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Abstract
Capecitabine (Xeloda®) is an oral fluoropyrimidine which 
is produced as a pro-drug of fluorouracil, and shows 
improved tolerability and intratumor drug concentra-
tions following its tumor-specific conversion to the active 
drug. We have searched the Pubmed and Cochrane da-
tabases from 1980 to 2009 with the purpose of review-
ing all available information on Capecitabine, focusing 
on its clinical effectiveness against colorectal cancer. 
Special attention has been paid to trials that compared 
Capecitabine with standard folinic acid (leucovorin, 
LV)-modulated intravenous 5-fluorouracil (5-FU) bolus 
regimens in patients with metastatic colorectal cancer. 
Moreover the efficacy of Capecitabine on metastatic 
colorectal cancer, either alone or in various combinations 
with other active drugs such as Irinotecan and Oxalipla-
tin was also assessed. Finally, neoadjuvant therapy con-
sisting of Capecitabine plus radiation therapy, for locally 

advanced rectal cancer was analysed. This combination 
of chemotherapy and radiotherapy has a special role in 
tumor down staging and in sphincter preservation for 
lower rectal tumors. Comparative trials have shown that 
Capecitabine is at least equivalent to the standard LV-5-
FU combination in relation to progression-free and overall 
survival whilst showing a better tolerability profile with a 
much lower incidence of stomatitis. It is now known that 
Capecitabine can be combined with other active drugs 
such as Irinotecan and Oxaliplatin. The combination of 
Oxaliplatin with Capecitabine represents a new standard 
of care for metastatic colorectal cancer. Combinating the 
Capecitabine-Oxaliplatin regimen with promising new 
biological drugs such as Bevacizumab seems to give a 
realistic prospect of further improvement in time to pro-
gression of metastatic disease. Moreover, preoperative 
chemo-radiation using oral capecitabine is better toler-
ated than bolus 5-FU and is more effective in the promo-
tion of both down-staging and sphincter preservation 
in patients with locally advanced rectal cancer. Finally, 
the outcomes of recently published trials suggest that 
capecitabine seems to be more cost effective than other 
standard treatments for the management of patients 
with colorectal cancer.

© 2010 Baishideng. All rights reserved.

Key words: Chemo-radiotherapy; Colorectal cancer; 
Capecitabine; Oxaliplatin; Xeloda
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INTRODUCTION
5-Fluorouracil (5-FU) a fluorinated analog of  uracil has 
been commercially known since 1957. It is a member of  
the antimetabolite family and has substantial activity as a 
chemotherapeutic agent over a variety of  malignant tu-
mors including colorectal cancer (CRC). Several trials have 
shown improved local control and survival rates when 5-FU 
is combined with radiation therapy in a variety of  malig-
nancies when compared to radiation therapy alone[1].

5-FU’s molecular activity is quite complex, showing 
interference with DNA synthesis and mRNA translation. 
5-FU is transformed to 5-fluorodeoxyuridine (5FdUrd) 
by the action of  thymidine phosphorylase[2]. 5FdUrd then 
binds to thymidylate synthase and to tetrahydrofolate, 
forming a stable complex which prevents the formation 
of  thymidine from thymine. Finally DNA synthesis is 
blocked, leading to cell death. 

In addition, interfering with the enzymatic path of  thy-
midine kinase, the 5FdUrd is metabolized into fluorouri-
dinemono- and triphosphate (FdUMP and FdUTP), which 
are directly inserted into the DNA, leading to pathological 
DNA structures. The FdUTP can also be used by mRNA 
polymerase for mRNA formation, resulting in blockage of  
mRNA translation.

Because of  its unpredictable gastrointestinal absorp-
tion and degradation 5-FU must be administered intrave-
nously. The concentrations of  5-FU in plasma depend on 
drug dosage as well as the rate of  administration because 
it exhibits saturable pharmacokinetics[3]. Protracted in-
fusion of  5 to 28 d in CRC patients has been found to 
increase the response rate (RR) from the 14%, achieved 
with bolus infusions, to 22%[4]. 

However, the drawbacks of  continuous 5-FU infu-
sions are hospital and/or home health costs, infection risk 
from intravenous devices and overall patient burden[5]. To 
overcome these disadvantages whilst preserving the ben-
efits of  continuous-infusion, oral pro-drugs of  FU were 
developed.

Ftorafur (Tegafur), developed in 1967, was the first 
oral 5-FU prodrug and showed palliative benefits in a 
phase Ⅰ study in patients with gastrointestinal carcinomas. 
However, further improvement of  that product in the Unit-
ed States was restricted due to neurological toxicities[1]. UFT 
which is a combination of  Tegafur with Uracil, an inhibitor 
of  the primary enzyme responsible for FU degradation to 
central nervous system active metabolites, is currently being 
evaluated[1]. S-1 (ftorafur plus 5-chloro-2,4-dihydroxypy-
ridine plus potassium oxonate) is an oral 5-FU pro-drug 
which is also a dihydropyrimidine dehydrogenase inhibitor. 
It was developed in 1996 by Japanese workers. Based on the 
good results from trials in patients with gastric cancer, S-1 
was given a manufacturing approval from the Ministry of  
Health and Welfare of  Japan in January 1999, with indica-
tions for advanced and recurrent gastric cancers[6].

Doxifluridine (5’-FdUrd; 5’-deoxy-5-fluorouridine), 
another oral pro drug, takes advantage of  a different meta-
bolic pathway to form 5-FU. The conversion of  this pro 
drug to its active form is through the enzyme thymidine 

phosphorylase. This enzyme is expressed in higher levels in 
tumors and the intestinal tract, and is responsible for dose 
limiting toxicity indicated by diarrhea[7,8].

Capecitabine is a carbonate derivative of  5’-DFUR that 
is absorbed through the intestine in pro-drug form. Three 
activation steps are necessary to metabolize capecitabine 
to its active form, FU (Figure 1). Capecitabine is absorbed 
through the intestine and converted in the liver to 5’-de-
oxy-S-fluorocytidine (5’-DFCR) by carboxylesterase and 
then to 5’-deoxy-S-fluorouridine (5’-DFUR) by cytidine 
deaminase (Cyt D). Finally, thymidine phosphorylase (TP) 
converts 5’-DFUR to the active drug, FU. This reaction 
occurs in both tumor and normal tissues. However, thy-
midine phosphorylase is found at higher concentrations 
in most tumor tissue than in normal healthy tissue. This 
theoretically allows a selective activation of  the drug and 
low systemic toxicity[9,10].

This article reviews the available information on 
Capecitabine with respect to its effectiveness on locally 
advanced and metastatic CRC, as a first line treatment 
in combination with other active drugs. The efficacy of  
combined Capecitabine with radiation therapy in locally 
advanced colorectal cancer as presurgical approach is also 
evaluated.

IDENTIFICATION OF ELIGIBLE STUDIES
We searched MEDLINE and the Cochrane Central Reg-
ister of  Controlled Trials (last search on December 2009) 
using combinations of  terms, such as: Capecitabine, Xe-
loda and CRC treatment. We also checked the abstracts 
from the major International Cancer Meetings such as the 
American Society of  Clinical Oncology (ASCO) and Gas-
tro-Intestinal Cancer Symposium during the last decade. 
We considered as eligible all, English written, meta-analyses 
or randomized controlled trials, providing information 
about the effectiveness of  Capecitabine on colorectal can-
cer treatment, and future directions of  ongoing research. 
Given the large volume of  experience accumulated during 
the last few years on the use of  Capecitabine for treating 
patients with CRC, we believe it is of  the interest include 
a review and summary of  the results of  the most relevant 
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Figure 1  Metabolic conversion of capecitabine to fluorouracil in three 
consecutive steps. 5’-DFCR: 5’-deoxy-S-fluorocytidine; Cyt D: Cytidine 
deaminase; 5-FU: 5-Fluorouracil; TP: Thymidine phosphorylase.



clinical trials on this issue. We have incorporated those 
published as full papers in peer-reviewed journals as well 
as those reported recently at the major international can-
cer meetings such as ASCO end Gastro-Intestinal Cancer 
Symposium. 

DATA EXTRACTION
We extracted information from each eligible study. The 
data recorded included author name, year of  publication, 
number of  patients included in the study, combination(s) 
of  drugs used, doses of  drugs, percentage overall response, 
median time to progression and median survival.

CAPECITABINE VS STANDARD 
5-FLUOROURACIL/LEUKOVORIN 
COMBINATION FOR LOCALLY 
ADVANCED AND METASTATIC 
COLORECTAL CANCER
For locally advanced or metastatic CRC the main treat-
ment for more than four decades was based on FU either 
as a single agent in combination with leukovorin (LV) or 
in regimen with newer drugs such as irinotecan or oxalipl-
atin[11]. For metastatic CRC, Capecitabine as a single agent 
is compared with standard FU/LV regimen for first line 
therapy in two phase Ⅲ trials and but with no comparative 
studies with irinotecan and oxaliplatin[12-25].

The role of  Capecitabine as a single agent in metastatic 
CRC was evaluated and compared to standard intravenous 
FU/LV regimen as first line treatment in two randomized 
non-blinded phase Ⅲ trials[12,13]. The two trials were identi-
cal regarding the study design, primary and secondary end 
points, patient inclusion and exclusion criteria, conduct and 
monitoring. Six hundred and five patients from 61 centers 
in the United States, Canada, Brazil and Mexico were en-
rolled in first study[12]. The second study included 602 pa-
tients from 59 centers in Europe, Australia, New Zealand, 
Taiwan and Israel[13] (Table 1). Both trials had the same pri-
mary end-point, to determine whether Capecitabine was at 
least as effective as 5-FU/LV in terms of  objective tumor 
RR. The estimation was done both by investigators and by 

an independent review committee (IRC) which consisted 
of  a panel of  blinded radiologists who estimated tumor 
response based only on imaging. Secondary endpoints were 
time to progression (TTP), overall survival (OS), duration 
to response, time to treatment failure, time to first response, 
safety and quality of  life. A computer system was used for 
random allocation of  patients to either Capecitabine or 
5-FU/LV arm. Capecitabine (1250 mg/m2) was taken orally 
within 30 min of  food twice a day for 2 wk of  treatment 
followed by 1 wk of  rest.

Patients in the 5-FU/LV arm received the Mayo Clinic 
regimen which consisted of  LV 20 mg/m2 as a rapid 
intravenous injection followed by 5-FU 425 mg/m2 as a 
bolus injection every day from day 1 to day 5; with cycles 
repeated every 4 wk. Depending on disease progression 
(or non-progression) and on toxicity (acceptable toxic
ity) the treatment was scheduled to be continued over a 
30-wk assessment. In those patients showing response 
to treatment or with stable disease, treatment might be 
extended beyond 30 wk at the discretion of  attendant 
physician[12,13]. According to the extent and site of  metastatic 
disease as well as baseline prognostic indicators, the two 
arms were well balanced in both studies with the exception 
of  a higher alkaline phosphatase concentration in the 
Capecitabine group in the study by Hoff  et al[12]. The overall 
RRs were 26% vs 17% (P < 0.001) when evaluated by the 
investigators, and 22% vs 13% (P < 0.001) when assessed 
by the IRC, favouring the Capecitabine arms in both cases. 
Subgroup analysis showed a higher RR for Capecitabine-
treated patients who had received adjuvant therapy before 
the trial (21.1% vs 9.0%, P < 0.05), for patients with 
predominantly lung metastasis (33.3% vs 10.3%, P < 0.05), 
and for those with only 1 metastatic site (37.8% vs 21.8%, 
P < 0.05). The median duration of  treatment was similar 
for the 2 therapies: 4.5 mo for Capecitabine and 4.6 mo 
for 5-FU/LV. Median time to response was shorter in 
the Capecitabine patients (1.7 mo vs 2.4 mo, P value not 
reported). However, these benefits did not translate into 
an improvement of  TTP or OS. The median TTP was 4.6 
mo in the Capecitabine group and 4.7 mo for 5-FU/LV 
(P = 0.95), with no baseline characteristics demonstrating 
any significant differences. Median survival rates were 12.9 
and 12.8 mo for the Capecitabine and FU/LV groups, 
respectively. As far as the toxicity profile is concerned, 
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Table 1  Randomized controlled trials comparing capecitabine with standard 5-fluorouracil/leucovorin in patients with metastatic 
colorectal cancer

Author Treatment arms OS (mo) RR (%) PFS (mo) FFS (mo) Major toxicity

Hoff et al[12] ARM1: LV 20 mg/m2 iv + 5-FU 425 mg/
m2/per day iv, days 1-5 every 4 wk

