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Identification of Risk Factors for Recurrence in
High-Risk Stage II Colon Cancer
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To identify risk factors for recurrence in patients with stage II colon cancer, Cox
proportional hazards regression analysis was performed in 194 patients with stage II
colon cancer who underwent curative surgery between April 1997 and December 2008.
Thirteen clinical and pathologic factors, including use of fluoropyrimidine-based
adjuvant chemotherapy in 113 of the patients (58.2%), were assessed. By multivariate
analysis, only obstruction, perforation, and T4-level invasion were identified as
independent risk factors affecting disease-free survival (DFS) (P < 0.01). The 5-year
DEFS rate was 70.6% in patients with one or more risk factors (n =68) and 96.0% in patients
with no risk factors (n = 126) (P < 0.01). These results suggest that obstruction,
perforation, and T4-level invasion are suitable candidates for prediction of tumor
recurrence in patients with stage II colon cancer. The oxaliplatin-based adjuvant
chemotherapy, which has been reported to be effective in stage III colon cancer patients,
may improve the prognosis in high-risk stage II colon cancer patients.
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C urrent clinical guidelines on the management
of stage II colon cancer state that the standard
of care is surgical resection alone, but recommend
that patients with poor prognostic features should
be considered for adjuvant chemotherapy.'™ The
ability to identify a subgroup of stage II colon cancer

patients at high risk of recurrence would improve
treatment strategies and perhaps also subsequent
outcome. Recent advances in adjuvant chemothera-
py have significantly improved the prognosis in
patients with stage III colon cancer, particularly with
regard to the superiority of oxaliplatin-based che-
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HIGH-RISK STAGE II COLON CANCER

motherapy over 5-fluorouracil (5-FU)-based chemo-
therapy.*” However, the effectiveness of oxaliplatin-
based chemotherapy has yet to be confirmed in
patients with stage II colon cancer.*® We conducted
this retrospective study to identify risk factors for
recurrence in stage II colon cancer by analyzing
those patients in Japan who had undergone curative
surgery before oxaliplatin-based adjuvant chemo-
therapy became available in clinical practice.

Methods

Patients

This study was performed in accordance with
ethical guidelines for clinical research with the
approval of our institutional ethics committee. All
patients included in the study underwent surgery
for histologically proven stage II colon cancer
between January 1997 and December 2008 at our
department. Exclusion criteria were as follows:
postoperative mortality within 30 days; a limited
follow-up period of less than 3 years in cases
without recurrence; synchronous multiple cancers;
positive surgical margins; concomitant inflammato-
ry bowel disease; and familial adenomatous polyp-
osis or previous malignancy within 5 years. No
patient received preoperative chemotherapy or
radiotherapy.

Methods

The relationship between various clinicopathologic
variables and disease-free survival (DFS) was
evaluated. The factors evaluated included the
following 15 nominal variables: age (>70 years or
<70 years), sex, tumor perforation (presence or
absence), bowel obstruction (presence or absence),
serum carcinoembryonic antigen (CEA) level (ele-
vated or normal; cutoff, 6.7 ng/mL), site of tumor
(right colon or left colon), size of tumor (>60 mm or
<60 mm), number of regional lymph nodes exam-
ined (12 > or 12 =), histologic differentiation (well-
differentiated adenocarcinoma, moderately differ-
entiated adenocarcinoma, and poorly differentiated
adenocarcinoma), depth of invasion (T3, T4a, or
T4b), lymphatic invasion (no/minimal or moder-
ate/severe), venous invasion (no/minimal or mod-
erate/severe), perineural invasion (presence or
absence), level of lymph node dissection (D1, D2,
or D3), and 5-FU-based adjuvant chemotherapy (use
or non-use). Obstruction was defined as complete
stoppage of flatus or defecation with dilatation
proximal to the tumor, or no passage of contrast
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medium into the proximal site of the tumor.
Information on pathological data was obtained from
histopathologic reports. All original slides relating
to perineural invasion, however, were reviewed by a
single pathologist who was blinded to clinical
details and outcomes. Histologic differentiation,
lymphatic and vascular invasion, and level of lymph
node dissection performed were described accord-
ing to the Japanese Classification of Colorectal
Carcinoma.® Specifically, lymphatic and venous
invasion were classified into 4 categories each:
ly0/v0, lyl/vl, 1y2/v2, and ly3/v3, representing
no, minimal, moderate, and severe invasion, respec-
tively. Dl-level lymph node dissection included
removal of paracolic and epicolic lymph nodes;
D2-level lymph node dissection included additional
intermediate lymph nodes in addition to D1-level
dissection; and D3-level lymph node dissection
included additional removal of central lymph nodes
in addition to D2-level lymph node dissection.
Depth of invasion was categorized according to
the seventh edition of the TNM classification.”

