PubMed electronic
database (http://www.pubmed.com) until 26/09/2004.
The search strategy included the keywords “colon can-
cer”’, “rectal cancer”, “colorectal cancer”, ‘“‘chromo-
some 187, “loss of heterozygosity”, “LOH”, “DCC”,
“allele”, and “imbalance”. All studies matching eligibil-
ity criteria were retrieved and bibliographies checked for
relevant publications. Review articles and bibliographies
of other relevant studies identified were hand-searched
to identify additional studies. Only published studies
in peer-reviewed journals were included. Unpublished
data were not sought. Data from abstracts and letters
were not sought. Pharmaceutical industries and authors
were not contacted.

2.3. Statistical analysis

The association between chromosome 18q marker,
OS and DFS was derived as a weighted average of

study-specific estimates of the hazard ratio (HR), using
inverse variance weights [11]. The logHR and corre-
sponding standard error were used as data points for
the meta-analysis. In studies not quoting the HR or
95% confidence interval (Cls), where possible, these were
calculated from data presented using a hierarchical series
of steps as per Parmar and colleagues [13]. Data points
were calculated from two of the following parameters:
the HR point estimate, the logrank statistic or its P-
value, the O-E statistic (difference between numbers ob-
served and expected events) or its variance. If these were
unavailable, the total number of events, the number of
patients at risk in each group and the logrank statistic
or P-values, were used to derive an estimate of the HR.
Studies in which insufficient data was presented for data
point extraction were included for systematic review but
excluded from meta-analysis. This applied to 10 studies
[14-23] and the stage II CRC data set from Watanabe
and colleagues [24] (12 data sets in total) all of which
were based on small sample sizes (median 56, range
24(18)-121(22)), with eight [15-19,22-24] reporting
non-significant outcomes, and four [14,20,21] significant
outcomes, all but one of which [20] favoured AI/DCC
LOE as a marker of poor prognosis. The study by Barr-
att and colleagues [25] presented survival outcomes by
Al at two microsatellite markers separately. Pooling
was performed with data from each marker used sepa-
rately to assess the impact of each on the pooled HR esti-
mate. The marker resulting in the most conservative
pooled HR was used for subsequent analyses.

Studies were searched for, identified, and eligibility
confirmed independently, by both authors. Authors ex-
tracted the data independently of each other, and dis-
agreements were resolved by discussion. Characteristics
of the studies were extracted from published articles and
summarised in a consistent manner to aid comparison.
Allele imbalance and expression status was dichotomised
using data and groupings provided in contributing stud-
ies. Markers used for genotyping were mapped in relation
to DCC using the May 2004 (hgl7) assembly of the hu-
man genome as implemented in the UCSC Genome
Browser (http://genome.ucsc.edu/cgi-bin/hgGateway).

Significance values quoted in papers as less than the
specified threshold were assumed to be at that threshold,
resulting in conservative estimates of significance levels.
Hazard ratios obtained after adjusting for other covari-
ates were used when provided. Meta-analysis was per-
formed using the random-effects model. This assumes
that studies were a random sample of a hypothetical
population of studies taking into account variability
within and between studies [26]. Heterogeneity (ppe()
was formally tested using Cochran’s Q statistic [27]. Spe-
cific analyses considering confounding factors were not
possible as raw data was not available.

Evidence of publication bias was examined by con-
structing forest plots of HRs [28]. Studies were plotted
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in order of decreasing variance of the logHR. Horizontal
lines represent 95% confidence intervals. Each box repre-
sents the HR point estimate and its area is proportional
to the weight of the study. The diamond (and broken
line) represents the overall summary estimate, with Cls
given by its width. The unbroken vertical line is at the
null value (HR = 1.0). Estimates from small studies that
have less precision in estimating the underlying HR will
therefore scatter widely. In the absence of publication
bias the plot resembles a symmetrical inverted funnel.
Publication bias was also formally assessed by the Egger
[28] and Begg methods [29] and its effect assessed by the
trim-and-fill method of Duval and Tweedie [30]. Statisti-
cal computations were undertaken using STATA version
7.0 (Stata Corporation, College Av. TX 77840, USA).

