
Analysis of Allelic Imbalance in Patients With
Colorectal Cancer According to Stage and
Presence of Synchronous Liver Metastases
Jean-Christophe Weber, MD,* Anne Schneider, PharmD,† Serge Rohr, MD, PhD,* Hiroshi Nakano, MD, PhD,*
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Objective
To investigate the relationship between number and location
of allelic imbalances (AI) and local tumor progression accord-
ing to Astler-Coller classification.

Summary Background Data
Spontaneous errors in DNA replication (i.e., allelic imbalance
or microsatellite instability) have been suggested to play an
important role in carcinomatous transformation as reflecting
alterations of gene function.

Methods
One hundred two consecutive patients with colorectal carci-
noma undergoing surgical resection were included in this
study. Patients were distributed according to the Astler-Coller
classification as stages A (n � 7), B1 (n � 15), B2 (n � 24), C
(n � 31), and D (n � 25). Fluorescent polymerase chain reac-
tion was performed on frozen tumor, normal colon mucosa,

and blood DNA at 35 microsatellite markers. Allelic imbalance
frequency was compared with tumor staging.

Results
The percentage of AI was significantly higher in stage D than
in A/B1 and B2. In addition, the percentage of AI was signifi-
cantly higher in 10 synchronous colorectal liver metastases than
in stage A/B1 and B2 tumors. However, the allelotyping revealed
a subgroup of A/B1 tumors with a high AI frequency. Statistical
analysis showed that the presence of AI at microsatellites
D1S305, D2S138, D3S1282, D17S790, and D22S928 pre-
sented a significantly positive correlation with stages.

Conclusion
The frequency of AI significantly correlates with tumor pro-
gression of colorectal cancer. Primary tumors with synchro-
nous colorectal liver metastases showed a higher percentage
of AI, suggesting that a frequency of AI greater than 35% with
this selection of markers indicates a high risk of local progres-
sion and of development of metastases.

Colorectal carcinoma is the second most common cause
of cancer deaths in the Western world, and death is mainly
due to metastatic liver involvement. Colorectal carcinoma
provides an excellent opportunity to study the adenoma-to-
carcinoma sequence, the progression of the stage of the

disease, and metastatic events. During the past decade, since
the original results of allelotyping performed by Vogelstein
et al,1 numerous molecular and cytogenetic studies have
strengthened the hypothesis that stepwise accumulation of
defective tumor suppressor genes or mutated oncogenes, or
both, is involved in the genesis and the progression of
colorectal carcinoma.2–6 Sequential alterations were sup-
posed to appear during the development of the tumor from
adenoma to carcinoma, and then metastases including alter-
ations at multiple chromosome arms such as losses of 5q,
then losses of 18q followed by 17p losses involving genes
such as APC, DCC, and p53.7 Other molecular alterations
were observed identifying potential chromosome regions
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such as 8p, 9q, 10p, 13q, 11q, 19q and other mutated genes
such as �-catenine or c-MET.8–17

Microsatellites are highly polymorphic repeated se-
quences (mono- to tetranucleotides repeated sequentially 20
times on average) localized randomly mostly in noncoding
regions. Modifications or alterations at these repeated se-
quences have been shown to occur in human tumors.1 These
genomic rearrangements in microsatellites can be broadly
divided into two main groups: microsatellite instability
(MSI) and allelic imbalance (AI). MSI describes the accu-
mulation of mutations or modifications in the number of
repeats resulting from failure of the DNA mismatch repair
mechanism. Tumors that display MSI frequency up to 30%
are described as RER� (Replication ERror) or MSI-H.17–22

