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31.1
Epidemiology and Risk Factors

Colorectal cancer is a major public health problem
in Western countries with the highest incidence
rates reported in North America, Australia, New
Zealand, and western Europe. An estimated 135,000
cases will be diagnosed in the United States in 2001
and approximately 57,000 people will die of the dis-
ease [1]. Colorectal cancer is the third most com-
mon cancer in men and women and the third most
common cause of cancer death in both sexes. The
age-specific incidence rises sharply after age 40,
with 90% of cancers occurring in individuals age 50
and older. Within the large intestine, 69% of can-
cers occur in the colon and 31% in the rectum.
More than half of all colonic cancers occur either in
the sigmoid colon (35%) or in the cecum (22%), al-
though, in recent years, right-sided lesions are be-
coming more common [2].

Although the specific etiology of colorectal can-
cer remains unknown, it is likely that the disease re-
sults from the accumulation of genetic mutations in

the colonic epithelium which ultimately result in
the neoplastic phenotype. In some cases, genetic
mutations may be inherited as germline mutations,
often manifest as familial colon polyp or cancer
syndromes. In other cases, somatic mutations in the
colonic epithelium, perhaps related to environmen-
tal or nutritional exposures, ultimately result in the
formation of colon cancer. In most cases, adenoma-
tous polyps are precursors to the development of
invasive cancer.

Familial syndromes associated with an increased
risk of colorectal cancer are summarized in
Table 31.1. Familial adenomatous polyposis (FAP) is
inherited in an autosomal dominant pattern and is
characterized by the development of hundreds or
thousands of adenomatous polyps throughout the
colon and rectum. The average age of onset of polyps
is during the 20s and virtually 100% of affected indi-
viduals will develop colorectal cancer by age 35–40 if
total colectomy is not performed [3]. Germline mu-
tations of the FAP gene located at chromosome 5q22
are detectable in all affected individuals and provide
a means of diagnosing the disease prior to the onset

Table 31.1. Familial colon cancer syndromes

Feature Syndrome

FAP a HNPCC

Age of onset 20s 40s
Number of adenomas >100 <10
Adenoma distribution Left or total Right
Cancer distribution Random Right
Other cancers Periampullary Endometrial, ovarian, periampullary, ureteral
Germline mutation APC gene at 5q22 hMSH2, hMLH1, hPMS1, hPMS2

a Includes Gardner’s syndrome of colon polyps, multiple osteomas, desmoid tumors, neoplasms of thyroid, adrenal, biliary tree,
liver.

FAP, familial adenomatous polyposis; HNPCC, hereditary nonpolyposis colon cancer.
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of symptoms.Widespread genetic testing may be dif-
ficult, however, because each kindred is likely to have
a unique FAP mutation.

The hereditary nonpolyposis colorectal cancer
syndromes (Lynch syndromes I and II) are charac-
terized by early age of onset of colorectal cancer, au-
tosomal dominant pattern of inheritance, prepon-
derance of right-sided colon tumors and an excess of
synchronous and metachronous colonic and extra-
colonic tumors [4]. Endometrial and ovarian cancers
have been noted to occur in excess in Lynch syn-
drome I families, while gastric, periampullary, and
ureteral tumors are increased in frequency in fami-
lies with Lynch syndrome II. Genetic linkage analysis
has demonstrated a high frequency of microsatellite
instability in the germline DNA of Lynch syndrome
families. Further studies have revealed mutations in
the human homologues of the bacterial DNA mis-
match repair genes (hMSH2, hMLH1, hPMS1,
hPMS2) in these families, which likely contribute to
the development of epithelial tumors [5].

Adenomatous polyps are precursors to the de-
velopment of most colorectal cancers. The genetic
abnormalities that accumulate during the progres-
sion from adenoma to carcinoma have now been
extensively characterized by Vogelstein and col-
leagues [6]. This progression typically involves mu-
tations in oncogenes such as FAP, ras and c-myc as
well as mutations in tumor suppressor genes such
as p53 and DCC [7–9]. There is approximately a 5%
probability that carcinoma will be present in an
adenoma. Adenomatous polyps less than 1 cm in
diameter have about a 1% chance of being malig-
nant; those larger than 2 cm contain invasive carci-
noma in about 40% of cases.

Patients with inflammatory bowel disease have
an increased risk of developing colorectal cancer.
Carcinoma complicating ulcerative colitis is related
to the duration of active disease, extent of colitis,
duration of symptoms, and development of mu-
cosal dysplasia [10]. The risk of developing carci-
noma in those with total colitis is estimated at
10–25 times that of the general population. A simi-
lar increase in risk has been estimated for those
with Crohn’s disease; these patients also have an in-
creased risk of small-bowel carcinomas.

Nutritional factors have been implicated in the
development of colorectal cancer, including diets

high in fat or low in fiber as well as deficiencies in
vitamin D, vitamin E, calcium, and selenium
[11–13]. While the specific pathobiology has not
been elucidated, these observations have prompted
study of various dietary interventions to attempt to
protect against the development of colorectal cancer,
though none have yet produced definitive results
[14]. A high-fiber diet had no effect on the rate of
recurrent adenoma formation in a randomized trial
recently reported by Alberts and colleagues [15].

31.2
Pathology and Staging

Adenocarcinomas account for 90%–95% of all col-
orectal tumors; the remainder include squamous
cell, neuroendocrine, and undifferentiated carcino-
mas. Adenocarcinoma variants that may be associ-
ated with a worse prognosis include mucinous and
signet-ring tumors. In addition to depth of invasion
through the bowel wall and extent of regional lymph
node involvement, histopathologic features that may
be of prognostic importance are perineural and/or
lymphatic invasion, evidence of obstruction or per-
foration, and grade of differentiation [16, 17].

The current TNM staging system for colorectal
cancer is shown in Table 31.2. The estimated 5-year
survival for patients with node-negative tumors de-
pends primarily on depth of invasion through the
bowel wall but is generally about 70%–85% after
surgery alone. The survival of patients with re-
gional lymph node metastases following surgery
alone depends on the number of involved nodes,
ranging from 40% to 60% for patients with one to
three positive nodes to as low as 25% for those with
more than four positive nodes. Patients with rectal
cancer are also at high risk of local recurrence in
the pelvis. For early-stage, node-negative tumors,
the risk of local recurrence is about 5%–10%; it in-
creases to 50% or more if there is transmural pene-
tration of the tumor and involvement of multiple
regional nodes.

Recent studies have attempted to identify bio-
logic characteristics of the tumor cells that may be
of prognostic importance. Factors such as DNA
ploidy and S-phase fraction, deletion of the DCC
gene, overexpression of thymidylate synthase, and
mutation of the Ki-ras and p53 genes have been as-
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sociated with a worse prognosis in small series, al-
though none have yet been validated as prognostic
markers in large prospective clinical trials [18–23].
The impact of such markers may vary based on the
pathologic stage of the tumor and the therapy em-
ployed.

