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Table 1 - Summary of EGTM (2003) guidelines on the use of serum markers in CRC

e Lack of sensitivity and specificity precludes the use of CEA and all other existing serum markers for the early detection of
CRC

e Preoperative levels of CEA provide a baseline value for subsequent serial determinations and may also provide
independent prognostic information

e For patients with stages II and III disease that may be candidates for liver resection, CEA should be assayed every
2-3 months for at least 3 years after diagnosis

e For monitoring therapy in advanced CRC, CEA should be measured every 2-3 months

¢ Insufficient evidence exists at present to recommend routine use of other serum markers such as CA 19-9, CA 242, TPA,
TPS or TIMP-1 in the management of patients with CRC

Table 2 - Summary of EGTM (2007) guidelines for the clinical use of markers in CRC together with their level of evidence

(LOE) (as defined in Ref. [10])

Marker Proposed use/uses EGTM guideline LOE
Serum
CEA Determining prognosis May be used in combination with standard 111
prognostic factors
Surveillance following curative Should be used for stages II and III patients who ®
resection may be candidates for liver resection or
systemic treatment, should recurrence develop
Monitoring therapy in Should be used, especially in patients with non- 111

advanced disease evaluable disease using standard criteria.
Should be measured prior to start of treatment
and at 2-3 monthly intervals during therapy®.
Ideally, should be used in combination with
radiology.

CA19.9 Determining prognosis Not recommended 111

Surveillance following curative
resection

Not recommended

v

CA 242 Determining prognosis Not recommended 111

TIMP-1 Determining prognosis Not recommended it

Tissue

TS Determining prognosis Not recommended I
Predicting response to Not recommended 111
chemotherapy

MSI Determining prognosis Not recommended I
Predicting response to Not recommended 111
chemotherapy

DCC Determining prognosis Not recommended I

Ras Determining prognosis Not recommended I

P53 Determining prognosis Not recommended I

Faecal

FOBT Screening for early CRC Yes, for screening subjects 50 years or older I

DNA-based Screening for early CRC Not recommended at present III/1V€ (for most studies)

Tests for genetic susceptibility to CRC

APC

MSI/MMRE [HC
MLH1/MSH2/MSH6

For identifying subjects at high
risk of developing FAP
Prescreen for HNPCC

For identifying subjects at high
risk of developing HNPCC

Yes, should be used

Yes, should be used
Yes, should be used

LOE, are not provided for the CRC genetic susceptibility tests as the grading system used’® was devised for standard tumour markers. [TIMP-1,
tissue inhibitor of metalloproteinase type 1; TS, thymidylate synthase; MSI, microsatellite instability; DCC, deleted in colon cancer; FOBT, faecal
occult blood testing, FAP, familial adenomatous polyposis, MMRE, mis-match repair enzymes, IHC, immunohistochemistry and HNPCC,
hereditary non-polyposis colorectal cancer].

a LOE 1 here relates to the role of CEA as part of an intensive follow-up regime in improving patient outcome compared to a minimal follow-up
strategy.

b Following the initiating of therapy in advanced CRC, CEA may exhibit transient increases.

c A specific DNA panel has been evaluated in a large population-based study.?? Text in bold is an update of the 2003 EGTM guidelines® on the
use of CEA in postoperative surveillance.
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tions are acquired, and are likely to be caused by exogenous
and endogenous carcinogens. In contrast, in cancer syn-
dromes such as familial adenomatous polyposis (FAP) and
hereditary non-polyposis CRC (HNPCC), critical genetic altera-
tions that predispose to malignancy are inherited.? For exam-
ple in FAP, a germline mutation in the APC gene which occurs
in every cell predisposes to adenomatous polyps, while in
HNPCC, mutations in DNA repair genes result in a more rapid
accumulation of genetic alterations which increases the risk
of polyp formation.

In recent years a multiplicity of markers have been pro-
posed for CRC (for review, see Refs. [4-8]). These markers
can be measured in serum, tissue or stools. In 2003, the Euro-
pean Group on Tumour Markers (EGTM) published guidelines
on the use of tumour markers in CRC® (see Table 1 for a sum-
mary). These guidelines focussed almost exclusively on ser-
um markers, especially CEA. The aims of this article are to
present guidelines on tissue and faecal markers as well as
to update the previous EGTM guidelines on serum markers.
We also summarise existing published guidelines on genetic
testing for inherited susceptibility to CRC. A summary of the
updated EGTM guidelines together with the level of evi-
dence® for their clinical application is outlined in Table 2.

These guidelines should be particularly helpful to sur-
geons, physicians and nurses involved in the management
of patients with CRC and to laboratory personnel undertaking
measurement of tumour markers. Their adoption is of course
voluntary and the ultimate decision regarding use of any mar-
ker should be made by the treating clinician, i.e. the guide-
lines are intended to aid rather than replace clinical
judgement.

2. Serum markers

2.1.  CEA in postoperative surveillance

Although the oldest, CEA remains the most widely used ser-
um marker in patients with CRC. EGTM guidelines for the
use of CEA in CRC were previously published in 2003 and
are summarised in Table 1. The main use of CEA in CRC is
in surveillance following curative resection for primary can-
cer. Five independent meta-analyses have compared outcome
in patients undergoing intensive follow-up versus minimal or
no follow-up.?™* The first 2 of these 2 studies'™*? included
both non-randomised and randomised trials, whereas the
other 3*° included only randomised trials. Although the fre-
quency and modalities of screening used in the individual
studies varied, all five meta-analyses concluded that use of
an intensive follow-up regime resulted in a modest but statis-
tically significant improvement in outcome compared with a
minimal follow-up strategy.