Several studies have shown that RER is found in approxi-
mately 90% of patients with hereditary nonpolyposis colo-
rectal (HNPCC) cancer and in 15% to 20% of those with
sporadic colorectal carcinomas.17–19 Accordingly, other
studies showed that RER tumors belong to a specific group
with a better prognosis.23,24 AI refers to the partial or
complete loss of one of the two alleles (previously known as
loss of heterozygosity [LOH]) or alternatively to the ampli-
fication of one allele compared with the other. Identification
of LOH in tumor cells would mean the presence of tumor
suppressor genes at these loci.1,7 LOH tumors, which rep-
resent more than 80% of all colorectal cancers, are mainly
classified in terms of histologic and pathologic features.
Considering the increasing complexity of alterations de-
scribed during tumor progression, molecular analysis could
help us understand the mechanisms underlying the existence
of recurrences and invasiveness of early-stage cancers.

To classify more precisely these tumors based on their
molecular status, we decided to perform allelotyping with a
sensitive and automated method using fluorescent-based
DNA technology; this allows more precise quantification of
the polymerase chain reaction (PCR) products than radio-
active assays.25

We used a panel of 35 microsatellites mainly localized in
chromosome regions previously described as being fre-
quently altered. We investigated, in 102 consecutive pa-
tients with colorectal carcinomas staged according to the

Astler-Coller classification, the relationship between AI and
local tumor progression or occurrence of synchronous colo-
rectal liver metastases.

METHODS

Patients and Tumor Specimens

In our institution, from February 1995 to October 1998,
118 patients were analyzed. One hundred two consecutive
patients (59 men, 43 women) undergoing resection of pri-
mary colorectal cancer were included. The mean age was
64.3 years (range 34–85). Patients were distributed in ac-
cord with the Astler-Coller classification as stage A (n � 7),
stage B1 (n � 15), stage B2 (n � 24), stage C (n � 31),
and stage D (n � 25) (Table 1). Among the 25 patients with
stage D, 21 had synchronous colorectal liver metastases and
4 had peritoneal deposits. Liver metastases of 10 of the 21
patients with synchronous colorectal liver metastases were
allelotyped. During the analysis, 16 patients were identified
as MSI-H using at least five informative microsatellites in
accord with the National Institutes of Health recommenda-
tions20 and were not included in the population of 102
patients. The primary tumor was localized in 44 patients in
the right colon, in 43 in the left colon, and in 15 in the
rectum. The frozen tumors were microdissected at the Pa-
thology Department of our institution.

Tissue and Blood DNA Extraction

For each patient, DNA was extracted from blood, tumor
sections containing at least 30% of tumor cells as estimated
by the pathologist, and normal paired frozen mucosa sec-
tions using classical phenol-chloroform extraction, as pre-
viously described.26

Microsatellite Markers, PCR, and
Analysis

Extracted DNA from each sample was amplified by PCR
using fluorescent primers, as described previously.26–28

Table 1. PATIENT DISTRIBUTION

Stage

No. of patients % AI < 35 No. of patients % AI ≥35

% AI*N % patients Range % AI N % patients Range % AI

A/B1 10 9.8 8–33 12 11.8 38–79 39
B2 12 11.8 5–32 12 11.8 37–77 38
C 7 6.9 0–27 24 23.5 36–89 48
D 7 6.9 17–32 18 17.5 38–95 60
SCLM 1 10 17 9 90 35–85 63

AI, allelic imbalance; SCLM, synchronous colorectal liver metastases.
* Mean value.
Frequency of AI was calculated as number of AI divided by number of heterozygotes.
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Thirty-five polymorphic microsatellite markers were ana-
lyzed, targeting 17 chromosome loci. This panel corre-
sponds to frequently rearranged loci29,30. Microsatellite
markers and chromosomal locations are summarized in Ta-
ble 2. All the primer sets were obtained through the Genome
Data Base (www.gdb.org) or Genemap’98 (www.ncbi.nlm.
nih.gov/genemap99). PCR amplification were carried out
using the Taq polymerase (GIBCO-BRL Life Technology,
Rockville, MD) on the thermocycler (Omnigen Hybaid) for
35 cycles as follows: 95°C for 1 minute, 50°C for 1 minute,
72°C for 1 minute, followed by a final 5 minutes of exten-
sion at 72°C, as previously described.26 One primer of each
couple was fluorescent, and the amplified fragments were
analyzed on an ALF Sequencer (Amersham-Pharmacia,
Freiburg, Germany). This technique allows a quantitative

