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1. Introduction

After several decades of modest progress in the man-
agement of colorectal cancer, the recent identification of
colorectal cancer genes, increased understanding of
colorectal carcinogenesis, the introduction of new
chemotherapeutic agents and the identification of new
biological targets have all led to substantial improve-
ments in survival and quality of life (QoL) of patients.
This progress has also raised hopes for further
improvements in the near future. This paper reviews the
current ‘state of the art’ in colorectal cancer manage-
ment and the impact of recent innovations.

2. Molecular biology, prevention and screening of

colorectal cancer

2.1. Molecular mechanisms and chemoprevention of
colorectal cancer

The importance of the adenoma–carcinoma sequence
in the development of colorectal cancer is well estab-
lished and recent research has helped to further eluci-
date the mechanisms involved in the pathogenesis of
this disease. Results of recent studies suggest that the
adenomatous polyposis coli (APC) gene may well be the
ultimate ‘gatekeeper’ of colonic epithelial cell prolifera-
tion. Mutations in the APC gene, which controls the
Wnt signal transduction pathway through regulation of
b-catenin expression [1,2], may result in unregulated b-
catenin expression with subsequent tumorigenic effects

[3]. Improved understanding of the molecular processes
has revealed new targets for chemoprevention, and
potentially suppression or reversal of the carcinogenic
process.
Among the most extensively evaluated chemopreven-

tive strategies for colorectal cancer are the non-steroidal
anti-inflammatory drugs (NSAIDs). NSAIDs have been
shown to cause reduction and regression of polyps in
familial adenomatous polyposis (FAP) [4], but have no
consistent effect on duodenal neoplasia. The long-term
gastro-intestinal side-effects of these agents have also
raised concerns. Another approach involving disruption
of cyclo-oxygenase (COX)-2 activity appears more pro-
mising, particularly as most colorectal adenomas and
cancers overexpress the COX-2 gene [5]. In animal
models of COX-2 overexpression, tumour growth can
be blocked through inhibition of COX-2 [6]. More
recently, the selective COX-2 inhibitor celecoxib has
been shown to significantly decrease polyps in FAP [7],
resulting in approval of celecoxib by the United States
Food and Drug Administration for the management of
rectal polyps in patients with the FAP syndrome. This
and other COX-2 inhibitors (rofecoxib) in clinical
development may also have potential in the secondary
prevention of sporadic adenoma recurrence after ade-
noma, polyp or tumour removal. These agents are
particularly attractive because of their good safety
profile.

2.2. Screening

Screening for colorectal cancer has numerous ethical
implications, and the psychosocial issues and problems
of confidentiality for patients and family members must
always be considered when conducting screening tests.
Counselling is an important component of the process
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and a multiprofessional approach should be adopted
when dealing with hereditary colon cancer. In families
with the FAP-syndrome or the Hereditary Non-Poly-
posis Colorectal Cancer Syndrome (HNPCC), the use of
DNA tests looking for APC-mutations or for the
responsible mutations in one of the mutated DNA-mis-
match repair genes (hMLH1, hMSH2, hMSH6) has
dramatically changed the screening policy.
Several different techniques, including faecal occult

blood testing (FOBT), sigmoidoscopy, double-contrast
barium enema and colonoscopy are currently used
either alone or together when screening for colorectal
cancer. The choice of technique is usually based on a
number of different criteria, including complexity,
potential effectiveness, evidence of effectiveness and the
risks associated with the procedure. Continuing
research in this field has resulted in the development of
new screening techniques. Among these, one of the most
promising is virtual colonoscopy. Virtual colonoscopy
uses spiral or multi-slice computed tomography imaging
or magnetic resonance imaging of the colon following
bowel preparation and air distention [8]. For smaller
adenomas, this method produces a higher false-negative
rate than colonoscopy and, consequently, cannot yet be
recommended for routine use outside clinical trials.
However, as data become available from more centres
and more studies, it will be exciting to see how use of
this technique evolves. It can be expected that virtual
colonoscopy will have a place in the screening of colon
cancer.

