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Abstract
The evolution of loco-regional treatments has occurred 
in the last two decades and has deeply changed the 
natural history of primitive and secondary peritoneal 
surface malignancies. Several phase Ⅱ-Ⅲ studies 
have proved the effectiveness of the combination of 
cytoreductive surgery with peritoneal chemohyperther-
mia. Cytoreductive surgery allows the reduction of the 
neoplastic mass and increases tumoral chemosensitiv-
ity. The development of chemohyperthermia finds its 
origins in the necessity to exceed the limits of intra-
peritoneal chemotherapy performed in normothermia. 
It permits a continuous high concentration gradient of 
chemotherapeutic drugs between the peritoneal cavity 
and the plasma compartment to and a more uniform 
distribution throughout the abdominal cavity compared 
to systemic administration.

© 2011 Baishideng. All rights reserved.

Key words: Hyperthermic intraperitoneal chemothera-
py; Peritoneal surface malignancies; Peritoneal carci-
nomatosis; Cytoreductive surgery; Loco-regional treat-
ments
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INTRODUCTION
Peritoneal surface malignancies (PSM) are a loco-regional 
neoplastic dissemination that includes peritoneal carcino-
matosis (PC), that is the progression of  neoplastic diseas-
es from abdominal, pelvic or extra abdominal organs[1-3], 
pseudomyxoma peritonei (PMP), an uncommon “bor-
derline malignancy” generally arising from a perforated 
appendiceal epithelial tumor and, finally, primitive tumors 
of  the peritoneum, such as diffuse malignant peritoneal 
mesothelioma (DMPM). The PC has long been consid-
ered a lethal clinical entity[4], with no curative options and 
a median survival rate of  3-6 mo[5], and it can be present 
at the moment of  the diagnosis of  primary cancer or, 
most frequently, after potentially curative surgery. The 
evolution of  loco-regional treatments options occurred 
in the last two decades and has deeply changed the natu-
ral history of  primitive and secondary PSM. In fact, cy-
toreductive surgery (CRS) combined with hyperthermic 
intraperitoneal chemotherapy (HIPEC) has become a 
promising treatment for patients with peritoneal malig-
nancies thanks to the favorable results in terms of  quality 
of  life and outcome[6]. Several studies have proved the ef-
fectiveness of  the combination of  CRS plus HIPEC[7-12]. 
In fact, this type of  approach has been established as 
the standard therapy for pseudomixoma peritonei with 
a mean survival rate of  156 mo[13] and a 5-year survival 
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range from 62.5% to 100% for low grade and from 0 to 
65% for high grade disease[14]. In PC from colorectal can-
cer, the mean survival rate varies considerably from 12 
to 32 mo, with 1-year, 2-year, 3-year and, when reported, 
5-year survival rates ranging from 65% to 90%, 25% to 
60%, 18% to 47%, and 17% to 30% respectively[15]. For 
patients with a peritoneal diffusion of  gastric cancer, the 
mean survival ranges from 8 to 11 mo and the 5-year sur-
vival from 6% to 16%[16,17]. In PC from epithelial ovarian 
cancer (EOC), the most lethal gynecological malignancy, 
a median overall and disease free survival of  up to 64 mo 
and 57 mo, respectively[18] with a 5-year survival rate from 
39% to 60.7%[9-19] has been reported. Finally, for perito-
neal mesothelioma, after aggressive surgery combined 
with HIPEC, a median survival of  34-92 mo with a 5-year 
survival rate of  67% has been reported[12,20].