evaluation of the allele ratio by measuring the peak height
of both alleles and greatly improves the sensitivity of anal-
ysis. The use of unique labeling allows accession to raw
data.26 An informative microsatellite corresponds to het-
erozygosity and thus to the presence of two peaks (Fig. 1,
panel A). Allelic imbalance refers to partial or complete loss
of one of the two alleles, resulting in a loss of heterozygos-
ity, or alternatively amplification of one allele compared
with the other, leading to a modification of the allele ratio in
the tumor tissue compared with the allele ratio obtained in
normal tissue or leukocytes (see Fig. 1, panel B). The
presence of an AI was confirmed by at least two indepen-
dent PCRs. Previous study allowed us to determine cutoff
values for significant AI determined at 15%.26 In the pre-
vious study,26 the measurement of the peak height presented

Table 2. FREQUENCY OF ALLELIC IMBALANCE (AI) IN EACH MICROSATELLITE AND
EACH ASTLER-COLLER STAGE

ID*
Chromosomal

Location

A/B1
(n � 22)†

(% AI)

B2
(n � 24)†

(% AI)

C
(n � 31)†

(% AI)

D
(n � 25)†

(% AI) Total % AI‡
Primary Tumors
(n � 10)† (% AI)

SCLM
(n � 10)†

(% AI)

D18S61 18q22 67 75 83 94 81 100 100
D1S305 1q11 25 33 46 92 52 88 67
D8S264 8p23 55 60 71 85 69 80 75
D9S179 9q34 33 67 75 80 64 75 50
D3S1283 3p22-24 29 40 31 80 39 100 75
TP53 17p13 67 65 70 74 69 89 78
D1S207 1p22 50 17 17 73 38 86 63
D9S171 9p21 33 43 64 73 57 75 71
D16S408 16q11 47 31 26 70 41 33 67
D13S173 13q33 63 44 60 67 59 57 57
D22S928 22q13.3 27 50 63 67 51 50 50
D17S790 17q21 17 44 50 64 43 67 86
D3S1282 3q24 14 38 40 64 39 60 60
D14S65 14q31 22 17 53 64 44 63 75
D1S197 1p32 43 33 25 64 40 71 50
D2S138 2q24 19 50 45 63 44 80 60
D1S225 1q32 50 27 35 60 42 67 70
D8S283 8p12 44 58 55 60 55 71 88
D18S53 18p11 59 50 71 58 61 60 67
D10S192 10q23 43 11 58 54 44 67 63
D2S159 2q34-35 24 47 43 53 42 67 20
D20S107 20q11.2 82 47 50 50 58 56 63
D5S430 5p13 30 10 38 50 33 50 40
D5S346 5q23 68 38 61 50 54 44 50
D15S127 15q24-25 31 47 48 50 45 60 60
D6S264 6q27 0 14 33 50 26 50 60
D10S191 10p12 33 25 42 47 38 100 50
D17S794 17q23 33 38 55 47 45 71 71
D6S275 6p11 22 20 35 45 31 71 71
D16S422 16q24 25 15 37 44 30 83 67
D4S394 4p16 57 33 38 40 42 38 63
D11S916 11q12-13 26 24 35 36 31 33 56
D4S414 4q21 63 44 38 25 42 29 33
Mean 39 38 48 60 47 66 63

SCLM, synchronous colorectal liver metastases.
* Identification number in Genome Data Base.
† Number of patients for each stage.
‡ Frequency of AI was calculated as number of AI/number of heterozygotes.
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a good reproducibility and enabled us to determine the
variability of the allele ratio between paired control or
tumor tissue and blood DNAs. The intensity of AI was
calculated as a percentage26,28: AI% � absolute value ([Bb/
Ba] minus [Tb/Ta]) times 100/(Bb/Ba), in which Ba and Bb
represent the height of the two alleles in the blood and Ta
and Tb in the tumor tissue.

