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Abstract
Over the past decade treatment for metastatic colorectal cancer (mCRC) has advanced beyond single-agent
fluoropyrimidine use to include various cytotoxic combination regimens and novel targeted therapies. Despite the
targeted therapy era, traditional cytotoxic agents remain the mainstay of therapy. Improvements in survival in mCRC
can be attributed mostly to combination therapy, with enhanced efficacy due to optimization of fluoropyrimidine
dosing and the addition of irinotecan and/or oxaliplatin. Despite the enormous progress, few patients with metastatic
disease are cured. To realize that ambitious goal we need a better understanding of predictive molecular markers of
response, mechanisms of drug toxicity, innate and acquired drug resistance as well as how to optimize cytotoxic
agents in combination with newer targeted therapies.
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Introduction
Approximately 142,570 new cases of colorectal cancer are diag-

nosed each year in the United States, of which 102,900 are colon
cancer and the remainder rectal cancer. Annually, nearly 50,000
Americans die of colorectal cancer (CRC), accounting for 9% of all
cancer deaths.1 At diagnosis around 20% of individuals with colo-
rectal cancer have overt metastatic disease, and up to 35% with dis-
ease that appears localized initially manifest recurrence despite resec-
tion and adjuvant therapy.2, 3 Metastatic disease can be categorized as
resectable, not initially resectable, or not likely ever to become resect-
able. When managed with best supportive care alone, patients with
unresectable metastatic colorectal cancer (mCRC) have a very poor
prognosis, with a median overall survival of 5 months.4 Advances in
chemotherapy for mCRC in the past decade have improved the me-
dian overall survival in patients treated in clinical trials to approxi-
mately 2 years.

This article focuses on the advances in traditional genotoxic/cyto-
toxic therapy in the past several decades, ranging from 5-fluorouracil
(5-FU) and its many optimizations to the more recent additions of
the alternative fluoropyrimidines irinotecan and oxaliplatin. Al-

though targeted therapies have captured our attention in the last 6-7
years, it is reasonable to assert that the majority of the improvement
in the cure rate for stage III disease and the extension in progression-
free and overall survival for patients with mCRC have been due to
optimization of administration of cytotoxic agents. Much of this
work was completed in the decade since Clinical Colorectal Cancer
began publication, and we predict that advances in understanding
the mechanisms of drug toxicity and resistance through pharmaco-
genetics and related disciplines could lead to further optimization
and improvements in outcome even with the current set of agents.

The Players: Fluoropyrimidines,
Irinotecan, and Oxaliplatin
Fluoropyrimidines

For � 40 years, the sole active class of agents against mCRC was
the fluoropyrimidines. 5-FU was patented in 1957, and many con-
sider this to be the first rationally targeted agent developed.5 5-FU
may also be the most effective of all agents for CRC to this day. The
primary mechanism of 5-FU cytotoxicity is thought to be impaired
DNA synthesis through inhibition of thymidylate synthase (TS), but
both DNA and RNA chain termination result from exposure to
5-FU.5-7 Folinic acid (leucovorin [LV]) was found to stabilize the
interaction between 5-FU and TS, resulting in both increased effi-
cacy and increased toxicity but allowing for convenient rapid infu-
sion of the drug. Compared with bolus 5-FU alone, LV plus 5-FU
(5-FU/LV) is associated with a 2-fold higher response rate (21% vs.
11% in 2 meta-analyses), which also translated into a small but sta-
tistically significant 10% improvement in 1-year survival (47% vs.
37%) in 1 meta-analysis.8,9
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Infusional 5-FU may obviate the need for LV and produces a
somewhat more tolerable side effect profile but at the cost of conve-
nience and with the added expense of infusion pumps and mainte-
nance of continuous intravenous access. In head-to-head studies,
bolus 5-FU achieves an objective response in only 10% of treated
patients, with slightly higher rates noted for infusional FU, but sur-
vival is similar between the 2 schedules. The toxicity profile differs
between the 2 delivery approaches, with an increased frequency of
grade 3/4 neutropenia with bolus dosing (31% vs. 4%) vs. hand-foot
syndrome with infusional administration (34% vs. 13%). Gastroin-
testinal (GI) toxicity rates are similar, overall favoring infusional
administration.10,11

