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Effect of duration of adjuvant chemotherapy for patients 
with stage III colon cancer (IDEA collaboration): final results 
from a prospective, pooled analysis of six randomised, 
phase 3 trials
Thierry André, Jeffrey Meyerhardt, Timothy Iveson, Alberto Sobrero, Takayuki Yoshino, Ioannis Souglakos, Axel Grothey, Donna Niedzwiecki, 
Mark Saunders, Roberto Labianca, Takeharu Yamanaka, Ioannis Boukovinas, Dewi Vernerey, Jeffrey Meyers, Andrea Harkin, Valter Torri, Eiji Oki, 
Vassilis Georgoulias, Julien Taieb, Anthony Shields, Qian Shi

Summary
Background A prospective, pooled analysis of six randomised phase 3 trials was done to investigate disease-free 
survival regarding non-inferiority of 3 months versus 6 months of adjuvant chemotherapy for patients with stage III 
colon cancer; non-inferiority was not shown. Here, we report the final overall survival results.

Methods In this prospective, pooled analysis of six randomised phase 3 trials, we included patients with stage III 
colon cancer aged at least 18 years with an Eastern Cooperative Oncology Group performance status of 0–1 recruited 
between June 20, 2007, and Dec 31, 2015, across 12 countries in the CALGB/SWOG 80702, IDEA France, SCOT, 
ACHIEVE, TOSCA, and HORG trials, who started any treatment (modified intention-to-treat). Patients in all trials 
were randomly assigned to 3 months or 6 months of adjuvant fluorouracil, leucovorin, and oxaliplatin (FOLFOX) 
every 2 weeks or capecitabine and oxaliplatin (CAPOX) in different doses and methods every 3 weeks, at the treating 
physician’s discretion. The primary endpoint was disease-free survival (time to relapse, secondary colorectal 
primary tumour, or death due to all causes), and overall survival (time to death due to all causes) was the prespecified 
secondary endpoint. The non-inferiority margin for overall survival was set as a hazard ratio (HR) of 1·11. 
Pre-planned subgroup analyses included regimen and risk group. Non-inferiority was declared if the one-sided 
false discovery rate adjusted (FDRadj) p value was less than 0·025.

Findings With median follow-up of 72·3 months (IQR 72·2–72·5), 2584 deaths among 12 835 patients were 
observed. 5064 (39·5%) patients received CAPOX and 7771 (60·5%) received FOLFOX. 5-year overall survival was 
82·4% (95% CI 81·4–83·3) with 3 months of therapy and 82·8% (81·8–83·8) with 6 months of therapy (HR 1·02 
[95% CI 0·95–1·11]; non-inferiority FDRadj p=0·058). For patients treated with CAPOX, 5-year overall survival was 
82·1% (80·5–83·6) versus 81·2% (79·2–82·9; HR 0·96 [0·85–1·08]); non-inferiority FDRadj p=0·033), and for 
patients treated with FOLFOX 5-year overall survival was 82·6% (81·3–83·8) and 83·8% (82·6–85·0; HR 1·07 
[0·97–1·18]; non-inferiority FDRadj p=0·34). Updated disease-free survival results confirmed previous findings 
(HR 1·08 [95% CI 1·02–1·15]; non-inferiority FDRadj p=0·25). Data on adverse events were not further recorded.

Interpretation Non-inferiority of 3 months versus 6 months of adjuvant chemotherapy for patients with stage III 
colon cancer was not confirmed in terms of overall survival, but the absolute 0·4% difference in 5-year overall survival 
should be placed in clinical context. Overall survival results support the use of 3 months of adjuvant CAPOX for most 
patients with stage III colon cancer. This conclusion is strengthened by the substantial reduction of toxicities, 
inconveniencies, and cost associated with a shorter treatment duration.
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Introduction
Adjuvant chemotherapy for patients with stage III colon 
cancer has been the standard of care for 30 years since 
the initial trial1 showed a benefit in relapse-free survival 
and overall survival with postoperative treatment of 
fluorouracil plus levamisole for 12 months. Sub sequently, 
in the mid-1990s, the Intergroup 0089 study2 established 
6 months of fluorouracil combined with folinic acid as 
standard of care in the adjuvant setting. In 2005, the 

adjuvant colon cancer endpoints (ACCENT) meta-
analysis of adjuvant studies showed that 3-year disease-
free survival was a good predictor of 5-year overall 
survival results and could be an appropriate primary 
endpoint for adjuvant studies in colon cancer.3 When 
oxaliplatin was introduced into the adjuvant treatment 
for patients with stage III colon cancer, 6 months of a 
combination with either infusional fluorouracil plus 
folinic acid (FOLFOX) or capecitabine (CAPOX) became 
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adjuvant standard of care because of a consistent, albeit 
moderate, disease-free survival benefit compared with 
that of fluorouracil plus folinic acid alone.4–6 One of the 
main side-effects of oxaliplatin-based adjuvant therapy is 
a cumulative sensory neurotoxicity, which can affect 
patients’ quality of life, even long after the treatment is 
discontinued. Because the incidence and severity of 
neurotoxicity are correlated with the duration of 
oxaliplatin-based therapy, an important clinical question 
was whether a shorter duration of therapy could achieve 
cancer outcomes as good as those with the standard 
6 months of treatment, thereby reducing toxicity and 
health-care use.

