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Abstract 
Background: We retrospectively identified prognostic factors in patients with Stage III colon can-
cer and considered the effectiveness of postoperative adjuvant chemotherapy based on these 
prognostic factors. Methods: Two hundred and thirty four patients with lymph node metastases 
who underwent curative surgery for colon cancer between 1999 and 2005 were enrolled in the 
present study. Firstly, clinicopathological factors and survival data, were analyzed to determine 
prognostic factors related to cancer-specific survival. Secondly, we examined the effectiveness of 
postoperative adjuvant chemotherapy based upon these prognostic factors. Results: The multiva-
riate analysis revealed that differentiation (P = 0.03, Hazard ratio = 2.50), lymphatic invasion (P = 
0.02, Hazard ratio = 3.23) and the TNM classification, 7th edition (P = 0.04, Hazard ratio = 1.94) 
were found to be significant independent prognostic factors. Among the patients classified as TNM 
IIIA, the recurrence-free survival rates were extremely good. Among the patients classified as IIIB 
and IIIC, there was no significant difference between the patients with and without postoperative 
adjuvant chemotherapy. Conclusion: The present study suggests that the patients with Stage IIIA 
colon cancer may not require postoperative adjuvant chemotherapy. The addition of oxaliplatin to 
5-FU should be considered for the patients with Stage IIIB and IIIC colon cancer, for whom the 
prognoses are far from satisfactory. 
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1. Introduction 
Colorectal cancer is the second most common cause of cancer death in the United States and Japan, and its inci-
dence is rapidly increasing in Japan [1] [2]. Stage III colon cancer is suitable for postoperative adjuvant chemo-
therapy, and intravenous Fluorouracil and Leucovorin therapy has been the therapeutic standard in the surgical 
adjuvant setting. Recently, the non-inferiority of UFT/LV [3] and Capecitabine [4] was demonstrated, and the 
efficacy of oral anti-cancer drugs, which are a convenient treatment method, has been recognized widely. 
Moreover, the efficacy of the addition of oxaliplatin to 5FU/LV in patients with Stage II or III colon cancer was 
proven in the NSABP C-07 trial [5] and in patients with Stage III colon cancer in the MOSAIC trial [6]. Many 
guidelines in the West recommend postoperative adjuvant chemotherapy with oxaliplatin for patients with Stage 
III colon cancer [7]-[9]. However, it has been pointed out that the addition of oxaliplatin can lead to peripheral 
sensory neuropathy [10] and increases medical expenses [11]. Therefore, it is extremely important to distinguish 
those Stage III patients for whom postoperative adjuvant chemotherapy with oxaliplatin may be unnecessary. 
We retrospectively identified prognostic factors in patients with Stage III colon cancer and considered the effec-
tiveness of postoperative adjuvant chemotherapy based on these prognostic factors. 

2. Methods 
2.1. Patient Selection 
Two hundred and thirty four patients with lymph node metastases who underwent curative surgery for colon 
cancer at our department between 1999 and 2005 were enrolled in the present study. We retrospectively re-
viewed the database and medical records. Cases with multiple primary cancer, preoperative adjuvant chemothe-
rapy and radiotherapy and cases that died of non cancer-related causes were excluded from the present study. 
The median observation period was 63.9 months (range: 2.9 - 129.2 months). 

2.2. Postoperative Adjuvant Chemotherapy 
We recommended all eligible patients to receive postoperative adjuvant chemotherapy. Patients were considered 
ineligible if they had synchronous or metachronous multiple cancers, severe complications or were advanced in 
age. All of the eligible patients had an Eastern Cooperative Oncology Group performance status of 0, 1, or 2. All 
patients were required to provide informed consent. During the present study period, patients received 5-FU 
drugs orally for more than six months, starting 4 - 8 weeks after surgery. We did not perform preoperative adju-
vant chemotherapy at our department because preoperative adjuvant chemotherapy was not popular in Japan 
during the present study period. 

2.3. Clinicopathological Analysis 
Firstly, clinicopathological factors, i.e., age (<75/≥75 years), gender (male/female), location (proximal/distal), 
preoperative serum CEA (normal/elevated), differentiation (well- or moderately-differentiated adenocarcinoma/ 
others), invasion depth (the TNM classification, 7th edition: (T1 - T3)/T4), lymphatic invasion (none-mild/mode- 
rate-severe), venous invasion (none-mild/moderate-severe), the number of dissected lymph nodes (≤11/≥12), the 
TNM classification, 7th edition (IIIA, IIIB/IIIC) and survival data, were analyzed to determine prognostic factors 
related to cancer-specific survival. Secondly, we examined the effectiveness of postoperative adjuvant chemo- 
therapy based upon these prognostic factors. 