3. The management of rectal cancer

In Europe, the standard surgical treatment for rectal
cancer is total mesorectal excision (TME). Studies in
Europe and the USA have demonstrated that pre- or
postoperative radiotherapy can improve outcomes for
patients with resectable rectal cancer compared with
surgery alone. In Europe, there has been a greater
enthusiasm for the preoperative administration of
radiotherapy. Two types of preoperative radiotherapy
are used: 25 Gy in five fractions (Swedish regimen) and
45 Gy in 1.8 Gy fractions 4–6 weeks before surgery
(long regimen). Potential advantages of the long sche-
dule include an increased likelihood of tumour regres-
sion and the increased feasibility of performing
sphincter-saving surgery. The Swedish Rectal Cancer
Trial [9], the CR-02 study by the Medical Research
Council (MRC) in the UK, as well as the Dutch TME
trial showed that rates of local recurrence are reduced in
patients with resectable rectal cancer receiving pre-
operative radiotherapy. Furthermore, in the Swedish
trial, the 5-year survival rate was significantly superior
in the preoperative radiotherapy arm compared with
patients receiving surgery alone (58 versus 48%, respec-

tively; P=0.004). Another Swedish study showed that
preoperative radiotherapy achieves more effective local
control at a lower dose compared with postoperative
radiotherapy [10]. In clinical trials, radiotherapy alone
in the postoperative setting, which is the predominant
approach used in the USA, increases local control, but
has failed to show a convincing benefit in terms of sur-
vival. Furthermore, preoperative radiotherapy produces
less morbidity than postoperative radiotherapy, with
higher rates of compliance. The results of a number of
controlled, randomised trials have demonstrated that
adjuvant 5-fluorouracil (5-FU)-based chemotherapy
administered with postoperative radiotherapy achieves
a significant reduction in rates of local recurrence and
improved overall survival compared with surgery alone
or surgery plus postoperative radiotherapy [11–13].
The use of chemoradiation is attractive, as it simulta-
neously combines systemic treatment with a locor-
egional treatment. In addition, 5-FU is an effective
radiosensitiser.
Several approaches to improving the efficacy of che-

moradiation with 5-FU have been investigated, includ-
ing the co-administration of agents such as leucovorin
(LV), levamisole or nitrosourea. Most of these strategies
have failed to significantly improve outcome compared
with standard chemoradiation. However, in a large,
randomised trial comparing bolus and infused 5-FU
regimens in 660 patients with TNM stage II or III rectal
cancer, both overall and disease-free survival were sig-
nificantly improved by administering 5-FU as an infu-
sion for the duration of radiotherapy compared with
bolus 5-FU administration [14]. In addition, the rate of
development of distant metastases was significantly
decreased with infused versus bolus 5-FU. The safety
profiles of infused and bolus 5-FU regimens were simi-
lar, except for a higher incidence of grade 3/4 diarrhoea
and a lower incidence of grade 3/4 leucopenia with the
infused regimen. A recently published study by the
National Surgical Adjuvant Breast and Bowel Project
(NSABP) (protocol R-02) confirmed that at a 5-year
follow-up, postoperative radiotherapy plus 5-FU/LV
achieves a statistically significant reduction in the rate of
local relapse from 13 to 8% (P=0.02) compared with
chemotherapy alone [15]. However, in this study the
incidence of distant relapse and overall survival rates
were not significantly improved by the addition of
radiotherapy to chemotherapy.
It is anticipated that a number of ongoing studies will

help to further define the optimal regimen for the treat-
ment of rectal cancer. A Dutch phase III trial compared
TME alone versus preoperative radiotherapy (25 Gy in
five fractions) immediately prior to the TME. Pre-
liminary results have indicated a significantly lower
local relapse rate for patients treated with preoperative
radiotherapy followed by TME compared with surgery
alone [16]. Another trial, which has been initiated in
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Germany, is investigating preoperative versus post-
operative radiotherapy (long regimen), both with con-
current and adjuvant 5-FU. The results of an ongoing
European Organization of Research and Treatment of
Cancer (EORTC/FFCD (Fondation Francaise de Can-
ceroologie Digestive)) phase III trial should determine
whether the addition of chemotherapy (5-FU/LV) to
preoperative radiotherapy provides a clinical benefit.

