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ABSTRACT
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Colorectal cancer is one of the most common malignant diseases in Sweden – more than 5000
new cases are diagnosed each year. The overall five-year survival is about 60% and in cases
of recurrence the prognosis is poor.
In a phase III study in advanced colorectal cancer the response rate was doubled when 5-FU
was given as a bolus injection versus as a short infusion. The toxicity was similar and time to
progression was longer in the injection group. However, overall survival was not significantly
different. Dose-effect relationships of 5-FU were studied in another phase III study recruiting
312 patients. A decrease from 500 mg/m2 to 400 mg/m2 worsened the treatment results. A low
incidence of severe toxicity was seen in both groups. An increase to 600 mg/m2 worsened the
toxicity without any improvement of the results.
A cytotoxic drug sensitivity test in different tumour types, mainly gastrointestinal cancer,
poorly predicted treatment outcome in a phase II study.
The conventional Nordic Flv regimen was split in a phase I/II trial. An escalation of dose was
possible and the response rate was 20%.
Thymidylate synthase (TS) and the gene expression of p53 were investigated by
immunohistochemical technique in the primary tumours of 132 patients. None of the markers
predicted the later palliative chemotherapy result. However, TS significantly predicted time to
recurrence.
Serum markers were analysed before and during FLv treatment to early predict outcomes
among 87 patients. TPS is promising, both as a predictive marker before start of treatment and
after a short period of treatment. In the same setting, CEA had lower predictive value. S-
VEGF and S-bFGF did not yield any prognostic information of later outcome. In all studies
B-haemoglobin values, performance status and subjective response were strong markers, both
for prediction of objective response and for survival.
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ABBREVIATIONS
ACRC     Advanced colorectal cancer

AUC        Area under the curve

bFGF       Basic fibroblast growth factor

CEA        Carcinoembryonic antigen

CR           Complete remission

CRC        Colorectal cancer

CT            Computer tomography

FLv          5-fluorouracil and leucovorin

5-FU        5-fluorouracil

GI             Gastrointestinal

Gy            Gray

Hb            Haemoglobin

IH             Immunohistochemistry

i.v.            Intravenous

KPS         Karnofsky performance status

Mab         Monoclonal antibody

MSI         Microsatellite instability

PR            Partial remission

RFA         Radiofrequency ablation

SD            Stable disease

TPS          Tissue polypeptide antigen specific

TS             Thymidylate synthase

VEGF       Vascular endothelial growth factor
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Introduction
Colorectal cancer, CRC, is among the three most common cancers in most western countries
– with breast and prostate cancer usually being more frequent. World-wide incidence is
estimated to nearly one million new cases, with more than 500 000 deaths International
Agency for Research on Cancer (IARC). In Sweden there are slightly more than 5 000 new
cases on an annual basis. One-third of the cases originate from the rectum. The median age at
diagnosis is approximately 74 years (Swedish Cancer Registry 1999). Men are slightly more
affected than women.

Background
Etiology
The high incidence in most western countries is partly due to modern lifestyle [1]. Increased
risks are high age, low physical activity, high body mass index, high energy intake and high
intake of processed meat. Tobacco smoking seems to be an independent strong risk factor
with regard to development of colorectal adenoma, whereas a diet rich in fruit, vegetables,
fibre and fish has been associated with a reduced risk of CRC. There are also strong
indications that regular consumption of aspirin or non-steroidal anti-inflammatory drugs is
associated with reduced risk of CRC both in vitro and in vivo. A medical history with
inflammatory bowel disease is a well-known risk factor for CRC, especially for ulcerative
colitis, where the risk is at least two-fold compared with the normal population [2]. About 5-
10% of all newly diagnosed colorectal cancers have a hereditary component [3]. Familial
adenomatous polyposis (FAP) and hereditary non-polyposis CRC (HNPCC) are the main
inherited syndromes, and account for up to 5% of new cases of CRC. Both are due to
mutations in tumour suppressor genes and are transmitted autosomally dominant [4]. The
remaining 90-95% of CRC patients have been referred to as sporadic cases.
Genetic factors play a role in colorectal carcinogenesis. Chromosomal instability, indicating a
variable number of gains and losses in chromosomes, has been detected in most aneuploid
colorectal tumours. It is assumed to be the main mechanism leading to cancer development in
a subset of sporadic cases [5]. There is abundant evidence now linking adenoma with
adenocarcinoma [6], revealing genetic alteration which occurs in colonic mucosa proceeding
from normal cell to cancer. Fearon and Vogelstein have proposed a model for genetic
alterations during CRC development [6]. The current model of genetic changes associated
with tumourgenesis in about 85% of CRC involves the sequential alteration of the genes APC,
K-RAS, DCC and p53. Microsatellite instability (MSI) is another mechanism in which
numerous replication errors throughout the genome result in changes of the DNA mismatch
repair system. MIN is closely related to diploid tumours and hereditary cancers, but also seen
in some sporadic cases [7, 8]. However, the appearance and degree of these alterations vary
enormously and, thus, the carcinogenesis is probably even more complex and still not
completely understood.

Screening
There are positive findings from seven case-control studies and five population-based trials of
screening for CRC using tests for blood in the stool in reducing CRC mortality [9]. A meta-
analysis of the randomised trials showed an approximately 20% reduction in CRC mortality
[10]. So far this has not been established as a routine in clinical practice in Sweden. However,
a statement issued by cancer experts from the 15 countries of the European Union, adopted
after a Vienna conference (1999), recommends the implementation of population-based faecal
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occult blood screening repeated every second year in adults over 50, with colonoscopy in
positive screens [11].
There are also several studies (most of them observational) that seem to be promising when
using flexible sigmoidoscopy or colonoscopy as screening methods [12, 13].

Symptoms and diagnosis
Many patients with CRC have diffuse symptoms or are symptom-free for prolonged time
periods, and both patient and doctor delays are quite common. Typical signs of the disease are
changes in the bowel habits, bleeding and obstruction symptoms. Fatigue, anorexia and
weight lost often indicate advanced disease. Faecal blood is seen in most CRC and also iron
deficiency anaemia is common. Differential diagnoses of CRC are irritable bowel disease,
haemorrhoids, diverticulitis, inflammatory bowel disease and benign polyps. Investigation is
done by using colonic x-ray with (double-contrast) barium enema or endoscopy and,
whenever possible, the diagnosis should be confirmed by biopsy.

Treatment and prognosis
The most important treatment of CRC is radical surgery. An ´en bloc´ resection of the
tumour-bearing bowel segment, including the mesocolon/mesorectum with the lymph nodes is
recommended. By following the anatomical cleavage during the dissection, i.e., the
embryological fascias surrounding the bowel, it is possible to increase the chances of a
curative resection. Especially in rectal cancer, the result is dependent on a proper technique,
total mesorectal excision (TME), and surgical skill [14]. Irradiation preoperatively has
reduced local failure rates and also improved survival in rectal carcinoma [15]. Historically,
only a few decades ago the feared local recurrence rate was 20-40% in rectal cancer, which
has decreased to below a few per cent in several recent studies [14, 16, 17]. By tradition,
postoperative chemoradiotherapy is used in the USA but in Europe preoperative treatment,
frequently by 5 x 5 Gy in one week, is the standard in many centres [18]. There are
discussions whether all patients or only subgroups with locally more advanced stages should
undergo irradiation.
In Sweden the overall five-year cancer-related mortality is presently about 40% [19].
Enormous efforts have been carried out to find prognostic markers, and the list is long.
Among known preoperative prognostic markers are gender, age, size of tumour, site of
tumour, tumour mobility, acute intestinal obstruction, tumour perforation and pre-operative
serum CEA (carcinoembryonic antigen) levels. Of the histopathological features, the
following are of prognostic significance: tumour differentiation, number of lymph node
metastases, venous and neural invasion, lymphocytic infiltration and growth pattern at the
invasive margin. Studies of prognostic factors have been the subject of many theses, also in
the Nordic countries (none cited, none forgotten). However, the most important prognostic
factor is the pathological stage that describes the extent of the tumour [20]. Among existing
staging systems are the Dukes´ staging system, several modifications thereof, and the TNM
staging system [21].