3. Results
3.1. Eligible studies

Thirty-eight potentially eligible studies were identified
and retrieved [10,14-25,31-55] (Fig. 1). Studies by

Watanabe and colleagues [24] and Choi and colleagues
[14] presented survival data on patients with stage II

Studies screened and retrieved
(n=38)

and III CRC separately, and each of these were treated
as separate data sets.

Six of the 38 retrieved studies were not relevant and
therefore excluded: four did not assess survival
[41,47,48,53], one did not assess chromosome 18q [51],
and one did not assess Al [34]. Of the remaining 32 poten-
tially eligible studies, five were ineligible — three did not
assess survival by chromosome 18q Al alone [43,52,54],
and two reported overlapping/duplicated datasets
[32,45]. Specifically, the data set from Bardi and col-
leagues [32] overlapped with and was updated by Bardi
and colleagues [21]; the latter being used as the primary
reference. The study by Offerhaus and colleagues [45]
overlapped with Kern and colleagues [40], with the latter
used as the primary reference since this allowed accurate
data point evaluation and a larger sample size. There
were therefore 27 eligible studies (29 data sets) assessing
survival by chromosome 18q AI/DCC expression eligible
for systematic review and meta-analysis.

3.2. Study characteristics
Characteristics of the eligible studies are summarised

in Table 1. Study design pertaining to time frame of
molecular data analysis with respect to survival analysis

A

Studies excluded since not relevant
(n=6)

Potentially relevant studies retrieved
for more detailed evaluation
(n=32)

Studies excluded since chromosome
18q Al not assessed alone, or data
sets overlapping/duplicated (n=5)

Relevant studies potentially eligible
for pooling (n=27)

Datasets excluded since data points
not extractable from data provided
(n=10)

Relevant datasets used for the meta-
analysis (n=17)

Fig. 1. Flow of studies as per QUORUM guidelines.



Table 1

Summary of studies of allele imbalance/DCC loss of expression and colorectal cancer prognosis

Study Study details Assessment of AI/DCC

Clinical trial Stage Site Sample size® Method Lesion evaluated No. AI/DCC LOE %
Jen et al. [10] No T1-11I Colorectal 145 Genotyping Primary 90 67
Choi et al. [14] No I Colorectal 53 Genotyping Primary 39 74
Choi et al. [14] No 11 Colorectal 63 Genotyping Primary 54 86
Rooney et al. [15] No 11 Colorectal 29 CGH Primary 9 31
Lindforss et al. [16] No T1-11I Colorectal 47 Genotyping Primary 47 78
Cohn et al. [17] Yes -1V Colorectal 33 Southern analysis Primary 8 24
Gerdes et al. [18] No -1V NR 24 Southern analysis Primary 15 63
Laurent-Puig et al. [19] No I-1v Colorectal 109 Southern analysis NR NR NR
Knosel et al. [20] No -1V Colorectal 37 CGH Primary, lymph-node, NR NR

or metastasis
Bardi et al. [21] No -1V Colorectal 115 Karyotyping Primary 29 25
Martinez-Lopez et al. [22] No I-111 Colorectal 121 Genotyping Primary 54 45
Font et al. [23] No I-111 Colorectal 77 Genotyping Primary 25 39
Watanabe et al. [24] Yes I Colorectal 58 Genotyping Primary 155 57
Watanabe et al. [24] Yes 111 Colorectal 221 Genotyping Primary 155 57
Barratt et al. [25] Yes I1-11I Colonic 108 Genotyping Primary 144 63
Carethers et al. [33] No 11 Colorectal 70 Genotyping Primary 30 43
Aschele et al. [31] Yes v Colorectal 42 Immunohistochemistry Primary, lymph-node, 23 55
or metastasis

