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Abstract
AIM: To determine the effect of chemotherapy on wound 
healing by giving early preoperative 5-fluorouracil 
(5-FU) to rats with colonic anastomoses.

METHODS: Sixty Albino-Wistar male rats (median we-
ight, 235 g) were used in this study. The rats were fed 
with standard laboratory food and given tap water 
ad libitum. The animals were divided into three groups: 
Group 1: Control group (chemotherapy was not admi-
nistered), Group 2: Intraperitoneally (IP) administered 
5-FU group (chemotherapy was administered IP to 
animals at a dose of 20 mg/kg daily during the 5 d pre-
ceeding surgery), Group 3: Intravenously (IV) adminis-
tered 5-FU group. Chemotherapy was administered via  
the penil vein, using the same dosing scheme and du-
ration as the second group. After a 3-d rest to minimize 
the side effects of chemotherapy, both groups un-
derwent surgery. One centimeter of colon was resec-
ted 2 cm proximally from the peritoneal reflection, then 

sutured intermittently and subsequently end-to-end  
anastomosed. In each group, half the animals were 
given anaesthesia on the 3rd postoperative (PO) day 
and the other half on the 7th PO day, for in vivo  
analytic procedures. The abdominal incisions in the 
rats were dissected, all the new and old anastomotic 
segments were clearly seen and bursting pressures 
of each anastomotic segment, tissue hydroxyproline 
levels and DNA content were determined to assess the 
histologic tissue repair process.

RESULTS: When the IV group was compared with 
the IP group, bursting pressures of the anastomotic 
segments on the 3rd and 7th PO days, were found to 
be significantly decreased, hydroxyproline levels at the 
anastomotic segment on the 7th PO day were signifi-
cantly decreased (P  < 0.01).

CONCLUSION: In this study, we conclude that early 
preoperative 5-FU, administered IV, negatively affects 
wound healing. However, IP administered 5-FU does 
not negatively affect wound healing.
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INTRODUCTION
Colorectal cancer is a common malignancy in most 
developed countries worldwide[1]. Metastasis frequently 
occurs before clinical detection of  the primary tumour. 
Despite the advances in surgical techniques, this 
characteristic of  the malignancy prevents a significant 
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improvement in cure rates for colorectal cancers[2]. 
While cancer therapy was limited to surgery in the past, 
nowadays therapy includes the combination of  surgical 
radiotherapy, chemotherapy, hormonal and biological 
therapies[3,4]. 5-fluorouracil (5-FU) treatment has been 
accepted as standard chemotherapy for colorectal cancers 
for a long time. Recently, high recurrence rates, the 
presence of  distant metastasis, the possibility of  complete 
resection, and the removal of  circulating tumour cells 
after curative resection of  colorectal cancers constitute 
a new therapeutic approach known as neo-adjuvant 
chemotherapy[5-7]. While the integrity of  anastomoses 
after colorectal cancer resection is an important parameter 
on mortality and morbidity, the effects of  preoperative 
chemotherapy on wound healing and anastomoses are 
also important and have not been clearly outlined. 

This study investigates the effects of  early preoperative 
administration of  5-FU, given intravenously (IV) and intra-
peritoneally (IP), on wound healing in colon anastomoses.

MATERIALS AND METHODS
Sixty male Wistar-Albino rats weighing between 225 
and 315 g were used in this study. All rats were clinically 
healthy and were fed with standard laboratory food and 
water. The animals were numbered at the beginning of  
the study and weighed every day during the study. There 
were three groups: Group Ⅰ, a control group (n = 20); 
group Ⅱ which received 5-FU IP (n = 20); group Ⅲ 
which received 5-FU IV (n = 20). The study was ap-
proved by the local Ethics Committee of  Haydarpaşa 
Numune Hospital. 

Drug administration
When pilot studies and related literature were taken into 
account, a dose of  20 mg/kg 5-FU was calculated to be 
the maximum non-lethal dose[8]. Chemotherapy was not 
administered to the control group. The second group was 
administered 5-FU IP at a dose of  20 mg/kg in saline at a 
concentration of  5 mg/mL each day prior to surgery. The 
third group was given 5-FU via the penile vein at a dose 
of  20 mg/kg in saline at a concentration of  2 mg/mL 
each day for 5 d before surgery. Both groups underwent 
surgery on the 3rd d after chemotherapy to reduce the 
adverse effects of  chemotherapy. 