Two principal bolus regimens have been established and widely
used: the Mayo regimen and the Roswell Park Medical Institute
(RPMI) regimen. The Mayo regimen consists of 5-FU (425 mg/m2)
plus low-dose LV (20 mg/m2), both given on days 1 to 5, every 4 to
5 weeks.12 The RPMI regimen is given as weekly 5-FU (500 mg/m2)
plus LV (500 mg/m2) for 6 of every 8 weeks.13 The monthly schedule
of the Mayo regimen causes more neutropenia and stomatitis and is
rarely used in clinical practice (but has frequently been the compar-
ator arm for newer fluoropyrimidine treatment strategies), whereas
the weekly RPMI schedule causes more diarrhea.13-15 The weekly
RPMI regimen has generally been favored because of the ability to
stop or modify therapy if toxicity occurs, particularly important in
patients who are deficient in the metabolizing enzyme of 5-FU, di-
hydropyridine dehydrogenase (DPD).

Response rates, tolerability, and convenience with 5-FU and LV
have been further improved by the use of short-term hybrid bolus/
infusion schedules. For example, de Gramont et al conducted a trial
of 448 patients who were randomly assigned to a monthly regimen of
5-FU/LV (Mayo schedule) or a bimonthly regimen of LV (200
mg/m2 over 2 hours) followed by bolus 5-FU (400 mg/m2) and a
22-hour infusion of 5-FU (600 mg/m2) given for 2 consecutive days
every 2 weeks (LV5FU2).16 The infusional regimen achieved higher
response rates (33% vs. 14%) and improved progression-free survival
(PFS) (28 vs. 22 weeks) without a statistical median survival advan-
tage (62 vs. 57 weeks; P � .067). As will be discussed, this hybrid
bolus/infusion regimen became the backbone for the modern com-
binations FOLFOX and FOLFIRI.

Capecitabine is a rationally designed orally administered fluoro-
pyrimidine carbamate that was approved by the US Food and Drug
Administration (FDA) in 2001 for mCRC when the drug was found
to have response rates comparable to those of intravenous (I.V.)

5-FU/LV (Mayo schedule).17,18 Capecitabine itself is not cytotoxic.
The cytotoxic moiety is 5-FU, which is formed by 3 sequential en-
zymatic reactions. The final requisite enzyme, thymidine phosphor-
ylase, is present at consistently higher levels in tumor tissue compared
with normal tissue, thereby providing the theoretical basis for en-
hanced selectivity for tumor cells and better tolerability.19 This drug
has become an optional, more conveniently administered fluoropy-
rimidine backbone for the novel mCRC cytotoxic agents oxaliplatin
and irinotecan. However in practice, tolerability is not necessarily
significantly better than that observed with I.V. 5-FU. One finding
of interest has been that capecitabine is less well tolerated in Western
countries (particularly the United States) than in other parts of the
world.20 To date there has not been a satisfying mechanistic expla-
nation for this observation, but differences in the intake of dietary
folates have been implicated as a potential explanation.

Several other fluoropyrimidines are approved worldwide but not
in the United States. Two of these formulations consist of a 5-FU
prodrug (ftorafur) plus a DPD inhibitor: UFT and S-1.21-24 These
combination drug strategies have included intentional inhibition of
DPD to lessen variability in absorption and metabolism or use of
agents thought to minimize GI tract exposure to 5-FU.25,26 In-depth
discussion of these agents is not included in this article.

Irinotecan. Irinotecan is an inhibitor of topoisomerase I derived
from the shrub Camptotheca accuminata.27,28 The parent compound
is converted by carboxylesterase localized primarily in the liver to the
active metabolite known as SN-38. Irinotecan was first approved in
the United States and Europe based on randomized studies in pa-
tients whose tumors had progressed on 5-FU.29,30 Widespread use of
irinotecan in combination with 5-FU began after 2 key phase III
trials demonstrated a survival advantage of single-agent irinotecan in
patients with mCRC whose disease was refractory to 5-FU. The
combination regimens of 5-FU and irinotecan are discussed further
on and represented in Table 1.