Follow-up

All the patients were assessed at intervals for local
control and distant metastases by clinical examina-
tion, chest X-ray, liver ultrasonography (or comput-
ed tomography), and measurement of serum CEA
level. In principle, these results were recorded at
follow-up visits every 3 months during the first 2
years, every 6 months during the next 3 years, and
then once a year when considered necessary. As
adjuvant chemotherapy, 5-FU-based chemotherapy
such as oral UFT (Tegafur/Uracil) for 12 months,
and oral UFT/leucovorin (LV) or intravenous 5-FU/
LV for 6 months was given in selected patients
based on physician’s recommendation and patient
preference. In Japan, use of oxaliplatin-based che-
motherapy for colonic cancer in an adjuvant setting
was not approved by the governmental health
insurance system until August 2009.

Statistical analysis

Continuous variables are expressed as median and
range. Survival analysis was conducted using both
the Kaplan-Meier method and Cox proportional
hazards regression. The log-rank test was used to
determine significance in the Kaplan-Meier analysis.
Disease-free survival was calculated from the time
of surgery to the date of diagnosis of recurrence, and
was censored at the time of death from other causes,
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Fig. 1 The 5-year disease-free survival curve of all patients with
stage II colon cancer.

at the time of diagnosis of other malignant or
metachronous colorectal cancer, at the time of the
last visit to our hospital with no clinical or
radiologic findings suggesting recurrence, or De-
cember 2011, whichever came first. Multivariate Cox
proportional hazards regression was used to iden-
tify independent significant risk factors affecting
DFS. All variables were initially assessed by
univariate Cox proportional hazards regression,
and variables with a P value < 0.10 were introduced
into multivariate regression with forward stepwise
selection. A P value < 0.05 was considered to be
statistically significant. All the statistical analyses
were performed using a statistical software package
(StatFlex version 6.0; Artec, Osaka, Japan).

Results
Patient characteristics and recurrence

A total of 235 patients underwent curative surgery
for histologically proven stage II colon cancer
during the study period. Of these, 41 patients met
at least one of the exclusion criteria. Therefore, a
total of 194 patients were eligible. The 5-year DFS
rate was 87.2% in all patients (Fig. 1). Table 1 shows
patient characteristics. There were 118 men and 76
women. Median patient age was 67 years (range,
25-92 years). Eight patients (4.1%) and 14 patients
(7.2%) were associated with perforation and ob-
struction, respectively. The sites were the right colon
(cecum, ascending colon, or transverse colon) in 83
patients (42.8%), and the left colon (descending
colon, sigmoid colon, or rectosigmoid colon) in 111
patients (57.2%). Serum CEA level (cutoff, 6.7 ng/
mL) was elevated in 80 patients (41.2%). The
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Table 1 Characteristics of patients with stage II colon cancer

Age® (years) 67 (25-90)
Male:Female 118:76
Tumor perforation

(+) 8

(-) 186
Obstruction

(+) 14

(-) 180
CEA (cutoff, 6.7 ng/dL)

High 80

Low 114
Site of the tumor

Right colon (C, A, T) 83

Left colon (D, S, RS) 111
Size of the tumor

>60 mm 67

<60 mm 127
Number of lymph nodes” 14 (1-63)

>12 lymph nodes 119

<12 lymph nodes 75
Histologic type

Well differentiated 108

Moderately differentiated 82

Poorly differentiated 4
Depth of invasion

T3 140

T4a 44

T4b 10
Lymphatic invasion

ly0, 1 183

ly2, 3 11
Venous invasion

v0, 1 169

v2,3 25
Perineural invasion

(+) 15

(=) 179
Level of lymph node dissection

D1 2

D2 21

D3 171
Adjuvant chemotherapy

(+) 113

) 81

C, cecum; A, ascending colon; T, transverse colon; D,
descending colon; S, sigmoid colon; RS, rectosigmoid colon.

