
Purpose: Several clinical trials have suggested that adjuvant 
chemotherapy improves the survival of patients with resected 
gastric cancer, but the optimal time at which to initiate post-
operative adjuvant chemotherapy has not been studied. This 
study investigated the association between time to adjuvant 
chemotherapy and survival in gastric cancer.

Methods: We retrospectively identified 266 patients with 
stage IB-IIIC gastric cancer who received fluorouracil-based 
adjuvant chemotherapy after radical gastrectomy. Overall 
survival (OS) was compared between patients grouped ac-
cording to time from surgery to adjuvant chemotherapy 
(<45 and ≥45 days). The Cox proportional hazards mod-
el was used to analyze the effects of time to initiation of 
chemotherapy and other clinical covariates on survival. 

Results: Of 266 patients, 141 (53%) started adjuvant chemo-
therapy within 45 days after surgery and 125 (47%) started 
adjuvant chemotherapy more than 45 days after surgery. The 

3-year OS rates were 81.2 and 65.8% for patients starting 
chemotherapy within 45 days and after 45 days, respective-
ly (p=0.006). Multivariate analysis identified early initia-
tion of adjuvant chemotherapy, completion of the planned 
chemotherapy, and early-stage disease as favorable prog-
nostic factors in terms of OS (p<0.05). Subgroup analysis 
suggested that starting chemotherapy within 45 days after 
surgery was associated with significant OS benefit com-
pared with initiation of chemotherapy after 45 days from 
surgery in most subgroups. 

Conclusions: This retrospective analysis suggests that 
delaying adjuvant chemotherapy for longer than 45 days 
after surgery may be associated with poorer survival in pa-
tients with resected gastric cancer.
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Gastric cancer is the second leading cause of 
cancer-related mortality worldwide, with a 5-year 
survival rate of <20% [1]. Although surgery is 
the cornerstone of management for patients with 
stage I-III gastric cancer, a considerable propor-
tion of patients still experience disease relapse 
despite curative resection. Large randomized 
clinical trials and meta-analyses recently demon-
strated that postoperative adjuvant chemotherapy 
using fluorouracil (FU)-based regimens improved 

survival in patients with gastric cancer [2-5]. Ad-
juvant chemotherapy using FU-based treatments 
is therefore routinely recommended after radical 
surgery for gastric cancer. The widespread adop-
tion of adjuvant chemotherapy for patients with 
gastric cancer has emphasized the need to address 
various factors affecting the efficacy of chemo-
therapy, such as the optimal timing of treatment. 
However, the optimal time from surgery to the 
start of adjuvant chemotherapy for gastric cancer 
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has not been reported.
Adjuvant chemotherapy is thought to reduce 

the cancer recurrence rate and improve survival 
by eliminating micrometastases after surgery. 
However, removal of the primary tumor and the 
process of wound healing may increase the num-
ber of circulating tumor cells, stimulate the re-
lease of growth factors, and induce an immuno-
suppressive effect, all of which might accelerate 
the growth of metastatic deposits [6,7]. From a bi-
ological point of view, chemotherapy should thus 
commence as soon as practical after surgical re-
section. Clinical trials of adjuvant chemotherapy 
in gastric cancer generally define a time period of 
28-60 days between surgery and adjuvant chemo-
therapy for enrollment [2,3,8-10], but there is no 
direct evidence to support the idea that delaying 
adjuvant chemotherapy for longer than 28-60 
days may have a detrimental effect on survival. 
Several studies in patients with colorectal, breast 
and pancreatic cancers have shown an association 
between time to initiation of adjuvant chemo-
therapy and survival [11-15]. However, a popula-
tion-based study failed to show any significant as-
sociation between time to adjuvant chemotherapy 
and survival in patients with non-small cell lung 
cancer [16]. The association between the timing 
of adjuvant chemotherapy and survival thus re-
mains to be clarified. 

There is wide variation in clinical practice in 
the interval between surgery and chemotherapy. 
There may be several reasons for delaying adju-
vant chemotherapy, including surgical complica-
tions, comorbid conditions, and non-disease-relat-
ed factors, such as administrative problems and 
the need for patients to gather information, con-
sider their options, and make a decision. Although 
disease-related reasons are generally beyond our 
control, system- and patient-related factors could 
be adjusted through training and patient educa-
tion. In order to maximize the anticipated benefit 
of adjuvant therapy, it is therefore important to 
determine the correlation between time to initiat-
ing adjuvant chemotherapy for gastric cancer and 
survival. No prospective randomized trials have 
addressed this issue, and we therefore performed 
a retrospective study to compare the outcomes 
of starting chemotherapy before or after 45 days 
from surgery in patients with gastric cancer, us-
ing multivariate analysis to account for the effects 
of known prognostic factors.