De Angelis et al. [35] No -1V Colorectal 67 CGH Primary 37 55
Diep et al. [36] No -1V Colorectal 184 Genotyping Primary 129 70
Dix et al. [37] No II-11I Colorectal 55 Southern analysis Primary 19 34
Halling et al. [38] Yes 11111 Colorectal 386 Genotyping Primary 82 21
Jernvall et al. [39] No -1V Colorectal 195 Genotyping Primary 101 52
Kern et al. [40] No I-111 Colorectal 48 Southern analysis Primary 35 73
Lanza et al. [42] No I1-11I Colonic 112 Genotyping Primary 60 54
O’Connell et al. [44] No I1-11I Colorectal 59 Southern analysis Primary 20 34
Ogunbuyi et al. [46] No I-111 Colonic 126 Genotyping Primary 67 53
Saito et al. [49] No -1V Colorectal 146 Immunohistochemistry Primary 81 56
Shibata et al. [50] No I1-11I Colorectal 132 Immunohistochemistry Primary 66 50
Zauber et al. [55] No I Colorectal 93 Genotyping Primary 67 69

Al allelic imbalance; CGH, comparative genomic hybridisation; LOE, loss of expression; NR, not reported.

* Assessed for survival.
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was only reported in three of the 27 studies, two of
which were performed prospectively [17,19], and one ret-
rospectively [20]. In the remainder, design was not
explicitly reported, and a retrospective design was as-
sumed. Only seven of the eligible studies reporting
molecular analyses were performed blinded to clinical
data [24,25,31,33,40,46,50] and in the remainder (20/
27), studies were either not blinded or status was not
specifically reported, resulting in the potential for bias.
Patient ascertainment between the eligible studies varied
with only a minority (5/27, 19%) [17,24,25,31,38] based
on tumours from unselected patients enrolled in clinical
trials. The majority of studies assessed tumours from pa-
tients not involved in such studies and may have been
open to selection bias.

Site of primary tumour was relatively consistent be-
tween the eligible studies, with most (23/27, 85%) investi-
gating patients with either colonic or rectal cancers. Only
three studies were site specific, assessing patients with co-
lonic disease [25,42,46] and no studies investigated pa-
tients with only rectal disease (Table 1). Stage of disease
differed between the contributing studies. Tumours from
patients with localized or locally advanced CRC (stage I,
II, IIT or II-III) represented the largest group (17/27,
63%) [10,14-16,22-25,33,37,38,40,42,44,46,50,55], with
three of these involving patients treated in the context
of clinical trials [24,25,38]. The majority of these stage
I-1III studies (13/17, 76%) assessed patients potentially
suitable for adjuvant chemotherapy (stage II or III
CRCQC)[10,14-16,24,25,33,37,38,42,44,50,55] and of these,
only three investigated trial patients [24,25,38], with one
investigating colonic disease [25], and two CRC [24,38].
Of the remaining seven datasets, all but one investigated
patients with any CRC stage (stages I-1V) [17-
21,35,36,39,49], and one was based on only stage IV
patients [31] (Table 1).

3.3. Molecular methods

Five methods (immunohistochemistry, karyotyping,
and assessment of Al by comparative genomic hybrid-
isation (CGH), Southern analysis or genotyping
microsatellites) were used to assess AI/DCC LOE
prior to correlating with survival outcomes (Table
1). All but one of the 27 eligible studies [19] reported
source of tumour tissue assessed, and of the remainder
all but two [20,31] were based on analysis of primary
resected tumour. These used either primary tumour,
lymph node, or metastasis for immunohistochemistry
[31] or CGH [20].

Three studies assessed DCC expression by immuno-
histochemistry [31,49,50]. All used different antibodies;
two used different monoclonal antibodies [31,49], and
one a polyclonal [50]. Expression was dichotomised on
the basis of either presence or absence of staining in
two studies [49,50] or a 10% threshold of immunoreac-

tivity [31]. Whilst two studies assessed expression in pri-
mary tumour [49,50] and one on either primary tumour,
associated lymph node, or metastasis [31], DCC LOE
occurred at similar rates between the three studies (range
50(50)-56%(49), Table 1). Only one of the eligible stud-
ies investigated DCC expression and Al by microsatel-
lite genotyping [49], with survival analysis based on
DCC expression. In this study, reduced DCC expression
was observed in all 16 samples with chromosome 18q Al
but no further details about the relationship between Al
and DCC expression were reported.

