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INTRODUCTION
Surgical resection is the primary treatment in the clinical 

management of stage III colon cancer, but given the high risk 
of recurrence, adjuvant chemotherapy has become part of the 
standard of care. Adjuvant chemotherapy has been shown 
to offer a risk reduction of 33% and 40% in mortality and di
sease recurrence, respectively, compared to surgery alone [1]. 
In particular, it reportedly benefits patients with curatively 
resected stage III colon cancer in terms of their tumor relapse 
and overall survival [2,3].

Adjuvant chemotherapy may ideally be initiated shortly 
after recovery from surgery, but its optimal timing remains 

debatable. The interval between resection and chemotherapy 
may provide opportunities for micrometastases to proliferate. 
However, delay in adjuvant chemotherapy initiation might 
be inevitable owing to patients’ health factors or surgical 
complications [49]. Published guidelines do not explicitly 
specify a time interval within which adjuvant chemotherapy 
should be initiated. The European Society for Medical Oncology 
guideline does not describe the time interval between resection 
and chemotherapy [10]. National Comprehensive Cancer 
Network guideline only shows both a metaanalysis advocating 
early initiation of the adjuvant chemotherapy and criticisms 
about the analysis, instead of specifying the timing of adjuvant 
chemotherapy [11]. Therefore, this study aimed to assess the 
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effect adjuvant chemotherapy timing on disease recurrence and 
survival in patients with stage III colon cancer who underwent 
curative surgical resection.

 

METHODS

Study population and design
Between February 2004 and December 2009, 172 patients 

underwent curative resection for stage III colon cancer. Disease 
staging was based on the American Joint Committee on Cancer 
(AJCC) Cancer Staging Manual (7th edition) [12]. Thirtynine 
patients who did not receive adjuvant chemotherapy owing 
to fear of chemotherapyrelated side effects, poor general con
dition, or multiple comorbidities were excluded. Thus, this 
study enrolled a total of 133 patients. Adjuvant chemotherapy 
was initiated when a patient recovered completely from sur
gery. Chemotherapy regimens were selected according to pa
tient preference of oral versus intravenous administration, 
comorbidities, and expected drug toxicities. 

The enrolled patients were divided into 2 groups: those 
receiving chemotherapy within 3 weeks of surgery (group A) 
and those who after 3 weeks following surgery (group B). The 
patients usually stayed in our hospital for about 7 days after 
colon cancer surgery. The first postoperative checkup was 
scheduled in 1 week after discharge. If the patient’s condition 
was suitable for receiving chemotherapy, chemotherapy was 
initiated within 1 week following the postoperative checkup. 
The shortest time interval between resection and chemotherapy 
was 3 weeks in our hospital. Hence, we divided the patients 
into 2 groups based on a 3week period.

 

Collection and comparison of clinical and oncologic 
data
Patient data were collected retrospectively from electronic 

medical records, including patient demographics, cancer cha
racteristics, treatment, and survival. We obtained survival 
data of the patients from Division of Cancer Registration & 
Surveillance, National Cancer Control Institute of Korea. 

The 2 groups were compared with respect to patient 
demographics, surgery, and oncologic outcomes including 
cancer recurrence, diseasefree survival, and overall survival. 

Statistical analysis
Demographic data and clinicopathological results were 

evaluated using the Pearson chisquare test and Student ttest. 
The KaplanMeier method was used to analyze survival. Di
fferences in survival between groups were compared using 
the logrank test. A Pvalue of less than 0.05 was considered 
statistically significant. Data were analyzed using the PASW 
Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA).

Ethics statement
This study protocol was reviewed and approved by the Ins

titutional Review Board (IRB No. 201407026003). Informed 
consent was waived due to the retrospective design of the 
study.

