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Background: Adjuvant chemotherapy with 5-fluorouracil modulated by folinic acid, com-
bined with oxaliplatin, has now become an accepted standard of care for patients with stage
III colon cancer. In contrast, the use of adjuvant therapy for stage II patients remains con-
troversial, and the identification of reliable prognostic factors to aid therapeutic decision
making is crucial.
Methods: The authors critically review the results of clinical trials and meta-analyses

investigating the value of adjuvant chemotherapy for stage II patients, emphasizing the het-
erogeneous nature of this population and the difficulty of performing clinical trials with
sufficient power to reliably assess treatment efficacy. They also discuss the evidence concerning
potential prognostic factors, particularly molecular markers.
Results: Available clinical trial data do not support the routine use of adjuvant chemo-

therapy for all stage II patients but suggest that it should be considered, particularly for certain
high-risk patients. Recent guidelines advocate considering factors such as tumor differentia-
tion, tumor perforation, number of lymph nodes examined, and T stage when assessing the
likely benefit:risk ratio. Microsatellite instability and allelic imbalance seem to be strong pre-
dictors of good and poor prognosis, respectively, and in the near future, therapeutic decision-
making models are likely to be further refined by the inclusion of such molecular markers.
Conclusions: There is growing evidence that the prognosis of certain stage II patients with

unfavorable prognostic factors can be improved by adjuvant chemotherapy, and increasingly
refined tools are now available to define those most likely to benefit. Referral of stage II patients
for individual assessment is strongly recommended.
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Over the past years, considerable progress has been
made in the treatment of patients with colon cancer.
The use of optimized folinic acid (FA)-modulated 5-
fluorouracil (5-FU) regimens has increased the med-
ian survival of patients with metastatic (stage IV)
colon cancer from barely 6 months without treatment
to >12 months.1 The addition of new chemothera-
peutic agents (e.g., oxaliplatin and irinotecan) to
these regimens has further extended the median sur-
vival to approximately 20 months.2–7 The combina-
tion of newly approved biological agents, such as
bevacizumab and cetuximab, with optimal chemo-
therapy promises to prolong survival still more.8,9

At diagnosis, approximately 14% of patients have
stage I disease, 28% have stage II, 37% have stage III,
and 21% have stage IV.10 In the context of continu-
ally improving treatments for advanced disease, it is
not surprising that the investigation of newer
chemotherapies has been extended to patients with
stage II and III colon tumors after surgical resection.
In these patients, the prognosis varies widely
according to the disease stage and, in particular, the
extent of lymph node involvement and the extent to
which the tumor has invaded the bowel wall
(expressed by the T [tumor] and N [node] stage in the
tumor-node-metastasis classification). The 5-year
survival rate decreases from >90% for stage I tumors
to 50% for stage III tumors.11 Patients with stage II
colon cancer constitute a particularly heterogeneous
population. Patients with tumors that are barely
starting to penetrate through the bowel wall have a
prognosis approaching that of patients with stage I
cancer. In contrast, similarly staged patients with
aggressive and extensive tumors showing extramural
venous spread and involvement of the serosa or
adjacent organs have a prognosis similar to that of
patients with stage III cancer.12

In view of the generally good prognosis of pa-
tients with resected stage I tumors, clinical studies
on adjuvant chemotherapy have mainly focused
exclusively on patients with resected stage III tumors
or on patients with stage II or stage III tumors but
without differentiating between these two groups.
Trials performing separate analyses of the effect of
adjuvant therapy on stage II and stage III patients
tend to have insufficient power to assess treatment
efficacy adequately in stage II patients, because the
number of these patients is generally small and the

event rate is low. It has been estimated that a pro-
spective clinical trial of adjuvant chemotherapy
including a nontreatment control arm and designed
to detect a 4% survival benefit at 5 years among
stage II colon cancer patients with a baseline 5-year
survival prognosis of 75% would require at least
4700 patients.13 No study of this size has yet been
published.
On the basis of published data on patients with

stage III cancer, 6 months of adjuvant chemotherapy
with 5-FU/FA became the standard of care for such
patients in the early 1990s.14–18 More recently, the
addition of oxaliplatin to 5-FU/FA has further im-
proved patient outcomes, thus establishing this
combination as a new standard of care.19,20 Although
the benefit of adjuvant chemotherapy for stage III
colon cancer is now acknowledged, the use of adju-
vant therapy in patients with stage II colon cancer
remains controversial. Increasing attention is being
focused on the identification of unfavorable prog-
nostic factors that could aid in making the decision
for or against treatment on the basis of the relative
benefits and risks for each individual patient. This
review presents an overview of the recent and exten-
sive published data concerning adjuvant chemother-
apy for stage II colon cancer.

