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The decision for adjuvant therapy of colon cancer requires 
selection of acceptable treatment options as well as 
identification of the individuals who are both at risk for 
recurrence (prognosis) and likely to have a significant 
clinical benefit (prediction). In this article, we will identify 
currently established treatment regimens for stage III 
colon cancer and will discuss the status of prognostic 
and predictive markers. In general, we have significantly 
greater knowledge of clinicopathologic and genomic 
prognostic markers than predictive markers, but awareness 
of prognosis at least allows selection of patients at greatest 
risk (and presumably greatest benefit) from treatment. 
When reporting the results of clinical trials in this setting, 

it should be remembered that they are based on a highly 
selected group of patients who were eligible for clinical 
trials and treated with trial-specific regimens and follow-up. 
In the application of these results, it is likely that the closer 
the patient is to the population in the study, and the more 
they are treated per protocol, the more likely their benefit 
and toxicity will be similar to the trial results. Conversely, if 
the patient does not reflect the typical healthy 60 year old 
who enter trials and if the treatment deviates significantly 
from the protocol, the more likely it is that the therapy will 
be less effective and more toxic than the trial results. This 
is particularly true of the elderly, which will be discussed 
separately.
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Abstract: The decision for adjuvant therapy of colon cancer by both physicians and patients requires many 
factors, including knowledge of the risk for recurrence (prognosis), the likelihood of significant clinical 
benefit (prediction), toxicity of treatment, comorbidities, and the patient’s understanding and acceptance of 
both the relative and absolute benefit of therapy. To predict the risk of recurrence, clinicopathologic features 
have typically been used such as the number of positive and negative nodes, T stage, tumor differentiation, 
obstruction and lymphovascular invasion. More recent quantitative prognostic markers include microsatellite 
instability, with MSI-H conferring better prognosis. In addition, in combination with MSI, gene expression 
profiles have been developed which may be especially helpful in stage II disease, and in some low risk stage 
III patients to decide on whether they should receive combination chemotherapy, capecitabine or no adjuvant 
treatment.

The standard treatment for most stage III patients is a combination of oxaliplatin with infusional and 
bolus 5-FU (FOLFOX) or with an oral agent such as capecitabine (XELOX), with equivalent results. 
Although irinotecan is active in advanced colorectal cancer, two trials of this drug with 5-FU failed to show 
improvement over the fluoropyrimidines alone. The antiangiogenic agent bevacizumab also failed to improve 
treatment compared to FOLFOX alone, as did the EGFR agent, cetuximab. Studies are currently underway 
to compare the standard 6 months of FOLFOX with 3 months of therapy, to reduce the risk of neurotoxocity 
associate with oxaliplatin, while maintaining treatment efficacy.
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Biologic prognostic/predictive markers

Prognostic markers are associated with overall outcome 
of cancer patients independent of therapy. They may help 
to identify patients at high risk for tumor recurrence or 
metastasis; therefore, adjuvant therapy could improve the 
outcomes of these patients. On the other hand, predictive 
markers are those which may influence the choice of specific 
patient treatment, such as an intervention as adjuvant 
therapy, thus allowing decisions for therapy which are most 
likely to provide benefit to the individual patient. 

Colon cancer is heterogeneous in clinical behavior and in 
the molecular mechanisms of pathogenesis. It is therefore 

Table 1 Ref. 1 

Stage Description

0 Intraepithelial; lamina propria invasion

I Submucosa (T1) or muscularis propria (T2) invasion

II A: pericolorectal tissue invasion (T3)

B: penetration to visceral peritoneum surface (T4a)

C: invasion/adherence to other organs/structures (T4b)

