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Background—Oxaliplatin-based adjuvant therapy is the standard of care for stage 11l colon
cancer. Adjuvant capecitabine with or without oxaliplatin versus leucovorin and fluorouracil with
or without oxaliplatin has not been directly compared; therefore, we aimed to analyse the efficacy
and safety of these treatments using individual patient data pooled from four randomised
controlled trials. We also assessed post-relapse survival, which has been postulated to be worse in
patients receiving adjuvant oxaliplatin.

Methods—~Patients with resected stage |11 colon cancer who were 18 years of age or older, with
an Eastern Cooperative Oncology Group performance status of 0 or 1, from four randomised
controlled trials (NSABP C-08, XELOXA, X-ACT, and AVANT; 8734 patients in total) were
pooled and analysed. The treatment regimens included in our analyses were: XELOX (oxaliplatin
and capecitabine); leucovorin and fluorouracil; capecitabine; FOLFOX-4 (leucovorin,
fluorouracil, and oxaliplatin); and modified FOLFOX-6 (MFOLFOX-6). Disease-free survival was
the primary endpoint for all trials that supplied patients for this analysis. Here, we compared
disease-free, relapse-free, and overall survival between the patient groups who received
capecitabine with or without oxaliplatin and those who received leucovorin and fluorouracil with
or without oxaliplatin. Post-relapse survival was compared between the combined XELOX and
FOLFOX groups, and the leucovorin and fluorouracil groups. Post-relapse survival was also
compared between the capecitabine with or without oxaliplatin and leucovorin and fluorouracil
with or without oxaliplatin groups.

Findings—Disease-free survival did not differ significantly between patients who received
leucovorin and fluorouracil versus those who received capecitabine in adjusted analyses (hazard
ratio [HR] 1:02 [0-93-1-11; p=0-72]) or in unadjusted analyses (HR 1-01 [95% CI 0-92-1-10;
p=0-86]). Relapse-free survival was similar (adjusted HR 1-:02 [0-93-1-12; p=0-72] and unadjusted
HR 1-01 [95% CI 0:92-1-11; p=0-86]), as was overall survival (adjusted HR 1-04 [95% CI 0-93-
1.15; p=0-50] and unadjusted HR 1-:02 [0-92-1-14]; p=0-65). For overall survival, a significant
interaction between oxaliplatin and fluoropyrimidine was recorded in the multiple Cox regression
analysis (p=0-014). Post-relapse survival was similar in adjusted (p=0-23) and unadjusted analyses
(p=0-33) for the comparison of XELOX or FOLFOX versus leucovorin and fluorouracil, and was
also similar for capecitabine-based regimens versus leucovorin and fluorouracil-based regimens
(unadjusted p=0-26).

Interpretation—Combination therapy with oxaliplatin provided consistently improved outcomes
without adversely affecting post-relapse survival in the adjuvant treatment of stage 111 colon
cancer, irrespective of whether the fluoropyrimidine backbone was capecitabine or leucovorin and
fluorouracil. These data add to the existing evidence that oxaliplatin plus capecitabine or
leucovorin and fluorouracil is the standard of care for the adjuvant treatment of stage 111 colon
cancer, and offers physicians flexibility to treat patients according to the patients' overall physical
performance and preference.

Funding—Genentech Inc.

Introduction

Adjuvant treatment with a fluoropyrimidine plus oxaliplatin is the standard of care for
resected stage 111 colon cancer,1,2 as supported by the results of three randomised controlled
trials.3,4,5,6,7 Oxaliplatin plus infusional leucovorin and fluorouracil (FOLFOX)
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significantly increased disease-free survival and overall survival compared with leucovorin
and fluorouracil alone in the MOSAIC trial.3,4 Oxaliplatin plus bolus leucovorin and
fluorouracil (FLOX) significantly increased disease-free survival compared with leucovorin
and fluorouracil alone in the NSABP C-07 trial, albeit with no significant overall survival
difference at 8 years' follow-up.5,6 Oxaliplatin plus oral capecitabine (Xeloda, F Hoffmann-
La Roche, Basel, Switzerland) (XELOX) significantly increased disease-free survival and
overall survival compared with bolus leucovorin and fluorouracil in the XELOXA trial.7
Single-agent leucovorin and fluorouracil or capecitabine is also recommended in patients for
whom oxaliplatin is unsuitable;1 in the non-inferiority X-ACT trial, capecitabine was shown
to be as efficacious as leucovorin and fluorouracil.8,9 Despite these results, data from the
NSABP C-07 and MOSAIC trials—which both included patients with stage Il or I11 disease
—suggested that adjuvant oxaliplatin might reduce post-relapse survival.4,10

No direct comparisons of capecitabine with or without oxaliplatin versus leucovorin and
fluorouracil with or without oxaliplatin have been done in the adjuvant setting, and such a
study is unlikely because treatment patterns are now well established. However, use of
XELOX and FOLFOX in both the first-line and second-line treatment of metastatic
colorectal cancer have led to similar survival outcomes.11,12,13 In the absence of
randomised controlled trials addressing the comparative efficacy of adjuvant oxaliplatin
combined with capecitabine or leucovorin and fluorouracil, and to further assess the effect
of oxaliplatin on post-relapse survival, we compared the efficacy and safety of adjuvant
capecitabine with or without oxaliplatin versus leucovorin and fluorouracil with or without
oxaliplatin for resected stage I11 colon cancer by pooling individual patient data from four
large, randomised controlled phase 3 trials: NSABP C-08, XELOXA, X-ACT, and AVANT.
These trials were selected on the basis of access to the complete clinical datasets, which
enabled the use of individual patient data to address relevant scientific questions.

