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background

 

Intravenous bolus fluorouracil plus leucovorin is the standard adjuvant treatment for
colon cancer. The oral fluoropyrimidine capecitabine is an established alternative to bo-
lus fluorouracil plus leucovorin as first-line treatment for metastatic colorectal cancer.
We evaluated capecitabine in the adjuvant setting.

 

methods

 

We randomly assigned a total of 1987 patients with resected stage III colon cancer to
receive either oral capecitabine (1004 patients) or bolus fluorouracil plus leucovorin
(Mayo Clinic regimen; 983 patients) over a period of 24 weeks. The primary efficacy
end point was at least equivalence in disease-free survival; the primary safety end point
was the incidence of grade 3 or 4 toxic effects due to fluoropyrimidines.

 

results

 

Disease-free survival in the capecitabine group was at least equivalent to that in the
fluorouracil-plus-leucovorin group (in the intention-to-treat analysis, P<0.001 for the
comparison of the upper limit of the hazard ratio with the noninferiority margin of
1.20). Capecitabine improved relapse-free survival (hazard ratio, 0.86; 95 percent con-
fidence interval, 0.74 to 0.99; P=0.04) and was associated with significantly fewer ad-
verse events than fluorouracil plus leucovorin (P<0.001).

 

conclusions

 

Oral capecitabine is an effective alternative to intravenous fluorouracil plus leucovorin
in the adjuvant treatment of colon cancer.

abstract
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lmost 1 million patients receive a

 

diagnosis of colorectal cancer yearly, and
half a million deaths from this neoplasm

occur annually worldwide.

 

1

 

 Each year, approximate-
ly 230,000 patients with colon cancer are eligible for
adjuvant chemotherapy.

 

1-3

 

 The benefits of fluoro-
uracil-based adjuvant chemotherapy in reducing the
risk of relapse and prolonging survival in patients
with resected colon cancer are well established, par-
ticularly in stage III disease.

 

4-6

 

 Survival advantages
were demonstrated with bolus intravenous fluoro-
uracil plus leucovorin administered according to
the Mayo Clinic regimen (five days, monthly, for six
months) or the Roswell Park regimen (weekly bolus,
six of every eight weeks, for eight months).

 

5,7-10

 

 The
choice between these regimens involves a decision
about toxic effects: stomatitis and neutropenia with
the Mayo Clinic regimen or diarrhea with the
Roswell Park regimen. Infused fluorouracil regi-
mens have also been evaluated, but they have no
greater efficacy than bolus fluorouracil plus leuco-
vorin in the adjuvant setting.

 

11-13

 

 For this reason,
six to eight months of treatment with bolus fluoro-
uracil plus leucovorin has been the standard of care
worldwide as adjuvant treatment of colon cancer
since the 1990s.

 

14

 

There are, however, discrepancies between con-
sensus recommendations and adjuvant treatment in
the community.

 

10,15-17

 

 More effective, better toler-
ated, and more convenient chemotherapy is re-
quired, especially for patients older than 65 years,

 

18

 

who are less likely to receive rigorous chemothera-
py.

 

16,17

 

 Moreover, most patients (84 to 89 percent)
with cancer would prefer oral chemotherapy, pro-
vided efficacy is not compromised.

 

19,20

 

The oral fluoropyrimidine capecitabine (Xeloda,
Hoffmann–La Roche) generates fluorouracil pref-
erentially in tumor tissue, by way of a three-step en-
zymatic cascade.

 

21

 

 The final stage of conversion to
fluorouracil is catalyzed by thymidine phosphory-
lase, which is appreciably more active in tumor than
in healthy tissue.

 

21,22

 

 As first-line treatment for met-
astatic colorectal cancer, capecitabine is an estab-
lished alternative to the combination of fluorouracil
and leucovorin. It achieved response rates superior
to those achieved with the Mayo Clinic regimen (26
percent vs. 17 percent), with equivalent progression-
free survival and overall survival.

 

23

 

 Capecitabine was
also associated with fewer adverse effects than the
Mayo Clinic regimen

 

24

 

 and reduced the use of med-
ical resources.