13.3 11.6 4.7 3.1 More stomatitis with 5-FU/LV 
(16% vs 3%)

ARM2: Capecitabine 2500 mg/m2 per 
day, for 14 d every 21 d per os

12.5 25.8 
(P = 0.005)

4.3 4.1 More hand-foot syndrome with 
capecitabine (18% vs 1%)

Van Cutsem et al[13] ARM1: LV 20 mg/m2 iv + 5-FU 425 mg/
m2 per day iv, days 1-5 every 4 wk

12.1 15 4.7 4.0 More stomatitis with 5-FU/LV 
(13.3% vs 1.3%)

ARM2: Capecitabine 2500 mg/m2per 
day, for 14 d every 21 d per os 

13.2 18.9 5.2 4.2 More hand-foot syndrome with 
capecitabine (16.2% vs 0.3%)

OS: Overall survival; RR: Response rate; PFS: Progression-free survival; FFS: Failure-free survival; LV: Leucovorin; 5-FU: 5-fluorouracil.



results were observed which favoured the Capecitabine 
arm: diarrhea 47.7% vs 58.2%, stomatitis 24.3% vs 61.6%, 
alopecia 6.0% vs 20.6%, grade 3-4 neutropenia 2.3% vs 
22.8% and neutropenic fever 0.2% vs 3.4%. Hand-foot 
syndrome occurred more frequently in the Capecitabine 
groups (53.5% vs 6.2%). Dose reductions due to toxicity 
of  Capecitabine were necessary in 27.3% of  patients in the 
study by Van Cutsem et al[13] and in 40.5% of  patients in the 
study by Hoff  et al[12]. Correspondingly, 35.1% and 49.3% 
of  the patients receiving 5-FU required dose reductions 
in the respective studies. Dose reduction was necessary 
mainly due to the hand-foot syndrome and diarrhea in the 
Capecitabine group, while diarrhea and stomatitis were the 
main causes of  dose reduction in the 5-FU/LV arm[12-14]. 

When combining 5-FU with LV the cytotoxic effect 
of  the active drug is prolonged through the stabiliza-
tion of  a tertiary complex with thymidylate synthase[1]. In 
order to evaluate the effect of  LV with Capecitabine, a 
phase Ⅱ study was conducted[15]. Patients with advanced 
CRC were randomized to receive intermittent therapy (2 wk 
on treatment, 1 wk off) with either Capecitabine alone (1255 
mg/m2 twice daily, n = 34) or Capecitabine (828 mg/m2 )  
and LV (30 mg/d), both dosed twice a day, n = 35). Over-
all RRs were 24% in the single-agent arm and 23% in the 
LV arm (P values not reported). Median TTP favored the 
single-agent group (230 d vs 165 d). The Capecitabine/LV 
combination produced more diarrhea (any grade: 44% vs 
57%; grade 3 or 4: 9% vs 20%) and hand-foot syndrome 
(any grade: 44% vs 55%; grade 3: 15% vs 23%). Combined 
dosing with LV did not provide added benefit in terms of  
RR or TTP and produced more adverse events[15]. 

PHASE Ⅱ TRIALS OF COMBINATIONS 
OF CAPECITABINE WITH OXALIPLATIN 
OR IRINOTECAN IN METASTATIC 
COLORECTAL CANCER 
The combinations of  5-FU/LV with the camptothecin 
irinotecan or the platinum analog oxaliplatin have produced 
encouraging RRs, in patients with metastatic CRC, and 
are often used as first line treatment[11]. The efficacy of  
combining such drugs with Capecitabine in patients 
with metastatic CRC has been evaluated by several non-
comparative phase Ⅱ studies[16-25] (Table 2).

The fact that oxaliplatin up regulates thymidine phos-
phorylase can lead to synergistic activity with Capecitabi-
ne[16]. Although the two treatments were not directly com-
pared, the Capecitabine and oxaliplatin combination gave 
comparable outcomes to that of  FU/LV and oxaliplatin as 
regard the overall RR (37%-55% vs 34%-49% respectively) 
and median survival (17-20 mo vs 16-21 mo respective-
ly)[12,16-19].

Furthermore, the toxicological profile was related to 
oxaliplatin induced sensory neuropathy, nausea and vom-
iting, and Capecitabine induced diarrhea[16-19]. However, 
although the irinotecan and Capecitabine combination was 
not directly compared to the FU/LV and irinotecan regi-
men, the two treatments gave comparable results regarding 
the overall RR (44%-47% vs 39%-54%, respectively) and 
median survival (13.4-15.6 mo vs 14.8-20 mo, respec-
tively)[12,20-25]. Diarrhea, nausea, vomiting, and neutropenia 
were the most frequent side effects[20-25]. Randomized, 
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Table 2  Non-comparative phase Ⅱ trials on Capecitabine with either Oxaliplatin or Irinotecan combination in patients with 
metastatic colorectal cancer

Author Patients Drugs used Regimen RR (%) mTTP (mo) MS (mo)

Cassidy et al[16] 96 Capecitabine 2000 mg/m2 per day (days 1-14) 55 7.7 19.5
Oxaliplatin 130 mg/m2 day 1

Zeuli et al[17] 43 Capecitabine 2500 mg/m2 per day (days 1-14) 44 - 20
Oxaliplatin 120 mg/m2 day 1

Borner et al[18] 43 Capecitabine 2500 mg/m2 per day (days 1-14) 49 5.9 17.1
Oxaliplatin 130 mg/m2 day 1

Shields et al[19] 35 Capecitabine 1500 mg/m2 per day (days 1-14) 37.1 - NR
Oxaliplatin 30 mg/m2 day 1

Bajetta et al[20] 68 Capecitabine 2500 mg/m2 per day (days 2-15) 47 8.3 -
Irinotecan 300 mg/m2 day 1

Bajetta et al[20] 66 Capecitabine 2500 mg/m2per day (days 2-15) 44 7.6 -
Irinotecan 150 mg/m2 days 1and 8

Patt et al[21] 52 Capecitabine 2000 mg/m2 per day (days 2-15) 46 7.1 15.6
Irinotecan 250 mg/m2 day 1

Cartwright et al[22] 49 Capecitabine 2000 mg/m2 per day (days 2-15) 45 5.7 13.4
Irinotecan 240 mg/m2 day 1

Kim et al[23 43 Capecitabine 2000 mg/m2 per day (days 2-15)
Irinotecan 100 mg/m2 days 1and 8 46.6 NR NR

Rosati et al[24] 46 Capecitabine 1000 mg/m2 per day twice daily on days 1-14 every 3 wk 38 8 19.3
Oxaliplatin oxaliplatin 65 mg/m2 iv days 1 and 8

Garcia-Alfonso et al[25] 53 Capecitabine 1000 mg/m2/d twice daily on days 2-8 every 2 wk 32 9 19.2
Irinotecan irinotecan 175 mg/m2 on day 1

RR: Response rate; mTTP: Median time to progression; MS: Median survival; NR: Not recorded. All capecitabine doses were divided equally and dosed 
twice daily. Regimens were administered every 3 wk.



comparative trials are needed to establish the future role of  
these combinations in the first line treatment of  colorectal 
cancer.

CAPECITABINE-IRINOTECAN-
DATA FROM RECENTLY PUBLISHED 
RANDOMIZED TRIALS 
The results of  the EORTC study 40 015 which was termi-
nated early due to unacceptable mortality rates, were pub-
lished recently[26]. This study was designed to demonstrate 
the non-inferiority of  Capecitabine to 5-FU/folinic acid 
(FA), in relation to progression-free survival (PFS) after 
first-line treatment of  metastatic CRC and the benefit of  
adding celecoxib (C) to irinotecan/fluoropyrimidine regi-
mens compared with placebo (P). Patients were randomly 
assigned to receive FOLFIRI: irinotecan (180 mg/m2 iv 
on days 1, 15 and 22); FA (200 mg/m2 iv on days 1, 2, 15, 
16, 29 and 30); 5-FU (400 mg/m2 iv bolus, then 22-h, 600 
mg/m2 infusion) or Capecitabine-irinotecan (CAPIRI): 
irinotecan (250 mg/m2 iv infusion on days 1 and 22); 
Capecitabine po (1000 mg/m2 bid on days 1-15 and 22-36). 
Additionally, patients were randomly assigned to receive ei-
ther P or C (800 mg: 2 × 200 mg bid.). The trial was closed 
following eight deaths unrelated to disease progression 
in the 85 enrolled (629 planned) patients. Response rates 
were 22% for CAPIRI + C, 48% for CAPIRI + P, 32% 
for FOLFIRI + C and 46% for FOLFIRI + P. Median 
PFS and OS times were shorter for CAPIRI vs FOLFIRI 
(PFS 5.9 mo vs 9.6 mo and OS 14.8 mo vs 19.9 mo) and C 
vs P (PFS 6.9 mo vs 7.8 mo and OS 18.3 mo vs 19.9 mo). 
Dose reductions, mainly as a consequence of  gastrointesti-
nal toxicity, were more common in the CAPIRI compared 
with the FOLFIRI arms, with 53% vs 33% of  patients, 
experiencing at least one cycle with a reduction. Thirty-
four patients (41.5%) experienced treatment delays, which 
were more common in the FOLFIRI compared with the 
CAPIRI arms, with 54% and 30% of  patients, respectively, 
experiencing at least one cycle with delay. The relative dose 
intensity for Capecitabine and 5-FU did not differ mark-
edly in their P arms (82.4% vs 84.8%) but was lower for 
Capecitabine if  C was also administered (66.4% vs 92.1% 
for 5-FU). Interestingly, very little difference in the irinote-
can dose intensity was observed across all study arms (range 
83.1%-88.4%).

The deaths were primarily linked to gastrointestinal 
or thromboembolic events. Sudden deaths linked to such 
causes have previously been noted for regimens combining 
irinotecan and bolus 5-FU/FA[27]. The efficacy data from 
this study are however consistent with those reported 
for the randomized, 3 × 2 factorial BICC-C trial, which 
assessed whether C added to FOLFIRI, CAPIRI or a 
modified irinotecan, bolus 5-FU and FA (m-IFL) regimen 
improved efficacy and/or reduced toxicity. Median time to 
progression and OS times in this trial were longer in the 
patients who received FOLFIRI compared with those who 
received CAPIRI or m-IFL[28]. The most common grade 

3/4 adverse effect observed in this study was diarrhea, 
which occurred significantly more frequently in the patients 
receiving CAPIRI than FOLFIRI (37% vs 13%). The dose 
levels of  Capecitabine and irinotecan initially selected  
were the same as those recommended, and found to be 
well tolerated by 76 patients in a recent phase Ⅰ/Ⅱ trial[29]. 
Similarly, in a large phase Ⅲ study of  combination che
motherapy with Capecitabine, irinotecan and oxaliplatin 
in 820 advanced CRC patients, CAPIRI was again found 
to be generally well tolerated[30]. These analyses raise the 
question of  whether a lower Capecitabine dose may have 
been more effective. Further studies to determine the most 
appropriate dose of  Capecitabine in CAPIRI and other 
combination regimens for particular geographic and/or 
ethnic patient groups may therefore be warranted. The 
authors have concluded that the small sample size and 
confounding safety issues did not allow valid conclusions 
to be drawn concerning the relative efficacy of  CAPIRI 
vs FOLFIRI. Consistent with other studies, no benefit 
was seen from adding C to irinotecan/fluoropyrimidine 
regimens.

RANDOMIZED TRIALS COMPARING THE 
CAPECITABINE AND OXALIPLATINE 
COMBINATION TO THE FLUOROURACIL/
LEUKOVORIN PLUS OXALIPLATIN REGI-
MEN 
The literature research revealed several important ran-
domized trials that compare Capecitabine with 5-FU (with 
or without FA) in combination with oxaliplatin (Table 3). 

In a phase Ⅱ trial, 118 patients were randomized to 
receive treatment with the XELOX regimen every 3 wk 
or with oxaliplatin (given on day 1) plus 5-FU (250 mg/m2 
daily continuous intravenous infusion for 3 wk). The RR 
was the same for the two treatments although the XELOX 
regimen produced less severe diarrhea and a substantially 
lower occurrence of  severe stomatitis[31]. 

