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Adjuvant therapy for resected high-risk colon 
cancer: Current standards and controversies

INTRODUCTION

Colorectal cancer (CRC) is the third most frequent cancer 
diagnosed worldwide, with nearly 1.4 million new cases 
diagnosed in 2012.[1] Approximately 75% of  these patients 
are diagnosed with early stage disease (stages I-III) who 
may be cured with surgery alone or with the addition of  
adjuvant chemotherapy, as in high-risk stage II and stage 
III disease. In view of  the high-burden of  early stage 
disease, the role of  adjuvant chemotherapy has evolved 
over the last two decades and has resulted in significant 
improvements in both disease free survival (DFS) and 
overall survival (OS).

This review will discuss the current standard of  adjuvant 
chemotherapy for resected high-risk colon cancer and 
address existing controversies including strategies for risk-
stratification, the status of  targeted therapy, treatment of  
the elderly and the optimal duration of  therapy.

EVOLUTION OF ADJUVANT CHEMOTHERAPY  
FOR HIGH-RISK COLON CANCER

As summarized in Table 1, a number of  randomized phase 
III trials in the past two decades have established the benefit 
of  5-fluorouracil (5-FU) in the management of  resected 

stage II/III colon cancer, as well as the current accepted 
duration of  therapy of  24 weeks. In 2004, we reported 
an individual patient-data pooled analysis of  over 3000 
patients from seven randomized clinical trials with stage 
II/III colon cancer.[6] The use of  adjuvant 5-FU-based 
chemotherapy was associated with 30% proportional 
reduction in risk of  recurrence (hazard ratio [HR]: 0.70; 
range: 0.63-0.78). The Adjuvant Colon Cancer End Points 
(ACCENT) represents the largest pooled analyses of  the 
individual patient-data in this setting with 20,898 patients 
in 18 randomized clinical trials. The ACCENT analysis 
showed that there was a 10% OS benefit of  surgery versus 
5-FU/LV in stage III. Moreover, most relapses occur 
within 2 years after surgery. An update by Sargent et al. 
suggested that in all patients, the DFS/OS association 
is stronger for 6 years OS and a 6 years follow-up is 
recommended to assess OS benefit.[7]

In the Multicenter International Study of  Oxaliplatin/5FU/
LV in the Adjuvant Treatment of  Colon Cancer (MOSAIC) 
phase III trial, 2246 patients with resected stage II/III 
colon cancer were randomly assigned to receive biweekly 
infusional LV5FU2 or the same plus oxaliplatin-
FOLFOX4 - for 12 cycles (6 months). The 5 years DFS 
rates were significantly improved with the addition of  
oxaliplatin, 73.3% and 67.4% in the FOLFOX4 and LV5-
FU2 groups respectively (HR = 0.80; 95% confidence 
interval [CI]: P = 0.003) and the 6 years OS rates were 
78.5% and 76% in the FOLFOX4 and LV5FU2 groups, 
respectively (HR = 0.84, 95% CI: P = 0.046). The 
contribution of  oxaliplatin was confirmed in a phase III 
NSABP C-07 trial and the XELOXA study,[9,11] firmly 
establishing the standard of  5-FU + oxaliplatin.
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IRINOTECAN IN THE ADJUVANT SETTING

While the role of  irinotecan is established in metastatic 
CRC, its contribution in the adjuvant setting has taken 
a backseat following the results of  three randomized 
trials failing to show a significant benefit. The Cancer 
and Leukemia Group B 89803 trial randomly assigned 
1264 patients with stage III colon cancer to receive 
bolus 5-FU/LV alone or with 125 mg/m2 of  irinotecan 
given for 4 weeks with 2 weeks off  (irinotecan/
fluorouracil/leucovorin regimen). After a median 
follow-up of  2.6  years, no difference in DFS or OS 
was observed.[12]

The ACCORD 2 study compared the LV5FU2 regimen 
with LV5FU2 plus 180 mg/m2 of  irinotecan given on day 
1 of  every cycle for 6 months. DFS was not improved with 
the LV5FU2/irinotecan combination when compared with 
infusional 5-FU/LV (51% vs. 60%, respectively).[13] Finally, 
the Pan-European Trial in Adjuvant Colon Cancer trial 
(PETACC-3) included over 3000 patients with stage II/
III colon cancer who were randomized to receive LV5FU2 
with or without irinotecan. Three year OS for stage III 
disease was 63.3% for patients given LV5FU2/irinotecan 
versus 60.3% for those in the LV5FU2 arm (HR: 0.89; 
95% CI: 0.77-1.11; P = 0.091) and DFS for stage II or III 
patients was 69.6% versus 66.8% in favor of  the irinotecan 