 

25

 

These data provided the rationale for a phase 3

trial (Xeloda in Adjuvant Colon Cancer Therapy
[X-ACT]) to compare capecitabine and the Mayo
Clinic fluorouracil-plus-leucovorin regimen as ad-
juvant treatment in resected stage III colon cancer.
The primary objective was to demonstrate that
capecitabine was at least equivalent to fluorouracil
plus leucovorin in terms of disease-free survival. We
report here planned analyses of the primary efficacy
end point and the safety end point of the trial.

The study was conducted in accordance with the
Declaration of Helsinki and its amendments or with
the laws and regulations of the country in which the
research was conducted, whichever afforded greater
protection. Patients gave written informed consent
for participation in the trial.

 

eligibility criteria

 

Patients 18 to 75 years of age were required to be
fully recovered after surgery for histologically con-
firmed stage III colon carcinoma. Surgery had to
have been performed within eight weeks before
randomization. An Eastern Cooperative Oncology
Group performance score of 0 or 1 (with a score of
0 indicating normal activity and 1 indicating the
presence of symptoms but nearly full ambulatory
capacity) and at least five years’ life expectancy were
required.

Patients with evidence of metastatic disease, in-
cluding tumor cells in ascites or microscopic evi-
dence of residual disease, were ineligible for partic-
ipation. Macroscopic disease was ruled out with the
use of abdominal pelvic computed tomography (CT)
or magnetic resonance imaging (MRI) and chest ra-
diography. Patients were also excluded on the basis
of prior cytotoxic chemotherapy or organ allograft,
clinically significant cardiac disease, severe renal
impairment, central nervous system disorders, or
pregnancy or lactation. Sexually active premeno-
pausal women unwilling to practice contraception
were ineligible.

 

study design and treatment

 

The primary aim of the study was to show at least
equivalence in disease-free survival between capecit-
abine and bolus fluorouracil plus leucovorin. Sec-
ondary end points included relapse-free survival,
overall survival, and safety. Assessment of the rate of
disease-free survival at three years was a prespeci-
fied secondary end point. Results with regard to the

a

methods
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quality of life are summarized here. The Quality of
Life Questionnaire (QLQ-C30, version 2.0) of the
European Organization for the Research and Treat-
ment of Cancer was administered at baseline and be-
fore the start of the treatment cycles in weeks 7, 16,
and 25 in the capecitabine group and weeks 9, 17,
and 25 in the fluorouracil-plus-leucovorin group.

Patients were assigned to 24 weeks of treatment
with either eight cycles of oral capecitabine, at a
dose of 1250 mg per square meter of body-surface
area, twice daily on days 1 through 14 every 21 days,
or six cycles of rapid intravenous infusion of leuco-
vorin, at a dose of 20 mg per square meter, followed
immediately by an intravenous bolus of fluoro-
uracil, at a dose of 425 mg per square meter, on
days 1 through 5 every 28 days. Randomization, with
the use of treatment allocation codes (scratch-off
labels), was stratified by center and performed with
a block size of four. The block size was unknown to
investigators and monitors.

 

evaluation of efficacy

 

Patients were assessed every six months for two
years after randomization and then yearly. Each as-
sessment was to include abdominal and pelvic CT
or MRI and either thoracic radiography or thoracic
CT or MRI. Disease-free survival was defined as the
time between randomization and the first relapse,
a second primary colon cancer, death from any
cause when no evidence of relapse was recorded,
or the last date at which the patient was known to be
free of disease (censoring time). Relapse-free sur-
vival was defined as the time between randomiza-
tion and the first relapse, a second primary colon
cancer, death due to treatment-related toxic effects,
or colon cancer if relapse had not been reported.
Data on patients without documented relapse or
with death unrelated to colon cancer or the study
treatment were censored as of the last date on which
the patient was known to be free of disease. Overall
survival was defined as the time from randomization
to death or the date at which the patient was last con-
firmed to be alive (censoring time).

 

evaluation of safety

 

The predefined primary end point for safety was at
least equivalence as demonstrated through compar-
ison of Kaplan–Meier estimates of the incidence and
onset of all predefined severe (grade 3 or 4) toxic ef-
fects of the fluoropyrimidine (i.e., diarrhea, stoma-
titis, nausea, vomiting, hand–foot syndrome, alope-
cia, and neutropenia) in the two groups. Adverse

events were recorded as previously described.

 

26

 

The intensity of and adjustments to the dose of the
study drug were recorded throughout treatment.