A high preoperative CEA level (>5 ng/ml) is the
only clinical feature of colorectal cancer that has
been consistently predictive of a poor prognosis.

31.3
Work-up and Staging

31.3.1
Evaluation of the Primary Tumor

The presenting symptoms of colorectal cancer,
while highly variable and often nonspecific, usually
include rectal bleeding, change in bowel habits,
and/or abdominal pain and discomfort. Right-

sided tumors frequently present with fatigue from
the anemia that results from chronic occult blood
loss. Left-sided tumors are more likely to present
with bright red blood per rectum, constipation or
diarrhea alternating with constipation, change in
stool caliber, or left lower-quadrant abdominal
pain. Tenesmus, rectal bleeding, and a sense of in-
complete evacuation are symptoms characteristic
of rectal cancer. Systemic symptoms such as
anorexia and weight loss occur most commonly in
the setting of metastatic disease, and jaundice or
right upper-quadrant pain is a frequent harbinger
of advanced liver metastases.

The initial evaluation of a patient suspected of
having colorectal cancer should include a complete
physical examination, including rectal exam with
evaluation of the stool for occult blood. Laboratory
testing should include a complete blood count and
a chemistry panel that includes renal and liver
function tests. A colonoscopy should be performed
to examine the entire length of the colon and any
detected lesions should be biopsied. Proctosigmoi-
doscopy alone is insufficient since even flexible in-
struments are able to examine only the distal 60 cm
of the colon and may miss right-sided lesions. A
carefully performed air contrast barium enema is a
useful diagnostic tool but needs to be followed by
colonoscopy if lesions are detected. Therefore,
colonoscopy has become established as the pre-
ferred diagnostic test for patients suspected of hav-
ing colorectal cancer.

Once a diagnosis of colorectal cancer has been
confirmed by biopsy, additional preoperative evalua-
tion should include measurement of serum carci-
noembryonic antigen (CEA) level and chest X-ray.
The use of preoperative abdominal CT scans to
search for metastatic disease is controversial. Syn-
chronous metastatic disease occurs in less than 5%
of patients who have a normal physical exam, no
weight loss, normal liver function results, and a nor-
mal preoperative CEA level. Thus, in the majority of
patients, abdominal CT scans are likely to be unre-
vealing and not cost-effective. Even if metastatic dis-
ease is detected preoperatively, most patients still re-
quire surgical resection of the primary tumor to pre-
vent complications of obstruction, perforation, or
bleeding. However, detection of liver metastases
might allow the surgeon to plan for metastasectomy
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Table 31.2. Staging of colorectal cancer

TNM staging criteria
T1 Involves the submucosa but does not invade the

muscularis propria
T2 Invades, but does not penetrate, the muscularis

propria
T3 Penetrates through the muscularis propria into

subserosa, or into nonperitonealized pericolonic
or perirectal tissues

T4 Invades other organs or involves the free peri-
toneal cavity

N0 No nodal metastases
N1 One to three pericolic or perirectal nodes in-

volved
N2 Four or more pericolic or perirectal nodes in-

volved
N3 Involvement of any regional node along a named

vascular trunk
M0 No distant metastases
M1 Distant metastases present

AJCC group staging criteria Modified Aster-Coller
Stage I T1 N0 M0 A

T2 N0 M0 B1
Stage II T3 N0 M0 B2

T4 N0 M0 B3
Stage III T1–2 N1–3 M0 C1

T3 N1–3 M0 C2
T4 N1–3 M0 C3

Stage IV Tany Nany M1 D



during the laparotomy. In addition, since cysts and
hemangiomas of the liver are common, baseline CT
scans can provide useful information that might be
important in future clinical decision making.

There is currently no role for other diagnostic
modalities prior to laparotomy. In particular, new
scanning techniques that employ radiolabeled
monoclonal antibodies are not cost-effective in the
preoperative evaluation of patients with colorectal
cancer.

31.3.2
Work-up for Metastatic Disease

The evaluation of patients suspected of having
metastatic disease is based entirely on clinical signs
and symptoms. The most common sites of metas-
tases are liver, lung, and bone. Peritoneal metastases
also occur. Local tumor recurrence in the pelvis is
common in patients with rectal cancer. Most often,
metastases are asymptomatic and are first detected
by palpation of hepatomegaly or abdominal mass on
physical exam or by the occurrence of abnormal liver
function tests or a progressively rising CEA level.
Symptoms that suggest the presence of metastatic
disease include dyspnea with nonproductive cough,
bone pain, anorexia and weight loss, abdominal
pain, jaundice, pelvic pain, and urinary frequency.
The initial diagnostic test of choice is usually a CT
scan of the affected area. Radioimmunodiagnostic
scans such as the Oncoscint scan or the CEAscan can
provide useful complementary information, particu-
larly for detection of metastatic deposits in the
retroperitoneum, peritoneal cavity, and pelvis. Both
imaging techniques have superior sensitivity to CT
scanning in these areas of the body [24, 25].

31.4
Treatment of Colorectal Cancer

31.4.1
Early-Stage Disease

31.4.1.1
Colon Cancer

Surgery is the initial therapy of choice for localized,
potentially curable colon cancer. Disease-free and

overall survival following surgical resection depend
primarily on the pathologic stage of the tumor. Ad-
juvant chemotherapy has clearly been shown to re-
duce the risk of recurrence and increase the likeli-
hood of survival of patients with node-positive
colon cancer. The combination of 5-FU and lev-
amisole administered for 1 year postoperatively re-
sults in a 41% reduction in risk of recurrence and a
33% reduction in risk of death compared with no
adjuvant therapy [26]. The results of several large
randomized trials have led to the replacement of
this regimen with the combination of 5-FU and leu-
covorin administered for 6 months [27–30]. INT-
0089, a large multicenter randomized clinical trial,
compared 5-FU plus levamisole to 5-FU with high-
dose leucovorin, 5-FU with low-dose leucovorin, or
the three drug combination of 5-FU, low-dose leu-
covorin, and levamisole. With a median follow-up
of 5 years, there were no significant differences in
relapse-free (DFS) or overall survival (OS) [31]. In
each case, 5-year DFS and OS were approximately
60% and 66%, respectively. The three drug combi-
nation of 5-FU/low-dose leucovorin and levamisole
produced superior survival compared with 5-
FU/levamisole. The overall conclusion from the
study was that 6 months of chemotherapy with 5-
FU/leucovorin should be considered the standard
adjuvant regimen for patients with resected high-
risk colon cancer. A similar trial conducted by the
National Surgical Adjuvant Breast and Bowel Pro-
ject (NSABP CO-4) compared 5-FU/levamisole
with 5-FU/high-dose leucovorin or 5-FU/high-dose
leucovorin/levamisole. Preliminary results suggest
that 5-FU/high-dose leucovorin is superior to 5-
FU/levamisole and equivalent to the three-drug
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Table 31.3. Commonly used adjuvant chemotherapy regimens
for colon cancer