III A: T1-T2 + 1-3 regional LN; T1 + 4-6 regional LN

B: T3-T4a + 1-3 regional LN; T2-T3 + 4-6 regional LN; T1-T2 + ≥7 regional LN

C: T4a + 4-6 regional LN; T3-T4a + ≥7 regional LN; T4b + any regional LN

IV A: metastasis to 1 organ/site

B: metastases to multiple organs/sites or peritoneum

Figure 1 Ref.1

necessary to identify prognostic and predictive markers to 
characterize risk factors for recurrence and to implement 
tailored therapeutic strategies. Until recently, the anatomic 
TNM classification (Table 1) remained the only validated 
prognostic tool in the adjuvant setting (Figure 1) (1). 
Clinical practice is still almost entirely based on the T and 
N staging system. To continuously improve the prognosis 
of colon cancer patients and the outcome of patients with 
recurrent risk by chemotherapy. The American Joint 
Committee of Cancer updates the staging systems every 
6 years based on new evidence from clinic research and 
epidemiologic data. For example, T4 lesions have recently 
been subdivided as T4a (tumor penetrates to the surface of 
the visceral peritoneum) and T4b (tumor directly invades 
or is adherent to other organs or structures). Stage group II 
has been further subdivided into IIA (T3N0), IIB (T4aN0), 
and IIC (T4bN0) based on differential survival prognosis 
from the SEER analyses (Surveillance Epidemiology 
and End Results) (2). Meanwhile, a myriad of candidate 
molecular biomarkers has been reported for prognosis and 
for prediction of therapy in recent years. However, rigorous 
assessment in large patient datasets by multivariable analysis 
and subsequent implementation and validation in clinical 
practice is still needed. 

Colon patients with lymph node involvement (stage 
III) are commonly recommended for adjuvant therapy 
based on randomized studies, data from SEER, and meta-
analyses with improved overall disease-free survival (DFS) 
and overall survival (OS). However, in patients with 
cancer invading through muscularis propria but no lymph 
node involvement (stage II), general recommendations 
consider that adjuvant chemotherapy may not contribute 
enough benefit in overall survival except in those with 
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high risk factors (T4 lesions, clinical presentation with 
bowel obstruction or perforation, <12 LN recovered in the 
specimen, and poor differentiation) (3). A more detailed 
discussion of prognostic markers and treatment of stage 
II disease is presented in a separate article in this special 
edition of CCO.

Studies have shown that many genetic alterations are 
prognostic or predictive markers in colorectal cancer (4). 
Loss of heterozygosity at chromosome 18q indicates a poor 
prognosis. Other alterations that have prognostic value 
are allelic loss at chromosomes 17p, 1p, 3p, 4p, 5q, or 8p; 
changes in the levels of certain gene products, including the 
DCC (deleted in colorectal cancer) protein, p53, and p27klp1; 
mutation of the ras and raf genes; and increased expression 
of genes involved in fluoropyrimidine metabolism, with 
variability between stage II and III disease.

High levels of microsatellite instability (MSI-H), with 
insertions or deletions of nucleotides within repeated 
sequences of DNA, due to defective repair of mismatched 
nucleotides (dMMR), are characteristic of the hereditary 
nonpolyposis colorectal cancer syndrome. (See the article 
by Lynch et al. in this issue) However, in most cases such 
tumors are sporadic (~15% of such tumors are MSI-H, 
more often in stage II disease), which is also considered 
a prognostic marker with fewer metastases and a better 
prognosis than microsatellite-stable (MSS) cancers (4-6). 

Microsatellite status has been suggested as both a 
prognostic (most proven) and predictive marker of 
fluoropyrimidines-based therapy, and therefore has 
potential clinical implications in the adjuvant therapeutic 
strategy. It has been observed from retrospective studies 
that patients with MSI (dMMR) tumors have better overall 
survival. At the same time, studies report that patients with 
MSI may not benefit from adjuvant chemotherapy with 
5-FU alone (7-9). However, the addition of oxaliplatin to 
5-FU improves the RFS in patients with MSI-H tumors 
in comparison with 5-FU alone in stage III colon cancer 
patients (10). For stage III colon cancer after adjuvant 
fluorouracil-based therapy, it has been suggested that 
retention of 18q alleles in microsatellite-stable cancers and 
mutation of the gene for the type II receptor for TGFb 1 
in cancer with MSI-H have a favorable prognosis (11). The 
prognostic significance of 18qLOH seems less important 
from more recent studies than previous assumed (12,13). 