The international duration evaluation of adjuvant 
therapy (IDEA) collaboration was established to investi-
gate whether 3 months of oxaliplatin-based therapy was 
non-inferior to 6 months through a pre-planned, pooled 
analysis of six independent trials.7 In the overall 
population of 12 834 patients with stage III colon cancer, 
the IDEA analysis did not show non-inferiority regarding 
the primary endpoint, 3-year disease-free survival, of 
3 months versus 6 months of adjuvant FOLFOX or 
CAPOX. However, an unexpected interaction effect 
of the regimen used (FOLFOX vs CAPOX) was detected 
in a pre-planned analysis. In patients treated with 
CAPOX, a longer duration of therapy did not provide 
additional benefit, with non-inferiority shown (74·8% vs 
75·9%; hazard ratio [HR] 0·95 [95% CI 0·85–1·06]), 
whereas 6 months of FOLFOX therapy was associated 
with moderate, but sig nificantly improved 3-year disease-
free survival com pared with that of 3 months of therapy 

(73·6% vs 76·0%; 1·16 [1·06–1·26]). Of note, CAPOX 
versus FOLFOX was not randomly assigned in any of the 
IDEA trials; therefore, no direct outcome comparison 
was possible between these two regimens.

Debates regarding the interpretation of the 3-year 
disease-free survival results from IDEA , as well as how to 
apply the results in clinical practice, have continued since 
the initial presentation in 2017.8 Overall non-inferiority for 
a shorter adjuvant treatment was not proven for the whole 
population, with very small differences in absolute 3-year 
disease-free survival between duration groups. Questions 
have been raised regarding a potential difference in the 
anti-tumour mechanisms of FOLFOX versus CAPOX, 
and whether 3-year disease-free survival can still reliably 
predict overall survival, giving improvements in the 
treatment of metastatic disease after recurrence.7,9

Hence, the overall survival and updated disease-free 
survival comparisons are necessary to provide definite 
inference regarding whether 3 months of adjuvant 
therapy is sufficient for treating patients with stage III 
colon cancer. All six IDEA studies have reached 5 years or 
longer follow-up and we now report the results for overall 
survival at 5 years, with the final 5-year disease-free 
survival results.

Methods
Study design and participants
Individual patient data were pooled from six randomised 
phase 3 trials done in 12 countries (SCOT in the UK, 
Denmark, Spain, Australia, Sweden, and New Zealand; 
Three Or Six Colon Adjuvant [TOSCA] in Italy; 
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Research in context

Evidence before this study
6 months of adjuvant oxaliplatin and fluoropyrimidine with 
either infusional fluorouracil and folinic acid (FOLFOX) or 
capecitabine (CAPOX) has been the standard of care for 
patients with stage III colon cancer, as reflected in several 
international guidelines. We searched PubMed for reports 
published from Jan 1, 2000, to May 31, 2013 (in any language 
using the terms “adjuvant colon cancer”, “neurotoxicity”, and 
“oxaliplatin”). In view of the cumulative peripheral 
neurotoxicity associated with oxaliplatin, we investigated 
whether a shorter duration of treatment would reduce toxicity 
and health-care use without sacrificing efficacy. In patients 
with stage III colon cancer, the international duration 
evaluation of adjuvant therapy (IDEA) collaboration initially 
did not show non-inferiority for 3-year disease-free survival of 
3 months versus 6 months of adjuvant oxaliplatin with 
infusional fluorouracil plus folinic acid (FOLFOX) or 
capecitabine (CAPOX). However, in a pre-planned analysis, an 
unexpected interaction effect of the regimen used (FOLFOX 
versus CAPOX) was found. 6 months of CAPOX did not provide 
statistically increased benefit compared with 3 months of 
CAPOX. Debates regarding the interpretation of the 3-year 

disease-free survival results from IDEA , as well as how to apply 
the results in clinical practice, have continued since the initial 
presentation of the data in 2017.

Added value of this study
We now report the results for overall survival and updated 
disease-free survival at 5 years. This analysis showed that 3-year 
disease-free survival was an excellent predictor of overall 
survival at 5 years. Although the overall survival results do not 
reject the null hypothesis of non-inferiority in the overall 
population, the absolute 0·4% difference in 5-year overall 
survival has to be placed in a clinical context, considering that 
non-inferiority was consistently observed for CAPOX, but not 
for FOLFOX.