Methods

Patients

This retrospective study was reviewed and ap-
proved by the institutional review board of the First 
Hospital of China Medical University. Written in-
formed consent was obtained from all the participants 
before enrollment. All patients received adjuvant 
chemotherapy after radical gastrectomy with D1 or D2 
lymphadenectomy and had histologically-confirmed 
stage IB-IIIC gastric cancer, according to the Ameri-
can Joint Committee on Cancer (AJCC) TNM Staging 
Classification for Carcinoma (7th Edn) [17]. Other in-
clusion criteria were as follows: all patients surviving 
beyond 6 months after surgery, who had the opportuni-
ty to benefit from adjuvant chemotherapy; received at 
least four cycles of FU-based adjuvant chemotherapy; 
initiated adjuvant chemotherapy within 120 days af-
ter surgery; had Eastern Cooperative Oncology Group 
(ECOG) performance status (PS) of 0 or 1; had no dou-
ble-cancer history; and had not received neoadjuvant 
chemotherapy or adjuvant radiation therapy. Patients 
with gastroesophageal junction cancer, patients who 
were lost to follow-up or died within 6 months of di-
agnosis, those who delayed chemotherapy because of 
disease-related factors (surgical complications) and co-
morbid conditions, and those who experienced relapse 
during adjuvant chemotherapy were excluded from the 
study. Patients who received at least six cycles of treat-
ment were considered as having completed the planned 
chemotherapy. A total of 266 patients between May 
2004 and March 2013 met the inclusion criteria and 
were analyzed in this study. 

Patients were divided into two cohorts according 
to time from the date of surgery to the date of adjuvant 
chemotherapy: patients who received adjuvant chemo-
therapy within 45 days after surgery (early treatment 
group) and those who received adjuvant chemotherapy 
more than 45 days after surgery (late treatment group). 

Statistics

The primary analysis involved evaluation of the 
association between the time to adjuvant chemotherapy 
initiation and OS, which was calculated from the time 
of surgery until death or the last follow-up visit. Differ-
ences in patient characteristics at diagnosis between 
the two groups were analyzed by x2 test. Kaplan-Mei-
er curves were used to describe patient survival, and 
differences between survival curves were tested by 
two-tailed log-rank test. Various clinicopathological 
variables were analyzed by univariate and multivar-
iate analyses with respect to their prognostic signifi-
cance for OS, and hazard ratios (HRs) were estimated 
with 95% confidence intervals (95% CI). Multivariate 
analysis was performed by forward stepwise addition 
with removal of covariates found to be associated with 
survival in univariate models (p<0.10). The following 
variables were examined: age (<65 vs ≥65 years), sex, 
stage of disease (stage IB+II vs stage III), grade (well 
and moderately differentiated vs poorly differentiated 
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and undifferentiated), lymph node dissection (D1 vs 
D2), completion of the planned chemotherapy (yes vs 
no), and time to initiation of chemotherapy (<45 vs ≥45 
days). Statistical analyses were carried out using SPSS 
16.0 (SPSS Inc., Chicago, Ill, USA). A two-sided value of 
p<0.05 was used to indicate significance.

Results

Patient characteristics 

A total of 266 eligible patients were included 
in the study. Patients were administered at least 

Table 1. Demographic and clinical characteristics of patients by time to initiation of chemotherapy 

Characteristics All (N=266) 
N (%)

<45 d (N=141) 
N (%)

≥ 45 d (N=125)
N (%)

p value

Age at diagnosis, years 
(median, range)

56 (26-77) 54 (26-76) 57 (30-77) 0.272

<65

≥65

Gender

Male

Female

Chemotherapy regimen

FU monochemotheray

FU plus oxaliplatin 

Other FU-based combinations 

AJCC stage

IB

II

IIIA

IIIB

IIIC

Tumor stage

T1

T2

T3

T4

Nodal status

N0

N1

N2

N3

Histology grade

G1-G2

G3-G4 

Lymph node dissection 

D1

D2

Completion of adjuvantchemotherapy 

Yes

No

220 (82.7)