We postulated that efficacy outcomes (disease-free survival, relapse-free survival, and
overall survival) would be the same with capecitabine-based and leucovorin and
fluorouracil-based regimens, but that post-relapse survival would be reduced in patients
receiving adjuvant oxaliplatin.

Study design and participants

The designs and patient eligibility criteria of these four studies have been reported
previously.7,8,14,15 Further details are provided in appendix pp 1-2. Patients with stage |1
colon cancer were excluded from this comparison of the standards of care for stage 111
disease. Tumor stage was recorded variably across the studies; therefore, for this analysis,
stage was derived from existing tumor—-node—-metastasis (TNM) staging information, based
on the American Joint Committee on Cancer (7th edition) definition of stage 111 colon
cancer as any stage T, and nodal stage N1 or N2.16 Patients receiving bevacizumab in
AVANT and NSABP C-08 were excluded from the primary analysis because its efficacy has
not been demonstrated in this setting.14,15 However, selected post-hoc sensitivity analyses
were done on the complete dataset of patients with stage 111 disease, and these included
patients who received bevacizumab.
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Disease-free survival, relapse-free survival, and overall survival were compared according
to the fluoropyrimidine received—ie, capecitabine or XELOX (capecitabine with or without
oxaliplatin) compared with leucovorin and fluorouracil, FOLFOX-4, or mFOLFOX-6
(leucovorin and fluorouracil with or without oxaliplatin). To assess the effect of oxaliplatin
when combined with capecitabine, we compared outcomes between patients treated with
XELOX versus capecitabine monotherapy.

We assessed the effect of oxaliplatin on post-relapse survival by comparing outcomes
between the combined XELOX and FOLFOX groups and those who received leucovorin
and fluorouracil monotherapy. The capecitabine and leucovorin and fluorouracil groups in
X-ACT were not pooled because of potential differences in efficacy when these drugs are
given as single agents in the adjuvant setting, based on a pre-planned multivariable analysis.
9

All studies were done in accordance with the Declaration of Helsinki and investigations
were undertaken after approval from local ethics committees or institutional review boards,
as appropriate. All patients provided written informed consent.

The primary endpoint was disease-free survival, which was defined as the date of
randomisation to the date of disease recurrence, new occurrence of colon cancer, or death
from any cause. Secondary endpoints were relapse-free survival (defined in the same way as
disease-free survival, but excluded deaths unrelated to treatment or colon cancer), overall
survival (time from randomisation to the date of death, irrespective of the cause), and post-
relapse survival (time from disease recurrence [relapse] until death from any cause; assessed
only in patients who relapsed).

In the XELOXA and AVANT trials, the type of disease-free survival event (recurrence, new
colon cancer, or death) was recorded, enabling direct identification of relapses. Because the
definitions of disease-free survival differed between XELOXA and AVANT versus X-ACT
and NSABP C-08, patients were identified as relapsing if a disease-free survival event
occurred along with a censored death variable or death recorded at a subsequent date. Based
on the definition of disease-free survival used in trials for the assigned treatment, the
definition included new colon cancer and relapse. This rule was used to identify patients'
distant (metastatic) relapses relevant to the scientific issue addressed by the analysis. In X-
ACT and NSABP C-08, the types of disease-free survival event were not reported; hence, in
order to replicate the identification process for patients with distant relapse in these trials, a
disease-free survival event along with either a censored death or subsequent death would
essentially identify which patients should be included the post-relapse survival analysis.
This approach allowed for uniform identification of patients with distant relapse across
trials. Post-relapse survival duration was then established as the time from relapse date until
death or date last known to be alive.

For efficacy assessments, patients who did not have an event at the time of the trial database
cutoff were censored on the date at which they were last known to be event-free.
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In all four trials, adverse events were monitored during treatment and for 28 days after the
final dose of study drug. All adverse events were encoded according to the Medical
Dictionary for Regulatory Activities (MedDRA) version 13.1 and allocated a severity grade
of 1-4 (mild, moderate, severe, or life-threatening or fatal). More than one occurrence of the
same adverse event in the same patient was recorded as a single event at the greatest severity
recorded. Incidences of serious adverse events were also observed. Since serious adverse
events were not flagged in NSABP C-08, adverse events occurring during that study were
recorded as serious if they were fatal or submitted to the Adverse Event Expedited

Reporting System (AdEERS).

Data about treatments after relapse were collected for patients in X-ACT, XELOXA, and
AVANT.

Statistical analyses

For each time-to-event assessment, we undertook Kaplan-Meier survival analyses and
compared these using the log-rank test. We did assessments according to assigned treatment.
We estimated hazard ratios (HRs) and associated 95% Cls using univariable Cox regression,
and we used the Wald test in each subgroup to test its difference from the null value of 1.
The same approach assessed treatment effects in subgroups stratified by sex, age (<70 years
or =70 years), T stage (T1-2 or T3-4), and N stage (N1 or N2).