Implications of all the available evidence
Updated data from the IDEA collaboration with more than 
5 years of follow-up confirm results obtained previously: 
3 months of adjuvant chemotherapy with CAPOX is the 
standard-of-care adjuvant treatment for most patients who are 
suitable for treatment with CAPOX. If the choice is to use 
FOLFOX, 6 months of treatment resulted in better disease-free 
survival, particularly in the clinical high-risk subgroup.
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International Duration Evaluation of Adjuvant [IDEA] 
France in France; Alliance for Clinical Trials in Oncology 
and Southwest Oncology Group [CALGB/SWOG] 80702 
in the USA and Canada; Adjuvant Chemotherapy for 
Colon Cancer with High Evidence [ACHIEVE] in Japan; 
and Hellenic Oncology Research Group [HORG] in 
Greece).10–15 Patients with stage III colon cancer who were 
at least 18 years old and who had an Eastern Cooperative 
Oncology Group (ECOG) performance status of 0–1 were 
eligible for this pooled analysis. The main exclusion 
criteria were stage II colon cancer or metastatic disease at 
the time of registration. Most of the studies used the 
sixth edition of the American Joint Committee on Cancer 
(AJCC) for TNM staging classification, except ACHIEVE 
and IDEA France, which used the seventh edition. In both 
classifi cations, micrometastases (0·2–2 mm) are included 
because these are considered as stage III and isolated 
tumour cells in lymph nodes are not included. The notion 
of tumour deposit only appeared in 2010 with the seventh 
edition of AJCC staging. All patients provided written, 
informed consent at enrolment in the respective trials. 

The pooled analysis was approved by the Mayo Clinic 
Investigational Review Board. Individual trials were 
approved through countries’ mechanisms at the time 
when the trials were done.

Procedures
Patients in all trials were randomly assigned to 3 months 
or 6 months of oxaliplatin-based treatment. Either 
FOLFOX4,16 or CAPOX,5,16 per discretion of the treating 
physicians, was allowed as the fluoropyrimidine back-
bone. For FOLFOX regimens, infusional leucovorin 
200 mg/m² for FOLFOX4 (400 mg/m² for FOLFOX6), 
bolus fluorouracil 400 mg/m² (400 mg/m²), infusional 
fluorouracil 600 mg/m² (2400 mg/m²), and infusional 
oxaliplatin 85 mg/m² (85 mg/m²) were delivered every 
2 weeks for 3 months or 6 months. Infusional oxaliplatin 
130 mg/m² and oral capecitabine 1000 mg/m² twice daily 
were given every 3 weeks for 3 months or 6 months for 
CAPOX. Individual patient data of all trials were collected 
and the analyses were done at an independent statistical 
centre at Mayo Clinic, Rochester, MN, USA. The cut-off 
date for this analysis was Jan 20, 2020. No updated data 
on adverse events were transferred. 

Outcomes
As previously published,16 the primary endpoint was 
disease-free survival, defined as time from date of 
randomisation (enrolment) to the earliest date of relapse, 
secondary colorectal primary tumour, or death due to all 
causes. The secondary endpoint was overall survival, 
defined as time from date of randomisation (enrolment) 
to the date of death due to all causes.

Statistical analysis
For the primary endpoint, the original design required 
3390 disease-free survival events for a statistical power of 

90% for non-inferiority hypothesis testing at a one-sided 
significance level of 0·025. The non-inferiority margin 
for hypothesis testing regarding treatment effect for the 
secondary endpoint of overall survival was determined 
before doing the analyses. To balance between benefits 
(relief from neurotoxicity) and cost (loss of overall 
survival efficacy) of a 50% reduction in oxaliplatin plus 
fluoro pyrimidine exposure, the maximum acceptable 
loss of treatment efficacy was set to half of the gain in 
overall survival obtained by adding oxaliplatin to 
fluorouracil plus folinic acid established in the MOSAIC 
trial.17 Hence, the non-inferiority margin regarding the 
overall survival endpoint was determined as an 
HR of 1·11. An estimated 2550 deaths would provide 
approximately 75% power to declare overall survival non-
inferiority of 3 months versus 6 months of treatment if 
we found no overall survival difference between the two 
duration treatment groups at a one-sided type I error 
rate of 0·025, without multiplicity corrections.

All analyses were done in the modified intention-to-
treat (mITT) population, which included patients with 
stage III disease who were randomly assigned and had 
received at least one treatment dose.

Kaplan-Meier estimates and Cox models, stratified by 
study, were used to estimate the distributions of overall 
survival and disease-free survival and treatment effect in 
terms of HRs. The proportional hazards assumption for 
the stratified Cox model was examined using the scaled 
Schoenfield residuals.18 Q statistics and I² values were 
used to assess the potential heterogeneity of study-
specific HRs.