One study was based on karyotype of resected pri-
mary tumour, using standard cytogenetic methods [21].
Although the survival impact of a number of chromo-
somal aberrations were assessed, data was only pre-
sented for loss of whole chromosomes, and specific
survival correlates for sub-bands was not reported.

Of the remaining 23 studies, all assessed chromosome
18q AI; six by Southern analysis [17-19,37,40,44], three
by CGH [15,20,35], and 14 by genotyping microsatellite
markers [10,14,16,22-25,33,36,38,39,42,46,55]. Most
(18/23, 78%) reported microdissecting tissue to enrich
for tumour, and 12 [10,14,15,17,20,22,23,25,38,40,44,
46] of these reported the minimum threshold of tumour
required for analysis (median 68%, range 50(15;25)—
80(17)%).

The six studies based on Southern blot analysis [17—
19,37,40,44] were all published prior to 1998, after which
time genotyping microsatellites became more common.
Only three of the studies reported the genomic regions
that probes mapped to: chromosome 1821 (17),
18q21.2 (19), and 18q22.2 (18). Frequency of chromo-
some 18q Al was reported in five of the six studies (med-
ian 34%, range 24(17)-73%(40)).

Of the three studies based on CGH [15,20,35] all but
that by Knosel and colleagues [20] were based on anal-
ysis of primary tumour, with the latter based on analysis
of either primary, associated lymph node, or metastasis.
Thresholds used to assign Al varied between the studies.
Two studies [15,35] used a 0.15 difference in fluorescence
ratio (FR), whereas the study by Knosel [20], used a
threshold resulting in a significance of >99% on z-test-
ing. Rate of chromosome 18q AI was only reported in
two of the three studies [15,35] (median 43%). Although
the chromosome 18q regions tested for survival were not
fully reported, regions correlating significantly with sur-
vival in two of the studies were reported: chromosome
18qcen-21 (35), and 18q11.2 (20).

The most common method used to assess Al, imple-
mented in fourteen studies [10,14,16,22-25,33,36,38,39,
42,46,55] was by genotyping microsatellite markers.
All of these studies genotyped primary resected tumour.
All but one [24] reported markers genotyped, and in this
study the marker list was not available from the pub-
lisher’s web-site. All markers reported in the 13 studies
mapped to chromosome 18q. The median number of
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markers assessed was three (range 2(16;25;36;42;55)—
7(39)). All but one study [36] genotyped dinucleotide
markers, and this was the only study to be based solely
on analysis of non-dinucleotide (tetranucleotide) mark-
ers. The distribution and choice of markers varied be-
tween studies. Markers mapped to a region spanning
43.6 megabases (Mb) on chromosome 18q. The median
spread of markers genotyped was 31.5 Mb (range
4.6(42)-43.6(14;38)), and in the majority of studies (9/
13, 69%) markers mapped to a region that encompassed
DCC[14,16,22,23,33,36,38,39,46] with a median span of
359 Mb (range 13.2(33)-43.6(14;38)). The remaining
four studies [10,25,42,55] genotyped markers mapping
telomeric to DCC, and in these the median distance of
the nearest marker from DCC was 10.1 Mb (range
0.2(25)-17.5(42)), whilst the furthest was 22 Mb (range
17.5(25)-22.1(42)).

Most of the microsatellite-based studies (9/14, 64%)
did not specify the number of markers displaying
LOH required to define the tumour as having Al and
in these Al is likely to have been defined on the basis
of LOH observed in at least one of the markers tested.
The marker threshold was, however, defined in the
remaining five studies [14,25,33,39,46], and was either
LOH in at least one marker [25,33,46], two or more
markers [39], or five markers [14]. The reduction in
intensity of heterozygous electrophoretograms observed
required to define Al was reported in all but one [55] of
the genotyping studies, and ranged from 33% (46) to
75% (36) (median 55%).