2.4. Pathological Examination 
All specimens were examined in the following manner [12]: After resection of the primary tumor, the excised 
specimen was opened on the antimesenteric side by the surgeon. The surgeon identified the lymph nodes, iso-
lated them, and recorded both their number and distribution. After formalin fixation, the specimens and lymph 
nodes were examined by the pathologist. 

2.5. Follow-Up Program 
During the first 3 years, patients were followed every 3 months with clinical assessment and measurement of se- 
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rum carcinoembryonic antigen, and every 3 - 6 months with chest X-ray and abdominal ultrasonography or 
computed tomography. For the remaining 2 years, all tests were performed every 6 months. Colonoscopy was 
performed 1 year after the operation and every 2 years for the next 4 years. 

2.6. Statistical Analysis 
The recurrence-free survival rate and the cancer-specific survival rate were calculated using the Kaplan-Meier 
method and univariate analyses were performed using the log-rank test. Clinicopathological factors, for which 
there were significant differences in the univariate analysis, were used as co-variables for the multivariate analy-
sis. For the multivariate analysis, the Cox proportional-hazard model was used with the Hazard ratio as a meas-
ure of association, by applying a stepwise procedure. Data were analyzed statistically using JMP 9.0.2 software 
(SAS Institute Inc., Cary, NC, USA). Differences were considered statistically significant at P < 0.05. Values are 
expressed as the median (min.-max.). 

3. Results 
3.1. Patient Characteristics 
The patient characteristics are shown in Table 1. One hundred and sixty two patients (69.2%) underwent post-
operative adjuvant chemotherapy. Details of the regimens and doses of postoperative adjuvant chemotherapy are 
shown in Table 2. The durations of postoperative adjuvant chemotherapy were from six months to one year in 
67 patients (41.4%), from one to two years in 29 patients (17.9%) and more than two years in 56 patients 
(34.6%). Ten patients (6.2%) discontinued postoperative adjuvant chemotherapy within less than six months 
because of recurrence. 

3.2. Comparisons of the Clinicopathological Factors between the Patients with and 
without Postoperative Adjuvant Chemotherapy 

In univariate analysis, there were significant differences in the age, invasion depth, lymphatic invasion and ven-
ous invasion between the patients with and without postoperative adjuvant chemotherapy; in the postoperative 
adjuvant chemotherapy (+) group, there were significantly more patients aged 74 years old or less (P < 0.001), 
with an invasion depth of T4 (P = 0.008), moderate-severe lymphatic invasion (P = 0.02) and moderate-severe 
venous invasion (P = 0.001) (Table 3). There were no significant differences between the two groups with  
 

Table 1. Patient characteristics.                           

 No. of patients (%) 

Total 234 

Age 66 years (30 - 90) 

Location  

Proximal 70 (29.9%) 

Distal 164 (70.1%) 

TNM classification, 7th edition   

IIIA 37 (15.8%) 

IIIB 155 (66.2%) 

IIIC 42 (18.0%) 

Postoperative adjuvant chemotherapya   

(+) 162 (69.2%) 

(−) 72 (30.8%) 

a5-FU drugs administrated orally for more than 6 months after the operation. 
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Table 2. Details of the regimens and doses of postoperative adjuvant chemotherapy.                                   

Regimens Doses (mg/day)a  No. of patients (%) 

Fluorouracil 

<200 
200≤   <300 

300≤ 
 

Subtotal 

45 
19 
2 

66 

(27.8%) 
(11.7%) 
(1.2%) 

(40.7%) 

Tegafur-uracil 
combination 

 
<300 

300≤   <600 
600≤ 

 

Subtotal 

 
12 
51 
2 

65 

 
(7.4%) 

(31.5%) 
(1.2%) 

(40.1%) 

Tegafur-gimeracil-oteracil 
combination 

 
<80 

80≤   <120 
120≤ 

 
 

Subtotal 

 
1 
11 
2 

14 

 
(0.6%) 
(6.8%) 
(1.2%) 
(8.6%) 

Doxifluridine 
 
 
 
 

Carmofur 

<800 
800≤   <1200 

1200≤ 
 
 

<300 
300≤   <600 

600 ≤ 

 
 
 

Subtotal 
 
 
 
 

10 
3 
0 

13 
 

1 
3 
0 

(6.2%) 
(1.8%) 
(0.0%) 
(8.0%) 

 
(0.6%) 
(1.8%) 
(0.0%) 

  Subtotal 4 (2.4%) 

  Total 162 (100%) 
aUpper section: less than the recommended dose; middle section: recommended dose; lower section: more than the recommended dose at every regi-
men. 
 