Following the initial report on 3-year disease-free 
survival from IDEA,7 subsequent analyses of the secondary 
endpoint (overall survival) analyses, pre-planned sub-
group analyses, updated primary endpoint (disease-free 
survival) analyses with additional data collections, and 
post-hoc analyses were done (appendix pp 9–23). To follow 
new guidelines for statistical reporting,19 point estimates 
of treatment duration effects and standard error or two-
sided 95% CIs were reported for pre-planned and post-hoc 
analyses. Statistically significant testing and p values were 
reported only for treatment duration comparisons that 
were considered for multiplicity adjustment (ie, con-
trolling the type I error rate), by false discovery rate. These 
prespecified comparisons in the statistical analysis plan 
included comparing disease-free survival (originally 
reported and updated) and overall survival between 
3 months and 6 months of treatment, pooling all patients, 
within FOLFOX and CAPOX subgroups, and within high-
risk and low-risk groups. When the observed one-sided 
p value adjusted by false discovery rate (FDRadj) was 
less than 0·025, the 3 months of treatment was declared 
to be statistically non-inferior to 6 months of treatment. 
For superiority testing, the two-sided FDRadj p value was 
compared with a significance cutoff of 0·05. Additional 
pre-planned analyses included subgroup analyses by 
T or N stage, number of lymph nodes examined, primary 

See Online for appendix
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tumour location, historical grade, age, sex, and baseline 
ECOG performance status. We did post hoc analyses 
comparing outcomes between high-risk and low-risk 
groups. Analyses were done using SAS (version 9.4)

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. QS and JPM had full access to all the data in 
the study and the corresponding author had final 
responsibility for the decision to submit for publication.

Results
Across the six trials, patients were recruited between 
June 20, 2007, and Dec 31, 2015. The total sample size of 
the mITT population was updated from 12 834 patients to 
12 835 patients because of additional information obtained 
for stage diagnosis or treatment data in the individual 
studies. No noticeable changes to patient characteristic 
distributions were previously reported.7 Updated data on 
tumour and node stage and risk group, primary tumour 
location, and updated median follow-up times for indivi-
dual trials are shown in table 1. The proportions of patients 

with T4, N2, and high-risk tumours varied across 
studies. 5064 (39·5%) patients received CAPOX and 
7771 (60·5%) received FOLFOX, and the proportion of 
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Figure 1: Updated disease-free survival with 3 months versus 6 months of adjuvant therapy in the mITT 
population
FDRadj=false discovery rate adjusted. HR=hazard ratio. mITT=modified intention-to-treat.

TOSCA  
(n=2391)

SCOT 
(n=3983)

IDEA France  
(n=2010)

CALGB/SWOG 
80702 (n=2452)

HORG  
(n=708)

ACHIEVE  
(n=1291)

Total 
(n=12 835)

Tumour stage

T1 76 (3·2%) 128 (3·2%) 78 (3·9%) 140 (5·8%) 1 (0·1%) 75 (5·8%) 498 (3·9%)

T2 236 (10·0%) 333 (8·4%) 161 (8·0%) 298 (12·3%) 60 (8·5%) 119 (9·2%) 1207 (9·4%)

T3 1763 (74·5%) 2347 (58·9%) 1399 (69·6%) 1623 (66·8%) 549 (77·8%) 734 (56·9%) 8415 (65·8%)

T4 290 (12·3%) 1174 (29·5%) 372 (18·5%) 368 (15·2%) 96 (13·6%) 363 (28·1%) 2663 (20·8%)

Missing data 24 (1·0%) 0 0 23 (0·9%) 2 (0·3%) 0 49 (0·4%)

Nodal stage

N1 1745 (73·2%) 2749 (69·0%) 1501 (74·8%) 1792 (73·8%) 472 (67·2%) 959 (74·3%) 9218 (72·0%)

N2 640 (26·8%) 1233 (31·0%) 506 (25·2%) 637 (26·2%) 230 (32·8%) 332 (25·7%) 3578 (28·0%)

Missing data 6 (0·3%) 1 (<0·1%) 3 (0·1%) 23 (0·9%) 6 (0·8%) 0 39 (0·3%)

Risk group

Low risk (T1, T2, or T3 and N1) 1545 (65·3%) 2032 (51·0%) 1245 (62·0%) 1551 (63·9%) 416 (59·1%) 718 (55·6%) 7507 (58·7%)

High risk (T4, N2, or both) 820 (34·7%) 1950 (49·0%) 764 (38·0%) 878 (36·1%) 288 (40·9%) 573 (44·4%) 5273 (41·3%)

Missing data 26 (1·1%) 1 (<0·1%) 1 (<0·1%) 23 (0·9%) 4 (0·6%) 0 55 (0·4%)

Primary tumour sidedness

Proximal 934 (40·8%) NA 750 (42·6%) 1278 (53·7%) 313 (44·5%) 491 (38·5%) 3766 (44·8%)

Distal 1358 (59·2%) NA 1012 (57·4%) 1102 (46·3%) 390 (55·5%) 784 (61·5%) 4646 (55·2%)

Missing data 99 (4·1%) 3983 (100%) 248 (12·3%) 72 (2·9%) 5 (0·7%) 16 (1·2%) 4423 (34·5%

Chemotherapy regimen

CAPOX 833 (34·8%) 2649 (66·5%) 201 (10·0%) 0 (0·0%) 412 (58·2%) 969 (75·1%) 5064 (39·5%)