Adjuvant chemotherapy and immunotherapy
From the progress of chemotherapy use in advanced colorectal carcinoma (ACRC), several
randomized controlled studies have explored the value of adjuvant chemotherapy.
Collectively [22] they have shown increased survival with chemotherapy using modulated 5-
FU for 6-12 months after curative surgery. The relative reduction in mortality rate is
approximately 30% in colon cancer Dukes´ stage C. In Dukes´ B, a similar odds reduction has
been reported, although the absolute survival benefits are greater in Dukes´ C [23]. So far
these advantages have not been demonstrated adequately in rectal cancer [22].
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The recommendation today is to offer a patient with a colon cancer Dukes´ C adjuvant
chemotherapy if his/her biological age is below 75, adequate performance status and no other
severe medical condition [22]. It is under debate if patients with colon cancer Dukes´ B, with
high-risk for recurrence, should be offered adjuvant treatment, although these patients are
frequently treated [24]. High-risk tumours are often defined as: perforated or obstructed
tumour, T4 tumours, poor differentiation on histology, extramural vascular invasion or
mucinous differentiation [24]. The adjuvant treatment should start as soon as possible after
surgery. It is obvious that adjuvant chemotherapy benefits relatively few patients. This means
that many patients that are treated have already been cured by surgery alone, whereas many
other patients will get recurrent disease despite the adjuvant treatment. It is one of the most
important issues for future studies to answer the question of which patients will benefit from
additional treatment. Many prognostic factors are known, but predictive factors, such as TS
expression seem to be more helpful in defining those patients who are going to benefit from
5-FU treatment [25-28].
Increasing knowledge in tumour biology and immunology has led to new treatment strategies
in CRC. Different types of monoclonal antibodies are studied in clinical trials and the most
explored is Mab 17-1A (Panorex®). One prospective randomised trial showed significantly
improved survival when using the antibody as an adjuvant treatment of colon cancer Dukes´
C after curative surgery [29]. However, the study included a limited number of patients and
two follow-up studies have been performed, however, with inconclusive results [30, 31].
A randomised Dutch study showed significant clinical benefit in stage II CRC using
autologous tumour cell-BCG vaccine [32]. Also this study needs confirming trials.

Follow-up
Extensive follow-up programmes are common world-wide after surgery with or without
adjuvant treatment. CEA and other tumour markers have been used as indicators of early
relapse and, in many cases, an increasing level is often seen several months before clinical
symptoms become apparent, or there is a radiologically positive finding [33]. Other follow-up
programmes have used endoscopy or radiological investigations [34]. Endoscopy can play a
role in two aspects of follow-up: detection of metachronous neoplasia, both benign and
malignant, and recognition of recurrent cancer. Although local recurrence of rectal cancer is
becoming less frequent, but cases of metachronous cancer are not unusual, and people having
once had CRC have an increased risk of new adenomas and bowel cancer compared with the
normal population [35, 36]. Therefore, a “clean colon” confirmed colonoscopically either
before surgery or within the first six months of primary treatment is recommended [37]. A
colonoscopy every five years up to the age of 75 years seems to be useful [38].
A recent systematic review of follow-up strategies for patients treated for non-metastatic CRC
has been presented [39]. Five controlled randomised trials were found. There is evidence that
an overall survival benefit at five years exists for patients undergoing more intensive follow-
up. The follow-up programmes varied, and there is no recommendation of which modalities
are superior in the follow-up.

Advanced colorectal cancer
About 20% of all patients are diagnosed initially with locally advanced or metastatic disease.
Approximately another 20-30% get a recurrence and most of them within two years after
surgery. Only 1% are still alive 5 years after the diagnosis of metastatic disease and without
any treatment the median survival rate is 5-8 months, depending upon patient selection [40].
A proportion of the patients with localised hepatic and lung metastases can be cured by
surgery (see below). No patient will be cured with chemotherapy alone. A substantial number
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of the patients (approximately 40%) with ACRC will never be exposed to any active tumour-
controlling treatment due to poor performance status, age > approximately 80 years or severe
concomitant medical conditions. These patients have low probability to get a positive
outcome of palliative chemotherapy.

Surgical resection of metastases
The only curative treatment presently available for liver metastases from CRC is hepatic
resection. This is confirmed by several retrospective analyses and 5-year survivals of about
30% have been achieved [41-43]. These results should be compared with other therapies in
ACRC patients. It seems obvious that careful patient selection before surgery is a major step.
Elderly patients with lower performance status, severe cardiopulmonal disease, reduced liver
function or disseminated disease should be excluded. Prognostic factors are lymph node
metastases at the liver hilum, early recurrence, more than three metastases, increased S-CEA
levels and gross tumour volume [42, 43]. Postoperative mortality has been reported to be <
3%. Metastatic surgery may reach similar results also in lung metastases. Resection of
metachronous liver- and lung metastases has been reported to be successful in several small
series and also re-resection of limited disease of the liver [44-47]. A few recent reports have
claimed that chemotherapy using combinations of cytotoxic compounds can increase the
number of patients who can undergo metastatic surgery with curative intention, also with
long-term survivors [48-50]. These patients were initially considered as having a disease that
was too advanced for surgery, i.e. being unresectable. There are ongoing prospective
randomised trials for answering the question if neo- and/or adjuvant chemotherapy should be
used in the setting with resectable liver metastases.

Local treatment of metastases
The majority of patients with ARCR are not candidates for surgical resection, either because
of anatomic considerations or too disseminated disease. Therefore other ablative (removable)
therapies are being investigated. The aim is to destroy the tumour cells in situ, with less
subsequent destruction of non-neoplastic parenchyma. The therapies can be described as
freezing, heating, irradiating, use of tissue-destroying reagents or reduction of blood supply to
the tumour [51]. One of the presently most expanding techniques is radiofrequency ablation
(RFA) [52, 53]. Electrode needles are mostly ultrasound-guided into the tumour and
alternating currents in the radiofrequency range are applied, causing thermal injury and
coagulation necrosis. The limitation of this method is that only tumours smaller than 3-4 cm
can be treated with a single application. Other modalities are laser thermal ablation,
microwave thermal ablation, cryoablation, ethanol injection, high-dose interstitial irradiation
or stereotactic body frame irradiation and chemoembolization. None of these modalities has
been properly evaluated in randomised trials, but development and progress of the techniques
are fast.
Should all patients with limited disease be considered for curative approach with metastatic
resection? Tumour ablative treatment is at present widely regarded as a non curative-
treatment, but in the case of limited disease without possibilities for regular surgical
treatment, this opportunity should be considered, preferably within a prospective trial so that
we may gain more knowledge about the benefits of various approaches.

Chemotherapy of ACRC
For more than 40 years, the fluoropyrimidines, with 5-fluorouracil (5-FU) as the most
frequently used drug, were used as standard treatment for CRC, either as monotherapy or in
combination with other cytotoxic agents or together with biomodulators. 5-FU is used also in
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many other solid tumours, and is an important drug in many standard treatment regimens.
Until 12-13 years ago, there was no systemic knowledge about whether, or to what extent, this
therapy was of any benefit for patients. It was obvious that chemotherapy could be active in
terms of objective responses but it was not clear if it prolonged survival. A meta-analysis of
all trials comparing chemotherapy with supportive care against supportive care only for
ACRC patients has later shown that active treatment increased median survival from
approximately eight months to 12 months, also with prolongation of progression-free time
with six months [40]. Palliative chemotherapy in ACRC can also improve quality of life [22]
and it has been shown that biochemically modulated bolus 5-FU treatment can in
approximately 45-50% of the cases, improve the well-being of patients with symptomatic
disease to a clinically meaningful extent [54, 55].

Fluoropyrimidines and Thymidylate synthase
The mechanism of action of 5-FU and other fluorpyrimidines is very complex. 5-FU by itself
is inactive and requires metabolic activation. There are three key active metabolites:
• 5-fluoro-2´-deoxyuridine 5´monophosphate (5-FdUMP) which inhibits the enzyme

involved in the rate-limiting step in DNA synthesis, thymidylate synthase (TS);
• 5-fluorouridine 5´triphosphate (FUTP), which becomes incorporated into RNA, causing

crucial alterations in its processing and function;
•  5-fluoro-2´-deoxyuridine 5´triphosphate (FdUTP), which may be incorporated into DNA

in place of the normal substrate for DNA polymerase, namely deoxythymidine
triphosphate (dTTP), which is depleted owing to the inhibition of TS; in addition, the
inhibition of TS leads to an accumulation of deoxyuridine triphosphate (dUTP), which
may also become incorporated into DNA in place of dTTP [56-59].