In addition, for each patient and each microsatellite, we
systematically amplified control leukocyte DNA and normal
tissue DNA in parallel with the tumor DNA and determined
the allele ratio of these two controls. In each case, the
variations of allelic ratio between the two paired controls
were always less than 15%. The panel of microsatellites
contained dinucleotide repeats, excepted two mono-repeat
markers (BAT26, TGF�RII). These two were used to check
for RER phenotype and were excluded for further analysis
of AI frequency.

Statistical Analysis
Each value was expressed as a mean � standard error.

Statistical analysis was performed with one-way factorial
analysis of variance. When the F test showed a value to be
significant, the Fisher test was used as a post-hoc multiple
comparison. To compare the correlation between AI fre-
quency of each microsatellite and Astler-Coller classifica-
tion, we performed the chi-square test and the Fisher exact
test. A difference was considered significant at P � .05.

RESULTS

The allelotyping was performed at 35 loci on 118 con-
secutive patients whose primary colorectal cancer were re-
sected. Among them, 16 patients with MSI-H phenotype
were characterized and excluded from further statistical
analysis. Allelotyping was performed on liver metastases,
which were resected or biopsied simultaneously during the
same operative procedure for 10 of 102 patients. All our
dinucleotide repeat microsatellites were chosen from the
Genome Data Base and Genemap’98 depending on their
percentage of heterozygosity above 70%, generally consid-
ered a good informative value. In our study, 26 microsatel-
lites presented effectively a percentage of at least 70%. The
seven other microsatellites (D9S179, D17S794, D4S414,
D16S408, D351282, D5S430, D6S264) showed lower per-
centages (52%, 61%, 69%, 60%, 62%, 46%, and 64%,
respectively) and thus appeared to be slightly less informa-
tive than usually reported.

Increase of AI Frequency in Accord With
Astler-Coller Classification

In using the panel of 35 microsatellites, each tumor
showed at least one alteration either as AI or as MSI,
confirming the presence of tumor cells in the specimens.
Thirty-five patients of the 102 showed, in addition to AI,
one to three MSIs but were still considered as having LOH

Figure 1. Electrophoresis examples of microsatellite amplification polymerase chain reaction (PCR).
Genomic DNA was extracted from blood (B), normal tissue (N), primary tumor (T), and colorectal liver
metastasis (M). Fluorescent PCRs of two microsatellites (A, D2S159; B, D8S283) were analyzed by using a
sequence analyzer. The two heterozygote microsatellites were informative for allelic imbalance. (A) Normal
pattern with no variation of the allele ratio in T and M samples versus B and N controls. (B) Allelic imbalance
(AI) showing an alteration of the allele ratio in T and M samples (arrowheads) versus B and N controls.
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phenotype (MSI-L).20 In stage A/B1, these sporadic MSIs
were observed at only 4 microsatellites, whereas such al-
terations were detected at 12 to 15 microsatellites in further
stages. The percentage of MSI in MSI-L patients ranged
from 3% to 19%. Nevertheless, no significant increase in the
number of MSIs per patient was observed through stages.
Because there has been no explanation for the biologic
meaning of such MSI at a noncoding region, only AI was
considered in the statistical analysis.