FOLFOX 1558 (65·2%)* 1334 (33·5%) 1809 (90·0%) 2452 (100·0%) 296 (41·8%) 322 (24·9%) 7771 (60·5%)

Median follow-up time, months 84·3 (83·0–85·8) 75·2 (74·2–76·1) 79·5 (78·4–81·0) 66·2 (65·1–67·1) 79·7 (74·7–81·7) 61·8 (61·3–62·7) 72·3 (72·2–72·5)

Data are n (%) or median (IQR). Percentages might not total 100% because of rounding. Percentages are among patients with non-missing data, except for percentages of missing values, which are among all 
patients. TOSCA=Three Or Six Colon Adjuvant Trial. SCOT=Short Course Oncology Treatment trial. IDEA=International Duration Evaluation of Adjuvant trial. CALGB/SWOG=Cancer And Leukaemia Group B/
Southwest Oncology Group trial. ACHIEVE=Adjuvant Chemotherapy for Colon Cancer with High Evidence trial. HORG=Hellenic Oncology Research Group trial. CAPOX=infusional oxaliplatin and oral capecitabine. 
FOLFOX=infusional oxaliplatin and 5-fluorouracil plus leucovorin. FOLFOX4=infusional leucovorin 200 mg/m², bolus fluorouracil 400 mg/m², infusional fluorouracil 600 mg/m², and infusional oxaliplatin 
85 mg/m², delivered every 2 weeks. FOLFOX6=infusional leucovorin 400 mg/m², bolus fluorouracil 400 mg/m², infusional fluorouracil 2400 mg/m², and infusional oxaliplatin 85 mg/m², delivered every 2 weeks. 
*Patients received FOLFOX4; those in the other trials received modified FOLFOX6. 

Table 1: Patient characteristics
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patients given each of the chemotherapy regimens 
differed between trials. At the time of data cut off, all 
studies had a median follow-up time beyond 5 years, 
ranging from 61·8 months (ACHIEVE) to 84·3 months 
(TOSCA). The overall median follow-up was 72·3 months 
(IQR 72·2–72·5).

No updated data on treatment compliance and adverse 
events were recorded between the initial report and 
database lock for this final analysis.7 Treatment 
adherence, according to chemo therapy regimen and 
duration of therapy, was previously described.7 In the 
initial report 4367 (68·1%) of 6410 patients in the 6-month 
therapy group (median treatment duration 24 weeks 
[IQR 18–24]) and 5681 (89·4%) of 6356 patients in the 
3-month therapy group (median 12 weeks [12–12]) 
received all planned therapy. 752 (16·0%) of 4696 patients 
in the 3-month therapy group and 2063 (44·5%) of 
4637 patients in the 6-month therapy group had grade 2 
or worse neurotoxicity during active therapy and in the 
first month after cessation of treatment.

At the time of the database lock, with nearly 3 years of 
additional follow-up, 3781 disease-free survival events 
had occurred, which included 518 additional events 
since the original report.7 Among disease-free survival 
events, the proportion of deaths without documentations 
of recurrence increased from 334 (10·2%) of 3263 in 
February, 2017, to 552 (14·6%) of 3781 events in 
January, 2020.

In the mITT population, the updated HR for disease-
free survival comparing 3 months versus 6 months of 
treatment was 1·08 (two-sided 95% CI 1·02–1·15; 
figure 1). Compared with those of 6 months of therapy, 
the disease-free survival rates in the 3-month therapy 
group decreased by 0·9% (95% CI –2·8 to 1·0) at 3 years, 
1·7% (–3·9 to 0·5) at 4 years, and 1·7% (–4·2 to 0·8) at 
5 years (appendix p 1). The statistical non-inferiority of 
3 months compared with 6 months of adjuvant therapy 
was not established for the whole study population (non-
inferiority FDRadj p=0·25; superiority FDRadj for 
6 months of therapy p=0·044). Neither violation to 

proportional hazards assumption (p=0·070), nor mean-
ingful heterogeneities (I²=2·1%; Q p=0·40; appendix p 4) 
in HRs across individual studies was detected.

HR estimates for disease-free survival in 3 months 
versus 6 months of therapy groups in prespecified 
subgroups by regimen and risk groups were consistent 
with what was previously reported (table 2). With 
adjustment for multiple comparisons, disease-free survival 
in patients receiving 3 months of therapy was not signifi-
cantly non-inferior to 6 months of therapy for patients 
receiving CAPOX (HR 0·98 [95% CI 0·88–1·08]; non-
inferiority FDRadj p=0·027). Disease-free survival in 
patients receiving 6 months of therapy was significantly 
improved compared with those receiving 3 months of 
therapy for patients receiving FOLFOX (HR 1·16 [95% CI 
1·07–1·26]; superiority FDRadj p=0·0061). The p value of 
testing interaction between regimen and duration 
was 0·011. We found no significant evidence for non-
inferiority of 3 months compared with 6 months of therapy 
for patients with low-risk (T1–3 and N1) tumours. However, 
6 months of therapy showed superior disease-free survival 
compared with 3 months of therapy for patients deemed to 
have high-risk (T4 or N2) tumours, even after adjusting for 
multiplicity (table 2). The p value of testing interaction 
between risk group and duration was 0·24.