 

statistical analysis

 

The intention-to-treat population included all pa-
tients who underwent randomization. In accor-
dance with the study protocol, the per-protocol
population excluded patients receiving less than 12
weeks of treatment or less than 50 percent of the
planned dose of the study drug during this initial
period as well as those with major violations of in-
clusion or exclusion criteria. The population includ-
ed in the safety analysis comprised all patients re-
ceiving at least one dose of the study drug who were
followed up for safety. Results of the per-protocol
analysis supported the same conclusions as the in-
tention-to-treat analyses and are not presented.

The primary efficacy analysis was planned when
632 events for the end point of three-year disease-
free survival had occurred in the per-protocol pop-
ulation. The use of a noninferiority margin of 1.25
for the hazard ratio and a type I error of 2.5 percent
ensured 80 percent power to show at least equiva-
lence between the two study treatments. Assuming
three-year disease-free survival rates of 70 percent,
and allowing for approximately 15 percent of pa-
tients to be excluded from the per-protocol popu-
lation, an enrollment of 1956 patients was planned.
A second hierarchical test evaluated equivalence
in disease-free survival with an upper limit of the
hazard ratio of 1.20. If these analyses proved to be
positive, tests for superiority were planned. Analy-
ses for at least equivalence were performed in the
per-protocol and intention-to-treat populations;
superiority analyses were performed only in the
intention-to-treat population, to maintain the most
conservative approach. No interim analyses were
performed.

Disease-free survival and overall survival were
analyzed with the use of proportional-hazards re-
gression and presented as Kaplan–Meier estimates
and hazard ratios with 95 percent confidence inter-
vals. Relapse-free survival was analyzed with the use
of proportional-hazards regression and presented
as a cumulative-incidence plot and hazard ratios
with 95 percent confidence intervals. Planned multi-
variate analyses to evaluate the robustness of the data
on disease-free, relapse-free, and overall survival
were based on proportional-hazards regression.
Subgroup analyses of disease-free survival were also
prospectively planned.
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The study (trial M66001) was designed and ini-
tiated by investigators and employees of the spon-
sor, Hoffmann–La Roche. The data were collected,
managed, and analyzed by the sponsor. The article
was prepared by the primary author, with editorial
assistance from a medical writer (who was not an
employee of the sponsor), on the basis of data and
statistical analyses provided by the sponsor. The
contents were reviewed and approved by all authors.
The decision to publish this report was made by the
investigators and the sponsor. The sponsor placed
no contractual restrictions on the publication of the
data but retained the right to review them before
submission of the manuscript for publication. Dr.
Twelves vouches for the accuracy and completeness
of this report.

 

patient population and follow-up

 

Between November 1998 and November 2001, 1987
patients were enrolled at 164 centers worldwide.
Of 1004 patients assigned to capecitabine, 12 per-
cent were excluded from the per-protocol popula-
tion, and of 983 patients assigned to fluorouracil
plus leucovorin, 11 percent were excluded. The rea-
sons for exclusion were balanced between the two
groups. In both groups, the median follow-up was
3.8 years, which was the time from randomization
to closing of the database for analysis (April 1,
2004). Overall, 33 patients were lost to follow-up
(18 in the fluorouracil-plus-leucovorin group and
15 in the capecitabine group).

Baseline characteristics were similar in the two
groups (Table 1). There were slightly more patients
with carcinoembryonic antigen levels above the
upper limit of normal at baseline in the capecita-
bine group than in the fluorouracil-plus-leucovorin
group (8.6 percent vs. 7.0 percent). The proportion
of patients with involvement of four or more re-
gional lymph nodes (stage N2 disease), as opposed
to involvement of one to three nodes (stage N1 dis-
ease), was slightly higher in the capecitabine group
than in the fluorouracil-plus-leucovorin group (30.8
percent vs. 29.4 percent).

 

disease-free survival

 

Table 2 summarizes the results for the three major
efficacy end points. The primary objective — the de-
termination of whether capecitabine results in dis-
ease-free survival at least equivalent to that with fluo-
rouracil plus leucovorin — was met (Fig. 1A). The

hazard ratio comparing disease-free survival in the
capecitabine group with that in the fluorouracil-
plus-leucovorin group was 0.87 (95 percent confi-
dence interval, 0.75 to 1.00). The upper limit of the
confidence interval (1.0) was significantly below
both predefined margins, 1.25 and 1.20, for at least
equivalence (P<0.001 for both comparisons), pro-
viding confidence that capecitabine is at least as ef-
fective as fluorouracil plus leucovorin. The protocol-
specified analysis for superiority showed a trend
toward superior disease-free survival with capeci-
tabine as compared with fluorouracil plus leucovo-

results

 

* ECOG denotes Eastern Cooperative Oncology Group, and ULN upper limit of 
normal.