SMAD4 is an important transcriptional mediator in 
the TGF-β signaling pathway and has been implicated in 
colon cancer development in preclinical studies. Loss or 
low expression of SMAD4 has been associated with poor 

prognosis in colorectal cancer patients in small series (14).
Integrated analysis of molecular and clinical prognostic 

factors in stage II/III colon cancer was assessed based 
on the prospective collected colectomy specimens from 
1,564 patients who were accrued to the PETACC3 study, 
a randomized phase III trial with a total 3,278 patients 
to assess the activity of irinotecan to 5-FU/LV in the 
adjuvant treatment of stage II/III colon cancer (15). FFPE 
(formalin-fixed paraffin embedded) tissue samples were 
tested for Kras and Braf mutations, 18qLOH, MSI, and 
SMAD4 protein expression. The results indicate MSI-H 
status and SMAD4 focal loss of expression are independent 
prognostic factors: MSI-H patients have better RFS 
(HR=0.54, P=0.003) and OS (HR=0.43, P=0.001); those 
with SMAD4 loss have worse RFS (HR=1.47, P<0.001) and 
OS (HR=1.58, P<0.001). This study indicated that T3N1 
tumors with MSI-H and retained SMAD4 expression 
had outcomes similar to stage II disease. A German study 
studying expression of caspase-8, caspase-9, and apoptosis 
protease activating factor-1 (APAF-1), caspase-8 and -9 
were significantly associated with poor survival. Caspase-9 
may be an independent prognosticator in colon carcinoma. 
However, these data have to be confirmed prospectively, 
including results of some studies indicating different 
genomic profiles between right- and left-sided tumors (16).

Because of the heterogeneity and complexity for both 
prognostic and predictive outcomes, gene expression 
profiles (GEPs), signatures of gene expression—in which 
the expression levels of multiple genes are combined in 
a defined manner to provide a score or classification—
have been developed for determine prognosis and guiding 
treatment decisions. There are many GEP assays that 
have been developed, and some are commercially available 
using proprietary approaches to measure RNA via PCR 
(reverse-transcriptase polymerase chain reactions) or gene 
chip microarray system with different gene signatures 
(ColoPrint®, an 18 gene expression profile; Oncotype DX® 
of seven prognostic and five reference genes; ColonPRS® 
of 163 genes, GeneFX® of 5 genes and OncoDefender-
CRC of a 634 probe-set signature). Either FFPE tissue 
or fresh tissue or fresh frozen tissue are used for assays  
(17-20). While both great clinical interest and active 
research in GEP assays have been shown, with increasing 
commercial use and the potential advantages of using such 
assays, their ultimate clinical utility is still largely unproven. 
Notably, there is no overlap in the genes comprising these 
commercial available assays. They are marked as laboratory-
developed tests (LDT), and none of them has specific FDA 
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approval for stage II/III colon cancer. It is important to 
have gene expression signature assays showing improvement 
of net health outcomes from prospective studies. These 
include changes of the classifications based on GEP 
results, identification of patients at low risk of recurrence 
who can avoid adjuvant chemotherapy safely, and other 
patients who may benefit from adjuvant chemotherapy 
or a particular adjuvant chemotherapy with improved 
survival. A recent multi-center prospective study tried to 
characterize the impact of ‘recurrence score’ results from 
OncoTypeDX® on medical oncologists’ recommendations 
regarding adjuvant chemotherapy in T3, Mismatch  
Repair-proficient (MMR-P) stage II colon cancer patients, 
and noted that test was associated with a 45% change in 
treatment recommendations (21). In a report of stage II 
and III colon cancer from NSABP C-07, a predefined high 
recurrence score (RS) group (26% of patients) had a higher 
recurrence risk than a low RS group (39% of patients): 
HR=2.11, P<0.001. Cox model 5 yr. recurrence risks (95% 
CI) in FU-treated patients by RS group (low, int, high) 
were: st II 9% (6-13%), 13% (8-17%), 18% (12-25%); st 
IIIA/B 21% (16-26%), 29% (24-34%), 38% (30-46%); st 
IIIC 40% (32-48%), 51% (43-59%), 64% (55-74%). RS 
did not have significant interaction with stage (P=0.90) or 
age (P=0.76). The relative benefit of oxaliplatin was similar 
across range of RS (interaction P=0.48); the absolute benefit 
of oxaliplatin increased with higher RS (22). Although most 
patients with stage III colon cancer should be considered for 
adjuvant therapy, GEPs may be considered to further define 
risk in IIIA patients for observation alone, single-agent  
fluoropyrimidines or combination therapy.