Roswell Park regimen
Leucovorin 500 mg/m2 weekly ¥ 6
5-Fluorouracil 500 mg/m2 weekly ¥ 6
Two week break, then repeat
Duration of therapy: 48 weeks

Mayo Clinic regimen
Leucovorin 20 mg/m2 daily ¥ 5
5-FU 425 mg/m2 daily ¥ 5
Repeat every 28 days
Duration of therapy: 6 months



regimen [32]. A trial conducted by the North Cen-
tral Cancer Treatment Group demonstrated that
leucovorin does not add to the benefits of 12
months of adjuvant therapy with 5-FU/levamisole
but that 6 months of therapy with 5-FU/levamisole
is inferior to 6 months of therapy with the three-
drug combination [33].Acceptable 5-FU/leucovorin
(5-FU/LV) regimens for adjuvant therapy of colon
cancer are summarized in Table 31.3.

Ongoing adjuvant chemotherapy trials compare
standard 5-FU/LV alone to oral fluoropyrimidines,
including capecitabine and UFT/LV. The three-drug
regimen of irinotecan (CPT-11) in combination
with 5-FU/lecovorin is being compared to 5-
FU/leucovorin alone in patients with stage III colon
cancer in an intergroup study. The three-drug com-
bination of oxaliplatin with 5-FU/leucovorin is also
being compared to 5-FU/leucovorin alone in pa-
tients with stage III colon cancer.

The use of adjuvant chemotherapy for patients
with stage II (node-negative) colon cancer remains
controversial. The NSABP performed a retrospec-
tive analysis of outcomes in 1565 stage II patients
treated on a series of adjuvant chemotherapy pro-
tocols (C01–C04) [34]. The results suggested that
stage II patients may benefit from adjuvant therapy
to the same extent as stage III patients. In contrast,
a similar retrospective analysis of 1016 patients
with stage B2 colon cancer randomized in five clin-
ical trials to 5-FU/LV or observation by the IMPACT
B2 investigators concluded that there is insufficient
data to support the use of adjuvant chemotherapy
in these patients [35]. While it may be possible to
identify stage II patients at particularly high risk of
relapse based on biochemical or molecular features
of their tumors, prospective trials have not yet
shown that the prognosis of such patients can be
improved with the use of adjuvant chemotherapy.
At the present time, the use of adjuvant chemother-
apy for node-negative patients should be an indi-
vidualized decision based on the clinical, patho-
logic, and biologic characteristics of the tumor, the
patient’s general medical condition, and willingness
to receive chemotherapy.

An alternative to chemotherapy is the use of im-
munotherapy in the adjuvant postoperative setting.
A randomized clinical trial compared administra-
tion of the murine monoclonal antibody 17-1A to

surgery alone for patients with potentially curable
cancer of the colon and rectum. With a median fol-
low-up of 7 years, treated patients had a significant
reduction in risk of recurrence (27%) and improve-
ment in survival (30%); the magnitude of the ben-
efit was similar to that originally reported for 5-
FU/levamisole [36]. A confirmatory phase III trial
of 5-FU/leucovorin plus or minus antibody vs anti-
body alone in 2761 patients with stage III disease
demonstrated that the addition of antibody to
chemotherapy did not improve disease-free or
overall survival.Antibody monotherapy was associ-
ated with a significantly shorter disease-free and
overall survival [37]. A trial of antibody vs surgery
alone in stage II patients is ongoing.

Perioperative infusion of chemotherapy directly
into the portal vein has also been studied as a
means of reducing the risk of developing hepatic
metastases. NSABP CO-2 randomly assigned 1158
patients with Dukes’ A, B, and C disease to curative
resection alone or resection followed by periopera-
tive portal vein infusion of 5-FU at a dose of
600 mg/m2 per day for 7 days. With 7 years of fol-
low-up, there was a significant improvement in dis-
ease-free (68% vs 60%) and overall survival (76%
vs 71%) for the treated group; however, there was
no reduction in the incidence of hepatic metastases
[38]. These results suggested that, while periopera-
tive administration of chemotherapy might be ben-
eficial, the route of administration directly into the
portal vein might not be critically important. A
meta-analysis of ten randomized trials of adjuvant
portal vein infusion of chemotherapy suggests a
10%–15% reduction in risk of death compared
with surgery alone for patients treated with portal
vein infusion of 5-FU [39].

31.4.1.2
Rectal Cancer

Local/regional recurrence in the pelvis occurs in
25%–50% of patients with rectal cancer; the mag-
nitude of the risk is related to the depth of penetra-
tion of the primary tumor and the number of in-
volved regional nodes. Both preoperative and post-
operative pelvic radiation (RT) reduce the risk of
local failure, although most randomized trials have
failed to demonstrate a survival benefit [40]. A
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Swedish multicenter randomized trial demon-
strated that preoperative RT given as 25 Gy deliv-
ered in five fractions in 1 week followed by surgery
within 1 week later resulted in a significant reduc-
tion in the risk of local recurrence and significant
improvement in overall survival (58% vs 48% at
5 years) compared with surgery alone [41].

In the United States, combined modality postop-
erative adjuvant therapy has been considered the
standard based on the results of a series of ran-
domized clinical trials. Most studies have employed
sequential administration of chemotherapy fol-
lowed by pelvic RT with concurrent chemotherapy
followed by additional cycles of chemotherapy.
Treatment typically begins within 6 weeks of
surgery and is completed over approximately
6 months. These studies have clearly demonstrated
that combined-modality therapy results in superior
local control and overall survival compared to
surgery alone or surgery followed by pelvic RT
[42–44], that continuous infusion of 5-FU during
pelvic RT reduces both loco-regional and distant
failure compared to intermittent bolus administra-
tion of 5-FU during RT [45], and that the addition
of levamisole, leucovorin or their combination to 5-
FU results in increased systemic toxicity without a
clear improvement in local tumor control or overall
survival [46]. Thus, at the present time, standard
postoperative adjuvant therapy for patients with
stages II and III rectal cancer consists of two cycles
of systemic administration of 5-FU alone followed
by pelvic RT with concomitant administration of
continuous intravenous infusion of 5-FU, followed
by two additional cycles of 5-FU chemotherapy.