EFFICACY OF ADJUVANT CHEMOTHERAPY

IN STAGE II COLON CANCER: ANALYSES,

META-ANALYSES, AND RECENT CLINICAL

STUDIES

Published clinical trials conducted until very re-
cently were not been large enough to demonstrate a
statistically significant advantage for chemotherapy
in stage II colon cancer. For this reason, several
analyses and meta-analyses have been performed of
clinical trials comparing adjuvant therapy with
observation in patients with stage II colon or colo-
rectal cancer.
The National Surgical Adjuvant Breast and Bowel

Project (NSABP) performed an analysis of the results
of its four trials on adjuvant chemotherapy in pa-
tients with colon cancer: two comparing surgery
alone with surgery plus adjuvant chemotherapy, and
two comparing different adjuvant chemotherapy
regimens.21 A total of 3820 patients were available for
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analysis: 41% had stage II and 59% had stage III
disease. Two pooled treatment groups were com-
pared within each stage of disease: one comprising
the less effective treatment group from each trial and
the other comprising the more effective group. The
relative reduction in risk in the more effective treat-
ment group was 30% for the 1565 patients with stage
II colon cancer (irrespective of the presence or ab-
sence of adverse prognostic factors), compared with
18% for the 2255 patients with stage III colon cancer.
In two of the trials, the risk reduction achieved in
stage II patients was statistically significant. How-
ever, this analysis has been criticized for pooling the
results from trials with different control and treat-
ment arms.
The International Multicentre Pooled Analysis of

B2 Colon Cancer Trials (IMPACT B2) included data
on 1016 patients with stage II colon cancer generated
in 5 randomized clinical trials comparing 5-FU–
containing adjuvant chemotherapy with no treat-
ment.22 This analysis found 5-year overall survival
(OS) and disease-free survival (DFS) rates of 80%
and 73%, respectively, in untreated patients versus
82% and 76%, respectively, in treated patients, cor-
responding to relative risk reductions of 17% for DFS
and 14% for OS with adjuvant treatment. Although
these differences failed to reach statistical signifi-
cance, there was a trend toward a small benefit in
absolute survival with adjuvant therapy (2%; one si-
ded). In the multivariable Cox analysis, age and
tumor grade were the only independent predictors for
OS and DFS. In the population analyzed, 1.5% of the
patients had T4 tumors (defined as tumors directly
invading an adjacent organ or perforating the visceral
peritoneum), and 11% had poorly differentiated tu-
mors. The prognostic factors analyzed did not in-
clude perforation, bowel obstruction, venous
invasion, or the number of lymph nodes examined.
One of the major criticisms of this meta-analysis is
the relatively small number of cases included. An-
other meta-analysis of 3499 patients participating in
10 studies evaluating the efficacy of short continuous
portal vein infusion of chemotherapy demonstrated
that the relative risk benefit of this treatment on the
risk of death was nearly identical in stage III and in
stage I/II patients.23

More recently, a pooled analysis of seven ran-
domized trials comparing adjuvant 5-FU/FA or
5-FU/levamisole with surgery alone in stage II and
III colon cancer (including the five IMPACT B2
trials) was conducted, with the aim of clarifying the
benefit of adjuvant therapy in specific subgroups of
patients.24 This pooled analysis showed a significant

improvement in 5-year DFS in the 1440 patients
who presented with node-negative disease (76% vs.
72% for node-positive disease; P = .0490). How-
ever, the difference in 5-year OS (81% vs. 80%,
respectively) did not reach statistical significance. A
significant interaction between stage and treatment
was evident, and adjuvant chemotherapy benefited
stage III patients to a greater extent than stage II
patients. Significant prognostic factors in this anal-
ysis, besides nodal status, included histological tu-
mor grade and depth of tumor invasion into the
bowel wall. Other prognostic factors (e.g., perfora-
tion, bowel obstruction, venous invasion, and
number of lymph nodes examined) were not evalu-
ated in this study.
In an attempt to help physicians assess the bene-

fit:risk ratio of adjuvant chemotherapies for each
individual patient, tools have been developed that
incorporate the T and N stage with age, tumor dif-
ferentiation, and tumor perforation, in addition to
the number of lymph nodes retrieved.24 A model
incorporating these factors is now available to pro-
vide physicians with tailored estimates of 5-year DFS
and OS probabilities with surgery alone and with
surgery plus 5-FU–based adjuvant chemotherapy.25

The Cancer Care Ontario Program in Evidence-
Based Care conducted two systematic reviews of data
from clinical trials comparing adjuvant therapy with
observation in patients with resected stage II colon or
colorectal cancer.26,27 The more recent of these re-
viewed 37 randomized controlled trials and 11 meta-
analyses that included a total of 20,317 patients
(7,803 with colon cancer and 12,514 with colorectal
cancer). The proportion of patients with stage II
disease varied from 23% to 100%.27 A meta-analysis
was conducted on the data obtained on stage II pa-
tients whenever available (4187 patients in 18 trials).
Data were selected on the basis of stringent criteria
that required inclusion of a surgery-alone control arm
and 5-FU–based adjuvant chemotherapy (16 trials)
or immunotherapy alone (2 trials). The relative risk
reduction in mortality across the trials was .87
(hazard ratio [HR], .87; 95% confidence interval [CI],
.75–1.01; P = .07); however, this result should be
interpreted cautiously because the trials used a vari-
ety of adjuvant therapies.
Several studies have investigated adjuvant therapy