Douillard et al used a regimen that was the first of any combina-
tion to show a survival advantage over 5-FU/LV in mCRC. In their
study, 387 previously untreated patients were randomly assigned to
5-FU/LV with or without irinotecan. Combination therapy could be
administered either weekly (irinotecan 80 mg/m2, 5-FU 2300
mg/m2 over 24 hours, LV 500 mg/m2) or every other week (irinote-
can 180 mg/m2 on day 1; 5-FU 400 mg/m2 bolus followed by 600
mg/m2 over 22 hours, both on days 1 and 2; and LV 200 mg/m2 on
days 1 and 2 [the Douillard regimen]). The control arm allowed

Table 1 Irinotecan Plus 5-FU Regimens

Regimen Irinotecan Leucovorin 5-FU Schedule

FOLFIRI34 180 mg/m2 day 1 400 mg/m2 over 2 hours
day 1

FU 400 mg/m2 bolus day 1, followed
by 2400-3000 mg/m2 over 46

hours, continuous infusion
Every 2 weeks

Douillard et al Regimen31 180 mg/m2 day 1 100 mg/m2a over 2 hours
day 1 � 2 before 5-FU

FU 400 mg/m2 bolus then 600 mg/
m2 over 22 hours days 1 � 2 Every 2 weeks

IFL (Saltz et al)32 125 mg/m2 weekly
for 4 weeks

20 mg/m2 IV bolus
weekly for 4 weeks

500 mg/m2 I.V. bolus weekly for 4
weeks Every 6 weeks

a l-isomer of leucovorin (l-LV): When using the dl racemic mixture of leucovorin (the version commercially available in most countries), the dose is 200 mg/m2.
Abbreviations: FOLFIRI � 5-FU/leucovorin/irinotecan; 5-FU � 5-fluorouracil; IFL � irinotecan � 5-FU/LV; I.V. � intravenous.
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weekly (5-FU 2600 mg/m2 over 24 hours plus LV 500 mg/m2) or
every-other-week regimens (5-FU 400 mg/m2 bolus followed by 600
mg/m2 over 22 hours, both on days 1 and 2; and LV 200 mg/m2 on
days 1 and 2). A higher response rate (49% vs. 31%; P � .001) was
achieved with combination therapy, along with longer time to pro-
gression (6.7 vs. 4.4 months; P � .001) and median survival (17.4 vs.
14.1 months; P � .03). Toxicities that were more common with
irinotecan included grade 3/4 diarrhea (44% vs. 27%) and neutro-
penia (29% vs. 2%-4%), but these were manageable, reversible, and
noncumulative.31

The second important early frontline irinotecan study was con-
ducted by Saltz et al who developed the so-called (bolus) IFL (irino-
tecan � 5-FU/LV) regimen.32 Their phase III trial compared com-
bination therapy to the Mayo Clinic bolus regimen of 5-FU/LV as
well as to single-agent irinotecan for first-line therapy in mCRC.
Combination therapy consisted of irinotecan 125 mg/m2 I.V. with
LV 20 mg/m2 I.V. bolus and 5-FU 500 mg/m2 I.V. bolus given
weekly for 4 weeks of every 6 weeks. The dosing for the single-agent
irinotecan was the same as in the combination regimen. Again a
higher response rate (39% vs. 21%; P � .001) was accomplished
with the combination regimen compared with the 5-FU/LV, along
with a longer median PFS (7 vs. 4.3 months; P � .004) and median
overall survival (14.8 vs. 12.6 months; P � .04). Efficacy for single-
agent irinotecan was comparable to the 5-FU/LV regimen.