Table 1: Phase III trials of adjuvant therapy in stage II/III colon cancer
Study n Stage Treatment regimen MFU DFS OS Conclusion
INT0035[2] 318 II 5FU + LEV versus 

observation
7 years — RR 31% (P=0.1) 5-FU + LEV better than 

OBS

NSABPC-04[3] 2151 II/III 5-FU + LV versus 
5-FU + LEV 

(vs. 5-FU + LV + LEV)

86 months FU + LV versus 5-FU 
+ LEV (65% vs. 
60%; P=0.04)

74% v 70%; 
P=0.07

5-FU/LV better than 
FU/levamisole

INT-0089[4] 3794 II/III LDLV +5FU versus 
HDLV +5FU versus 

LDLV + LEV

10 years — — Equivalence of 6 versus 
12 months and of high-

dose versus LDLV

QUASAR[16] 3239 II 5-FU + LV versus 
observation

5.5 years — RR of 5-FU 
+ LV versus 
observation 

0.78 (0.67-0.91). 
P=0·001

5-FU/LV superior to 
observation

GERCOR C-1 96[5] 905 II/III Monthly 5-FU-LV 
versus LV5FU2

5.9 years DFS HR=1.015; 95% 
CI=0.809-1.274; 

P=NS

OS HR=1.015; 
95% CI=0.750–

1.302; P=NS

Equivalence of LV5FU2 
and 5-FU/LV

X-ACT[8] 1987 III Capecitabine versus 
5-FU/LV

3.8 years 3 years DFS 64.2% 
versus 60.6% 

(P=0.12)

81.3% versus 
77.6% (P=0.05)

Noninferiority of 
capecitabine versus 

5-FU/LV

PETACC-3[14] 2094 II/III LV5FU2+ IRI versus 
LV5FU2

66.3 months DFS 56.7% LV5FU2 
+ IRI versus 54.3% 
with LV5FU2 alone

5 years OS 73.6% 
versus 71.3%, 

P=0.094

No significant benefit 
with the addition of 

irinotecan

ACCORD-2[13] 400 III LV5FU2 versus 
LV5FU2+ IRI

63 months 3 years DFS 60% 
versus 51% (P=NS)

5 years OS 67% 
versus 61% 

(P=NS)

No benefit with the 
addition of irinotecan

MOSAIC[10] 2246 II/III FOLFOX4 versus 
LV5FU2

73.5 months 5 years DFS 73.3% 
versus 67.4% 

(HR=0.80; 95% CI, 
P=0.003)

6 years OS 78.5% 
versus 76% 

(HR=0.84, 95% 
CI, P=0.046)

DFS and OS benefit 
with oxaliplatin

NSABP-07[9] 2409 II/III Roswell Park 
versus FLOX

8 years FLOX showed 
a superior DFS 

(HR=0.82; 95% CI; 
P=0.002)

OS similar in 
both groups 

(HR=0.88; 95% 
CI, P=0.08)

DFS benefit with 
oxaliplatin

XELOX-NO16968[11] 1886 III XELOX versus 
5-FU/LV

57 months 3 years DFS 70.9% 
versus 66.5% 

(P=0.045)

5 years OS 77.6% 
versus 74.2% 

(P=0.1486)

DFS benefit with 
adding oxaliplatin

CALGB 89803[12] 1264 III Weekly bolus FU 
plus LV regimen + 

IRI or weekly bolus 
FU + LV

4.8 years DFS probability at 
3 years 0.66 versus 

0.69 for FU + LV, 
pNS

5 years OS 
probability 0.68 

versus 0.71

No benefit of adding 
irinotecan

DFS – Disease free survival; MFU – Median follow-up; FU – Fluorouracil; LEV – Levamisole; LV – Leucovorin; HDLV – High-dose leucovorin; LDLV – Low-dose Leucovorin; 
IRI – Irinotecan; 5-fluorouracil – 5-FU; FOLFOX – 5-fluorouracil leucovorin and oxaliplatin; FLOX – 5- Fluorouracil/leucovorin/oxaliplatin; XELOX – Capecitabine plus oxaliplatin; 
OS – Overall survival; HR – Hazard ratio; CI – Confidence interval; NS – Not significant; INT-0089 – Intergroup 0089; NSABPC – National Surgical Adjuvant Breast and Bowel Project; 
X-ACT – Xeloda in Adjuvant Colon Cancer; PETACC – Pan-European Trial in Adjuvant Colon Cancer; MOSAIC – Multicenter International Study of Oxaliplatin/5-FU/LV in the Adjuvant 
Treatment of Colon Cancer; NSABP – National Surgical Adjuvant Breast and Bowel Project; CALGB 89803 – Cancer and Leukemia Group B 89803; RR – Relative risk
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arm.[14] Given these data, there is currently no established 
role for irinotecan in the adjuvant setting.