The mean value of total AI frequency in the 102 speci-
mens of colorectal carcinoma was 47% (0–95%). After
stratification of the 102 patients according to the Astler-
Coller classification (see Table 1), it was observed that the
AI frequency was significantly higher in stage D colorectal
tumor (60 � 2.8%) than in stage A/B1 (39 � 3.3%; P �
.01) and stage B2 (38 � 2.9%; P � .01) using one-way
factorial analysis of variance and the Fisher test as a post-
hoc comparison. In contrast, the statistical comparison be-
tween stage C versus stage D on the one hand and stage
A/B1 versus B2 on the other revealed no significant differ-
ence. In Figure 2, stratification of the overall population
based on their AI frequency shows that several tumors had
a low percentage of alterations; further, a major group of
patients had an AI frequency ranging from 30% to 40%.
Thus, to characterize the different stages of tumors at the
molecular level, patients were classified arbitrarily into two
groups based on their tumor AI frequency (group 1, �35%;
group 2, �35%) and in accord with the Astler-Coller clas-
sification. Using this limit, we observed that in stage A/B1
as well as stage B2, half of the patients belonged to group
2, in contrast to the distribution observed in stages C and D,
where more than two thirds of the patients were classified as
group 2. The statistical analysis comparing the distribution
in stages A/B1-B2 versus C-D was significant (P � .016,
chi-square). Seven stage A/B1 patients had an even higher
AI frequency (�50%). With the threshold at 50%, the
distribution of patients in the two groups was still signifi-
cantly different when comparing stages A/B1-B2 and stages
C-D (P � .034, chi-square).

The AI frequency was significantly higher in the patients
with synchronous colorectal liver metastasis (63 � 2.7%)
than in the stage A/B1 (P � .05) and stage B2 tumors (P �
.05) using one-way factorial analysis of variance and the
Fisher test as a post-hoc comparison. No statistical differ-
ence was observed between primary tumors and paired

synchronous colorectal liver metastasis (66% vs. 63%,
respectively).

Frequency of AI in Each Microsatellite
for Each Stage

To determine loci involved in the progression of the
colorectal tumor, we analyzed the mean value of AI fre-
quency for each microsatellite. The average frequency
ranged from 26% to 81% (see Table 2). The alteration
frequency of five microsatellites (D8S264, D9S179, TP53,
D18S53, D18S61) exceeded 60%, in agreement with previ-
ous studies showing that losses of 18p, 18q, 8p, and p53 are
the most frequent events observed in colorectal tumors.

In the groups of patients stratified by the Astler-Coller
classification, three patterns of AI frequency evolution de-
pending on stages could be distinguished. First, as expected,
most of microsatellites (18/33) showed an increasing AI
frequency correlated to tumor progression. These microsat-
ellites were localized on 13 chromosomes 1q, 2q, 3p and 3q,
6p and 6q, 8p, 9p and 9q, 11q, 14q, 15q, 16q, 17q, 18q, and
22q. Among them, five markers (D1S305, D2S138,
D3S1282, D17S790, D22S928) were significantly more al-
tered in stage D than in stage A/B1 (P � .05). In addition,
three markers (D8S264, D9S179, D18S61) of the five loci
with an AI frequency of more than 60% in the overall
population also showed an increase through stages, but the
difference was not statistically significant. Second, 12 mic-
rosatellites showed AI frequencies roughly at the same level
in all stages. These microsatellites were localized on chro-
mosome arms 1p and 1q, 4p, 5p and 5q, 8q, 10p and 10 q,
13q, 17p and 17q, and 18p. Third, two microsatellites
(D4S414, D20S107) showed a significant negative correla-
tion in AI frequency between stage A/B1 and stage D (P �
.033 and P � .044, respectively). One microsatellite
(D1S207) showed a specific pattern in variation of AI fre-
quency based on stage: in other words, the percentage of AI
frequency decreased between stages A/B1 and B2, was
stable between stages B2 and C, and strongly and signifi-
cantly increased between stages C and D (P � .022).
Further, the AI frequency observed in synchronous colorec-
tal liver metastases, at several loci, was increased, with
values reaching 100% for D18S61. The comparison be-
tween the 10 synchronous colorectal liver metastases and
paired primary tumors did not reveal significant differences

Figure 2. Distribution of allelic im-
balance (AI) frequency in overall pop-
ulation. For each colon tumor, the AI
frequency was determined as a per-
centage of the number of AI versus
the number of informative analyzed
loci and classified into 10 groups. The
number of tumors per group was ex-
pressed as a percentage.