† Higher numbers indicate greater depth of tumor penetration through the 

 

bowel wall.

 

Table 1. Baseline Characteristics of Patients in the Intention-to-Treat 
Population.*

Characteristic
Capecitabine

(N=1004)
Fluorouracil plus

Levcovorin (N=983)

 

Sex (%)

Male 54 54

Female 46 46

Age (yr)

Median 62 63

Range 25–80 22–82

Age group (%)

<70 yr 81 79

≥70 yr 19 21

ECOG performance score (%)

0 85 85

1 15 15

Nodal status — (%)

N1 69 71

N2 31 29

Tumor stage (%)†

T1 or 2 10 10

T3 76 76

T4 14 14

Carcinoembryonic antigen level (%)

≤ULN 83 85

>ULN 9 7

Missing data 8 8
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rin (P=0.05). The difference between the three-year
rates of disease-free survival (a prespecified end
point) in the capecitabine group (64.2 percent) and
in the fluorouracil-plus-leucovorin group (60.6 per-
cent) was not significant (P=0.12).

 

relapse-free survival

 

The definition of relapse-free survival was similar
to that of disease-free survival, except that patients
without a documented relapse and patients who
died from a cause unrelated to colon cancer or the
study treatment were censored (21 events in the
capecitabine group and 18 in the fluorouracil-plus-
leucovorin group). Relapse-free survival in the
capecitabine group was longer than in the fluoro-
uracil-plus-leucovorin group (P=0.04; hazard ratio,
0.86; 95 percent confidence interval, 0.74 to 0.99).
Figure 1B shows the cumulative incidence of relapse
(or of death due to the study treatment or colon can-
cer in patients who had no evidence of relapse). The
three-year rates of relapse-free survival (not a pre-
specified end point) were 65.5 percent in the capeci-
tabine group and 61.9 percent in the fluorouracil-
plus-leucovorin group (P=0.12).

 

overall survival

 

Overall survival in the two groups did not differ sig-
nificantly (P=0.07) (Fig. 1C). The hazard ratio for
death in the capecitabine group as compared with
the fluorouracil-plus-leucovorin group was not sta-
tistically significant (0.84; 95 percent confidence in-

terval, 0.69 to 1.01). The three-year rates of overall
survival (not a prespecified end point) were 81.3 per-
cent and 77.6 percent in the capecitabine group and
the fluorouracil-plus-leucovorin group, respective-
ly (P=0.05).

 

multivariate analyses

 

Included in the prospectively planned multivariate
analyses were potentially relevant factors (i.e., treat-
ment, age, sex, nodal status, time from surgery to
randomization, elevated carcinoembryonic antigen
level) identified from previous trials.

 

5,6,11

 

 These
analyses showed that treatment with capecitabine
had a statistically significant effect on disease-free
survival (hazard ratio, 0.826; 95 percent confidence
interval, 0.709 to 0.962; P=0.01) and overall surviv-
al (hazard ratio, 0.788; 95 percent confidence in-
terval, 0.643 to 0.964; P=0.02), as compared with
treatment with fluorouracil plus leucovorin. Explor-
atory analyses suggested that the difference between
the results of the multivariate analyses and the un-
adjusted efficacy analysis was driven by small imbal-
ances in baseline levels of carcinoembryonic antigen
and extent of nodal involvement, which favored the
fluorouracil-plus-leucovorin group. Other signifi-
cant variables associated with improved disease-free
survival in the multivariate analyses included female
sex (hazard ratio, 0.764; 95 percent confidence in-
terval, 0.653 to 0.893), stage N1 disease (hazard ra-
tio, 0.583; 95 percent confidence interval, 0.497 to
0.683), and normal carcinoembryonic antigen levels

 

* P values for equivalence are one-sided; P values for superiority were calculated with the use of the Wald chi-square test. 
CI denotes confidence interval.

† The upper limit of the hazard ratio was compared with the noninferiority margin of 1.20, as prespecified in the study pro-
tocol.