The presence of MSI as a potential confounder to the
interpretation of Al due to the presence of new somatic
alleles was acknowledged in most (8/14, 57%) of the

Table 2
Results of survival analyses by individual study

genotyping studies, with five assigning these tumours as
non-assessable for AI[22,25,38,39,46], and three defining
them as having no Al [10,24,42]. However, five studies
did not take account of MSI [14,16,23,33,55] and one
[36] did not report the potential for this confounding.

The median frequency of chromosome 18q Al ob-
served in the 14 microsatellite-based studies, was 56%
(range 21% (38)-74 (14)%). When assessed by CGH,
Southern analysis, or microsatellite genotyping, the
median rate of chromosome 18q Al observed was
54%, with no significant difference between the three
groups (P = 0.41). This rate of Al observed was similar
to that of DCC LOE (median 55%).

3.4. Relationship between AI, DCC expression and
survival

Seventeen datasets from 17 studies [10,24,25,31,33,
35-40,42,44,46,49,50,55], presented survival data in a
suitable format for data point extraction (Fig. 1). Data-
sets were based on patients treated from seven countries.
All but two [44,46] of the studies assessed OS, and over
half (12/17, 71%) provided estimates of either the HR
associated with AI/DCC LOE and/or its associated CI
(Table 2). These were calculated from information pre-
sented in the remainder.

Sample sizes assessed for survival ranged from 42 (31)
to 386 (38) (median 112) patients. This resulted in OS
data from a total of 2189 patients and DFS data from
683 patients available for pooling. Median follow-up
was only presented by just over half (9/17, 53%)
[25,31,33,37,38,40,42,50,55] of the studies (range 19
(37)-101 (38), median 72 months).

Study Overall survival Disease-free survival

HR 95% CI P-value HR 95% CI P-value
Jen et al. [10] 2.83Y 1.32-6.08 0.008 - - -
Watanabe et al. [24]° 2.04M 1.3-3.2 0.002 - - -
Barratt et al. [25]"" 0.86NR 0.57-1.28 0.45 - - -
Aschele et al. [31] 2.16M 1.04-4.49 0.04 - - -
Carethers et al. [33] 1.22M 0.32-4.72 0.84 - - -
De Angelis et al. [35] 3.32Y 1.31-8.42 0.011 - - -
Diep et al. [36] 2.7Y 1.33-5.48 0.006 - - -
Dix et al. [37] NR NR NR - - -
Halling et al. [38] 1.2M 0.81-1.76 0.37 1.25M 0.81-1.91 0.32
Jernvall et al. [39] NR NR NR - - -
Kern et al. [40] 4.1™ NR 0.025 - - -
Lanza et al. [42] 7.13M 2.1-23.9 <0.001 5.76M 2.2-15 <0.001
O’Connell er al. [44] - - - 5.42Y 0.68-3.37 NR
Ogunbuyi ez al. [46] - - - oM 1.26-3.86 0.003
Saito et al. [49] 4.42M 1.81-10.9 0.001 - - -
Shibata et al. [50] 3.155M 1.7-5.852 <0.001 - - -
Zauber et al. [55] 0.91™ NR 0.86 - - -

Hazard ratios (HRs) and associated 95% confidence intervals (CIs) are given as quoted unless stated otherwise. —, not performed; * cohort of stage III
tumours; ** data associated with D18S61; CI, confidence interval, HR, hazard ratio; M, multivariate analysis; NR, not reported; U, univariate

analysis.
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Table 2 details results of survival analyses performed
by each of the eligible studies, and Fig. 2 shows a plot of
HR(s) and associated 95% ClIs for OS from each study,
stratified by method of chromosome 18q assessment. Of
the 2189 patients with OS data 1206 had AI/DCC LOE
and the pooled HR across all studies was 2.00 (95%CI:
1.49-2.69; Ppe <0.0001). Although there was evidence
of publication bias (P =0.05, Egger’s test), tumours
with AI/DCC LOE maintained a poorer OS
(HR = 1.63, 95%CI: 1.21-2.20) after adjustment [30].