RATIONALE OF CYTOREDUCTIVE 
SURGERY 
This therapeutic approach, so complex that it requires 
a specifically dedicated multidisciplinary team, is based 
on a rationale and techniques by now well codified. On 
one hand, CRS allows reduction of  the neoplastic mass 
and, on the other hand, by means of  induction of  the 
cell-growth phase, the elimination of  the chemoresistant 
clones and the improvement of  the antiblastic perfusion, 
increasing tumoral chemosensitivity[21,22]. The concept of  
CRS, different from that more widespread of  debulking 
surgery, forecasts the complete removal of  the neoplastic 
implants with the possibility of  leaving residual disease 
with a maximum cut-off  value of  2.5 mm, the optimal 
target for the employment of  HIPEC[23]. For this reason 
and to evaluate the entity of  cytoreduction, we utilized 
the “Completeness of  Cytoreduction Score” (CC score) 
proposed by Sugarbaker[24]: CC-0: no disease; CC-1: re-
sidual disease with size < 2.5 mm; CC-2: residual disease 
with size included from 2.5 mm to 2.5 cm: CC-3: residual 
disease with size > 2.5 cm or confluence of  many tumor-
al nodules. While CC-0 and CC-1 are deemed optimal re-
sults thanks to the “chemical cytoreduction” performed, 
CC-2 and CC-3 are defined as incomplete cytoreduction. 
An accurate surgical technique must be combined with a 
deep knowledge of  the modalities of  tumoral dissemina-
tion inside the peritoneum. In fact, the dissemination of  
the PSM occurs by parietal and visceral surfaces and, in 
particular, in the areas where the digestive tract (rectum-
sigma, ileocecal valve and gastric antrum) is fixed to the 
retroperitoneum and peristalsis is less active. This con-
sideration justifies the fact that a complete cytoreduction 
can also require multivisceral resections. 

RATIONALE OF CHEMOHYPERTHERMIA 
The development of  chemohyperthermia finds its origins 
in the necessity to exceed the limits of  intraperitoneal 
chemotherapy performed in normothermia, represented 
by the low penetration of  cytotoxic drugs in the context 

of  the neoplastic tissue[25] and by their lack of  homog-
enous distribution caused by the postoperative adhesions. 
The essential condition for intraperitoneal treatment is 
the direct instillation of  cytotoxic drugs in the perito-
neal cavity, leading to an increase in the contact between 
chemotherapeutic and peritoneum surfaces due to the 
peritoneal-plasma barrier[26]. In fact, drugs with a high 
molecular weight containing hydrophilic groups show a 
slow rate of  movement from the peritoneal cavity into the 
plasma (peritoneal clearance). This consequently leads to 
a continuous high concentration gradient of  chemothera-
peutic drugs between the peritoneal cavity and the plasma 
compartment, with a more uniform distribution of  them 
throughout the abdominal cavity compared to systemic 
administration. An additional advantage of  intraperitoneal 
chemotherapy administration is that the blood drainage 
of  the peritoneal surface occurs via the portal vein to 
the liver, providing a detoxifying first-pass effect and an 
increased exposure of  potential hepatic micrometastases 
to cytotoxic drugs. Certain drugs are also transported 
through the lymphatics to the systemic circulation and 
consequently higher drug concentrations in the lymph 
than in the plasma are achieved. Also, the association of  
hyperthermia is based on a strict scientific rationale. In 
fact, the heat, besides having a recognized direct cytotoxic 
effect, presents a synergistic activity with some chemo-
therapeutic agents, allowing the following advantages[27]: 
a greater intracellular accumulation of  drugs, a reduction 
of  the repair of  CDDP-DNA complexes, a reduction of  
intracellular drugs detoxification, a reduction of  cellular 
proliferation, an increase of  the apoptotic fraction and a 
greater tissue penetration. Such mechanisms are further 
amplified by the chaotic structure of  the tumoral vascular-
ity that, being in charge of  a reduction of  the pH and the 
glucose and oxygen concentrations, leads to a more sensi-
tive microenvironment to the chemohyperthermic action 
in respect to healthy tissues[28-30].