The Cochrane Review'® concluded that there was an overall
survival benefit at 5 years of follow-up for patients undergoing
more intensive surveillance (OR = 0.67, 95% confidence inter-
val, 0.53-0.84). The absolute numbers of recurrences however
were similar in the 2 groups. No data were presented on quality
of life, harm or cost-effectiveness of the intensive follow-up.

Two of these meta-analyses investigated the specific con-
tribution of CEA to the improved outcome. In the first of
these, Bruinvels et al.'* concluded that intensive follow-up

was associated with an improved outcome, but only if regular
CEA determinations were carried out. Similarly, Figueredo
et al.™ found that trials using serial CEA measurements had
a significant impact on survival, whereas those not using
CEA failed to impact on outcome. It should be stated that
compared to other follow-up tests for CRC patients (e.g. radi-
ology and endoscopy), measurement of CEA is relatively inex-
pensive and causes minimal inconvenience for patients.

2.2. Early detection of metastatic disease in candidates for
liver resection

One of the main aims of intensive follow-up is the early
detection of resectable recurrences and metastases, espe-
cially liver metastasis. Twenty five to 50% of patients undergo-
ing resection for primary CRC develop liver metastasis within
5 years of diagnosis.'® Hepatic resection offers the only poten-
tial curative therapy for these patients. Curative resection,
however, is possible in less than 25% of patients with metas-
tasis confined to liver. Nevertheless, the 5-year survival for
these patients is approximately 30% with about two-third of
these being disease-free.’® This 5-year survival rate is in strik-
ing contrast to historical cases of unresected patients in
which the median survival was 6-9 months with few surviv-
ing for 5 years."

Because of the relative success of surgery for treating CRC
metastases to liver, previous guidelines recommended that
for stages II and III CRC patients who are suitable candidates
for liver resection, CEA should be determined every 2-3
months for at least the first 3 years after diagnosis.”®

2.3. Early detection of metastatic disease in candidates for
chemotherapy

While surgical resection offers the best prospect of long-term
survival in patients with liver metastases from CRC, major
progress is being made in the treatment of metastatic CRC
with chemotherapy. Until relatively recently, the main form
of systemic therapy for advanced CRC was 5-fluorouracil (5-
FU) and leucovorin. This treatment reduced tumour size by
at least 50% in about 20% of patients and prolonged median
survival from about 6 to 11 months." The addition of either
irinotecan or oxaliplatin to 5-FU and leucovorin increased
median survival to about 15 months.”® Median survival in-
creased to about 20 months if all three cytotoxic agents were
used at some point in treatment or if combined cytotoxic and
antibody (e.g. bevacizumab or cetuximab) therapy was
administered.”® Thus, patients with advanced CRC treated
with systemic therapy may now survive approximately twice
as long as they did 10 years ago.?°

As a result of these developments with systemic therapy,
the EGTM Panel has updated its guidelines on the use of
CEA in postoperative surveillance. The new guidelines state
that for stages II and III CRC patients, CEA should be mea-
sured every 2-3 months for at least 3 years, not only for pa-
tients who are suitable candidates for liver resection, but
also for patients who are candidates for receiving systemic
therapy. This inclusion of systemic therapy is in line with
the recently updated guidelines from the American Society
of Clinical Oncology.** The updated ASCO guidelines also
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state that an elevated CEA, if confirmed following retesting,
requires further evaluation for the presence of metastasis,
but does not justify initiation of adjuvant therapy or systemic
treatment for presumed metastatic disease. The EGTM Panel
supports this statement. Because of the low risk of recurrence
in patients with stage 1 CRC, regular surveillance following
surgery may not be necessary.

2.4. Other serum markers in CRC

EGTM guidelines on the use of other serum markers in CRC
are as previously published.’

3. Stool-based markers

3.1.  Faecal occult blood testing and screening for CRC

Faecal occult blood testing (FOBT) is the most widely used
screening modality for CRC.??> Two main types of FOBT exist,
i.e. the guaiac test which is based on the peroxidase-like activ-
ity (i.e. pseudoperoxidase) of haem in haemoglobin and the
immunochemical test which detects the globin moiety in hae-
moglobin. Of these 2, the guaiac test has been the more widely

Table 3 - Some advantages and disadvantages of FOBT in
screening for CRC

Advantages

e Potentially examines the entire colorectal tract

e Non-invasive

e Requires no patient preparation (unlike
endoscopic investigations)

e Simple and affordable

e Can be carried out in privacy of home

® Most extensively validated screening test for CRC

Disadvantages

e Low sensitivity for both adenomas (~10%) and CRCs
(40-85%)

e Low specificity for both CRCs and adenomas (90-98%)

e Ingestion of certain foods (red meats, fruits and vegetables)
and medicines (non-steroidal anti-inflammatory drugs)
can yield false-positive results with the guaiac-based assay®

e Multiple stool samples are necessary

e Must be performed annually to increase chances of detecting
intermittent bleeding

a These limitations do not apply to the immunochemical FOBT.

evaluated. Four randomised trials have shown that screening
with the guaiac-based FOBT reduced both the incidence and
mortality of CRC (for review, see Ref. [22]). Meta-analysis of
these trials concluded that FOBT reduced CRC incidence by
approximately 20% and CRC mortality by about 16%.22

There is now a consensus amongst Expert Panels®*2° that
all average-risk subjects, age 50 years or older, should be of-
fered screening for CRC and adenomatous polyps. The EGTM
Panel supports these recommendations. As well as FOBT, po-
tential screening options for CRC include flexible sigmoidos-
copy, colonoscopy and double contrast barium enema.?*™2¢
As the most effective screening modality remains to be estab-
lished, the method chosen is likely to depend on risk of CRC,
local availability and personal preference. According to the
American Gastroenterology Association, individuals should
be offered options for screening as well as information about
the advantages and disadvantages of each approach.?® Some
of the advantages and limitation of FOBT in screening for
CRC are listed in Table 3.