Adjuvant therapy for stage III colon cancer

Prior to the early 1990s, a series of underpowered studies 
using frequently ineffective schedules of the only available 
agent--5-fluorouracil (5-FU)—failed to show benefit of 
an adjuvant treatment after surgery for stage III colon 
cancer. Finally, a study by Moertel et al. using 5-FU 
plus the antihelminthic levamisole demonstrated benefit 
compared to surgery alone. INT-0035 confirmed these 
results in a larger population of stage III patients, showing 
fluorouracil plus levamisole reduced the recurrence rate 
by 40% (P<0.0001) and the death rate by 33% (P=0.0007). 
Levamisole alone reduced the recurrence rate by only 2% 
and the death rate by only 6% (23). This treatment rapidly 
became standard adjuvant therapy for most of the Western 
world. However, the role of levamisole was uncertain, and 

increased cytotoxicity with biochemical modulation of 5-FU 
by leucovorin raised questions about optimal therapy. To 
answer these questions, at least three large randomized trials 
were performed: INT-0089, an NCCTG trial and NSABP 
C-04 (24-26). The combined results of these studies 
demonstrated at least three conclusions. First, 6 months 
of therapy was at least as effective as 12 months. Second, 
levamisole was not a necessary component of therapy. 
Third, 5-FU plus leucovorin was at least as effective as 
a levamisole-containing regimen. Over time, a number 
of options became available for patients: bolus 5-FU/LV, 
bolus and infusional 5-FU/LV (LV5FU2) and capecitabine 
alone (X-ACT trial) (27,28). Each of these increased the 
3 yr. disease-free survival for high-risk stage II/III colon 
cancer from approximately 60-63% with surgery alone to 
approximately 70-75% with adjuvant treatment.

This standard single-agent approach was challenged, 
especially in high-risk stage III patients, by the availability 
of two new effective cytotoxics, irinotecan and oxaliplatin, 
and two biologics, bevacizumab and cetuximab. It has 
been nearly a decade since the results of the MOSAIC 
trial (the Multicenter International Study of Oxaliplatin/ 
5-Fluorouracil/Leucovorin in the Adjuvant Treatment of 
Colon Cancer) were reported (29), although earlier results 
of the trial presented in abstracts altered the standard 
combination adjuvant treatment of stage III to a bolus and 
infusional 5-FU/LV regimen (LV5FU2) plus oxaliplatin 
(FOLFOX4). 1,123 patients were randomly assigned to 
either 5-FU/LV or FOLFOX. After a median follow-up of 
37.9 months, disease-free survival at three years (the primary 
endpoint) was 78.2 percent (95 percent CI, 75.6 to 80.7)  
in the group given LV5FU2 plus oxaliplatin and 72.9 percent  
(95 percent CI, 70.2 to 75.7) in the LV5FU2 group (P=0.002 
by the stratified log-rank test). In a further update, 5-year 
DFS rates were 73.3% and 67.4% in the FOLFOX4 and 
LV5FU2 groups, respectively [hazard ratio (HR)=0.80; 
95% CI, 0.68 to 0.93; P=0.003]. Six-year OS rates were 
78.5% and 76.0% in the FOLFOX4 and LV5FU2 groups, 
respectively (HR=0.84; 95% CI, 0.71 to 1.00; P=0.046). 
6-year OS rates stage III disease were 72.9% and 68.7%, 
respectively (HR=0.80; 95% CI, 0.65 to 0.97; P=0.023). No 
difference in OS was seen in the stage II population (30). 