“Median (range).

maximal tumor diameter was >60 mm in 67 patients
(34.5%)%). Histologic differentiation revealed well-
differentiated adenocarcinoma in 108 patients
(55.9%), moderately differentiated adenocarcinoma
in 82 patients (42.3%), and poorly differentiated
adenocarcinoma in 4 patients (2.1%). The median
number of regional lymph nodes harvested was 14
(range, 1-63), thus the number was 12 or greater in
119 patients (61.3%). The depth of invasion was T3
in 140 patients (72.2%), T4a in 44 patients (22.7%),
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and T4b in 10 patients (5.2%). Lymphatic and
venous invasion was moderate to severe in 11
patients (5.8%) and 25 patients (12.9%), respectively.
Perineural invasion was positive in 15 patients
(7.7%). The level of lymph node dissection was D1
in 2 patients (1.0%), D2 in 21 patients (10.8%), and D3
in 171 patients (88.1%). A total of 113 patients (58.2%)
received 5-FU-based adjuvant chemotherapy (Table
1).

The median follow-up period was 53 months
(range, 36-142 months) in patients without recur-
rence and 17 months (range, 6-61 months) in
patients with tumor recurrence. Of the 28 patients
with tumor recurrence, 15 had hematogenous and
lung metastasis, 2 had peritoneal carcinomatosis, 3
had local recurrence around the primary tumor site,
and 1 patient had a combination of hematogenous
metastasis and peritoneal carcinomatosis.

Univariate and multivariate analyses

On univariate analysis, 4 variables were identified
as significant risk factors affecting DFS: obstruction
[P =0.01; hazard ratio, 3.323 (1.273-8.674)], perfora-
tion [P < 0.01; hazard ratio, 5.782 (2.008-16.650)],
T4-level invasion [P < 0.01; hazard ratio, 3.520
(1.730-7.143)], and limited lymph node dissection
(D1- and D2-level) [P = 0.048; hazard ratio, 2.494
(1.006-6.173)].

These four variables were introduced into the
multivariate analysis, and the following 3 variables
were retained as independent significant risk fac-
tors: obstruction [P =0.02; hazard ratio, 3.319 (1.257-
8.765)], perforation [P < 0.01; hazard ratio, 4.392
(1.482-13.015)], and T4-level invasion [P < 0.01;
hazard ratio, 3.039 (1.475-6.250)] (Table 2).

The 5-year DFS rate was significantly higher in
patients with one or more risk factors (n = 68) than
in patients with no risk factors (n = 126) (70.6%
versus 96.0%, P < 0.01) (Fig. 2). The survival
analysis was separately undertaken based on the
use or non-use of 5-FU-based adjuvant chemother-
apy. Among patients with one or more risk factors,
DFS showed no significant difference between
patients with adjuvant chemotherapy and those
without (P = 0.85) (Fig. 3). This was also the case in
patients with no risk factors (P = 0.56).

With regard to prediction of tumor recurrence
with one or more risk factors, sensitivity, specificity,
and accuracy were 67.8%, 70.4%, and 70.1%,
respectively (Table 3).
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Discussion

This study focused on DFS rather than overall
survival (OS), as our aim was to identify stage II
colon cancer patients at high risk of recurrence who
might benefit from oxaliplatin-based chemotherapy
rather than 5-FU-based chemotherapy in an adju-
vant setting. It should also be noted that prolonged
survival after recurrence, possibly as a result of
effective chemotherapy, is generally known to
reduce the association between DFS and OS. Using
the 3 independent prognostic factors (T4-level
invasion, obstruction, and perforation) determined
in the present study, the authors were able to
identify favorable and poor groups, with cumulative
5-year DFS rates of 96.0% and 70.6%, respectively.
Limited lymph node dissection was significantly
associated with shorter DFS by univariate, but not
by multivariate analysis. The reason for this is
unclear, but limited lymph node dissection was
selectively performed in patients with tumor perfo-
ration or obstruction requiring emergency surgery,
and/or in those with severe morbidity. Thus, the
impact of a shorter DFS may be associated with the
tumor-specific and/or patient-specific characteris-
tics rather than the extent of lymph node dissection
itself.

The clinical guidelines of the National Compre-
hensive Cancer Network,' the American Society of
Clinical Oncology,” and the European Society of
Medical Oncology® do not recommend routine
administration of adjuvant chemotherapy in pa-
tients with stage II colon cancer and suggest that
adjuvant chemotherapy should be considered in
patients with at least one of the following factors:
inadequate lymph node sampling,'~ obstruction,'
tumor perforation,'™ poorly or undifferentiated
histology,l_3 lymph-vascular invasion,? perineural
invasion,® and T4-level invasion." The 3 indepen-
dent factors identified in the present study offer a
simple set of selection criteria for use in a clinical
setting and are partly in agreement with these
guidelines.