Vol. 234 ● No. 6 Allelotyping in Staged Colorectal Tumors 799



at the analyzed loci. Among these loci, D11S916 and
D15S127 had been identified as significantly altered in a
previous study comparing primary tumors with metachro-
nous colorectal liver metastases.27

DISCUSSION

In this study, we were able to show that the AI frequency
increased in accord with Astler-Coller stages, but this in-
crease was not linear. However, such analysis could repre-
sent a new, highly informative tool to classify colorectal
tumors. Further, our systematic and sensitive approach al-
lowed us to identify several highly altered loci up to 94%,
such as D18S61 in stage D.

Identification of Patients With Low-
Stage Tumors and Risk of Recurrence
or Metastases

In a previous study,27 using a smaller and different set of
microsatellites, we identified three loci correlated with the
tumor spread. In the current study, using more and for some
of them different microsatellites, we focused on identifying
a possible subpopulation of early tumors (stages A/B1-B2)
with high AI frequency, mimicking the pattern observed in
advanced stages. To make our results more comprehensive,
we classified the patients depending on their AI frequency
with a threshold of 35%, although no clear group could be
distinguished except the group at 30% to 40%, which ap-
peared slightly more represented. With our panel of 35
microsatellites, we were able to identify two populations of
patients with tumors with a low or high level of alterations
using this AI frequency threshold of 35%. Both types of
tumors (low or high AI frequency) could be detected in
every Astler-Coller stage. As expected, most of the highly
altered tumors were significantly associated with stages C
and D, confirming the relation between an accumulation of
genetic alterations and tumor progression, as previously
described.7,10,11 Because it has been already described that
recurrence or metastasis could develop in patients with
stage A/B1 tumors,31,32 new tools were required to identify
patients with higher risks. Interestingly, with our panel of
microsatellites, half (24/46) of the A/B1 and B2 tumors also
showed a high level of AI frequency of more than 35%,
whereas 15 of 46 tumors (7 A/B1, 8 B2) still had an AI
frequency of more than 50%. Our molecular study allowed
us to identify a group of patients with early tumors but high
AI frequency. Using a digital SNP-PCR analysis, chromo-
some instabilities were already observed in colorectal ade-
nomas, suggesting that multiple genomic instabilities can
occur at very early stages; this confirms our observation that
some “early” stages (A/B1) had a high frequency of alter-
ations.33 These patients could have a high potential of
recurrence or metastatic evolution and would require more
clinical investigations during follow-up, and eventually a
specific regimen. However, in terms of the follow-up of

A/B1 patients, this cohort is not yet sufficient to obtain
statistically significant data. Further systematic multicenter
studies are needed to establish correlations between survival
and molecular status of the tumor to determine the impor-
tance of the molecular status as an independent prognosis
factor.