with oral fluoropyrimidines. The first clinical trials
comparing surgery followed by adjuvant therapy with
oral fluoropyrimidines versus surgery alone were
conducted in Japan, where the development of
adjuvant chemotherapy for colorectal cancer was
essentially based on these agents. A meta-analysis of
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three of these trials—all conducted by the Japanese
Foundation for the Multidisciplinary Treatment for
Cancer and using separate randomizations for
patients with colon and rectal cancer—was recently
published.28 The total population analyzed com-
prised 5233 patients: 2848 (54%) presented with colon
cancer and 2385 (46%) with rectal cancer. Overall,
2295 patients (44%) had stage II disease, and 2348
(45%) had stage III disease. Both OS (HR, .89; P =
.04) and DFS (HR, .85; P < .001) were statistically
significantly increased by adjuvant chemotherapy in
the population as a whole, with a similar benefit
observed in patients with colon and rectal tumors.
Five-year survival was increased by 3.7%, 4.3%, and
2.4% in patients with stage I, II, and III tumors,
respectively.
The Netherlands Adjuvant Colorectal Cancer

Project trial reported an improved 5-year survival
rate in stage II colon and rectal cancer patients
receiving adjuvant 5-FU plus levamisole (78% vs.
70%) but did not specify the level of statistical sig-
nificance for the difference observed (no subgroup
analyses).29

The recently completed Quick And Simple And
Reliable (QUASAR) trial, not included in either
published meta-analyses or the Cancer Care Ontario
Program in Evidence-Based Care review and so far
published only in abstract form, compared adjuvant
chemotherapy (5-FU modulated by FA with or
without levamisole) with observation in patients with
resected colon or rectal cancer.30 A total of 3238
patients were enrolled, of whom 91% presented with
stage II disease (71% colon and 29% rectal cancer).
Updated results presented at the American Society of
Clinical Oncology (ASCO) 2004 meeting (median
follow-up, 4.6 years) showed a significantly improved
5-year OS (80.3% vs. 77.4%, respectively; P = .02)
and a significantly lower 5-year recurrence rate
(22.2% vs. 26.2%, respectively; P = .001) in the
adjuvant chemotherapy group compared with
observation. Separate analysis of stage II patients
showed a significant reduction in the number of
deaths with adjuvant chemotherapy (224 vs. 262,
respectively; P = .04). This is the largest single study
in the population of stage II patients, and, if these
preliminary results are confirmed in the subsequent
publication, it will be the first to demonstrate a sta-
tistically significant advantage of adjuvant chemo-
therapy for this group. The analysis of prognostic
variables in this study should help to identify which
subgroups of stage II patients are likely to benefit the
most from adjuvant chemotherapy.

An analysis conducted between 1991 and 1996 in
3151 US Medicare patients aged between 65 and 75
years with resected stage II colon cancer revealed that
27% received adjuvant chemotherapy, compared with
75% of stage III patients.31 In that study, a younger age
at diagnosis, white race, low comorbidity, and poorly
differentiated tumor histological characteristics were
all associatedwith a greater likelihoodof being treated,
whereas sex, socioeconomic status, and the number of
lymph nodes examined had no bearing on the treat-
ment rate. The 5-year survival rate was 78% for the
treated patients and 75% for those not treated. After
adjusting for known differences between the groups,
theHR for survival associatedwith adjuvant treatment
was .91 (95%CI, .77–1.09), which is consistent with the
clinical trial data discussed previously.
When viewed as a whole, the results of all these

studies (clinical studies, analyses, and meta-analyses)
demonstrate remarkable consistency. The repeated
finding is that 5-FU–based adjuvant therapy provides
a small but real benefit in terms of DFS and OS rates.
The physician and patient, when fully armed with this
knowledge, must then make a decision regarding the
relative importance of the very modest benefit in
prognosis when weighed against the risks, toxicity,
and inconvenience of therapy.