Use of irinotecan with bolus 5-FU regimens, such as IFL, is now
uncommon because of increased toxicity, especially � grade 3 diar-
rhea (19% vs. 14%) and � grade 3 febrile neutropenia (12% vs. 4%),
occasionally resulting in death.32,33 The randomized Bolus vs. Infu-
sional Camptosar Colorectal plus Celecoxib (BICC-C) study com-
pared modified IFL (2 weeks on and 1 week off) with the simplified
modification of the Douillard regimen known as FOLFIRI (irinote-
can 180 mg/m2, 5-FU 400 mg/m2 bolus, 5-FU 2400 mg/m2 con-
tinuous infusion over 46 hours.34,35 BICC-C demonstrated that PFS
was significantly better for patients who received FOLFIRI (median
7.6 months) vs. a modified IFL regimen (median 5.9 months; P �

.004). Intriguingly, overall survival was 23.1 months with FOLFIRI
compared with 17.6 months for the modified IFL regimen, although
this difference did not reach statistical significance (P � .09).35

The BICC-C study also included a capecitabine/irinotecan
(CAPIRI) arm, which consisted of irinotecan 250 mg/m2 I.V. over
90 minutes on day 1 and oral capecitabine 1000 mg/m2 twice per day
on days 1 through 14, repeated every 3 weeks. Although overall
objective response rates did not differ significantly between FOL-
FIRI and CAPIRI (47.2% vs. 38.6%), median PFS was better for
FOLFIRI than for CAPIRI (7.6 vs. 5.8 months; P � .015), as was
overall survival (23.1 months for FOLFIRI vs. 18.9 months for CA-
PIRI). Additionally, CAPIRI was associated with high rates of �

grade 3 nausea, vomiting, diarrhea, dehydration, febrile neutropenia,
and hand-foot syndrome. Discontinuation of study treatment for
unacceptable toxicity was more common among patients treated
with CAPIRI (25.5%) when compared with FOLFIRI (14.6%). As
such it is difficult to recommend CAPIRI as a standard first-line
choice, particularly in the United States.

Irinotecan: UGT1A1 Polymorphisms. One controversy that re-
volved around irinotecan in the past decade had to do with its me-

tabolism and the potential for predicting severe toxicity in a subset of
patients. SN-38 is inactivated and tagged for biliary elimination
through glucuronidation, which occurs in the liver principally
through the polymorphic enzyme UGT1A1 (Other UGT family
members exist in the gut and may help detoxify irinotecan that has
been deglucuronidated by intestinal bacteria).36 Approximately 10%
of the North American population is homozygous for the
UGT1A1*28 allele (responsible for Gilbert syndrome) and an addi-
tional 40% are heterozygotes.37 Several studies have documented
increased risk of irinotecan-related neutropenia and more impor-
tantly febrile neutropenia in patients with the homozygous polymor-
phism in particular. Based on these findings, the FDA amended the
product label for irinotecan, suggesting that patients with the ho-
mozygous *28 polymorphism be treated with lower initial doses of
irinotecan. Unfortunately little prospective data have been generated
to define safe dosing in this population. One finding of importance
however has been that biweekly and weekly dosing schedules of iri-
notecan may not require modification because of a low risk of severe
adverse events, whereas higher doses (� 300 mg/m2), which are most
often given on a every-3-week basis, may necessitate routine testing
to prevent severe neutropenia with attendant risk of infection and
death.38

Oxaliplatin. Oxaliplatin is a platinum derivative whose bulky ox-
alate side chain results in stearic hinderance thought to enhance its
efficacy as a DNA repair inhibitor. It is the only approved platinum
agent with known activity against colorectal cancer. The develop-
ment of oxaliplatin and oxaliplatin-fluoropyrimidine combinations
was the last and perhaps most significant undertaking of the past
decade. Compared with irinotecan and 5-FU, oxaliplatin has rela-
tively little single-agent activity.39 Oxaliplatin has however been
shown to synergize in both preclinical experiments and clinical stud-
ies when combined with fluoropyrimidines.40