Table 3. Comparisons of the clinicopathological factors between the patients with and without postoperative adjuvant che-
motherapy.                                                                                             

Clinicopathological 
factors Variables 

Postoperative adjuvant chemotherapy P-value 
Present (n = 162) Absent (n = 72)  

Age 
≥75 15 27 

<0.001 
<75 147 45 

Gender 
Male 96 36 

0.20 
Female 66 36 

Location 
Proximal 51 19 

0.54 
Distal 111 53 

Preoperative CEA 
Elevated 71 30 

0.78 
Normal 91 42 

Differentiation 
Low gradea 151 67 

>0.99 
High gradeb 11 5 

Invasion depth 
T1 - T3 94 55 

0.008 
T4 68 17 

Lymphatic invasion 
None-mild 46 32 

0.02 
Moderate-severe 116 40 

Venous invasion 
None-mild 79 52 

0.001 
Moderate-severe 83 20 

No. of dissected lymph nodes 
≥12 129 53 

0.31 
<12 33 19 

TNM classification, 7th edition 
IIIA, IIIB 129 63 

0.20 
IIIC 33 9 

aWell- and moderately-differentiated adenocarcinoma; bPoorly-differentiated or mucinous adenocarcinoma or signet ring cell carcinoma. 
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respect to the other clinicopathological factors. 

3.3. Recurrence-Free Survival and Cancer-Specific Survival in All Patients 
Among all patients, the 5-year recurrence-free and cancer-specific survival rates were 64.3% and 78.3%, respec-
tively (Figure 1(a), Figure 1(b)). 

3.4. Prognostic Factors Related to the Cancer-Specific Survival in All Patients 
Comparisons of the cancer-specific survival rates according to clinicopathological factors are shown in Table 4. 
Significant differences in the cancer-specific survival rates were recognized for differentiation (other than well- 
or moderately-differentiated adenocarcinoma; P = 0.01), invasion depth (T4; P < 0.001), lymphatic invasion 
(moderate-severe; P < 0.001), venous invasion (moderate-severe; P < 0.001) and the TNM classification, 7th edi-
tion (IIIC; P < 0.001). There were no significant differences with respect to the other clinicopathological factors. 
When these clinicopathological factors were used as co-variables for the multivariate analysis, differentiation 
(other than well- or moderately-differentiated adenocarcinoma; P = 0.03, Hazard ratio = 2.50), lymphatic inva-
sion (moderate-severe; P = 0.02, Hazard ratio = 3.23) and the TNM classification, 7th edition (IIIC; P = 0.04, 
Hazard ratio = 1.94) were found to be significant independent prognostic factors (Table 5). With respect to the 
other clinicopathological factors, none were found to be independent factors. Comparisons of the cancer-specific 
survival rates according to the TNM classification, 7th edition, are shown in Figure 2. The cancer-specific sur-
vivals were well-stratified (P < 0.001). 

3.5. The Effectiveness of Postoperative Adjuvant Chemotherapy According to the TNM  
Classification, 7th Edition 

Among the patients classified as TNM IIIA, the 5-year recurrence-free survival rates in patients with and with-
out postoperative adjuvant chemotherapy were 90.9% and 100%, respectively. The recurrence-free survival rates 
in the two groups were extremely good and there was no significant difference between the two groups (P = 0.25; 
Figure 3(a)). The 5-year cancer-specific survival rates in patients with and without postoperative adjuvant che- 
 

 
(a)                                                     (b) 

Figure 1. Recurrence-free and cancer-specific survival among all patients.                                        
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Table 4. Comparisons of cancer-specific survival rates according to clinicopathological factors.                         

Clinicopathological factors Variables No. of patients 5y CSS ratesa (%) P-value 

Age 
75≤ 42 73.5 

0.50 
<75 192 79.1 

Gender 
Male 132 78.6 

0.79 
Female 102 77.9 

Location 
Proximal 70 78.6 

0.86 
Distal 164 78.2 

Preoperative CEA 
Elevated 135 77.5 

0.34 
Normal 99 81.8 

Differentiation 
Low gradeb 218 79.9 

0.01 
High gradec 16 56.3 

Invasion depth 
T1 - T3 149 86.8 

<0.001 
T4 85 62.3 

Lymphatic invasion 
None-mild 78 94.3 

<0.001 
Moderate-severe 156 70.6 

Venous invasion 
None-mild 131 88.1 

<0.001 
Moderate-severe 103 65.4 

No. of dissected lymph nodes 
12≤ 182 78.6 

0.93 
<12 52 77.4 

TNM classification, 7th edition 
IIIA, IIIB 192 83.4 

<0.001 
IIIC 42 54.9 

a5 years cancer-specific survival rates; bWell- and moderately-differentiated adenocarcinoma; cPoorly-differentiated or mucinous adenocarcinoma or 
signet ring cell carcinoma. 
 