46 (17.3)

193 (72.6)

73 (27.4)

25 (9.4)

200 (75.2)

41 (15.4)

11 (4.1)

75 (28.2)

51 (19.2)

56 (21.1)

73 (27.4)

6 (2.3)

24 (9.0)

63 (23.7)

173 (65.0)

71 (26.7)

49 (18.4)

66 (24.8)

80 (30.1)

70 (26.3)

196 (73.7)

27 (10.2)

239 (89.8)

203 (76.3)

63 (23.7)

120 (85.1)

21(14.9 )

105 (74.5)

36 (25.5)

12 (8.5)

103 (73.0)

26 (18.4)

5 (3.5)

39 (27.7)

29 (20.6)

30 (21.3)

38 (27.0 )

3 (2.1)

10 (7.1)

28 (19.9)

100 (70.9 )

39 (27.7)

29 (20.6)

34 (24.1)

39 (27.7 )

38 (27.0)

103 (73.0)

14 (9.9)

127 (90.1)

108 (76.6)

33 (23.4)

100 (80.0)

25 (20.0)

88 (70.4)

37 (29.6)

13 (10.4 )

97 (77.6 )

15 (12.0 )

6 (4.8)

36 (28.8)

22 (17.6)

26 (20.8)

35 (28.0)

3 (2.4)

14 (11.2)

35 (28.0)

73 (58.4 )

32 (25.6)

20 (16.0)

32 (25.6)

41 (32.8)

32 (25.6)

93 (74.4)

13 (10.4)

112 (89.6)

95 (76.0)

30 (24.0)

0.458

0.330

0.961

0.194

0.683

0.803

0.899

0.909

FU: fluorouracil, AJCC: American Joint Committee on Cancer, G1: well differentiated, G2: moderately differentiated, G3: poorly differ-
entiated, G4: undifferentiated
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four cycles of FU monochemotherapy, FU plus ox-
aliplatin, or other FU-based chemotherapy com-
binations, and each cycle was repeated every 21 
days. Time to adjuvant chemotherapy ranged from 
12-115 days (median 42.5). Of the 266 patients, 
141 patients (53%) received adjuvant chemother-
apy within 45 days after surgery and 125 patients 
(47%) received adjuvant chemotherapy after 45 
days. Seventy-six percent of patients completed at 
least six cycles of treatment. The main reasons for 
early termination of treatment were patient re-
fusal for further treatment and treatment-related 
complications. 

The demographic and clinical characteristics 
of the patients are shown in Table 1. Character-
istics were equally distributed between the two 
groups. The median age was 56 years (range 26-
77), and there were 193 male and 73 female pa-
tients. Sixty-eight percent of patients had stage 
III disease, 65% had T4 tumors, 30% had more 
than six lymph node metastases (N3), 74% had 
poorly differentiated tumors, and 90% underwent 
gastrectomy with D2 lymph node dissection. The 
median follow-up time was 28 months (range 
7-139).

Survival analysis

The OS rates for all 266 enrolled patients 
were 73.5% at 3 years post-surgery and 56.9% at 5 
years. The 3-year OS rates for patients who initi-

ated adjuvant chemotherapy within 45 days after 
surgery and those who initiated adjuvant chemo-
therapy after 45 days were 81.2% and 65.8%, re-
spectively (p=0.006). Kaplan-Meier curves for OS 
are illustrated in Figure 1. In the subset of pa-
tients who received FU plus oxaliplatin combined 
chemotherapy, the 3-year OS rates for the early 
and late treatment groups were 83.3% and 62.7%, 

Figure 1. Kaplan-Meier overall survival by time to 
initiation of adjuvant chemotherapy in all patients 
(N=266). p=0.006.

Figure 2. Kaplan-Meier overall survival by time to 
initiation of adjuvant chemotherapy in the FU plus 
oxaliplatin subgroup (N=200). p=0.005.