RESULTS 

Demographics and clinicopathologic findings
The mean age of all enrolled patients was 65.8 years (range, 

37–87 years). There were more women (71, 53.4%) than men 
in the cohort. Sigmoid colon was the most common cancer 
location (77, 57.9%), followed by ascending colon (38, 28.6%). 
Anterior resection was the most commonly performed surgery 
(73, 54.1%), followed by right hemicolectomy (46, 34.6%). The 
AJCC T classification was T1 (2, 1.5%), T2 (10, 7.5%), T3 (110, 
82.7%), or T4 (11, 8.3%), whereas the N classification was N1a 
(42, 31.6%), N1b (40, 30.1%), N2a (23, 17.3%), or N2b (28, 21.1%). 
Patient demographic and clinicopathologic characteristics are 
summarized in Table 1.

Of the 133 patients, 27 (20.3%) began adjuvant chemotherapy 
within 3 weeks of surgery (group A; median, 18 days; range, 
13–21 days) and 106 (79.7%) did after 3 weeks following surgery 
(group B; median, 30 days; range, 22–76 days).

No statistically significant differences in age, sex, Ameri can 
Society of Anesthesiologists score, tumor location, sur gery, 
T stage, N stage, AJCC stage, tumor differentiation, lympho
vascular invasion, and adjuvant chemotherapy regimen were 
observed between the 2 groups.

Additionally, no dose reduction or chemotherapy cessation 
owing to adverse effects of chemotherapy on intestinal anasto
mosis or surgical wound was required in either group.

Cancer recurrence, disease-free survival, and overall 
survival
During a median followup period of 27 months (range, 

4–76 months), group A patients (3/27, 11.1%) were less likely to 
experience disease recurrence than those in group B (35/106, 
33%; P = 0.018) (Fig. 1). Systemic recurrence occurred in 3 
patients in group A and in 32 patients in group B. Local re
currence occurred in 3 patients in group B (Table 2).

Group A patients also had longer diseasefree survival than 
those in group B (54.6 months vs. 43.5 months, P = 0.014) (Fig. 
2). However, no statistically significant differences in overall 
survival were observed between the 2 groups (55.3 months vs. 
69.4 months, P = 0.864) (Fig. 3).

Univariate and multivariate analysis of prognostic 
factors for disease-free survival
The KaplanMeier method was employed to compare disease

free survival rates. Multivariate analysis was performed using 
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Table 1. Comparison of demographic and clinicopathologic characteristics between the 2 groups

Variable Total (n = 133) Group A (n = 27) Group B (n = 106) P-value

Chemotherapy timing 30.0 ± 11.7 18.1 ± 2.4 33.1 ± 11.2 <0.001b)

Age (yr) 65.8 ± 10.4 65.5 ± 10.8 65.9 ± 10.4 0.838b)

Sex 0.525a)

   Male 62 (46.6) 11 (40.7) 51 (48.1)
   Female 71 (53.4) 16 (59.3) 55 (51.9)
ASA score 0.894a)

   I 49 (36.8) 10 (37.0) 39 (36.8)
   II 71 (53.4) 15 (55.6) 56 (52.8)
   III 13 (9.8) 2 (7.4) 11 (10.4)
Tumor location 0.801a)

   Ascending colon 38 (28.6) 7 (25.9) 31 (29.2)
   Transverse colon 8 (6.0) 1 (3.7) 7 (6.6)
   Descending colon 8 (6.0) 1 (3.7) 7 (6.6)
   Sigmoid colon 77 (57.9) 18 (66.7) 59 (55.7)
   Multiple synchronous 2 (1.5) 0 (0) 2 (1.9)
Surgery 0.791a)

   Right hemicolectomy 46 (34.6) 8 (29.6) 38 (35.8)
   Left hemicolectomy 7 (5.3) 1 (3.7) 6 (5.7)
   Anterior resection 72 (54.1) 16 (59.3) 56 (52.8)
   Hartmann’s operation 6 (4.5) 2 (7.4) 4 (3.8)
   Subtotal colectomy 2 (1.5) 0 (0) 2 (1.9)
Depth of invasion
   T1 2 (1.5) 1 (3.7) 1 (0.9) 0.469a)

   T2 10 (7.5) 3 (11.1) 7 (6.6)
   T3 110 (82.7) 22 (81.5) 88 (83.0)
   T4 11 (8.3) 1 (3.7) 10 (9.4)
   T1+2 12 (9.0) 4 (14.8) 8 (7.5) 0.262a)