The first trial to show a benefit from adding oxaliplatin to
5-FU/LV was a European study reported in 2000 in which the
LV5FU2 regimen was administered with or without oxaliplatin (85
mg/m2 on day 1 over 2 hours). The oxaliplatin regimen FOLFOX4
(5-FU/LV � oxaliplatin) produced a significantly higher objective
response rate (51% vs. 22%; P � .0001) and longer PFS (9 vs. 6.2
months; P � .0001) but similar median overall survival (16.2 vs.
14.7 months; P � .12). Grade 3/4 neutropenia (42% vs. 5%), diar-
rhea (12% vs. 5%), and neurologic toxicity (18% vs. 0%) were more
common with oxaliplatin. However only 1% of patients treated in
the FOLFOX-4 arm experienced febrile neutropenia. Furthermore
reversibility of grade 3/4 sensory neurotoxicity was observed in 74%
of patients, with a median time to recovery of 13 weeks. Two addi-
tional trials showed significantly increased antitumor efficacy, with
similar improved response rates and PFS but also without overall
survival benefit. It can be speculated that this is due to crossover or
receiving chemotherapy after leaving the study.41,42 Unfortunately
this effect resulted in delay of � 2 years in the approval of oxaliplatin
in the United States.

Would You Like Irinotecan or Oxaliplatin With Your Fluoropyrimidine?
At the time of the publication of the FOLFOX trial, IFL was the de
facto standard of care in the United States. The US Intergroup study
N9741 was designed to examine several potential irinotecan,
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oxaliplatin, and 5-FU doublets simultaneously. After several arms
containing bolus 5-FU regimens were closed because of excess tox-
icity (elucidated by a novel real-time toxicity monitoring system),
the study showed a statistically significant survival benefit for
FOLFOX-4 compared with IFL and IROX (irinotecan/oxalipla-
tin), with a median overall survival of 19.5 vs. 15 months for IFL
and 17.4 months for IROX.43 This comparison was criticized
because of ready access to irinotecan for the oxaliplatin group but
restricted access to second-line oxaliplatin in the United States
and because of the “apples to oranges” comparison of an infu-
sional to a bolus 5-FU combination. Despite that, the study was
important in that it essentially changed the standard of care in the
United States and helped to highlight the problems associated
with bolus 5-FU and irinotecan administration that were men-
tioned previously. N9741 was notable in addition for being 1 of
the first large multicooperative group studies to collect blood
from patients at the time study enrollment. This has allowed for
multiple analyses of this large group of patients that have pro-
vided insights into potential markers of response and toxicity,
which are described in another article in this issue.

Subsequent to N9741, 2 small European randomized trials, nei-
ther of which were powered for a noninferiority comparison, failed to
show a survival benefit when comparing FOLFOX variants with
FOLFIRI variants.34,44 One of these studies allowed patients to cross
over to the alternative regimen at progression, essentially demon-
strating that order of administration of the drugs was unimportant in
the eventual outcome. Unfortunately this study also verified that
response rates after first-line progression are very poor regardless of
the second regimen.

Capecitabine has also been incorporated into oxaliplatin regimens
in several randomized studies. The largest of these, the NO16966,
was designed to demonstrate noninferiority between CAPOX and
FOLFOX-4 as first-line therapy in mCRC.45 The trial commenced
as a randomized 2-arm phase III comparison of CAPOX vs.
FOLFOX-4. After patient accrual had begun, the trial design was
amended in 2003 after bevacizumab phase III data became available.
The subsequent 2 � 2 factorial design randomly assigned patients to
CAPOX vs. FOLFOX-4 and then to also receive either bevacizumab
or placebo. The intent-to-treat analysis consisted of 2034 patients,
with a median PFS of 8.0 vs. 8.5 months (hazard ratio [HR], 1.04;
97.5% confidence interval [CI], 0.93-1.16) and median overall sur-
vival of 19.8 vs. 19.6 months (HR, 0.99; 97.5% CI, 0.88-1.12) in
the pooled CAPOX-containing arms and FOLFOX-4–containing
arms respectively, confirming the study’s hypothesis of statistical
noninferiority. With respect to the toxicity evaluation, FOLFOX-4
was associated with more grade 3/4 neutropenia/granulocytopenia
and febrile neutropenia than CAPOX, and CAPOX was associated
with more grade 3 diarrhea and grade 3 hand-foot syndrome than
FOLFOX-4.