We used multiple Cox proportional hazards regression to test for independent effects of
oxaliplatin after controlling for sex, age, T stage, and N stage. To assess whether the
incremental effects caused by oxaliplatin were similar, irrespective of the fluoropyrimidine
backbone, the oxaliplatin (yes/no) x fluoropyrimidine (leucovorin and fluorouracil or
capecitabine) term was included in the model as a predictor and tested for significance.
Additional covariables were considered but were removed from the final model, including
colon cancer stage (I11A or 111B/C), number of positive lymph nodes (<3 or >3), medical
comorbidity measures (adapted Charlson Comorbidity Index/National Cancer Institute
Combined Index), Eastern Cooperative Oncology Group Performance Status, and race. To
focus the present analysis solely on patients with stage I11 colon cancer, the only patients
from the four trials not included were those with stage 11 disease in NSABP C-08 (n=322)
and in AVANT (n=584). As surgical, medical, and staging standards changed, and
biological agents associated with survival benefit were introduced for metastatic disease
during the course of the trials, we did sensitivity analyses to assess the potential effects of
these changes. We also assessed surgical quality and staging by number of lymph nodes
examined to control for patients enrolled in X-ACT in which this information was not
collected. Date of randomisation (before 2004 or 2004 or later) was included to assess the
effects of new treatments. Additionally, we did a direct comparison of XELOX versus
FOLFOX in the full analytic cohort, adjusting for exposure to bevacizumab to supplement
the assessment of oxaliplatin treatment effect.

Adjusted survival curves were created using the average covariate and corrected group
prognosis methods;17,18 the latter approach is viewed as an improvement over the former
because it derives the adjusted survival curve using a weighted average of the individual
survival curves, calculated using a fitted Cox regression model. The weights used are
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proportional to the number of individuals at each level of the covariates in the entire sample
at baseline.

In the XELOX or FOLFOX group, post-relapse survival was also compared between
patients with documented use of therapies other than oxaliplatin after relapse and those who
received oxaliplatin post relapse.

SAS version 8.2 was used for all statistical analyses. The four randomised controlled trials
are registered with ClinicalTrials.gov, numbers NCT00009737, NCT00069121,
NCT00096278, and NCT00112918.

Role of the funding source

Results

F Hoffmann-La Roche and Genentech Inc, in conjunction with the authors, were involved in
the analyses, data interpretation, and the decision to submit for publication. H-JS and CT
had full access to all the study data and had final responsibility for the decision to submit for
publication.

Figure 1 shows the compositions of the pooled analysis groups with respect to the individual
trials. Baseline demographics and disease characteristics were, in general, balanced across
the groups (table 1). The X-ACT trial did not gather data about numbers of examined lymph
nodes, which resulted in a greater proportion of patients who received capecitabine with or
without oxaliplatin with “unknown” number of nodes examined. Therefore, sensitivity
analyses were done in patient subgroups with up to 12 and more than 12 nodes assessed. The
median duration of follow-up was longer in XELOXA (84 months) and X-ACT (74 months)
than in NSABP C-08 (36 months) and AVANT (50 months).

For our comparison of the efficacy of capecitabine with or without oxaliplatin versus
leucovorin and fluorouracil with or without oxaliplatin, a total of 5819 patients were
included in the primary analyses. Three patients receiving mFOLFOX-6 in the NSABP C-08
trial did not have the required information for stage derivation and were therefore excluded.
In our analysis, median follow-up was 44 months (IQR 33-69 months) for leucovorin and
fluorouracil with or without oxaliplatin, and 74 months (46—-84 months) for capecitabine
with or without oxaliplatin.

At 5 years' follow-up, 62:8% of patients in both groups were alive and disease free. The
adjusted disease-free survival hazard ratio (HR) was 1-02 (0-93-1-11; p=0-72) (figure 2A).
The unadjusted disease-free survival analysis (HR 1:01 [95% CI 0-92-1-10]; p=0-86) was
consistent with the adjusted analysis, with the survival curves being almost identical.

5-year relapse-free survival was 64-6% for patients in the capecitabine with or without
oxaliplatin group and 64-7% for leucovorin and fluorouracil with or without oxaliplatin
group. The adjusted 5-year relapse-free HR was 1-02 (0-93-1-12; p=0-72) (appendix p 3). As
was the case for disease-free survival, the unadjusted 5-year relapse-free survival analysis
(HR 1.01 [95% CI 0-92-1-11]; p=0-86) was consistent with the adjusted analysis, and the
survival curves were similar.
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5-year overall survival rates were 73:9% for patients in the capecitabine with or without
oxaliplatin group and 75-2% for the leucovorin and fluorouracil with or without oxaliplatin
group. The adjusted HR was 1-04 (95% CI 0-93-1-15; p=0-50) (figure 2B). Again, the
unadjusted analysis was consistent with the adjusted analysis (HR 1-02 [95% CI 0-92-1.14];
p=0-65), and the survival curves were similar.

Sensitivity analyses showed consistent results between patients with up to 12 and more than
12 lymph nodes studied for disease-free, relapse-free, and overall survival (appendix p 4),
and were consistent and similar to those in the primary analysis when the patients who were
treated with bevacizumab were included (ie, total N=8734; table 2) or when the analysis was
adjusted for study entry date (appendix p 5).

Despite the oxaliplatin-by-fluoropyrimidine interactions not being significant at the 0-05
level for disease-free survival (p=0-17) or relapse-free survival (p=0-15; data not shown), the
effects of oxaliplatin were estimated for the respective fluoropyrimidines. According to Cox
regression modelling, the estimated disease-free survival HR for the effect of oxaliplatin was
0-75 (95% CI 0-60-0-93) with capecitabine and 0-70 (0-59-0-82) with leucovorin and
fluorouracil. Further analyses that included additional covariables (study entry date [2004 or
later vs before 2004]), and bevacizumab use [yes vs no]) showed a lessened degree of
interaction (data not shown). HRs for relapse-free survival for capecitabine with or without
oxaliplatin were 0-73 (95% CI 0-63-0-85) compared with leucovorin and fluorouracil with
or without oxaliplatin 0-64 (0-57-0-71).