Operative procedure
The same operative procedure was performed in all 
groups by the same surgeon. 10 mg/kg of  ketamine was 
given subcutaneously to rats under ether anaesthesia. After 
shaving the frontal abdominal wall, this area was cleaned 
with povidone iodine and covered with sterile cloths. The 
abdomen was entered through a 3 cm mid-line incision, 
1 cm of  colon 2 cm proximal of  the peritoneal reflection 
was resected, and a side-to-side anastomosis was made 
using ten intermittent sutures with 6/0 polypropylene 
(Ethicon). Muscles of  the front abdominal wall and skin 
were closed by continuous suture with 3/0 silk. Half  the 

animals in each group were anaesthetized again either on 
day 3 or 7 after surgery for in vivo analytic procedures. The 
animals were then killed by haemorrhage for in vitro ana-
lytic procedures.

Analytic procedures 
After making an abdominal incision, macroscopic evalu-
ations of  the anastomotic segment were performed. Ad-
hesions surrounding the anastomoses were not cut, and 
bursting pressure was measured for every anastomotic 
segment during the internal passage of  200 mL/h saline. 
For this purpose, a 10/0 silicon catheter was passed via 
the anus to 2 cm distal of  the anastomosis and the co-
lon was ligated with silk suture above the catheter. The 
colon was cut 3 cm proximal to the anastomotic seg-
ment. The catheter, which had its end fixed to a standard 
sphygmomanometer (Petaş, Turkey), was moved 1 cm to 
the anastomotic segment from the cut end of  the colon 
and the colon was ligated with silk suture around the 
catheter. The perfusator (Becton Dickinson, France) was 
maintained at a speed of  200 mL/h and saline was given 
continuously through the catheter situated in the anus. 
Increased pressure on the sphygmomanometer was ob-
served. Pressure values of  the first leakage from the anas-
tomotic segments, when increased pressure on the sphyg-
momanometer stopped and the time of  falling pressure 
were recorded as bursting pressures. These bursting pres-
sures were recorded in mmHg for each animal.

After measuring the anastomotic pressures and just 
before the animals were sacrificed, 5 mL blood samples 
were taken from the inferior vena cava to determine 
white blood cell, haemoglobin and platelet counts. 

Anastomotic segments were isolated from the sur-
rounding tissues. One cm of  colonic segment, including 
the anastomotic area was resected and was longitudi-
nally separated into two parts. One of  the segments was 
frozen at -45℃ for hydroxyproline measurements (hy-
droxyproline was used as a marker of  collagen content) 
which were calculated as nanograms per gram of  tissue. 
Anastomotic hydroxyproline content was measured by 
spectrophotometric determination using the method de-
scribed by Bergman et al[9]. The other segment was em-
bedded in paraffin for DNA content measurement and 
histological assay. Tissue DNA content was determined 
by flow cytometry using Mod-Fit Ver 5.01 software[10].

Tissue sections from routinely embedded paraffin 
blocks were stained with hematoxylin-eosin and exam-
ined by light microscopy. Histological examination was 
evaluated using the criteria determined by de Roy van 
Zuidewijn et al[11]. Slides were evaluated twice by the same 
observer in a blind fashion. Granulation tissue was evalu-
ated as; 1-low; 2-medium; 3-high (intense) and histological 
parameter scores related to muscular tissue were evalu-
ated as; 1-negative; 2-medium; 3-complete. According to 
a seven-point scale, mucosal re-epithelization scores were 
as follows; 1-negative, 2-little-one line cubic, 3-lot-one line 
cubic, 4-nearly one line cubic, 5-finished-one line cubic, 
6-one line glandular, 7-normal glandular mucosa.
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Statistical analysis
All data are presented as means ± SE. Non-parametric 
Kruskall Wallis variant analysis was used for multiple 
group comparisons of  statistical analysis and subgroup 
comparisons were performed with Dunn’s test. Pair group 
analysis was evaluated using Mann-Whitney U test.