These results were obtained using survival data at the
microsatellite marker D18S61 from Barratt and col-
leagues [25]. Substituting this with OS data at D18S851
had no effect on the pooled HR (HR = 2.04, 95%CI:
1.58-2.64; Pp. = 0.01). Survival data associated with
D18S61 was used as the primary data set for all further
analyses in place of that at D18S851 since the study-spe-
cific HR from the former was more conservative (Table 2).

When stratified by assessment method, genotyping
microsatellites and immunohistochemistry, both were
associated with a significant poorer prognosis
(HR = 1.67, 95%CI: 1.19-2.36 and HR = 3.00, 95%CI:
1.98-4.56, respectively). There was, however, significant
evidence of heterogeneity within the sub-groups
(P =0.013). The impact of other methodologies could
not be assessed due to sample sizes in studies based on
alternate technologies.

Studies based on:
Microsatellite genotyping

Nine data sets provided OS information on 1322 pa-
tients with locally advanced (stage II or III) CRC
[10,24,25,33,37,38,42,50,55], of which 713 had AI/DCC
LOE. Pooling OS data from these studies confirmed a
poorer prognosis (pooled HR =1.69, 95%CI: 1.13-
2.54; P = 0.001). The prognostic utility of this chro-
mosome 18q phenotype for patients with stage IV was
difficult to assess since although five studies presented
survival data for cohorts that included stage IV disease
[31,35,36,39,49], only one [31] investigated patients with
stage IV disease exclusively. Pooling OS data from a to-
tal of 634 patients (at least 107 with stage IV CRC)
across these five studies, of which 371 had AI/DCC
LOE, the pooled HR for OS was 2.34 (95%CI: 1.64-
3.34; P = 0.24).

Fig. 3 shows the relative chromosomal position
of markers assessed in studies suitable for OS meta-
analysis. To investigate the role of marker position
with respect to DCC, OS data was pooled from eight
studies [31,33,36-39,49,50] that assessed markers that
either encompassed or assessed DCC directly. Based
on 1210 patients of which 531 had AI/DCC LOE,
the poor OS in tumours with AI/DCC LOE was
maintained (HR =1.95, 95%CI: 1.40-2.72; Py =
0.05). This was also observed when pooling OS data
from 458 patients from four studies [10,25,42,55] that
reported markers not encompassing DCC, AI/DCC

HR (95% Cl) % Weight

Carethers [33] i

Zauber [55]

1
Lanza [42] |
1
1
1

Jen[10]

Diep [36]
Watanabe [24]
Barratt [25]
Halling [38]
Jernvall [39]

Subtotal

i
_!_

Comparative genomic hybridisation

1.67 (1.19,2.36)  65.6

Subtotal

Southern analysis

3.32(1.31,841) 55

1
1
:
1
De Angelis [35] '
1
1
1
1
1
1

Kern [40]

Dix [37] =

Subtotal ——

Immunohistochemistry

2.04(0.54,7.75) 8.3

Saito [49]

Aschele [31] L
Shibata [50] ;
Subtotal

Overall

3.00 (1.98,4.56)  20.6

2.00 (1.49,2.69) 100.0

improved survivall I I

1.0 2.0
Hazard ratio (HR)

0.25 0.5

I I I worse survival

4.0 8.0 16.0 32.0

Fig. 2. Forest plots of hazard ratios (HRs) of overall survival (OS) from all eligible studies, stratified by method of assessment.
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Fig. 3. Chromosome 18q schematic indicating position of markers assessed relative to major genes from studies assessing overall survival (OS).

CGH, comparative genomic hybridisation.