5-FU has a short plasma life of around 10 minutes. The drug is cytotoxic mainly to cells in the
S-phase. Therefore, with bolus administration of 5-FU, only a small proportion of cells are
susceptible as compared with administration of continuous infusion of the drug. Various cell
studies have shown different mechanisms of action of 5-FU and effects when using high-dose
short-term treatment compared with long-term, low-dose exposures to 5-FU [60-62]. These
observations support the contention that 5-FU may be considered as two different drugs [63].
A marked non-linear relationship between 5-FU dose and plasma concentrations has been
found when comparing bolus injections and prolonged infusions. For standard bolus doses,
clearance is approximately 1 l per minute, whereas clearance rate after prolonged infusions is
10- to 60-fold higher. This non-linearity indicates a saturable metabolic process [64]. There
are also marked interindividual variations in plasma half-life of the drug. It has been shown
that different administration times result in different pharmacokinetic results. A short-term
injection of 2 minutes gives doubled AUC and peak-level values compared with an infusion
of 20 minutes [65] (fig 1).
Biomodulation of 5-FU by leucovorin (folinic acid) can enhance the cytotoxicity of 5-FU. It
stabilises the binding of 5FdUMP to TS, thus increasing the degree of enzyme inhibition [56].
Another possibility to enhance the activity is to use methotrexate (MTX) as a biomodulator,
while 5-FU change-over to RNA [66]. During the 1980s these biochemical modulators
appeared promising and controlled randomised trials could show that response rates have
approximately doubled with the addition of leucovorin or MTX to 5-FU compared with 5-FU
alone [67, 68]. However, no clinically relevant effect on survival was observed. The side-
effects increased using biochemical modulation, but were still manageable.
A great number of different schedules with 5-FU exist yet the optimal schedule is still not
established. There are, traditionally, two major ways of administrating the 5-FU treatment,
bolus injection or long-term infusion (table 1).
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Table 1. Some of the most used 5-FU schedules
Bolus injection regimens
Nordic [69] 5-FU

LV
day 1,2

500 mg/m2

60 mg/m2

qw2

Bolus
Bolus

Mayo[70]
US

LV
5-FU
day 1-5

20 mg/m2

425 mg/m2

qw4

Bolus
Bolus

Roswell Park [71]
US

LV
5-FU
day 1

500 mg/m2

600 mg/m2

qw1

2 h
Bolus

Continuous infused regimens
TTD [72]
Spain

5-FU
day 1-2

3500 mg/m2

qw1
48 h

AIO [73]
Germany

LV
5-FU
day 1

500 mg/m2

2600 mg/m2

qw1 x 7, 2 w rest

2 h
24 h

Lokich [74]
US

5-FU
Continuous

300 mg/m2/d Continuous
Infusion for 10 weeks
or more

Combination of bolus injection and infusion of 5-FU

DeGramont [75]
France

LV
5-FU
5-FU
day 1,2

200 mg/m2

400 mg/m2

600 mg/m2

qw2

2 h
Bolus
22 h

LV=leucovorin
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There are many randomised trials comparing different schedules with different outcomes in
terms of response rates but no clear differences in survival [74-81].
A meta-analysis showed infused 5-FU to be superior to bolus 5-FU in terms of tumour
response but gave similar overall survival [82]. Bolus 5-FU is moderately toxic and infused
regimens have even less gastrointestinal and haematological toxicity [82]. The most common
side effects are diarrhoea, mucositis, myelosuppressions, nausea and asthenia. Palmo-plantar
erythema is also seen, in particular with continuously infused 5-FU.

The Nordic regimen
In the 1980s, 5-FU as single drug was the standard treatment for ACRC with objective
response rates of 10-20%. Several drug combinations yielded apparently higher response rates
in phase II studies but no combination was superior to 5-FU alone in controlled studies. At
that time MTX gained popularity as a promising drug to modulate the efficacy of 5-FU. MTX
inhibits the activity of dihydro-folate-reductase (DHFR), which thereby decreases the de novo
purine synthesis and subsequent inhibition of protein synthesis [83]. The activity is dependent
upon the time interval between Mtx and 5-FU, which is due to a complex system of
intracellular consumption of antifolates [84, 85]. In an uncontrolled single centre study,
sequential methotrexate, 5-FU and leucovorin (MFL) showed a response rate of 50% [86].
This combination was superior to 5-FU alone in a randomised multicentre trial. All responses
were independently reviewed and confirmed (response rates of 24% vs 3%) [87]. MFL also
prolonged median survival by about three months (p<0.02) relative to 5-FU, and resulted in
additional good palliations [55]. At that time, leucovorin as a method to modulate the 5-FU
activity became attractive as a simple alternative, not requiring the same precautions,
particularly related to kidney function. A pilot study showed good activity with low toxicity
of a two-day regimen consisting of bolus injection of 5-FU and a low/intermediate dose of
leucovorin [88]. The leucovorin was given after 5-FU due to superior results in an animal
model with different timing of the leucovorin administration [88]. Another randomised phase
III trial was performed and showed similar activity of MFL and 5-FU with leucovorin (FLv).
Again, a 21% objective response rate was achieved and 40% of the patients had good
symptomatic relief [69]. Therefore FLv has been considered as standard treatment during the
past decade in the Nordic countries since FLv is easier to administer and has low toxicity.
The Nordic group also performed a controlled study in asymptomatic ACRC patients with the
aim to clarify when to start chemotherapy [89]. Overall survival was better in the group
receiving initial MFL therapy, with a median survival of approximately 14 months compared
with nine months (p<0.02) in the group that was randomised to deferred therapy when
symptoms appeared. Also the symptom-free period and the time to disease progression were
longer, with median differences of eight and four months (both; p<0.001), respectively. This
trial has had a profound influence on the use of palliative chemotherapy in ACRC. Most
centres world-wide likely initiate treatment as soon as the diagnosis of incurable disease is
made. It has also been taken as an indication that it may be worthwhile to screen for
metastases in order to obtain as long survival as possible. However, the trial does not show
this, and neither does it reveal whether treatment should be initiated immediately or when
signs of tumour progression appear. It is, however, too late to wait until the patients show
physical symptoms of the disease.

Other chemotherapeutic compounds
In recent years two new drugs have been explored with clear evidence of effectiveness and
prolonged survival when given with 5-FU/leucovorin compared with 5-FU/leucovorin alone,
although with increased toxicity. Irinotecan is a semi-synthetic derivate of the plant alkaloid
camptothecin. Irinotecan is mainly active through DNA damage due to binding to
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topoisomerase-1, and results in cell cycle arrest [90]. It has a completely different mechanism
of action from 5-FU and has no or very low cross-resistance with it. Two second-line studies
with irinotecan as single agent have been performed in patients with 5-FU resistant disease. In
the first study, irinotecan was compared with best supportive care and a clear survival
advantage for irinotecan was seen (median three months, 36% versus 14% 1-year survival
(p=0.0001), respectively) [91]. Despite the toxicity of irinotecan (mainly diarrhoea and
leukopenia) the global quality of life scores was not worse in the treatment group. The other
study compared infused 5-FU/leucovorin for 24 or 48 hours or the Lokich schedule versus
irinotecan after fluorouracil failure, with a statistically significantly longer median survival of
8 and 10 months (p=0.035), respectively [92]. These findings led to the incorporation of
irinotecan into first-line treatment in randomised studies. The results of two trials showed [93,
94] a superior outcome in the combined arms of irinotecan and 5-FU/FA compared with 5-
FU/FA alone. A combined analysis of these studies showed a response rate of 37% in the
combinations arm and 22% in the 5-FU/FA arm. The median survival was 15.9 and 13.3
months (p=0.003), respectively [95].
Oxaliplatin is a third-generation platinum compound forming DNA adducts similar to
cisplatin [96]. It has different toxicity (mainly neutropenia and peripheral sensory neuropathy)
from both 5-FU and cisplatin. It has been investigated as single agent with reported response
rates of only 10%. When combining oxaliplatin with 5-FU, the response rate in phase II
studies has been reported to be 20-40% [97]. In two randomised phase III studies the response
rates were approximately 50% compared with 20% using 5-FU/FA alone and median survival
times of more than 1 ½ years, but not statistically significantly different between treatment
groups [98, 99].
Mitomycin C is an old drug that has been re-examined. A phase III study showed significantly
better outcome when prolonged infused 5-FU was combined with Mitomycin C compared
with 5-FU alone (response rates of 54% and 38%, respectively) (p=0.024) [100]. Initially,
median survival was 15 months for both groups but a recent update showed a small but
statistically significant survival advantage at two years [101].

Oral fluoropyrimidines
There are some practical limitations to be considered when using infused fluoropyrimidines.
Treatment requires surgically placed central venous catheters, which may be associated with
complications, for, e.g. thrombosis and infections. Catheter-related complications have been
reported to occur in 20-40% of patients [77]. Infused 5-FU treatments also require efforts by
medical staff and sometimes discomfort for a patient required to wear an iv pump. However,
these limitations and the success of 5-FU-based treatment have renewed the interest in oral
administration. Oral administration is postulated to mimic continuous infusion, which may be
superior to bolus injection (see above). The oral bioavailability of 5-FU when given alone is
extremely erratic, ranging from 0%-80% [64, 102]. Such high degrees of unpredictability for
an anticancer agent may result in unacceptably high degree of toxicity or therapeutic failure.
Researchers have developed several alternative formulations to circumvent this problem.
These include a variety of pharmacologic manipulations designed to overcome 5-FU
degradation by enzymes in the gastrointestinal tract. UFT® (uracil plus tegafur) and
leukovorin have shown similar results in phase III studies as conventional 5-FU/leukovorin
(Mayo schedule) treatment [103, 104]. The UFT regimen had less toxicity with no significant
hand/foot syndrome recorded. Capecitabine (Xeloda®) is another oral fluoropyrimidine which
is well absorbed via the GI tract and is catabolised to the active drug by a series of enzymes
[105]. In two phase III studies capecitabine was more active than 5-FU/leukovorin (Mayo
schedule) in terms of response rate but gave no significant differences in time to progression
or survival [106, 107]. The toxicity of capecitabine was less, and different, compared with 5-
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FU, with significantly lower incidence of diarrhoea, stomatitis, nausea and alopecia.
However, capecitabine was associated with higher incidence of hand/foot syndrome. Both
these drugs are available on the market and capecitabine is also approved for breast cancer.