‡ The upper limit of the hazard ratio was compared with the noninferiority margin of 1.25, as prespecified in the study pro-

 

tocol.

 

Table 2. Efficacy for the Major End Points over a Median Follow-up Period of 3.8 Years.*

End Point
Total No.

of Patients 
No. of Patients

with Event 
Hazard Ratio

(95% CI)
 P Value for
Equivalence

 P Value for
Superiority

 

Disease-free survival

Capecitabine 1004 348 0.87 (0.75–1.00) <0.001† 0.05

Fluorouracil plus leucovorin 983 380  

Relapse-free survival

Capecitabine 1004 327 0.86 (0.74–0.99) — 0.04

Fluorouracil plus leucovorin 983 362  

Overall survival

Capecitabine 1004 200 0.84 (0.69–1.01) <0.001‡ 0.07

Fluorouracil plus leucovorin 983 227  
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(hazard ratio, 0.389; 95 percent confidence interval,
0.312 to 0.485).

 

subgroup analyses

 

Subgroup analyses of disease-free survival showed a
consistent trend toward benefit from capecitabine
over fluorouracil plus leucovorin among the sub-
groups categorized according to prognostic factors
that were used in the multivariate analysis (Fig. 2).

 

treatment

 

The median number of chemotherapy cycles re-
ceived (during the planned 24-week course) was
eight in the capecitabine group and six in the fluo-
rouracil-plus-leucovorin group. Eighty-three per-
cent of patients in the capecitabine group and 87
percent in the fluorouracil-plus-leucovorin group
completed treatment as planned. The median dose
intensity delivered was 93 percent of that planned
for capecitabine and 92 percent of that planned for
fluorouracil plus leucovorin. In 57 percent of pa-
tients receiving capecitabine and 52 percent of those
receiving fluorouracil plus leucovorin, the dose of
the study drug required modification (for delay, dose
reduction, or interruption of treatment). In a simi-
lar proportion of patients receiving capecitabine or
fluorouracil plus leucovorin, the dose required re-
duction (42 percent and 44 percent, respectively).
More interruptions (15 percent vs. 5 percent) and
delays (46 percent vs. 29 percent) were required with
capecitabine. Nevertheless, most patients in the
capecitabine group completed at least four of the
eight chemotherapy cycles without a reduction in
the dose of the medication (76 percent vs. 68 per-
cent in the fluorouracil-plus-leucovorin group after
three of the six chemotherapy cycles), supporting
the use of the standard starting dose in this trial.

 

primary safety end point

 

Safety data (excluding the primary safety end point)
were reported comprehensively 19 months after the
last patient was enrolled.

 

26

 

 The onset of the pre-
defined key grade 3 or 4 toxic effects was significant-
ly reduced throughout treatment with capecitabine
as compared with treatment with fluorouracil plus
leucovorin (P<0.001) (Fig. 3). The onset of toxic ef-
fects was also delayed with capecitabine as com-
pared with fluorouracil plus leucovorin. Table 3
shows the incidence of the most common treat-
ment-related clinical adverse events and laboratory
abnormalities.

A score for global health status on the Quality of
Life Questionnaire was prespecified as the primary

 

Figure 1. Disease-free Survival, Incidence of Relapse or Death, and Overall 
Survival among Patients Receiving Fluorouracil plus Leucovorin or Capecita-
bine (Intention-to-Treat Population).

 

Panel A shows Kaplan–Meier estimates of disease-free survival. The upper limit 
of the confidence interval of the hazard ratio was significantly below both the 
predefined margins, 1.25 and 1.20, for equivalence (P<0.001 in both cases). The 
analysis for superiority showed a trend favoring capecitabine (hazard ratio, 0.87 
[95 percent confidence interval, 0.75 to 1.00]; P=0.05). Panel B shows the cumu-
lative incidence of relapse or death; only deaths related to colon cancer or the 
study treatment were included. A Cox proportional-hazards model showed that 
relapse-free survival in the capecitabine group was statistically superior to that 
in the fluorouracil-plus-leucovorin group (P=0.04; hazard ratio, 0.86; 95 percent 
confidence interval, 0.74 to 0.99). Panel C shows Kaplan–Meier estimates of 
overall survival. The analysis for survival showed a trend favoring capecitabine 
(hazard ratio, 0.84 [95 percent confidence interval, 0.69 to 1.01]; P=0.07).