RESULTS
During the experimental procedure, two animals died on 
the 3rd and 7th postoperative (PO) days in the IV group. 
The cause of  death was leakage from the anastomotic 
site. No mortality was observed in the control and IP 
groups. Dead rats were replaced with new animals. 

Weight measurements 
Rats were weighed at the beginning of  the study, during 
the chemotherapy period and in the postoperative peri-
od. Weight loss was observed in all animals in the che-
motherapy groups (IP and IV) compared with baseline 
values, whereas control animals gained weight during the 
preoperative period. Animals in the control group also 
lost weight during the PO period. Weight loss in the rats 
is shown in Figure 1. On the 3rd PO day, the IV 5-FU 
group weighed significantly less than the control group 
(P < 0.01) and the IP group (P < 0.01). Weight loss in 
the IV 5-FU group on the 7th PO day was found to be 
significantly lower than the control group (P < 0.01) and 
the IP group (P < 0.001). 

Hematological effects 
Haemoglobin, white blood cell and platelet counts in 
the blood samples taken on the 3rd and 7th PO days 
after chemotherapy are shown in Table 1. There was no 
statistically significant difference between the groups for 

haemoglobin counts on the 3rd and 7th PO days. On the 
3rd PO day in the IV 5-FU group, the platelet count was 
found to be significantly lower than the control group  
(P < 0.05).

Bursting pressure 
Bursting pressures were measured at anastomotic seg-
ments on the 3rd and 7th PO days (Figure 2). Bursting 
pressure values were significantly lower than the control 
(P < 0.01) and IP group on (P < 0.05) the 3rd PO day in 
the IV 5-FU group. On the 7th PO day, bursting pres-
sure values in the IV and IP groups were not significant-
ly different from the control group. However, bursting 
pressure values in the IV 5-FU group were significantly 
lower when compared with the IP group (P < 0.01).

Tissue hydroxyproline 
Anastomotic hydroxyproline values were statistically sig-
nificantly higher in the IP group compared to the control 
and IV group on the 3rd PO day (P < 0.01). There were 
no statistically significant differences between the IV and 
control groups on PO day 3, regarding hydroxyproline 
levels. Hydroxyproline levels in the IP group were the 
highest and anastomotic hydroxyproline levels in the IV 
group were significantly lower than the IP group on PO 
day 7 (P < 0.01) (Figure 3).

DNA analysis
DNA contents in the anastomotic segments were evalu-
ated using a flow cytometer technique in this study[10]. 
When the anastomotic segments were examined, a de-
crease in cell proliferation was noted on the 3rd PO day 
in the IV group, when compared to the control group, 
and on the 7th PO day between the control and the IP 
group. However, this decrease was not statistically significant. 
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Figure 1  Weights of rats during experimental procedure. Preop: Pre-operation; 
Postop: Post-operation.

Table 1  Leukocyte, platelet and haemoglobin values of blood samples in each group (mean ± SE)

Groups Leukocytes (109/L) Platelets (109/L) Haemoglobin (g/dL)

3rd d 7th d 3rd d 7th d 3rd d 7th d

Control   9.0 ± 3.04   7.6 ± 3.4 1117 ± 169 1270 ± 229    11 ± 1.7   12.6 ± 1.2
IP 9.1 ± 3.3   9.7 ± 2.4   808 ± 203 1228 ± 194 10.5 ± 1.7     11.9 ± 0.45
IV 7.4 ± 4.7 15.9 ± 5.2   736 ± 243 1542 ± 289     9.6 ± 1.13 11.16 ± 1.9
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Figure 2  Bursting pressure values of experimental groups on postoperative 
3rd and 7th d.
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The tissue proliferation index of  anastomotic segments 
is shown in Figure 4.

Histological analysis
Scores for the histological parameters in the groups are 
given in Table 2. The best granulation tissue was observed 
on the 3rd and 7th d in the IP 5-FU group. On the 3rd d 
of  re-epithelization, there was no statistically significant 
difference between the control and both 5-FU adminis-
tered groups. However, on the 7th d there was a statisti-
cally significant difference between the control and the 
IV 5-FU group (P < 0.05), and between the IP 5-FU and 
IV 5-FU groups (P < 0.05). On multiple comparisons 
between the groups, the statistically significant difference 
was maintained (P < 0.05). Muscle tissue formation was 
not complete on the 3rd and 7th d and related values were 
not statistically different between the groups. 