Figure 3. Kaplan-Meier overall survival by time to 
initiation of adjuvant chemotherapy in patients who 
completed the planned treatment (N=203). p=0.021.

p=0.006 p=0.005

p=0.021
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respectively (Figure 2). Early treatment was as-
sociated with an HR for mortality of 0.466 (95% 
CI=0.269-0.810, p=0.007) vs the late treatment 
group. However, in the subset of patients who 
received FU±non-platinum therapy, there was no 
significant survival difference between the two 
groups (HR 0.807, 95% CI=0.282-2.307, p=0.689). 
In patients who completed the planned chemo-
therapy, early treatment was also associated with 
better survival compared with the late treatment 
group (HR 0.506, 95% CI=0.281-0.913, p=0.024), 
with 3-year OS rates of 82.5% and 70.3%, respec-
tively (Figure 3). However, in patients who did 
not complete the planned treatment, there was 
no significant survival advantage of early over 
late treatment (HR 0.703, 95% CI=0.299-1.652, 
p=0.418). Subgroup analysis was undertaken ac-
cording to age, sex, stage, histologic grade and 
lymphadenectomy. Consistent with the overall 
patient population, patients who started chemo-
therapy within 45 days of surgery had a signifi-
cantly better, or a tendency towards a better OS 
compared with those who started after 45 days in 
almost all subgroups (Figure 4).

Prognostic factors

Table 2 summarizes the results of the Cox 
proportional hazards regression analyses of fac-
tors associated with OS. Univariate analysis 

showed that time to initiation of adjuvant chemo-
therapy, completion of the planned chemotherapy, 
and disease stage were significantly correlated 
with OS. Multivariate analysis identified early 
initiation of adjuvant chemotherapy, completion 
of the planned chemotherapy, and early-stage dis-
ease as favorable prognostic factors in terms of 
OS. Compared with patients who initiated adju-
vant chemotherapy within 45 days after surgery, 
those who initiated adjuvant chemotherapy after 
45 days had poorer OS (HR=1.771, 95% CI=1.086-
2.889; p=0.022). Patients who terminated chemo-
therapy early had a significantly poorer outcome, 
with an HR for OS of 2.158 (95% CI=1.328-3.505; 
p=0.002), compared with those who completed 
the planned chemotherapy.

Discussion

The issue of time to adjuvant chemotherapy 
has been addressed in patients with a variety of 
tumors, including colorectal, breast, non-small 
cell lung, and pancreatic cancers [11-16]. A recent 
meta-analysis reported that a 4-week increase in 
time to adjuvant chemotherapy was associated 
with a significant decrease in OS among patients 
with colorectal cancer [18]. A retrospective anal-
ysis of patients with early breast cancer demon-
strated that OS was significantly better in patients 

Table 2. Univariate and multivariate analysis for overall survival (N=266) 

Factors

Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Age at diagnosis (years)
<65
≥65

Gender
Male
Female

AJCC stage
I+II
III

Histology grade
G1-G2
G3-G4

Lymph node dissection
D1
D2

Completion of adjuvant
chemotherapy 

Yes
No

Time to initiation of chemo-
therapy (days)

<45
≥45

1.000
1.680

1.000
1.277

1.000
4.752

1.000
1.756

1.000
0.740

1.000
2.281

1.000
1.933

0.996-2.834

0.776-2.102

2.364-9.553

0.965-3.198

0.379-1.445

1.415-3.678

1.194-3.128

0.052

0.336

<0.001

0.065

0.378

0.001

0.007

1.000
4.923

1.000
1.755

1.000
2.158

1.000
1.771

2.447-9.905

0.964-3.194

1.328-3.505

1.086-2.889

<0.001

0.066

0.002

0.022

 For abbreviations see footnote of Table 1
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who initiated adjuvant treatment within 44 days 
after surgery, compared with patients who initi-
ated adjuvant treatment after 44 days [13]. How-
ever, no published reports have provided insight 
into the optimal timing between surgical resec-
tion of gastric cancer and initiation of adjuvant 
chemotherapy. Recent large-scale randomized 
controlled trials of adjuvant chemotherapy after 
gastrectomy (ACTS GC trial and CLASSIC trial) 
defined the time from surgery to enrollment as 
42 days [2,3]. The results of these trials indicated 
a survival benefit of adjuvant chemotherapy for 
resected gastric cancer compared with surgery 
alone. We therefore chose 45 days as the clini-
cal cut-off point to distinguish between early and 
late chemotherapy in terms of effect on OS. The 
present study demonstrated that patients who re-
ceived FU-based adjuvant chemotherapy within 
45 days after surgery had significantly better OS 
than those who received adjuvant chemotherapy 
after 45 days. Furthermore, multivariate analysis 
showed that earlier initiation of adjuvant chemo-
therapy was an independent prognostic factor for 
OS. Subgroup analysis indicated that early treat-
ment favored survival in most subgroups. Based 
on these results, we suggest that adjuvant chemo-
therapy should be initiated within 45 days after 
surgery in patients with resected gastric cancer. 