3.1. Anal sphincter preservation

Another important consideration when assessing the
merits of adjuvant radiotherapy in the treatment of
rectal cancer is the impact on sphincter preservation and
QoL. In many of the trials evaluating radiotherapy
immediately prior to surgery, no improvement in the
rate of sphincter preservation was observed. In a
French, randomised study comparing surgery either
immediately (42 weeks) after radiotherapy or >5
weeks after completion of radiotherapy in a total of 201
patients with rectal cancer, a long interval between pre-
operative irradiation and surgery was associated with a
significantly improved tumour response and pathologi-
cal tumour downstaging [17]. Furthermore, a delay
between irradiation and surgery appeared to increase
the rate of sphincter preservation, a difference that was
even more pronounced in patients with low-lying
tumours (45 cm above the anal verge). However,
despite these benefits, there was no significant difference
in 5-year survival rates. These investigators are cur-
rently evaluating contact X-ray or preoperative external
beam radiotherapy (EBRT) with concomitant boost, for
further tumour downstaging and possibly even total
sterilisation of the tumour. Chemoradiation represents
an alternative, potentially effective technique for
tumour downstaging to achieve sphincter preservation.
Therefore, the feasibility of the new drugs raltitrexed,
oxaliplatin (+5-FU) and irinotecan (+5-FU) is actu-
ally being investigated in combination with radio-
therapy in rectal cancer to try to achieve higher
response rates.
In addition, new developments in surgical techniques,

including nerve-sparing surgery, colonic pouch opera-
tions and advances in anal sphincter restorative surgery,
are all playing an increasingly important role in the
management of rectal cancer as more emphasis is placed
on QoL.

4. New chemotherapeutic agents for advanced colorectal

cancer

4.1. Thymidylate synthase inhibitors

Thymidylate synthase (TS) catalyses the rate-limiting
step in DNA synthesis and represents a key target for

cytotoxic drugs. Although 5-FU has maintained a key
role in the treatment of colorectal cancer for more than
40 years, many attempts have been made to improve the
therapeutic benefit of this agent. In addition, several
new agents that inhibit TS have been developed. In
contrast to the antimetabolites 5-FU and methotrexate,
which achieve cytotoxicity through indirect inhibition of
TS, new agents have been developed that inhibit TS
directly, such as raltitrexed, a quinazoline folate analo-
gue. Another agent in clinical development, multi-
targeted antifolate (MTA), is a direct inhibitor of TS,
but also inhibits TS indirectly through dihydrofolate
reductase (DHFR) and glycinamide ribonucleotide for-
myltransferase (GARFT). Of the novel TS inhibitors,
raltitrexed has undergone the most extensive phase III
evaluation as monotherapy. In three randomised trials,
response rates were similar to those achieved with 5-
FU/LV, but there was a reduced incidence of stomatitis
[18,19]. However, time to disease progression and sur-
vival results were disappointing.
More recently, with the introduction of agents such as

oxaliplatin and irinotecan that do not rely on TS inhi-
bition, the focus for therapeutic development has gen-
erally moved away from the development of novel TS
inhibitors. Research interest is now concentrating on the
development of regimens combining TS inhibitors and
novel agents with different mechanisms of action, such
as irinotecan and oxaliplatin. In a randomised study
comparing 5-FU/LV in combination with methotrexate,
raltitrexed or irinotecan, the response rate with the
combination of 5-FU/LV/raltitrexed was similar to that
for 5-FU/LV/methotrexate [20]. Combinations of ralti-
trexed with irinotecan and oxaliplatin are currently
being evaluated in phase I and II studies.