DISCUSSION
Colorectal cancer is the second most frequent type of  
cancer in industrialized countries. Despite improvements 
in surgical techniques, almost half  of  patients with 
colorectal cancer will eventually die of  recurrent disease. 

When colon cancer recurs after surgical resection, lo-
cal disease is found in 25%-40% of  patients, peritoneal 
implants in 12%-28% of  patients, and liver metastases in 
40% of  patients. Hepatic and peritoneal metastases have 
been reported to be the most frequent failure patterns in 
resected colorectal cancer patients[12,13].

Solomon et al[14] reported on the incidence of  colo-
rectal cancer cells on peritoneal surfaces. Overall, 15% 
of  patients had positive cytology for cancer cells in the 
peritoneal or bowel surface. Stage Ⅱ and Ⅲ disease is 
treated with wide surgical resection in combination with 

adjuvant or neo-adjuvant chemoradiation. The com-
bined modality of  chemotherapy and surgery increases 
overall survival and the disease-free period[15-18]. 5-FU 
was first reported to be effective for colorectal cancer 
in the 1950s. For more than 10 years, 5-FU was the only 
adjuvant drug given as a single agent. Since its introduc-
tion, 5-FU has remained the cornerstone of  adjuvant 
treatment for colorectal cancer. A number of  clinical and 
experimental data are available on the effects of  5-FU, 
either alone or in combination with other chemothera-
peutic agents, on wound healing[19-22].

In the adjuvant therapy of  colorectal cancers, 5-FU 
was used alone in prolonged systemic regimens or in 
combination with other agents[22-25]. Fundamentals of  
preoperative chemotherapy were based on the results of  
Cole et al[5]. According to these results, numerous malig-
nant cells pass into the peripheral circulation during sur-
gical manipulations for localized carcinomas. Preopera-
tively administered cytotoxic agents may allow tumour 
resectability and decrease the incidence of  distant or 
local metastases[26].

5-FU can be injected IV and hepatic concentrations 
can also be achieved intraportally and IP[22,27,28]. In 
addition, intravenous administration may not allow 
sufficient penetration in the abdominal cavity. This 
could be the reason why chemotherapeutic agents may 
not be effective enough to eliminate micrometastases, 
especially at the resection site and peritoneal surfaces, 
which are high risk sites for local recurrence. When the 
drug is administered via the intraperitoneal route, high 
local and hepatic concentrations can be achieved[28]

. Local 
peritoneal recurrence and haematological toxicity were 
lower when 5-FU was administered IP. A prospective trial 
showed that 5-FU administered IP reduced peritoneal 
failure significantly more than intravenous 5-FU[29]. There 
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Figure 3  Hydroxyproline levels in anastomotic segment.
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Figure 4  Proliferative cell rates of anastomotic segments.
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Table 2  Histological scores of anastomotic colon healing in all groups on the 3rd and 7th postoperative days (mean ± SE)

Groups 3rd d 7th d

Control IP IV Control IP IV

Granulation 1.66 ± 0.70 2.14 ± 0.89 1.42 ± 0.53 2.66 ± 0.50 2.71 ± 0.48 2.57 ± 0.53
Re-epithelization 1.55 ± 1.66 2.71 ± 2.21 1.00 ± 0.00 4.77 ± 1.20 5.28 ± 0.95 2.42 ± 2.14
Muscular tissue 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.22 ± 0.44 1.42 ± 0.44 1.14 ± 0.37
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is an increased interest in the use of  intraperitoneal 
chemotherapy with 5-FU to treat advanced colon cancer. 
Randomised clinical trials have reported a reduction in 
local recurrence rate with either intraperitoneal 5-FU 
alone or combined with intravenous 5-FU[30]. 

Toxic side effects are the major dose-limiting factors 
in chemotherapy. In patients with advanced primary 
colon cancer, a significantly higher dose of  5-FU can be 
given by the intraperitoneal route than by the intravenous 
route[29]. We used the intraperitoneal approach to deliver 
high concentrations of  5-FU into the peritoneal cavity 
without increasing the risk of  systemic toxicity. In 
addition, previous clinical and experimental studies have 
shown that immediate postoperative 5-FU given IP has 
no adverse effect on outcome[8].

