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Purpose: The MOSAIC (Multicenter International Study 
of Oxaliplatin/Fluorouracil/Leucovorin in the Adjuvant 
Treatment of Colon Cancer) study has demonstrated three-
year disease-free survival (DFS) and six-year overall survival 
(OS) benefit of adjuvant oxaliplatin in stage II to III resected 
colon cancer. This update presents 10-year OS and OS and 
DFS by mismatch repair (MMR) status and BRAF mutation.

Methods: Survival actualization after 10-year follow-up 
was performed in 2,246 patients with resected stage II 
to III colon cancer. We assessed MMR status and BRAF 
mutation in 1,008 formalin-fixed paraffin-embedded 
specimens.

Results: After a median follow-up of 9.5 years, 10-year 
OS rates in the bolus/infusional fluorouracil plus leucovorin 
(LV5FU2) and LV5FU2 plus oxaliplatin (FOLFOX4) arms were 
67.1% versus 71.7% (hazard ratio [HR], 0.85; P=0.043) 
in the whole population, 79.5% versus 78.4% for stage II 
(HR, 1.00; P=0.980), and 59.0% versus 67.1% for stage 
III (HR, 0.80; P=0.016) disease. Ninety-five patients (9.4%) 
had MMR-deficient (dMMR) tumours, and 94 (10.4%) had 
BRAF mutation. BRAF mutation was not prognostic for OS 
(P=0.965), but dMMR was an independent prognostic 
factor (HR, 2.02; 95% CI, 1.15 to 3.55; P=0.014). HRs 
for DFS and OS benefit in the FOLFOX4 arm were 0.48 
(95% CI, 0.20 to 1.12) and 0.41 (95% CI, 0.16 to 1.07), 
respectively, in patients with stage II to III dMMR and 0.50 
(95% CI, 0.25 to 1.00) and 0.66 (95% CI, 0.31 to 1.42), 
respectively, in those with BRAF mutation.

Conclusion: The OS benefit of oxaliplatin-based adjuvant 
chemotherapy, increasing over time and with the disease 
severity, was confirmed at 10 years in patients with stage 
II to III colon cancer. These updated results support the 
use of FOLFOX in patients with stage III disease, including 
those with dMMR or BRAF mutation. 

Reviewer’s comments: The likelihood of long-
term disease-free survival after resection of colorectal 
cancer is improved by six months of post-operative 
adjuvant fluoropyrimidine-based chemotherapy. 5-FU 
or capecitabine and oxaliplatin is accepted standard 
therapy for Stage III colorectal cancer (local lymph node 
positive) but uncertainties remains regarding treatment 
of mismatch-repair deficient tumours, the definition of 
high-risk Stage II tumours and the effect of adjuvant 
chemotherapy in molecularly-defined subgroups such 
as BRAF mutant cancers. This translational study builds 
on the findings of the MOSAIC trial, a large (over 2000 

patients) randomised study with almost 10 years of 
follow-up. In stage III patients as a whole, the addition 
of oxaliplatin led to an 8.4 and 8.1% improvement in 
the likelihood of 10 year disease-free and overall survival, 
although the survival benefit was largely accounted for by 
the Stage III N2 subgroup (i.e more than three involved 
lymph nodes).  There was a modest effect in ‘high-risk’ 
Stage II patients (pT4, tumour perforation, inadequate 
nodal harvest) that was not statistically significant. 9.4% 
of tumours had a defective mismatch repair (MMR) status 
(assessed by immunohistochemistry and polymerase chain 
reaction) and 10.4% were BRAF codon 600 mutation 
positive, with a higher frequency of BRAF mutations 
in the defective MMR subgroup. Patients with MMR 
proficient tumour had inferior cancer-specific survival 
than those with MMR deficient tumours but a similar 
effect was not discernible for BRAF mutant cancers. In 
contrast, the presence of the BRAF mutation in advanced 
colorectal cancer portends a poor prognosis with little 
chemotherapy responsiveness.  Although limited by 
small numbers and lack of statistical power, the addition 
of oxaliplatin to 5-FU was associated with recurrence 
free and overall survival benefits in MMR deficient and 
BRAF mutant cancers. Further efforts should be made 
to individualise adjuvant therapy for Stage II cancers, 
although these should probably be offered single-agent 
fluoropyrimidine rather than combination therapy and 
to identify patients with limited nodal involvement who 
could be spared the (neuro)toxicity of oxaliplatin without 
detrimental effects on survival. – AR
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Background: The identification of high-risk stage II 
colon cancers is key to the selection of patients who 
require adjuvant treatment after surgery. Microarray-based 
multigene-expression signatures derived from stem cells 
and progenitor cells hold promise, but they are difficult to 
use in clinical practice. 

Methods: We used a new bioinformatics approach to 
search for biomarkers of colon epithelial differentiation 
across gene-expression arrays and then ranked candidate 
genes according to the availability of clinical-grade 
diagnostic assays. With the use of subgroup analysis 
involving independent and retrospective cohorts of patients 
with stage II or stage III colon cancer, the top candidate 
gene was tested for its association with disease-free 
survival and a benefit from adjuvant chemotherapy.