Prediction of treatment results
Since only a proportion of the patients with ACRC have an objective or subjective response to
chemotherapy, predictive factors are important. A patient with an objective response has
prolonged survival [108]. A patient with a low probability to respond should preferably not be
exposed to a potentially toxic treatment, especially when the expected survival time is limited.
Some serum laboratory parameters are known to be predictors of poor outcome: high platelets
count, increased alkaline phosphatase, high white blood cell count and low haemoglobin
value [109, 110]. The number and the location of the metastatic sites and also number of
symptoms can also predict outcome [109, 111]. Performance status is, however, probably the
best clinical parameter [109-111]. However, these parameters are not strong enough to
determine the individual patient outcome, and, besides performance status, are not strong
enough to exclude a patient from a treatment attempt if there is a desire to be treated.
Thymidylate synthase (TS) is the target enzyme of 5-FU. Therefore great efforts have been
focused on this marker. High intratumour levels have been supposed to be the explanation
why a tumour is resistant to 5-FU therapy; the higher the TS activity, the lower the chances of
a patient´s tumour responding to 5-FU chemotherapy. There are several series with tumour
material from metastases indicating predictive value of TS determinations [112-118]. Two
large studies with material from primary tumours have shown somewhat conflicting results.
Findlay et al found no correlation to either response or survival with TS expression [119].
However, Paradiso et al showed borderline significance of correlation of TS and later tumour
response of chemoterapy but no correlation to survival [120]. Interesting findings have been
obtained when analysing two other important enzymes in the tumourgenesis and 5-FU
catabolism, thymidine phosphorylase (TP) and dihydropyrimidine dehydrogenase (DPD)
[121]. In a study of 38 patients, all three parameters were analysed with PCR technique with
striking findings. There were 11 (29%) responders in the whole material, and all of those with
low levels of the three intratumoural enzymes were responders [118].
The tumour suppressor gene p53 is the most common genetic abnormality found, and one of
the most heavily investigated in human tumours [122-124]. Mutations of the p53 gene occur
in approximately 50% of colorectal carcinomas [6, 124, 125]. Associations have been
obvious, with poorer prognosis of patients with p53 mutations in CRC after curative surgery
[125, 126]. There is a good preclinical rationale to believe that p53 should be a possible
predictor of response to chemotherapy. In other malignancies, these mutations have predicted
treatment outcome in some studies [122], but this has not been the case for ACRC. However,
the studies performed so far in ACRC have generally included only a limited number of
patients [114, 120, 127, 128].

Tumour markers
Several different serum tumour markers have been investigated in CRC. The
carcinoembryonic antigen (CEA) was first described in 1965 by Gold and Freedman [129]. It
is probably the most extensively studied tumour marker and can be regarded as the clinical
reference marker for GI cancer. Serum CEA-levels are raised in various cancers and also in
smokers, in patients with severe liver disease and in other benign diseases, especially
pancreatic disorders. Serum CEA levels are not elevated in all patients with ACRC (66%-
100%) [130]. Other markers having different potentials, but also limitations, are CA 19-9, CA
50, CA242 and a cytokeratin tissue polypeptide antigen (TPA) [130, 131]. A relatively new
marker, tissue polypeptide specific antigen (TPS) [132], which is closely related to TPA, has
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been described with promising results. TPS has been investigated in breast cancer and has
been found to be at least as good as the commonly used CA 15-3 in terms of follow-up and
monitoring of treatment [133, 134]. TPS seems also to indicate early changes in breast cancer
compared with other clinical criteria. TPS also brings additive information together with the
tumour marker CA 125 in ovarian cancer [135]. Also urine TPS has been reported to be a
marker for bladder cancer with correlation to size, grade and stage [136]. Prognostic
information can be achieved with TPS after curative colorectal surgery [137] and there are
two retrospective studies that have shown promising results of TPS monitoring of palliative
treatment in patients with GI tumours [138, 139].

Cytotoxic drug sensitivity test
The effects of chemotherapy on most tumour types in the advanced setting are generally
modest, with the majority of patients being treated without substantial benefit at considerable
human and financial costs. Given the considerable individual differences in response to
chemotherapy also within histological groups, selection of drugs based on ex vivo testing
intuitively makes sense as a means of optimising chemotherapy. Data have accumulated
showing that various analyses of the tumour cells from an individual patient can provide
information that theoretically can form a basis for the selection of the most appropriate
treatment. Studies over the past two decades have shown that drug resistance in individual
patients can be determined accurately by in vitro assays [140]. The premise of in vitro drug-
response testing is that they can provide knowledge of the relative efficacy of the various
agents before an empiric in vivo test. Therapy selection according to an in vitro assay would,
thus, make it possible to select agents for the individual patient with the highest probability of
being active. Different methods and assays are available but utilisation of freshly prepared
tumour cells is necessary [141]. Biopsies from solid tumours or blood and/or bone marrow
from haematological malignancies are collected and prepared in a cell suspension which is
exposed to different cytotoxic drugs in vitro. After incubation, the test indicates which agents
are most active. Several studies have shown promising results with, in most cases, high
predictive values, but so far most of the reports are with a limited number of patients and are
done retrospectively [141].
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Aims of the investigations

The general aim of these investigations was to optimise palliative chemotherapy for ACRC.

The specific issues were to answer the following questions:

• Is there a difference in response rates if 5-FU is given as a short bolus injection instead of
as a short-term infusion?

• Can serum tumour markers predict patient outcome to palliative chemotherapy before the
start of the treatment, and can these markers identify responders before any imaging
technique reveals a change in tumour size? Is it necessary to use imaging for response
evaluation, if tumour markers turn out to be as good as radiological assessments?

• Can immunhistochemical investigations for TS and p53 of a patient tumour material from
the primary diagnosis predict later outcome of palliative chemotherapy?

• Is it possible to select adequate cytotoxic agents for an individual patient by tumour
sampling and ex vivo assessment of tumour sensitivity to cytotoxic drugs? What is the
activity of paclitaxel in various solid tumours?

• Is there a dose-effect relationship of bolus 5-FU? Can 5-FU pharmacokinetics predict
tumour response and toxicity?

• Is it possible to enhance the effect of the bolus Nordic FLv treatment by giving repeated
bolus injections?
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Material and Methods
Patients

Papers I and V
Two randomised multicentre phase III studies were performed by the Nordic Gastrointestinal
Tumour Adjuvant Therapy Group. These studies included 515 patients between October 1993
and June 1998. The patients had locally advanced or generally metastatic CRC without any
previous chemotherapy in the advanced setting.

Paper IV
The phase II study with cytotoxic resistance test recruited 87 patients from Uppsala with
different tumour types (the majority had GI tumours). The patients were eligible for
antitumour therapy but were not amenable to any standard treatment. Most patients were pre-
treated with chemotherapy or, in the case of chemo-naivity, the disease was considered as
resistant to most cytostatic drugs.

Paper VI
A multicentre (Uppsala, Stockholm and Gothenburg) phase I and II study investigated the
efficacy of splitting the conventional Nordic FLv. This population consisted of different GI
tumours. Also here, no standard treatment was available. All patients in the studies had
histopathologically proven cancer, with adequate performance status, no severe concomitant
disease indicating contraindication for chemotherapy use and, in general, serum bilirubine
<60 mmol/L and serum creatinine <130 mmol/L.

Papers II and III
Two studies were performed with the aim to predict chemotherapy outcome with 87 and 122
patients, respectively. All patients were treated with palliative chemotherapy in Uppsala and
the majority of the patients were included in different clinical studies (papers I and V, [69,
142]. Investigations were performed retrospectively with reference to serum tumour markers
(paper II), TS and p53 (paper III).

All studies were approved by the local Ethics committee and the clinical studies were also
approved by the Swedish Medical Products Agency (Läkemedelsverket).

Methods

The patients in the first study received, after randomisation, either 5-FU mg/m2 iv push as a
short bolus injection (2-4 min) or as short-term infusion (10-20 min). In the following study
(paper V) patients were randomised to three groups where bolus iv push 5-FU was given at
different doses, or 400, 500 and 600 mg/m2, respectively.
Unless otherwise indicated, the standard chemotherapy treatment was Nordic FLv in the
studies. The treatment consists of 5-FU 500 mg/m2 as an injection followed by leucovorin
60mg/m2 as a bolus injection given 30-40 minutes later on two consecutive days. The courses
were repeated every 14 days. The interval was generally prolonged to three to four weeks
after four to six months of treatment. After having processed the results presented in paper I,
the 5-FU was given as a short (2-4 min) bolus injection. Treatment continued until disease
progression or until development of severe toxicity. If disease stabilisation was seen after four
to six months, treatment could also be interrupted if this was considered to be a better
palliation than to continue.
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In the final study (paper VI), the 5-FU dose was divided and repeated twice daily (hours 0 and
3) once every week. The starting dose in the phase I study was 250 mg/m2 x 2 q 1 week. The
leucovorin dose was 30 mg/m2 after each 5-FU injection.
Objective and subjective response evaluations were performed every second month. Objective
response was assessed according to standard WHO criteria [143]. A complete response (CR)
or partial response (PR) and stationary disease (SD4) had to be present at two consecutive
evaluations, i.e. with a minimum duration of four months. Patients who had a response or
stationary disease after two months and then progressed before the next evaluation were
designated in papers I and II as having stationary disease for two months (SD2). In all other
instances, progressive disease was recorded. All assessments were done with radiological
examinations, and in the majority by CT-scanning. A subjective response evaluation was
performed by the treating doctor at the same time as the objective response evaluation was
made. The subjective evaluation was based on a personal interview. A subjective response
(designated improved) was present when the symptomatology had improved for at least four
months with no signs of severe adverse treatment effects. If the patients did not have any
symptoms of the disease prior to treatment and the evaluations, they were designated
symptom-free.