In 1994, Kelsen et al[31] reported a phase Ⅰ trial of  
postoperative intraperitoneal floxuridine and leucovorin 
plus systemic 5-FU and levamisole after resection of  
high-risk colon cancer. Intraperitoneal therapy appeared 
to be well tolerated, with no substantial increase in 
postoperative morbidity and no operative mortality.

In 1998, Scheithauer et al[30] accepted 241 patients with 
resected stage Ⅲ or high-risk stage Ⅱ colon cancer into 
a trial, comparing intravenous 5-FU and levamisole given 
for a period of  6 mo with a treatment program consisting 
of  leucovorin plus 5-FU given IV and IP. In patients with 
stage Ⅲ disease, a significant improvement in disease-free 
survival and overall survival rates was observed using the 
systemic plus intraperitoneal treatment, with an estimated 
43% reduction in mortality rate. Intraperitoneal and 
systemic chemotherapy markedly reduced local regional 
recurrences[30].

It is stated that the highest non-lethal dose of  5-FU 
is 20 mg/kg for rats and this was the dose administered 
in our previous trial[11]. The 500 mg/m2 human dose is 
equal to the animal dose used in this study. A 3 d interval 
between the last day of  chemotherapy and the surgical 
procedure was approved to reduce the strong side effects 
of  chemotherapy[6,22].

Weight reductions were detected both during 5-FU 
injections and after surgery. The weight of  the rats was 
recorded during the 5-FU injection period and days 
after the operation. All rats lost weight compared with 
baseline values during 5-FU administration and after the 
operation, which was statistically significant in the IV 
group. These results were concordant with reports from 
the literature[6,8,32]

. Weight loss after 5-FU is related to 
anastomotic healing.

The burst pressure values of  the anastomotic seg-
ments were measured in vivo on the 3rd and 7th PO days 
in rats receiving and not receiving 5-FU in this study, 
similar to that in the study by Kuzu et al[6]. Anastomotic 
burst pressures have been measured in vitro in most pre-
vious similar reports[8,22]

. We think that in-vivo measure-
ments reflect the clinical status much better. The burst-
ing sites we found in this study are in accordance with 
those in other studies which reported that the anastomo-
sis is the most common bursting point[22,33]. On the 3rd 

PO day, bursting pressure values for the IV 5-FU group 
were found to be significantly lower than the control and 
IP groups. On the 7th PO day, bursting pressure values 
in the IV 5-FU group were significantly lower than the 
IP group. Similar results have been found in previously 
reported studies[22,32,33].

Graf  et al[32] reported that early postoperative 5-FU 
administration had a negative impact on the bursting 
strength of  colonic anastomosis.

5-FU administered preoperatively may also have a 
negative influence on the ability of  fibroblasts to proliferate 
and synthesize collagen. Reduced collagen synthesis can 
lead to anastomotic dehiscence[22].

Collagens which guarantee tissue continuity in the tissue 
repair period contain high proportions of  glycine, proline 
and hydroxyproline. Tissue hydroxyproline levels are 
important parameters in the tissue repair process[34,35]. Some 
studies have found that 5-FU decreases the hydroxyproline 
content of  wounds[19,21]. There were significant differences 
in hydroxyproline levels at the anastomotic segments on 
both the 3rd and 7th PO days in the IV group compared 
to the IP group. The decrease in collagen content was 
correspondant with the decrease in bursting pressures. 

It is already known that the chemotherapeutic agent 
5-FU inhibits DNA synthesis and cell proliferation, by 
affecting the cell cycle[36]

. Based on this mechanism of  
action, the effect of  chemotherapy on cell proliferation at 
the anastomotic segment was evaluated by DNA analysis. 
An obvious decrease in cell proliferation was found at 
the anastomotic segment of  the IV chemotherapy group, 
compared with the IP and control groups on the 7th 
PO day. This decrease was not statistically significant. 
The effects of  5-FU on cancer kinetics determined by 
DNA analysis, was reported to stress the importance 
of  neo-adjuvant chemotherapy. It was thought that 
available parameters could be used to determine the anti-
tumour effects of  5-FU[37]

. The DNA proliferation index 
can be used as a parameter to determine the effect of  
chemotherapy on tissue repair; however, further clinical 
and experimental studies are required.