3.2.  Faecal DNA-based tests and screening for CRC

Faecal DNA tests detect mutant or abnormal DNA shed from
neoplastic colorectal lesions and excreted in the stool. Since
no single gene has been identified that is altered in all CRCs,
a panel of DNA markers is usually employed. The most fre-
quently measured markers in stool include mutant K-ras, mu-
tant APC, mutant p53, BAT-26 (long adenine tract 26) and long
DNA (Table 4).2773°

Following a systematic review of the literature, Haug and
Brenner>! concluded that DNA marker panels detected CRC
with a specificity of 95% or greater. However, sensitivity varied
from 60% to 90%. In order to directly compare the use of a spe-
cific DNA panel with use of FOBT for detecting CRC, Imperiale
et al® carried out a large population-based study. Overall,
5486 subjects were enrolled with 4404 completing the study.
Of the 31 invasive cancers found, the DNA panel detected
16, whereas FOBT detected only 4 (p = 0.003). Of the 71 inva-
sive cancers and adenomas diagnosed with high grade dys-
plasia, the DNA panel detected 29 while FOBT detected only
10 (p < 0.001). In subjects with negative findings on colonos-
copy, the DNA panel had a specificity of 94.4% with FOBT giv-
ing a specificity of 95.2%. It is clear from this study that
although neither techniques detected the majority of neo-
plastic lesions, the DNA panel displayed a higher sensitivity
than FOBT without reduced specificity.

Table 4 - Stools-based DNA markers under investigation for screening for CRC

Marker Frequency of Comment
alteration in CRC

K-ras 40-60% May be present in non-neoplastic hyperproliferating cells such as pancreatic hyperplasia and
colonic aberrant crypt foci, little use for proximal lesions

APC ~70% Involved in the initiation of CRC, thus may be useful in detecting early lesions

p53 40-60% Involved in late stages of CRC formation, rarely found in adenomas

L-DNA ? Thought to reflect decreased apoptosis occurring in CRC

BAT 26 ? Widely used as a MSI marker. MSI is present in >90% of carcinomas and >80% of adenomas in

HNPCC and in about 15% of sporadic cancers and 5% of sporadic adenomas

Data summarised from Refs. [27-31]. [HNPCC, hereditary polyposis non-colorectal cancer; MSI, microsatellite instability].
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Table 5 - Advantages and disadvantages of DNA markers
in screening for CRC

Advantages

e No restriction in diet or medication

e More accurate than FOBT

e May detect cancers of stomach and pancreas as well as
CRC and

e DNA is released continuously rather than intermittently
via bleeding, thus obviating the need for multiple samples

Disadvantages

® Requires large volume of faecal sample

e Expensive, may not be cost-effective

e Laborious

e Some genes, e.g. K-ras, may be mutated in normal-appearing
colon, pancreatic hyperplasia and crypt foci cells and

e No evidence that screening with DNA markers reduces mortality
from CRC at this stage (although this is likely)

Despite the better performance of the DNA panel as com-
pared with FOBT, its overall relatively low sensitivity in
asymptomatic subjects, coupled with relatively high cost
and assay complexity, makes it unlikely that molecular mark-
ers will replace the FOBT as widely used screening tests for
CRC in the near future. However, as certain DNA panels are
superior to FOBT in screening for CRC, it would be expected
that their use would decrease mortality from CRC.

Some advantages and disadvantages of faecal DNA mark-
ers in screening for CRC are summarised in Table 5. Although
promising, the EGTM Panel does not recommend the use of
DNA markers in general population screening for CRC, but
recommends further research in this area. This should focus
on increasing the sensitivity of the assays, simplifying and
automating the tests and making them available at reduced
costs.

4, Tissue-based markers

While serum markers are primarily used for postoperative
surveillance and stools-based markers are most likely to be
used for screening, tissue-based markers have been investi-
gated for potential prognostic and predictive value. The po-
tential prognostic and predictive value of the most widely
studied tissue markers in CRC is discussed below.

4.1. Thymidylate synthase

Thymidylate synthase (TS) is the rate limiting enzyme in-
volved in the conversion of deoxyuridine monophosphate
(dUMP) to deoxythymidine monophosphate (dTMP).** This
reaction provides the only de novo source of thymidylate
which is essential for DNA synthesis. TS has been widely
investigated in CRC as both a prognostic and a therapy predic-
tive marker.

The rationale for using TS as a therapy predictive marker
in CRC is that it acts as the key target for several cytotoxic
agents used to treat this disease such as the fluoropyrimi-
dines, 5-fluorouracil (5-FU) and 5-fluorodeoxyuridine and
the antifolate agent, tomudex.>® Although widely used to
treat CRC, only about 20% of patients with advanced disease
respond to 5-FU.3* Clearly, it would be desirable to have a pre-
dictive marker in order to select the minority of patients likely

to benefit while sparing those unlikely to benefit from the side
effects and costs of chemotherapy.

Preclinical studies show a correlation between high TS
expression and resistance to 5-FU.>® Consistent with these
findings are multiple retrospective clinical trials suggesting
that high TS levels in CRC tissue are associated with either
relative resistance to 5-FU or poor outcome following treat-
ment with 5-FU.>*38 Most of these studies, however, con-
tained relatively small numbers of patients and thus were
underpowered to establish a possible significant relationship.
Furthermore, a variety of different assays were used to deter-
mine TS levels.