In the TREE study, the safety and efficacy of  three 
oxaliplatin and fluoropyrimidine regimens, with or with-
out bevacizumab, as first-line treatment for metastatic 
CRC were evaluated. In TREE-1 (first part of  the study) 
150 patients were randomly assigned to receive either (a) 
the mFOLFOX regimen (oxaliplatin 85 mg/m2, FA 350 
mg/m2, 5-FU 400 mg/m2 bolus and 2400 mg/m2 46-h 
infusion on day 1) every 14 d; (b) the bFOL regimen (ox-
aliplatin 85 mg/m2 on day one and 5-FU 500 mg/m2 plus 
FA 20 mg/m2 intravenously on days 1 and 8, every 14 d) 
or (c) the XELOX regimen every 21 d. In TREE-2, the 
second part of  TREE study, the monoclonal antibody be-
vacizumab was added to the above mentioned regimens at 
a dosage of  5 mg/kg iv every 2 wk or 7.5 mg/kg iv every 
3 wk. In this part of  the trial, the Capecitabine dose which 
was combined with oxaliplatin was reduced to 1700 mg/
m2 per day. The results showed that the incidence of  grade 
3/4 treatment-related adverse events during the first 12 wk 
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of  treatment were 59%, 36% and 67% for mFOLFOX6, 
bFOL, and XELOX, respectively, (TREE-1) and 59%, 
51% and 56% for the corresponding treatments plus be-
vacizumab (TREE-2; primary end point). XELOX toxicity 
in TREE-1 included grade 3/4 diarrhoea (31%) and dehy-
dration (27%) whilst Capecitabine dose reduction to 1700 
mg/m2 per day in TREE-2 resulted in improved tolerance. 
Overall RRs were 41%, 20% and 27% (TREE-1) and 52%, 
39% and 46% (TREE-2); median OS was 19.2, 17.9 and 
17.2 mo (TREE-1) and 26.1, 20.4 and 24.6 mo (TREE-2). 
For all treated patients, median OS was 18.2 mo (95% CI: 
14.5 to 21.6; TREE-1) and 23.7 mo (95% CI: 21.3 to 26.8; 
TREE-2). The authors concluded that the addition of  
bevacizumab to oxaliplatin and fluoropyrimidine regimens 
is well tolerated as first-line treatment of  metastatic CRC 
and does not markedly change overall toxicity. XELOX 
tolerability and efficacy is improved with reduced-dose 
Capecitabine. First-line oxaliplatin and fluoropyrimidine-
based therapy plus bevacizumab resulted in a median OS 

of  approximately 2 years[32].
The German Colorectal Study Group compared the 

FUFOX regimen (5-FU 2000 mg/m2 given 24 h in con-
tinuous infusion, FA 500 mg/m2 and oxaliplatin 50 mg/m2 
infused over 2 h) given weekly for 4 wk with 2 wk of  rest, 
with the CAPOX regimen (oxaliplatin 70 mg/m2 on days 
1 and 8, and Capecitabine 2000 mg/m2 daily for 2 wk, 
repeating every 21 d). For the two arms of  the study no 
significant difference, was observed regarding the RR, me-
dian PFS and median OS. However, patients treated with 
CAPOX regimen had a significantly greater incidence of  
grade 2-3 had-foot syndrome[33].

A Spanish trial set out with the aim of  testing the 
non-inferiority of  the XELOX regimen compared with a 
regimen including a 48-h infusion of  5-FU 2250 mg/m2 
once a week plus oxaliplatin 85 mg/m2 given twice a week. 
Despite the fact that, patients treated with the XELOX 
regimen had a lower RR, the median PFS and OS were 
not substantially different. Patients treated in the XELOX 
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Trial Arms Patients No. PFS (mo) OS (mo) RR (%) Severe toxicity ≥ grade 3

FOCA trial[31] XELOX: (oxaliplatin 130 mg/m2 on day 1 and 
capecitabine 2000 mg/m2 per day for 14 d, 
repeating every 21 d)
pviFOX: (protracted fluorouracil intravenous 
infusion plus oxaliplatin)

62 

56

7

9

NR

NR

43

48

Less diarrhea (8 vs 18%) and 
stomatitis (19 vs 29 %) in 
XELOX arm 

US TREE-1[32] XELOX: as above
bFOL: (oxaliplatin 85 mg/m2 on day 1 and 
fluorouracil 500 mg/m2 plus folinic acid 20 mg/
m2 intravenously on days 1 and 8, every 2 wk)
mFOLFOX: (oxaliplatin 85 mg/m2, folinic acid 
350 mg/m2, fluorouracil 400 mg/m2 bolus and 
2400 mg/m2 46-h infusion on day 1)

49
50

49

5.9
6.9

8.7

17.2
17.9

17.6

27
20

41

Less neutropenia (15%) but 
more dehydration (27%) with 
XELOX

German trial[33] CAPOX: (oxaliplatin 70 mg/m2 on days 1 and 8, 
and capecitabine 2000 mg/m2 per day for 2 wk, 
recycling every 3 wk)
FUFOX: (fluorouracil 2000 mg/m2 infused over 
24 h, folinic acid 500 mg/m2 and oxaliplatin 50 
mg/m2 infused over 2 h)

241

233

7.1

8.0

16.8

18.8

48

54

More skin toxicity (10% vs 4%) 
with CAPOX

Spanish trial[34] XELOX: as above
FUOX: (fluorouracil 2250 mg/m2 infused over 48 
h once a week plus oxaliplatin 85 mg/m2 twice a 
week)

171
171

8.9
9.5

18.1
20.8

37
46

Less diarrhea (14% vs 24%) with 
XELOX

French trial[35] XELOX: as above
FOLFOX6: (oxaliplatin 100 mg/m2, folinic acid 
200 mg/m2 infused over 2, fluorouracil 400 
mg/m2 bolus and 2400 mg/m2 infused over 48 h)

156
150

8.8
9.3

19.9
20.5

39
46

Less neutropenia (5% vs 47%), 
febrile neutropenia (0% vs 6%) 
and neuropathy (11% vs 25%) 
with XELOX

NO16966 trial[36] XELOX: as above
FOLFOX4: (oxaliplatin
85 mg/m2 on day 1, folinic acid 100 mg/m2, 
fluorouracil 400 mg/m2 bolus and 600 mg/m2 
infused over 22 h)

317
317

7.3
7.7

NR
NR

37
39

Less neutropenia (7% vs 43%) 
but more diarrhea (20% vs 11%) 
and Hand Foot Syndrome (6% 
vs 1%) with XELOX

COFFEE trial[38] OXXEL: (oxaliplatin
100 mg/m2 on day 1 and capecitabine 2000 mg/
m2 per day from day 1 to day 11 every 2 wk)
OXAFAFU: (oxaliplatin
85 mg/m2 infused over 2 h on day 1, folinic 
acid 250 mg/m2 infused over 2 h on day 1, 
fluorouracil 850 mg/m2 bolus on day 2)

158

164

6.2

6.3

16.0

17.1

34

33

Less neutropenia (10% vs 27%) 
and febrile neutropenia (6% vs 
13%), more gastric symptoms 
(8% vs 3%) and diarrhea (13% 
vs 8%) with OXXEL

Table 3  Randomized trials that compare oxaliplatin plus capecitabine with oxaliplatin plus 5-fluorouracil ± folinic acid in metastatic 
colorectal cancer

PFS: Progression free survival; OS: Overall survival; RR: Response rate; NR: Not recorded.
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arm were observed to have significantly lower incidence 
of  severe diarrhea and grade 1-2 mucositis. Nevertheless, 
Capecitabine treatment was associated with more hand-
foot syndrome[34].

The RR to XELOX and FOLFOX6 (Table 3) regi-
mens, was randomly evaluated by a French phase Ⅲ trial. 
The authors concluded that the XELOX regimen was as 
effective as FOLFOX6 because the 95% upper limit of  the 
difference in RR (39% vs 46%) was below the non-inferior-
ity margin. Median PFS was 8.8 mo in the XELOX arm vs 
9.3 mo in the FOLFOX6 and median OS was 19.9 mo vs 
20.5 mo. The incidence of  neutropenia, febrile neutrope-
nia and neuropathy was significantly lower in the XELOX 
arm[35].

The NO16966 trial was primarily designed in order 
to examine the equivalence in terms of  PFS of  the XE-
LOX regimen in comparison to FOLFOX4 (Table 3). 
The initial design of  this trial was a randomized, two-
arm, non-inferiority, phase Ⅲ comparison of  XELOX vs 
FOLFOX-4. In 2003, after patient accrual had begun the 
trial design was amended after bevacizumab phase Ⅲ data 
became available. The resulting 2 × 2 factorial design ran-
domly assigned patients to XELOX vs FOLFOX-4, and 
then to also receive either bevacizumab or P. The results 
have shown that the median PFS was 8.0 mo in the pooled 
XELOX-containing arms vs 8.5 mo in the FOLFOX-
4-containing arms [hazard ratio (HR) = 1.04; 97.5% CI: 
0.93 to 1.16]. The median OS was 19.8 mo with XELOX 
vs 19.6 mo with FOLFOX-4 (HR = 0.99; 97.5% CI: 0.88 
to 1.12). FOLFOX-4 was associated with more grade 3/4 
neutropenia/granulocytopenia and febrile neutropenia 
than XELOX, and XELOX with more grade 3 diarrhea 
and grade 3 hand-foot syndrome than FOLFOX-4. The 
authors concluded that XELOX is not inferior to FOL-
FOX-4 as a first-line treatment for metastatic CRC, and 
may be considered as a routine treatment option for ap-
propriate patients[36]. When bevacizumab became available 
for clinical use, the trial structure was modified and a total 
of  1401 patients entering the study were also randomized 
to receive either bevacizumab at a dosage of  5 mg/kg iv 
every 2 wk or 7.5 mg/kg iv every 3 wk or P in addition to 
chemotherapy. The results showed that median PFS was 9.4 
mo in the bevacizumab group and 8.0 mo in the P group 
(HR = 0.83; 97.5% CI: 0.72 to 0.95, P = 0.0023). Median 
OS was 21.3 mo in the bevacizumab group and 19.9 mo in 
the P group (HR = 0.89; 97.5% CI: 0.76 to 1.03, P = 0.077). 
RRs were similar in both arms. Analysis of  treatment with-
drawals showed that, despite protocol allowance of  treat-
ment continuation until disease progression, only 29% and 
47% of  bevacizumab and P recipients, respectively, were 
treated until progression. The toxicity profile of  bevaci-
zumab was consistent with that documented in previous 
trials. The authors concluded that the addition of  bevaci-
zumab to oxaliplatin-based chemotherapy significantly im-
proved PFS in this first-line trial in patients with metastatic 
CRC. OS differences did not reach statistical significance, 
and RR was not improved by the addition of  bevacizumab. 
Treatment continuation until disease progression may be 

necessary in order to optimize the contribution of  bevaci-
zumab to therapy[37].

The Southern Italy Cooperative Oncology Group ran-
domly assigned the OXXEL regimen (Table 3) with a com-
bination of  oxaliplatin, FA and 5-FU (OXAFAFU) (Table 3) 
to a total of  322 patients with metastatic CRC. The results 
showed that eleven complete and 42 partial responses were 
registered with OXXEL (RR = 34%) while six complete 
and 48 partial responses were obtained with OXAFAFU 
(RR = 33%) (P = 0.999). Severe adverse events were less 
frequent (32% vs 43%) with OXXEL, which also showed 
lower levels of  severe neutropenia (10% vs 27%) and fe-
brile neutropenia (6% vs 13%), but produced more gastric 
side effects (8% vs 3%) and diarrhea (13% vs 8%). Quality 
of  life did not differ between the two arms. Median PFS 
was 6.6 mo in the OXXEL, and 6.5 mo in the OXAFAFU 
arm (HR = 1.12, P = 0.354). Median OS was 16.0 and 17.1 
mo (HR = 1.01, P = 0.883). The authors concluded that 
OXXEL and OXAFAFU regimens were equally active in 
metastatic CRC[38].

CAPECITABINE PLUS RADIATION 
THERAPY AS PREOPERATIVE THERAPY 
IN LOCALLY ADVANCED RECTAL 
CANCER
The addition of  chemotherapy to preoperative radio-
therapy, in patients with locally advanced rectal cancer, 
leads to improvement of  down staging and thus improves 
local control. Proof  that the addition of  chemotherapy to 
preoperative radiotherapy improves local control rates has 
lately been given by two separate trials. The EORTC 22921 
trial which randomized between preoperative radiotherapy 
(45 Gy), and preoperative chemo-radiotherapy (45 Gy 
plus infusion of  5-FU/LV). The local control rates were 
significantly increased in the chemo-radiation arm: 91% vs 
83 %[39,40]. In the French FFCD 9203 study similar results 
were found. This trial randomized patients with locally 
advanced rectal cancer to preoperative radiation alone (45 
Gy) vs the same preoperative radiation therapy plus infu-
sion of  5-FU/LV. The results showed a local recurrence 
rate of  16.5% for radiation therapy alone and 8% for com-
bined treatment[41]. Several phase Ⅱ trials have been con-
ducted in order to investigate whether orally administered 
Capecitabine may be more effective and less toxic than in-
travenous 5-FU[42-53] (Table 4). These trials concluded that 
preoperative chemo-radiation combined with Capecitabine 
achieved encouraging down-staging and sphincter preser-
vation with a low toxicity profile.