4.2. Irinotecan and oxaliplatin

Irinotecan, a topoisomerase I inhibitor, has demon-
strated activity in first- and second-line treatment in
patients with metastatic colorectal cancer [21]. Follow-
ing demonstration of a survival benefit in 5-FU-pre-
treated patients in two phase III trials [22,23], irinotecan
monotherapy has become an established second-line
treatment for metastatic colorectal cancer.
Recent trials have demonstrated that the addition of

irinotecan to either infused or bolus 5-FU/LV regimens
as first-line treatment results in significantly superior
response rates, time to disease progression and, most
importantly, survival [24,25]. In both of the trials,
adverse events occurred more frequently when 5-FU/LV
was administered with irinotecan, but toxicities (mainly
diarrhoea and neutropenia) were generally predictable
and manageable, although careful monitoring was
required. Both trials confirmed that the addition of iri-
notecan to 5-FU/LV regimens provided a survival ben-
efit without compromising patients’ QoL (global health
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status). As a result, irinotecan in combination with 5-
FU/LV is now considered by many to be the reference
first-line treatment for colorectal cancer. Studies in the
adjuvant setting are ongoing with the combination 5-
FU/LV/irinotecan (Petacc 3 study).
Oxaliplatin is a third-generation platinum analogue,

with activity and toxicity profiles that differ from those
of other platinum derivatives, including cisplatin and
carboplatin [26]. Oxaliplatin has also been investigated
in combination with 5-FU as first-line treatment for
colorectal cancer. Although the latest data did not
demonstrate a statistically significant survival benefit,
the median overall survival was 15 months [27]. The
failure of this study to demonstrate a significant survival
benefit is probably explained by the fact that it was not
designed with survival as the primary endpoint. Fur-
thermore, there was an imbalance between the two
treatment groups in baseline concentrations of alkaline
phosphatase, a known predictor for survival. Crossover
to oxaliplatin in patients whose disease progressed on 5-
FU/LV may also have contributed to the failure to
demonstrate a significant difference in survival. Two
phase III trials have been completed or are ongoing in
the adjuvant setting (MOSAIC study, NSABP study
C-07), and a study investigating oxaliplatin with 5-FU/
LV in the neoadjuvant treatment of patients with
resectable liver metastases will be initiated by the
EORTC Gastrointestinal Tract Cancer Co-operative
Group (GITCCG).
Most recently, preliminary results have been reported

from trials investigating irinotecan plus oxaliplatin in
combination with 5-FU/LV [28,29]. Although these
trials included relatively small numbers of patients, the
results obtained with this combination seem promising.
As predicted by the pharmacology of these agents, the
main grade 3/4 toxicities were diarrhoea and haemato-
logical toxicities. Combination regimens including iri-
notecan and oxaliplatin have also been investigated as
second-line therapy. However, a randomised, phase II
trial evaluating second-line irinotecan/5-FU versus
oxaliplatin/5-FU versus irinotecan/oxaliplatin in 101
patients failed to identify any significant differences in
outcome [30]. A first study on the sequence of combi-
nation treatment comparing 5-FU/FA/irinotecan fol-
lowed by 5-FU/FA/oxaliplatin versus 5-FU/FA/
oxaliplatin followed by 5-FU/FA/irinotecan reported a
high response rate in first-line treatment for both regi-
mens (56–54%). Both sequences have a long time to
progression (TTP) after sequential use (14.4–11.5
months, respectively) and a long median survival (20.4-
21.5 months). Toxicity was comparable [31].

4.3. Oral fluoropyrimidines

The oral fluoropyrimidines represent another rela-
tively new class of drugs, and include agents such as

capecitabine and UFT (uracil plus tegafur). Capecita-
bine undergoes a three-stage conversion to 5-FU, with
the final step mediated by thymidine phosphorylase
[32,33]. As this enzyme is present at significantly higher
concentrations in tumour cells compared with healthy
tissue, administration of capecitabine results in the gen-
eration of 5-FU preferentially at the tumour site [34].
The mechanism of action of UFT and eniluracil relies
on inhibition of dihydropyrimidine dehydrogenase
(DPD), the rate-limiting enzyme in the catabolism of 5-
FU [35,36]. Uracil and eniluracil compete with 5-FU for
the binding site for DPD, thus leaving a higher propor-
tion of 5-FU available for conversion to cytotoxic 5-FU
metabolites. DPD inhibition also plays an important
role in 5-FU resistance [37].
Both capecitabine monotherapy and UFT/LV have