In order to establish a more precise relationship between
TS levels and patient outcome, Popat et al.?® performed a sys-
tematic review of the literature and meta-analysis. For pa-
tients with advanced CRC, 13 studies containing a total of
887 patients were identified. Of these, 12 were regarded as
suitable for pooling of data. All of the patients in these trials
were treated with TS inhibitors. Following a pooled-analysis,
the overall hazard ratio (HR) associated with high levels of
TS for overall survival was 1.74 (95% CI, 1.34-2.26). The impact
of TS levels on outcome, however, depended on whether the
TS assay was performed on the primary cancer or on a meta-
static lesion. For example, if TS expression was determined
on the metastatic lesion, the HR was 2.39 (95% CI, 1.43-4.01).
On the other hand, if TS was measured on the primary cancer,
the HR was only 1.33 (95% CI, 1.07-1.61). It thus appears that
for predicting outcome in patients with advanced colorectal
cancer treated with TS inhibitors, TS levels must be deter-
mined on the relevant metastatic lesion.

For patients with early CRC, 7 studies with a total of 2610
patients were identified.*® The pooled HRs for overall survival
and progression-free survival were 1.35 (95% CI, 1.07-1.8) and
1.24 (95% CI, 0.98-1.56), respectively. In the three eligible stud-
ies in which patients were treated with surgery only, the
pooled HRs were 1.92 (95% CI, 1.12-3.32) and 1.9 (95% CI,
1.35-2.67), respectively. On the other hand, in the three stud-
ies in which patients were treated with both surgery and
adjuvant 5-FU, the pooled HR for overall survival and progres-
sion-free survival were 0.93 and 1.0, respectively. These re-
sults, however, should be interpreted cautiously due to the
small number of published studies.*®

Although the above findings appear to be consistent with
the hypothesis that high TS expression correlates with poor
outcome in patients with CRC, there was significant evidence
of heterogeneity between the contributing studies. Addition-
ally, there was evidence of publication bias in the studies
focussing on patients with advanced disease. A further prob-
lem with TS is the lack of a standardised assay for its mea-
surement. At present therefore, assay of TS cannot be
recommended for routinely determining prognosis or predict-
ing response to therapy in patients with CRC.

4.2.  Microsatellite instability

Microsatellites (MS) are stretches of DNA in which short se-
quences (usually 1-5 nucleotides long) are repeated.®® The
most common MS in human DNA is a dinucleotide repeat of
cytosine and adenine (CA,) that occurs at tens of thousands
of locations in the human germline. MS instability (MSI) oc-
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curs when a germline MS allele gains or loses a repeat unit.
This gain or loss of MS alleles results from the absence of a
functional mismatch repair (MMR) enzyme, i.e. an enzyme
that repairs errors occurring during DNA replication.

Testing for MSI has a number of potential applications in
CRC, including

e use as a surrogate marker for hereditary non-polyposis
colorectal cancer (HNPCC) [see later discussion on genetic
testing],

¢ determining prognosis in patients with sporadic CRC and

¢ predicting response to adjuvant chemotherapy in patients
with sporadic CRC.

Popat et al.*° carried out a systematic review and pooled
analysis of published studies relating MSI to prognosis in pa-
tients with CRC. Of the 43 studies identified, 32 were found to
be eligible for analysis, giving a total of 7642 patients includ-
ing 1277 with MSI. Following a pooled analysis, patients with
MSI had a 15% better outcome compared to those without
MSI. The benefit of MSI was seen in patients with both locally
advanced (stages II and III disease) and advanced CRC (stage
IV). The reason for the association between MSI and favour-
able prognosis may be related to a protective role provided
by functionally active lymphocytes which infiltrate MSI-posi-
tive CRCs.*!

Although available data suggest that testing for MSI may
differentiate between indolent and aggressive CRCs, Popat
et al.*° caution that prior to introduction of routine MSI test-
ing as an aid to determine prognosis, validation in a prospec-
tive trial is essential. The EGTM Panel supports this, and does
not currently recommend routine MSI testing for determining
prognosis in patients with CRC.

In vitro studies show that colorectal cancer cells displaying
MSI are less responsive than MS-stable (MS-S) cells to 5-fluo-
rouracil (5-FU).**** Consistent with these findings, Ribic
et al.** reported that adjuvant 5-FU plus levamisole was of
no significant benefit in stages II and III patients with MSI-po-
sitive tumours (defined as instability at 30% or more of loci
screened). In contrast, chemotherapy improved overall sur-
vival in patients lacking MSI (hazard ratio, 0.72, p = 0.04). Care-
thers et al.*> also found that the benefit of 5-FU was different
in patients with and without MSI. Thus, patients with non-
MSI tumours who received this drug had better survival than
those not treated. Conversely, patients with MSI-positive tu-
mours who were treated with 5-FU had a similar survival pat-
tern to those without treatment. In contrast to these findings,
other investigators found that the presence of MSI was a sig-
nificant predictor of a survival benefit from adjuvant 5-FU-
based chemotherapy.*®*” Because of these conflicting findings,
MSI testing cannot be recommended at present for predicting
response to 5-FU in the adjuvant treatment of CRC.

4.3. p53

The p53 tumour suppressor gene encodes a transcription factor
that regulates the expression of genes involved in apoptosis,
angiogenesis, cell cycle and genome maintenance.*®*° Muta-
tions in the p53 gene are found in approximately 50% of CRCs,
with most mutations occurring in exons 5-8. These mutations

appear to be formed relatively late in the genesis of CRC, i.e.
during the conversion of dysplastic adenomas to invasive
carcinomas.

p53 has been widely investigated both as a prognostic and
as a therapy predictive marker in CRC. As with the tissue
markers discussed above, most of these studies are retrospec-
tive and insufficiently powered to establish a meaningful rela-
tionship with patient outcome. Furthermore, a multiplicity of
methods was used to determine p53 abnormalities. These
methods have generally employed either immunohistochem-
istry to detect p53 protein or DNA sequence analysis to detect
gene mutations.