FOLFIRINOX? One of the unresolved questions that has fol-
lowed us into the second decade of the 21st century is whether triple-
drug combinations might be better than the doublets that we have
used for the past decade. Data have suggested that exposure to all the
3 main active cytotoxic agents obtains the best outcome in patients
whose disease is unresctable,34,46,47 but that only 50% to 80% of

patients can be exposed to all 3 drugs when regimens are deployed as
either sequential singlets or doublets. A theoretical way to further
improve the outcome of mCRC could be to administer a first-line
regimen containing the 3 active agents. An Italian group, the Gruppo
Oncologico Nord Ovest (GONO), conducted a phase III study of
244 patients comparing FOLFOXIRI (irinotecan 165 mg/m2 day 1,
oxaliplatin 85 mg/m2 day 1, LV 200 mg/m2 day 1, fluorouracil 3200
mg/m2 48-hour continuous infusion starting on day 1, every 2
weeks) with FOLFIRI. PFS and overall survival were both signifi-
cantly improved in the FOLFOXIRI arm (6.9 vs. 9.8 months; P �

.0006; 16.7 vs. 22.6 months; P � .032). This overall survival is better
than most studies have shown with chemotherapy alone and rivals
overall survival seen with combinations of chemotherapy and tar-
geted agents. In addition, response rates were very high: 34% vs. 60%
(P � .0001). An increase of grade 2/3 peripheral neurotoxicity (0%
vs. 19%; P � .001) and grade 3/4 neutropenia (28% vs. 50%; P �

.001) was observed in the FOLFOXIRI arm. The incidence of febrile
neutropenia (3% vs. 5%) and grade 3/4 diarrhea (12% vs. 20%) was
not significantly different.48 This study suggested significantly better
outcomes with FOLFOXIRI, with increased but manageable toxic-
ity. Skepticism about the usability of this regimen has limited its
study in the United States, but patients with borderline resectable
disease might be a population in whom to consider FOLFOXIRI,
given the high rate of conversion to resectability seen in the GONO
study.

A cautionary note is necessary however, as a Greek group has also
studied a FOLFOXIRI variant in 283 patients vs. FOLFIRI as first-
line treatment in patients with mCRC. They noted a significantly
higher incidence of alopecia, diarrhea, and neurosensory toxicity
than did the Italian group. Also there were no differences in overall
survival (median, 19.5 and 21.5 months, respectively), PFS (6.9 and
8.4 months, respectively), or response (33.6% and 43%, respec-
tively) in their study.49

Sequential Singlets vs. Doublets:
Does It Matter?

The previously mentioned trials with combination therapy pro-
vide good evidence that either irinotecan or oxaliplatin in addition to
5-FU improves survival for patients with metastatic colon cancer.
However whether first-line multiagent therapy is essential to obtain
this benefit vs. a sequential approach is uncertain from these studies.
It has been demonstrated that overall survival is associated with the
use of all 3 active chemotherapy drugs in the treatment course of
mCRC.34,46,47 For patients with extensive metastases who will not
be cured, questions have been raised about how the active drugs and
combinations should be sequenced to maximize duration of disease
control while minimizing adverse effects.

The FOCUS (Fluorouracil, Oxaliplatin, and CPT11 [irinotecan]-
Use and Sequencing) trial randomized 2135 patients with noncura-
tive mCRC to first-line treatment using 3 strategies (creating a total
of 5 arms) with a primary endpoint of overall survival. Strategy A was
considered the control and consisted of treatment with infusional
5-FU/LV alone until progression followed by single-agent irinote-
can. Strategy B also used infusional 5-FU/LV alone, but was followed
by combination therapy at treatment failure (B-ir and B-ox). Strategy
C consisted of combination therapy from the outset (C-ir and C-ox).