Pr
ob

ab
ili

ty
 o

f D
is

ea
se

-fr
ee

Su
rv

iv
al

1.0

0.6

0.4

0.8

0.0

1.0

0.6

0.4

0.8

 0.0

0 1 2 3 4 5 6

Years

Capecitabine (n=1004)

Fluorouracil plus leucovorin (n=983)

C
um

ul
at

iv
e 

In
ci

de
nc

e
of

 R
el

ap
se

 o
r 

D
ea

th

0.6

0.2

0.4

0.0
0 1 2 3 4 5 6

Years

Capecitabine (n=1004)

Fluorouracil plus leucovorin (n=983)

Pr
ob

ab
ili

ty
 o

f O
ve

ra
ll 

Su
rv

iv
al

0 1 2 3 4 5 6

Years

Capecitabine (n=1004)

Fluorouracil plus leucovorin (n=983)

A

B

C

Copyright © 2005 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 9, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

352;26

 

www.nejm.org june 

 

30

 

, 

 

2005

 

The

 

 new england journal 

 

of

 

 medicine

 

2702

 

measure of the quality of life. In the two groups,
the scores remained relatively constant over time.
However, at week 25 of treatment, the mean scores
for global health status in the two groups showed
similar small increases from baseline (<5 percent in
raw scores), indicating improvement in the quality
of life.

This randomized phase 3 trial showed that disease-
free survival among patients who received oral cape-
citabine was at least equivalent to that among those
who received fluorouracil plus leucovorin by intra-
venous bolus as adjuvant treatment for stage III
colon cancer. Predefined multivariate analyses re-
inforced the primary efficacy findings. Although
unadjusted analyses of disease-free survival and
overall survival showed noninferiority of capecita-
bine to fluorouracil plus leucovorin, the multivariate
analyses suggested that treatment with capecita-
bine improved the efficacy outcomes. We speculate
that small imbalances in the two baseline charac-
teristics with the strongest prognostic influence
(i.e., elevated carcinoembryonic antigen levels and
nodal status), which favored the fluorouracil-plus-
leucovorin group, may have reduced the effect of
capecitabine in the unadjusted analyses

 

.

 

 Multivari-
ate analyses also confirmed the prognostic signif-
icance of female sex, extent of nodal involvement,
and elevated baseline carcinoembryonic antigen
levels with regard to the three efficacy end points
identified in previous trials; as expected, age influ-
enced only overall survival. The only factor identi-
fied from previous trials that did not influence out-
comes in the current study was time from surgery
to randomization. However, because the eligibili-
ty criteria in this trial specified an interval of eight
weeks or less between surgery and randomization,
variability in this measure was limited in ours as
compared with earlier trials.

The results with the Mayo Clinic regimen in our
trial were consistent with those in previous studies.
If patients with disease stage III are isolated from
the more mixed population of the INT-0089 trial,
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which is the only other study of similar size using
this regimen, the three-year disease-free survival rate
(63 percent) is similar to that in the group receiving
the Mayo Clinic regimen in the current trial.

The significantly lower incidence and delayed

discussion

 

Figure 2. Subgroup Analysis of Disease-free Survival in the Capecitabine 
Group as Compared with the Fluorouracil-plus-Leucovorin Group 
(Intention-to-Treat Population).

 

Data on carcinoembryonic antigen (CEA) levels were missing for 159 
patients who were therefore not included in the analysis for this variable. 
ITT denotes intention to treat, N nodal status, and ULN upper limit of 
normal.
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Figure 3. Kaplan–Meier Estimates of the Onset of Predefined Key Grade 3 or 4 
Toxic Effects of Fluoropyrimidine.

 

P<0.001 for the difference between the groups.
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onset of fluoropyrimidine-related grade 3 or 4 toxic
effects with capecitabine as compared with fluoro-
uracil plus leucovorin supports the favorable safety
data reported with regard to patients with metastat-
ic disease.

 

26

 

 Overall, there were significantly lower
incidences of neutropenia and stomatitis and low-
er rates of nausea, vomiting, alopecia, and diarrhea
in the settings of adjuvant treatment and metastatic
disease with capecitabine.
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 The incidence of grade
3 hand–foot syndrome was, however, significantly
higher with capecitabine than with fluorouracil plus
leucovorin. The higher number of dose delays and
interruptions of treatment in the capecitabine group
reflected the schedule of twice-daily oral adminis-
tration. An important element in this approach is
educating patients to recognize toxic effects of
grade 2 or greater severity and interrupting treat-
ment promptly.