Munro et al.*° carried out a systematic review of published
studies that investigated the relationship between p53 abnor-
mality and outcome in patients with CRC. In total, 168 eligible
studies comprising survival data on 18,766 patients were
identified. The key findings were as follows:

¢ Patients with abnormal p53 whether detected by immuno-
histochemistry (IHC) or DNA sequence analysis had an
increased risk of death. The relative risk (RR) with IHC
was 1.32 (95% CI, 1.23-1.42) and with sequence analysis
was 1.31 (95% CI, 1.19-1.90).

e The adverse impact of p53 abnormality was stronger in
patients likely to have a good outcome compared to those
likely to have poor outcome.

e p53 had no impact on outcome in patients treated with
chemotherapy.

e Abnormal p53 correlated with failure of response to radio-
therapy in patients with rectal cancer (RR, 1.49, 95% CI,
1.25-1.77).

In a similar study, Russo et al.>* pooled data from 25 differ-
ent groups (n=3583) invited to participate in a multicenter
study aimed at evaluating the potential prognostic and pre-
dictive value of p53 mutations in CRC. Unlike the analysis of
Munro et al.>® mentioned above, only gene mutations were
investigated in this study. The main findings were

in patients with proximal tumours, mutations in exon 5 of
p53 were associated with adverse outcome,

e in patients with distal colon tumours, gene deletions
resulting in loss of amino acids were associated with poor
survival,

patients with wild-type p53 gene displayed a better out-
come when treated with chemotherapy compared to those
treated with surgery alone, and

patients with rectal tumours containing wild-type p53
derived a significant survival benefit from 5-fluorouracil
(5-FU), irrespective of whether or not radiotherapy was
administered.

Although the above studies suggest that altered p53 may
have an impact on outcome in patients with CRC, this rela-
tionship is at best only modest. Consequently, at present, rou-
tine determination of p53 status cannot be recommended for
either assessing prognosis or predicting response to therapy
in CRC. Furthermore, as with other tissue-based markers in
CRC, standardised assays are not available for determining
p53 abnormalities.
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4.4. K-ras

K-ras is one of the most frequently mutated c-oncogenes in
human cancer. It functions as a guanine nucleotide binding
protein involved in signal transduction.®? This signalling
may result in increased cell proliferation, enhanced cell sur-
vival or induction of apoptosis.

Mutant K-ras is present in approximately 50% of CRCs and
appears to play a role in the relatively early stages of CRC car-
cinogenesis.”® Conflicting data exist on the relationship be-
tween the presence of mutant K-ras and prognosis in
patients with CRC.>® Based on an early meta-analysis of pub-
lished data, Andreyev et al.>* concluded that K-ras mutations
correlated with poor outcome in patients with CRC. A more
recent meta-analysis involving 4268 patients from 42 differ-
ent institutions however, concluded that only a specific type
of K-ras mutation predicted poor outcome, i.e. only patients
with a G-T transversion at codon 12 had an adverse out-
come.>® This specific mutation was detected in less than
10% of tumours and was prognostic in Dukes’ C but not in
Dukes’ B patients.

Based on the available data, K-ras cannot be recommended
for determining prognosis or for predicting response to che-
motherapy in patients with CRC.

5. Tests for susceptibility to CRC

Approximately 15% of CRC are thought to be due to an inher-
ited or familial predisposition.? The most common hereditary
conditions giving rise to an increased risk of CRC are heredi-
tary non-polyposis colorectal cancer (HNPCC) and familial
adenomatous polyposis (FAP).

5.1. Familial adenomatous polyposis

FAP is an autosomal dominant condition characterised by
hundreds to thousands of adenomas in the colon and rectum.
It has an incidence of approximately 1 per 8000 to 1 per 14,000
of the population and accounts for about 0.5% of all CRCs.>®
CRC is an almost inevitable consequence of classical FAP, if
untreated, with an average of onset of about 39 years of age.
FAP may be associated with extra-colonic manifestations
such as congenital hypertrophy of retinal pigment epithelium
(CHRPE), desmoid tumours, osteomas, teeth abnormalities,
thyroid cancer and hepatoblastoma.

An attenuated form of the syndrome (AFAP) is character-
ised by fewer adenomas (<100). Subjects with this attenuated
form of FAP also have a high risk of developing CRC, i.e.
approximately 80% by the age of 70 years. For patients with
this form of APC, CRC is diagnosed approximately 12 years la-
ter than in classical FAP.>®

A further variant of the FAP syndrome results from biall-
elic inherited mutations in the BER (base excision repair)
gene, known as MutYH or MYH (for review, see Ref. [57]). This
syndrome, which is now referred to as MAP or MYH-associ-
ated polyposis, is often indistinguishable in its clinical mani-
festation from classic or attenuated forms of FAP. In one
study, biallelic mutations in the MYH gene accounted for
approximately 30% of families with multiple adenomas (15-

100) who failed to exhibit an autosomal pattern of inheritance
or a germline mutation in the APC gene.®

Approximately 70-80% of patients with classical APC har-
bour germline mutations in the APC gene. Although at least
800 different mutations in the APC gene have been found to
cause FAP, the vast majority of these mutations are nonsense
or frameshift that gives rise to a truncated protein. Approxi-
mately one third of the so far identified FAP-causing muta-
tions occur at codons 1061 and 1309.>° Other mutations are
spread between codons 200 and 1600. The attenuated form
of FAP usually results from mutations at the extreme 5’ or 3’
ends of the APC gene or from an alternatively spliced region
of exon 9.%°