Identification of New Markers for
Prognosis

Our allelotyping allowed us to identify several loci with
a clearly significant positive correlation with Astler-Coller
stages. Among them, D1S305 is close to FGFR2 coding for
the fibroblast growth receptor 2, which has been described
as a transmembrane receptor implicated in tumor expan-
sion,34 and D2S138 is close to the WNT receptor, which has
been described as regulating the APC pathway.35,36 These
loci appeared as good candidates for markers of tumor
progression. Further clinical studies would confirm whether
these markers could be considered as independent prognos-
tic factors. Further, the analysis of AI frequency for each
microsatellite has revealed that five loci (D8S264, D9S179,
TP53, D18S53, D18S61) were altered in more than 60% of
the overall population. Among them, three (D8S264,
D9S179, D18S61) showed a progressive increase with tu-
mor progression through stages. In terms of alteration at
chromosome 18q, several studies have shown various per-
centages of alterations. Such discrepancies could be due
either to different locations of the analyzed loci or to the
preservation (frozen vs. paraffin-embedded formalin-fixed)
of specimens.37,38 Interestingly, D18S61 is close to the Bcl2
gene, suggesting an involvement of this gene in colorectal
tumorigenesis; this is in agreement with the well-known
antiapoptotic function of Bcl2 protein.39–42 As for the locus
D8S264, no target genes could be identified from the Ge-
nome Data Bank, and further studies are required to deter-
mine the role of this locus in tumor progression. However,
chromosome arm 8p has already been shown to be involved
in oncogenesis.17,43 Between the two other highly rear-
ranged loci, TP53 presented a roughly stable AI frequency
through stages. The TP53 marker is informative for p53
protein because, localized in the first intron of the gene, the
p53 gene has been described as a highly frequent and
early-altered gene in the adenoma-to-carcinoma sequence.44

We noticed that D5S346, which is informative for the APC
gene,45 showed, as expected, a high AI frequency in stages
A/B1, with no further increase through tumor progression.
The APC gene was shown to play an essential role in
initiation of tumorigenesis during the hyperproliferative tis-
sue to late adenoma sequence.46–48 Our results suggest that
this gene, involved in initiation, is not necessarily impli-
cated in tumor progression.

Moreover, this study allowed us to describe a new pattern
of the evolution of AI frequency through stages; in other
words, a decrease of AI frequency during tumor progres-
sion. In fact, two loci (D4S414, D20S107) showed a nega-
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tive correlation through stages. D20S107, significantly more
altered in stage A/B1 versus B2 (P � .031), is close to the
topoisomerase I gene, and topoisomerase I is mainly in-
volved in transcription mechanisms.49 This protein is a
target of chemotherapy drugs, and identifying the gene
status in colorectal tumors could help in determining che-
motherapy regimens.50

Further, concerning the AI frequency observed in syn-
chronous liver metastases, several loci were highly altered.
Although the increase was not significant for most of them,
probably because of the low number of metastases,
D11S916 and D15S127, for which the AI frequency dou-
bled through stages to metastasis, were shown to be signif-
icantly altered in a previous study comparing primary with
metachronous metastases.27 Our results suggest that loci
other than those, which showed an increased AI frequency
through stages A to D, could be mainly involved in meta-
static evolution. D11S916 is close to the TIMP-1 gene
coding for an inhibitor of metalloproteinase, which has been
shown to be involved in the control of extracellular matrix
remodelling and cell migration.51,52 Few studies have fo-
cused on the analysis of synchronous liver metastases and
the corresponding primary colon carcinoma.2,53,54 Addi-
tional studies characterizing alterations in both primary
colorectal tumor and paired synchronous liver metastases
would help us understand the mechanisms and functions
involved in metastatic process. Together, these results allow
us to characterize two patterns of evolution of AI frequency
through stages, describing two types of function. A decrease
in AI frequency at one microsatellite could indicate that
alterations of genes located at this locus could have an effect
mainly at the initiation of tumorigenesis, thus leading to a
disadvantage of growth for tumor cell clones. Further stud-
ies would permit us to determine the favorable prognostic
value of such alterations. Reciprocally, an increase in AI
frequency, the most common situation, suggests a role of
targeted genes at this locus in tumor invasion.

In conclusion, this study allows us to correlate an increase
in AI to tumor progression. Moreover, a subgroup of pa-
tients with stage A/B1 tumors with a high level of genomic
alterations was characterized. These patients could repre-
sent a high-risk group and could benefit from closer fol-
low-up and more aggressive treatments. Routine molecular
analyses are a powerful tool for the study of genomic
features and could be used more and more in clinical and
pathologic investigations to adapt therapeutic strategy. Fi-
nally, our study establishes the basis of a systematic strat-
egy, allowing clarification of the use of such a molecular
test as providing independent information about tumor clas-
sification and eventually risk factors.
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Discussion

PROF. A. M. M. EGGERMONT: That was a beautiful presentation of an
impressive study. Impressive because this is the era of molecular staging;
you are right on target. This kind of study takes a lot of organization and
logistics, infrastructure, contacts with your molecular biologists, depart-
ment of pathology: I think it is a class act and I applaud you for doing such
a large study.