At the time of the database lock, 2584 deaths had 
occurred. For the mITT population, the HR for com-
paring 3 months versus 6 months of treatment was 1·02 
(95% CI 0·95–1·11; figure 2A). The upper bound of the 
two-sided 95% CI was equal to the prespecified overall 
survival non-inferiority margin (HR 1·11). The one-
sided non-inferiority FDRadj p value was 0·058 
(figure 2A). Statistical non-inferiority of 3 months 
compared with 6 months of therapy was not established 
in the overall population at a significance level of 0·025 
when adjusted for multiplicity testing. 5-year overall 
survival was 82·4% (95% CI 81·4–83·3) for the 3-month 
group compared with 82·8% (81·8–83·8) for the 
6-month group. The absolute difference in 5-year overall 
survival between 3 months versus 6 months of therapy 

Disease-free survival with 5 years of follow-up Overall survival

HR (95% CI)* One-sided FDRadj 
p value† for 
non-inferiority of 
3 months of therapy

Two-sided FDRadj 
p value‡ for 
superiority of 
6 months of therapy

HR (95% CI)* One-sided FDRadj 
p value† for 
non-inferiority of 
3 months of therapy

Two-sided FDRadj 
p value‡ for 
superiority of 
6 months of therapy

Overall 1·08 (1·02–1·15) 0·25 0·044 1·02 (0·95–1·11) 0·058 0·64

CAPOX 0·98 (0·88–1·08) 0·027 0·67 0·96 (0·85–1·08) 0·033 0·62

FOLFOX 1·16 (1·07–1·26) 0·80 0·0061 1·07 (0·97–1·18) 0·34 0·38

Low-risk group 1·04 (0·94–1·15) 0·16 0·58 0·95 (0·84–1·08) 0·033 0·58

High-risk group 1·13 (1·03–1·22) 0·63 0·031 1·08 (0·98–1·19) 0·39 0·29

CAPOX=infusional oxaliplatin and oral capecitabine. FDRadj=false discovery rate adjusted. FOLFOX=infusional oxaliplatin and fluorouracil plus leucovorin. HR=hazard ratio.  
*Two-sided 95% CI without adjustment for multiplicity; †If the observed one-sided FDRadj p value was less than 0·025, then 3 months of therapy was declared statistically 
non-inferior to 6 months of therapy after adjusting for multiplicity. ‡If the observed two-sided FDRadj p value was less than 0·05, then 6 months of therapy was declared 
statistically superior to 3 months of therapy after adjusting for multiplicity.

Table 2: Comparison of disease-free survival and overall survival between 3 months and 6 months of therapy with the 6-month group as a reference group
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was –0·4% (–2·1 to 1·3; appendix p 1). Neither violation 
of the pro por tional hazards assumption (p=0·52), nor 
meaningful heterogeneities (I²=0·0; Q p value=0·58; 
appendix p 5) in HRs across individual studies were 
detected.

Among patients treated with CAPOX, similar to the 
findings for disease-free survival, 3 months of therapy 
was not significantly non-inferior to 6 months of therapy 
for overall survival (HR 0·96 [two-sided 95% CI 
0·85–1·08]; one-sided FDRadj p=0·033, without multi-
plicity adjustment]) and 5-year overall survival was 
82·1% (80·5–83·6) for the 3-month group and 81·2% 
(79·7–82·9) for the 6-month group (difference 0·9% 
[–1·8 to 3·6]; figure 2B; appendix p 1). Among patients on 
FOLFOX, 5-year overall survival was 82·6% (81·3–83·8) 
in the 3-month group and 83·8% (82·6–85·0) in the 
6-month group (HR 1·07 [two-sided 95% CI 0·97–1·18]; 
one-sided FDRadj p=0·34; figure 2C). The interaction 
p value between regimen and duration was 0·20. Results 
stratified by regimen across the individual studies are 
shown in the appendix (p 2).

In the low-risk group, 3 months of oxaliplatin-based 
adjuvant therapy was not significantly non-inferior to a 
6-month duration (appendix p 3) and 5-year overall 
survival was 89·6% (95% CI 88·6–90·7) in the 3-month 
group versus 88·9% (87·8–90·0) in the 6-month group.

For high-risk cancers, we found no significant evidence 
of non-inferiority of 3 months compared with 6 months 
of therapy (appendix p 3) and 5-year overall survival was 
72·0% (95% CI 70·3–73·8) in the 3-month group versus 
74·1% (72·4–75·9) in the 6-month group. The interaction 
between duration and risk group was not significant 
(pinteraction=0·15).

Comparisons of outcomes between 3 months versus 
6 months of treatment within combinations of regimens 
and risk groups are shown in the appendix (pp 6, 7).