EFFECT OF NEW CHEMOTHERAPEUTIC

AGENTS ON STAGE III ONLY OR BOTH

STAGE II AND STAGE III COLON CANCER

Two studies that were not designed to test the value
of chemotherapy for patientswith stage II colon cancer
compared oral fluoropyrimidines with a 5-FU/FA
bolus regimen. These two studies were presented at the
ASCO meeting in 2004. The first compared capecita-
bine with the Mayo clinic regimen (monthly bolus
regimen of 5-FU/FA) in patients with stage III cancer
only. The HR for DFS at 3 years was .87 (95% CI, .75–
1). The primary end point of this study was met, thus
demonstrating that capecitabine is not inferior to the
Mayo Clinic regimen (in fact, there was even a trend to
superiority for capecitabine).32 The second study,
conducted by the NSABP (C06 study) in patients with
stage II and III colon cancer, compared oral uracil and
tegafur + FA to the Roswell Park regimen (weekly
bolus regimen of 5-FU/FA) and demonstrated the
perfect equality of uracil and tegafur + FA and the
Roswell Park regimen (in terms of DFS and OS at 5
years).33 No analysis concerning only patients with
stage II colon cancer was performed.33
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The Multi-Center International Study of Oxalipl-
atin/5-Fluorouracil/Leucovorin in the Adjuvant
Treatment of Colon Cancer study compared the
benefit of standard 5-FU/FA adjuvant chemotherapy
(LV5FU2) with that of the same regimen but with the
addition of oxaliplatin (FOLFOX4) in 2246 patients
who had undergone curative resection for stage II or
III colon cancer.19 After a median follow-up of 37.9
months, the 3-year DFS in the total population of
stage II and III patients was 72.9% in the LV5FU2
arm and 78.2% in the FOLFOX4 arm (HR, .77; 95%
CI, .65–.91; P = .002), corresponding to a 23%
reduction in the risk of relapse. Among the 899
patients with stage II disease, the addition of oxa-
liplatin resulted in a 20% decrease in risk of relapse,
with an increase in the DFS rate from 84.3% to 87%
after 3 years.34 An analysis of stage II patients with at
least one adverse prognostic factor (T4 tumor, bowel
obstruction or tumor perforation, poor differentia-
tion, venous invasion, or <10 lymph nodes exam-
ined) was reported recently. In this subpopulation
(n = 576), FOLFOX4 patients had a 28% decrease in
the risk of relapse (HR, .72; 95% CI, .48–1.08) and a
3-year DFS of 84.9% vs. 79.8% for LVSFU2 patients.
These benefits were within the range of those ob-
served in stage III patients and were associated with
limited toxicity. No analysis of molecular markers
was performed, because no samples were collected
during the trial.34

In the NSABP C07 study, 2407 patients with stage
II and III carcinoma of the colon (28.6% stage II and
71.4% stage III) were randomized to receive either
FULV (a 5-FU 500 mg/m2 bolus weekly and FA
[leucovorin; LV] 500 mg/m2 weekly, each for 6 weeks
of every 8-week cycle, for 3 cycles) or FLOX (same
FULV regimen with the addition of oxaliplatin 85
mg/m2 on weeks 1, 3, and 5 of each 8-week cycle, for 3
cycles). The addition of oxaliplatin to the FULV
regimen significantly improved the 3-year DFS in
patients with stage II and III colon cancer (71.6% vs.
76.5%, respectively; P < .004; HR = .79; 95% CI,
.67–.93). No subgroup analysis was performed. The
global test for interaction between treatment and tu-
mor stage (II and III) was not significant (P = .70).20

PROGNOSTIC FACTORS IN STAGE II COLON

CANCER

It is increasingly recognized that not all stage II
patients are likely to benefit equally from adjuvant
chemotherapy, and the decision to treat patients is
often made on the basis of perceived additional risk

factors that may outweigh the inconvenience and
likely toxicity of treatment. Despite the past uncer-
tainty concerning the benefit:risk ratio of adjuvant
chemotherapy in patients with stage II colon cancer,
many of these patients nevertheless receive such
treatment. Conversely, some centers deny chemo-
therapy to stage II patients because of the perceived
lack of convincing data.

Stage II Colon Cancer: A Heterogeneous Population

Stage II colon cancer, characterized by the absence
of lymph node involvement, covers a wide spectrum
of disease, ranging from tumors with little penetra-
tion through the bowel wall to aggressive and
extensive tumors with extramural venous spread and
involvement of the serosa or adjacent organs. It is
becoming increasingly evident that colon cancers are
also heterogeneous with respect to many other clini-
cal, pathologic, and biological factors and that
traditional pathologic staging systems may be insuf-
ficient to predict outcome accurately. The proven
value of adjuvant chemotherapy for patients with
stage III colorectal cancer and the controversy sur-
rounding its use in stage II patients have been a
particular spur to the investigation of potential
prognostic factors that enable identification of the
patients most likely to benefit from this treatment.
With regard to stage II cancers, a wide variety of

potential clinical and pathologic risk factors for
recurrence have been investigated. The most impor-
tant factors for predicting the risk of recurrence are
emergency presentation (bowel perforation or occlu-
sion), poorly differentiated tumor (histological
grade), depth of tumor invasion and adjacent organ
involvement (T4), extramural venous invasion, and
peritoneal involvement.11,24,33 In the case of
involvement of the resection margins, the resection is
not curative. Age affects survival because of deaths
from other causes; however, a benefit of adjuvant
chemotherapy for both young and old patients was
demonstrated in a large pooled analysis.35 In a study
that specifically excluded patients with lymph node
involvement (i.e., stage III patients), Petersen et al.36

identified six factors by univariate analysis that sig-
nificantly influence prognosis (P < .01). These were
extent of tumor spread, peritoneal involvement,
margin involvement, venous invasion, tumor perfo-
ration, and adjacent organ involvement. Patient age,
sex, tumor site, and differentiation were not found to
be statistically significant prognostic factors. The
final validated Cox regression model combined four
independent prognostic factors: peritoneal involve-