Kim et al[54] conducted a phase Ⅲ trial to compare the 
efficacy of  oral Capecitabine vs bolus 5-FU in preoperative 
radiotherapy for locally advanced rectal cancer (LARC). 
Between July 1993 and June 1999, 127 patients with LARC 
received concurrent preoperative chemo-radiation using 
two cycles of  intravenous bolus 5-FU (500 mg/m2 per 
day) and LV (20 mg/m2 per day) for 5 d each (Group Ⅰ). 
Another LARC group with 97 patients received concurrent 
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chemo-radiation using two cycles 1650 mg/m2 per day of  
oral Capecitabine and 20 mg/m2 per day of  LV (Group Ⅱ). 
Radiation therapy was delivered to the primary tumor at 
50.4 Gy in both groups. Definitive surgery was performed 6 
wk after the completion of  chemo-radiation. Pathologically 
complete remission was achieved in 11.4% of  patients in 
Group Ⅰ and in 22.2 % of  patients in Group Ⅱ (P = 0.0042). 
The down-staging rates of  the primary tumor and lymph 
nodes were 39.0%/68.7% in Group Ⅰ and 61.1%/87.5% in 
Group Ⅱ (P = 0.002/0.0005). Sphincter-preserving surgery 
was possible in 42.1% of  patients in Group Ⅰ and 66.7% 
of  those in Group Ⅱ (P = 0.021). Grade 3 or 4 leucopenia, 
diarrhea, and radiation dermatitis were statistically more 
prevalent in Group Ⅰ than in Group Ⅱ, while the opposite 
was true for grade 3 hand-foot syndrome. Preoperative 
chemo-radiation using oral Capecitabine was better toler-

ated than bolus 5-FU and was more effective in the pro-
motion of  both down-staging and sphincter preservation 
in patients with LARC. However, larger Phase Ⅲ trials are 
needed to better clarify these promising results from combi-
nation preoperative chemo-radiotherapy using Capecitabine 
in patients with LARC. 

CONCLUSION
In the Unites States, Capecitabine is currently the only oral 
5-FU pro-drug approved for use. In patients with locally 
advanced and metastatic CRC, Capecitabine is as effective 
as 5-FU and has a toxicity profile that consists most com-
monly of  gastrointestinal and dermatologic side-effects. 
In patients with locally advanced and metastatic CRC the 
effectiveness of  this drug has been tested in large trials. 

Table 4  Phase Ⅱ trials for locally advanced rectal cancer treated with preoperative chemo-radiation therapy using orally capecitabine

Study Patients enrolled Treatment used Complete response (%) Down staging (%) Severe toxicity

Dupuis et al[42] 51 RT: 45 Gy/1.8 Gy fraction/25 fractions
Capecitabine: 825 mg/m2 bid 
throughout RT

20 48 No grade 4 toxicity 

Desai et al[43] 30 RT: 50.4 Gy/1.8 Gy day
Capecitabine: 1330 mg/m2 per day in 2 
divided doses throughout RT

11 37 No grade 4 toxicity

Korkolis et al[44] 30 RT: 50.4 Gy/1.8Gy day
Capecitabine: 825 mg/m2 bid 
throughout RT

23 84 No grade 4 toxicity

Willeke et al[45] 36 RT: 50.4 Gy/1.8Gy day
Capecitabine: 500 mg/m2 bid ( days 
1-38)
Irinotecan: 50 mg/m2 weekly

15 41 Grade 4 leucopenia in 
2 patients 

Velenik et al[46] 57 RT: 45Gy/25 fractions/1.8 Gy
Capecitabine: 1650 mg/m2 per day in 2 
divided doses throughout RT

9.1 49.1 No grade 4 toxicity

Krishnan et al[47] 54 RT: 52.5 Gy/30 fractions
Capecitabine: 825 mg/m2 bid 
throughout RT

18 52 No grade 4 toxicity

De Paoli et al[48] 53 RT: 50.4 Gy/1.8 Gy day
Capecitabine: 825 mg/m2 bid 
throughout RT

24 57 No grade 4 toxicity

Machiels et al[49] 40 RT: 45 Gy/25 fractions/1.8 Gy
Capecitabine: 825 mg/m2 bid 
throughout RT
Oxaliplatin: 40 mg/m2 
weekly for 5 wk

14 32 Grade 3/4 toxicity 30%

Kim et al[50] 95 RT: 50 Gy/25 fractions
Capecitabine: 1650 mg/m2 per day in 2 
divided doses throughout RT

12 71 No grade 4 toxicity

Carlomagno et al[51] 43 RT: 45 Gy/25 fractions
Capecitabine: 825 mg/m2 per day twice 
daily on days 1-14 every 3 wk/2 Cycles
Oxaliplatin 50 mg/m2 days 1 and 8 
every 3 wk

20.9 NR No grade 4 toxicity

Fakih et al[52] 25 RT: 50.4 Gy/1.8 Gy day
Capecitabine: 725 mg/m2/d twice daily 
Monday to Friday concomitant with 
RT
Oxaliplatin 50 mg/m2 weekly for 5 wk

24 52 Grade 3 diarrhea, in 
20% of patients

Craven et al[53] 70 RT: 45 Gy/1.8 Gy day
Capecitabine: 900 mg/m2 per day 
Monday to Friday concomitant with RT

9.2 66 No grade 4 toxicity

RT: Radiation therapy; bid: Twice daily; NR: Not recorded.
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These showed that Capecitabine is at least equivalent to the 
standard LV-5-FU combination in terms of  progression-
free and OS whilst demonstrating a better tolerability pro-
file with a much lower incidence of  stomatitis. The clinical 
evidence from these trials on June 15, 2005, led the U.S. 
Food and Drug Administration to approve Capecitabine as 
a single-agent adjuvant treatment for Dukes’ stage C colon 
cancer patients who have undergone complete resection of  
the primary tumor in those instances when fluoropyrimi-
dine therapy alone would be preferred. Additionally, The 
committee for medicinal products for human use during 
its February 2005 plenary meeting, approved the use of  
Capecitabine for the adjuvant treatment of  patients fol-
lowing surgery of  stage Ⅲ (Dukes’ stage C) colon cancer 
and during its December 2007 plenary meeting extended 
the indication to the treatment of  patients with metastatic 
CRC. Although the combination of  Capecitabine with 
either oxaliplatin or irinotecan, sometimes increases the oc-
currence of  gastrointestinal adverse effects compared with 
the corresponding combinations including infusional 5-FU 
plus FA, it is a more easily delivered therapy may improve 
the compliance of  patients. The addition of  bevacizumab 
to the combination of  Capecitabine and oxaliplatin is fea-
sible and promising, and it is currently under evaluation in 
the adjuvant setting. Additionally, preoperative combina-
tion of  chemotherapy and radiation therapy using oral 
Capecitabine is better tolerated than bolus 5-FU and is 
more effective in the promotion of  both down-staging and 
sphincter preservation in patients with locally advanced 
rectal cancer. Finally, from a health-economic perspective, 
cost-effectiveness analyses demonstrate that, despite higher 
acquisition costs, Capecitabine appears to be more cost 
effective than standard treatments for the management of  
patients with CRC.
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Abstract
Results from several large epidemiological studies have 
firmly established that alcohol is associated with elevated 
cancer incidence and mortality. Recently the International 
Agency for Cancer Research stated that acetaldehyde 
associated with alcoholic beverages is carcinogenic to 
humans and confirmed the Group 1 classification of 
alcohol consumption and of ethanol in alcoholic beve­
rages. Alcohol consumption causes cancers of the oral 
cavity, pharynx, larynx, oesophagus, colorectum, liver, 
pancreas and female breast. The frequency of most 
alcohol-induced diseases increases in a linear fashion as 
intake increases: oral, oesophagus and colon cancer fall 
into this pattern. Very little is known about safe margins 
of alcohol consumption. US Department of Health and 
Human Services suggest a maximum of 28 g of alcohol a 
day in man and half of this in women.
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The World Health Organization (WHO) has identified 
the consumption of  alcohol as one of  the top-10 risks for 
worldwide burden of  disease[1,2]. Recently the International 
Agency for Cancer Research concluded that acetaldehyde 
associated with alcoholic beverages is carcinogenic to hu-
mans (Group 1) and confirmed the Group 1 classification 
of  alcohol consumption and of  ethanol in alcoholic bever-
ages[3].

A great number of  epidemiological studies have dem-
onstrated a correlation between alcohol ingestion and the 
occurrence of  various cancers (oral cavity, pharynx, larynx, 
oesophagus, liver, colorectum, female breast)[2,4-6]. In these 
studies it has been demonstrated that the ingestion of  all 
types of  alcoholic beverages is associated with an increased 
risk which suggests that ethanol itself  is the crucial com-
pound which causes that effect[2,4-6]. 

More recently (June 2010) the American Institute for 
Cancer Research[7] stated that current evidence does not 
identify a generally “safe” threshold. Evidence that alco-
holic drinks of  any type are a cause of  various cancers of  
the mouth, pharynx, and larynx, oesophagus, colorectum 
(men), and breast is convincing. They are also probably a 
cause of  colorectal cancer in women, and of  liver cancer. 
It is unlikely that alcoholic drinks have a substantial adverse 
effect on the risk of  kidney cancer[7].

Many of  these studies have been concerned with the 
association between alcohol intake and risk of  cancer in 
the general population, while only a few studies have been 
conducted in populations with a high intake of  alcohol, 
such as brewery workers or persons with alcohol use dis-
orders[8]. Thygesen et al[8] have studied a large cohort of  
patients with alcohol use disorders (19 000 patients, follow-
up of  40 years). This study confirms the well-established 
association between high alcohol intake and cancer of  the 
upper digestive tract and liver. In addition, the results indi-
cate a significantly elevated occurrence of  gall-bladder[8].

Worldwide, 3.6% of  all cancers (5.2% in men, 1.7% in 
women) are attributable to alcohol drinking. This propor-
tion is particularly high among men in Central and Eastern 
Europe (6%-10% of  all cancers)[9]. Among women, breast 
cancer comprises 60% of  alcohol-attributable cancers[9].

The regional differences in the burden of  alcohol-
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attributable cancer result from variations in the prevalence 
of  drinking[9]. Other potential sources of  the regional vari-
ability are the relative carcinogenic effect of  local alcoholic 
beverages and the pattern of  drinking. 

The mechanisms underlying alcohol-related cancers are 
unclear but several factors have been suggested to play a 
role[10-12]: local effect of  ethanol, acetaldehyde (isoenzymes 
polymorphism), induction of  cytochrome P450 2E1 (CY-
P2E1) (conversion of  various xenobiotics), nutritional de-
ficiencies, interactions with retinoids, changes in the degree 
of  methylation, immune surveillance, angiogenesis.

Alcohol may be important in the initiation of  cancer, 
either by increasing the expression of  certain oncogenes 
or by impairing the cell’s ability to repair DNA and thereby 
increasing the likelihood that oncogenic mutations will 
occur.

Ethanol is metabolized to acetaldehyde by alcohol dehy-
drogenase (ADH), CYP2E1 and, to a much lesser extent by 
catalase, and is further oxidized to acetate by acetaldehyde 
dehydrogenase (ALDH).

Acetaldehyde is highly toxic and carcinogenic. The 
amount of  acetaldehyde to which cells or tissues are ex-
posed after alcohol ingestion may be of  great importance 
and may, among other things, affect carcinogenesis. Acetal-
dehyde derived from ethanol metabolism is carcinoge-
netic to humans (Group 1: oesophagus, head and neck)[3]. 
Lachenmeier and Sohnius[10] have demonstrated that if  the 
acetaldehyde concentrations are calculated for a “standard 
drink” of  each beverage, it appears that the major exposure 
would derive from wine and to a lesser degree from beer 
and spirits.

The enzyme responsible for oxidation of  acetaldehyde 
is ALDH. Both formation and degradation of  acetaldehyde 
depends on the activity of  ADH and ALDH. The total al-
cohol dehydrogenase activity is significantly higher in cancer 
tissues than in healthy organs (e.g. liver, oesophagus, color-
ectum). The activity of  ADH in cancer cells is much higher 
than the activity of  ALDH. This suggests that cancer cells 
have a greater capability for ethanol oxidation but less abil-
ity to remove acetaldehyde than normal tissues[11,13,14].