The results of the MOSAIC trial were largely upheld 
by the NSABP C-07 study, which compared weekly bolus 
5-FU/LV to the same regimen with biweekly oxaliplatin 
(FLOX) (31). With 8 years median follow-up, OS was 
similar between treatment groups [hazard ratio (HR), 0.88; 
95% CI, 0.75 to 1.02; P=0.08]. FLOX remained superior 
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for DFS (HR, 0.82; 95% CI, 0.72 to 0.93; P=0.002). The 
effect of oxaliplatin on OS did not differ by stage of disease 
(interaction P=0.38 for OS; interaction P=0.37 for DFS) 
but did vary by age for OS (younger than age 70 v 70+ 
interaction P=0.039). Oxaliplatin significantly improved 
OS in patients younger than age 70 (HR, 0.80; 95% CI, 
0.68 to 0.95; P=0.013), but no positive effect was evident in 
older patients. (Yothers JCO 2011). The FLOX regimen 
is less used than FOLFOX or capecitabine plus oxaliplatin 
(XELOX).

Based on the results of the X-ACT trial, which showed 
noninferiority of XELOX to bolus 5-FU/LV in stage III 
colon cancer, and the likely desirability of oral therapy to 
infusional approaches, the XELOXA trial was initiated (32).  
Stage III patients were randomly assigned to XELOX 
(oxaliplatin 130 mg/m2 on day 1 plus capecitabine  
1,000 mg/m2 twice daily on days 1 to 14 every 3 weeks for  
24 weeks) or a standard bolus 5-FU/LV adjuvant regimen. 
The primary study end point was disease-free survival 
(DFS). The 3-year DFS rate was 70.9% with XELOX and 
66.5% with FU/LV. The HR OS for XELOX compared 
to FU/LV was 0.87 (95% CI, 0.72 to 1.05; P=0.1486). 
The 5-year OS for XELOX and FU/FA were 77.6% and 
74.2%, respectively. These results were comparable to the 
MOSAIC and FLOX trials at similar time point analyses. 

Two large trials assessed the benefits of irinotecan in 
adjuvant therapy of stage II/III colon cancer. The first 
trial performed in the US utilized a bolus 5-FU/LV plus 
irinotecan regimen (IFL) compared to bolus 5-FU/LV  
alone (33). 1,264 patients were randomly assigned to 
treatment; the primary end points of the study were overall 
survival (OS) and disease-free survival (DFS). There were 
no differences in either DFS or OS between the two 
treatment arms, but toxicity, including lethal toxicity, was 
significantly higher on IFL. As IFL was found to be inferior 
to FOLFOX in advanced disease (34), it was postulated 
that the results of a trial (PETACC-3) comparing LV5FU2 
plus irinotecan (FOLFIRI) to LV5FU2, mirroring the 
MOSAIC trial, might also show more benefit than IFL 
for combination adjuvant therapy (35). 2,094 treated 
patients with stage III disease were assessed for the primary 
endpoint, DFS in stage III disease. After a median follow-
up of more than 5 years, the 5-year DFS rate was 56.7% 
with irinotecan/LV5FU2 and 54.3% with LV5FU2 alone 
(P=0.106). Overall survival was not improved compared with 
LV5FU2 alone (5-year OS 73.6% vs. 71.3%, respectively; 
log-rank P=0.094). Based on the results of these two trials, 
there is no role for irinotecan in the standard management 

of stage II/III colon cancer.
The increased efficacy of regimens containing either 

bevacizumab or cetuximab in advanced colorectal cancer 
supported the initiation of these agents in the adjuvant 
setting, using FOLFOX as the backbone and comparator. 
Two trials were performed with bevacizumab, NSABP C-08 
and AVANT. In advanced disease, with combination therapy 
such as FOLFOX, the benefit of bevacizumab is primarily 
seen in prolonging progression-free survival rather than 
increasing response rate (36). Therefore, the effect of 
this drug in the adjuvant setting was uncertain. NSABP 
C-08 compared six months of FOLFOX to six months of 
FOLFOX with bevacizumab, followed by an additional 
six months of bevacizumab alone (37). In 2,673 analyzed 
patients, with a median follow-up of 5 years, the addition 
of bevacizumab to mFOLFOX6 did not result in an overall 
significant increase in DFS (HR, 0.93; 95% CI, 0.81 to 1.08; 
P=0.35). At 12 months, there was a significant reduction 
in the hazard ratio, but exploratory analyses found that the 
effect of bevacizumab on DFS was different before and 
after a 1.25-year landmark (time-by-treatment interaction 
P value<0.0001). OS was not different between the two 
study arms for all patients (HR, 0.95; 95% CI, 0.79 to 1.13; 
P=0.56) and for stage III disease (HR, 1.0; 95% CI, 0.83 to 
1.21; P=0.99).