   T3+4 121(91.0) 23 (85.2) 98 (92.5)
N stage
   N1a 42 (31.6) 7 (25.9) 35 (33.0) 0.110a)

   N1b   40 (30.1) 13 (48.1) 27 (25.5)
   N2a 23 (17.3) 2 (7.4) 21 (19.8)
   N2b 28 (21.1) 5 (18.5) 23 (21.7)
   N1 82 (61.7) 20 (74.1) 62 (58.5) 0.137a)

   N2 51 (38.3) 7 (25.9) 44 (41.5)
AJCC stage 0.579a)

   IIIA 13 (9.8) 4 (14.8) 9 (8.5)
   IIIB 92 (69.2) 17 (63.0) 75 (70.8)
   IIIC 28(21.0) 6 (22.2) 22 (20.7)
Differentiation 0.582a)

   Well or moderate 112 (84.2) 24 (88.9) 88 (83.0)
   Poor 12 (9.0) 1 (3.7) 11 (10.4)
   Mucinous       7 (5.3) 2 (7.4) 5 (4.7)
   Signet ring cell 2 (1.5) 0 (0) 2 (1.9)
Lymphovascular invasion 0.139a)

   No 18 (13.5) 6 (22.2) 12 (11.3)
   Yes 115 (86.5) 21 (77.8) 94 (88.7)
Chemotherapy regimen 0.067a)

   Oral 5-FU 21 (15.8) 6 (22.2) 15 (14.2)
   IV 5-FU 35 (26.3) 4 (14.8) 31 (29.2)
   FOLFOX 48 (36.1) 7 (25.9) 41 (38.7)
   Capecitabine 29 (21.8) 10 (37.0) 19 (17.9)

Values are presented as mean ± standard deviation or number (%). 
Group A, patients receiving chemotherapy within 3 weeks of surgery; group B, patients receiving chemotherapy after 3 weeks of 
surgery; ASA, American Society of Anesthesiologists; AJCC, American Joint Committee on Cancer; 5-FU, 5-fluorouracil; IV, 
intravenous; LV, leucovorin; FOLFOX, 5-fluorouracil, leucovorin, and oxaliplatin.
a)Pearson chi-square test. b)Student t-test
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the Cox proportional hazards model. In univariate analysis 
(Table 3), potential factors for diseasefree survival included N 
stage and chemotherapy timing. By multivariate analysis (Table 
4), the most important independent factors affecting disease
free survival were chemotherapy timing (95% confidence 
interval, 1.103–11.740; hazard ratio, 3.598) followed by N stage 
(95% confidence interval, 1.579–5.861; hazard ratio, 3.042).

DISCUSSION
The time interval between resection and chemotherapy 

may provide a window of opportunities for micrometastases 
to proliferate. Studies in animal models suggest that surgery 
may increase the number of circulating tumor cells and 
potentiate the growth of metastatic deposits. Such an increase 
in metastatic growth is thought to correlate with a reduction in 
angiogenesis inhibitors, such as angiostatin, following removal 
of the primary tumor [1316]. Surgery has also been shown 
to enhance production of oncogenic growth factors, such as 
transforming growth factor alpha, which could escalate tumor 
growth. Furthermore, a classic mathematical model predicted 

that the probability of mutations leading to drug resistance 
increased over time, dependent on mutation rate and tumor 
size [17].

Published guidelines have not explicitly specified a time in
terval within which adjuvant chemotherapy should be initiated. 
A previous study suggested a reduced rate of cancer recurrence 
if patients with stage III colon cancer received adjuvant che
motherapy within 27 days after curative resection [18]. Chau 
et al. [19] found a significant survival advantage for patients 
whose adjuvant chemotherapy was initiated within eight weeks 
after curative resection of stages II and III colorectal cancer. 
Glimelius et al. [20] reported in a study of patients with stage 
III colon cancer that adjuvant chemotherapy initiated more 
than 8 weeks after surgery conferred worse survival than when 
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Table 2. Recurrence sites of the 2 groups

Site Group A (n = 27) Group B (n = 106)