Tumour marker assessment
A prospective serum sampling from 87 patients was obtained prior to all treatment and two,
four and 10 weeks after start of the treatment (paper II). The serum samples were aliquoted
and immediately frozen at –20o and stored until assayed. All tumour markers (see below)
were retrospectively analysed.

CEA measurements
Serum CEA was analysed by a microparticle enzyme immunoassay (MEIA) on an IMx
(Abbott Laboratories, Abbott Park, IL, USA). Normal reference interval <3.1ug/L.

TPS measurements
TPS was measured using TPS TM IRMA (IDL Biotech, Stockholm, Sweden). All samples
were run in duplicate. The upper limit of normal values of TPS in serum was defined as 80
U/L.

VEGF measurements
A quantitative sandwich ELISA technique was used (Human VEGF. Quantikine, R&D
Systems, Minneapolis, MN, USA). The VEGF concentration in the samples was determined
by comparing the optical density of the samples to the standard curve. The lowest detectable
value for VEGF was 9pg/ml. The upper normal limit of VEGF is 500pg/ml (95 % percentile)
[144].

BFGF measurements
An ELISA technique was used to measure bFGF (Human bFGF, Quantikine High Sensitivity,
R&D). The lowest detectable value for bFGF was 0.25pg/ml. The upper normal limit was
determined to 7.25pg/ml [144]. The specificity of the assay has been verified by the
manufacturer with many different recombinant human and mouse cytokines.

Expression of TS and p53
Primary tumours from 122 patients later treated with palliative chemotherapy were
retrospectively investigated with reference to TS and p53 (paper III).  A pathologist
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independently reviewed all patients’ tumours and one patient was excluded because of
changed diagnosis at the review to an endometrial carcinoma. The pathologist also selected
the two most appropriate paraffin-embedded, formalin-fixed tissue blocks from each patient
for analyses. Thin (4 um thick) sections were prepared from the primary tumours, and from
lymph node metastases whenever available, and analysed for TS expression and p53
overexpression. The monoclonal antibody (Mab) TS 106 (10) was used to detect TS and the
Mab DO-7, from Dakopatts (Glostrup, Denmark), was used to detect p53. The standard
avidin-biotin-peroxidase complex (Vectastain Elite ABC kit; Vector Laboratories, Inc,
Burlingame, CA) assay was used [27]. For TS counterstaining, modified Harris haematoxylin
was used, whereas Mayer haematoxylin was used to counterstain p53 [145].

Scoring of immunohistochemical staining
The stainings were evaluated by light microscopy (x125 magnification). Each time a set of
tumour samples was stained, we included positive and negative reference slices from tumours
that were previously classified as low- or high-intensity staining for TS expression and
negative or positive for p53 expression. The intensity of TS-staining of the tumour cells was
arbitrarily graded from 0 to 3.  A scoring of 0 and 1 were defined as low intensity, and 2 and 3
as high-intensity staining [27]. The highest staining intensity was used for classification of the
tumour, even if the area with high staining was small. Tumours were considered as positive
for p53 overexpression if more than 5% of the tumour nuclei showed immunoreactivity. Two
independent observers read all samples under blinded conditions, i.e. the observers did not
know which patient they were examining. When scoring TS intensity and p53 expression the
agreement was always better than 90%. In case of disagreement, intensity was determined by
consensus. All p53 sections with 0.1% to 10% positive stainings were evaluated by a third
observer (BG). No further inter-observer variability was then seen. If more than 95% of the
tumour cells were positive for p53, the case was recorded as strongly positive.

Pharmacokinetics
Plasma sampling was to be collected from as many patients as possible for analysis of 5-FU
plasma concentrations (papers V and VI). At the first treatment course, sampling was obtained
10 and 40 minutes after the 5-FU injection. The exact times were recorded.
After centrifugation of the samples, the plasma was stored at –20°C before drug analyses. 5-
FU was measured by HPLC [146]. The detection limit was 1 µM/l and the intra- and
interassay coefficients of variation were 3.0% and 3.8%, respectively. Assuming a
monoexponential decay of 5-FU in plasma samples not taken exactly 10 minutes after the
start of the bolus injection were calculated to the 10 min. values using the time constant
published by Moore [147]. Thus, it was possible to include samples drawn between 10 and 20
minutes after start of the injection. The area under the concentration versus time curve was
calculated according to the formula published by Moore, AUC = C0 x 0.43 + 4.33.

Cytotoxic drug sensitivity test
For selection of chemotherapy by ex vivo assessment of tumour sensitivity to cytotoxic drugs,
the short-term fluorometric microculture cytotoxicity assay (FMCA) was used [148]. This
procedure is based on the concept of total cell kill using fluorescein diacetate (FDA) for
assessment of cell survival after 72 h of continuous drug exposure in vitro. Viable tumour
cells were collected in the majority of the cases by ultrasound-guided biopsy. Tumour cell
preparation and the FMCA procedure were performed as described [149].
Totally 87 patients were recruited and GI cancer was the most common diagnosis (33
patients) among the 61 eligible patients (paper IV).
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Paclitaxel (Taxol®) had indicated low drug resistance to several malignant diseases in a
previously performed FMCA test (P Nygren, pers. comm.). Therefore, the study protocol was
designed to explore the role of Taxol® in this setting. When the test showed low drug
resistance (LDR) to Taxol® or when other compounds did not show low resistance, Taxol®

was prescribed. In case of LDR for standard drugs and a more resistant profile to Taxol®, the
patients were treated with a standard drug/combination considered to be most suitable based
on the FMCA data and drug activity expected. Eighty-two per cent of the patients were
treated with Taxol®.
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Results
Paper I
The response rates were significantly higher in the injection group (2-4 min) compared with
the infusion group (10-20 min), 27/100 (27%) and 13/103 (13%), respectively (p=0.02).

Bolus injection
(n=100)

Short term infusion
(n=103)

Complete response 4 1
Partial response 23 12
Stable disease (4+ months) 23 35
Stable disease (2-4 months) 16 12
Progressive disease 33 43

Median time to progression was marginally significantly higher in the injection group 5.5
months compared with 4.2 months in the infusion group (p=0.07) (fig. 2).
However, the survival curves were nearly identical for the two groups. The study was
powered to examine the primary endpoint, i.e. response rate, and not survival, being a
secondary endpoint. Also second-line treatment was allowed. These data were not
prospectively recorded, but it is known that, after progression, several patients in the infusion
arm had cross-over treatment to short-term injection. These circumstances might explain why
there were no survival differences. Severe toxicity was rare, but grade 3-4 diarrhoea tended to
be more common in the injection group (6/100 versus 2/103, p=0.11). There was no
treatment-related death.

Figure 2. Time from randomisation to progression in the injection and infusion groups (p=0.08, log rank test).
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Paper II
The levels of TPS at baseline correlated to survival (fig. 3). Patients with normal TPS baseline
had a favourable outcome with, in general, response to treatment. A TPS decrease as early as
after two and four weeks, i.e. already after the first and second treatment course, indicated
response to treatment with sensitivities above 70%, although with lower specificity. After 10
weeks the sensitivity for a subjective and objective response was approximately 85% and the
specificity 70%.
CEA did not yield any meaningful information at baseline, i.e. no correlation was seen to
either response or survival. After the start of the treatment, the CEA values decreased
significantly more often in patients with response than in those with no response. The
decrease was not very rapid, and in the majority of responders, it was not detectable until after
10 weeks. A substantial part of the responders did not have a decrease of >25% at all.
Therefore the sensitivity for an objective response was only 45%, whereas the specificity was
higher, or 88%.
The sensitivity and specificity for a response or prolonged survival did not increase when TPS
and CEA were used together compared with those values calculated by TPS alone.
At baseline VEGF was elevated in only 54% of the cases. The majority of patients had
decreasing values during therapy but neither baseline VEGF nor the changes predicted
response or survival. The sensitivity and specificity in this setting was only approximately
60%.
Serum bFGF was only elevated in 15% of the cases, although it correlated to VEGF. The
bFGF analyses did not yield any further relevant information.