STAGE II COLON CANCER: ADJUVANT THERAPY 891

Ann. Surg. Oncol. Vol. 13, No. 6, 2006



ment, venous invasion, margin involvement, and
tumor perforation—all parameters easily determined
by routine pathologic methods. Other factors are
more controversial, such as tumor location (left vs.
right, i.e., distal or proximal to the splenic flexure)
and sex.37

Survival of Stage II Colon Cancer Patients According

to the New American Joint Committee on Cancer

Staging System

The recently revised 6th edition of the American
Joint Committee on Cancer (AJCC) cancer staging
system38 has increased the stratification of patients
with stage II or III colon cancer on the basis of the
depth of tumor penetration (T stage) and the number
of positive lymph nodes (N stage), thus increasing the
total number of categories from four to seven
(Table 1). A recent study investigated the survival
rate of 119,363 patients with colon adenocarcinoma
included in the Surveillance, Epidemiology, and End
Results US national cancer registry stratified
according to the former (5th edition) and current (6th
edition) AJCC staging system.39 Five-year survival
rates in stage II and stage III patients, defined
according to the former staging system, were 82.5%
and 59.5%, respectively (Table 2). These analyses
were performed without considering whether patients
received adjuvant chemotherapy. However, stratifi-
cation according to the new staging system revealed a

significantly lower survival rate in stage IIb patients
with T4N0 tumors than in stage IIIa patients with T1
or T2N1 tumors (72.2% vs. 83.4%, respectively; P <
.001). Admittedly, more patients with stage IIIa colon
cancer had received adjuvant chemotherapy than
patients with stage IIb in the Surveillance, Epidemi-
ology, and End Results database. The finding of a
worse prognosis in patients with stage IIb than stage
IIIa disease highlights the need to consider the use of
adjuvant chemotherapy in patients with stage II
colon cancer, at least in those with poor-prognostic
features.

Assessment of the Number of Lymph Nodes

One of the most important determinants of prog-
nosis in patients with colon cancer is the extent of
lymph node involvement. In patients with tumors
confined to the bowel wall without lymph node
involvement, the 5-year survival rate exceeds 75%,
whereas in those with extensive lymph node
involvement, it decreases to between 30% and 60%.40

The likelihood of detecting a positive node increases
with the number of nodes examined, so if few lymph
nodes are examined, there is an increased risk of a
truly stage III patient being mistakenly classified as
stage II and possibly being denied the benefit of
adjuvant chemotherapy. The possibility of occult
stage III patients being included in the population
defined as stage II in clinical trials is relevant to any
analysis of outcome because it will obscure the rela-
tionship between stage and particular treatment reg-
imens. The fact that approximately 25% to 35% of
patients classified as stage II relapse within 5 years
after surgery suggests that the disease may already

TABLE 1. Colon cancer stages as defined by the American
Joint Committee on Cancer (AJCC) staging manual

(5th and 6th editions)

Stage T stage N stage M stage

AJCC 5th edition
I T1 or T2 N0 M0
II T3 or T4 N0 M0
III Any T N1 M0
IV Any T Any N M1

AJCC 6th edition
I T1 or T2 N0 M0
IIa T3 N0 M0
IIb T4 N0 M0
IIIa T1 or T2 N1 M0
IIIb T3 or T4 N1 M0
IIIc Any T N2 M0
IV Any T Any N M1

Reproduced with permission from O�Connell et al.39

M0, no distant metastasis; M1, distant metastasis; N0, no
regional lymph node metastasis; N1, metastasis to one to three
regional lymph nodes; N2, metastasis to four or more regional
lymph nodes; T1, tumor invades submucosa; T2, tumor invades
muscularis propria; T3, tumor invades through the muscularis
propria into the subserosa or into nonperitonealized pericolic tis-
sues; T4, tumor directly invades other organs or structures and/or
perforates the visceral peritoneum.

TABLE 2. Five-year survival of SEER national registry
patients according to the American Joint Committee on

Cancer (AJCC) staging system, 6th edition

Stage No. of patients % P value

I 14,500 93.2 –
IIa 28,535 84.7 < .001
IIb 5,826 72.2 < .001a

IIIa 1,989 83.4 NSb

IIIb 15,946 64.1 < .001c

IIIc 8,600 44.3 < .001
IV 20,802 8.1 < .001

Adapted with permission from O�Connell et al.39

SEER, Surveillance, Epidemiology, and End Results; NS, not
statistically significant.
The P value was determined by the log-rank test and refers to the

corresponding stage and the stage in the row above, unless other-
wise indicated. All statistical tests were two sided.

a IIIa versus IIb.
b IIa versus IIIa.
c IIb versus IIIb.
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have been disseminated at the time of tumor resec-
tion.41