TREATMENT OF STAGE II COLON CANCER

The treatment of  node-negative or stage II colon cancer 
has been long debated with conflicting reports of  modest 
benefit in varied subgroup and meta-analyses reported to 
date. In a recent analysis of  24,847 patients with stage II 
colon cancer from the SEER Medicare database, adjuvant 
5-FU chemotherapy was not associated with a 5 years OS 
benefit over observation, even in patients with stage II 
disease with one or more poor prognostic features (HR: 
1.03; 95% CI: 0.94-1.13).[15]

The QUASAR trial[16] stands out as the single randomized 
trial supporting the role of  adjuvant chemotherapy in this 
setting. In this trial, patients with an “uncertain indication 
for chemotherapy” were randomized to 5-FU/LV or 
observation. The majority of  enrolled patients were stage 
II colon cancer. A statistically significant OS benefit 
for patients with stage II disease treated with 5-FU/LV 
compared to observation (HR: 0.71; 95% CI: 0.54-0.92; 
P = 0.01) was reported.

Risk-stratification of  stage II disease has emerged as a 
recommended strategy for adjuvant therapy decision-
making. Obstruction, perforation, emergent admission, T4 
stage, resection of  fewer than 12 lymph nodes, and poor 
histology are considered high-risk features in stage II and 
warrant consideration of  adjuvant chemotherapy. In the 
MOSAIC trial, a subset analysis amongst stage II patients 
showed a DFS of  83.7% and 79.9% in the FOLFOX4 
and LV5FU2 arms respectively (HR = 0.84; 95% CI: 0.62 
– 1.14). Six years OS in stage III was 72.9% and 68.7% in 
FOLFOX4 and LV5FU2 respectively (HR = 0.80; 95% 
CI, P – 0.023). However, there was no OS difference 
in stage II. The American Society of  Clinical Oncology 
practice guidelines for stage II colon cancer acknowledge 
that randomized controlled trials have failed to detect a 
survival benefit for adjuvant chemotherapy in stage II 
colon cancer. In high-risk stage II, the absolute benefit of  
5-FU based therapy is estimated 2-4% and the decision 
to treat with 5-FU based therapy should be individualized 
based on disease characteristics, molecular predictive and 
prognostic factors, co-morbidities, patient preference and 
risks associated with chemotherapy.[17]

THE IMPORTANCE OF MISMATCH REPAIR 
AS A PROGNOSTIC BIOMARKER

There are two distinct pathways in CRC pathogenesis: The 
chromosomal instability (CIN) and microsatellite instability 

(MSI) which is associated with a CpG island methylator 
phenotype (CIMP) pathway and deficient mismatch 
repair (dMMR). More than 70% of  CRC arises through 
the CIN pathway characterized by aneuploidy and loss of  
heterozygosity and associated with poorer survival.

Defective mismatch repair results from frequent mutations 
and instability of  short tandem repeats resulting in the 
instability of  the genome. Mutations in DNA mismatch 
repair genes (MLH1, MSH2, MSH6) result in deficient 
DNA mismatch repair (dMMR) leading to MSI. MMR 
deficiency can also result from epigenetic silencing of  
the promoter region of  MMR genes by CpG island 
hypermethylation (CIMP). MSI represents 15% of  all 
sporadic CRCs and 90% of  patients with hereditary 
nonpolyposis colorectal carcinoma. The CIMP pathway 
is associated with epigenetic inactivation of  the MMR 
genes, most commonly MLH1. dMMR tumors have 
unique clinic pathological features-younger patients, female 
preponderance lower stage, proximal location in the right 
colon, poorly differentiated, mucinous histology and 
lymphocytic infiltration. Lindor et al. demonstrated that 
dMMR (tested by IHC) is 97% concordant with MSI-H 
by polymerase chain reaction (PCR).[21]