ADH and ALDH are encoded by multiple genes. Be-
cause some of  these genes exist in several variants and the 
enzymes encoded by certain variants may result in elevated 
acetaldehyde levels, the presence of  these variants may pre-

dispose to certain cancers. Recently, it has been shown that 
the combination of  a genotype of  myeloperoxidase (MPO) 
which leads to high MPO expression and at least one Ala-
superoxide dismutase 2 allele (associated with high liver 
iron score) markedly increases the risks of  hepatocellular 
carcinoma (HCC) occurrence and death in patients with 
alcoholic cirrhosis (Table 1)[15-17].

Alcohol may act as a co-carcinogen by enhancing the 
effect of  direct carcinogens such as those found in tobacco 
and the diet. This effect of  alcohol is at least in part via 
induction of  the CYPP450 family of  enzymes that are 
found in the liver, lung and intestine and are capable of  
metabolizing various tobacco and dietary constituents into 
cancer promoting free radicals[12]. 

It has been shown that in the liver the concentration 
of  CYP2E1 can be correlated with the generation of  hy-
droxyethyl radicals and thus with lipid peroxidation. Lipid 
peroxidation leads to the generation of  4-hydroxy nonenal 
which may bind to pyrimidine and purine bases of  the 
DNA and lead to exocyclic etheno DNA adducts which are 
carcinogenic. A significant correlation between CYP2E1 
induction and the occurrence of  exocyclic etheno DNA 
adducts in hepatocytes has been demonstrated clearly.

Seitz et al[11] claims that CYP2E1 activity occurs at rela-
tively low levels of  alcohol (40 g/d) and that, at these levels 
of  intake, induction is already apparent after 1 wk, although 
the extent varies between individuals. Some individuals 
exhibit a very low extent of  induction of  CYP2E1 activity, 
whereas others show a high extent of  induction. Thus, it 
could well be that the variation in extent of  induction of  
CYP2E1 activity may modulate alcohol-associated carcino-
genesis in man[11].

Chronic alcohol consumption also leads to decreased 
retinoic acid levels. This is predominantly due to the induc-
tion of  CYP2E1 which is responsible for the degradation 
of  retinol and retinoic acid to polar metabolites such as 
4-oxo- and 18-hydroxy retinoic acid. Increased retinoic acid 
metabolism leading to decreased retinoic acid level results 
in an increased expression of  the AP1 gene associated with 
an increase in the proteins c-jun and c-fos. This finally leads 
to an increase in cycline D1 which is associated with hyper-
proliferation, at least in liver. Thus, retinoic acid deficiency 
is associated with acceleration of  carcinogenesis[11,13].

DNA methylation is an important regulator of  gene 
expression: decreased methylation is associated with in-
creased gene expression. In particular, decreased methyla-
tion of  tumor promoter genes has been proposed as a 
possible mechanism for the development of  cancers. The 
hepatic enzyme methyladenosyltransferase Ⅱ is decreased 
in alcoholic diseases. This results in decreased production 
of  S-adenosylmethionine (SAMe), the methyl donor for 
DNA methylation reactions. Furthermore, homocysteine 
levels are increased in alcoholic diseases, increasing the 
S-adenosylhomocysteine level and inhibiting the activity of  
DNA methyltransferase enzymes. In experimental models, 
SAMe deficiency induced by methionine-choline-deficient 
diet causes DNA hypomethylation and increases DNA 
strand breaks with DNA instability, changes associated with 
an increased risk for cancer. In transgenic mice lacking met
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Ethanol metabolism (ADHs, ALDHs, CYP2E1, Mitochondrial 
Superoxide Dismutase, Myeloperoxidase)
Cytokines of inflammatory response: TNF α, TNF α promoter 
polymorphisms, IL1, IL10 (anti-inflammatory), TNF α type 1 receptor, 
CD14 receptor expression (Kupffer cell)
GABA-ergic, dopaminergic, serotoninergic systems
Polymorphisms in DNA repair genes: DNA ligase Ⅲ, DNA polymerase 
b, poly (ADP ribose) polymerase
Components of immune systems (adaptive, innate)

Table 1  Alcohol and cancer: mutations and polymorphism 
genes

CYP2E1: Cytochrome P450 2E1; ADHs: alcohol dehydrogenases; ALDHs: 
Acetaldehyde dehydrogenases



hyladenosyltransferase Ⅱ there is spontaneous development 
of  HCC. These experimental models support a possible 
role for DNA methylation abnormalities in contributing to 
cancer in alcoholic diseases[18].

Since reduced levels of  iron, zinc and vitamins A, B 
and E have been experimentally associated with some 
cancers, the nutritional deficiencies associated with chronic 
alcohol intake may also result in radical related oxidative 
stress. Finally, alcohol consumption is associated with 
immunosuppression which makes chronic alcoholics more 
susceptible to infection and theoretically to cancer.

Chronic alcohol consumption is a strong risk factor 
for cancer in the upper aerodigestive tract (oral cavity, 
pharynx, hypopharynx, larynx, oesophagus) and alcohol 
also increases the risk for cancer of  the colorectum and the 
breast.

A great number of  epidemiological studies have dem-
onstrated that the ingestion of  all types of  alcoholics 
beverages is associated with an increased cancer risk and 
selected studies have given evidence of  a dose-response 
trend for oral, pharyngeal, laryngeal and oesophageal 
cancer in never-smokers[1]. Most alcohol-induced disease 
increases in a linear fashion as intake increases: oral, oe-
sophagus, breast and colon cancer fall into this pattern, 
with no “safe level” of  consumption[19].

Poschl et al[13] have demonstrated the following risk 
factors for alcohol associated carcinogenesis: (1) for the 
upper aerodigestive tract-smoking, poor oral hygiene and 
poor dental status, highly concentrated alcoholic beverages, 
alterations in assumption of  vitamin A and beta-carotene, 
ADH1C*1.1 homozygocity, ALDH 2*2.2 mutation, 
precancerous conditions such as Barrett’s oesophagus 
and gastro-oesophageal reflux; (2) for the colorectum-
chronic inflammatory bowel disease, polyps, deficiency of  
folate, ADH1C*1 homozygocity, ALDH2*2 mutation; (3) 
for the liver-chronic hepatopathy (i.e hemochromatosis), 
hepatitis B and C infection, metabolic alterations; (4) for 
the pancreas-chronic pancreatitis, smoking; and (5) for 
the breast-high oestradiol concentrations (especially in 
midcycle), ADH1C*1 genotype, family history. Individuals 
who have an increased risk of  developing these cancers due 
to other risk factors should avoid chronic alcohol ingestion.

Alcohol, particularly when associated with tobacco use, 
has been recognized as an important risk factor for mouth 
cancer. Together, they are associated with 75% of  upper 
aerodigestive tract cancer. The rising incidence of  oral 
cancer has prompted a revaluation of  the role of  alcohol. 
Alcohol may influence the proliferative cells by both intra-
cellular and intercellular pathways. The carcinogenic expo-
sure of  the proliferating stem cells in the basal layer may be 
regulated through these pathways[20].

Alcoholics with oropharyngeal cancer have very high 
salivary acetaldehyde concentrations, which may be because 
of  smoking and poor oral hygiene[21]. Up to 50%-75% of  
cases of  esophageal cancer in both men and women are 
attributable to the consumption of  alcohol.

Chronic alcohol consumption is frequently associated 
with secondary motility disorders and lower esophageal 

sphincter tone alteration. These effects predispose to gas-
troesophageal reflux, esophagitis and intestinal metaplasia. 
The mucosa becomes more susceptible to carcinogens, 
such as polycyclic aromatic carbohydrates which can be 
produced by pro-carcinogens in the liver. In addition, etha-
nol is metabolized by bacteria in the oral cavity to acetalde-
hyde[22]. 

Epidemiological studies have noted a response rate (RR) 
of  7.4 for distal colorectal cancer in individuals who con-
sume more than 20 g of  ethanol a day and consequently 
have low methionine and folate levels compared with oc-
casional drinkers who have a normal methionine and folate 
level[10].

Pancreatic cancer has been linked to current smoking. 
Increased pancreatic cancer risk has also been associated 
with alcohol consumption although Talamini et al[23] have 
shown that this was significant only among heavy drinkers. 
Pancreatic cancer risk was 4.3-fold higher in heavy smokers 
(> 20 cigarettes/d) and heavy drinkers (> 21 drinks/wk) in 
comparison with never-smokers who drank < 7 drinks/wk.

Alcohol intake has been recognised as a definite cause 
of  chronic liver diseases and HCC. It could be involved in 
the development of  HCC through both direct (genotoxic) 
and indirect mechanisms (development of  cirrhosis). Stud-
ies in the USA and in Italy suggest that alcohol is the most 
common cause of  HCC (accounting for 32%-45% of  
HCC).

A significant synergy between alcohol consumption 
(50-80 g/d of  ethanol), hepatitis virus infection (HBV, 
HCV) and metabolic alterations has recently been dem-
onstrated. An addictive effect has been demonstrated in 
patients with HCV infection consuming below 50 g/d of  
ethanol.

Hassan et al[24] have demonstrated a significant increase 
in the risk of  cancer when alcohol intake is associated with 
hepatitis viruses and diabetes mellitus. A common pathway 
for hepatocarcinogenesis has been suggested. In case of  
heavy alcohol consumption (> 80 g/d) with chronic hepa-
titis virus infection (HBV or HCV) an OR of  53.9 (virus 
alone OR 19.1, alcohol alone OR 2.4) has been demonstrat-
ed and in case of  heavy alcohol consumption with diabetes 
(insulin-dependent, non-insulin-dependent) it has been evi-
denced an OR of  9.9 (diabetes alone 2.4) was found[24,25]. 

A model of  liver carcinogenesis by alcohol intake has 
been proposed which shows both its early (initiation) and 
late effects (promotion/progression). We have recently 
evaluated the possible mechanism of  initiation in patients 
affected by chronic alcoholic liver disease (ALD)[26,27]. As 
alcohol causes an oxidative stress, and therefore the for-
mation of  reactive oxygen species, the comparison of  the 
frequency of  DNA lesions in lymphocytes in patients with 
alcoholic liver disease appeared interesting. The degree 
of  DNA fragmentation was evaluated by means of  the 
Comet Assay which gives two indexes of  the frequency 
of  breakages of  a single-stranded DNA: the length of  the 
tail and the moment of  the tail. In ALD patients, a statisti-
cally significant increase of  the frequency of  DNA lesions 
was observed. The data suggest a direct genotoxic effect 
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of  alcohol. The close association between alcohol intake 
and oxidative DNA damage suggests that the free radical 
produced during ethanol metabolism may be the cause of  
DNA fragmentation in lymphocytes. Taken as a whole, 
these findings suggest that genotoxic mechanisms may op-
erate in the liver in subjects who use alcohol and thus con-
tribute to the process of  hepatocarcinogenesis.

In the late phase (promotion/progression) the hy-
perproliferation may cause hepatocyte DNA to become 
susceptible to mutagenesis, resulting in gene instability. In 
fact, it has been demonstrated that HCC develops because 
chronic oxidative stress exerts a selection pressure that fa-
vours the outgrowth of  progenitor cell clones that are most 
resistant to oxidative damage[28].

Seitz et al[12] suggest that the dose-response relationship 
which exists between alcohol consumption and cancer risk 
is one of  the most important resaons for the control of  
heavy drinking. The US Department of  Agriculture and 
Health and Human Services suggests a low risk level of  a 
maximum of  28 g of  ethanol a day in men and half  of  this 
in women[29].
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Abstract
AIM: To investigate the association of Caveolin-1 (Cav-1) 
polymorphisms with colorectal cancer (CRC) risk in a 
central Taiwanese population.

METHODS: Three hundred and sixty-two patients with 
colorectal cancer and the same number of recruited age- 
and gender-matched healthy controls were genotyped. 
And only those matches with all single nucleotide poly-

morphisms data (case/control = 362/362) were selected 
for final analyzing.