For overall survival, the multiple Cox regression analysis of the oxaliplatin-by-
fluoropyrimidine interaction was significant (p=0-014). Therefore, the effects of oxaliplatin
when used in combination with either capecitabine or leucovorin and fluorouracil were
estimated in the same Cox regression analysis. The estimated HR for oxaliplatin was 0-75
(95% CI 0-63-0-88) with capecitabine, and 0-56 (0-48-0-65) with leucovorin and
fluorouracil. Although the incremental benefit was slightly reduced with capecitabine versus
leucovorin and fluorouracil, direct comparison of survival outcomes between XELOX-
treated and FOLFOX-treated patients (adjusted for use of bevacizumab) showed that these
did not differ significantly (table 2, appendix p 5), and 5-year disease-free survival (68-2%
for XELOX and 66-6% for FOLFOX), relapse-free survival (70-1% and 68-4%), and overall
survival (78-7% and 79-6%) were similar (table 3).

For the comparison of XELOX versus capecitabine alone, a total of 1942 patients were
analysed in the main analysis. Median follow-up was 70 months (IQR 45-82 months) for
capecitabine and 80 months (47-84) for XELOX. Compared with capecitabine alone,
XELOX was associated with significant improvements in disease-free survival (HR 0-76
[95% CI 0-66-0-88]; Wald test p=0-0003), relapse-free survival (0-75 [0-65-0-88];
p=0-0003), and overall survival (0-77 [0-65-0-91]; p=0-0025). Results were similar when an
additional 952 patients treated with bevacizumab were included (table 2).

Overall, grade 3—4 adverse events of special interest were more frequent with leucovorin
and fluorouracil with or without oxaliplatin (1731 [45%] in 3829 patients) than with
capecitabine with or without oxaliplatin (690 [36%] in 1927 patients; table 4), whereas the
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incidence of serious adverse events was similar between the two treatments (620 [16%] vs
389 [20%], respectively).

For our assessment of post-relapse survival, we first compared patients who received
XELOX or FOLFOX versus those who received leucovorin and fluorouracil. A total of 757
patients in the XELOX or FOLFOX group and 744 in the leucovorin and fluorouracil group
relapsed, and were analysed for post-relapse survival. Median follow-up for this analysis
was 72 months (IQR 43-84 months) for leucovorin and fluorouracil, and 42 months (33-55
months) for XELOX or FOLFOX (IQR 33-55 months).

Unadjusted Kaplan-Meier analyses showed no significant difference in post-relapse survival
between the XELOX or FOLFOX and the leucovorin and fluorouracil groups (HR 0-94
[95% CI 0-82-1.07]; p=0-33]; figure 3A). Adjusted analyses confirmed that there was no
significant difference in post-relapse survival (HR 0-92 [95% CI 0-81-1.05]; p=0-23) (table
5). Adjusted survival curves generated using either the average covariate (figure 3B) or the
corrected group prognosis method (figure 3C) support these results. Figure 3D shows the
unadjusted Kaplan-Meier plots for the N1 and N2 subgroups from the XELOX or FOLFOX
versus leucovorin and fluorouracil comparison.

Adjusted analyses also showed that post-relapse survival was significantly longer for
patients younger than 70 years than for those aged 70 years or older (table 5). In unadjusted
analyses, the difference in post-relapse survival for stage N1 compared with stage N2
disease was consistent in the subgroups of patients with more than 12 nodes (HR 0-70 [95%
Cl 0-56-0-86]; p=0-0009) and 12 or fewer nodes examined (0-71 [0-56-0-89]; p=0-003).

As our next assessment of post-relapse survival, we compared this outcome in patients who
received regimens containing capecitabine versus those containing fluorouracil. The analysis
population comprised 659 patients who relapsed after receiving adjuvant capecitabine with
or without oxaliplatin and 1222 patients who relapsed after receiving leucovorin and
fluorouracil with or without oxaliplatin. Median follow-up for this analysis was 44 months
(IQR 33-69 months) for leucovorin and fluorouracil with or without oxaliplatin, and 74
months (46-84 months) for capecitabine with or without oxaliplatin. Unadjusted Kaplan-
Meier analysis (appendix p 6) showed that post-relapse survival was similar between the
groups (HR 1.07 [95% CI 0-95-1-20]; p=0-26). Adjusted survival curves generated with use
of either the average covariate or the corrected group prognosis method support these results
(data not shown). Adjusted analyses again showed significantly longer post-relapse survival
for patients aged younger than 70 years than for those aged 70 years and older (HR 0.72
[95% CI 0:63-0:83]; p=0:0001) and for stage N1 versus N2 disease (HR 0-75 [0-67-0-84];
p=0-0001).

In sensitivity analyses, post-relapse survival was similar between patients who received
capecitabine and those who received XELOX (appendix p 7) (HR 0-94 [95% CI 0-78-1-13];
p=0-50)—confirming our pooling of patients treated with capecitabine with those treated
with XELOX for our primary analyses—and for patients treated with capecitabine or
leucovorin and fluorouracil monotherapy.
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Patients who relapsed after less than 1 year had worse post-relapse survival than did those
relapsing later in the overall population. However, we recorded no difference in post-relapse
survival between the leucovorin and fluorouracil and oxaliplatin-based treatment groups
when comparing patients with less than 1 year or 1 year or longer between surgery and
relapse (appendix p 8).