Selected patients with early-stage rectal cancer
and distal rectal lesions can be managed success-
fully with local excision of the tumor, thereby pre-
serving normal sphincter function. Tumors amen-
able to this approach are often small, exophytic,
mobile tumors without adverse pathologic features
(i.e., high grade, blood or lymphatic vessel invasion,
perineural invasion, penetration into or through
the muscularis propria). T1 tumors generally re-
quire no further therapy following excision; how-
ever, more deeply invasive tumors or those with ad-
verse pathologic features may have risks of local re-
currence or positive regional nodes in the range of
15% to 20% and therefore require additional post-

operative therapy. A multi-institutional phase II
trial for patients with distal rectal T1/T2 lesions
evaluated transanal excision followed by postoper-
ative combined modality therapy for patients with
T2 tumors [47]. After a median follow-up of 48
months, 8 of 113 patients died of cancer. Two T1
and seven T2 patients developed isolated local re-
currences; all underwent salvage abdominoperineal
resection, and five of these patients remain disease-
free.

31.4.2
Metastatic Colorectal Cancer

31.4.2.1
Surgical Therapy

Metastases to the liver and lungs account for the
majority of non-nodal metastases from colorectal
cancer. Resection of metastases has been associated
with long-term disease-free survival in as many as
25%–40% of selected patients. Patients most likely
to benefit from resection of hepatic metastases in-
clude those with an early-stage primary tumor and
a long disease-free interval (> 1 year) from initial
diagnosis to the appearance of the metastatic le-
sions; patients with asymptomatic metastases; pa-
tients with no more than four liver lesions; and pa-
tients in whom a negative 1-cm surgical margin can
be obtained at resection [48, 49]. The size and loca-
tion of metastases in the liver do not by themselves
impact on prognosis as long as adequate surgical
margins can be obtained. Resection of hepatic
metastases is contraindicated in patients with ex-
trahepatic disease. Therefore, all operative candi-
dates should be carefully evaluated with a preoper-
ative CT scan of the chest, abdomen and pelvis,
colonoscopy, serum chemistries, and CEA determi-
nation. Intraoperative biopsy of all suspicious le-
sions should occur prior to proceeding with defini-
tive hepatic resection and intraoperative ultra-
sound of the liver should be performed to attempt
to identify small lesions that might have been
missed by other radiographic procedures.

Resection of pulmonary metastases can be con-
sidered for patients with disease confined to the
lungs who have sufficient pulmonary function to
tolerate resection. Thus, candidates for resection re-
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quire extensive preoperative evaluation. Operative
mortality averages 1% in contemporary surgical se-
ries and 5-year survival ranges from 15% to 40%
[50].

Patients with metastatic disease confined to the
liver who are not surgical candidates due to poor
hepatic function, previous resection, or bilobar tu-
mors may be appropriate for tumor ablation with
cryosurgery or radiofrequency ablation (RFA).
Cryosurgery uses a liquid nitrogen probe to freeze
tumor tissue; it can be performed on larger tumors
and requires a laparotomy. Radiofrequency abla-
tion employs radiofrequency current to generate
heat within the tumor. It can be performed laparo-
scopically, at celiotomy, or percutaneously. RFA can
only be used on tumors smaller than 3 cm in diam-
eter [48].

31.4.2.2
Systemic Chemotherapy

The drug 5-fluorouracil has been the cornerstone of
chemotherapeutic treatment of colorectal cancer
for over 40 years. The relatively modest response
rates achieved with this drug has prompted numer-
ous evaluations of modulating agents and alternate
schedules of administration. The modulation of 5-
FU by leucovorin is perhaps the most successful
biochemical modulation strategy to be brought
from laboratory to clinic. By repleting intracellular
stores of reduced folates, the addition of leucovorin
results in more sustained inhibition of thymidylate
synthase by fluorodeoxyuridylate and increased 5-

FU cytotoxicity [51]. A meta-analysis of nine ran-
domized trials comparing 5-FU/LV to 5-FU alone
concluded that the addition of leucovorin to 5-FU
improves response (11% vs 23%) but not survival
[52]. Therapy with 5-FU/LV achieves objective tu-
mor regression in 15%–20% of patients with mea-
surable disease and yields a median time to disease
progression of 6 months and a median survival of
10–12 months. Other attempts at improving the ef-
ficacy of 5-FU chemotherapy by the addition of cis-
platin, µ-interferon or N-(phosphonacetyl)-L-as-
partate (PALA) have not been effective in random-
ized clinical trials [53]. Increased response rates
have been achieved when a lipid soluble antifolate,
trimetrexate, is administered 24 h prior to a 5-FU/
LV combination. Phase II studies of this regimen
have demonstrated response rates of 35%–50%
with acceptable toxicity [54, 55]. This combination
is presently being compared to 5-FU/LV in a mul-
ticenter, randomized placebo-controlled clinical
trial.

Numerous schedules of 5-FU have been assessed
(Table 31.4). Toxicity varies with schedule of 5-FU
administration: the weekly regimen causes more
diarrhea, the monthly regimen more stomatitis and
neutropenia, and continuous infusion, primarily
hand-foot syndrome. A meta-analysis of random-
ized trials that compared IV bolus to continuous IV
infusion of 5-FU demonstrated a modest survival
advantage for infusional therapy (median survival
11.3 vs 12.1 months) [56].

The oral fluoropyrimidines were designed to fa-
cilitate protracted drug exposure without the need
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Table 31.4. Commonly used schedules of 5-FU for patients with metastatic colorectal cancer

Mayo Clinic 5-FU 425 mg/m2 i.v. bolus q day ¥ 5 days, leucovorin 20 mg/m2 i.v. bolus q day ¥ 5 days; repeat q
28–35 days

Roswell Park 5-FU 600 mg/m2 i.v. bolus midway through LV; leucovorin 500 mg/m2 i.v. over 2 h; q week ¥ 6 every
8 weeks

Protracted continuous 300 mg/m2/day continuous infusion ¥ 6 weeks every 8 weeks
infusion

AIO Leucovorin 500 mg/m2 i.v. over 2 h then 5-FU 2600 mg/m2 by continuous infusion over 24 h q week
¥ 6 every 8 weeks

DeGramont [69] Leucovorin 200 mg/m2 i.v. over 2 h days 1 and 2, followed by 5-FU 400 mg/m2 i.v. bolus days 1 and 2,
followed by 5-FU 600 mg/m2 over 22 h by continuous infusion days 1 and 2 q 2 weeks

Saltz [64] Irinotecan 125 mg/m2 i.v. over 90 min; leucovorin 20 mg/m2 i.v. bolus; 5-FU 500 mg/m2 i.v. bolus q
week ¥ 4 every 6 weeks



for indwelling catheters and infusion pumps. The
drug 5-fluorouracil cannot be orally administered
due to rapid metabolism to inactive metabolites by
dihydropyrimidine dehydrogenase (DPD) located
in the gut wall and liver. To circumvent this, 5-FU
prodrugs that are not substrates for DPD have been
designed or 5-FU has been administered in combi-
nation with specific DPD inhibitors. Both strategies
have been effective in permitting delivery of phar-
macologically active concentrations of 5-FU into
the systemic circulation. Capecitabine and UFT are
both metabolized to 5-FU following oral adminis-
tration and have shown activity in colorectal can-
cer.