The number of lymph nodes harvested was
reported to be an important prognostic factor,'"
and several reports and clinical guidelines''>
recommend that at least 12 or 13 lymph nodes
should be evaluated for accurate staging. The
median number (14) of lymph nodes examined in
the present study was, therefore, within the recom-
mended sample size for accurate staging, although
40.0% of the patients had fewer than 12 lymph
nodes harvested. There are two possible explana-
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Table 2 Univariate and multivariate analyses using the Cox proportional hazard model to identify significant risk factors affecting recurrence

Univariate analysis

Multivariate analysis

Factor Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Age (years)
<70 1.905 (0.801-4.532) 0.14
>70 1
Sex
Female 0.557 (0.234-1.327) 0.19
Male 1
Tumor perforation
(+) 6.748 (2.301-19.779) <0.01 5.485 (1.812-16.598) <0.01
(=) 1 1
Obstruction
-+ 3.843 (1.444-10.227) <0.01 3.763 (1.277-11.092) 0.02
(=) 1 1
CEA
High 1.917 (0.878-4.188) 0.1
Low 1
Site of the tumor
Right 0.993 (0.469-2.102) 0.99
Left 1
Size of the tumor
>60 mm 1.131 (0.522-2.451) 0.76
<60 mm 1
Number of lymph nodes
>12 1.109 (0.508-2.418) 0.79
<12 1
Histologic type
Poorly differentiated 1.566 (0.213-11.543) 0.66
Others 1
Depth of invasion
T4 3.378 (1.563-7.299) <0.01 2.817 (1.261-6.290) 0.01
T3 1 1
Lymphatic invasion
ly2, 3 0.711 (0.096-5.261) 0.73
ly0, 1 1
Venous invasion
v2,3 0.545 (0.129-2.307) 0.41
v0, 1 1
Perineural invasion
() 0.447 (0.061-3.294) 043
) 1
Level of lymph node dissection
D1/D2 2.494 (1.006-6.173) 0.05 2.049 (0.755-5.495) 0.16
D3 1 1
Adjuvant chemotherapy
(+) 1.271 (0.565-2.856) 0.56

)

1

CI, confidence interval.

tions for the poorer prognosis observed in stage II
colorectal cancer patients showing a lower number
of harvested lymph nodes. First, the lower number
may signify inadequate excision, and thus have an
association with poor prognosis. In our series,
lymph node dissection at the D3-level, which
included additional removal of the central lymph
nodes, was performed in 88.7%, while more limited
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dissection (D1- or D2-level) was performed in 12.3%
of patients. This suggests that the extent of resection
was oncologically sufficient in these patients. The
second explanation involves host-specific response.
It was previously demonstrated that lymphocystic
infiltration was significantly associated with para-
cortical hyperplasia in the regional lymph nodes
and favorable prognosis in patients with stage II
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Fig. 2 Comparison of the 5-year disease-free survival curves
between high-risk patients and low-risk patients.

colon cancer.'® Tt is possible that lack of inflamma-
tory reaction yields a lower number of lymph nodes
and a worse prognosis. It is worth noting here that,
although 40.0% of the patients in the present study
had 11 or fewer nodes examined, they did not have
a significantly worse DFS.

Poorly differentiated histology was not associated
with shorter DFS, but the number of cases was
extremely limited (2.1%), resulting in little impact
on the percentage of high-risk patients, even though
poorly differentiated histology may be of significant
importance. Other histologic features, including
lymphatic, venous, and perineural invasion and
elevated CEA level, showed no association with
DFS, although some previous reports'*'” and
guidelines' ™ defined these factors as risk factors
for recurrence or poor survival in stage II colorectal
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Fig. 3 Comparison of disease-free survival curves of patients
with high-risk factors for recurrence between patient groups with
and without adjuvant chemotherapy.
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Table 3 Sensitivity, specificity, and accuracy regarding the prediction
of tumor recurrence with one or more risk factors

Recurrence (+) Recurrence (—) Total
High risk 19 49 68
Low risk 9 117 126
Total 28 166 194
Sensitivity (%) 67.8
Specificity (%) 70.4
Accuracy (%) 70.1

cancer. These factors may be important, but reports
have been conflicting. In addition, evaluation of
such factors, excluding CEA level, has potential
drawbacks in that the results appear to sometimes
differ among pathologists.

