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Colorectal cancer prognosis: is it all mutation, mutation,
mutation?
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For the 500 000 new cases of colorectal cancer in the
world each year, identification of patients with a worse
prognosis and those who are more likely to respond to
treatment is a challenge. There is an increasing body of
evidence correlating genetic mutations with outcome in
tumours derived from human colorectal cancer cohorts.
K-ras, but not p53 or APC, mutations appear to be
associated with poorer overall survival in colorectal cancer
patients.
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F
or the 500 000 new cases of colorectal cancer
in the world this year, staging of their
disease and subsequent treatment will be

almost entirely based on a histopathological
classification originated by Cuthbert Duke in
the 1920s. While there is nothing immediately
wrong with this classification and its derivatives,
in particular because it has been universally
adopted, it is clear that significant heterogeneity
exists between patient outcomes with otherwise
apparently identical pathological staging. The
immediate challenge faced by the clinical com-
munity is to identify patients with a worse
prognosis and those who are more likely to
respond to treatments, such as surgical resection,
radiotherapy, chemotherapy, and molecular
therapy.
Patient selection is also now more of an

important issue for a series of scientifically based
reasons. These include identification of patients
at high risk from colorectal cancer prior to
screening and prevention programmes, those
with familial predisposition (35% of total),
including mutation screening of key genes (2–
6% of total), and more recently in systemic
treatment, as empirically applied treatments
including cytotoxic chemotherapy are now being
challenged by new molecular therapies. Some of
the new molecules are currently administered
empirically, as the co-development of molecular
testing and tailored treatments has not kept pace
with the enthusiasm of the immediate therapeu-
tic testing.1 2 In time, this situation will reverse as
the costs of treatments increase, and we should
expect a series of predictive tests to be developed
that facilitate selection based on currently avail-
able targeted therapy. In situations where
targeted molecular therapy has been developed
with a validated molecular diagnostic test (for
example, breast (Her2), chronic myeloid leu-
kaemia (BCR-ABL), gastrointestinal stromal
tumours (C-KIT), and lung cancer (EGFR)),

there have been dramatic improvements in
disease management that far exceed anything
that has been achieved with an empirical
approach. What is critical is that the selectivity
and potency of these therapies exploits mutation
in the tumour cells, with amplification of Her2,
translocation in BCR-ABL, and mutation of
receptors C-Kit and EGFR. Although an expen-
sive challenge, the cancer field is rightly con-
tinuing to pursue the identification and
evaluation of common human mutations in
cancer, as evident by the Cancer Genome
project.3 This activity will no doubt drive the
development of specific therapeutic interventions
to specific mutated targets. Despite the success to
date in other cancers, this whole activity could be
an expensive mistake if a combination of
mutation complexity, aneuploidy, and epigenetic
alterations in tumour cells ultimately determine
prognosis and response to therapy, irrespective of
targeted therapy to what are presumed to be key
mutations.

‘‘Although an expensive challenge, the can-
cer field is rightly continuing to pursue the
identification and evaluation of common
human mutations in cancer, as evident by
the Cancer Genome project’’

So what of mutations in colorectal cancer? The
paper by the Dundee group4 in this issue of Gut
contributes to an increasing body of evidence
correlating mutation with outcome in tumours
derived from human colorectal cancer cohorts
(see page 1283). Before examining their findings,
it is important to recognise that mutational
analysis and genetic models have already identi-
fied the key pathways critical for initiation and
progression of colorectal cancer. Deregulation of
the Wnt signalling pathway, by either loss of
function or gain of function mutations of
adenomatous polyposis coli (APC) and b-cate-
nin, respectively, in both hereditary and sporadic
colorectal adenoma, establish the principal
initiation pathway.5 Although specific muta-
tional hotspots occur that account for attenuated
inherited phenotypes, most sporadic mutations
of APC occur in a mutational cluster.6 7 The
discriminating power and clinical utility of these
mutations have proven to be less impressive,
even though this pathway remains a critical
therapeutic target.8 Genetic modifiers of the
number, differentiation, and progression of

Abbreviations: K-ras, Kirsten-ras; APC, adenomatous
polyposis coli
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colorectal adenoma can either derive from the host or from
coexisting and selected mutations in the tumour. Dissecting
these components has been problematic, mainly because a
large number of variables exist (for example, variable
penetrance, gain and loss of function mutations in each
gene, and synergistic effects between modifiers that coexist
in both tumour and stromal cell populations). Although these
limitations are being circumvented using larger patient
numbers with high throughput technologies, there will have
to be a practical outcome that will essentially distil down this
information to a fewer number of key mutations, and
potentially to where we have started from, a classification
based on morphology and identification of a subpopulation of
localised cells that essentially determine overall outcome (for
example, those at the micro-invasive front of the tumour).