Table 6 summarises post-relapse therapies in patients who relapsed (excluding participants
from NSABP C-08, from whom data were not collected). In patients who received adjuvant
XELOX or FOLFOX, no significant difference was recorded in post-relapse survival
associated with the documented use of non-oxaliplatin therapies after relapse compared with
those who received oxaliplatin after relapse (HR 1-03 [95% CI 0-77-1-38]; p=0-85).

Discussion

Our analysis has shown that combination therapy with oxaliplatin for stage 111 colon cancer
provides consistently improved outcomes, irrespective of the fluoropyrimidine backbone
(capecitabine or leucovorin and fluorouracil), and that the benefit of combining oxaliplatin
with a fluoropyrimidine is not compromised by decreased survival following relapse. These
data also suggest that the type of previous adjuvant therapy need not be a stratification factor
for trials in metastatic colorectal cancer.

This analysis used pooled individual patient data from four large randomised controlled
trials, which is to our knowledge the largest population of oxaliplatin-treated patients with
stage 11 colon cancer studied so far (panel). This large population gave sufficient statistical
power to record differences that it would not have been possible to detect in the individual
trials. All four trials were well conducted, and were of uniform data quality, which allowed
the data to be pooled. The trials also assessed regimens that are used frequently in clinical
practice and are endorsed in clinical practice guidelines (leucovorin and fluorouracil,
capecitabine, FOLFOX, and XELOX). The NSABP C-07 and MOSAIC trials were both
excluded, mainly because they generated one of the hypotheses we wanted to test—namely,
that adjuvant oxaliplatin might adversely affect post-relapse survival. Additionally, FLOX
(which was assessed in NSABP C-07) is not used often, because it has both an unfavourable
safety profile and no proven overall survival benefit.

The present analysis supports equivalent efficacy of XELOX and FOLFOX in the adjuvant
setting. However, a significant oxaliplatin-by-fluoropyrimidine interaction for overall
survival suggested that the relative contribution of oxaliplatin to this outcome differed
depending on fluoropyrimidine choice. Consistent with this finding, individual HRs showed
a slightly greater incremental benefit for oxaliplatin when combined with leucovorin and
fluorouracil than when combined with capecitabine. These observations are likely related to
the evolving standards between 1998 and 2007 when these studies accrued, with increased
attention paid to the quality of surgery and staging, improved understanding of the
importance of receiving all active agents in the metastatic setting, and the introduction of
new agents with proven effects on overall survival in the metastatic setting, eg bevacizumab.
19, 20, 21
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Sensitivity analyses consistently showed improved outcomes (in disease-free, relapse-free,
and overall survival) in patients randomly allocated to treatment groups in 2004 or later
compared with those randomised before 2004. Owing to a desire to create a study population
that was as homogeneous as possible, we excluded patients receiving XELOX in
combination with bevacizumab from our primary analysis. This approach created an
imbalance between the XELOX and FOLFOX analytic cohorts: most XELOX patients were
recruited before 2004, whereas the entire FOLFOX population was recruited during or after
2004. When primary analyses were repeated on the entire stage |11 cohort, adjusted for use
of bevacizumab, these differences were no longer statistically significant, and 3-year, 4-year,
and 5-year disease-free, relapse-free, and overall survival rates were equivalent. This finding
suggests that the observations made in the primary analyses were largely associated with this
imbalance. It should also be noted that 5-year disease-free and overall survival outcomes are
consistent with those reported in published studies for patients with stage Il colon cancer
who received oxaliplatin-based therapy.4, 6

The present analysis also showed significantly improved outcomes with XELOX versus
capecitabine monotherapy. Since these two regimens have not been directly compared in a
randomised trial, this is a salient finding that supports the use of XELOX in patients for
whom combination therapy is appropriate.

The finding that post-relapse survival is not affected by previous use of oxaliplatin-
containing adjuvant regimens is consistent with the established benefits of XELOX and
FOLFOX, which significantly increase disease-free survival and overall survival compared
with leucovorin and fluorouracil monotherapy.3, 4, 7 We found no evidence that suggested
that the disease-free survival benefit of XELOX or FOLFOX is attenuated by shortened
survival following recurrence; this result contrasts with those of the MOSAIC and NSABP
C-07 trials. In MOSAIC, median post-relapse survival seemed to be shorter in patients
randomly allocated to FOLFOX (21 months) compared with those assigned to bolus plus
infusional leucovorin and fluorouracil (24 months), although no statistical comparison was
done.3 In NSABP C-07, post-relapse survival was significantly shorter in patients with stage
I1 and 11 colon cancer randomly assigned to FLOX compared with those assigned to bolus
leucovorin and fluorouracil (HR 1-20 [95% CI 1.00-1-43]; p=0:0497);10 this finding might
account for the improvement in overall survival with FLOX failing to reach statistical
significance, despite a clear increase in disease-free survival.6

The reason for these apparent discrepancies in relation to the effect of adjuvant oxaliplatin
on post-relapse survival is unclear. MOSAIC and NSABP C-07 post-relapse survival data
have been reported only for the overall population of patients with both stage Il and stage 111
disease.3, 5 By contrast, the present analysis focused solely on patients with stage I11 colon
cancer. Similarly, leucovorin and fluorouracil were administered via different bolus or
infusion regimens; however, this difference is unlikely to be important, since similar
survival outcomes were shown with infusional and bolus intravenous fluoropyrimidine
regimens in the GERCOR C96.1 trial.22 Moreover, there were also differences between the
oxaliplatin-containing regimens: FOLFOX and XELOX in the present analysis and FLOX in
NSABP C-07. We also cannot exclude differences in post-relapse therapy, but given the
similarity in patient populations and timing of the studies, again major differences are
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unlikely. Finally, differences between the study populations in other prognostic or predictive
molecular biomarkers 23 are unlikely but cannot be excluded. However, how these
differences in patient populations and treatment might account for the apparent discrepancy
with respect to post-relapse survival remains unclear. The two earlier studies that reported
an adverse effect of adjuvant oxaliplatin on survival if patients relapse 3,10 did not have a
sufficient number of events for a robust analysis, whereas the present analysis is sufficiently
large to indicate this was most likely a chance finding and unlikely to be a true effect.