Figure 3. Cumulative proportion surviving (Kaplan-Meier) according to TPS baseline value.
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Paper III

TS
High TS-staining was seen in 93/119 patients (78%). The TS expression was homogeneous,
i.e. the same TS expression was seen in different parts of the tumour in 104 (87%) patients. In
33 (85%) of 39 patients with materials from both primary tumours and locoregional lymph
node metastases, the same TS expression was seen. Eighty-six per cent of the engaged lymph
nodes were TS positive. This proportion was thus the same as in the primary tumour.
There were no differences in TS expression according to sex, primary site or Dukes´ stage,
whereas expressions of TS and p53 correlated to each other (p=0.002). The TS expression did
not predict tumour response after metastatic disease was diagnosed. Neither was there any
correlation of TS to response if the group of patients who had stable disease for at least 4
months was also considered as responders. The results were the same when the subgroups of
synchronous and metachronous metastases were analysed separately. Of 62 patients with
metachronous metastases, the 14 patients who had low TS intensity had a longer time to
recurrence (median 30 months) than the 48 patients with high TS (median 11 months, p=
0.001) (fig. 4).

Figure 4. Disease-free survival curves for patients with Dukes´ A-C according to TS expression.

p53
Seventy-three (60%) of 121 tumours were p53 positive and 28 of those were considered to be
strongly positive. There were no correlations between p53 and clinical parameters.
Independent of cut-off value, p53 did not give any prognostic or predictive information about
patient outcome whether tested in all patients or in subgroups.
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Paper IV
Tumour sampling was safe and FMCA procedure was successfully performed in 77 (91%) of
85 patients. Five patients (8%) had a partial remission and 18 (30%) stable disease. The mean
number of drugs tested was 7. Thirty-five (61%) of the eligible patients had at least one drug
with low drug resistance in the FMCA test, 12 patients had at least one drug with intermediate
drug resistance and 10 patients had all tested drugs with extreme drug resistance. The median
time to progression was 3.3 months and median survival time 6 months. However, patients
with tumour cells being LDR to at least one drug ex vivo lived significantly longer (p=0.02)
than those with no such drug sensitivity (fig. 5). The FMCA poorly predicted the clinical
response to chemotherapy. The sensitivity for prediction of PR and SD for at least four
months was 61% whereas the specificity was 38%. There were four possible treatment related
deaths. The toxicity was, however, otherwise manageable and conventional for Taxol®
treatment with grade 3-4 toxicity for leukopenia and fatigue with an incidence of 30% and
20%, respectively.

Figure 5. Overall survival for the eligible patient population divided into those patients that had least one drug
scoring LDR ex vivo and those with no LDR drug ex vivo.

Paper V
The median survival was identical in groups A (400 mg/m2) and C (600 mg/m2) i.e., 10
months, but 12.5 months in group B (500 mg/m2) (p=0.07). The median times to progression
were 4.8 in group A, 7.2 in B, and 6.4 months in C. The difference between group B and the
other two groups was statistically significant (p=0.02).
There were 263 patients who were eligible for response. The overall response rates in the
three groups were: A 23%, B 39% and C 28%. The response rate of group B was significantly
different from that of group A (p=0.02), but not from that of group C. The toxicity was
generally mild and manageable in groups A and B with only minimal differences between the
two groups. However, there was a dramatic increase of toxicity, and especially grade 3 or 4
toxicity, in group C (p<0.05) (fig 6).
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Figure 6. Risk of grade 3 and 4 toxicity in the three treatment groups. The differences is statistically significant
for all four parameters (p<0.05).

Considering the whole treatment course, the dose intensities were 368, 460 and 504
mg/m2/week, respectively. Groups A and B received nearly the planned dose (92%), whereas
dose reductions and treatment delays occurred more frequently in group C, explaining why
this group only received 84% of the planned dose.
There was a clear correlation between dose and 5-FU plasma values (here =AUC) (p=0.0001).
In the statistical analyses the patients were divided into two groups with AUC <100 and >100
uM/hour. The response rates in the two groups were 23% and 29% (p=ns), respectively. The
risk of toxic side effects appeared to be higher in the group with an AUC >100. Thus, the
frequency of any diarrhoea in the two groups was 20% and 37% (p=0.07), respectively.
Leucopenia occurred in 9% and 13%, respectively (p=ns).