Capecitabine (Xeloda) is an oral fluoropyrimi-
dine carbamate that is converted to 5-FU by a three-
step process in liver and tumor tissues. A 109-pa-
tient randomized phase II trial demonstrated that
the optimal schedule is 2500 mg/m2 in two divided
doses for 14 days every 21 days [57]. A randomized
phase III trial in 605 previously untreated patients
compared capecitabine to 5-FU/LV given on a daily
¥ 5 schedule. Although the response rate for cape-
citabine was higher (24.8% vs 15.5%; P = 0.005),
median survival and time to progression were not
different [58]. Capecitabine is currently indicated
for first-line treatment of colorectal cancer when
fluoropyrimidine monotherapy is preferred.

UFT consists of uracil plus tegafur in a 4:1 molar
ratio. UFT given with leucovorin is known as Orzel.
Tegafur is a 5-FU prodrug, uracil competitively in-
hibits DPD, and LV modulates thymidylate synthase
(TS). This results in prolonged therapeutic drug
levels similar to continuous infusion 5-FU. An 816-
patient randomized phase III trial compared Orzel
to 5-FU/LV using a daily ¥ 5 schedule. The two reg-
imens achieved similar response rates (12 vs 15%)
and there was no difference in survival or time to
progression. There was a significantly lower rate of
grade III–IV neutropenia (1% vs 56%) with the
oral regimen [59].

Irinotecan (CPT-11), a topoisomerase-1 in-
hibitor, was initially approved for patients whose
tumors progress following treatment with 5-FU. Re-
sponse rates range from 15% to 20%; response du-
ration is about 4 months [60, 61]. The dosage sched-
ule most commonly used in the United States is
125 mg/m2 weekly for 4 weeks followed by a 2-week

rest period, while that most often used in Europe is
350 mg/m2 every 3 weeks. The regimens seem to be
equivalent in both efficacy and toxicity. A random-
ized trial has demonstrated that CPT-11, adminis-
tered on the every 3 week schedule, results in im-
proved survival compared with best supportive
care in patients with 5-FU-refractory colorectal
cancer [62]. CPT-11 was also superior to continuous
infusion 5-FU in patients who failed previous treat-
ment with 5-FU [63] Toxicities of CPT-11 include
diarrhea and neutropenia. Intensive loperamide
therapy is necessary to minimize the severity and
duration of diarrhea in patients receiving CPT-11.

The standard of care for the front-line treatment
of metastatic colorectal cancer changed in March
2000 from 5-FU/LV to the three-drug combination
of 5-FU/LV/CPT-11, based on the results of two
large randomized phase III trials. Saltz and col-
leagues compared 5-FU/LV, single-agent CPT-11,
and 5-FU/LV/CPT-11 in 683 previously untreated
patients. The three-drug combination resulted in a
significantly higher response rate (39% vs 21%;
P < 0.001), a longer progression-free survival (7.0 vs
4.3 months; P = 0.004), and a longer overall survival
(14.8 vs 12.6 months; P = 0.04) than 5-FU/LV given
on a daily ¥ 5 schedule [64]. Similarly, Douillard
and colleagues compared continuous infusion 5-
FU/LV on the DeGramont or German AIO schedule
(see Table 31.4 for details on these regimens) with
or without CPT-11 in 387 patients. Treatment with
the three-drug combination of 5-FU/LV/CPT-11
yielded higher responses rates, a longer time to pro-
gression, and superior survival compared with 5-
FU/LV alone [65]. Not all patients can tolerate this
regimen, however. Two cooperative group phase III
clinical trials were suspended in the spring of 2001
when higher than expected toxic death rates were
observed within the first 60 days of treatment with
5-FU/LV/CPT-11. Deaths were principally due to
dehydration, diarrhea, neutropenia, and sepsis. This
led to the institution of stricter dose-adjustment
guidelines for patients receiving this regimen [66].

Patients whose tumors progress following 5-FU
and CPT-11 are unlikely to respond to treatment
with conventional chemotherapy and should be
considered for participation in clinical trials of
novel therapies if they have adequate performance
status and organ function. Among the most active
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drugs currently being investigated for treatment of
colorectal cancer is oxaliplatin, a novel diaminocy-
clohexane (DACH) platinum that has produced ob-
jective tumor regression in 10% of patients with 
5-FU refractory disease and in 24% of previously
untreated patients [67, 68]. De Gramont and col-
leagues compared oxaliplatin with infusional 5-
FU/LV to infusional 5-FU/LV alone in 420 previ-
ously untreated patients. The three-drug regimen
resulted in a higher response rate (51% vs 22%)
and a longer median survival (16.2 vs 14.7 months,
P = 0.12 ) than 5-FU/LV alone [69]. Oxaliplatin is
approved for the treatment of colorectal cancer in
Europe. Phase III trials in the second- and third-
line setting are ongoing in the United States.

31.4.2.3
Regional Therapy of Metastatic Disease

The delivery of chemotherapy into the hepatic
artery has been facilitated by the development of
implantable infusion pumps. The rationale for this
approach is that the liver is the most common site
of metastases from colorectal cancer and liver
metastases derive most of their blood supply from
the hepatic artery. Fluorodeoxyuridine (FUDR) is
most commonly used because of its exceptionally
high hepatic extraction. Seven prospective random-
ized trials comparing systemic fluoropyrimidine
therapy with HAI FUDR have now been completed
(Table 31.5) [70–75]. In each study, the response
rate to hepatic artery infusion (HAI) therapy was

significantly higher than to systemic treatment, yet
no study demonstrated a clear survival advantage
for HAI, in part because many patients receiving
systemic therapy crossed over to HAI treatment at
the time of disease progression. A meta-analysis of
these studies has confirmed the significantly higher
response rates for HAI therapy and also revealed a
survival advantage [76]. HAI has also been evalu-
ated for adjuvant treatment following resection of
hepatic metastases. HAI with FUDR plus systemic
5-FU/LV was compared to systemic 5-FU/LV alone
in a 156-patient phase III study. The rate of survival
free of hepatic recurrence was higher in the com-
bined treatment group, but overall survival was not
significantly improved [77].