The American Joint Committee on Cancer and the
tumor-node-metastasis committee of the Interna-
tional Union Against Cancer and the Working Party
Report to the World Congresses of Gastroenterology
issued the consensus recommendation that at least 12
nodes should be sampled to stage a patient ade-
quately.42 Several recent studies have suggested that
the number of nodes examined should be between 8
and 20.40,42–45 Analysis of the entire patient popula-
tion included in the Intergroup INT-0089 trial (3411
assessable patients with stage II or III colon cancer)
showed that, after controlling for the number of
positive nodes invaded, the 5-year survival rate in-
creased with the number of nodes examined.40 This
parameter was a highly significant predictor of sur-
vival both in patients with lymph node involvement
(median number of nodes examined, 13; range, 1–87)
and in lymph node–negative patients (median num-
ber of nodes examined, 13; range, 1–59).
The prognostic value of the number of lymph

nodes analyzed may be explained in various ways.
For example, this variable may be a surrogate marker
for complete resection of all tumor-bearing tissue for
improved intraoperative staging or for improved
pathologic staging. In the study described previously,
there was no bias in survival owing to the denial of
adjuvant chemotherapy to falsely diagnosed node-
negative patients, because all the patients received
chemotherapy. In other contexts, this may not be the
case, and some institutions now consider the use of
adjuvant chemotherapy for stage II patients when-
ever the pN0 classification is based on the examina-
tion of an insufficient number of lymph nodes. This
attitude is supported by the recent recommendations
on adjuvant chemotherapy for stage II colon cancer
published by ASCO, although no absolute number of
lymph nodes analyzed was specified as being either
adequate or inadequate.46

The importance of reliably determining lymph
node involvement to achieve accurate tumor staging
and the therapeutic implications of this staging have
prompted research into detecting the presence of even
isolated tumor cells in the lymph nodes analyzed. By
using immunohistochemical staining for cytokeratins
to detect occult lymph node invasion, it was shown
that the presence of isolated tumor cells in mesenteric
lymph nodes was an independent predictor of re-
duced relative survival in patients with stage II colon
cancer.41 However, many retrospective studies con-
cerning lymphatic mapping have reported contrary
findings.47 The laboriousness and high cost of reliably

screening a large number of lymph nodes for occult
metastases has led to the concept of sentinel lymph
node mapping. The feasibility of sentinel lymph node
mapping has been demonstrated for colon cancer,48

but its routine clinical use is premature, given the
conflicting results published to date.47

Molecular Markers

Molecular (biological) markers provide an addi-
tional means of characterizing individual tumors.
Several of these markers have been found to influence
initial prognosis, and the data suggest that they may
influence the response to chemotherapy. Microsatel-
lite instability (MSI), thymidylate synthase expres-
sion, aneuploidy, p53 or p21 expression, K-ras
mutations, and overexpression or lack of expression
of the deleted in colorectal cancer (DCC) gene may be
relevant.11

One of the most extensively investigated of these
markers is MSI, which takes its name from one of the
genetic pathways implicated in the development of
colorectal cancer. MSI is associated with particular
types of mutation that are located in short nucleotide
sequences within the chromosome known as micro-
satellites, which generally result from loss of the
DNA mismatch-repair function. MSI occurs in
approximately 15% of colorectal cancers. High-fre-
quency MSI tends to be associated with distinct
clinical and pathologic tumor characteristics—e.g.,
located proximal to the splenic flexure, poor differ-
entiation, mucinous cell type, peritumoral lympho-
cytic infiltration, and diploidy. The first report that
MSI in colon cancers might be associated with a
better prognosis was published just over a decade
ago49 and has been confirmed by subsequent stud-
ies.49,50 Halling et al.50 examined tumor specimens
from 508 patients with resected stage II and III colon
cancer and showed by using multivariate analysis that
high-frequency MSI was an independent predictor of
improved survival and time to recurrence.50 Among
patients with curatively resected stage II (T3N0M0)
colon cancer not receiving adjuvant chemotherapy,
Parc et al.51 observed a significantly better DFS in
those whose tumors presented MSI (P = .002) and
they also observed a trend to a probability of a longer
OS (P < .06).51 The 5-year survival rate in this group
of high-frequency MSI patients was > 90%, and no
recurrence-related death occurred. Age and MSI were
found to be independent predictors of a favorable
prognosis. This study also demonstrated the feasi-
bility of rapidly screening patients for MSI by using
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an immunohistochemical method suitable for routine
use.
The different response to DNA damage of tumors