‘‘K-ras mutations, but not p53 or APC mutations, were
associated with poorer overall survival, even when
correcting for Dukes’ stage, age, and sex’’

The Dundee group prospectively characterised mutations in
three genes implicated in colorectal cancer (APC, p53, Kirsten-
ras (K-ras)) and extended a previous study.9 They observed
that the mutation frequencies were variable between genes
(APC=56%, p53=61%, K-ras=27%), and when they con-
trolled for expected frequencies, p53 and K-ras genes rarely
coexisted (observed 2% versus expected 16%), even though
the reduction in expected frequency of combined p53 and
K-ras appears to have been lost when mutations of APC
coexisted in addition. Conlin and colleagues4 have also now
correlated these mutations with survival in colorectal cancer.
In a relatively small cohort of 107 patients, the significant
additional findings were that K-ras mutations, but not p53
and APC mutations, were associated with poorer overall
survival, even when correcting for Dukes’ stage, age, and sex.
The surprise is that the magnitude of this effect for a single
gene appears large in this cohort relative to the influence of
Dukes’ stage alone, but on closer analysis, the frequency of
mutations of K-ras was highest overall in more advanced
disease. A similar examination of K-ras mutations in a larger
cohort also showed association of the glycine codon 12 to
valine mutation with high risk disease.10 Moreover, similar
studies examining p53, chromosomal loss, and microsatellite
instability also correlate with survival, with a subgroup
recognised that neither falls within a chromosomal nor
microsatellite unstable groups.11 12

How should we view this information? Clearly, some of the
data concern small cohorts, and the magnitude of the effects
may be lost in larger studies. Moreover, the complexity of this
analysis is complicated because mutations in some genes do
not always generate the same phenotypic outcomes. For
example, for p53, recent data implicate specific mutations of
p53 with colorectal cancer outcome, although there does not
appear to be an overall correlation, as Conlin et al have
suggested.13–15 Ultimately, mutations and chromosomal
abnormalities that are both easier to detect and at high
frequencies will be selected first, simply because of the
eventual contribution to statistical outcome.16 17 Some would
also argue that a focus solely on mutation would distract
from the potential contribution of epigenetic modification of
modifier gene expression, which we know is also commonly
detected in colorectal cancer.

‘‘Ultimately, mutations and chromosomal abnormalities
that are both easier to detect and at high frequencies will
be selected first, simply because of the eventual contribu-
tion to statistical outcome’’

So, are we making too many assumptions about the
complexity of the task ahead? Probably not when it comes to
deriving useful information, because studies such as Conlin et
al highlight this fact in terms of specific and common gene
mutational frequency in colorectal cancer tissue derived from
patients. In addition, the few data there are, are also being
immediately assembled with Dukes’ stage information, site,
and ploidy into an increasing number of subgroups, despite
the relatively small cohorts examined.18 The complexity is
very high and no one should underestimate the difficulty.
Not surprisingly, there is a need for newer approaches,
perhaps to assemble mutations into various pathways,
which are best exemplified by the six hallmarks proposed
by Hanahan and Weinberg,19 and to then analyse
what intermediate surrogate markers may be used to
subdivide and target mutation testing. This may not mean
an initial screen for all the potential mutually exclusive
mutations along one pathway, but a ‘‘readout’’ of its overall
activity based on histological, proteomic, or expression
profiling.20–22 The goal of the latter must be to ultimately
apply specific interventions, and to test the usefulness of the
mutation in the overall context of prevention, diagnosis,
prognosis, and therapy. In this case, mutations, and
epigenetic and expression alterations are then judged by
clinical utility.
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Clinical Evidence—Call for contributors

Clinical Evidence is a regularly updated evidence-based journal available worldwide both as
a paper version and on the internet. Clinical Evidence needs to recruit a number of new
contributors. Contributors are healthcare professionals or epidemiologists with experience in
evidence-based medicine and the ability to write in a concise and structured way.

Areas for which we are currently seeking authors:

N Child health: nocturnal enuresis

N Eye disorders: bacterial conjunctivitis

N Male health: prostate cancer (metastatic)

N Women’s health: pre-menstrual syndrome; pyelonephritis in non-pregnant women

However, we are always looking for others, so do not let this list discourage you.

Being a contributor involves:

N Selecting from a validated, screened search (performed by in-house Information
Specialists) epidemiologically sound studies for inclusion.

N Documenting your decisions about which studies to include on an inclusion and exclusion
form, which we keep on file.

N Writing the text to a highly structured template (about 1500–3000 words), using evidence
from the final studies chosen, within 8–10 weeks of receiving the literature search.

N Working with Clinical Evidence editors to ensure that the final text meets epidemiological
and style standards.

N Updating the text every six months using any new, sound evidence that becomes available.
The Clinical Evidence in-house team will conduct the searches for contributors; your task is
simply to filter out high quality studies and incorporate them in the existing text.

N To expand the topic to include a new question about once every 12–18 months.

If you would like to become a contributor for Clinical Evidence or require more information
about what this involves please send your contact details and a copy of your CV, clearly
stating the clinical area you are interested in, to Klara Brunnhuber (kbrunnhuber@
bmjgroup.com).

Call for peer reviewers

Clinical Evidence also needs to recruit a number of new peer reviewers specifically with an
interest in the clinical areas stated above, and also others related to general practice. Peer
reviewers are healthcare professionals or epidemiologists with experience in evidence-based
medicine. As a peer reviewer you would be asked for your views on the clinical relevance,
validity, and accessibility of specific topics within the journal, and their usefulness to the
intended audience (international generalists and healthcare professionals, possibly with
limited statistical knowledge). Topics are usually 1500–3000 words in length and we would
ask you to review between 2–5 topics per year. The peer review process takes place
throughout the year, and our turnaround time for each review is ideally 10–14 days.

If you are interested in becoming a peer reviewer for Clinical Evidence, please
complete the peer review questionnaire at www.clinicalevidence.com or contact Klara
Brunnhuber (kbrunnhuber@bmjgroup.com).
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