In terms of adjuvant chemotherapy for colonic
cancer, several predictive factors have been examined,
including biomarkers such as microsatellite instability
(MSI), chromosome 18q loss of heterozygosity
(18qLOH), K-ras mutation, and P53, TGFBR2, DCC,
and thymidylate synthase gene expression.'® Of
these, the most promising risk factors clinically
available at the present time are represented by
high-frequency MSI (MSI-H positive for prognosis)
and 18q deletion (negative for prognosis). According
to a recent meta-analysis,”! which included 7 studies
representing 3690 patients with stage II (25%) or III
(75%) disease and known MSI status, 5-FU-based
adjuvant chemotherapy had no effect on DFS or OS in
MSI-H (high-frequency MSI) patients. Although the
predictive value of MSI status for resistance to 5-FU is
supported by many studies, few have assessed its
predictive value under polychemotherapy regimens.
In metastatic colorectal cancer, FOLFOX appears to
yield similar results in both MSI-H and low frequency
MSI (MSI-L)/microsatellite stability (MSS) tumors.**
A retrospective study assessing adjuvant chemother-
apy for stage Il colon cancer reported that addition of
oxaliplatin to 5-FU significantly improved DFS in
patients with non-MSI-H tumors in comparison with
5-FU alone.” The long arm of chromosome 18 (18q)
contains several suppressor genes (SMAD-2, SMAD-
4, CABLES], and DCC) thought to be important in the
development of colorectal cancer.** In a translational
study in the PETACC-3 trial,” a subset analysis for
stage II colon cancer revealed that patients with
18qLOH had a better DFS according to univariate,
but not multivariate, analysis regardless of the
regimen randomized (infusional 5-FU/leucovorin or
infusional 5-FU/leucovorin plus irinotecan). The
combination of the 3 independent risk factors identi-
fied in the present study with MSI and/or 18q-LOH
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status should be evaluated in further clinical studies
assessing the usefulness of oxaliplatin-based adjuvant
chemotherapy for high-risk stage II colon cancer.

One limitation of the present study is that no
results were obtained from patients who were
followed up without adjuvant chemotherapy or
those who were randomized to receive adjuvant
chemotherapy or not. However, the univariate
analysis showed that 5-FU-based adjuvant chemo-
therapy did not significantly reduce the risk of
recurrence. Actually, this factor could not be
introduced into the multivariate analysis. In
addition, when analysis was restricted to patients
with one or more risk factors, DFS showed no
difference between patients with or without 5-FU-
based adjuvant chemotherapy. Thus, 5-FU-based
adjuvant chemotherapy does not appear to reduce
the risk of recurrence in patients with stage II
colon cancer, regardless of risk stratification. This
assumption bids us examine the efficacy of
oxaliplatin-based adjuvant chemotherapy in se-
lected patients with stage II colon cancer at high
risk of recurrence.

In the MOSAIC trial,*® which first demonstrated
the efficacy of oxaliplatin-based adjuvant chemo-
therapy for colon cancer, 40% of the patients were
stage II. In high-risk stage II patients (22.4% of all
patients) in the MOSAIC study (T4 level invasion,
obstruction, perforation, poorly differentiated tu-
mor, venous invasion, or <10 examined lymph
nodes), the relative risk of relapse was insignificant-
ly reduced by 26% with FOLFOX4 as compared with
infusional 5-FU/leucovorin ( LV5FU2), even though
no such tendency was observed in OS. In addition,
no benefit was observed in either DFS or OS in low-
risk stage II patients. The results of the present study
suggest that the definition of high-risk stage II
patients in the MOSAIC study should have been
stricter.

In conclusion, the risk factors identified in the
present study suggest that oxaliplatin-based adju-
vant chemotherapy might be considered in high-risk
patients with stage II colon cancer. However, the
decision to use oxaliplatin-based adjuvant chemo-
therapy in such patients should be made carefully:
while offering the advantage of an expected 5-year
DEFS of 6.3% to 8.2% as demonstrated in stage III
patients,*” it also carries a 0.5% to 1.2% risk of
chemotherapy-related mortality,*” in addition to
chemotherapy-related morbidities such as an 8.2%
to 12.4% incidence of grade 3 peripheral neurotox-
icity.*”
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