TECHNIQUE
The surgical act requires an accurate phase of  prepara-
tion: on the operating table, the patient must be placed in 
the lithotomy position with the legs abducted at 90° and 
with the buttock folds advanced to the borders of  the 
operating table, a position that affords a wide access to 
the perineum. The operating table must be able to pre-
serve a good thermal equilibrium or else it is best practice 
to utilize a cooling-heating blanket on the patient. Moreo-
ver, in the preparation of  the patient it is important to 
insert a bladder catheter with three ways that allows hy-
drodistention of  the bladder during the dissection of  the 
pelvic peritoneum, an essential condition to perform this 
difficult time. A careful abdominal examination is per-
formed through a laparotomy from the xyphoid to the 
pubic area, making use of  a Thompson or Codman self-
retaining retractor. The peritonectomy is performed by 
an electrosurgical scalpel with a spherical electrode of  2-3 
mm (ball-tip electrosurgical hand piece) because the peri-
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toneal and visceral resections executed with traditional 
techniques can scatter a great number of  tumoral emboli 
around inside the abdominal cavity. Furthermore, with 
the standard dissection it is difficult to obtain a peritoneal 
surface without cancer cells because only the excision 
performed with the electrosurgical scalpel leaves a margin 
of  necrosis without vital malignant cells. The electri-
cal burn of  the neoplastic and healthy tissue at the level 
of  the resection edges not only reduces the probability 
of  residual disease but also the blood loss. The high-
voltage electrosurgical scalpel used on pure cut or spray 
must be placed on the interface between the peritoneum 
that must be removed and the healthy tissue. During this 
type of  dissection that leads to tissue carbonization, it is 
necessary to use a smoke evacuator in order to maintain 
an optimal vision of  the operating field. The aspirator is 
located 2-3 cm to the dissection field every time that the 
electrosurgical scalpel is utilized. Cytoreductive surgery 
is performed through a sequence of  manoeuvres well 
codified[31] that are carried out according to the extent of  
disease: resection of  the greater omentum, right parietal 
peritonectomy ± resection of  right colon; left upper 
side and left parietal peritonectomy ± splenectomy; right 
upper side peritonectomy, Glisson’s capsule resection, 
Morrison pouch peritonectomy; lesser omentum resec-
tion, hepatic ileus cytoreduction ± cholecystectomy ± 
total or partial stomach resection; pelvic peritonectomy ± 
sigmoid resection ± hysterectomy and bilateral annexec-
tomy; other bowel resections and/or tumoral mass resec-
tion; bowel anastomosis. Chemohyperthermia begins at 
the end of  cytoreductive surgery with the placement of  
four or five drains in the abdominal cavity. We use five 
drains, two for the infusion of  liquid, placed in the right 
subdiaphragmatic region and in pelvic pouch respectively 
and three for the effusion of  liquid, placed in the left 
subdiaphragmatic region, in the subhepatic space and in 
the shallow pelvis respectively. Continuous thermal moni-
toring is performed by six thermometric probes placed at 
the level of  the upper and lower abdomen, in inflow and 
outflow and at the level of  the rectum and esophagus 
respectively. There are many procedures for intraperito-
neal administration of  hyperthermic chemotherapy but 
those most utilized are the closed and open abdomen 
techniques. In the first option, the skin edges of  the ab-
dominal incision are temporarily closed by a continuous 
suture[32], while in the second one, the skin edges of  the 
laparotomy are covered by a patch of  plastic material and 
a smoke evacuator is placed under the plastic sheet to 
clear chemotherapy particles that may be liberated dur-
ing the procedure[33]. After that, the drains are connected 
to an extracorporeal circuit and in the open abdominal 
technique the surgeon performs a manual manipulation 
of  the intra-abdominal contents to assure a homogene-
ous distribution of  both chemotherapeutic agents and 
heat. Hence, the phase of  replenishment of  the circuit, 
defined priming, starts with the liquid chosen, on which 
optimal composition there is still no consensus. The pos-
sibilities most utilized are peritoneal dialysis solution[32], 

saline solution[34] and a solution composed of  a ratio of  2 
to 1 by Normosol R to pH 7.4 and a plasma volume ex-
pander[35]. The volume of  liquid used must be sufficiently 
copious to guarantee a constant and homogeneous heat 
in the whole peritoneal cavity, without inducing excessive 
abdominal distension and thermodilution. For a suitable 
circuit to work, a volume of  about 3-4 L is sufficient for 
the open abdomen technique while, for the closed abdo-
men technique, a volume of  about 6 L[36] is necessary. 
Therefore, the heating phase of  the perfusion begins, 
using inflow temperature of  approximately 44-46  ℃ 
until a intraperitoneal temperature oscillating from 41 to 
43  ℃ is reached when the chemotherapeutic agents are 
administered (Figure 1). The most commonly used drugs, 
in mono or poli-chemotherapy, are docetaxel[34], oxalipla-
tin[12], cisplatin, doxorubicin and mytomicin C[37]. We use 
cisplatin (25 mg/m² per liter) associated with mytomicin 
C (3.3 mg/m² per liter) for 60 min in the treatment of  
colic and gastric carcinomatosis and pseudomyxoma 
peritonei and cisplatin (43 mg/L) plus doxorubicin (15.25 
mg/L) for 90 min in the treatment of  the ovarian car-
cinomatosis and peritoneal mesothelioma. The heated 
perfusate containing the chemotherapeutic agents is ad-
ministered in the peritoneal cavity with a medium flow 
of  600-1000 L/min. At the end of  the perfusion, the 
liquid is quickly drained and, after careful control of  the 
abdominal cavity with particular attention to the possible 
“suction lesions” of  the small intestine, the surgeon pro-
ceeds to the definitive closure of  the abdominal wall. 