Figure 3 shows the results of comparisons of outcomes 
between 3 months versus 6 months of treatment within 
other prespecified subgroups.

In a post-hoc analysis, survival curves for disease-free 
and overall survival in the low-risk and high-risk group, 
regardless of regimen or duration of treatment, are shown 
in the appendix (p 8). Comparing low-risk and high-risk 
patients, disease-free survival was 83·5% (95% CI 
82·6–84·4) versus 64·0% (62·7–65·3) at 3 years and 
78·5% (77·5–79·5) versus 57·7% (56·3–59·2) at 5 years 
(appendix p 8). 5-year overall survival was 89·3% 
(88·5–90·0) in the low-risk group and 73·1% (71·8–74·3) 
in the high-risk group.

Discussion
The IDEA collaboration for patients with stage III colon 
cancer did not meet prespecified statistical assumptions 
for non-inferiority in the overall population; however, 
the 0·4% difference in 5-year overall survival has to be 
placed into clinical context, especially in light of the 
striking difference observed by regimen. Although no 

randomisation between CAPOX and FOLFOX occurred, 
the outcomes analysis by regimen was an important, 
pre-planned subgroup analysis since the launch of the 
IDEA collaboration. With further data on the primary 
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Figure 2: Overall survival with 3 months versus 6 months of adjuvant therapy
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endpoint of disease-free survival at 5 years, the statistical 
inter action effect between regimen and duration was 
strong. Consistently across analyses for 3-year and 5-year 
disease-free survival, 6 months of FOLFOX showed 
signifi cantly better disease-free survival than did 
3 months of FOLFOX. By contrast, 3 months of CAPOX 
showed numerically better disease-free survival than did 
6 months of CAPOX, however, non-inferiority was not 
found to be statistically significant. We found similar 
results for patients receiving CAPOX regarding overall 
survival, but not for patients receiving FOLFOX. 
Therefore, any interpretation of the global IDEA results 
should take the effect of treatment regimen into account.

As expected, shorter duration of adjuvant therapy was 
associated with notable reductions in adverse events, 
independent of the chemotherapy regimen, as reported 
in our previous publication.7 Most importantly, grade 2 
or worse neurotoxicity was substantially lower in the 
3-month group compared with the 6-month group. 
Additionally, diarrhoea, neutropenia, thrombocytopenia, 
nausea, mucositis, fatigue, and hand-foot syndrome 
were also significantly reduced with shorter treatment 
duration.7 Shorter duration of therapy in this population 
of patients with an average age of 65 years (up to 88 years) 
could help to avoid multiple clinic visits and the 
associated burden.

The statistical design of this large-scale, prospective, 
pooled analysis was a strength of this study. The 
methodology of our trial was stronger than that of 
adjuvant studies done in the 1990s, showing that a 
duration of 6 months of adjuvant fluorouracil and folinic 
acid is as effective as a duration of 12 months.2,20 The non-
inferiority margins, the most important design parameter 
for statistical hypothesis testing on disease-free and 
overall survival endpoints, were chosen on the basis of 
rigorous statistical reasoning and clinical consensus 
among worldwide experts. Regarding the defined overall 
survival non-inferiority margin, our study acknowledged 
that the difference in overall survival between 3 months 
and 6 months of therapy will be smaller than that of our 
prior assumptions for disease-free survival because of 
the effect of subsequent treatment after recurrence. The 
improved overall survival compared with the results 
achieved in MOSAIC (5-year overall survival of 76%) is 
important for the interpretation of IDEA because the 
MOSAIC results provided the statistical framework for 
our study. This finding might have contributed to the 
loss of power in IDEA for non-inferiority testing. We 
chose the non-inferiority margin for overall survival 
that was narrower than the previous 3-year disease-
free survival non-inferiority margin. These non-
inferiority margins (translated to <3% non-inferiority 
margins regarding absolute survival rates) were more 
stringent than those in previous non-inferiority surgical 
studies21,22 of early-stage rectal cancer with non-inferiority 
margins of 5–6%. To minimise the risk of potential false-
positive claims, the most stringent significance levels, 

0·025 for non-inferiority testing, with pre-planned 
multiplicity adjust ment for secondary and subgroup 
analyses, were chosen. The unprecedented large sample 
size of patients with colon cancers with sufficiently long 
follow-up data ensured highly precise estimations of 
treatment effects and disease-free and overall survival 
rates at clinically relevant timepoints. Therefore, the 
clinical meaning of point estimates and CIs should be 
the main considerations when interpreting data for 
oncologists and patients for shared decision making on 
adjuvant therapy, rather than solely relying on a binary 
statistical significance cut off. We acknowledge that the 
results of our study probably present a challenging 
situation for data interpretation: the p value crosses the 
stringent significance cut off by a very small degree. 
Nonetheless, we are confident that precise estimations of 
treatment effects and survival rates, as presented here, 
can help to guide clinical interpretation and decision 
making. The statistical method and strategy of our 
analysis are rigorous and stringent, meaning that we 
took a conservative approach to declaring statistical 
significance of non-inferiority.