The Multicenter International Study of Oxali-
platin/5-Fluorouracil/Leucovorin in the Adjuvant
Treatment of Colon Cancer (better known as
MOSAIC) trial showed that adding oxaliplatin to in-
fused fluorouracil plus leucovorin provides a 23 per-
cent reduction in the risk of recurrence, which is a
significant and clinically meaningful benefit.
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Analysis of the survival data is premature, but a
meta-analysis of the use of adjuvant fluorouracil
has shown that disease-free survival is predictive of
overall survival.
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 The safety of infused fluoroura-
cil, leucovorin, and oxaliplatin was acceptable, but
peripheral neuropathy, myelosuppression, and gas-
trointestinal disturbances were significantly more
common among those also receiving oxaliplatin
than among those receiving infused fluorouracil
plus leucovorin alone.

The X-ACT trial shows that capecitabine is at
least equivalent to the Mayo Clinic regimen of fluo-
rouracil plus leucovorin in patients younger than
70 years and those 70 years of age or older. The
safety advantage of capecitabine over fluorouracil
plus leucovorin was also maintained in these sub-
groups.
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 Our results support capecitabine as an
alternative to fluorouracil plus leucovorin in the ad-
juvant treatment of colon cancer. Capecitabine or

oxaliplatin-based therapy should be considered for
all patients requiring adjuvant therapy for colon
cancer.
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The following investigators participated in the X-ACT trial. 

 

Argentina

 

 — E. Mickiewicz, G. Pallotta, E. Roca, M.S. Varela, R.C. Wainstein;

 

Australia

 

 — E. Abdi, A. Barling, S. Begbie, D. Bell, R. Blum, W.I. Burns, P. de Souza, D. Kotasek, J. Levi, K. Pittman, M. Schwarz, C. Under-
hill, D. Wyld; 
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 — P. Balcke, M. Baur, D. Geissler, P. Kier, H. Ludwig, K. Mach, D. Öfner, M. Prager, H. Steiner; 

 

Belgium

 

 — J. De Grève,
D. Vanstraelen; 

 

Brazil

 

 — L. Camillo-Coura, G. Delgado, S. Lago, A. Malzyner, C. Rotstein; 

 

Canada

 

 — J.P. Ayoub, O. Keller, K. Khoo, R. Ra-
jan, A. Sami, R. Wong; 

 

Croatia

 

 — M. Duvnjak, Z.K. Osijek, R. Ostojic, E. Vrdoljak; 
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 — I. Bustova, J. Dvorak, J. Fínek, I. Ko-
cakova, M. K

 

°

 

uta, J. Nemec, V. Svoboda, P. Vodvarka; 
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 — F.X. Caroli-Bosc, G. Dabouis, J.-Y. Douillard, P. Dufour, E. Gamelin, J.L. Gau-
din, M. Giovannini, H. Gouerou, J.E. Kurtz, C. Lombard-Bohas, D. Peré-Vergé, M. Ychou; 

 

Germany

 

 — W. Abenhardt, A. Beham, R. Behrens,

 

* Treatment-related adverse events that occurred in 10 percent or more of pa-
tients were included in the safety analysis. The data shown are an update to 
the data of Scheithauer et al.
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† P<0.001.
‡ P=0.02.

 

§ Diagnosis was based on laboratory values.

 

Table 3. Most Common Treatment-Related Adverse Events.*

Event All Grades of Events Grade 3 or 4 Events (Severe)

 

Capecitabine
(N=995)

Fluorouracil
plus

Leucovorin
(N=974)

 Capecitabine
(N=995)

Fluorouracil
plus

Leucovorin
(N=974)

 

percent

 

Diarrhea 46† 64 11 13

Nausea or vomiting 36† 51 3 3

Stomatitis 22† 60 2† 14

Hand–foot syndrome 60† 9 17† <1

Fatigue or asthenia 23 23 1 2

Abdominal pain 10 13 2 1

Alopecia 6† 22 0‡ <1

Lethargy 10 9 <1 <1

Anorexia 9 10 <1 <1

Neutropenia§ 32† 63 2† 26

Hyperbilirubinemia§ 50† 20 20† 6
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