We looked at histological aspects of  the colon 
during a 7-d period. Although there were no statistically 
significant differences between the granulation tissues 
on the 3rd and 7th PO days in our study, the decrease in 
re-epithelization, as a sign of  a mucosal improvement, 
was statistically significant in the IV group compared 
with the control and IP groups. According to the results 
of  de Roy van Zuidewijn et al[11], completion of  colonic 
muscular tissue repair takes about 21 d. Consistent with 
our study, muscular repairs were not complete in any of  
the groups at the 3rd and 7th d of  the early tissue repair 
period, and no difference was found between the control 
and the experimental groups. Our histological findings 
suggested that IP 5-FU administration may be preferred 
over IV administration which was in accordance with our 
previous results. 

All anastomoses were examined macroscopically 
during the second laparotomy, before the bursting pressure 
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measurements. Intra-abdominal adhesions were not 
classified but the integrity of  anastomoses, the existence of  
perianastomotic abscess or peritonitis and the formation 
of  adhesions were less frequent in the IP group, when 
compared to the control and IV groups.

5-FU derivatives inhibit DNA synthesis by inhibiting 
thymidylate synthetase, and reduce the biological activity 
of  RNA in both human cells and growing bacteria[38,39].

 When applied locally, 5-FU seems to behave like an 
antibiotic. This confirms certain studies which implied an 
increasing bactericidal effect when antimicrobial drugs 
and antineoplastic drugs were administered together. 
Nyhlén et al[40] reported that against two of  the three 
tested strains of  Staphylococcus epidermidis. the combination 
of  ciprofloxacin and 5-FU resulted in a synergistic 
prolongation of  the postantibiotic effect (PAE) in 
comparison with the PAE induced by the drugs alone. 
However, these results need to be confirmed clinically.

In conclusion, our results demonstrate that, early pr-
eoperative IV administration of  5-FU has a negative ef-
fect on anastomotic healing of  the colon. However, the 
IP route of  5-FU administration has no adverse effect 
on the healing process of  colon anastomoses and burst 
pressure. This study was performed on healthy animals 
and may not reflect the exact situation in the case of  ma-
lignant tumors.

Comments
Background
For cancers of the large bowel, multi-institutional trials have demonstrated a 
significant reduction in mortality with adjuvant chemotherapy compared with 
surgery alone. 5-fluorouracil (5-FU) was therefore used as a neoadjuvant the-
rapy in the present study where it had no adverse effect on anastomotic healing 
and burst pressure.
Research frontiers
5-FU is the mainstay of systemic treatment for colorectal cancer. Intravenous 
administration may not allow sufficient penetration in the abdominal cavity. This 
may be the reason why chemotherapeutic agents are not effective enough to 
kill all micrometastases, especially at the resection site and peritoneal surfaces. 
Because of these theoretical advantages, neoadjuvant intraperitoneal chemot-
herapy may be a new treatment option for colorectal cancer. This study investi-
gated the effect of preoperative 5-FU on the healing of colorectal anastomoses 
in the rat. 
Innovations and breakthroughs
5-FU can be injected not only intravenously, but also intraportally and intrape-
ritoneally (IP). When administered by the intraperitoneal route, high local and 
hepatic concentrations can be achieved. Whether 5-FU compromises wound 
healing is still controversial. Previous clinical and experimental studies have 
shown that immediate postoperative 5-FU given IP has no adverse effect on 
outcome. Therefore, 5-FU was used as neoadjuvant therapy in the present 
study.
Applications
This study may represent a future strategy for neoadjuvant chemotherapy in 
colonic cancer.
Terminology
5-FU is the most widely used chemotherapeutic agent in the adjuvant treatment 
of colon cancer. 5-FU acts during synthesis by interfering with normal pat-
hways. 5-FU might also have a negative influence on the ability of fibroblasts to 
proliferate and synthesize collagen. Reduced collagen synthesis could lead to 
anastomotic dehiscence. 
Peer review
It is an interesting topic for the readers of WJG. The authors described pre- and 
postoperative variables after two methods of 5-FU administration.
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