(HR = 1.84, 95%CI: 0.74-4.58; Py = 0.001), although
this did not reach statistical significance.

All of the four studies that assessed DFS
[38,42,44,46] presented the HR and its corresponding
95% CI (Table 2). All assessed chromosome 18q Al,
three by genotyping microsatellite markers [38,42,46],
and one by Southern analysis [44]. This provided
DFS data on 683 patients of which 229 tumours had
AI/DCC LOE. As seen for OS, a poorer DFS was ob-
served for chromosome 18q AI (HR =2.30, 95%CI:
1.21-4.39; P, = 0.02). Again, this result should be
interpreted with caution due to significant heterogene-
ity. Subset analysis of DFS data was not performed
due to paucity of data.

4. Discussion

The molecular profile of CRCs is likely to be a
determinant of clinical outcome. This is particularly
important in locally advanced disease, where the identi-
fication of patients most likely to benefit from adjuvant
chemotherapy is of direct clinical relevance. A propor-
tion of patients with stage II and III disease can be cured
by surgery alone and do not derive any benefit from
adjuvant therapy [56]. The identification of robust
molecular prognostic markers to supplement conven-
tional pathological staging systems is therefore highly
desirable. The notion that chromosome 18q AI/DCC
LOE is a determinant of CRC prognosis is eminently
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plausible given the differences between the biology of
chromosomally stable and unstable cancers.

We sought to determine a better estimate of the prog-
nostic impact of this phenotype by pooling data from
published studies. A systematic review process was
adopted in ascertaining studies, thereby avoiding selec-
tion bias on the basis of study quality. Although differ-
ent methods were used to assess chromosome 18q status,
estimates of the frequency of Al were similar across all
methods including rate of DCC LOE. Seventeen studies
provided suitable data for meta-analysis and using
these, pooled estimates of outcome of CRCs supported
the notion chromosome 18q AI/DCC LOE is predictive
for poor survival.

The value of AI/DCC LOE in predicting poor OS
was maintained in patients with stage II/III CRC, indi-
cating its value in potentially stratifying these patients
by need for or type of adjuvant therapy. Pooling data
for patients with only stage II or only stage III CRC
was not possible due to paucity of studies.

The poor prognosis associated with this chromosome
18q phenotype was maintained both in studies assessing
DCC directly or genotyping encompassing microsatel-
lites, and in those in which markers mapped to a geno-
mic region excluding DCC, indicating that the poor
prognosis observed may not be entirely due to DCC.
However, this latter result should be interpreted with
caution considering the small number of contributing
studies, and heterogeneity observed.

Whilst CRCs with chromosome 18q AI/DCC LOE
seem to be associated with a poorer prognosis, one ca-
veat to this conclusion is that there was significant evi-
dence for heterogeneity between studies. The impact of
heterogeneity between studies on summary estimates
of the relative hazard is difficult to assess. Given the dif-
ferences in study groups (e.g., stage, site of malignancy),
some degree of heterogeneity may be expected. Some of
the heterogeneity observed is also likely to reflect differ-
ences in methodology and criteria used to assign Al or
expression. Although a number of methods were used
to assess Al, there was little consistency in criteria both
in terms of marker choice on chromosome 18q, and
thresholds required to determine Al per se. In expression
studies, antibodies varied as did expression thresholds.
Methods utilising microsatellite genotyping gave no
information on homozygous loci. Moreover, the func-
tional interpretation of such genotypes relies on the
assumption of a diploid genome, a state not typical for
these tumours [57].

Whether by expression analysis or assessment of chro-
mosome 18q Al, the optimal method of assessing this
phenotype is unclear at present. Methods based on geno-
type have been widely published and allow assessment of
a larger genomic region than immunohistochemistry.
However, the widespread use of Al assessment in routine
diagnostic laboratories has limited applicability, since

these methods require specialist equipment, may require
use of radioactivity, and can be difficult to interpret.
Assessment of Al is therefore likely to be only available
at central laboratories, and currently remains primarily a
research tool. Although an immunohistochemical-based
method of assessing DCC expression remains by far the
most practical, both in terms of cost and labour inten-
siveness, antibodies to DCC have only recently become
commercially available, and assignment of expression is
currently semi-quantitative. Moreover, only few studies
based on limited number of patients have used this
method. For any further studies, the method used to
assess AI/DCC is critical, and this report highlights
the urgent need for standardization prior to incorpora-
tion into prospective clinical studies.