Results: The transcription factor CDX2 ranked first in our 
screening test. A group of 87 of 2115 tumour samples 
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(4.1%) lacked CDX2 expression. In the discovery data set, 
which included 466 patients, the rate of five-year disease-
free survival was lower among the 32 patients (6.9%) with 
CDX2-negative colon cancers than among the 434 (93.1%) 
with CDX2-positive colon cancers (hazard ratio for disease 
recurrence, 3.44; 95% confidence interval [CI], 1.60 to 7.38; 
P=0.002). In the validation data set, which included 314 
patients, the rate of five-year disease-free survival was lower 
among the 38 patients (12.1%) with CDX2 protein–negative 
colon cancers than among the 276 (87.9%) with CDX2 
protein–positive colon cancers (hazard ratio, 2.42; 95% CI, 
1.36 to 4.29; P=0.003). In both these groups, these findings 
were independent of the patient’s age, sex, and tumour 
stage and grade. Among patients with stage II cancer, the 
difference in five-year disease-free survival was significant 
both in the discovery data set (49% among 15 patients with 
CDX2-negative tumours vs. 87% among 191 patients with 
CDX2-positive tumours, P=0.003) and in the validation data 
set (51% among 15 patients with CDX2-negative tumours 
vs. 80% among 106 patients with CDX2-positive tumours, 
P=0.004). In a pooled database of all patient cohorts, the 
rate of five-year disease-free survival was higher among 23 
patients with stage II CDX2-negative tumours who were 
treated with adjuvant chemotherapy than among 25 who 
were not treated with adjuvant chemotherapy (91% vs. 56%, 
P=0.006).

Conclusion: Lack of CDX2 expression identified a subgroup 
of patients with high-risk stage II colon cancer who appeared 
to benefit from adjuvant chemotherapy. (Funded by the 
National Comprehensive Cancer Network, the National 
Institutes of Health and others).

Reviewer’s comments: The era of molecular profiling 
and patient selection for the optimum personalised 
therapy is taking the oncology world by a storm. Multiple 
pharmaceutical and biotech organisations are developing 
tumour profiling tools and new agents which could lead 
to the discovery of new approaches to the management of 
various cancers. The genetic profiling to classify tumours in 
to different subgroups has raised the importance of biology 
over anatomy. Breast cancer has been leading the field of 
prognostic sub-grouping by genetic profiling but other 
tumour sites are not far behind. 

The mortality of early stage colon cancer has improved 
considerably over the past decade, in part because of the use 
of effective adjuvant therapies following successful surgical 
resection. Thousands of patients are routinely treated with 
intensive, sometimes prolonged adjuvant chemotherapy, 
which can be unpleasant, expensive and hazardous. We 
know that many of these patients may not require adjuvant 
chemotherapy and others do not benefit because their 
tumour biology makes them less sensitive to chemotherapy. 
A Subset of patients are not treated by adjuvant therapy 
and relapse. Therefore, there is an urgent need to improve 
patient selection, so that adjuvant chemotherapy is restricted 
to those patients who will benefit from it. Multi-parameter 
genomic tests could identify a population of patients who do 
not significantly benefit from adjuvant chemotherapy despite 
traditionally thought to be at a high risk of relapse, based on 
current guidelines. 

The above trial data on CDX2 expression seeks to advance the 

development of personalised treatment of localised stage II 
colon cancer by the prospective evaluation of biomarkers of 
colon epithelial differentiation across gene-expression arrays 
and then rank candidate gene according to the availability 
of clinical-grade diagnostic assays. The investigators believe 
that the presence of a stem-cell-like state would be associated 
with more aggressive tumours. They found 16 genes in 
which expression was inversely related to the stem-cell-like 
state and the CDX2 gene product was the most clinically 
actionable gene, which is suitable for detection by means of 
immunohistochemistry. They discovered that CDX2 negative 
colon tumours were associated with significantly lower rates 
of five year disease free survival. Subsequently, by the use 
of expanded database, they found that the administration 
of adjuvant chemotherapy in CDX2 negative subgroup 
considerably increases the disease free survival in patients 
with stage II as well as III colon cancer. However, in this study 
the number of stage II colon cancer and CDX2 negative 
tumour was small. Moreover, the immunochemical analysis 
was performed on tissue microarrays that facilitated rapid 
though put but may have underestimated the heterogeneity 
of CDX2 expression throughout the tumour.

These results provide an opportunity for oncologists to 
move beyond what has been an inadequate method of 
selecting patients with stage II colon cancer for adjuvant 
chemotherapy. In addition to genetic targets, hyper-
methylation of the gene encoding transcription factor AP-2 
epsilon (TFAP2E) and altered expression of specific microRNAs 
are among the growing list of DNA-based and epigenetic 
biomarkers that could provide prognostic and predictive 
promise in early stage colon cancer. – SU
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