RESULTS: There were significant differences between 
CRC and control groups in the distributions of their 
genotypes (P  = 1.6 × 10-12 and 3.0 × 10-4) and allelic 
frequencies (P = 2.3 × 10-13 and 4.0 × 10-5) in the Cav-1 
G14713A (rs3807987) and T29107A (rs7804372) poly-
morphisms respectively. As for the haplotype analysis, 
those who had GG/AT or GG/AA at Cav-1  G14713A/
T29107A showed a 0.68-fold (95% CI: 0.48-0.98) de-
creased risk of CRC compared to those with GG/TT, while 
those of any other combinations were of increased risk. 
There were joint effects of Cav-1 G14713A and T29107A 
genotype with smoking status on individual CRC suscepti-
bility. 

CONCLUSION: This is the first report providing evidence 
of Cav-1 being involved in CRC and it may be novel use-
ful genomic markers for early detection of CRC.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of  the most grave public 
health problems. There are nearly one million cases of  
CRC diagnosed worldwide each year. The prevalent in-
cidence and age-adjusted mortality of  CRC has kept on 
increasing in recent years in Taiwan. In 2008, the incidence 
and mortality of  CRC has occupied third place among the 
common cancers. Etiological studies have attributed more 
than 85% of  CRC to several environmental factors[1,2], in 
particular meat consumption, cigarette smoking and expo-
sure to carcinogenic aromatic amines such as arylamines 
and heterocyclic amines[3-5].

In recent years, investigators have become interested in 
caveolae to define how these lipid domains participate in 
the pathogenesis of  human cancers and what their possible 
utility may be for detection and treatment[6]. Caveolae are 
vesicular invaginations of  the plasma membrane, thought 
to play a critical role in transcytosis, communication be-
tween cell surface membrane receptors and intracellular 
signaling protein cascades such as apoptosis and tumori-
genesis[7,8]. Caveolins are the major structural proteins of  
caveolae and this family contains three members in mam-
mals, Caveolin-1 (Cav-1), Cav-2 and Cav-3[7,9], in which 
Cav-1 is the principal structural protein. It has been dem-
onstrated that Cav-1 is down-regulated in sarcoma, lung 
carcinoma and ovarian carcinoma[10-12]. However, elevated 
expression of  Cav-1 has been associated with the metas-
tasis of  esophageal squamous cell carcinoma and prostate 
cancer and negatively correlated with patient survival[13,14]. 
These findings indicate that the role of  Cav-1 may vary 
considerably depending on the tissue involved.

Previous reports have found a differential display of  
Cav-1 in CRC cell lines and experimental colon adenocar-
cinomas when compared to normal tissue[15,16]. However, 
the role of  Cav-1 in aberrant cellular physiology is not 
fully understood. Moreover, the functional role of  Cav-1 
in CRC is not precisely identified in vivo as of  now. There-
fore, the emerging evidence pointing to the role of  Cav-1 
gene in carcinogenesis led us to study whether different 
alleles of  this gene are associated with CRC. Thus, the 
aims of  the current study were to determine the geno-
typic frequency of  six polymorphisms of  the Cav-1 gene 
at C239A (rs1997623), G14713A (rs3807987), G21985A 
(12672038), T28608A (rs3757733), T29107A (rs7804372) 
and G32124A (rs3807992) and their association with CRC 
susceptibility. To the best of  our knowledge, this is the 
largest study carried out to evaluate the contribution of  
Cav-1 polymorphisms in colorectal oncology.

MATERIALS AND METHODS
Study population and sample collection 
The study population consisted of  362 CRC patients and 
362 cancer-free control volunteers. Patients diagnosed with 
CRC were recruited at the outpatient clinics of  general 
surgery during 2002-2008 at the China Medical University 
Hospital, Taichung, Taiwan. The clinical characteristics of  
patients, including histological details, were all graded and 

defined by expert surgeons (Dr. Yang’s team). All patients 
voluntarily participated, completed a self-administered 
questionnaire and provided peripheral blood samples. An 
equal number of  non-cancer healthy volunteers were se-
lected as controls by matching for age, gender and some 
indulgences after initial random sampling from the Health 
Examination Cohort of  the hospital. The exclusion criteria 
of  the control group included previous malignancy, me-
tastasized cancer from other or unknown origin and any 
familial or genetic diseases. This study was approved by the 
Institutional Review Board of  the China Medical Univer-
sity Hospital and written-informed consent was obtained 
from all participants.

Genotyping conditions
Genomic DNA was prepared from peripheral blood leu-
cocytes using a QIAamp Blood Mini Kit (Blossom, Taipei, 
Taiwan) and further processed according to our previous 
papers[17-25]. Briefly, the following primers were used for 
Cav-1 C239A (rs1997623): 5’-GTGTCCGCTTCTGC-
TATCTG-3’ and 5’-GCCAAGATGCAGAAGGAGTT-3’; 
for Cav-1 G14713A (rs3807987): 5’-CCTTCCAG-
TAAGCAAGCTGT-3’ and 5’-CCTCTCAATCTT-
GCCATAGT-3’; for Cav-1 G21985A (12672038): 
5’-GGTGTCAGCAAGGCTATGCT-3’ and 5’-CCAGA-
CACTCAGAATGTGAC-3’;  for Cav-1 T28608A 
(rs3757733): 5’-GCTCAACCTCATCTGAGGCA-3’ 
and 5’-GGCCTATTGTTGAGTGGATG-3’; for Cav-1 
T29107A (rs7804372): 5’-GCCTGAATTGCAATCCT-
GTG-3’ and 5’-ACGGTGTGAACACGGACATT-3’; 
and for Cav-1 G32124A (rs3807992): 5’-GGTGTCTTG-
CAGTTGAATG-3’ and 5’-ACGGAGCTACTCAGTGC-
CAA-3’. The following cycling conditions were performed: 
one cycle at 94℃ for 5 min; 35 cycles of  94℃ for 30 s, 
55℃ for 30 s and 72℃ for 30 s; and a final extension at 
72℃ for 10 min. The PCR products were studied after di-
gestion with Avr Ⅱ , Bfa Ⅰ , Hae Ⅲ , Tsp509 Ⅰ , Sau3AI and 
Nla Ⅲ , restriction enzymes for Cav-1 C239A (cut from 
485 bp C type into 170 + 315 bp T type), Cav-1 G14713A 
(cut from 268 bp A type into 66 + 202 bp G type), Cav-1 
G21985A (cut from 251 + 43 bp A type into 153 + 98 + 
43 bp G type), Cav-1 T28608A (cut from 298 bp T type 
into 100 + 198 bp A type), Cav-1 T29107A (cut from 336 
bp A type into 172 + 164 bp T type) and Cav-1 G32124A 
(cut from 213 + 142+ 67 bp A type into 142 + 118 + 95 
+ 67 bp T type) respectively. 

Statistical analysis
Only those matches with all single nucleotide polymor-
phisms (SNPs) data (case/control = 362/362) were 
selected for final analyzing. To ensure that the controls 
used were representative of  the general population and to 
exclude the possibility of  genotyping error, the deviation 
of  the genotype frequencies of  Cav-1 SNP in the control 
subjects from those expected under the Hardy-Weinberg 
equilibrium was assessed using the goodness-of-fit test. 
Pearson’s χ2 test or Fisher’s exact test (when the expected 
number in any cell was less than five) was used to compare 
the distribution of  the Cav-1 genotypes between cases and 
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controls. Cancer risk associated with the genotypes was 
estimated as odds ratio and 95% confidence intervals us-
ing unconditional logistic regression. Data was recognized 
as significant when the statistical P-value was less than 
0.05. To evaluate effect modification by smoking, stratified 
analyses were conducted for chosen SNPs to compare the 
association across exposure categories of  smoking status 
(never-smokers and smokers). All statistical tests were per-
formed using SAS, Version 9.1.3 (SAS Institute Inc., Cary, 
NC, USA) on two sided probabilities.

RESULTS
The frequency distributions of  selected characteristics of  
CRC patients and controls are shown in Table 1. These 
characteristics of  patients and controls are all well matched. 
None of  these differences between groups were statisti-
cally significant (P > 0.05) (Table 1). The frequencies of  
the genotypes for the Cav-1 C239A, G14713A, G21985A, 
T28608A, T29107A and G32124A between controls and 
CRC patients are shown in Table 2. Genotype distribution 
of  various genetic polymorphisms of  Cav-1 G14713A and 
T29107A were significantly different between CRC and 
control groups (P = 1.6 × 10-12 and 3.0 × 10-4 respectively), 
while those for Cav-1 C239A, G21985A, T28608A and 
G32124A were not significant (P > 0.05) (Table 2). To sum 
up, the polymorphism of  Cav-1 G14713A and T29107A 
are associated with CRC risk and may be a biomarker for 
CRC early detection. The representative PCR-based re-
striction analyses for the Cav-1 G14713A and T29107A 
polymorphisms are shown in Figure 1.

The frequencies of  the alleles for the Cav-1 C239A, 
G14713A, G21985A, T28608A, T29107A and G32124A 

between controls and CRC patients are shown in Table 3. 
The two SNPs of  Cav-1 found to be associated with CRC 
in Table 2, G14713A and T29107A, are also found to be 
associated with higher CRC susceptibility in their allele 
frequency analysis here. As for the other four SNPs, the 
distributions of  their allele frequencies are not significantly 
different in controls and CRC patients (Table 3).

Considering potential interactions between the two 
significant SNPs of  Cav-1 gene and CRC susceptibility, the 
risk of  CRC related to haplotype distributions of  Cav-1 
G14713A and T29107A were further analyzed (Table 4). 
Compared with GG/TT haplotype of  Cav-1 G14713A and 
T29107A, the GG/AT or GG/AA group has a 0.68-fold 
lower risk of  CRC (95% CI: 0.48-0.98). Other combina-
tions of  AG/TT, AG/AT or AG/AA, AA/TT and AA/
AT or AA/AA conferred 2.78-fold (95% CI: 2.04-4.22), 
2.02-fold (95% CI: 1.28-2.94), 3.48-fold (95% CI: 1.86-5.59) 
and 2.29-fold (95% CI: 1.49-3.06) increased risks compared 
to the GG/TT haplotype respectively (Table 4). 

Since smoking is the predominant risk factor for CRC, 
the interaction between Cav-1 genotype and individual 
smoking habits was also analyzed by stratified individual 
smoking status (Table 5). We noticed that subjects with 
the hetero- or homozygous AA for Cav-1 G14713A had 
higher risks of  CRC in both smoker and non-smoker 
groups, irrespective of  before or after adjusting their age, 
gender and smoking pack-years. In the case of  Cav-1 
T29107A, the homozygous AA had lower risks of  CRC in 
both smoker and non-smoker groups. The heterozygous 
AT of  Cav-1 T29107A also had protective effects in the 
smoker group. To sum up, there was an obvious interac-
tion between smoking status and Cav-1 genotypes in the 
CRC susceptibility.
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aP based on χ2 test.

Table 1  Frequency distributions of characteristics among colorectal cancer patients and controls n (%)

Characteristics Patients (n  = 362) Controls (n  = 362) P

Age (yr)
mean ± SD                   64.4 (6.2)                   63.8 (5.8) 0.149
Age group (yr) 0.932
≤ 60  93 (25.7)  95 (26.2)
> 60 269 (74.3) 267 (73.8)
Gender 0.707
   Male 209 (57.7) 203 (56.0)
   Female 153 (42.3) 159 (44.0)
Habits
   Cigarette smokers   84 (23.2) 91 (25.1) 0.602
   Alcohol drinkers   51 (14.1) 44 (12.2) 0.509
Primary tumor
   Colon 239 (66.0)
   Rectum 123 (34.0)
Histological differentiation
   Well/moderate 319 (88.1)
   Poorly/unknown 43 (11.9)
Extent of invasion
   T1-2 134 (37.0)
   T3-4 228 (63.0)
Lymph node involvement
   N0   91 (25.1)
   N1-3 271 (74.9)



DISCUSSION
Although several investigations have shown that Cav-1 
plays a critical role in many tumors[10-14], few data are avail-
able which consider Cav-1 for genetic predisposition to 
cancers[26,27]. In 2004, the inactivation of  Cav-1 by muta-
tion models or via reducing its expression was found to 
involve in the pathogenesis of  oral cancer[27]. In that study, 
the exon 1 and 3 sequences of  Cav-1 were investigated in 
74 oral squamous cell carcinomas and 15 oral cancer cell 

lines and the expression of  Cav-1 was examined. It was 
reported that only five mutations (1 missense and 4 silent 
mutations) of  Cav-1 were identified in many cases and they 
were all found in exon 3[27]. Since sequencing of  exonic 
and promoter regions had not revealed variants in Cav-1 
that might have been directly involved in any cancer risk, it 
is reasonable for us to select intronic SNPs from the NCBI 
database and to evaluate the role of  Cav-1 polymorphisms 
which have never been reported to be associated with CRC 
risk. 