Improvement of overall survival over time has several 
potential causes, in particular, improvement of outcomes 
after relapse due to progress in the management of 
metastatic disease.9 This assumption is in accordance 
with a surrogate endpoint analysis of ACCENT,23 which 
confirmed that 15 years after the initial publication by 
Sargent and colleagues3 that 3-year disease-free survival 
is still an excellent predictor of 5-year overall survival 
results and remains an appropriate primary endpoint for 
adjuvant trials in colon cancer.

If CAPOX is selected as adjuvant therapy for patients 
with stage III colon cancer, 3 months of therapy can be 
considered the standard of care. The point estimates and 
95% CIs of the HRs for overall survival and disease-free 
survival at 5 years for all patients treated with CAPOX 
fell within the prespecified margins of non-inferiority. 
The same result was also observed in the low-risk 
CAPOX group, but not in the high-risk group. The HRs 
for overall survival and disease-free survival at 5 years in 
the high-risk CAPOX group, with only an absolute non-
significant difference of 1% in overall survival in favour 
of 6 months of therapy, are a strong reason to consider 
3 months of CAPOX as standard of care for all patients 
with stage III colon cancer. 6 months of treatment with 
FOLFOX resulted in higher rates of disease-free and 
overall survival at 5 years, particularly in patients in the 
high-risk subgroup. For patients with high-risk stage III 
cancers, emerging novel prognostic factors including 
Immunoscore or circulating tumour DNA as a marker 
for minimal residual disease and potentially other 
advanced molecular prognostic tools might help to 
better define the best duration of adjuvant therapy, 
especially for FOLFOX.24,25 For patients in the low-risk 
subgroup, the reduced treatment effect of 3 months 
instead of 6 months of FOLFOX is minimal and should 
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be discussed with the patient, outlining the risk of 
neurotoxicity.7,11,14

The administration of FOLFOX is cumbersome because 
doing so requires the implantation of a venous access 
device and the use of an infusion pump. Capecitabine, an 
oral fluoropyrimidine, combined with oxaliplatin intra-
venously every 3 weeks is more convenient for most 
patients, less expensive for the health-care system in most 
countries, and does not require the placement of a venous 
access device for most patients, especially if the duration of 
treatment is only 3 months, corresponding to only four 
intravenous administrations of oxaliplatin.26 Because no 
random isation to either FOLFOX or CAPOX was done in 
this study, we could not assess whether 3 months of 
CAPOX was as good as 6 months of FOLFOX.7 In previous 
adjuvant trials, both regimens showed efficacy in patients 
with stage III colon cancer, with similar outcome results. 
In particular, the AVANT study randomly assigned patients 
with stage III colon cancer to FOLFOX4, FOLFOX4 plus 
bevacizumab, and CAPOX plus beva cizumab.27 No 
difference in disease-free and overall survival was observed 
between the FOLFOX and CAPOX experimental groups.

The lack of difference in outcomes between 3 months 
and 6 months of CAPOX could be due to a reduced overall 
dose intensity in the 6-month group, with one hypothesis 
being that compliance and overall dose intensity of 
6 months of an oral regimen might attenuate over time. 
The documented dose intensity of capecitabine in the 
6-month group, however, was not much different to that 
of fluorouracil, but the data were not based on rigorous 
diary-based documentation by individual patients.7 
Alternative and potentially more relevant explanations 
relate to the specific dosing schedule of oxaliplatin and 
the continuous mode of administration for the oral 
fluoropyrimidine, which might be a more optimised way 
to deliver cytotoxic chemotherapy in the adjuvant setting, 
with the intent to eradicate micro metastases.28,29 Although 
we found no major differences in baseline factors 
between patients treated with CAPOX versus those with 
FOLFOX,7 further propensity analyses are planned to 
address potential selection biases with regard to the 
choice of treatment regimens in the adjuvant setting.

Applying a risk-based approach, we found that patients 
in low-risk groups and those in high-risk groups defined 
two populations with a different prognosis, independent 
of the therapy duration. We suggest that future studies 
make use of these risk groups as stratification categories 
in randomised trials for patients with stage III colon 
cancer or to assign specific populations to study 
subgroups in studies of patients with stage III disease.

This prospective, pre-planned pooled analysis of 
six concurrent randomised phase 3 trials is the largest 
prospective, randomised analysis of adjuvant therapy in 
patients with colon cancer to date. Despite the fact that 
the stringent, prespecified, non-inferiority endpoints 
were not reached, the survival results support the use of 
3 months of adjuvant CAPOX as the standard of adjuvant 

treatment for most patients with stage III colon cancer 
who are suitable for treatment with CAPOX. The final 
decision on treatment duration and regimen used for 
each individual will depend on a careful discussion 
between the clinician and patient, taking into account the 
risk of recurrence, co-morbidity, the patient’s wishes, 
likely absolute difference in survival, and risk of long-
term toxicity.
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