been evaluated extensively in randomised phase III
trials. Capecitabine has demonstrated favourable effi-
cacy compared with 5-FU/LV (Mayo Clinic regimen),
with a significantly superior response rate in one trial
and equivalent survival and time to disease progression
[38,39], and has recently received regulatory approval in
the USA and Europe as first-line therapy for metastatic
colorectal cancer. UFT/LV has demonstrated efficacy
equivalent to the Mayo Clinic regimen [40,41], apart
from significantly inferior time to disease progression in
one of the two phase III studies [40]. UFT/LV combi-
nation therapy has been approved in most European
countries for the first-line treatment of metastatic colo-
rectal cancer, but not in Germany or the USA. Both of
these oral fluoropyrimidines have demonstrated sig-
nificantly less myelosuppression than the Mayo Clinic
regimen.
The combination of eniluracil and 5-FU, however,

was inferior to 5-FU/LV in a large randomised phase
III study [42]. It is anticipated that the oral fluoropyr-
imidines may ultimately replace intravenous (i.v.) 5-FU
in combination with irinotecan and oxaliplatin. The
results of a phase I/II study of irinotecan and capecita-
bine in previously untreated patients with colorectal
cancer, indicate that the combination provides a feasible
and convenient alternative to i.v. 5-FU/LV plus irino-
tecan, and have provided the rationale for randomised
phase III studies to evaluate this combination [43].
Similarly, the combination of capecitabine and oxali-
platin has been shown to be a convenient and effective
therapy in a phase I study in patients with 5-FU-refrac-
tory colorectal cancer [44], and a phase II study is being
conducted to investigate capecitabine plus oxaliplatin as
first-line treatment. The combination of UFT/LV plus
irinotecan or oxaliplatin is also under investigation.

4.4. Combined versus sequential therapy

The introduction of new treatment options in recent
years has opened the debate on whether combined or
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sequential chemotherapy is more appropriate. In the
absence of a randomised trial, there is disagreement on
whether the data available provide enough evidence to
support combined first-line chemotherapy (5-FU/LV
plus either oxaliplatin or irinotecan) for all patients or
for a subset of patients. Furthermore, it remains to be
determined whether sequential therapy can be as effec-
tive as combination therapy and if there are sub-
populations of patients that benefit particularly from
sequential therapy. Consequently, most oncologists feel
that in some patients, an aggressive approach with first-
line 5-FU/LV/irinotecan combination therapy is the
most appropriate, whereas other patients are more
appropriately treated with 5-FU/LV as first-line treat-
ment followed by irinotecan monotherapy or the addi-
tion of oxaliplatin only when disease has progressed. It
is anticipated that a randomised trial organised by the
EORTC to compare sequential and combination ther-
apy will go some way to resolving this issue. In addition,
a trial initiated by the Colorectal Cancer Group of the
MRC in the UK is ongoing to establish whether
sequential therapy can be as effective as combination
therapy. A French study comparing the sequence of 5-
FU/LV/irinotecan followed by 5-FU/LV/oxaliplatin
compared to 5-FU/LV/oxaliplatin followed by 5-FU/
LV/irinotecan has shown a long, but similar TTP and
survival for both sequences.

4.5. Adjuvant therapy for stage II and III colorectal
cancer

Weekly or monthly bolus 5-FU/LV is currently con-
sidered the standard adjuvant treatment for Dukes’ C
colon cancer. Several studies are exploring other infu-
sion schedules but although promising, these regimens
are inconvenient for patients. Adjuvant treatment for
stage II disease is controversial and treatment decisions
should probably be made on an individual patient basis
using molecular tumour markers and prognostic indi-
cators wherever possible. The incorporation of new
agents such as irinotecan or oxaliplatin into treatment
regimens may enable further improvements in adjuvant
therapy, and trials assessing new combinations have
been initiated in Europe and the USA. In the future, the
oral fluoropyrimidines may play a role in adjuvant
therapy, possibly in combination with other drugs.