Many preclinical cancer studies have sup-
ported the early initiation of adjuvant chemo-
therapy. The release of circulating growth factors 
and growth of metastases were accelerated after 

removal of the primary tumor in animal models 
[19]. A mathematical model predicted that the ef-
fectiveness of a given chemotherapeutic regimen 
was inversely proportional to the tumor burden 
[20]. It follows from these results that there is a 
time window after surgery, beyond which adju-
vant chemotherapy would fail to eradicate the 
micrometastases. Studies have shown that tumor 
burden at the time of adjuvant chemotherapy was 
associated with the proliferative activity of tum-
ors, which was correlated in turn with the grade 
of tumor differentiation [21]. In the present study, 
early initiation of chemotherapy was associated 
with better OS than later treatment in patients 
with poorly differentiated tumors, though there 
was no difference between early and late treat-
ments in patients with well and moderately well 
differentiated tumors. Our results thus support 
the view that adjuvant treatment should start as 
soon as possible after surgery in patients with 
highly malignant tumors.

Previous retrospective analyses of time to 
adjuvant chemotherapy initiation have had some 
limitations, including lack of information on 
treatment cycles, which is relevant, given that 
the duration of chemotherapy has been reported 
to affect survival. Recent combined analyses in-
vestigating the effects of timing and duration of 
adjuvant chemotherapy on survival produced in-
consistent results [15,22,23]. Murakami et al. re-
ported that time to initiation of adjuvant chemo-
therapy was associated with disease free survival 

Figure 4. Hazard ratios (HRs) for death and 95% confidence intervals (CIs) in subgroup analyses.
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(DFS) independent of duration of chemotherapy 
and other clinical covariates in patients with pan-
creatic carcinoma [15]. In contrast, a report from 
the ESPAC-3 study recently showed that com-
pletion of all six cycles of the planned adjuvant 
chemotherapy, rather than early initiation, im-
proved survival in patients with pancreatic car-
cinoma after resection [22]. Moreover, Ahmed et 
al. reported that early discontinuation, but not 
the timing of adjuvant therapy, affected survival 
in patients with high-risk colorectal cancer [23]. 
It is therefore necessary to consider the number 
of chemotherapy cycles when analyzing the as-
sociation between time to initiate chemotherapy 
and survival. However, there are currently no rec-
ommendations regarding the optimal duration 
of adjuvant chemotherapy for gastric cancer. In 
a previous report, we observed that the number 
of cycles of adjuvant chemotherapy was an inde-
pendent prognostic factor for patients with gas-
tric cancer, and that six cycles of treatment might 
represent an efficacy plateau [24]. In the present 
study, all patients enrolled received at least four 
cycles of adjuvant chemotherapy, and patients 
who received at least six cycles of treatment were 
defined as having completed the planned chemo-
therapy. Our results showed that early initiation 
and completion of the planned treatment were 
both independent prognostic factors in multivar-
iate analysis. In the subset of patients who com-
pleted at least six cycles of chemotherapy, initia-
tion of therapy within 45 days was associated with 
favorable OS compared with initiation of therapy 
after 45 days (p<0.05). However, in patients who 
terminated chemotherapy early, initiation of ther-
apy within 45 days showed no significant survival 
benefit, possibly because of the small sample size. 
In practice, however, it is not possible to know at 
the start of treatment whether or not a patient 
will go on to complete the planned chemotherapy, 
and ensuring early initiation of chemotherapy is 
thus the first step in maximizing the anticipated 
benefit of adjuvant therapy. 

The subset of patients with stage III disease 
showed an overall reduction in mortality of 54% 
(p=0.004) in patients who started early adjuvant 
chemotherapy compared with those who started 
late. However, there was no significant difference 
in survival between the two groups in patients 
with early-stage disease. Chen et al. reported 
no survival benefit from postoperative adjuvant 
chemotherapy in patients with stage II gastric 

cancer [25]. The effectiveness of adjuvant chemo-
therapy in patients with early-stage gastric cancer 
thus remains controversial, and large randomized 
controlled studies are needed to evaluate the ef-
fects of adjuvant chemotherapy and optimal tim-
ing of treatment in these patients.