In succession, we report the results that we have ob-
tained at our department (unpublished data). The 1-, 3- 
and 5-year overall survival rate were 96%, 44% and 5% 
respectively, with a median survival of  33 mo for the 
whole sample (Figure 2A); for the gastrointestinal sample, 
the 1-, 3- and 4-year overall survival rate were 100%, 34% 
and 17% respectively, with a median survival of  30 mo 
(Figure 2B) and, finally, for the ovarian sample, the 1-, 3- 
and 5 year overall survival rate were 86%, 57% and 12% 
respectively with a median survival of  38 mo (Figure 2C).

FUTURE PERSPECTIVES
The peritoneal surface remains an important failure site 
for patients with abdominal, pelvic or extra abdominal 
malignancies. During the last two decades, novel thera-
peutic approaches combining CRS with HIPEC have 
emerged for peritoneal carcinomatosis patients. This 
has resulted in remarkable clinical successes in contrast 
with prior failures. However, there is still a lack of  uni-
formity in the methodology in the interaction and the 
results between the various operative techniques and 
intraperitoneal chemotherapies regimens used by vari-
ous international study groups. In fact, for this reason, 
a recent international conference was convened and a 
consensus statement on the appropriate use of  CRS and 
HIPEC was developed and adopted by the Peritoneal 
Surface Malignancy Group in an attempt to standardize 
the several procedures for this treatment[37]. However, we 
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Figure 1  Pattern of hyperthermic intraperitoneal chemotherapy. From the site: www. healthinfoispower.wordpress.com.
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Figure 2   Kaplan-Meier curves. A: Survival probability of patients submitted to cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy; B: Survival 
probability of gastrointestinal sample; C: Survival probability of ovarian sample.
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maintain that is necessary to perform several RCTs to 
standardize the technique (open or close abdomen), the 
chemotherapy regimens, the length of  time of  HIPEC, 
the temperature, the flow of  the heated perfusate and so 
on. Furthermore, we maintain that other RCTs should 
be performed in the future concerning the role of  the 
HIPEC after complete cytoreductive surgery in patients 
with colorectal cancer (CRS plus HIPEC vs CRS both fol-
lowed by best systemic therapy), the role of  upfront CRS 
plus HIPEC for long-term survival in selected patients 
with advanced stage EOC and finally, the role of  upfront 
CRS plus HIPEC for long-term survival in patients with 
gastric cancer stage Ⅲ-Ⅳ. 

REFERENCES
1	 Deraco M, Santoro N, Carraro O, Inglese MG, Rebuffoni G, 

Guadagni S, Somers DC, Vaglini M. Peritoneal carcinomato-
sis: feature of dissemination. A review. Tumori 1999; 85: 1-5 

2	 Sugarbaker PH. Carcinomatosis from gastrointestinal can-
cer. Ann Med 2004; 36: 9-22

3	 Sugarbaker PH. Managing the peritoneal surface compo-
nent of gastrointestinal cancer. Part 1. Patterns of dissemina-
tion and treatment options. Oncology (Williston Park) 2004; 
18: 51-59 

4	 Macrì A, Saladino E, Adamo V, Altavilla G, Condemi G, 
Mondello E, Sinardi A, Irato S, Famulari C. The treatment of 
peritoneal carcinomatosis in elderly patients. BMC Geriatrics 
2010; 10 Suppl 1: A11  

5	 Davies JM, O’Neil B. Peritoneal carcinomatosis of gastroin-
testinal origin: natural history and treatment options. Expert 
Opin Investig Drugs 2009; 18: 913-919 