The toxicity of HAI, once considerable, has been
ameliorated with the introduction of new drug
combinations and new schedules of drug adminis-
tration. The most significant toxicity is jaundice
secondary to sclerosing cholangitis induced by
chemotherapy. Ulceration of the gastric and/or
duodenal mucosa has also been reported due pri-
marily to inadvertent perfusion of the mucosa of
the stomach or duodenum via collateral branches
of the hepatic artery. Approaches that appear to re-
duce the toxicity of HAI therapy include addition of
dexamethasone to the infusate, decreasing the du-
ration of the infusion and alternating intraarterial
(IA) administration of FUDR with IA 5-FU. Final
assessment of the role of HAI chemotherapy in
treatment of metastatic colorectal cancer awaits
completion of a definitive randomized trial with
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Table 31.5. Randomized trials of hepatic artery infusion chemotherapy for unresectable metastatic disease

HAI Systemic therapy

Group N patients Drug Response Survival Drug Response Survival 
rate (%) (months) rate (%) (months)

MSKCC 162 FUDR 53 17 FUDR 21 12
NCOG 143 FUDR 42 16.8 FUDR 10 16.1
NCI 64 FUDR 62 17 FUDR 17 12
Consortium 43 FUDR 58 NR 5-FU 38 NR
City of Hope 41 FUDR 56 NR 5-FU 0 NR
Mayo Clinic 69 FUDR 48 12.6 5-FU 21 10.5
France 163 FUDR 43 15 5-FU 9 11

NR, not reported; MSKCC, Memorial Sloan Kettering Cancer Center; NCOG, Northern California Oncology Group; NCI, National
Cancer Institute.
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Fig. 31.1. Guidelines for adjuvant therapy of colon cancer

Fig. 31.2. Guidelines for adjuvant therapy of rectal cancer
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Fig. 31.3. Guidelines for follow-up of patients after completion of primary therapy

Fig. 31.4.
Guidelines for therapy of
metastatic colorectal cancer



adequate numbers of patients, prohibition of cross-
over, and inclusion of quality-of-life and economic
endpoints in addition to response rate and survival.

31.5
Conclusion

As our understanding of the biology of colorectal
cancer improves, it will inevitably lead to more ef-
fective strategies for prevention, early detection,
and treatment. The biologic characteristics of tu-
mors can already be used to assess prognosis and
the likelihood of response to fluoropyrimidine
therapy. Current therapeutic strategies, summa-
rized in Figs. 31.1–31.4, will no doubt soon be mod-
ified to incorporate biologic markers into the cur-
rent staging systems and to include new chemo-
therapeutic and cytostatic agents in the manage-
ment of all stages of colorectal cancer.

References

1. Greenlee RT, Hill-Harmon MB, Murray, T, Thun M (2001)
Cancer statistics, 2001. CA Cancer J Clin 51:15–36

2. Cohen AM, Minsky BD, Schilsky RL (1997) Cancer of the
colon. In: Devita VT, Hellman S, Rosenberg SA (eds) Cancer:
principles and practice of oncology, 5th edn. Lippincott-
Raven, Philadelphia, pp 1144–1197

3. Rustgi AK (1994) Hereditary gastrointestinal polyposis and
non-polyposis syndromes. N Engl J Med 331:1694–1702

4. Lynch HT, Smyrk T (1996) Hereditary non-polyposis col-
orectal cancer (Lynch Syndrome). Cancer 78:1149–1167

5. Rhyu MS (1996) Molecular mechanisms underlying heredi-
tary non-polyposis colorectal carcinoma. J Natl Cancer Inst
88:240–251

6. Fearon ER, Vogelstein B (1990) A genetic model for colorec-
tal tumorigenesis. Science 61:759–767

7. Kinzler KW, Nilbert MC,Vogelstein B et al (1991) Identifica-
tion of a gene located at chromosome 5q21 that is mutated
in colorectal cancers. Science 251:1366–1369

8. Baker SJ, Fearon ER, Nigro JM et al (1989) Chromosome 17
deletions and p53 gene mutations in colorectal carcinomas.
Science 244:217–221

9. Fearon ER, Cho KR, Nigro JM et al (1990) Identification of a
chromosome 18q gene that is altered in colorectal cancer.
Science 247:49–56

10. Riddell RH (1995) Inflammatory bowel disease and colorec-
tal cancer. In: Cohen AM, Winawer SJ, Friedman MA, Gun-
derson LL (eds) Cancer of the colon, rectum and anus. Mc-
Graw-Hill, New York, pp 105–119

11. Winawer SJ, Shike M (1992) Dietary factors in colorectal
cancer and their possible effects in earlier stages on hyper-
proliferation and adenoma formation. J Natl Cancer Inst
84:74–75

12. Giovannucci E, Stampfer MJ, Colditz G et al (1992) Relation-
ship of diet to risk of colorectal adenoma in men. J Natl
Cancer Inst 84:91–98

13. Martinez ME, Giovannucci EL, Colditz GA et al (1996) Cal-
cium, vitamin D and the occurrence of colorectal cancer
among women. J Natl Cancer Inst 88:1375–1382

14. MacLennan R, Macrae F, Bain C et al (1995) Randomized
trial of intake of fat, fiber and beta carotene to prevent col-
orectal adenomas. J Natl Cancer Inst 87:1760–1766

15. Alberts DS, Martinez ME, Roe DJ et al (2000) Lack of effect
of a high-fiber cereal supplement on the recurrence of col-
orectal adenomas. N Engl J Med 342:1156–1162

16. Minsky BD, Mies C, Rich TA et al (1989) Lymphatic vessel
invasion is an independent prognostic factor for survival in
colorectal cancer. Int J Radiat Oncol 17:311–318

17. Knudsen JB, Nilsson T, Sprechler M et al (1983) Venous and
nerve invasion as prognostic factors in postoperative sur-
vival of patients with resectable cancer of the rectum. Dis
Colon Rectum 26:613–617

18. Witzig TE, Loprinzi CL, Gonchoroff NJ et al (1991) DNA
ploidy and cell kinetic measurements as predictors of re-
currence and survival in stages B2 an C colorectal adeno-
carcinoma. Cancer 68:879–888

19. Shibata D, Reale MA, Lavin P et al (1996) The DCC protein
and prognosis in colorectal cancer. N Engl J Med 335:
1727–1732

20. Lenz H-J, Danenberg KD, Danenberg P et al (1996) p53 sta-
tus and thymidylate synthase expression are associated and
predict for recurrence in patients with stage II colon cancer
(abstract). Proc Am Soc Clin Oncol 15:215

21. Ahnen DJ, Feigl P, Quan G et al (1998) Ki-ras mutation and
p53 overexpression predict the clinical behavior of colorec-
tal cancer: a Southwest Oncology Group study. Cancer Res
58:1149–1158