The main finding of  this study is that Cav-1 G14713A 
(rs3807987) and T29107A (rs7804372) polymorphisms 
are associated with the susceptibility to CRC (Table 2 
and 3) while the other four polymorphisms were not. 
The combinative analysis of  Cav-1 G14713A (rs3807987) 
and T29107A (rs7804372) showed that, when taking 
G14713A/T29107A GG/TT haplotype as a reference, 
those with GG/AT or GG/AA were of  lower CRC risk, 
while those with other haplotypes including AG/TT, AG/
AT or AG/AA, AA/TT, AA/AT or AA/AA were of  1.93- 
to 3.22-fold higher risk. The data also supported that A 
allele of  G14713A was risky and A allele of  T29107A was 
protective. Although these genetic variations do not di-
rectly result in amino acid coding change, it is plausible to 
suspect that the alternative splicing, intervention, modifica-
tion, determination or involvement of  these SNPs influ-
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Table 2  Distribution of Caveolin-1 genotypes among colorectal 
cancer patients and controls n  (%)

Genotype Controls Patients P a

C239A rs1997623 0.3837
   CC 355 (98.1) 357 (98.6)
   AC   7 (1.9)  5 (1.4)
   AA   0 (0.0)  0 (0.0)
G14713A rs3807987 1.6 × 10-12

   GG 234 (64.6) 135 (37.3)
   AG   96 (26.5) 165 (45.6)
   AA  32 (8.8)  62 (17.1)
G21985A rs12672038 0.9722
   GG 211 (58.2) 214 (59.1)
   AG 124 (34.3) 122 (33.7)
   AA 27 (7.5) 26 (7.2)
T28608A rs3757733 0.8964
   TT 209 (57.7) 214 (59.1)
   AT 120 (33.2) 118 (32.6)
   AA 33 (9.1) 30 (8.3)
T29107A rs7804372 0.0003
   TT 179 (49.5) 216 (59.7)
   AT 120 (33.1) 117 (32.3)
   AA   63 (17.4) 29 (8.0)
G32124A rs3807992 0.8583
   GG 179 (49.4) 172 (47.5)
   AG 144 (39.8) 148 (40.9)
   AA   39 (10.8)   42 (11.6)

aP based on χ2 test.

Allele Controls Patients P a

C239A rs1997623 0.5621
   Allele C 717 (99.0) 719 (99.3)
   Allele A  7 (1.0)  5 (0.7)
G14713A rs3807987 2.3 × 10-13

   Allele G 564 (77.9) 435 (60.1)
   Allele A 160 (22.1) 289 (39.9)
G21985A rs12672038 0.8064
   Allele G 546 (75.4) 550 (76.0)
   Allele A 178 (24.6) 174 (24.0)
T28608A rs3757733 0.6279
   Allele T 538 (74.3) 546 (75.4)
   Allele A 186 (25.7) 178 (24.6)
T29107A rs7804372 4.0 × 10-5

   Allele T 478 (66.0) 549 (75.8)
   Allele A 246 (34.0) 175 (24.2)
G32124A rs3807992 0.5711
   Allele G 502 (69.3) 492 (68.0)
   Allele A 222 (30.7) 232 (32.0)

Table 3  Distribution of Caveolin-1  alleles among colorectal 
cancer patients and controls n  (%)

aP based on χ2 test.

268 bp

B

A

202 bp

M           A/A          G/G         A/G

336 bp

172 and 164 bp

M           T/T          A/A         A/T

Figure 1  Polymerase chain reaction -based restriction analysis of the G14713A 
(A) and T29107A (B) polymorphisms of Caveolin-1 gene shown on 3% agarose 
electrophoresis. M: 100 bp DNA size marker; A/A: Indivisible homozygote; A/G: Het-
erozygote; G/G: Divisible homozygote; A/T: Heterozygote; T/T: Divisible homozygote.



ence the expression level or stability of  the Cav-1 protein. 
In our immunohistochemistry detection of  tumor tissue 
from oral cancer patients, taking the distant parts from the 
same subjects as internal control, we have found that Cav-1 
was down-regulated in the tumor sites (unpublished data). 
We have also checked for the possibility that the various 
genotypes of  Cav-1 may have differential effects on the 
clinical outcomes. However, after performing all the analy-
sis for the effects of  Cav-1 genotypes (both for G14713A 
rs3807987 and T29107A rs7804372) on age, gender, hab-
its, primary tumor site, histological differentiation, invasion 
and lymph node involvement of  the patients, no positive 
correlation could be found.

Environmental factors such as cigarette smoking were 
reported to be closely related to CRC carcinogenesis. In 
this study, the joint effects of  Cav-1 gene and individual 
smoking behaviors were analyzed and both significant 
genetic-environmental interactions were observed in Cav-1 
G14713A (rs3807987) and T29107A (rs7804372) (Table 5). 
The sample size and similar trends of  significant data after 
age- and behavior-adjustments strengthen the accuracy 
and reliability of  our findings and the frequencies of  Cav-1 
polymorphisms variant alleles were similar to those report-
ed in the NCBI website in other Asian population stud-
ies. For instance, the minor A allele frequencies of  Cav-1 
G14713A are 22.1% in our control group, close to those 
of  16.7% for Beijing and 22.2% for Tokyo populations 
in NCBI, which strongly suggest no selection bias for the 
subject’s enrolments in terms of  genotypes. The smoking 
population in our patient group is rather low so the data 

itself  and that of  matched control group are disadvanta-
geous for us to do the stratified analysis of  smoking status 
(Table 5). We agree that it is important to verify our find-
ings in further larger studies and clarify the role of  Cav-1 
with more phenotypic and functional evidence in CRC 
and other cancer. In conclusion, this is the first report to 
provide evidence that Cav-1 G14713A and T29107A but 
not C239A, G21985A, T28608A or G32124A, were as-
sociated with higher susceptibility to CRC. They both have 
joint effects with smoking status on CRC susceptibility. 
The G allele of  Cav-1 G14713A and the A allele of  Cav-1 
T29107A might become potential biomarkers for the CRC 
early detection, prediction and targets for integrative cancer 
therapy.

ACKNOWLEDGMENTS
We are grateful to Wen-Shin Chang, Hsiu-Min Hsieh, Judy 
Wang and the Tissue Bank in China Medical University 
Hospital for their technical assistance. 

COMMENTS
Background
Colorectal cancer (CRC) is one of the most grave public health problems. There 
are nearly one million cases of CRC diagnosis worldwide each year. Caveolin-1 
(Cav-1) has been associated with the metastasis of esophageal squamous cell 
carcinoma and prostate cancer and negatively correlated with patient survival. 
Research frontiers
Caveolins are the major structural proteins of caveolae and this family contains 
three members in mammals, Cav-1, Cav-2 and Cav-3, in which Cav-1 is the 

330WJGO|www.wjgnet.com August 15, 2010|Volume 2|Issue 8|

Yang MD et al . Cav-1  polymorphisms in colorectal cancer

G14713A/T29107A haplotype Controls Patients Crude odds ratio (95% CI) Adjusted odds ratio (95% CI)a

GG/TT 116 (32.0)   81 (22.4)                  1.00 (Ref.)                   1.00 (Ref.)
GG/AT or GG/AA 118 (32.6)   54 (14.9)                  0.66 (0.43-1.01) 0.68 (0.48-0.98)b

AG/TT   47 (13.0)   99 (27.3) 3.02 (1.93-4.72)b 2.78 (2.04-4.22)b

AG/AT or AG/AA   49 (13.5)   66 (18.2) 1.93 (1.21-3.07)b 2.02 (1.28-2.94)b

AA/TT 16 (4.4) 36 (9.9) 3.22 (1.68-6.20)b 3.48 (1.86-5.59)b

AA/AT or AA/AA 16 (4.4) 26 (7.2) 2.33 (1.17-4.61)b 2.29 (1.49-3.06)b

Table 4  Distribution of Caveolin-1 G14713A/ T29107A haplotypes among colorectal cancer patients and controls n  (%)

aDate were calculated by unconditioned logistic regression and adjusted for age, gender, smoking, alcohol drinking and betel quid chewing behaviors; 
bStatistically significant.

 COMMENTS

aAdjusted for age, gender and smoking (pack-years); bAdjusted for age and gender; OR: Odds ratio; SNP: Single nucleotide polymorphism.

Table 5  Distribution of Caveolin-1  G14713A and T29107A genotypes and colorectal cancer after stratification by smoking habit

Overall Never smokers Ever smokers
SNP/Genotype Controls Cases Adjusteda Controls Cases Adjustedb Controls Cases Adjustedb 

n  (%) n  (%) OR (95% CI) n  (%) n  (%) OR (95% CI) n  (%) n  (%) OR (95% CI)

G14713A
(rs3807987)
GG
AG
AA

234 (64.6)
  96 (26.5)
 32 ( 8.8)

135 (37.3)
165 (45.6)
  62 (17.1)

   1.00 (Ref.)
2.98 (2.14-4.14)
3.36 (2.09-5.41)

171 (63.1)
  75 (27.7)
 25 (9.2)

107 (38.5)
124 (44.6)
47 (16.9)

  1.00 (Ref.)
2.64 (1.81-3.84)
3.00 (1.75-5.17)

63 (69.2)
21 (23.1)
7 (7.7)

28 (33.3)
41 (48.8)
15 (17.9)

   1.00 (Ref.)
4.39 (2.21-8.75)

  4.82 (1.77-13.13)
T29107A
(rs7804372)
TT
AT
AA

179 (49.5)
120 (33.1)
  63 (17.4)

216 (59.7)
117 (32.3)
29 (8.0)

   1.00 (Ref.)
0.79 (0.57-1.11)
0.37 (0.23-0.58)

136 (50.2)
  89 (32.8)
  46 (17.0)

164 (59.0)
  91 (32.7)
23 (8.3)

  1.00 (Ref.)
0.84 (0.54-1.21)
0.40 (0.22-0.71)

43 (47.3)
52 (34.1)
17 (18.6)

52 (61.9)
26 (31.0)
 6 (7.1)

   1.00 (Ref.)
0.40 (0.22-0.76)
0.28 (0.21-0.79)
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principal structural protein. It has been demonstrated that Cav-1 is down-regulated 
in sarcoma, lung carcinoma and ovarian carcinoma. In this study, the authors 
demonstrate that Cav-1 is involved in CRC and may be novel useful genomic 
markers for early detection of CRC.
Innovations and breakthroughs
Recent reports indicate that the role of Cav-1 may vary considerably, depending 
on the tissue involved. This is the first report providing evidence of Cav-1 being 
involved in CRC and it may be novel useful genomic markers for early detection of 
CRC.
Applications
The emerging evidence pointing to the role of Cav-1 in carcinogenesis led us to 
study whether different alleles of this gene are associated with CRC. Thus, the 
current study was to determine the genotypic frequency of six polymorphisms of 
the Cav-1 gene and their association with CRC susceptibility. To the best of our 
knowledge, this is the largest study carried out to evaluate the contribution of Cav-1 
polymorphisms in colorectal oncology.
Peer review
The authors have done a careful evaluation of Cav-1 in a large cohort of CRCs and 
have found novel molecular alterations in their population sample. This is a well 
conducted study and the readership will find the results interesting.
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Abstract
Solitary rectal ulcer syndrome (SRUS) is a rare condition 
in children. We report a case of SRUS in an 8-year old 
Saudi girl who presented with recurrent rectal bleeding, 
intermittent mucosal prolapse, and passage of mucus 
per rectum. Colonoscopy revealed multiple polypoid 
mass lesions with histopathological features of SRUS. 
The polypoid variant of SRUS is very rare in children and 
may be confused with rectal malignant or inflammatory 
conditions.
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INTRODUCTION
Solitary rectal ulcer syndrome (SRUS) is a rare benign 
disease of  the rectum, which predominately affects young 
adults aged between 30 and 50 years with a prevalence 
of  1 in 100 000 people per year[1,2]. SRUS usually presents 
with a symptom complex of  rectal bleeding, passage of  
mucus and straining on defecation, tenesmus, perineal 
and abdominal pain, sensation of  incomplete defecation, 
constipation and rectal prolapse[3]. SRUS is rare in children 
and its description is largely limited to case reports[4-14]. The 
underlying etiology of  SRUS is not fully understood but 
it is likely to be secondary to ischemic changes in the rec-
tum associated with paradoxical contraction of  the pelvic 
floor and external anal sphincter muscles and with rectal 
prolapse[15]. The macroscopic appearance of  the rectal le-
sion may vary from hyperemia to ulceration or a polypoid 
lesion that can mimic carcinoma[16], although the histologi-
cal findings are characteristic, with fibromuscular oblitera-
tion of  the lamina propria and disorientation of  muscle 
fibers[17]. We report the case of  a young girl who presented 
with a polypoid mass lesion of  the rectum representing a 
SRUS variant.