Previous results from the Adjuvant Colon Cancer End Points (ACCENT) project showed
poorer post-relapse survival with node-positive versus node-negative disease in patients
treated with fluorouracil-based adjuvant therapy or surgery alone.24 These findings are
extended here by showing that, in node-positive stage 111 disease, a greater extent of nodal
involvement (N2 vs N1) is prognostic for poorer post-relapse survival in patients receiving
either oxaliplatin combinations or single-agent leucovorin and fluorouracil as adjuvant
therapy. This suggests that both reduced disease-free and post-relapse survival might
contribute to the reduction in overall survival that is associated with higher N stage.25
Greater baseline nodal involvement at diagnosis could well be associated with a more
aggressive disease phenotype, and identification of the disease later in its natural history.

The observation that patients aged 70 years and older have worse post-relapse survival is
again consistent with the initial ACCENT data, which show significantly shorter survival
after recurrence with advancing age in patients with stage Il and 111 colon cancer treated
with fluorouracil-based adjuvant therapy.24 Along with the proportional increase in deaths
from competing causes in older patients compared with younger individuals, a diminished
functional reserve and accumulating comorbidity with age might limit delivery of otherwise
optimum post-relapse therapy, thereby affecting post-relapse survival.26 The similar post-
relapse survival recorded with capecitabine with or without oxaliplatin and leucovorin and
fluorouracil with or without oxaliplatin adds to the large body of evidence showing at least
equivalent outcomes between these two fluoropyrimidines in a range of settings.8, 11, 12,
13,15

In terms of tolerability and safety, capecitabine-based treatment showed a favourable
adverse event profile over leucovorin and fluorouracil-based regimens, with lower numbers
of oxaliplatin-related grade 3—4 events (neuropathy, neutropenia, and febrile neutropenia)
and overall grade 3—4 events, although grade 3 hand—foot syndrome was more frequent with
capecitabine than with leucovorin and fluorouracil. This finding is not unexpected in view of
the better safety profile of capecitabine monotherapy over bolus leucovorin and fluorouracil
reported in X-ACT.8 Similar adverse event profiles of XELOX and FOLFOX in patients
with metastatic colorectal cancer have been reported.11, 12, 13 One of the aims of the IDEA
collaboration 27—a prospective combined analysis of phase 3 trials investigating duration of
adjuvant therapy with the FOLFOX (FOLFOX-4 or mFOLFOX-6) or XELOX (3 versus 6
months) regimen for patients with stage 111 colon cancer—is to reduce toxicities of
oxaliplatin-based adjuvant therapy for stage 111 colon cancer, and results are eagerly
anticipated.
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Since this was a pooled analysis, the results are subject to the limitations of the original data
sources. Duration of follow-up was imbalanced, and X-ACT did not provide numbers of
lymph nodes assessed. However, sensitivity analyses suggested that the number of lymph
nodes assessed was not a confounding factor. Access to data from one important trial
(MOSAIC) was not possible. In current clinical practice, leucovorin and fluorouracil is often
administered as a continuous infusion since this has been associated with improved
tolerability compared with bolus administration,22, 28, 29, 30 but the leucovorin and
fluorouracil monotherapy was administered as a bolus in the studies analysed, which was the
standard of care when X-ACT and XELOXA were designed. Nonetheless, bolus leucovorin
and fluorouracil versus bolus plus infusional leucovorin and fluorouracil show similar
efficacy in trials of adjuvant therapy,22 which means that bolus leucovorin and fluorouracil
is a reasonable comparator.

The main strengths of the dataset and analyses include the large patient population, high data
quality, availability of patient-level data, and extended duration of follow-up of patients in
the patient pool, which ensured that more than a third of patients in each group had
experienced a disease-free survival event at data cutoff. The individual patient data approach
allowed for adjustment with use of patient-level covariates to produce treatment effects with
better precision. As such, power for comparisons of estimated treatment effects was
increased, which also allowed us to address issues that were not the focus of the individual
trials.

Taken together, these data add to the evidence that oxaliplatin plus capecitabine or
leucovorin and fluorouracil is the standard of care for the adjuvant treatment of stage 111
colon cancer,2 offering physicians flexibility to treat patients according to the patients'
overall physical performance and preference.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PANEL
Resear ch in context

Systematic review

Adjuvant therapy with oxaliplatin plus either intravenous leucovorin and fluorouracil or
oral capecitabine is the standard of care for stage Ill colon cancer, and fluoropyrimidine
monotherapy is recommended for some patients. No randomised studies have directly
compared capecitabine with or without oxaliplatin versus leucovorin and fluorouracil
with or without oxaliplatin in this setting. Therefore, we assessed the efficacy and safety
of capecitabine with or without oxaliplatin versus leucovorin and fluorouracil with or
without oxaliplatin using data pooled from four randomised controlled trials, which were
selected on the basis of availability of access to complete patient-level data.