The AVANT trial contained the same two comparison 
arms as C-08, with an additional arm of XELOX plus 
bevacizumab (38). 2,867 patients had stage III disease. 
After a median follow-up of 48 months the DFS hazard 
ratio for bevacizumab-FOLFOX4 versus FOLFOX4 was 
1.17 (95% CI, 0.98-1.39; P=0.07), and for bevacizumab-
XELOX versus FOLFOX4 was 1.07 (0.90-1.28; P=0.44). 
With a minimum follow-up of 60 months, the OS hazard 
ratio for bevacizumab-FOLFOX4 versus FOLFOX4 
was 1.27 (1.03-1.57; P=0.02), and for bevacizumab-
XELOX versus FOLFOX4 was 1.15 (0.93-1.42; P=0.21). 
These disappointing results have effectively eliminated 
bevacizumab from further development in the adjuvant 
setting, although some have discussed continuing the drug 
for 2-5 years to maintain the early benefit in DFS seen in 
both trials. Cost and uncertainty over toxicity related to 
long-term antiangiogenic therapy have been cited as reasons 
for not pursuing this possibility.

Cetuximab has activity as a single agent and increased 
response rates in trials with chemotherapy, raising hopes 
that this agent in adjuvant treatment might improve results 
with FOLFOX alone. The first trial to be reported in 
KRAS wild-type patients was N0147 (39). The trial was 
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halted after a planned interim analysis of 48% of predicted 
DFS events (246/515) occurred in 1,863 (of 2,070 planned) 
patients. With a median follow-up of 28 months, 3-yr DFS 
for mFOLFOX6 alone was 74.6% vs. 71.5% with cetuximab 
(HR, 1.21; 95% CI, 0.98-1.49; P=0.08) even when restricted 
to patients with wild-type KRAS. Gr 3 or higher adverse 
events [72.5% vs. 52.3%; odds ratio (OR), 2.4; 95% CI,  
2.1-2.8; P<0.001] and failure to complete 12 cycles (33% vs. 
23%; OR, 1.6; 95% CI, 1.4-1.9; P<0.001) were significantly 
higher with cetuximab, with increased toxicity and worse 
outcomes in patients aged 70 years or older.

A similar trial was performed outside of the US, 
PETACC-8 (40). 1,602 KRAS wt patients were randomized 
to FOLFOX4 or FOLFOX4 plus cetuximab. At a median 
follow-up of 40 months, an interim analysis showed no 
difference between arms for DFS (HR 1.05, 95% CI, 0.85-1.29;  
P=0.66) or OS (HR 1.09, 95% CI, 0.81-1.47; P=0.55). As 
in N0147, worse outcomes were seen in patients >70 years. 
Whether the negative results in both trials were due to 
increased toxicity, reduced chemotherapy dosing, inactivity 
of cetuximab in micrometastases—or all three—is presently 
uncertain.

At the present time the thrust of adjuvant therapy is 
stage III colon cancer focuses on the duration of treatment, 
in part motivated by the dose-related neuropathy associated 
with oxaliplatin. The IDEA consortium will accumulate 
data from multiple trials worldwide to assess the non-
inferiority of 3 months of FOLFOX compared to a standard 
6 months. More than 12,000 patients will be accrued by the 
end of 2013, with results expected in 2014-15. 