Recurrence, n (%) 3 (11.1) 35 (33.0)
   Local 0 3
   Systemic 3 32
      Liver 1 11
      Lung 1 9
      Distant lymph nodes 1 2
      Peritoneum 0 9
      Multiple organs 0 1

Group A, patients receiving chemotherapy within 3 weeks of 
surgery; group B, patients receiving chemotherapy after 3 weeks 
of surgery.
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administration was started within 8 weeks. A systematic review 
and metaanalysis demonstrated that a 4week delay of adjuvant 
chemotherapy was associated with a 14% decrease in both 
overall and diseasefree survival [21]. These studies indicated 
that early initiation of adjuvant chemotherapy could result in 
better survival. In present study, patients who received adjuvant 
chemotherapy within 3 weeks after resection of colon cancer 
also had better diseasefree survival, which was consistent with 
previously published results.

Despite oncologic benefits of early adjuvant chemotherapy 
initiation, treatment is usually delayed for several weeks. One 
of the major reasons for such a delay is the risk of anastomotic 
leakage due to the unfavorable effects of chemotherapeutic 
agents on normal healing process. The proliferative phase of 
the wound healing process occurs approximately from day 4 
through 12 after tissue injury to reestablish tissue continuity. 
In this phase, collagen is synthesized by smooth muscle cells 
and fibroblasts in the submucosal layer and lysed by collagenase 
activity. As collagen lysis contributes to low anastomotic 
strength, the risk for anastomotic leakage is high during the 
first 3 to 10 days after intestinal anastomosis [22]. Perioperative 
chemotherapy may result in further wound healing delay and 
consequently compromise anastomotic integrity and increase 
the risk of anastomotic leakage [23]. In an animal study, 
perioperative administration of capecitabine did not exert 
a negative impact on colonic anastomosis [24]. In contrast, 
another study reported that early postoperative 5fluorouracil 
administration had a negative impact on the bursting strength 
of colonic anastomosis [25]. In this study, there was no 
wound dehiscence or anastomotic leakage caused by adjuvant 

Table 4. Multivariate analysis of prognostic factors for di-
sease-free survival 

HR 95% CI P-value

N stage
   N1 1 1.579–5.861 0.001
   N2 3.042
Chemotherapy timing (wk)
   ≤3 1 1.103–11.740 0.034
   >3 3.598

HR, hazard ratio; CI, confidence interval.

Table 3. Univariate analysis of prognostic factors for disease free survival

Variable No. of patients (%) 5-Year DFS rate P-value

Age (yr) 0.944
   ≤65 55 (41.4) 58.0
   >65 78 (58.6) 56.6
Tumor location 0.766
   Right colon 46 (34.6) 59.3
   Left colon or multiple 87 (65.4) 74.2
Surgery 0.766
   Right colon cancer surgery 46 (34.6) 59.3
   Left or multiple colon cancer surgery 87 (65.4) 74.2
Chemotherapy regimen 0.621
   Oral 5-FU or IV 5-FU/LV or capecitabine 85 (63.9) 69.1
   FOLFOX 48 (36.1) 47.9
T stage 0.050
   T1 or T2 12 (9.0) 75.0
   T3 or T4 121 (91.0) 55.3
N stage <0.001
   N1 81 (60.9) 70.3
   N2 52 (39.1) 28.6
Differentiation 0.816
   Well or moderate 112 (84.2) 56.6
   Poor or mucinous or signet ring cell 21 (15.8) 54.7
Lymphovascular invasion 0.235
   Negative 18 (13.5) 64.3
   Positive 115 (86.5) 55.9
Chemotherapy timing (wk) 0.014
   ≤3 27 (20.3) 81.6 (54.6 ± 3.5)a)

   >3 106 (79.7) 50.1 (43.5 ± 2.8)a)

DFS, disease free survival; 5-FU, 5-fluorouracil; IV, intravenous; LV, leucovorin; FOLFOX, 5-fluorouracil, leucovorin, and oxaliplatin.
a)Mean ± standard deviation.
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chemotherapy, even in patients receiving chemotherapy within 
3 weeks following surgery. Additionally, no dose reduction or 
chemotherapy cessation due to adverse effects of chemotherapy 
on intestinal anastomosis or surgical wound was required in 
either the early or late initiation group.