6	 Macrì A, Maugeri I, Trimarchi G, Caminiti R, Saffioti MC, 
Incardona S, Sinardi A, Irato S, Altavilla G, Adamo V, Ver-
saci A, Famulari C. Evaluation of quality of life of patients 
submitted to cytoreductive surgery and hyperthermic in-
traperitoneal chemotherapy for peritoneal carcinosis of gas-
trointestinal and ovarian origin and identification of factors 
influencing outcome. In Vivo 2009; 23: 147-150 

7	 Verwaal VJ, van Ruth S, de Bree E, van Sloothen GW, van 
Tinteren H, Boot H, Zoetmulder FA. Randomized trial of cy-
toreduction and hyperthermic intraperitoneal chemotherapy 
versus systemic chemotherapy and palliative surgery in 
patients with peritoneal carcinomatosis of colorectal cancer. 
J Clin Oncol 2003; 21: 3737-3743 

8	 Glehen O, Kwiatkowski F, Sugarbaker PH, Elias D, Levine 
EA, De Simone M, Barone R, Yonemura Y, Cavaliere F, 
Quenet F, Gutman M, Tentes AA, Lorimier G, Bernard JL, 
Bereder JM, Porcheron J, Gomez-Portilla A, Shen P, Deraco 
M, Rat P. Cytoreductive surgery combined with periopera-
tive intraperitoneal chemotherapy for the management of 
peritoneal carcinomatosis from colorectal cancer: a multi-
institutional study. J Clin Oncol 2004; 22: 3284-3292 

9	 Deraco M, Kusamura S, Virzì S, Puccio F, Macrì A, Famulari 
C, Solazzo M, Bonomi S, Iusco DR, Baratti D. Cytoreductive 
surgery and hyperthermic intraperitoneal chemotherapy 
as upfront therapy for advanced epithelial ovarian cancer: 
multi-institutional phase-II trial. Gynecol Oncol 2011; 122: 
215-220 

10	 Markman M, Bundy BN, Alberts DS, Fowler JM, Clark-
Pearson DL, Carson LF, Wadler S, Sickel J. Phase III trial of 
standard-dose intravenous cisplatin plus paclitaxel versus 
moderately high-dose carboplatin followed by intravenous 
paclitaxel and intraperitoneal cisplatin in small-volume stage 
III ovarian carcinoma: an intergroup study of the Gyneco-
logic Oncology Group, Southwestern Oncology Group, and 

Eastern Cooperative Oncology Group. J Clin Oncol 2001; 19: 
1001-1007 

11	 Elias D, Benizri E, Di Pietrantonio D, Menegon P, Malka 
D, Raynard B. Comparison of two kinds of intraperitoneal 
chemotherapy following complete cytoreductive surgery of 
colorectal peritoneal carcinomatosis. Ann Surg Oncol 2007; 
14: 509-514 

12	 Deraco M, De Simone M, Rossi CR, Cavaliere F, Difilippo 
F, Scuderi S, Pilatti P, Kusamura S. An Italian Multicentric 
Phase II study on peritonectomy and intra peritoneal hyper-
thermic perfusion (IPHP) to treat patients with peritoneal 
mesothelioma. J Exp Clin Cancer Res 2003; 22: 41-45 

13	 González-Moreno S, Sugarbaker PH. Right hemicolectomy 
does not confer a survival advantage in patients with muci-
nous carcinoma of the appendix and peritoneal seeding. Br J 
Surg 2004; 91: 304-311 

14	 Bevan KE, Mohamed F, Moran BJ. Pseudomyxoma perito-
nei. World J Gastrointest Oncol 2010; 2: 44-50

15	 Macrì A, Saladino E, Bartolo V, Adamo V, Altavilla G, 
Mondello E, Condemi G, Sinardi A, Famulari C. Peritoneal 
carcinomatosis of colorectal origin. World J Gastrointest Oncol 
2010; 2: 98-101

16	 Yonemura Y, Kawamura T, Bandou E, Takahashi S, Sawa 
T, Matsuki N. Treatment of peritoneal dissemination from 
gastric cancer by peritonectomy and chemohyperthermic 
peritoneal perfusion. Br J Surg 2005; 92: 370-375

17	 Glehen O, Schreiber V, Cotte E, Sayag-Beaujard AC, Osin-
sky D, Freyer G, François Y, Vignal J, Gilly FN. Cytoreduc-
tive surgery and intraperitoneal chemohyperthermia for 
peritoneal carcinomatosis arising from gastric cancer. Arch 
Surg 2004; 139: 20-26 