Amy S. Lucas et al
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The median overall survival of patients allocated to the control group
strategy A was 13.9 months. The median overall survival of each of
the other groups was longer (B-ir 15.0, B-ox 15.2, C-ir 16.7, C-ox
15.4 months). The only group with a statistically significant differ-
ence in median overall survival to the control group was the C-ir
(first-line combination therapy including irinotecan; P � .01). The
comparison of deferred combination therapy (strategy B) to first-line
combination therapy (strategy C) was not inferior. The choice of
irinotecan vs. oxaliplatin also did not affect survival.50

In similar fashion, the Dutch CAIRO (capecitabine/irinotecan/
oxaliplatin) trial investigated whether combination treatment is bet-
ter than sequential administration of the same drugs in mCRC. This
study randomly assigned 820 patients to first-line therapy with cape-
citabine, second-line irinotecan, and third-line capecitabine plus ox-
aliplatin (sequential treatment) or to first-line capecitabine plus iri-
notecan and second-line capecitabine plus oxaliplatin (combination
treatment). Although first-line PFS was significantly longer for the
combination treatment group than it was for the sequential treat-
ment group (P � .0002), overall survival was not statistically differ-
ent (16.3 months for sequential treatment and 17.4 months for com-
bination therapy; P � .3281).51

In the case of each of these studies, the investigators concluded
based on this trial that a sequential strategy is a reasonable one com-
pared with initial combination therapy for patients with disease that
is not likely to be amenable to resection. Although there are some
significant caveats to this argument, it would certainly argue that
patients who do not require a response for resection or for symptom-
atic reasons might be offered sequential therapy. Study of sequential
therapy with targeted agents is however significantly limited. Addi-
tionally, the median survival for all groups in both the FOCUS and
CAIRO trials (which ranged from 13.9 to 17.4 months) was lower
than expected from previous trials of combination chemotherapy.
One explanation has been that patients with better prognosis and
liver-only metastases were excluded from FOCUS and were under-
represented in CAIRO.

Can Unresectable mCRC
Be Cured?

Historically, a small but real group of patients treated with fluo-
ropyrimidines experienced 5-year survival after a diagnosis of unre-
sectable mCRC.52 An analysis of US Intergroup N9741 showed a
10% 5-year overall survival in patients with mCRC treated with
first-line FOLFOX. Only 6 of 85 patients alive at 5 years had under-
gone resection. This suggests that a small fraction of patients with
mCRC may be curable with cytotoxic therapy alone. An analysis of
factors that were prognostic of patient outcome was completed and
included treatment arm; age; sex; previous adjuvant therapy; body
mass index; performance status; number of disease sites; neutrophil,
hemoglobin, and platelet counts; and bilirubin, alkaline phospha-
tase, and aspartate aminotransferase levels. These were assessed for
univariate association with overall survival and associated factors
were included in multivariate Cox and logistic regression models.
Pretreatment performance status, neutrophil count, and alkaline
phosphatase level are prognostic for overall survival, although FOL-
FOX treatment was the strongest prognostic factor.53

Intermittent Strategies: Can
Incurable Patients Safely
Take Breaks?

In large part driven by the potentially permanent sensory neurop-
athy induced by continuous administration of oxaliplatin, several
trials have addressed whether equivalent outcomes are provided by
intermittent rather than continuous therapy.54-56 Historically, 5-FU
has been administered continuously until disease progression or un-
acceptable toxicity in the majority of patients with mCRC. In addi-
tion, current improved survival has resulted in a larger fraction of
mCRC patients who potentially receive chemotherapy for several
years, making treatment without breaks highly unsatisfying.

Support for intermittent therapy first came from a trial of 354
patients who were progression free after 12 weeks of first-line che-
motherapy and were randomly assigned to stopping treatment (rein-
stituting the same regimen on disease progression) or to continuing
treatment until progression. The treatment regimens consisted of
5-FU/LV with or without oxaliplatin, infusional 5-FU, or ralti-
trexed. Overall survival was similar in both groups, but significantly
fewer grade 3 neuropathy events occurred with intermittent therapy.
The median off-treatment duration with the intermittent-therapy
group was 4.3 months. The objective response rate after retreatment
in the intermittent-therapy group was about half of the initial re-
sponse rate (21% vs. 41%).56