Screening for FAP should commence with a detailed family
history. For individuals with suspected FAP, genetic testing
can be used both to confirm diagnosis in a suspected proband
and to assess risk in pre-symptomatic family members. Pro-
vided the mutation responsible for FAP within a family is
known, testing for APC mutations can be considered for at-
risk family members.?®> Most expert panels recommend that
for families with classic FAP, APC gene testing should be con-
sidered at 10-12 years of age.?*6%%3

While it is generally recommended that APC testing should
start at 10-12 years of age, some authors suggest that screen-
ing for hepatoblastoma should be carried out in children of
FAP patients.®*®” Hepatoblastoma is a rare malignant embry-
onal tumour of the liver that occurs in children usually be-
tween 6 months and 3 years of age. The risk of
hepatoblastoma is considerably increased in children of pa-
tients with FAP.5>®® The best available screening tests for
hepatoblastoma are serum AFP levels and liver ultra-
sound.®>®® Interpretation of AFP levels in newborn infants,
however, may be difficult as serum levels are increased in
the first few months of life. These high levels quickly decline
with adult concentrations being reached after about 10
months.

It is important to state that genetic testing for cancer sus-
ceptibility syndromes such as FAP should only be performed
following appropriate counselling.®® The counselling should
involve discussion of possible risks and benefits of the early
detection of cancer as well as prevention modalities.®® Indi-
viduals found not to carry the specific APC gene mutation
responsible for FAP in that family can be spared intensive sur-
veillance but should still undergo similar screening to that of
an average risk individual.>*¢®? On the other hand, if an APC
gene mutation is identified, prophylactic surgery should be
performed once adenomas are found. The main surgical op-
tions include colectomy and ileorectal anastomosis, proctoco-
lectomy with ileostomy and proctocolectomy with ileal
pouch-anal anastomosis®*®¢> The EGTM Panel supports
these recommendations for the detection and management
of patients with FAP.

Approximately 20-30% of families with classic FAP are
APC mutation-negative using existing testing methods.
The NCCN guidelines state that if an APC mutation consis-
tent with recessive inheritance cannot be found in a family,
testing for MYH should be performed.”® As heterozygote
MAP carriers appear to have an increased risk of developing
CRC, regular surveillance should be carried out on these
subjects.
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For patients with the attenuated form of APC, treatment
depends on patient age and number of adenomas. According
to the NCCN?3, for subjects 21 years or younger with a low
number of adenomas, colonoscopy and polypectomy should
be performed every 1-2 years. On the other hand, for individ-
uals >40 years of age and for those with large numbers of pol-
yps that cannot be easily managed by polypectomy, a
colectomy and ileorectal anastomosis should be performed.

It should be noted that a potential benefit from genetic
testing in FAP is presumed and is not based on evidence from
high-level studies such as prospective randomised trials.

5.2.  Hereditary non-polyposis colorectal cancer

HNPCC is clinically defined by the fulfillment of the Amster-
dam Criteria (Table 6). HNPCC includes affected families with
disease causing mutations in DNA mis-match repair (MMR)
genes displaying an MSI-H phenotype in their corresponding
tumours (a subgroup also called Lynch syndrome) and fami-
lies with MSS tumours and no mutations in DNA MMR genes.
The genetic pathogenesis of the latter group is currently
unclear.

Lynch syndrome is an autosomal dominant disorder char-
acterised by the early onset of CRC in the setting of relatively
few polyps. The syndrome has an incidence of approximately
1:1000 in the general population and accounts for 1-5% of
CRCs.”%! It is characterised by a 70-80% lifetime risk of devel-
oping CRC and, for women, a 40-60% lifetime risk of develop-
ing endometrial cancer. Carriers also have an increased risk
of developing ovarian, upper gastrointestinal, urological and
central nervous system cancers but this is usually less than
15%'70772

The genes primarily responsible for Lynch syndrome are
involved in MMR and include MSH2, MLH1 and MSH6.3%7%71
Mutations in MSH2 and MLH1 are thought to be responsible
for at least 80% of the reported mutations in Lynch syndrome
that involve defective mismatch repair.”®’* Over 90% of pa-

Table 6 - Amsterdam criteria for the clinical diagnosis of
hereditary non-polyposis colorectal cancer (HNPCC), FAP,

familial adenomatous polyposis

Original Amsterdam Criteria (Amsterdam I criteria)”>
Three or more relatives with colon cancer plus all of the following:
e One affected patient should be a first degree relative of
the other 2
e CRC should involve at least 2 generations
e At least one case of CRC should have been diagnosed
before the age of 50 years
e FAP has been excluded.

Revised Amsterdam criteria (Amsterdam II criteria)’*
Three or more relatives with HNPCC-associated cancer (CRC or
cancer of the endometrium, small bowel, ureter or renal pelvis)
plus all of the following
e One affected patient should be a first-degree relative of
the other 2
e Two or more successive generations should be affected
e Cancer in one or more affected relative should be
diagnosed before the age of 50 years
e FAP should be excluded in any case of CRC
e Tumours should be diagnosed by pathological examination

tients with germline mismatch repair mutations exhibit
MSL7%7* MSI is thus regarded as a hallmark of Lynch syn-
drome and consequently is widely used in selecting individu-
als for genetic testing.

Various criteria have been published in order to help iden-
tify HNPCC families. In 1991, the International Collaborative
Group on HNPCC proposed the Amsterdam I criteria in an at-
tempt to standardise the approach for selecting cases for re-
search purposes’® (Table 6). These criteria were later revised
in order to take into consideration the presence of extra-colo-
nic tumours’* (Table 6). The revised criteria became known as
the Amsterdam II criteria. The Amsterdam criteria were in-
tended primarily for research purposes rather than for clini-
cal use.