22. Watanabe T, Wu T-T, Catalano PJ et al (2001) Molecular pre-
dictors of survival after adjuvant chemotherapy for colon
cancer. N Engl J Med 344:1196–1206

23. Ogunbiyi OA, Goodfellow PJ, Herfarth K et al (1998) Confir-
mation that chromosome 18q allelic loss in colon cancer is
a prognostic indicator. J Clin Oncol 16:427–433

24. Patt YZ, Hogue A, Podoloff DA et al (1996) CEA-Scan, a 99Tc-
labeled Fab fragment of moAb anti-CEA immu-4 for ra-
dioimmunodetection of occult metastatic colorectal cancer
in patients with rising serum CEA: a multi-institutional
study (abstract). Proc Am Soc Clin Oncol 15:208

25. Tempero M, Brand R, Holdeman K, Matamoros A (1995)
New imaging techniques in colorectal cancer. Semin Oncol
22:448–471

26. Moertel CG, Fleming TR, MacDonald JS et al (1995) 5-FU
plus levamisole as effective adjuvant therapy after resection
of stage III colon carcinoma: a final report. Ann Intern Med
122:321–326

27. Wolmark N, Rockette H, Fisher B et al (1993) The benefit of
leucovorin-modulated fluorouracil as postoperative adju-
vant therapy for primary colon cancer: results from Na-
tional Surgical Adjuvant Breast and Bowel Project Protocol
C-03. J Clin Oncol 11:1879–1887

28. International Multicenter Pooled Analysis of Colon Cancer
Trials (IMPACT) Investigators (1995) Efficacy of adjuvant flu-
orouracil and folinic acid in colon cancer. Lancet 345: 939–944

436 H.L. Kindler, R. L. Schilsky



29. Zaniboni A (1997) Adjuvant chemotherapy in colorectal
cancer with high-dose leucovorin and fluorouracil: impact
on disease-free survival and overall survival. J Clin Oncol
15:2432–2441

30. O’Connell MJ, Mailliard JA, Kahn MJ et al (1997) A con-
trolled trial of 5-fluorouracil and low-dose leucovorin given
for 6 months as postoperative adjuvant therapy for colon
cancer. J Clin Oncol 15:246–250

31. Haller DG, Catalano DJ, MacDonald JS et al (1998) Fluo-
rouracil (FU), leucovorin (LV) and levamisole (lev) adjuvant
therapy for colon cancer: five-year final report of INT-0089
(abstract). Proc Am Soc Clin Oncol 17:982A

32. Wolmark N, Rockette H, Mamounas EP et al (1996) The rel-
ative efficacy of 5-FU + leucovorin (FU-LU), 5-FU and lev-
amisole (FU-Lev), and 5-FU + leucovorin and levamisole
(FU-LV-lev) in patients with Dukes’ B and C carcinoma of
the colon: first report of NSABP C-04 (abstract). Proc Am
Soc Clin Oncol 15:205

33. O’Connell MJ, Laurie JA, Kahn M et al (1998) Prospectively
randomized trial of postoperative adjuvant chemotherapy in
patients with high risk colon cancer. J Clin Oncol 16:295–300

34. Mamounas E, Wieand S, Wolmark N et al (1999) Compara-
tive efficacy of adjuvant chemotherapy in patients with
Dukes’ B versus Dukes’ C colon cancer: results from four Na-
tional Surgical Adjuvant Breast and Bowel Project adjuvant
studies (C-01, C-02, C-03, C-04). J Clin Oncol 17:1349–1355

35. International Multicentre Pooled Analysis of B2 Colon Can-
cer Trials (IMPACT B2) Investigators (1999) Efficacy of ad-
juvant fluorouracil and folinic acid in B2 colon cancer. J Clin
Oncol 17:1356–1363

36. Riethmuller G, Schneider-Gadicke E, Schlimok G et al
(1994) Randomized trial of monoclonal antibody for adju-
vant therapy of resected Dukes’ C colorectal carcinoma.
Lancet 343:1177–1183

37. Punt CJ, Nagy A, Douillard J et al (2001) Edrecolomab (17-
1A antibody) alone or in combination with 5-fluorouracil
based chemotherapy in the adjuvant treatment of stage III
colon cancer: results of a phase III study (abstract). Proc Am
Soc Clin Oncol 20:123A

38. Wolmark N, Rockette H, Petrelli N et al (1994) Long-term
results of the efficacy of perioperative portal vein infusion
of 5-FU for treatment of colon cancer: NSABP C-02 (ab-
stract). Proc Am Soc Clin Oncol 13:194

39. Liver Infusion Meta-analysis Group (1997) Portal vein
chemotherapy for colorectal cancer: a meta-analysis of 4000
patients in 10 studies. J Natl Cancer Inst 89:497–505

40. Freedman GM, Coia LR (1995) Adjuvant and neoadjuvant
treatment of rectal cancer. Semin Oncol 22:611–624

41. Swedish Rectal Cancer Trial (1997) Improved survival with
preoperative radiotherapy in resectable rectal cancer. N
Engl J Med 336:980–987

42. Gastrointestinal Tumor Study Group (1985) Prolongation of
the disease-free interval in surgically treated rectal carci-
noma. N Engl J Med 312:1465–1472

43. Gastrointestinal Tumor Study Group (1986) Survival after
postoperative combination treatment of rectal carcinoma. N
Engl J Med 315:1294–1295

44. Krook JE, Moertel CG, Gunderson LL et al (1991 Effective
surgical adjuvant therapy for high-risk rectal carcinoma. N
Engl J Med 324:709–715

45. O’Connell MJ, Martenson JA, Wieand HS et al (1994) Im-
proving adjuvant therapy for rectal cancer by combining
protracted-infusion 5-FU with radiation therapy after cura-
tive surgery. N Engl J Med 331:502–507

46. Tepper J, O’Connell M, Petroni G et al (1996) Toxicity in the
adjuvant therapy of rectal cancer: a preliminary report of
intergroup O114 (abstract). Proc Am Soc Clin Oncol 15:210

47. Steele GD, Herndon JE, Bleday R et al (1999) Sphincter spar-
ing treatment for distal rectal adenocarcinoma. Ann Surg
Oncol 6:433–441

48. Cromheecke M, de Jong KP, Hoekstra HJ (1999) Current
treatment for colorectal cancer metastatic to the liver. Eur J
Surg Oncol 25:451–463

49. Fong Y, Cohen AM, Fortner JG et al (1997) Liver resection
for colorectal metastases. J Clin Oncol 15:938–946

50. McCormack PM, Burt ME, Bains MNS et al (1992) Lung re-
section for colorectal metastases: 10 year results. Arch Surg
127:1403–1406