Age and adjuvant therapy

Many studies have suggested that adjuvant therapy may be 
less effective in the elderly, based on a number of factors 
including increased toxicity, reduced dosing, biologic 
variability in tumors and comorbidities. It is beyond 
the scope of this article to review completely this issue, 
but a recent report from the ACCENT collaboration 
(described elsewhere in this issue) summarized the largest 
database on adjuvant treatment. Individual studies and 
small pooled analysis have shown that patients with stage  
II/III colon cancer receive similar benefit from single-agent 
fluoropyrimidine adjuvant therapy regardless of age. The 
ACCENT group analyzed 11,953 patients age <70 and  
2,575 age ≥70 years from seven adjuvant therapy trials 
comparing IV 5-FU with oral fluoropyrimidines or 
combinations of fluoropyrimidines with oxaliplatin or 

irinotecan (41). End points were DFS, OS and time 
to recurrence. In three studies comparing oxaliplatin-
based chemotherapy with 5-FU, statistically significant 
interactions were not observed between treatment arm and 
age (P interaction=0.09 for DFS, 0.05 for OS, and 0.36 
for TTR). Point estimates suggested limited benefit from 
the addition of oxaliplatin in elderly patients [DFS hazard 
ratio (HR), 0.94; 95% CI, 0.78 to 1.13; OS HR, 1.04; 95% 
CI, 0.85 to 1.27]. No significant interactions by age were 
detected with oral fluoropyrimidine therapy compared 
with IV FU; noninferiority was supported in both age 
populations. 

These data suggest that decisions for adjuvant treatment 
should not take only age into consideration, but also 
comorbidities that may impact on overall survival. Many 
physicians consider these patients to represent the “fit” 
elderly, which would describe patients who may have been 
eligible for randomized trials. Particularly in low-risk stage 
III disease, consideration should be made for single-agent 
capecitabine, rather than observation or FOLFOX as the 
only treatment alternatives.

Life style and diet after stage III colon cancer

Besides surveillance with physician visits, images, tests, and 
colonoscopy after curative resection, there are increased 
interest and some evidence in modifying behaviors and 
lifestyle as part of the efforts to improve overall outcome.

Multiple studies have shown that obesity is associated 
with an increased risk of developing colon cancer; however, 
the influence of obesity on the prognosis of colon cancer 
survivors and the recurrence of stage II and III colon cancer 
patients remains unclear. Further discussion of the role 
of diet and nutrition in presented in a separate article in 
this issue of CCO by Dignam et al. (42-45). The analysis 
from CALGB 89803 showed neither BMI nor weight 
change was significantly associated with an increased risk 
of cancer recurrence and death in patients with colon 
cancer. On the other hand, a recently published study which 
evaluated the association of body mass index with clinical 
outcome in colon carcinoma patients who participated in 
seven randomized trials of 5-fluorouracil–based adjuvant 
chemotherapy suggested the opposite results (46).  
There were 20% patients considered as obese (body mass 
index, ≥30 kg/m2) in the study. The study indicated that 
they were more likely to have distal tumors, MSS, and 
increased lymph node metastases. Obesity was shown as 
an independent and adverse prognostic variable in colon 
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cancer survivors with distinct gender- related differences—
although obesity showed reduced OS compared with 
normal weight in both men and women, overweight status 
was associated with improved OS in men (P=0.006), and 
underweight women had significantly worse OS (P=0.019). 
BMI was not predictive of therapeutic benefit. These data 
suggest that interventions to reduce rates of obesity may 
improve colon cancer outcomes. Although there are no 
definitive conclusions that could be made from these data, 
such information has the potential to influence patient 
management decisions and surveillance strategies. Further 
study is needed to determine the mechanism of the adverse 
effect of obesity on survivors of colon cancer, such as a 
prospective trial of diet and exercise in post-resection 
patients. 

Although diet and lifestyle may influence colorectal 
adenoma/adenocarcinoma recurrence, the role of dietary 
supplement use in colorectal adenoma recurrence remains 
controversial. A prospective cohort study examined the 
association between dietary supplement use (vitamin C, 
vitamin B, calcium, or multivitamins), total colorectal 
adenoma recurrence and advanced adenoma recurrence 
showed that dietary supplement use was neither statistically 
significantly associated with total colorectal adenoma 
recurrence (HR=1.03; 95% CI, 0.79-1.34) nor with 
recurrent advanced adenomas (HR=1.59; 95% CI, 0.88-
2.87) (47). However, at the same time, no harmful effects 
were noted. To make public health policies for prevention 
of recurrent adenomas and colorectal cancer, future studies 
with extensive information on regular dietary supplement 
use are needed.