Table 5. Prognostic factors related to cancer-specific survival using Cox’s proportional hazards model.                    

Prognostic factor P-value Hazard ratio 95% Confidence interval 

Differentiation (High gradea) 0.03 2.50 1.11 - 5.63 

Invasion depth (T4) 0.09 1.74 0.90 - 3.35 

Lymphatic invasion (Moderate-severe) 0.02 3.23 1.23 - 8.50 

Venous invasion (Moderate-severe) 0.15 1.61 0.85 - 3.04 

TNM classification,7th edition (IIIC) 0.04 1.94 1.01 - 3.70 
aPoorly-differentiated or mucinous adenocarcinoma or signet ring cell carcinoma. 
 
motherapy were 95.5% and 100%, respectively. There was no significant difference between the two groups (P 
= 0.44; Figure 3(b)). Among the patients classified as IIIB, the 5-year recurrence-free survival rates in patients 
with and without postoperative adjuvant chemotherapy were 66.9% and 58.1%, respectively. There was no sig-
nificant difference between the two groups (P = 0.14; Figure 4(a)). The 5-year cancer-specific survival rates in 
patients with and without postoperative adjuvant chemotherapy were 85.3% and 67.1%, respectively. There was 
a significant difference between the two groups (P = 0.008; Figure 4(b)). Among the patients classified as IIIC, 
the 5-year recurrence-free survival rates in patients with and without postoperative adjuvant chemotherapy were  
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Figure 2. Comparisons of the cancer-specific survival rates according to TNM classification 7th ed. 

 

 
(a)                                                      (b) 

Figure 3. Recurrence-free and cancer-specific survival among the patients classified as TNM III A.             
 
42.4% and 22.2%, respectively. The recurrence-free survival rates in the two groups were low and there was no 
significant difference between the two groups (P = 0.20; Figure 5(a)). The 5-year cancer-specific survival rates  
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(a)                                                    (b) 

Figure 4. Recurrence-free and cancer-specific survival among the patients classified as TNM III B.                   
 

 
(a)                                                      (b) 

Figure 5. Recurrence-free and cancer-specific survival among the patients classified as TNM III C.                  
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in patients with and without postoperative adjuvant chemotherapy were 57.9% and 44.4%, respectively. There 
was no significant difference between the two groups (P = 0.10; Figure 5(b)). 

4. Discussion 
In the postoperative adjuvant setting for colon cancer, even patients who can possibly be completely cured by 
surgery alone may receive adjuvant chemotherapy. Due to the context of “adjuvant therapy”, severe adverse 
events, remarkable deterioration of quality of life and excessive burden of medical expenses cannot be permitted. 
It is necessary that the patients receive a proper protocol of chemotherapy that is a well-balanced between the 
expected efficacy and adverse events, quality of life and cost. Therefore, it is necessary to select the appropriate 
protocol according to the prognostic factors. We retrospectively identified prognostic factors in patients with 
Stage III colon cancer. We then considered the effectiveness of postoperative adjuvant chemotherapy based on 
these prognostic factors. The reasons why we adopted the TNM classification, 7th edition, as a prognostic factor 
were as follows: in univariate analysis, there was a significant difference in lymphatic invasion between the pa- 
tients with and without postoperative adjuvant chemotherapy. It must be considered there was a bias that the pa- 
tients with moderate-severe lymphatic invasion tended to receive postoperative adjuvant chemotherapy more 
than those with none-mild lymphatic invasion. In addition, there were only sixteen patients with poorly-diffe- 
rentiated or mucinous adenocarcinoma or signet ring cell carcinoma. Therefore, although the Hazard ratio was 
higher in lymphatic invasion or in differentiation than in the TNM classification, 7th edition, we adopted the 
TNM classification, 7th edition, as a prognostic factor. 