18	 Deraco M, Baratti D, Laterza B, Balestra MR, Mingrone 
E, Macrì A, Virzì S, Puccio F, Ravenda PS, Kusamura S. 
Advanced cytoreduction as surgical standard of care and 
hyperthermic intraperitoneal chemotherapy as promising 
treatment in epithelial ovarian cancer. Eur J Surg Oncol 2011; 
37: 4-9 

19	 Fagotti A, Gallotta V, Romano F, Fanfani F, Rossitto C, 
Naldini A, Vigliotta M, Scambia G. Peritoneal carcinosis of 
ovarian origin. World J Gastrointest Oncol 2010; 2: 102-108  

20	 Deraco M, Baratti D, Cabras AD, Zaffaroni N, Perrone F, 
Villa R, Jocollè J, Balestra MR, Kusamura S, Laterza B, Pilotti 
S. Experience with peritoneal mesothelioma at the Milan 
National Cancer Institute. World J Gastrointest Oncol 2010; 2: 
76-84 

21	 Simpson-Herren L, Sanford AH? JP. Effects of surgery on 
the cell kinetics of residual tumor. Cancer Treat Rep 1976; 60: 
1749-1760 

22	 Kanter PM, Schwartz HS. Quantitative models for growth 
inhibition of human leukemia cells by antitumor anthracy-
cline derivatives. Cancer Res 1979; 39: 3661-3672 

23	 Vaglini M, Deraco M, Penacchilo E. Regional Chemotherapy 
for Solid Tumors. In: Bland KI, Daly JM, Karakousis CP. Sur-
gical Oncology: Contemporary Principles and Practice. New 
York: McGraw-Hill Medical, 2001

24	 Sugarbaker PH. Management of peritoneal-surface malig-
nancy: the surgeon’s role. Langenbecks Arch Surg 1999; 384: 
576-587 

25	 Los G, Verdegaal EM, Mutsaers PH, McVie JG. Penetration 
of carboplatin and cisplatin into rat peritoneal tumor nod-
ules after intraperitoneal chemotherapy. Cancer Chemother 
Pharmacol 1991; 28: 159-165

26	 Collins JM. Pharmacokinetics and clinical monitoring. In: 
Chabner BA, Collins JM. Cancer Chemotherapy: Principles 
and Practice. Philadelphia: JB Lippincott Co, 1990

27	 Hettinga JV, Lemstra W, Meijer C, Dam WA, Uges DR, Kon-
ings AW, De Vries EG, Kampinga HH. Mechanism of hyper-
thermic potentiation of cisplatin action in cisplatin-sensitive 
and -resistant tumour cells. Br J Cancer 1997; 75: 1735-1743 

28	 Arancia G, Crateri Trovalusci P, Mariutti G, Mondovì B. 

173WJGO|www.wjgnet.com December 15, 2011|Volume 3|Issue 12|

Macrì A et al . CSR plus HIPEC: rationale and tecniques



Ultrastructural changes induced by hyperthermia in Chinese 
hamster V79 fibroblasts. Int J Hyperthermia 1989; 5: 341-350  

29	 Gnant MF, Noll LA, Terrill RE, Wu PC, Berger AC, Nguyen 
HQ, Lans TE, Flynn BM, Libutti SK, Bartlett DL, Alexander 
HR. Isolated hepatic perfusion for lapine liver metastases: 
impact of hyperthermia on permeability of tumor neovascu-
lature. Surgery 1999; 126: 890-899 

30	 Xu M, Myerson RJ, Straube WL, Moros EG, Lagroye I, Wang 
LL, Lee JT, Roti Roti JL. Radiosensitization of heat resistant 
human tumour cells by 1 hour at 41.1 degrees C and its effect 
on DNA repair. Int J Hyperthermia 2002; 18: 385-403 

31	 Sugarbaker PH. Peritonectomy procedures. Surg Oncol Clin 
N Am 2003; 12: 703-727, xiii 

32	 Glehen O, Osinsky D, Cotte E, Kwiatkowski F, Freyer G, 
Isaac S, Trillet-Lenoir V, Sayag-Beaujard AC, François Y, Vi-
gnal J, Gilly FN. Intraperitoneal chemohyperthermia using a 
closed abdominal procedure and cytoreductive surgery for 
the treatment of peritoneal carcinomatosis: morbidity and 
mortality analysis of 216 consecutive procedures. Ann Surg 
Oncol 2003; 10: 863-869