exhibiting high-frequency MSI and those presenting
low-frequency MSI or microsatellite stability (MSS)
suggests that they may respond differently to che-
motherapeutic agents. This hypothesis has been ex-
plored in both in vitro and clinical studies. In vitro
studies have shown greater resistance to 5-FU in
colon cancer cell lines that are deficient in mismatch-
repair activity and that have high-frequency MSI
compared with cell lines that exhibit MSS.52 The re-
sults of clinical studies have corroborated these
findings. Ribic et al.53 examined tumor specimens
from 570 patients with resected stage II or III colon
cancer who had participated in phase III trials that
randomized patients to observation or to adjuvant
chemotherapy.53 A significantly higher rate of 5-year
DFS was observed among the 95 patients (16.7%)
with tumors exhibiting high-frequency MSI than in
patients not presenting this characteristic (75.3% vs.
64.1%, respectively; P = .04). Multivariate analysis
adjusting for disease stage and tumor grade also
showed a significantly better OS in these patients (HR
for death, .61; 95% CI, .38–.96; P = .03). Adjuvant
chemotherapy significantly increased OS and DFS
rates only in patients whose tumors did not exhibit
high-frequency MSI. In this group, the HRs for death
among treated patients relative to untreated patients
were similar in stage II and stage III patients, and
there was no evidence of a three-way interaction
among treatment effect, MSI status, and stage of
disease. Similar results were reported by Carethers
et al.54 in a series of patients with stage II and III
colorectal cancer.54 Patients with MSS who received
5-FU had a better survival rate compared with
patients who were not treated (P < .05). In contrast,
patients with high-frequency MSI who were treated
with 5-FU showed no difference in survival compared
with patients who were not treated (P = .52).
The conclusions drawn from the results of all these

studies suggest that adjuvant chemotherapy may be
inappropriate for stage II colon cancer patients with
tumors presenting high-frequency MSI, because the
prognosis for these patients is already good, and that
5-FU–based adjuvant treatment may be of little or no
benefit. In contrast to these data, the NSABP did not
find that MSI was a predictive marker for response to
5-FU: patients with MSI (18%) and patients with
MSS cancers were found to benefit equally from the
use of adjuvant chemotherapy.55 However, prospec-
tive validation of MSI as a prognostic factor and/or a
predictive factor of chemotherapy efficacy is neces-

sary before this parameter is used to guide thera-
peutic strategy in clinical practice.
Another leading candidate marker is the allelic loss

of chromosome 18q, which is associated with tumor
progression and is related to the DCC gene. Lanza
et al.56 observed that patients with stage II cancer and
intact 18q alleles had an excellent clinical outcome,
with a 5-year DFS of 96%.56 Loss of 18q alleles in
stage III patients with MSS was associated with a
5-year OS rate after 5-FU–based chemotherapy of
50% vs. 74% in those whose tumors retained these
alleles. The difference in the relative risk of death was
statistically significant (P = .006).57 Zhou et al.58

studied 180 patients with stage II colorectal cancer
for imbalances of chromosomes 8p and 18q. The
5-year DFS was 100% for patients with no allelic
imbalances compared with 58% for those with allelic
imbalances of both chromosomes.58 Conversely,
Halling et al.50 did not find that allelic deletion of 18q
was prognostic in stage II and III colon cancer.
The Cancer and Leukemia Group B 9581 trial for

stage II colon cancer (observation vs. monoclonal
antibody 17-1A) will include an analysis of both MSI
and allelic loss of chromosome 18q, and the correla-
tion of these parameters with outcome will be tested.
The planned US Intergroup stage II colon cancer trial
will evaluate allelic loss of chromosome 18q and MSI
status in tumor specimens obtained immediately after
surgery, and a patient risk profile will be determined
by molecular analysis. Patients considered at low risk
will be assigned to observation, whereas the high-risk
patients will be randomized to 5-FU/FA and oxa-
liplatin (FOLFOX) or to FOLFOX and bev-
acizumab.
Numerous other molecular markers have been

tested for their ability to predict the prognosis of
patients with locally advanced colon cancer after
tumor resection. These include expression of the en-
zymes thymidylate synthase and dihydropyrimidine
dehydrogenase, both implicated in resistance of
tumors to 5-FU; the cell proliferation marker Ki-67;
the apoptotic markers p53 and bcl-2; ploidy; and loss
of 18q, 17p, and 8p alleles. Kornmann et al.59 found
that among patients with stage II or III colon cancer
who received adjuvant 5-FU–based chemotherapy,
those with high thymidylate synthase levels survived
longer than those with low levels of this enzyme.59 To
derive a more precise estimate of the prognostic sig-
nificance of thymidylate synthase expression, Popat
et al.60 reviewed published studies and performed a
meta-analysis. The combined HR estimate for OS for
low versus high levels was 1.35 (95% CI, 1.07–1.80) in
the adjuvant setting, but there was evidence of
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heterogeneity and possible publication bias.60 Addi-
tional studies with consistent methodology are nee-
ded to define the precise prognostic value of
thymidylate synthase. In another study of patients
with stage II or III colon cancer (of whom 70% re-
ceived 5-FU–based adjuvant chemotherapy), high
Ki-67 (> 27%) and diploid status were significantly
associated with increased DFS and OS rates in both
univariate and multivariate analyses.61 Recently,
Wang et al.62 reported data suggesting that in pa-
tients with nonmetastatic colon cancer, allelic
imbalance is a better predictor of prognosis than
histopathologic stage; they advocated a genomic ap-
proach to better define stage II colon cancer prog-
nosis.