Even there are no definitive answers from prospective 
intervention trials regarding diet, obesity, and exercise with 
surveillance of colon cancer, we should encourage such 
behavior change with increasing physical activity, healthy 
diet, and weight management since these may influence the 
risk of many adverse health conditions, such as coronary 
heart disease, diabetes, breast and colon cancers, all leading 
to shortened life expectancy (48).

Post-treatment surveillance

Surveillance after potential curative resection in stage II 
and III colon cancer patients is considered as standard 
in oncologic practice, since about 30-50% of patients 
will develop tumor relapse as locoregional recurrence, 
distant metastasis, or metachronous colorectal lesions after  
5 years of follow-up (49). Early detection of asymptomatic 

recurrences by periodic images and monitoring of 
carcinoembryonic antigen (CEA) levels is likely associated 
with an increase in the potential for curative therapy and 
survival benefit, which has been shown from several meta-
analyses, and randomized controlled studies (50-54). 
Long-term survival has been demonstrated for complete 
resection of local regional recurrences, and metastatic 
liver and lung recurrences. Detection of asymptomatic 
metachronous colorectal lesions including cancer and 
polyps via scheduled colonoscopy may also lead to cure (55). 
However, no uniform consensus has been reached as to the 
appropriateness of follow-up in colorectal cancer patients, 
and very little agreement on the modalities that should 
be employed or the frequency with which they should be 
used, and there have been no large prospective clinical trials 
to demonstrate effectiveness. There are several published 
guidelines from national and international professional 
socialites including the American Society of Clinical 
Oncology (ASCO), the European Society of Medical 
Oncology (ESMO) the National Comprehensive Cancer 
Network (US) National Health Service (UK), and the 
Program in Evidence-Based Care (Cancer Care, Ontario, 
Canada) (Table 2) (56-60). Each of these guidelines is based 
on literature review and opinions and consensus from 
regional experts. There are important differences among 
these guidelines despite being based on similar evidence. At 
a recent ASCO meeting, a British study of CEA and/or CT 
surveillance suggested that both regular CEA measurement 
and CT scanning results in significantly higher rates of 
diagnosis of operable recurrent colorectal cancer compared 
to minimal follow up. There appeared to be no differential 
benefit in monitoring with both CEA and CT, and no 
difference in the overall mortality was demonstrated. CEA 
monitoring combined with a single CT scan at 12-18 months  
was deemed likely to be cost-effective (61).

Based on data from the ACCENT group showing later 
recurrence for stage II disease compared to stage III disease, 
some investigators believe—especially in clinical trials—
that surveillance for recurrence should be extended as far as  
6 years after surgery and adjuvant therapy (62).

All guidelines agree on a need for follow-up colonoscopy 
postoperatively to ensure the colon is clean of polyps. The 
joint updated guidelines by the American Cancer Society 
(ACS) and US Multi-Society Task Force on Colorectal 
Cancer recommends that: colonoscopy should be performed 
in one year to look for metachronous lesions. This 
recommendation is based on reports of a high incidence 
of apparently metachronous second cancers in the first  
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2 years after resection. If the examination at 1 year 
is normal, then the interval should be 3 years. If that 
colonoscopy is normal, then the next interval should be 
5 years. Shorter intervals may be indicated by associated 
adenoma findings. Shorter intervals are also indicated if 
the patient’s age, family history, or tumor testing indicate 
definite or probable hereditary nonpolyposis colorectal 
cancer (63). 

There has been increased interest in using 18FDG-PET 
as diagnostic imaging modality in evaluating recurrent 
colorectal cancer. It has been used to help select patients for 
hepatic resection and to evaluate patients with an elevated 
CEA and normal conventional imaging and colonoscopy 
(64,65). Although the results are interesting, it has not 
accepted as a routine surveillance method at this time.
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