Slow recovery from surgery may result in delayed initiation 
of adjuvant chemotherapy. Patients with later adjuvant che
motherapy initiation are expected to experience more comor
bidities than those with early treatment. In this study, the early 
initiation group showed better diseasefree survival rate than 
the late group. However, no significant differences in overall 
survival were observed between the 2 groups. Although early 
initiation of adjuvant chemotherapy might offer an oncologic 
benefit, starting of chemotherapy should only be considered 
when a patient completely recovers from surgery.

The patients usually stayed in our hospital for about seven 
days after colon cancer surgery, unless there were severe post
operative complications. One week after discharge, the patients 
visited outpatient clinics for a postoperative checkup. If the 
patient’s condition was suitable for receiving chemotherapy, 
chemotherapy was initiated within one week following the first 
postoperative checkup. The patients with good postoperative 
health status could start adjuvant chemotherapy within 3 
weeks after surgery in our hospital. If the patient’s condition 
is amenable to receive adjuvant chemotherapy, initiation of 
chemotherapy in the immediate postoperative period after 
surgery may be possible. However, only 2 patients received 
chemotherapy within 2 weeks of surgery in present study. 
Each patient started chemotherapy on 13th and 14th day after 
surgery. That is the reason why we divided the patients into 2 
groups based on a 3week period. 

We, also, evaluated disease free and overall survival rate 
according to other chemotherapy initiation time periods (4week 
and an 8week periods).

The mean diseasefree survival of patients receiving adjuvant 
therapy within 4 weeks was 50.7 months, whereas that of 
patients receiving after four weeks was 41.1 months (P = 0.030). 
However, no statistically significant differences in overall 
survival were observed between the 2 groups (58.6 months vs. 
70.1 months, P = 0.885). When the patients were divided into 2 
groups based on eight weeks, diseasefree and overall survival 
were different significantly between 2 groups (48.2 months vs. 
26.8 months, P = 0.011; 68.3 months vs. 58.2 months, P = 0.046, 
respectively). Overall survival was significantly different only 
when dividing patients based on an 8week period. Disease
free survival, however, was significantly shorter in all early 

chemotherapy initiation groups, irrespective of chemotherapy 
initiation period. Diseasefree survival was getting shorter as 
a time period of chemotherapy initiation was longer (within 3 
weeks, 54.6 months; within four weeks, 50.7 months; within 
eight weeks, 48.2 months).

In univariate analysis, potential factors for diseasefree 
survival included N stage and chemotherapy timing. In 
multivariate analysis of prognostic factors for diseasefree 
survival, the most important independent factors were che
motherapy timing followed by N stage.

The recurrence rate of patients receiving adjuvant therapy 
earlier was significantly lower than that of patients with later 
treatment. However, no statistically significant differences in 
overall survival were observed. Most patients with recurrent 
colon cancer were treated with chemotherapy or surgery, whi ch 
could lead to the reduction of the difference of oncology con
ditions between the 2 groups. This might eventually result in 
comparable rates of overall survival between the 2 groups.

To the best of our knowledge, this is the first study to in
vestigate the association between adjuvant chemotherapy 
initiation (within 3 weeks versus more than 3 weeks after 
surgery) and disease recurrence and survival. However, 
the study is subject to some limitations. First, it was not a 
randomized controlled study, which would cause potential 
selection bias.

Additionally, the sample size (133 patients) of this study was 
not estimated. Since patients were retrospectively enrolled in 
this study, sample size estimation could not be performed. The 
number of patients in group A was relatively small compared to 
that of group B. These limitations are potential weaknesses of 
this study.

In conclusion, our findings suggest that adjuvant chemothe
rapy could be initiated as soon as a patient’s clinical condition 
is amendable to the treatment. Patients with stage III colon 
cancer may benefit from adjuvant chemotherapy initiation 
wi thin 3 weeks after surgery. This retrospective study had 
statistical limitation due to small number of enrolled patients. 
Further large prospective, multicenter, randomized studies are 
warranted to confirm the true benefit of early initiation of ad
juvant chemotherapy.
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