4.6. New biological agents and markers

Although cytotoxic agents will probably remain the
cornerstone of treatment of advanced cancer, the rapid
growth in the number of biological agents with novel
targets should provide interesting new strategies for the
treatment of colorectal cancer. Among the most pro-
mising of these are agents that inhibit farnesyl transfer-
ase, vascular endothelial growth factor (VEGF) and

epidermal growth factor receptor (EGFR), as well as
inhibitors of angiogenesis.

Ras oncogenes are mutated in more than 40% of
colorectal cancers and mutation leads to constitutive
activation of ras [45]. Association of ras with the inner
surface plasma membrane is facilitated by farnesyl pro-
tein transferase (FPT). A variety of farnesyl transferase
inhibitors are currently in clinical development for
therapy of colorectal cancer. SCH66336 has demon-
strated significant antitumour activity in preclinical
studies [46] and phase II studies are currently in pro-
gress. R115777 [47], another farnesyl transferase inhi-
bitor, has been studied in the third-line treatment of
advanced colorectal cancer compared with Best Sup-
portive Care. Results are awaited.
Vascular endothelial growth factor (VEGF) is

another promising target, as it is an important angio-
genic factor in colon cancer [48,49]. Furthermore,
increased VEGF expression is associated with a poor
prognosis and increased risk of metastasis in patients
with primary colorectal cancer [48]. Several strategies
for inhibition of VEGF in colorectal cancer cells have
been evaluated in preclinical studies and include VEGF
antisense, monoclonal antibodies and specific small
molecule inhibitors [50–52]. The role of monoclonal
antibodies against epidermal growth factor receptor
(EGFR) in colorectal cancer therapy has also been
evaluated in preclinical studies [50]. It has been shown
that Cetuximab (IMC-C225), a monoclonal antibody
against the EGFR, can produce major objective responses
(response rate (RR): 22%) in association with irinote-
can in patients with EGFR-positive irinotecan-refrac-
tory colorectal cancer, with acceptable toxicity [53].
Improved understanding of tumour biology and the

molecular phenotype of colorectal cancer has also
helped to identify ways of improving therapy. Several
biological markers have been shown to be accurate pre-
dictors of outcome and/or response to treatment in
colorectal cancer. Of these TS and p53 have been the
most extensively evaluated. TS activity correlates
directly with response to 5-FU in advanced disease
[54,55] and in one study, TS was identified as a predictor
of survival and disease-free survival [56]. Two ongoing
clinical trials are investigating this relationship further.
The prognostic significance of p53 is more uncertain,
although an interaction between p53 and TS levels has
been observed [57].
Allele loss and microsatellite instability (MSI), a dis-

order of DNA mismatch repair, are also important in
determining prognosis in colorectal cancer. Allele loss is
widespread in colorectal cancer and several studies have
demonstrated the clinical significance of allele loss of
17p and 18q, which are highly relevant in defining
prognosis [58,59]. Recent results have identified MSI as
an additional important prognostic marker [60]. MSI-
positive patients were found to have a better prognosis
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than MSI-negative patients in stage III disease
(P=0.02), supporting previous studies. The investiga-
tors found that among patients who received adjuvant
5-FU/levamisole, the 5-year survival rate was 96% in
MSI-positive patients compared with 37% in MSI-
negative patients (P=0.0007). However, MSI-positive
patients who did not receive chemotherapy had only a
small survival benefit. The survival advantage was most
pronounced in females and in tumours of the proximal/
transverse colon. As 15% of all patients were MSI-
positive, it has been suggested that most of the benefit
of adjuvant chemotherapy is derived from MSI-positive
patients. If this is true, MSI is a very powerful new
molecular marker and therefore prospective trials
should be conducted to establish the predictive value of
MSI.
The considerable advances being made in so many

areas of colorectal cancer biology and treatment are
likely to have a major impact on the therapy of colo-
rectal cancer in the future. Not only are we seeing sig-
nificant improvements in the range of therapies
available, but we are also witnessing the more rational
use of these agents, enabling each individual patient
with colorectal cancer to receive the therapy most sui-
table for him or her. This is certainly an exciting time
for oncologists treating colorectal cancer, and the man-
agement of colorectal cancer is set to improve dramati-
cally in the next decade.
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