Interpretation

Combination therapy with oxaliplatin for stage Il colon cancer provides consistently
improved outcomes, irrespective of the fluoropyrimidine backbone (capecitabine or
leucovorin and fluorouracil), and the benefit of combining oxaliplatin with a
fluoropyrimidine is not compromised by decreased survival following relapse. These data
also suggest that the type of previous adjuvant therapy need not be a stratification factor
for trials in metastatic colorectal cancer. These data add to the evidence that oxaliplatin
plus capecitabine or leucovorin and fluorouracil is the standard of care for the adjuvant
treatment of stage 111 colon cancer, offering physicians flexibility to treat patients
according to the patients' overall physical performance and preference.
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| 8734 total patients with stage Ill adjuvant colon cancer for analysis |
[
1982 patients in X-ACT 1881 patients in XELOXA 2004 patients in NSABP C-08
982 assigned to 1000 assigned to 939 assigned to 942 assigned to XELOX 1001 assigned to 1003 assigned to 2867 patientsin
leucovorin and i leucovorin and mFOLFOX-6 mFOLFOX-6 plus AVANT
fluorouracil fluorouracil bevacizumab
I
A 7 K 2 L 4
955 assigned to FOLFOX-4 960 assigned to FOLFOX-4 952 assigned to XELOX
plus bevacizumab plus bevacizumab
Total 1921 received leucovorin and fluorouracil Total 2898 received XELOX or FOLFOX |
I 8734 total patients with stage Ill adjuvant colon cancer for analysis |
[
1982 patients in X-ACT 1881 patients in XELOXA 2004 patients in NSABP C-08
A
982 assigned to 1000 assigned to 939 assigned to 942 assigned to XELOX 1001 assigned to 1003 assigned to 2867 patientsin
leucovorin and capecitabine leucovorin and mFOLFOX-6 mFOLFOX-6 plus AVANT
fluorouracil fluorouracil bevacizumab
|
A 7 v v
955 assigned to FOLFOX-4 960 assigned to FOLFOX-4 952 assigned to XELOX
plus bevacizumab plus bevacizumab
Total 3877 received leucovorin and fluorouracil with or without oxaliplatin I Total 1942 received capecitabine with or without oxaliplatin
I 8734 total patients with stage Ill adjuvant colon cancer for analysis |
|
1982 patients in X-ACT 1881 patients in XELOXA 2004 patients in NSABP C-08
A
982 assigned to 1000 assigned to 939 assigned to 942 assigned to XELOX 1001 assigned to 1003 assigned to 2867 patients in
leucovorin and capecitabine leucovorin and mFOLFOX-6 mFOLFOX-6 plus AVANT
fluorouracil fluorouracil bevacizumab
|
A 7 v v
955 assigned to FOLFOX-4 960 assigned to FOLFOX-4 952 assigned to XELOX
plus bevacizumab plus bevacizumab
Total 1000 received capecitabine Total 942 received XELOX
I 8734 total patients with stage Ill adjuvant colon cancer for analysis |
|
1982 patients in X-ACT 1881 patients in XELOXA 2004 patients in NSABP C-08
A
982 assigned to 1000 assigned to 939 assigned to 942 assigned to XELOX 1001 assigned to 1003 assigned to 2867 patientsin
leucovorin and capecitabine leucovorin and mFOLFOX-6 mFOLFOX-6 plus AVANT
fluorouracil fluorouracil bevacizumab
|
A 7 K 2 v
955 assigned to FOLFOX-4 960 assigned to FOLFOX-4. 952 assigned to XELOX
plus bevacizumab plus bevacizumab

Total 1894 received XELOX with or without bevacizumab |

Total 3919 received FOLFOX with or without bevacizumab |

Figure 1. Summary description of the composition of pooled analytic groups with respect to the
individual clinical trials

(A) The XELOX or FOLFOX versus leucovorin and fluorouracil comparison, (B) the
capecitabine with or without oxaliplatin versus leucovorin and fluorouracil with or without
oxaliplatin comparison, (C) the XELOX versus capecitabine comparison, and (D) the
sensitivity analysis directly comparing XELOX with or without bevacizumab versus
FOLFOX with or without bevacizumab.

X-ACT=Xeloda in Adjuvant Colon Cancer Therapy. XELOXA=XELOX in Adjuvant Colon
Cancer Treatment. NSABP=National Surgical Adjuvant Breast and Bowel Project.
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XELOX=capecitabine plus oxaliplatin. mFOLFOX-6=modified FOLFOX-6.
FOLFOX=leucovorin and fluorouracil plus oxaliplatin. AVANT=Avastin Adjuvant.
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Figure 2. Adjusted survival curves
(A) Disease-free survival and (B) overall survival for capecitabine with or without

oxaliplatin versus leucovorin and fluorouracil with or without oxaliplatin, adjusted for sex,
age, tumour (T) stage, and nodal (N) stage. £=with or without. HR=hazard ratio. No
numbers at risk are presented because this figure displays adjusted survival curves derived
from a Cox proportional hazards regression model (rather than Kaplan—Meier survival
analysis); hence, those data are not directly used.
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Figure 3. Post-relapse survival curves
(A) Unadjusted Kaplan-Meier plot of post-relapse survival in patients receiving adjuvant