51. Keyomarsi K, Moran RG (1986) Folinic acid augmentation
of the effects of fluoropyrimidines on murine and human
leukemic cells. Cancer Res 46:5229–5235

52. Advanced Colorectal Cancer Meta-Analysis Project (ACC-
NAP) (1992) Modulation of fluorouracil by leucovorin in
patients with advanced colorectal cancer: evidence in terms
of response rate. J Clin Oncol 10:896–903

53. Sotos GA,Allegra CJ (1996) Biochemical modulation of can-
cer chemotherapy. In: Schilsky RL, Milano GA, Ratain MJ
(eds) Principles of antineoplastic drug development and
pharmacology. Dekker, New York, pp 143–187

54. Blanke CD, Kasimis B, Schein P et al (1997) Phase II study of
trimetrexate, fluorouracil and leucovorin for advanced col-
orectal cancer. J Clin Oncol 15:915–920

55. Kreuser ED, Szelenyi H, Hohenberger P et al (1997) Trime-
trexate, 5-fluorouracil and folinic acid: an effective regimen
in previously untreated patients with advanced colorectal
carcinoma (abstract). Proc Am Soc Clin Oncol 16:294A

56. Rougier P, Buyse M, Ryan L et al (1997) Meta-analysis of all
trials comparing intravenous bolus administration to contin-
uous infusion of 5-fluorouracil in patients with advanced col-
orectal cancer (abstract). Proc Am Soc Clin Oncol 16: 267A

57. Van Cutsem E, Findlay M, Osterwalder B et al (2000)
Capecitabine, an oral fluoropyrimidine with substantial ac-
tivity in advanced colorectal cancer: results of a randomized
phase II study. J Clin Oncol 18:1337–1345

58. Hoff P, Ansari R, Batist G et al (2001) Comparison of oral
capecitabine versus intravenous fluorouracil plus leucov-
orin as first-line treatment in 605 patients with metastatic
colorectal cancer: results of a randomized phase III study. J
Clin Oncol 19:2282–2292

59. Pazdur R, Douillard J, Skillings JR et al (1999) Multicenter
phase III study of 5-fluorouracil (5-FU) or UFT in combina-
tion with leucovorin (LV) in patients with metastatic col-
orectal cancer (abstract). Proc Am Soc Clin Oncol 18:1009A

60. Rougier P, Bugat R, Douillard JY et al (1997) Phase II study of
irinotecan in the treatment of advanced colorectal cancer in
chemotherapy-naïve patients and patients pretreated with
fluorouracil-based chemotherapy. J Clin Oncol 15:251–260

61. Pitot HC, Wender DB, O’Connell MJ et al (1997) Phase II
trial of irinotecan in patients with metastatic colorectal car-
cinoma. J Clin Oncol 15:2910–2919

31 Colorectal Cancer 437



62. Cunningham D, Pyrhonen S, James R et al (1998) Random-
ized trial of irinotecan plus supportive care versus support-
ive care alone after fluorouracil failure for patients with
metastatic colorectal cancer. Lancet 352:1413–1418

63. Rougier P, Van Cutsem E, Bajetta E et al (1998) Randomised
trial of irinotecan versus fluorouracil by continuous infu-
sion after fluorouracil failure in patients with metastatic
colorectal cancer. Lancet 352:1407–1412

64. Saltz LB, Cox JV, Blanke C et al (2000) Irinotecan plus flu-
orouracil and leucovorin for metastatic colorectal cancer.
N Engl J Med 343:905–914

65. Douillard J, Cunningham D, Roth A et al (2000) Irinotecan
combined with fluorouracil compared with fluorouracil
alone as first-line treatment for metastatic colorectal can-
cer: a multicentre randomized trial. Lancet 355:1041–1047

66. Sargent DJ, Niedzwiecki D, O’Connell MJ, Schilsky RL (2001)
Recommendations for caution with irinotecan, fluorouracil,
and leucovorin for colorectal cancer. N Engl J Med
345:144–145

67. Machover D, Diaz-Rubio E, deGramont A et al (1996) Two
consecutive phase II studies of oxaliplatin (L-OHP) for
treatment of patients with advanced colorectal carcinoma
who were resistant to previous treatment with fluoropyrim-
idines. Ann Oncol 7:95–98

68. Becouarn Y, Yehou M, Ducreux M et al (1998) Phase II trial
of oxaliplatin as first-line chemotherapy in metastatic col-
orectal cancer. J Clin Oncol 16:2739–2744

69. De Gramont A, Figer A, Seymour M et al (2000) Leucovorin
and fluorouracil with or without oxaliplatin as first-line
treatment in advanced colorectal cancer. J Clin Oncol
18:2938–2947

70. Hohn DC, Stagg RJ, Friedman MA, Hannigan JF Jr, Raynor
A, Ignoffo RJ et al (1989) A randomized trial of continuous

intravenous versus hepatic intraarterial floxuridine in pa-
tients with colorectal cancer metastatic to the liver: the
Northern California Oncology Group trial. J Clin Oncol
7:1646–1654

71. Kemeny N, Daly J, Reichman B et al (1987) Intrahepatic or
systemic infusion of fluorodeoxyuridine in patents with
liver metastases from colorectal carcinoma. A randomized
trial. Ann Intern Med 107:459–465

72. Martin JK Jr, O’Connell MJ, Wieand HS et al (1990) Intra-ar-
terial floxuridine vs systemic fluorouracil for hepatic metas-
tases from colorectal cancer. A randomized trial. Arch Surg
125:1022–1027

73. Chang AE, Schneider PD, Sugarbaker PH et al (1987) A
prospective randomized trial of regional versus systemic
continuous 5-fluorodeoxyuridine chemotherapy in the
treatment of colorectal liver metastases. Ann Surg
206:685–693

74. Kemeny MM, Goldberg D, Beatty JD et al (1986) Results of a
prospective randomized trial of continuous regional
chemotherapy and hepatic resection as treatment of hepatic
metastases from colorectal cancer. Cancer 57:492–498

75. Rougier P, Laplanche A, Huguier M et al (1992) Hepatic 
arterial infusion of floxuridine in patients with liver 
metastases from colorectal carcinoma: long-term results 
of a prospective randomized trial. J Clin Oncol 10:1112–
1118

76. Meta-analysis Group in Cancer (1996) Reappraisal of he-
patic arterial infusion in the treatment of nonresectable
liver metastases from colorectal cancer. J Natl Cancer Inst
88:252–258

77. Kemeny N, Huang Y, Cohen AM et al (1999) Hepatic arterial
infusion of chemotherapy after resection of hepatic metas-
tases from colorectal cancer. N Engl J Med 341:2039–2048

438 H.L. Kindler, R. L. Schilsky: 31 Colorectal Cancer