Publication bias is a major concern in all forms of
meta-analysis, as studies reporting significant or posi-
tive findings are more likely to be published than
those reporting non-significant results [28]. Indeed, it
is not unusual for small-sized early studies to report
a positive relationship or large effect that subsequent
much larger studies fail to replicate. In the present
study, although there was some evidence for publica-
tion bias, AI/DCC LOE still maintained prognostic
utility after correction.

As with any systematic review further sources of bias
may have impacted on these results. Another potential
source of bias is whether all relevant studies have been
identified. Whilst a small number of part-published
studies may have been omitted, we believe that we have
identified all key published analyses. Furthermore, we
believe we have avoided bias in seclecting studies by
adopting rigid inclusion criteria, thereby avoiding selec-
tion bias on the basis of study quality.

Although reports were not quality scored for inclu-
sion [58,59] it is clear that some studies were not opti-
mally designed. A number of the larger studies show
less of an effect of AI/DCC LOE on prognosis, and it
is noteworthy that many of the published studies re-
viewed here have insufficient power to detect an associ-
ation if the true HR is small. Notwithstanding the
above, studies in this meta-analysis provide data on over
2000 CRC patients, of which approximately 1200 had
chromosome 18q AI/DCC LOE and support the tenet
that AI/DCC expression is a determinant of prognosis
in CRC. This effect was observed in both studies geno-
typing microsatellites and assessing DCC expression,
was not influenced by genomic position of marker,
and maintained in the adjuvant setting. Based on pooled
findings AI/DCC LOE is associated with ~ 50% or
worse prognosis compared to tumours chromosomally
stable or with normal DCC expression.

Although the biology of chromosomally unstable tu-
mours is distinct from other CRCs, the precise mecha-
nism of exactly how chromosome 18q AI/DCC LOE
affords a poorer prognosis is not obvious. Moreover, it
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remains unclear whether this prognosis is specific to
chromosome 18q AI, or other genomic regions. Our
overview of the data would suggest that the genomic re-
gion around and including DCC plays a major role in
prognosis, consistent with recent data indicating that
DCC acts as a conditional tumour suppressor [60].
The role of DCC in colorectal carcinogenesis may, how-
ever, be relatively minor, compared to the tumour sup-
pressor SMAD4, which maps approximately 1Mbp
telomeric to DCC. In this context, loss of DCC expres-
sion as defined by the contributing studies as either com-
plete [49,50] or partial [90%, (31)] expression loss, may
in fact be a measure of other phenomena, such as loss
of SMAD4 expression through common genomic loss.
Such a notion would be supported by the observation
that studies genotyping markers not encompassing
DCC still demonstrated poorer survival in tumours with
Al A role for DCC over and above that of SMAD4 as
the mechanism for poorer survival in cancers with chro-
mosome 18q Al remains putative. It also remains unclear
whether chromosome 18q Al specifically confers a dele-
terious outcome per se or is in fact merely a marker for
a polyploid karyotype, or mismatch repair proficient
cancers. Studies investigating tumours with non-18q
chromosomal aberrations have also reported deleterious
outcomes, particularly in CRCs with aberrations at more
than one site [14,15,35,36,40].

Whatever the mechanism, our findings indicate that
chromosome 18q AI/DCC status has the potential to
define a group of patients who may benefit from adju-
vant chemotherapy following potentially curative sur-
gery. However, validation in the context of prospective
clinical trials using consistent methodology is required
before introducing assessment of this phenotype rou-
tinely into CRC patient management strategies.
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