capecitabine plus oxaliplatin (XELOX) or leucovorin and fluorouracil plus oxaliplatin
(FOLFOX) compared with those receiving leucovorin and fluorouracil alone. (B) Adjusted
post-relapse survival in patients receiving adjuvant capecitabine plus oxaliplatin (XELOX)
or leucovorin and fluorouracil plus oxaliplatin (FOLFOX), compared with those receiving
leucovorin and fluorouracil alone (adjusted for sex, age, tumour [T] stage, and nodal [N]
stage), generated by the average covariate method. (C) Adjusted post-relapse survival in
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patients receiving adjuvant capecitabine plus oxaliplatin (XELOX) or leucovorin and
fluorouracil plus oxaliplatin (FOLFOX), compared with those receiving leucovorin and
fluorouracil alone (adjusted for sex, age, T stage, and N stage), generated by the corrected
group prognosis method. (D) Unadjusted Kaplan-Meier plot of post-relapse survival in
patients receiving adjuvant capecitabine plus oxaliplatin (XELOX) or leucovorin and
fluorouracil plus oxaliplatin (FOLFOX) compared with those receiving leucovorin and
fluorouracil alone, by nodal stage. HR=hazard ratio. XELOX=capecitabine plus oxaliplatin.
FOLFOX=leucovorin and fluorouracil plus oxaliplatin. N=nodal stage. Please note that
figures without numbers at risk display adjusted survival curves derived from a Cox
proportional hazards regression model (rather than Kaplan—Meier survival analysis); hence,
those data are not directly used.
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Sensitivity analyses of survival outcomes for XELOX versus FOLFOX in all treated patients

Hazard ratio (95% Cl) | p-value
XELOX* versus FOLFOX™
Disease-free survival 1.00 (0-90-1-11) 0-98
Relapse-free survival 0-99 (0-89-1:10) 0-85
Overall survival 1.12 (0-97-1-28) 0-11
XELOX* versus capecitabine monother apy
Disease-free survival 0-74 (0-64-0-86) <0-0001
Relapse-free survival 0-73 (0-63-0-85) <0:0001
Overall survival 0-75 (0-63-0-88) 0-0007

*
Adjusted for use of bevacizumab.

XELOX=capecitabine plus oxaliplatin. FOLFOX=leucovorin and fluorouracil plus oxaliplatin.
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Table 3

3-year, 4-year, and 5-year disease-free, relapse-free, and overall survival rates, by treatment group

Patients still | Events | Censored Kaplan-Meier estimate
free of event cases | (95% ClI) for event-freerate

Disease-free survival

FOLFOX with or without bevacizumab

3 years 1978 964 977 074 (0-73-075)
4 years 648 | 1038 2233 070 (0-68-0-72)
5 years 71| 1054 2794 067 (0-64-0-69)

XELOX with or without bevacizumab

3 years 1204 486 204 073 (0-70-0-75)
4 years 848 528 518 070 (0-68-0-72)
5 years 555 548 791 068 (0-66-0-70)

Relapse-free survival

FOLFOX with or without bevacizumab

3 years 1972 913 1034 075 (0-74-0-76)
4 years 647 982 2290 071 (0-70-073)
5 years 71 996 2852 068 (0-66-071)

XELOX with or without bevacizumab

3 years 1200 452 242 075 (0.73-0.77)
4 years 844 490 560 072 (0-70-0-74)
5 years 553 507 834 070 (0-68-072)

Overall survival

FOLFOX with or without bevacizumab

3 years 2476 421 1022 088 (0-87-0-89)
4 years 1014 499 2406 084 (0-83-0-85)
5 years 143 525 3251 080 (0-77-0-82)

XELOX with or without bevacizumab

3 years 1537 229 128 087 (0-86-0-89)
4 years 1148 314 432 082 (0-80-0-84)
5 years 732 352 810 079 (0-77-0-81)

Data are n, unless otherwise indicated. FOLFOX=leucovorin and fluorouracil plus oxaliplatin. XELOX=capecitabine plus oxaliplatin.
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Table 4

Grade 3 or 4 adverse events of interest for oxaliplatin therapy

Leucovorin and fluorouracil with | Capecitabinewith or without
or without oxaliplatin (n=3829) oxaliplatin (n=1927)
All adverse events 1731 (45%) 690 (36%)
Neutropenia 908 (24%) 91 (5%)
Diarrhoea 475 (12%) 296 (15%)
Neuropathy 295 (8%) 113 (6%)
Vomiting or nausea 203 (5%) 141 (7%)
Stomatitis, all 135 (4%) 6 (<1%)
Hand-foot syndrome 30 (<1%) 228 (12%)
Febrile neutropenia 80 (2%) 7 (<1%)
Neutropenic fever or sepsis 20 (<1%) 2 (<1%)

Data are n (%). The denominators are the numbers of patients who actually received the treatment regimens considered in this comparison.
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Table 5

Multiple Cox regressions for post-relapse survival

Hazard ratio (95% CI) | p-value
Randomized treatment: XELOX or FOLFOX vs leucovorin and fluorouracil 0-92 (0-81-1-05) 0-23
Sex (women vs men) 1.02 (0-90-1-16) 071
Age (<70 years vs 270 years) 0:70 (0-60-0-81) <0-:0001
T stage (T1-2 vs T3-4) 0-82 (0-61-1-10) 0-19
N stage (N1 vs N2) 0-73 (0-64-0-83) <0-0001

XELOX=capecitabine plus oxaliplatin. FOLFOX=leucovorin and fluorouracil plus oxaliplatin. T stage=tumour stage. N stage=nodal stage.
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