CASE REPORT
An 8-year old Saudi girl was referred to our pediatric 
gastroenterology clinic with a 2-year history of  recurrent 
rectal bleeding, passage of  mucus, and intermittent rectal 
prolapse during defecation. In spite of  receiving regular 
lactulose, the bleeding had not resolved. There was no his-
tory of  fecal incontinence or self-digitation, nor of  weight 
loss, fever, arthralgia, skin rash, abdominal pain, change in 
appetite or daily activity, or bleeding. The results of  physi-
cal examination were unremarkable apart from pallor. 
Digital rectal examination revealed an irregular broad based 
polypoid lesion palpated on the rectum about 5 cm from 
the anal verge. Her anthropometric measurements were 
at the 25th percentile for weight and 50th percentile for 
height. The laboratory findings revealed hypochromic and 
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microcytic anemia (hemoglobin 6.7 g/dL, hematocrit 23 %, 
mean corpuscular volume 54 fl, mean cell hemoglobin 15.6 
pg, platelets count 704 × 103/mm3), normal erythrocyte 
sedimentation rate (15 mm/h), and normal coagulation 
profile. White blood cell count was 10 600/mm3; liver func-
tion tests, and serum proteins were normal. Perinuclear an-
tineutrophil cytoplasmic antibody and anti-saccharomyces 
cerevisiae antibody were negative. Stool examination for 
ova, parasites, and cultures were repeatedly negative. Colo-
noscopy revealed multiple polypoid mass lesions in the 
rectum located at 5 cm from the anal verge with circum-
ferential distribution. The mucosal surface of  these lesions 
was ulcerated and covered with exudates. The surrounding 
mucosa was smooth with absence of  the normal vascular 
pattern (Figure 1A and B). The remaining colon up to the 
cecum was normal. Several mucosal biopsies were obtained 
from the lesions. Histopathological examination revealed 
focal ulcerations of  the lining mucosa with granulation tis-
sue formation. There was smooth muscle fiber expansion 
between glands up to the submucosa which was perpen-
dicular to the glands (Figure 2A and B). There was no evi-
dence of  cryptitis or crypt abscesses. The crypt architecture 
was maintained, with no findings of  granuloma, atypia or 
malignancy. 

Following the diagnosis of  SRUS, general measures to 
reduce straining during defecation, were commenced as 
well as a stool softener (Macrogol 3350). Subsequent trials 
of  corticosteroid and mesalazine enemas produced no im-
provement. She has recently been commenced on sucral-
fate enemas prior to rectopexy.

DISCUSSION
SRUS is rarely reported in children because it is difficult 
to recognize both the macroscopic and histopathological 
changes during childhood[3]. Even in adults the condition 
may go unrecognized or, more commonly, misdiagnosed 
for several years[18]. A prolonged period of  misdiagnosis 
may have important consequences, such as anemia sec-
ondary to massive bleeding or poor appetite in a growing 
child[1]. This patient had low hemoglobin that required 
blood transfusion. Anemia is not consistently present in 
SRUS[4-14]. The severity of  blood loss, the duration of  the 
disease, as well as local factors related to the lesion may in-
fluence the development of  anemia.

The clinical presentation of  SRUS is diverse. Patients 
commonly present with obstructed defecation, rectal 
bleeding or prolapsed rectal mucosa either overt or oc-
cult[3]. Histopathological examination is key to the diagno-
sis of  SRUS. A combination of  fibromuscular obliteration 
of  the lamina propria, crypt distortion, and surface serra-
tion can establish the diagnosis in most cases[16].

In adults, 25%-32% of  SRUS may appear as polyp-
oid lesions[5,19]. The SRUS-polypoid variant may lead to 
serious misdiagnosis as its appearance may be confused 
with an inflammatory polyp, hyperplastic polyps, or rectal 
carcinoma[19,20]. Our patient had multiple polypoid lesions 
that were circumferential with an ulcerated surface that 
mimiced rectal cancer in its appearance. Among the cases 
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Figure 1  Colonoscopic examination. A: Polypoid mass with surface ulceration 
and surrounding mucosal erythema; B: Multiple polypoid mass lesions at the 
rectum.

B

A A

B

Figure 2  Histopathological examination. A: The rectal mucosa showing 
smooth muscle fibers proliferation perpendicular to the muscularis mucosa 
and extending between the glands (arrows) (HE stain × 40); B: Smooth muscle 
proliferation in the muscularis mucosa (arrow head as internal control)) and 
extending in between the mucosal glands (arrows) (Immunohistochemistry, 
smooth muscle actin, × 100).



reported in children, the polypoid variant is very rare and 
has previously been reported in only two patients[6,11].

Rectal prolapse is associated with 16%-59% of  SRUS 
in adults[1,2]. Our patient also had intermittent rectal pro-
lapse, as previously reported in children with SRUS[6,9,11,21]. 
Rectal prolapse may be occult, and defecography may help 
in its diagnosis[7].

Therapeutic experience in children with SRUS, is lim-
ited, with widely varying reported treatment protocols 
and poorly documented clinical outcomes. Conservative 
measures have included avoidance of  straining, use of  high 
fiber diet and intermittent use of  laxatives. Local sucral-
fate, sulfasalazine or steroid enemas have been reported to 
be effective[1,11,14]. Children with overt rectal prolapse who 
failed medical treatment may benefit from rectopexy[6,11,21].

In conclusion, the presence of  a rectal polypoid mass 
with ulceration in a child with obstructed defecation and 
rectal bleeding should raise the suspicion of  SRUS. Clini-
cians and surgical pathologists should be aware of  the fea-
tures of  SRUS, so that it is not confused with other condi-
tions.
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The 1st World Congress on 
Controversies in Gastroenterology & 
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Meeting
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World Journal of  Gastrointestinal Oncology (World J Gastrointest Oncol, 
WJGO, ISSN 1948-5204, DOI: 10.4251), is a monthly, open-access 
(OA), peer-reviewed journal supported by an editorial board of  404 
experts in gastrointestinal oncology from 41 countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the public 
without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation and 
communication of  scientific research results. The open access model 
has been proven to be a true approach that may achieve the ultimate 
goal of  the journals, i.e. the maximization of  the value to the readers, 
authors and society.
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els of  a country, a university, a center, a department, and even a 
scientist, and build an important bridge for communication between 
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and communicating innovative scientific achievements and acad
emic views, as well as promoting the application of  scientific 
achievements, but also in formally recognizing the “priority” and 
“copyright” of  innovative achievements published, as well as 
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these desired attributes of  WJGO and create a well-recognized 
journal, the following four types of  personal benefits should be 
maximized. The maximization of  personal benefits refers to the 
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optimal manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial 
board members: The primary task of  editorial board members is 
to give a peer review of  an unpublished scientific article via online 
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values and determine whether it should be published or not. During 
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information in that field at first hand. As leaders in their field, they 
have priority to be invited to write articles and publish commentary 
articles. We will put peer reviewers’ names and affiliations along 
with the article they reviewed in the journal to acknowledge their 
contribution; (2) Maximization of  the benefits of  authors: Since 
WJGO is an open-access journal, readers around the world can 
immediately download and read, free of  charge, high-quality, peer-
reviewed articles from WJGO official website, thereby realizing the 
goals and significance of  the communication between authors and 
peers as well as public reading; (3) Maximization of  the benefits 
of  readers: Readers can read or use, free of  charge, high-quality 
peer-reviewed articles without any limits, and cite the arguments, 
viewpoints, concepts, theories, methods, results, conclusion or facts 
and data of  pertinent literature so as to validate the innovativeness, 
scientific and practical values of  their own research achievements, 
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solid evidence and correct conclusion; and (4) Maximization of  the 
benefits of  employees: It is an iron law that a first-class journal is 
unable to exist without first-class editors, and only first-class editors 
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an open, fair and transparent environment, could contribute their 
wisdom to edit and publish high-quality articles, thereby realizing the 

maximization of  the personal benefits of  editorial board members, 
authors and readers, and yielding the greatest social and economic 
benefits.
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advances in basic and clinical research on gastrointestinal oncology. 
The topics of  WJGO cover the carcinogenesis, tumorigenesis, 
metastasis, diagnosis, prevention, prognosis, clinical manifestations, 
nutritional support, molecular mechanisms, and therapy of  benign 
and malignant tumors of  the digestive tract. This cover epidemiology, 
etiology, immunology, molecular oncology, cytology, pathology, 
genetics, genomics, proteomics, pharmacology, pharmacokinetics, 
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extensive and timely review articles on oncology.

The columns in the issues of  WJGO will include: (1) Editorial: 
To introduce and comment on major advances and developments 
in the field; (2) Frontier: To review representative achievements, 
comment on the state of  current research, and propose directions 
for future research; (3) Topic Highlight: This column consists of  
three formats, including (A) 10 invited review articles on a hot 
topic, (B) a commentary on common issues of  this hot topic, and 
(C) a commentary on the 10 individual articles; (4) Observation: 
To update the development of  old and new questions, highlight 
unsolved problems, and provide strategies on how to solve the 
questions; (5) Guidelines for Basic Research: To provide guidelines 
for basic research; (6) Guidelines for Clinical Practice: To provide 
guidelines for clinical diagnosis and treatment; (7) Review: To 
review systemically progress and unresolved problems in the field, 
comment on the state of  current research, and make suggestions 
for future work; (8) Original Articles: To report innovative and 
original findings in gastrointestinal oncology; (9) Brief  Articles: To 
briefly report the novel and innovative findings in cardiology; (10) 
Case Report: To report a rare or typical case; (11) Letters to the 
Editor: To discuss and make reply to the contributions published 
in WJGO, or to introduce and comment on a controversial issue 
of  general interest; (12) Book Reviews: To introduce and comment 
on quality monographs of  gastrointestinal oncology; and (13) 
Guidelines: To introduce consensuses and guidelines reached by 
international and national academic authorities worldwide on the 
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animals of  their institution or national animal welfare committee. 
For the sake of  transparency in regard to the performance and 
reporting of  clinical trials, we endorse the policy of  the International 
Committee of  Medical Journal Editors to refuse to publish papers 
on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, to 
our knowledge, is http://www.clinicaltrials.gov sponsored by the 
United States National Library of  Medicine and we encourage 
all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1948-5204office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (ht tp ://www.wjgnet .com/1948-5204/
g_info_20100312180518.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem to 
wjgo@wjgnet.com, or by telephone: +86-10-85381891. If  you submit 
your manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception 
and design, acquisition of  data, or analysis and interpretation of  
data; (2) drafting the article or revising it critically for important 
intellectual content; and (3) final approval of  the version to be 
published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the 
complete name of  institution, city, province and postcode. For 
example, Xu-Chen Zhang, Li-Xin Mei, Department of  Pathology, 
Chengde Medical College, Chengde 067000, Hebei Province, 
China. One author may be represented from two institutions, for 
example, George Sgourakis, Department of  General, Visceral, 
and Transplantation Surgery, Essen 45122, Germany; George 
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red 
Cross Hospital, Athens 15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  

supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, 
affiliation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, University 
of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039  Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJGO, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan 
University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communication 
and case reports, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-5204/g_info_20100312181919.htm.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
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applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf ; ht tp ://www.wjgnet .com/1007-9327/13/4554.pdf ; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet .com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should 
be used rather than magnification factors, with the length 
of  the bar def ined in the legend rather than on the bar 
itself. File names should identify the figure and panel. Avoid 
layering type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A: ...; B: 
...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle to publish high 
resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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Brief  acknowledgments of  persons who have made genuine 
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conclusions should be included. Authors are responsible for 
obtaining written permission to use any copyrighted text and/or 
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Coding system
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according to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content or 
after the cited author’s name. For citation content which is part of  
the narration, the coding number and square brackets should be 
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volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
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SUBMISSION OF THE REVISED 
MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  
WJGO. The revised version including manuscript and high-
resolution image figures (if  any) should be copied on a floppy or 
compact disk. The author should send the revised manuscript, 
along with printed high-resolution color or black and white 
photos, copyright transfer letter, and responses to the reviewers 
by courier (such as EMS/DHL).

Editorial Office 
World Journal of Gastrointestinal Oncology
Editorial Department: Room 903, Building D,
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjgo@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-85381891
Fax: +86-10-85381893

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor 
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