The OPTIMOX1 trial examined maintenance chemotherapy
with 5-FU/LV. The study randomly assigned 620 previously un-
treated patients to FOLFOX-4 administered every 2 weeks until
disease progression (arm A) or FOLFOX-7, a regimen that included
a higher dose intensity of oxaliplatin (130 mg/m2 every 2 weeks) for
6 cycles only, followed by reintroduction of oxaliplatin after 12 cycles
of 5-FU/LV maintenance (arm B). Similar results for median PFS
(9.0 vs. 8.7 months), overall survival (19.3 vs. 21.2 months), and
response rate (58.5% vs. 59.2%) were seen with arms A and B at a
median follow-up of 31 months. Toxicity was also comparable up to
cycle 7, but fewer patients experienced grade 3/4 toxicity in arm B
beyond 6 cycles. Grade 3 sensory neuropathy was observed in 17.9%
of the patients in arm A vs. 13.3% of patients in arm B (P � .12). In
arm B oxaliplatin was reintroduced in only 40.1% of the patients but
achieved responses in 6.7% or stabilization in 42.7% of patients who
restarted treatment because of progressive disease.57

A subsequent randomized phase II trial known as OPTIMOX2
tested the benefit of short-term maintenance 5-FU/LV compared
with a chemotherapy-free interval (CFI) after an initial response to
modified FOLFOX7 (oxaliplatin 100 mg/m2 rather than 130 mg/
m2, and no 5-FU bolus) given for 6 cycles or 3 months in 200
patients with previously untreated mCRC. Patients in both arms
were reintroduced to modified FOLFOX7 on tumor progression.
The primary endpoint was the median duration of disease control,
which was significantly longer in the maintenance arm than in the
CFI arm (13.1 vs. 9.2 months; P � 0.046). Maintenance therapy was
also associated with an increase in the median PFS (8.6 vs. 6.6
months; P � .0017). The median survival was not statistically dif-
ferent but exhibited a similar and clinically meaningful trend in favor
of maintenance 5-FU/LV (23.8 vs. 19.5 months; P � 0.42).58

Lastly, a preliminary report of another multicenter trial in which
patients were randomly assigned to continuous vs. intermittent ox-
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aliplatin (alternating every 8 cycles with and without oxaliplatin) also
appeared to confirm the benefit of intermittent rather than contin-
uous oxaliplatin for increasing time on first-line therapy for oxalip-
latin/bevacizumab–based combinations.59

Although irinotecan is not associated with known cumulative tox-
icities, treatment breaks might still be beneficial for amelioration of
chronic fatigue and GI side effects that can be associated with irino-
tecan and fluoropyrimidine combinations. The only randomized
trial addressing intermittent therapy with irinotecan and 5-FU was a
multicenter trial of 336 patients with mCRC evaluating alternating
vs. continuous FOLFIRI. Intermittent FOLFIRI was given every 2
weeks for 2 months followed by a 2-month break. Both intermittent
and continuous FOLFIRI were given until disease progression. Me-
dian overall survival, the primary endpoint of the trial, was 16.9
months with intermittent therapy and 17.6 months with continuous
treatment (HR, 1.11; 95% CI, 0.83-1.48).54

In summary, the evidence is good that maintenance can be carried
out with 5-FU/LV without loss of efficacy, but for now complete
breaks from chemotherapy should generally be reserved for patients
who have had durable major responses to therapy, do not have bulky
residual disease, are not at high risk for bowel obstruction from peri-
toneal carcinomatosis, or within the context of trials.

Conclusion
Traditional cytotoxic therapy remains the mainstay of therapy for

patients with advanced colorectal cancer even in the targeted therapy
era. Despite the advances of the past decade in cytotoxic therapy for
mCRC and associated improvement in overall survival, questions
remain and debates continue about how to further optimize these
therapies in individual patients. We have come a long way toward
understanding the role of drug combinations, sequencing, and the
need for maintenance therapy. There is hope that further improve-
ment in outcomes with traditional cytotoxic agents will come from
elucidation of predictive molecular markers of response (discussed in
more detail elsewhere in this issue) and better understanding of both
innate and acquired drug resistance. Lastly, we still have much to
learn about how to combine cytotoxic therapies with newer targeted
therapies, an endeavor that should keep us all busy for the current
decade and beyond.
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