CONCLUSIONS

The widespread use of 5-FU/FA adjuvant chemo-
therapy regimens for the treatment of patients with
stage III locally advanced colon cancers has led to a
significant improvement in the prognosis of these
patients. The addition of newer agents, such as oxa-
liplatin, to these regimens has been demonstrated to
reduce the probability of relapse still further.19,20 The
relatively low number of patients with stage II colon
cancer included in clinical trials and the low event
rate in these patients compared with those with stage
III disease have historically led to a lack of power to
detect significant treatment benefits in this subgroup.
However, newly emerging trials and meta-analyses
are reporting a consistent trend toward improved
DFS with adjuvant chemotherapy in patients with
stage II disease.
The key issue in developing a treatment strategy is

the heterogeneous nature of stage II disease, which
results in a wide range of postresection prognoses: at
one extreme, the prognosis is comparable to that of
stage I patients (without unfavorable prognostic
factors), for whom the additional benefit adjuvant
chemotherapy has not yet been proven, and at the
other extreme, it is comparable to that of stage III
patients (with unfavorable prognostic factors), for
whom the benefit of adjuvant chemotherapy is highly
probable. Recognition of this heterogeneity has led to
an increasing focus on the factors that influence
prognosis and also to an intensive search for reliable
prognostic markers and markers predictive of a likely
response to adjuvant therapy. Predictive models
based on clinical and pathologic variables have
already been made available to the oncology com-
munity, and the further incorporation into these

models of biologic markers, such as MSI and allelic
imbalance, will be possible in the near future. Further
prospective studies are necessary to validate the
prognostic variables proposed, particularly with re-
gard to molecular markers. It should be noted that
although all the prognostic factors identified (favor-
able and unfavorable) have been demonstrated by
multivariate analysis, their interaction with the effect
of chemotherapy has never been confirmed on a
prospective basis.
The recent guidelines published by ASCO on the

use of adjuvant therapy,45 published before knowl-
edge of QUASAR results, reflect the growing recog-
nition that, although available evidence does not
support the routine use of adjuvant chemotherapy in
all patients with stage II colon cancer, therapy should
be considered for certain poor-prognosis patients (T4
lesions and patients with inadequately sampled
nodes, perforation, or poorly differentiated histo-
logical characteristics) for whom the likely benefits
outweigh the risks and inconvenience of treatment.
These ASCO guidelines can help physicians and
patients discuss whether to consider adjuvant che-
motherapy. This position is supported by recently
published data based on the new AJCC staging sys-
tem showing statistically significantly worse survival
in patients with stage IIb cancer (T4N0) than in those
with stage IIIa cancer (T1/2N1).39 The increasing use
of prospective risk stratification in new clinical trials
of adjuvant therapy should help to clarify further
which stage II patients are likely to gain the most
from adjuvant therapy. The results of the QUASAR
study, currently reported only in abstract form, are a
very important advance toward proving the value of
5-FU–based adjuvant chemotherapy, at least for
some stage II patients.
The results observed with oxaliplatin/5-FU sug-

gest that this regimen can further increase the ben-
efit of adjuvant chemotherapy, especially for stage
III patients and high-risk stage II patients. At the
same time, the availability of more convenient oral
fluoropyrimidines—with two studies demonstrating
their equivalence to 5-FU/FA bolus regimens in
terms of DFS and OS (in stage III patients alone32

or plus stage II patients33)—justifies using these
agents as monotherapy in certain patients with stage
II disease. The future introduction of targeted
therapies, such as cetuximab and bevacizumab, may
further enhance the benefit of these treatments. In
particular, we must consider the incremental pro-
gress as therapies build on past successes. If 5-FU–
based therapy provides a 3% improvement in 5-year
DFS compared with no chemotherapy and FOL-
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FOX provides a further 3% improvement over 5-
FU, then the absolute benefit of FOLFOX over no
treatment may be 5% to 6%, which would be clini-
cally relevant.
An important question is how large a benefit in OS

or DFS is required to achieve not only statistical
significance, but also, most importantly, clinical rel-
evance. In the adjuvant setting, and particularly for
patients with stage II disease, it is important to con-
sider the potential benefits and risk of treatment. It is
crucial to identify reliable prognostic factors and
factors predictive of the value of adjuvant therapy, to
select the patients for whom this treatment is likely to
be advantageous. Several clinical trials are currently
under way to evaluate the benefit of adjuvant treat-
ment in patients prospectively defined with poor-
prognosis (stage II) disease.
In conclusion, according to the data currently

available on predictive and prognostic factors, phy-
sicians should consider the risks and benefits of
adjuvant chemotherapy for stage II patients, making
each individual decision for treatment on a case-by-
case basis. For patients without risk factors of
relapse, the prognosis is comparable to that for stage
I, and no data are available to support an additional
benefit from adjuvant chemotherapy. For patients
with risk factors of relapse (T4 stage, tumor poorly
differentiated, tumor perforation, number of lymph
nodes examined <10 or 12, or venous invasion), data
support an additional benefit from adjuvant chemo-
therapy. In the near future, therapeutic decision-
making models are likely to be further refined by the
inclusion of molecular markers (e.g., MSI and allelic
imbalance). Patients with stage II colon cancer
should also be encouraged to participate in ran-
domized clinical trials.
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