Paper VI
The study recruited 43 GI cancer patients in the phase I part and 26 in phase II. The treatment
could be escalated in the phase I study to 400 mg/m2 of 5-FU with manageable acute toxicity.
This is 60% more dose in terms of mg/m2/week compared with the standard Nordic FLv.
There were four (20%) patients with an objective response of 20 patients with measurable
disease in the phase II study. Another patient with non-measurable disease had CR of tumour
markers and was still alive more than 5 years after inclusion. For the subgroup of patients
with CRC, the response rate was 45% (5/11). Altogether, 38% of the patients had a clinical
benefit in terms of either an objective and/or subjective improvement through treatment. The
median time to progression and median survival time were 4 and 8 months, respectively. In
patients with CRC, these times were 4 and 10 months, respectively. Thirty-five patients had
pharmacokinetic analyses done. At each dose level, a wide variability of 5-FU plasma
concentration values was seen, e.g. at the lowest dose level, the interindividual difference was
eight-fold. In spite of this variability, a correlation was seen between prescribed 5-FU dose
and AUC (p=0.03). The AUC correlated statistically significantly to severe toxicity (WHO
grade 3 and 4)(p<0.03), but not with response.
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Discussion
In the Nordic group it became clear that different centres had different response rates in the
same trial [69]. The 5-FU treatment was administered with different techniques, some centres
used minibags for infusion of the drugs whereas others used bolus injections, as the protocol
prescribed. There are several advantages of using mini-bags for short-term infusions. This is a
practical and safe method for hospital staff, since the drug is kept in a closed system. Thereby,
the risk of contamination to the local environment can be reduced and, also, the nurses can
leave the patient while infusing the drug. The differences in administration between hospitals
could likely explain the variability in response rates [65], but since this conclusion was based
upon a retrospective analysis, it prompted confirmation in a prospective trial since the routine
of using mini-bags was firmly established world-wide.
This randomised study showed that the administration time is essential. The higher anti-
tumour activity of a short injection of 2-4 minutes is in accordance with the theoretical
rationale; a longer infusion rate will result in both decreased peak levels and AUC values.
This can probably be explained by the limiting capacity of the 5-FU degrading enzyme
dihyropyrimidine-dehydrogenase (DPD)[65]. From a pharmocokinetic point of view, the
results may become even better if a push injection over one-two minutes rather than 2-4
minutes, should be used. If a lower proportion of injected 5-FU is immediately degraded, a
presumably increased toxic effect on the normal cell could also be expected with enhanced
side effects, however, the toxicity did not appear to be more frequent in the injection group in
the present study. The results of the trial are probably valid irrespective of whether 5-FU is
given in the advanced or adjuvant settings, or in other tumour types. It was striking that such a
small modification (prolongation of the injection time by 10-12 minutes, although the time is
prolonged five times) in the administration of a drug makes such a difference. Using other
cytotoxic drugs, such as doxorubicin, much longer prolongations of the administration times
did not influence anti-tumour activity [150]. Rather, the toxicity is reduced when doxurubicin
is given with a prolonged infusion time. The sensitivity of 5-FU to manipulations may be one
reason why, after 40 years of extensive testing, we still do not have an optimal way of
delivering the compound, although we may have at least 10 different ways that result in
approximately the same anti-tumour activity and similar toxicity profiles. The toxicity
profiles, however, probably differ more between schedules than anti-tumour activity.
When such a modest change as prolonging the administration time from an iv push to a short-
time infusion of about 15 minutes makes such a substantial difference, it was attractive to try
to achieve improvements also in other ways. From a theoretical point of view, a repeated
inhibition of TS should be possible if 5-FU is given more frequently which would thereby
presumably enhance the therapeutic effect. This was studied in this thesis by a split of the
standard Nordic FLv in a phase I/II study. For the small subgroup of chemo-naive ACRC
patients in the phase II study, the results seemed to be at least in accordance with the results of
the phase III studies using standard Nordic FLv. It was also seen that the dose intensity
(mg/m2/week) could be increased by about 60%, however, with a toxicity profile similar to
that in the other Nordic trials. No further phase III study is planned due to new knowledge and
new cytotoxic compounds. Are, then, the dose and the dose-intensity of importance for
outcome, i.e. is more always better? What are the dose-effect relationships of 5-FU in ACRC?
During recent decades it has been a general idea that an increased dose-intensity is of value
and the concept of high-dose therapy with autologous bone marrow transplantation (ABMT)
is based upon this. Chemosensitive diseases, e.g. haematological malignancies, have in many
situations been treated with high-dose therapy followed by stem cell rescue. There are a
limited number of randomised trials also in haematological malignancies, so the superiority of
high-dose therapy is not firmly evidence-based [151]. In solid tumours there are some
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indications that patients with small-cell lung cancer have a dose-effect relationship in the dose
interval between standard dose and the “high-dose” that can be given, provided that stem cell
rescue is given, in terms of response rate and time to progression, but not survival [152]. In
ovarian cancer there is no clear effect of an increase of total dose, or dose intensity of
cisplatin or carboplatin in the intervals tested [153-155]. In metastatic breast cancer several
randomised trials comparing two different doses of different drugs have showed higher
response rates but no clear advantage of survival [156, 157]. Moreover, high-dose therapy
with stem cell support is nowdays considered to have no established role in either metastatic
or adjuvant breast cancer [158]. However, a randomised trial with more than 8000 women
showed that moderate and high dose regimens of adjuvant chemotherapy in breast cancer had
significantly higher survival rate than a low dose regimen, but there was no difference in
disease-free or overall survival between the moderate and high dose regimens [159]. In this
study, the high- and moderate-dose arms delivered the same dose of cyclophosphamide,
doxorubicin and 5-FU, while the low-dose arm delivered half of the dose, and the dose
intensity was thus half compared with the high-dose arm. The moderate-dose arm delivered
two-thirds of the dose intensity of the high-dose arm by administrating the same total dose
over a 50% longer duration. It has been claimed that 5-FU has a steep dose-effect curve for
different malignant diseases [160] but there is limited knowledge in this setting for CRC.
Available information is mainly based on retrospective studies that have found relations
between 5-FU dose intensity and tumour response, both using short-term injection or
infusional treatments [160-164]. The conclusions of these studies may have overestimated the
results as a dose-effect dependency. One bias might be that patients who have high
performance status often have superior outcome and they also often tolerate the treatment
with fewer treatment delays and dose reductions. However, there are no previous prospective
studies of dose-effect relationships in ACRC. In the adjuvant situation, a higher total dose
does not appear to improve the effect, as prolongation of treatment beyond six months does
not result in better survival [165].
 In our study the response rates were superior with a moderate dose (500 mg/m2) of 5-FU
compared with both a lower (400 mg/m2) and a higher (600 mg/m2) dose with manageable
toxicity. The highest dose had significantly more side-effects, more episodes of treatment
delays and dose reductions. Therefore, the dose-intensity in the highest dose arm was only
84% of the planned dose, although, higher than the other two groups. This study is in
accordance with several of the above-mentioned studies [153-155, 159]; thus, a dose
escalation to a certain level is of value, whereas further escalation is not beneficial, mainly
because of increased toxicity.
These studies have not been able to answer the question of what dose is optimal for an
individual patient. In an attempt to clarify this, pharmacokinetic analyses were performed in
two of the studies in this thesis. It should be ideal to just draw a blood sample after a couple of
minutes after the 5-FU injection and, after analyses, modify the subsequent doses to an
optimal dose where the best effect is achievable and still with acceptable degree of toxicity.
Unfortunately, this was not possible, the pharmacokinetics correlated to dose and toxicity, but
not to the most important parameter, i.e. the tumour outcome. In addition, there is a study
showing high response rate among patients adjusted weekly by pharmacokinetic follow-up of
5-FU plasma [166]. That study used long-term infusion and the value of such sampling is
probably higher because of steady-state conditions. Due to these findings we suggest that 5-
FU pharmacokinetics should not been used clinically when using a bolus injection regimen.
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Tumour markers
The tumour marker CEA is widely used in different settings in spite of several limitations.
Approximately 10% of patients with ACRC do not have increased values and there is a daily
variation of CEA serum levels by 25-30% [167].
The reports using CEA for monitoring of chemotherapy treatment in ACRC have reached
different results. Most studies are old, small and retrospectively performed, which probably
can explain the conflicting results. In most studies, both the sensitivity and specificity for a
response have been rather low. In the present study, CEA did not yield any information about
later outcome, either before the start of the treatment or during the first month. After two
months CEA had only low sensitivity for a response but high specificity. The radiological
response clearly gave more prognostic information than changes of the CEA-values.
Therefore it is doubtful whether this marker should be used to give early prediction of
outcome. This is in accordance with The American Society of Clinical Oncology (ASCO)
guidelines from 1996, stating that existing data were not sufficient to recommend routine use
of CEA alone for monitoring response to chemotherapy. If, however, no alternative test is
available to detect a response, it was suggested that CEA should be assayed at the
commencement of treatment for metastatic disease and every 2-3 months during active
therapy [168]. Still, CEA is probably widely used and included as an obligatory test in many
clinical trials.
However, there is still a need for early prediction which can sometimes save very expensive
treatments with severe side-effects and also replace radiological assessments, and it is
important to explore new methods in clinical trials.
Angiogenesis has been a research field of increasing interest. It is known that blood vessel
supply is essential for the growth of tumours [169]. Small pilot studies have claimed
potentially valuable information from VEGF and bFGF estimations in patients with ACRC
[170-175]. However, the present study was unable to confirm these promising results.
TPS seems to be promising both in terms of predictive value before treatment and in the early
stage of the palliative situation. A decrease of TPS values after 10 weeks strongly predicted
objective and subjective response and prolonged survival. A sensitivity and specificity for a
decrease of >25% of TPS was nearly 80%. This must be regarded as high in this setting.
These changes correlated to the results of the radiological evaluations. These are, however,
only a surrogate marker for patient benefit, including survival, and a complete concordance
between imaging and changes in serum markers levels can never be reached. TPS also yielded
prognostic information before the start of the treatment but the pretreatment TPS values did
not predict later response. These results must be confirmed in a larger prospective trial before
introducing this measurement in the clinical routine. If the results using TPS hold true, then it
may have several important impacts. It may indicate prognosis, and in many situations when
ACRC is confirmed there might be doubts to begin treatment e.g. high age, low performance
status, etc. In this situation TPS can provide additive information, which makes a decision
easier. An extremely high TPS baseline value (>2000 U/L) showed that most patients (4/5)
had later chemotherapy failure (fig. 7).
An early evaluation can save costs, hospital care consumption and, most importantly, save the
patient side-effects if progressive disease is obvious. In this situation, treatment should
preferably be stopped as soon as possible. It is also important to have an early adequate
tumour response evaluation if metastatic surgery can be an option in cases of response (see
above; surgical resection of metastases). If first line chemotherapy has not been sufficiently
effective and the patient has limited, potentially resectable disease, providing regression and
is in good performance status, it may be of value to change therapy rapidly and not wait for
radiologic changes. If TPS (after a large prospective trial) is considered as superior or equal to
radiological imaging, then substantial costs could be saved.



30

As mentioned above (introduction), other markers have been investigated in ACRC alone or
in combinations with various results. So far, definite conclusions can not be drawn about the
value of repeated marker assessments in the lack of large prospective and conclusive trials
and these markers should not yet be included in the clinical routine (see ASCO guidelines).

Figure 7. Objective response according to TPS baseline value.

Other markers for prognosis and prediction
Patient outcomes in terms of objective response and survival were primary endpoints in
studies II, III and VI. These data were compared with other data, such as performance status,
B-haemoglobin and also subjective responses. The three studies included 278 patients (some
patients were included in more than one study) and striking results were found in the ability of
various clinical parameters for prediction of both survival and tumour response. In both
univariate and multivariate analyses, KPS was the strongest predictive and prognostic factor.
Objective and subjective responses correlated strongly to each other and also to survival.
None of the other studied markers were comparable with these findings. B-Haemoglobin
levels had prognostic information but not predictive value. These data are in accordance with
a recently reported study by Kohne et al [110] with more than 3800 patients with ACRC and
5-FU-based treatment. Only prognostic information was analysed from different clinical
parameters retrospectively. Performance status, S-alkaline phoshatase levels, white blood cell
count and number of tumour sites were the strongest markers for prolonged survival. Low Hb,
high platelets count and presence of lung metastases and peritoneal metastases had inferior
survival whereas a primary rectal cancer and presence of lymph nodes had better outcome. It
is thus clear that several clinical parameters have important prognostic information and
clinical trials should be stratified to the most important markers.
An ideal cytostatic treatment should be based upon tumour cell characteristics for each
individual and a proper knowledge of how the drug is metabolised by that patient. For a
tumour with comparably high drug resistance, e.g. CRC tumours, it should be of importance if
the chances for a treatment response could be doubled, and the duration of the response
prolonged by, for example, 50%. Which of the approximately 40 cytotoxic drugs presently on
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the market should be used for the individual patient? An attempt was made to clarify this by
selection of chemotherapy using ex vivo assessment.
The results were not particularly convincing, with a limited number of clinical responses and
a relatively short time to progression and survival. There might be several reasons for this
lack of prediction. The patients in the study had a low chance for a response due in most
cases, to low “chemo-sensitive disease” and they were in many cases pre-treated. There was
thus, no standard treatment available for the patients. No selection of patients with a
previously good response to treatment was made. The performance status was quite low at
inclusion and sometimes it took some weeks before the biopsy and the FMCA analysis were
performed, and therefore the performance status was even lower for some patients when
treatment was eventually started. Although the technical function of the technique was
generally satisfactory, the number of drugs that could be tested for each sample was mostly
low due to lack of sufficient material. If the study had been designed with another patient
cohort, it might have yielded other results and conclusions. It is also probable that Taxol®
should not be used in the majority of the cases. The previous indications of high activity of
Taxol® ex vivo could not been confirmed by this in vivo trial. One explanation of high activity
ex vivo may be that Taxol® contains Cremophor EL (a castor oil) which itself has cytotoxic
activity in the test but no effect in vivo [176].
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Summary and General Conclusions
• An iv push bolus dose of 5-FU is more effective than a short time infusion. If a 5-FU iv

bolus regimen is used, the clinical routine should be scrutinized with a correct
administration time. Although tested in advanced patients, this knowledge is likely most
important in adjuvant treatment.