In 1997, a workshop held in Bethesda produced guidelines
for the identification of subjects with HNPCC who should un-
dergo MSI and/or genetic testing’® (Table 7). The fulfillment of
any one of the Bethesda criteria is sufficient to justify testing
for MSI. More recently, a second Bethesda workshop simpli-
fied the earlier criteria and proposed the so-called revised
Bethesda guidelines’® (Table 7). Although the Bethesda crite-
ria were less stringent than the Amsterdam criteria, as they
include testing for MSI, they should be both more sensitive
and more specific.”’

The Bethesda guidelines recommended a panel of 5 MS
markers for use in screening for HNPCC. These include 2
mononucleotides (BAT 25 and BAT 26) and 3 dinucleotides
(D2S123, D55346 and D175250).”® Tumours with no instability
in any of these markers are considered to be MS stable (MS-
S). On the other hand, if one marker is mutated, the tumour
is regarded to have low MSI (MSI-L) and if 2 or more markers
are mutated, the tumour is regarded to have high MSI (MSI-H).
For patients with MSI-L tumours, an additional panel of mark-
ers is required, e.g. MYCL and/or BAT 40.7¢

Mutation in genes encoding MMR enzymes generally re-
sults in abnormal or absent protein products. Consequently,
in recent years, immunohistochemistry has been used in or-
der to test for the presence or absence of specific MMR en-
zymes. Overall, MSI testing and immunohistochemistry
appear to be almost equivalent strategies for identifying sub-
jects who should be investigated for MMR germline muta-
tions.”?®3 Different strategies for combining MSI testing and
immunohistochemistry have been proposed®*®’, but the opti-
mum sequence of testing remains to be established. Some of
the advantages and disadvantages of MSI analysis versus
immunohistochemistry as surrogate marker tests for HNPCC
are summarised in Table 8.

Because of the difficulty and expense associated with
mutation detection in MMR genes and because of the high
prevalence of MSI in patients with HNPCC (i.e. >90%), MSI
analysis and/or immunohistochemistry of MMR enzymes,
are now one of the first steps in testing these patients.?*61-628”
According to the American Gastroenterology Association, ge-
netic testing in HNPCC is indicated for affected subjects in
families meeting either Amsterdam or modified Bethesda cri-
teria and for first-degree adult relatives of those with known
mutation.®>®? MSI testing using the Bethesda markers’®’®
should be performed on tumour tissue of individuals puta-
tively affected with HNPCC.®%? Individuals with MSI-H tu-
mours should be considered for germline testing for
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Table 7 - Bethesda criteria for testing CRC tumours for microsatellite instability

Bethesda guidelines (1997)"°
Only one of these criteria needs to be met

e Individuals with cancer in families that meet the Amsterdam criteria

e Individuals with 2 HNPCC-associated cancers and metachronous CRC or associated extracolonic cancers (endometrial, ovarian, gastric,
hepatobiliary, small bowel or transitional carcinoma of the renal pelvis or ureter)
e Individuals with CRC and a first-degree relative with CRC and/or HNPCC-associated extracolonic cancer and/or a colorectal adenoma

diagnosed <40 years

¢ Individuals with CRC or endometrial cancer diagnosed before the age of 45 years
e Individuals with right-sided CRC with an undifferentiated pattern (solid/cribriform) on histology diagnosed at age <45 years

e Individuals with signet-ring cell-type CRC diagnosed at age <45 years

¢ Individuals with adenomas diagnosed at age <40 years

Revised Bethesda guidelines (2003)”°
Only one of these criteria needs to be met
e CRC diagnosed at age <50 years

e Presence of synchronous or metachronous CRC or other HNPCC-associated tumours, regardless of age

e CRC with MSH-H histology diagnosed in a patient <60 years of age

e CRC diagnosed in one or more first-degree relatives with an HNPCC-related tumour, with one of the cancers diagnosed at age <50 years
e CRC diagnosed in 2 or more first- or second-degree relatives with HNPCC-related tumours, regardless of age

Hereditary non-polyposis colorectal cancer, HNPCC; FAP, familial adenomatous polyposis.

mutations in the MSH2 and MLHI1 repair genes. These are the
most frequently mutated MMR genes and are responsible for
up to 90% of all genetically characterised cases.”®’* Subjects
with MSI-L or MS-S tumours are unlikely to have germline
MMR mutations and further genetic testing is not neces-
sary.®"5? If MSI testing on tumour tissue is not possible, direct
MLH1/MSH?2 genetic testing should be carried out.”® As with
APC testing, genetic testing for HNPCC should only be carried
out following appropriate genetic counselling.

Table 8 - Advantages and disadvantages of MSI analysis

and immunohistochemistry in testing for microsatellite
phenotype

MSI testing

Advantages
Currently regarded as the ‘gold standard’ for MS phenotype
More sensitive than immunohistochemistry

Disadvantages
More difficult and labour-intensive than immunohistochemistry
Tumour must contain a sufficient number of malignant cells
(preferably >50%)
Approximately 10% of HNPCC patients do not exhibit MSI and
about 15% of apparently sporadic CRC have MSI
In some families with MSH-6 mutations, MSI may not be
present.”°

Immunohistochemistry
Advantages
Relatively simple and widely available
Can direct the search for the relevant gene to be screened
Can be carried out on small amounts of tissue, e.g. from a needle
biopsy

Disadvantages
Difficult to standardise and interpretation is subjective
May miss a small proportion of MSI-H tumours
Immunohistochemistry cannot differentiate between active and
inactive mismatch repair proteins

Data summarised from Refs. [79-83].