The present study had some limitations. It 
was a retrospective study with no randomization 
and no control over known and unknown prognos-
tic factors, such as reasons for adjuvant chemo-
therapy delay, which may have influenced the 
observed results. For patients who require chemo-
therapy, artificially prolonging the time to initia-
tion of treatment is unethical, and it is therefore 
unlikely that a prospective trial of early vs late 
chemotherapy would be acceptable. Evaluation 
of the optimal timing of adjuvant chemotherapy 
therefore needs to rely on rigorously designed 
retrospective studies with large sample sizes. 
In addition, patients who delayed chemotherapy 
because of surgical complications and comorbid 
conditions were excluded from the present study, 
which might have reduced the impact of potential 
confounders on survival to some extent.

In conclusion, we retrospectively analyzed 
the optimal timing of adjuvant chemotherapy in 
gastric cancer patients after radical gastrectomy. 
Early initiation of chemotherapy within 45 days of 
surgery was associated with better survival, and 
time to initiation of treatment was identified as an 
independent prognostic factor for OS. To the best 
of our knowledge, this study is the first to explore 
the optimal timing of FU-based adjuvant chemo-
therapy in patients with resectable gastric cancer. 
These results provide valuable insight into the 
strategy of postoperative adjuvant chemotherapy 
for gastric cancer, and will help to optimize treat-
ment planning and the benefits of adjuvant therapy. 
Further studies are needed to confirm the associa-
tion between the timing of chemotherapy and sur-
vival, especially in specific patient subgroups.

Acknowledgements

This study was supported by grants from the 
National Natural Science Foundation of China 
(No. 81372547, No. 81172369), the National Sci-
ence and Technology Major Project of the Min-
istry of Science and Technology of China (No. 
2013ZX09303002) and Specialized Research Fund 
for the Doctoral Program of Higher Education 
(No.20112104110005).



Early initiation of adjuvant 5-FU in gastric cancer 807

JBUON 2015; 20(3):807

1. Van Cutsem E, Dicato M, Geva R et al. The diagnosis 
and management of gastric cancer: expert discussion 
and recommendations from the 12th ESMO/World 
Congress on Gastrointestinal Cancer, Barcelona, 2010. 
Ann Oncol 2011;22 (Suppl 5):v1-v9.

2. Bang YJ, Kim YW, Yang HK et al. Adjuvant capecit-
abine and oxaliplatin for gastric cancer after D2 gas-
trectomy (CLASSIC): a phase 3 open-label, randomised 
controlled trial. Lancet 2012;379:315-321. 

3. Sasako M, Sakuramoto S, Katai H et al. Five-year 
outcomes of a randomized phase III trial compar-
ing adjuvant chemotherapy with S-1 versus surgery 
alone in stage II or III gastric cancer. J Clin Oncol 
2011;29:4387-4393.

4. GASTRIC (Global Advanced/Adjuvant Stomach Tumor 
Research International Collaboration) Group, Paolet-
ti X, Oba K, Burzykowski T et al. Benefit of adjuvant 
chemotherapy for resectable gastric cancer: a me-
ta-analysis. JAMA 2010;303:1729-1737. 

5. Sun P, Xiang JB, Chen ZY. Meta-analysis of adjuvant 
chemotherapy after radical surgery for advanced gas-
tric cancer. Br J Surg 2009;96:26-33.

6. Seth R, Tai LH, Falls T et al. Surgical stress promotes 
the development of cancer metastases by a coagula-
tion-dependent mechanism involving natural killer 
cells in a murine model. Ann Surg 2013;258:158-168. 

7. Ziprin P, Ridgway PF, Pfistermüller KL, Peck DH, Darzi 
AW. ICAM-1 mediated tumor-mesothelial cell adhe-
sion is modulated by IL-6 and TNF-alpha: a potential 
mechanism by which surgical trauma increases peri-
toneal metastases. Cell Commun Adhes 2003;10:141-
154.