• The tumour marker CEA gave only limited information when monitoring chemotherapy in
ACRC. The widely use of CEA can not be defended in this setting, unless there is no other
option to follow the patients outcome. The tumour marker TPS showed high sensitivity
and specificity during the first two months of treatment and TPS values before start of the
treatment gave also prognostic information. Therefore, TPS is promising in this situation
but the results have to be confirmed in a larger prospective trial before acceptance in the
clinical routine. The use of TPS could reduce the need for radiological assessments or
even replace imaging. Serum VEGF and bFGF did not yield any clinical information in
patients with ACRC.

• Thymidylate synthase and p53 expression in primary tumours do not predict later
chemotherapy outcome in ACRC. However, for the subgroup who initially had curative
resection, TS had prognostic information and significantly predicted time to recurrence.
Whether the expression in the metastases will yield better predictive ability is not known,
although this has been reported in other studies.

• High activity of Taxol® ex vivo could not be confirmed by in vivo use after the cytotoxic
drug sensitivity test (FMCA). The FMCA testing was practical in most patients, and
yielded interpretable results, but no practical value was seen in this study mainly
composed of patients with tumours with a very low probability to respond to any therapy.

• There is a clear dose-response relationship of bolus 5-FU in the treatment of ACRC, but,
in the interval tested it does not appear to be particularly steep, at least not as steep as
retrospective analyses indicated. Further, an increase in dose beyond the standard dose
only worsens toxicity, indicating that dose-response relationships of commonly used
cytostatic drugs may also be complex and only partly known.

• There is no appraisable information from pharmacokinetics of bolus 5-FU treatment that
can be used in the clinical routine.

• The performance status of the patient is a very strong predictor for response and survival
and B-haemoglobin has prognostic information. There is a strong correlation between an
objective tumour response and a subjective response. Although clinical factors strongly
correlate with outcomes, there is a great need for better predictors prior to therapy.

• A split of the Nordic FLv was conducted in a phase I/II study. The dose intensity could
clearly be increased without any obvious increase in side-effects. The antitumour effect
appeared to be similar to that seen in previous Nordic studies with FLv. The concept of
splitting or otherwise modifying bolus 5-FU treatment is, however, presently not
worthwhile exploring further since other developments will likely be more fruitful.
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What is the standard of care today?
Before reaching any decision to start palliative tumour-controlling treatment, several aspects
must be considered. Open and honest information with the patient is obligatory. Only for a
minority of the patients is an aggressive approach with a curative potential possible. Patients
which may undergo curative metastatic surgery after intensive chemotherapy treatment must
be reasonably young (< 70-75 years), have limited disease, and adequate performance status
without any severe concomitant disease. For the majority of patients the treatment is
palliative, i.e. it may relieve or postpone tumour-related symptoms and prolong life (fig 8).
The effect must be considered as comparatively, limited, albeit clinically meaningful, and the
side effects may be severe, although only rarely with a deadly outcome. The discussions
might be conflicting and discouraging between the patient, the relatives and the doctor when
the physician is both supposed to infuse hope and give realistic information about a deadly
disease. In many situations it may be of value if the social situation is prepared for the sooner
or later deterioration of the patient, with need of intensive palliative support and care in
different forms.

Before treatment starts, it must be completely clear how and when the effects should be
evaluated and when the treatment should stop, in most cases when progressive disease is seen,
when toxicity is untolerable, or at the patients request. Thus, a sort of “contract” should be
settled.
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A substantial number of the patients (approximately 40%) with ACRC will never be exposed
to any active treatment due to too low performance status, age > approximately 80 years or
severe concomitant medical conditions. These patients have low probability to get a positive
outcome of palliative chemotherapy. Despite this knowledge, patients and their relatives
frequently request active treatment, and the consultation often ends up with an attempt. In
these cases, the toxicity is often unacceptable and may sometimes even be fatal. These
patients should instead be carefully monitored with supportive care and an intention to
minimise symptoms as much as possible.
When shall treatment be initiated in an asymptomatic patient? It might be temping to withhold
the chemotherapy with presumed toxicity until the disease becomes symptomatic. However,
prolongation of the symptom-free period can be achieved by using initial chemotherapy once
advanced disease is diagnosed. How long should the treatment continue in the case of a
response? A prospective trial randomised patients with a response or stable disease after 3
months of treatment to continue or stop the treatment. Reconsideration and second-line
treatment was allowed. There was no significant difference of survival but better quality of
life in the stop group [177]. Therefore, an interruption of the treatment can be considered as a
valid option after some months of treatment without jeopardising the outcome.
It is important to regularly evaluate whether the treatment is beneficial for the patient or not.
Although, a good response to treatment will sooner or later turn into chemotherapy resistance
and subsequently into progressive disease. Usually, an evaluation should be performed every
other month. In the case of a palpable mass, changes of tumour size give a good indication of
tumour response, otherwise radiological assessments are desirable. In cases of un-measurable
disease, tumour markers can be used, but these have with a rather low predictive value. A
proper evaluation of tumour-related symptoms is of greatest importance in routine care.
Which patient can be proposed to achieve second-line treatment? Patients who still have high
performance status and who initially responded to first line therapy have a rather high
likelihood for clinical benefit from further treatment. If these conditions are not fulfilled, the
chance to have a response is probably lower than 5-10%. Then, if further treatment is
desirable it should preferably be in a prospective trial.
Eventually, local treatment (see above) of limited disease may be considered but also this
should preferably be performed in clinical studies since the knowledge of favourable effects is
limited.
During the active treatment period and when there is no more active treatment to offer, the
patient must be offered best supportive care. The patients right to have continuous contact
with an interested and skilful physician should be obvious. Many of the symptoms can be
resolved or at least relieved, sometimes with relatively minor efforts.
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Future potential aspects
The progress of knowledge in epidemiology, screening, surgery, radiation, etc. will hopefully
decrease the number of patients who will develop ACRC. However, at the present time
approximately 40% of the patients with a diagnosis of CRC will sooner or later get
disseminated disease and thus die for that reason. Considering that CRC is frequent, every
little progress of knowledge, even in advanced disease, is very important. Also the knowledge
and the progress of outcome in the adjuvant setting is often transformed from scientific results
from metastatic disease. The effects are then usually more pronounced as adjuvant than as
metastatic treatment.
There are today many different options on how to combine the most active drugs that are
available, being modulated fluoropyrimidines (injections, long-term infusion), ironitecan,
oxaliplatin and mitomycin C. The strategies for using these drugs optimally are, in spite of
many decades of research, only partly known. Should treatment start upfront with most drugs
at the same time, or one drug by one? There will likely be further positive findings from
exploring new drugs, alone or preferentially in combination with old drugs.
There have been endless discussions about the importance of the surrogate marker for survival
and quality of life, i.e. objective response rate. But it might be important to achieve as good
initial results as possible when cure it feasible, e.g for down-sizing of primarily inextirpable
tumours or in cases of limited disease where metastatic surgery can be performed. A doubling
in response rates from 20% to 40% did not have a major impact on the course of the disease
for most patients with ACRC. However, it radically changed our thinking, and the approach
could become much more aggressive towards certain patient groups. A further increase, to 60-
80%, particularly if the median durations of the responses can be prolonged, may have even
more pronounced influence on routines, and be of benefit for many more patients. Therefore,
there is good hope that the 5-year survival can be increased in the near future. There is also an
expanding field with different local tumour-destroying techniques which today seems
promising despite the lack of randomised trials. Hopefully, patients in the future will draw
benefits from translational research for optimisation of therapy. An optimal scenario in the
future should be that the primary tumour from a biopsy could be able to predict all future
treatment outcome for e.g. the need for preoperative irradiation, adjuvant treatment and also
the need for eventual treatment of advanced disease. The progress of tumour understanding
through new cytogenetic and other molecular techniques will hopefully be achieved in the
near future. There are also several new compounds and completely new therapeutic concepts
under development. Gene therapy, immunotherapy and anti-angiogenesis therapy are rapidly
expanding fields. Compounds under development are metallo-proteinase inhibitors, farnesyl
transferase inhibitors, platelet derived growth factor (PDGF), epidermal growth factor (EGF),
receptor blockers and thymidine kinase inhibitors. None of these options are adjusted in the
clinical routine at the present time but many are in advanced ongoing clinic trials.
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