In separate reports, Ribic et al. and Sargent et al. 
demonstrated that 5-FU based chemotherapy is beneficial 
in stage II/III colon cancer exhibiting MSS or MSI-L but 
not in MSI-H.[19,20] More recently, Sargent et al. presented 
a pooled analysis from the ACCENT dataset involving 
37,800 patients from 26 randomized colon cancer trials 
with MMR data on 7803 patients. On a median follow-
up of  7 years, in stage II, surgery alone showed a 5 years 
OS of  90% in d MMR versus 78% in pMMR respectively 
(P = 0.013). With 5-FU based chemotherapy in stage II, 
5 years OS were 88% in d MMR versus 87% in pMMR. 
Similarly in stage III, surgery alone showed OS of  59% in 
dMMR versus 54% in proficient MMR (pMMR). In stage 
III, with 5-FU based therapy-the 5 years OS in dMMR and 
pMMR were 77% and 71%. These data reaffirm our current 
understanding that the dMMR is a favorable prognostic 
feature and in patients with dMMR stage II disease, 5-FU 
adjuvant chemotherapy is not recommended.[22]

THE ROLE OF ONCOTYPE DX

Oncotype DX is a quantitative multi-gene, real-time PCR 
assay to measure the gene expression in paraffin-embedded 
tumor tissues. It is a validated predictor of  risk of  
recurrence in stage II CRC patients following surgery and 
also a tool for decision-making for the need for adjuvant 
chemotherapy. Initially developed as an 18-gene panel that 
included 7 genes for a recurrence score (RS), 6 genes to 
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predict response to 5-FU/LV chemotherapy-treatment 
score, and 5 reference genes. Subsequent studies revealed 
that the TS was a not a predictor of  response to therapy. 
Hence, the current oncotype DX is a 12 gene prognostic 
assay. This assay was validated using the QUASAR trial, 
where patients were randomized to receive 5-FU/LV or 
observation after surgical resection. The RS was a strong 
predictor of  recurrence risk (P = 0.004), shorter DFS 
(P = 0.01) and OS (P = 0.04), with a linear correlation 
between risk of  recurrence and increasing RS. The reported 
risk of  recurrence was 12% at 3 years for the low RS 
patients, 18% for the intermediate RS patients, and 22% 
for the high RS patients.[23]

Srivastava et al. in 2014 evaluated the impact of  a 
RS results on physician recommendations regarding 
adjuvant chemotherapy in T3, mismatch repair-proficient 
(MMR-P) stage II colon cancer patients. RS was helpful 
in clinical decision-making associated with treatment 
recommendation changes for 45% of  T3 MMR-P stage 
II colon cancer patients.[24] Using oncotype DX can lead 
to a reduction in adjuvant chemotherapy use in this select 
group of  stage II colon cancer patients.

TARGETED THERAPY FOR ADJUVANT  
TREATMENT-WHERE DO WE STAND?

Likely the biggest disappointment in this decade has been 
the inability to improve upon the outcomes of  patients 
with resected colon cancer with targeted therapies. Large 
randomized phase III trials including FU-oxaliplatin 
chemotherapy with or without bevacizumab (AVANT, 
NSABP C08)[25,26] and with or without cetuximab (N0147, 
PETACC8)[27,28] failed to demonstrate improvements in 
DFS or OS. These trials are summarized in Table 2. Various 
hypotheses including the potentially limited contribution 
of  the epidermal growth factor receptor (EGFR) and 
vascular endothelial growth factor (VEGF) pathways in 
micrometastatic disease, limitations in our understanding 
of  the epithelial mesenchymal transition, and rebound 
angiogenesis have been considered. Nonetheless, there is 

no indication for the use of  VEGF- or EGFR-directed 
targeted therapies in the adjuvant management of  colon 
cancer.