The TNM classification, 7th edition, is based upon the invasion depth and the number of metastatic lymph 
nodes [13]. The validity of the stage classification has been confirmed by inspection of a database of more than 
100,000 colorectal cancer patients [14] [15]. In particular, the patients in T1-T2N1 and T1N2a are classified as 
Stage IIIA in the TNM classification, 7th edition, and these Stage IIIA patients have a good prognosis [14] [15]. 
In other words, these patients with a good prognosis can be distinguished from those Stage III patients who have 
a poor prognosis by using the TNM classification, 7th edition. When considering the indications and protocol for 
postoperative adjuvant chemotherapy, it is essential to distinguish Stage IIIA patients from the remaining Stage 
III patients. In the present study, the 5-year cancer-specific survival in the patients with Stage IIIA colon cancer 
was 97.1% and was extremely good. On the other hand, the 5-year cancer-specific survival in the patients with 
Stage IIIC was 54.4% and was extremely poor. Consequently, Stage III was classified well. Gao et al. [16] re-
ported that the TNM classification, 7th edition, was sufficiently capable of predicting prognosis in the patients 
with Stage III colon cancer. 

With respect to postoperative adjuvant chemotherapy, meta-analysis has revealed that oral adjuvant therapy 
after resection of colorectal cancer improved disease-free survival and overall survival in the Stage III patients 
[17]. Recently, some representative RCTs [5] [6] have proven the efficacy of the addition of oxaliplatin to 
5FU/LV in the Stage III patients. Consequently, adjuvant chemotherapy with oxaliplatin for the patients with 
Stage III colon cancer is recommended in European and American guidelines [7]-[9]. These guidelines recom- 
mend the addition of oxaliplatin for the patients with Stage IIIA who have a good prognosis. However, because 
in the present study the prognosis in the patients with Stage IIIA was extremely good, patients with Stage IIIA 
may not require postoperative adjuvant chemotherapy. In the patients with Stage IIIB, the efficacy of postopera- 
tive adjuvant chemotherapy for recurrence-free survival was not recognized. However, the 5-year recurrence- 
free survival (66.9%) in the Stage IIIB patients with postoperative adjuvant chemotherapy in the present study 
was equivalent to the 5-year disease-free survival (66.4%) in the Stage III patients with the addition of oxalipla-
tin in the MOSAIC trial [6]. While it is not feasible to directly compare these outcomes because of the different 
backgrounds, it has been pointed out that the treatment outcomes of the patients with Stage III colon cancer in 
Japan were superior to those of the patients with Stage III colon cancer in Europe and America because of the 
differences of the dissection procedure and the handling of the surgical specimens [18]. However, the outcomes 
(5-year recurrence-free survival) of the patients with Stage IIIB in the present study were far from satisfactory. 
Therefore, the addition of oxaliplatin should be considered for patients with Stage IIIB based upon this finding. 
The 5-year cancer-specific survival rates in Stage IIIB patients were significantly better in those with postopera-
tive adjuvant chemotherapy than in those without. It was concluded that this outcome might be affected by 
therapy after the recurrence. On the other hand, the outcomes in the Stage IIIC patients both with and without 
postoperative adjuvant chemotherapy were extremely poor. Therefore, the Stage IIIC patients require the addi- 



K. Sugimoto et al. 
 

 
815 

tion of oxaliplatin in order to improve their prognosis. In addition, there are few reports about the efficacy of 
preoperative (“neoadjuvant”) chemotherapy for locally advanced operable colon cancer. However, Arredondo et 
al. [19] reported that preoperative oxaliplatin- and capecitabine-based chemotherapy followed by surgery and 
chemotherapy for locally advanced colon cancer was safe without apparent increase of early and medium-term 
complications. A randomised controlled trial (the FOxTROT trial; Fluoropyrimidine Oxaliplatin and Targeted 
Receptor Pre-Operative Therapy) inspecting the feasibility, safety and efficacy of preoperative chemotherapy for 
locally advanced operable colon cancer is currently in progress [20]. The FOxTROT trial was designed to assess 
whether 6 weeks of an effective combination chemotherapy regimen given preoperatively to patients with local-
ly advanced operable colon cancer improves disease-free survival. It appears that this RCT will become one of 
the indicators of improved long-term oncological outcome of preoperative chemotherapy for locally advanced 
operable colon cancer. 

5. Conclusion 
However, this was a retrospective study and the indications, regimens and durations of postoperative adjuvant 
chemotherapy were not fixed throughout. The data were collected and examined at a single institute, and only a 
small number of patients were enrolled in this study. Based upon the multivariate analysis, the TNM classifica-
tion, 7th edition, was found to be a significant independent prognostic factor and exhibited an excellent stratifica-
tion capability. Among the Stage III patients, the prognoses can vary widely between the subgroups (IIIA, IIIB 
and IIIC). Therefore, a prospective study including the establishment of the optimal regimens in postoperative 
adjuvant chemotherapy based upon the subgroups of the TNM classification, 7th edition, will be necessary. 
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