8. Nitti D, Wils J, Dos Santos JG et al. Randomized phase 
III trials of adjuvant FAMTX or FEMTX compared 
with surgery alone in resected gastric cancer. A com-
bined analysis of the EORTC GI Group and the ICCG. 
Ann Oncol 2006;17:262-269.

9. Bajetta E, Buzzoni R, Mariani L et al. Adjuvant chemo-
therapy in gastric cancer: 5-year results of a ran-
domised study by the Italian Trials in Medical Oncol-
ogy (ITMO) Group. Ann Oncol 2002;13:299-307.

10. Nakajima T, Kinoshita T, Nashimoto A et al. Nation-
al Surgical Adjuvant Study of Gastric Cancer Group: 
Randomized controlled trial of adjuvant uracil-teg-
afur versus surgery alone for serosa-negative, locally 
advanced gastric cancer. Br J Surg 2007;94:1468-1476.

11. Lima IS, Yasui Y, Scarfe A, Winget M. Association be-
tween receipt and timing of adjuvant chemotherapy 
and survival for patients with stage III colon cancer in 
Alberta, Canada. Cancer 2011;117:3833-3840.

12. Des Guetz G, Nicolas P, Perret GY, Morere JF, Uzzan B. 
Does delaying adjuvant chemotherapy after curative 
surgery for colorectal cancer impair survival? A me-
ta-analysis. Eur J Cancer 2010;46:1049-1055. 

13. Alkis N, Durnali AG, Arslan UY et al. Optimal timing 
of adjuvant treatment in patients with early breast 
cancer. Med Oncol 2011;28:1255-1259.

14. Lohrisch C, Paltiel C, Gelmon K et al. Impact on sur-
vival of time from definitive surgery to initiation of 
adjuvant chemotherapy for early-stage breast cancer. 
J Clin Oncol 2006;24:4888-4894.

15. Murakami Y, Uemura K, Sudo T et al. Early initiation 
of adjuvant chemotherapy improves survival of pa-
tients with pancreatic carcinoma after surgical resec-
tion. Cancer Chemother Pharmacol 2013;71:419-429. 

16. Booth CM, Shepherd FA, Peng Y et al. Time to ad-
juvant chemotherapy and survival in non-small 
cell lung cancer: a population-based study. Cancer 
2013;119:1243-1250. 

17. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, 
Trotti A. Stomach. In: American Joint Committee on 
Cancer Staging Manual (7th Edn). New York, Spring-
er, 2009, pp 117-121.

18. Biagi JJ, Raphael MJ, Mackillop WJ, Kong W, King 
WD, Booth CM. Association between time to initiation 
of adjuvant chemotherapy and survival in colorectal 
cancer: a systematic review and meta-analysis. JAMA 
2011;305:2335-2342.

19. Fisher B, Saffer E, Rudock C, Coyle J, Gunduz N. Ef-
fect of local or systemic treatment prior to primary 
tumor removal on the production and response to a 
serum growth-stimulating factor in mice. Cancer Res 
1989;49:2002-2004.

20. Harless W, Qiu Y. Cancer: A medical emergency. Med 
Hypotheses 2006;67:1054-1059.

21. Jesionek-Kupnicka D, Tenderenda M, Rutkowski P. 
Extent of spontaneous apoptosis in gastric cancer: re-
lation to proliferative index, p53 expression, CD 34 
expression and histopathological features. J Exp Clin 
Cancer Res 2002;21:371-375.

22. Valle JW, Palmer D, Jackson R et al. Optimal duration 
and timing of adjuvant chemotherapy after definitive 
surgery for ductal adenocarcinoma of the pancreas: 
ongoing lessons from the ESPAC-3 study. J Clin Oncol 
2014;32:504-512.

23. Ahmed S, Ahmad I, Zhu T et al. Early discontinuation 
but not the timing of adjuvant therapy affects survival 
of patients with high-risk colorectal cancer: a popu-
lation-based study. Dis Colon Rectum 2010;53:1432-
1438.

24. Qu JL, Li X, Qu XJ et al. Optimal duration of Fluoro-
uracil-based adjuvant chemotherapy for patients with 
resectable gastric cancer. PLoS One 2013;8:e83196.

25. Chen S, Chen YB, Zhou ZW et al. No survival benefit 
from postoperative adjuvant chemotherapy after D2 
radical resection for the patients with stage II gastric 
cancer. Am J Clin Oncol 2011;34:309-313.

References 