TREATMENT OF THE ELDERLY

Colorectal cancer is a disease of  the elderly with 40% of  new 
cases diagnosed over the age of  75 years. This population is 
typically under-represented in clinical trials and the age-cut 
off  for “elderly” remains debated. While there has been no 
evidence to suggest a differential treatment effect in the 
elderly with 5-FU based chemotherapy[30] there has been 
conflicting evidence regarding the value of  the addition of  
oxaliplatin in this population.[31] Sanoff  et al. in 2012 reported 
a pooled analysis of  patients from 4 databases, which showed 
an OS difference in patients ≥75 years in stage III CRC with 
adjuvant chemotherapy. Subset analysis also revealed the 
benefit of  5% in 3 years OS with oxaliplatin based regimen.[32] 
There is now an increasing appreciation for the difference 
between biological age and chronological age, recognizing 
that geriatric functional assessments can be invaluable in 
order to determine an individual patient’s suitability for 
adjuvant chemotherapy. Co-morbid factors and their impact 
on survival should be assessed. We also need to incorporate 
an estimate the risk of  treatment related toxicity and 
understand patient preference when arriving at a treatment 
decision. The use of  5-FU based monotherapy is a very 
reasonable consideration in the geriatric patient population 
with high-risk resected disease. The recommended adding 
should be individualized after weighing the risk benefit ratio 
for a given patient.

DURATION OF ADJUVANT CHEMOTHERAPY

While 6 months of  adjuvant chemotherapy remains the 
current standard, the optimal duration is being actively 
explored. The International Duration Evaluation of  
adjuvant chemotherapy (IDEA) Collaboration is an on-
going and unique international initiative incorporating 
patients from six international randomised trials of  more 
than 8500 stage III colon cancer patients. It is designed 

Table 2: Summary of targeted therapy trials in the adjuvant setting
Study n Treatment regimen Stage DFS/RFS
AVANT[27] 3451 FOLFOX4 versus FOLFOX4+ bevacizumab

FOLFOX4 versus XELOX + bevacizumab

III/high-risk stage II HR=1·17 (95% CI=0·98-1·39; P=0·07) 
HR=1·07 (0·90–1·28; P=0·44)

NSABP C-08[26] 2710 FOLFOX6± bevacizumab II, III HR=0.89; 95% CI=0.76-1.04; P=0.15

NCCTG N-0147[28] 2070 mFOLFOX6+ cetuximab versus 
mFOLFOX6

III (wt KRAS) 3 years DFS 71.5% versus 74.6 and (HR=1.21; 95% 
CI=0.98-1.49; P=0.08)

PETACC8[29] 1602 FOLFOX4+ cetuximab versus FOLFOX4 III (wt KRAS) 3 years DFS 75.1% (95% CI=71.7-78.1) versus 78.0% 
(95% CI=74.8-80.8)

Not reported. HR – Hazard ratio; CI – Confidence interval; FOLFOX – 5-fluorouracil leucovorin and oxaliplatin; XELOX – Capecitabine plus oxaliplatin; mFOLFOX6 – Modified 
fluorouracil plus leucovorin and oxaliplatin; DFS – Disease free survival; AVANT – Adjuvant treatment for colon cancer; NSABP – National Surgical Adjuvant Breast and Bowel 
Project; NCCTG – North Central Cancer Treatment Group; PETACC – Pan-European Trial in Adjuvant Colon Cancer
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to assess whether a 3 months course of  oxaliplatin-based 
adjuvant therapy (FOLFOX4/modified FOLFOX6 
or XELOX) is equivalent to the current of  6 months 
treatment for patients with stage III colon cancer, with a 
primary endpoint of  3 years DFS. As many of  the included 
trials have already completed accrual, the results of  this 
multinational collaborative effort are eagerly awaited.[33]

SUMMARY

Currently, patients with resected stage II disease with high-risk 
features, and patients with resected stage III disease should be 
offered adjuvant chemotherapy with 6 months of  FOLFOX 
or XELOX. Patients unsuitable for intensive therapy may be 
offered 5-FU monotherapy with LV5FU2 or capecitabine. 
Patients with low-risk stage II disease may be offered the 
observation or considered for 5-FU monotherapy after a 
careful discussion regarding risks and uncertain benefits 
in this indication. It is recommended that MMR testing be 
routinely performed in all resected stage II colon cancers, 
as this represents a favorable prognosis and a predictor of  
poor response to 5-FU chemotherapy. Prognostication by 
Oncotype DX may further improve our adjuvant decision-
making. Presently, there is no indication to support the use of  
irinotecan, cetuximab or bevacizumab in the adjuvant setting.

While the standard of  care for high-risk resected colon 
cancer has not changed since the addition of  oxaliplatin 
to 5-FU, there has been considerable research in the field 
exploring opportunities for novel therapies, improved 
risk-stratification by genomic profiling and an improved 
understanding of  the efficacy of  adjuvant therapy in elderly 
populations. On-going studies of  interest include the IDEA 
collaboration, establishing the duration of  adjuvant therapy. 
Clinical trials in the adjuvant setting should continue to be 
supported whenever possible.
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