According to an NCCN Panel, if a patient is found to have a
MSI-H tumour, genetic testing for mutations in MLH1, MSH2
and MSH6 should be performed.?® If HNPCC is then con-
firmed, colonoscopy is advised between the ages of 20 and
25 or 10 years younger than the youngest age at diagnosis
in the family, whichever comes first.?>#” Colonoscopy should
be repeated every 1-2 years. According to Lindor et al.’, how-
ever, colonoscopy may start at 30 years for those with MSH6
mutations.

Endometrial carcinoma is the second most common
malignancy in Lynch syndrome carriers. The cumulative risk
is up to 50% in female carriers with a mean age of diagnosis of
about 50 years in MLH1 and MSH2 carriers and 55 years in
MSHS6 families.”®”* According to the NCCN Panel??, for women
carriers, an annual transvaginal ultrasound and endometrial
aspirate, starting at ages 25-35 or 5-10 years earlier than the
age of first diagnosis of those cancers in the family, should
be considered. As regards ovarian cancer, screening with
transvaginal ultrasound and CA 125 testing has been recom-
mended.?*88 Both these procedures, however, have limited
accuracy in detecting early ovarian cancer. According to
Lynch and de la Chapelle’®, screening for other extracolonic
tumours, especially in families with an excess at a specific
site, should also be considered.

The value of surveillance in families with HNPCC has
been evaluated in a number of studies. After a follow-up
of 15 years, Jarvinen et al.%° concluded that screening every
3 years significantly reduced both the rates of CRC and
mortality from CRC. In another study, the introduction of
surveillance was also found to result in a significant de-
crease in mortality from CRC but not from endometrial
cancer.® In a further study, prophylactic hysterectomy with
bilateral salpingo-oophorectomy was shown to reduce endo-
metrial and ovarian cancer in women with HNPCC and doc-
umented germline mutations in MLH1, MSH2 and MSH6
genes.”?

Following a systematic review of the literature, Lindor
et al.¥” recommended in addition to colonoscopy every 1-2
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years, annual endometrial sampling and transvaginal ultra-
sound of the uterus and ovaries (ages 30-35 years), urinalysis
with cytology (ages 25-35 years), history, examination, review
of systems, education and genetic counselling regarding
Lynch syndrome.

The EGTM Panel supports published recommenda-
tions?*®1387 for the detection and follow-up of HNPCC
patients.

While MSI testing is used as a surrogate marker for HNPCC,
it cannot be used for definitive diagnosis. This is because
approximately 10% of HNPCC tumours do not exhibit MSI and
about 15% of apparently sporadic CRCs display MSL.”>’* Lack
of MLH1 promoter methylation and/or lack of somatic muta-
tion in the BRAF (V600E) gene in HNPCC cancers can help differ-
entiate most of these from sporadic MSH-H cancers.’> The
presence of MSIin apparently sporadic CRCs is not due to mis-
match repair mutation but is mainly due to MLH1 gene silenc-
ing as a result of promoter hypermethylation.”®

6. Future work

Guideline articles should not only contain recommendations
on existing markers, but should also identify areas requiring
further investigation. In the context of tumour markers in
CRC, the following topics should be given priority:

¢ In order to develop a more accurate screening test for CRC,
the existing panel of DNA markers should be expanded to
enhance sensitivity. The main focus should be on structur-
ally altered genes that are present in either adenomas with
a high predisposition of progressing to invasive carcinoma
or in early invasive carcinomas. Specific methylated genes
such as vimentin might be considered for addition to the
existing panel.®*

e New prognostic markers are particularly important for
patients with stage II colonic cancer. As it is unlikely that
any single marker will be sufficiently predictive, gene
expression microarrays should be used to identify new
markers. A small panel of the strongest markers might then
be selected and validated as was recently described for
breast cancer.”” Ideally, these new markers should be vali-
dated using a large prospective trial.

e Predictive markers are required for all the main forms of
systemic therapy used in CRC. Again, gene expression
microarrays should be used to identify these factors and
validations via a prospective trial.

¢ The clinical use of existing markers should be optimised.
For example, patients entering prospective randomised tri-
als aimed at evaluating adjuvant chemotherapy for stage II
colon cancer patients might either be selected or stratified
according to their preoperative CEA level. The use of CEA
as a surrogate marker for monitoring therapy in advanced
CRC should also be further explored.

In the context of validating new markers, the US National
Cancer Institute has recently formed an organisation known
as the Early Detection Research Network (EDRN).’® The aim
of this group is to bring together experts from academia and
industry in order to promote biomarker discovery and valida-

tion, while also helping transfer of this knowledge to clinical
practice. The EDRN network has established criteria for the
development and validation of new markers for the early
diagnosis of cancer. The first phase involves preclinical explo-
ration in order to identify promising leads. Next, there is a
clinical assay and validation phase necessary to test the abil-
ity of the assay to detect established disease. The third phase
is a retrospective and longitudinal study to assess the ability
of the new marker to diagnose preclinical disease and to de-
fine a ‘screen positive’ rule. Following this, prospective
screening is carried out to identify the extent and characteris-
tics of disease detected by the test, as well as the false-posi-
tive rate. In the final phase, a definite trial, such as a
prospective randomised study, is performed to evaluate the
value of screening on the burden of disease in the general
population. These steps should now be implemented to eval-
uate promising markers for the screening and early diagnosis
of CRC.

Finally, for reporting diagnostic studies, the EGTM Panel
recommends adherence to previously published guidelines
on Standards for Reporting of Diagnostic Accuracy (STARD).”’
For the evaluation of new prognostic and predictive markers,
we recommend use of the Reporting Recommendations for
Tumour Marker Prognostic Studies (REMARK)®® guidelines.
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