To my knowledge, it is the first study that addresses the problem by
looking at the LOH or allelic imbalance issue both in the primary tumors
as well as on the metastatic sites, and you are the first one to come up with
three markers which have an independent prognostic value apart from the
one that was reported for the chromosome 18Q by Molly’s group in 1998.

You set a new stage, which indicates that there is going to be a lot of
development in this field. Nevertheless, of course, there are also a number
of questions that remain in the development of molecular staging. One of
these questions is that LOH or allelic imbalance for breast cancer was to be
a very potent independent prognostic factor for the 1p chromosome and
this is a mutation or a loss that you also find in about 60% of the colorectal
cancers. Did one of your 54 markers address this particular site, and do you
have any additional information on that?

Second, sometimes a patient may have had a different primary tumor in
the past and you may have been confronted with a single liver metastasis
or with more than one liver tumor, and the question may have arisen, what
is actually the origin of this particular liver tumor? I ask this because in my
department, we do as a standard procedure for single masses in the lungs
in patients who have in their past either had a head and neck tumor or
breast cancer; for instance, you are facing the problem whether this is
metastatic disease or a new primary.

We do LOH routinely on cytology of the mass in the lung and by LOH
profiling we will know whether it is a metastasis or a primary tumor, so it
is important for clinical decision making. Did you ever confront that
problem in the context of this study?

Lastly, just a comment: are we just collecting stamps here in the start of
this molecular staging development or, as your last slide seems to indicate,
are we indeed discovering new markers on the basis of which we can make
management decisions and treatment choices, and do we have new mon-
itoring markers?

Thank you.
DR. J. C. WEBER (CLOSING): Thank you for your kind comments and

questions.
Among the 35 microsatellite markers, two targeted chromosome 1p, and

we obtained some preliminary results. It is interesting to notice, for
example, that concerning D1S207, we observed a special pattern in tumor
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samples. Indeed, we could show that there is a decrease in A1 frequency
between stage A/B1 and B2, a stable level between stages B and C, and an
increase between stages C and D, but only statistically significant between
C and D stages. These results have only been shown for this microsatellite,
and it is too early to draw definitive conclusions. Interestingly, in a
previous study, topoisomerase I has been identified as a potential marker of
prognosis in a population of 30 primary tumors without liver metastases.
Topoisomerase I could be a prognostic marker. In case of a mutation, some
regimens of chemotherapy could be nonefficient. We are now trying to
correlate survival with our panel of markers, including topoisomerase I.
This is still in progress.

Regarding the liver metastasis, there was no confusion possible with
other types of metastases, as they were synchronous and resected (or a
biopsy was taken) at the same time as the paired primary tumor. In
addition, we are working now on synchronous liver metastases and paired

primary tumors in order to better characterize molecular patterns and
differences between both specimens.

In previous studies published by other authors, we noticed that most of
the liver metastases analyzed were metachronous; so it is not sure that there
is a correlation between primary tumor and liver tumor (nonpaired tumors).
Moreover, chemotherapy had been sometimes applied between the resec-
tion of the primary tumor and the resection of the liver metastases, and this
treatment could have induced modifications in the molecular pattern of
colorectal liver metastases. For these reasons, one of the advantages of
working on synchronous liver metastases is to collect the two samples
(primary and metastases) at the same time.

For the new markers, we are trying to correlate survival with these
markers, and we now have complete data for 93 patients. However, we
would like to go further in order to confirm the significant correlation
between molecular markers and survival in larger series.
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