33	 Elias D, Bonnay M, Puizillou JM, Antoun S, Demirdjian S, El 

OA, Pignon JP, Drouard-Troalen L, Ouellet JF, Ducreux M. 
Heated intra-operative intraperitoneal oxaliplatin after com-
plete resection of peritoneal carcinomatosis: pharmacokinet-
ics and tissue distribution. Ann Oncol 2002; 13: 267-272  

34	 De Simone M, Barone R, Vaira M, Aghemo B, Mioli P, 
Franco C, Scuderi S, Costamagna D, Dei Poli M. Semi-closed 
hyperthermic-antiblastic peritoneal perfusion (HAPP) in 
the treatment of peritoneal carcinosis. J Surg Oncol 2003; 82: 
138-140 

35	 Stephens AD, Alderman R, Chang D, Edwards GD, Es-
quivel J, Sebbag G, Steves MA, Sugarbaker PH. Morbidity 
and mortality analysis of 200 treatments with cytoreductive 
surgery and hyperthermic intraoperative intraperitoneal 
chemotherapy using the coliseum technique. Ann Surg Oncol 
1999; 6: 790-796 

36	 Deraco M, Raspagliesi F, Kusamura S. Management of peri-
toneal surface component of ovarian cancer. Surg Oncol Clin 
N Am 2003; 12: 561-583 

37	 Kusamura S, Baratti D, Younan R, Deraco M. The Delphi ap-
proach to Attain consensus in methodology of local regional 
therapy for peritoneal surface malignancy. J Surg Oncol 2008; 
98: 217-219  

S- Editor  Wang JL    L- Editor  Roemmele A    E- Editor  Zhang DN

174WJGO|www.wjgnet.com December 15, 2011|Volume 3|Issue 12|

Macrì A et al . CSR plus HIPEC: rationale and tecniques



Predictive role of XRCC5/XRCC6 genotypes in digestive 
system cancers

Mei-Due Yang, Chia-Wen Tsai, Wen-Shin Chang, Yung-An Tsou, Cheng-Nan Wu, Da-Tian Bau

REVIEW

Online Submissions: http://www.wjgnet.com/1948-5204office
wjgo@wjgnet.com
doi:10.4251/wjgo.v3.i12.175

World J Gastrointest Oncol 2011 December 15; 3(12): 175-181
ISSN 1948-5204 (online)

© 2011 Baishideng. All rights reserved.

175WJGO|www.wjgnet.com December 15, 2011|Volume 3|Issue 12|

Mei-Due Yang, Chia-Wen Tsai, Wen-Shin Chang, Yung-
An Tsou, Cheng-Nan Wu, Da-Tian Bau, Terry Fox Cancer 
Research Laboratory, China Medical University Hospital, 2 Yuh-
Der Road, Taichung 40402, Taiwan, China
Chia-Wen Tsai, Wen-Shin Chang, Da-Tian Bau, Graduate 
Institute of Basic Medical Science, China Medical University, 
Taichung 40402, Taiwan, China
Cheng-Nan Wu, Department of Medical Laboratory Science 
and Biotechnology, Central Taiwan University of Science and 
Technology, Taichung 40601, Taiwan, China
Da-Tian Bau, Graduate Institute of Clinical Medical Science, 
China Medical University, Taichung 40402, Taiwan, China
Author contributions: All authors contributed to this manu-
script.
Correspondence to: Da-Tian Bau, PhD, Professor, Terry Fox 
Cancer Research Laboratory, China Medical University Hospi-
tal, 2 Yuh-Der Road, Taichung 404402, Taiwan,
China. datian@mail.cmuh.org.tw
Telephone: +86-42-2052121-1523  Fax: +86-42-2053366
Received: April 22, 2011              Revised: October 6, 2011
Accepted: October 14, 2011
Published online: December 15, 2011

Abstract
Cancers are a worldwide concern; oral, esophageal and 
gastrointestinal cancers represent important causes of 
cancer-related mortality and contribute to a significant 
burden of human health. The DNA repair systems are 
the genome caretakers, playing a critical role in the 
initiation and progression of cancers. However, the as-
sociation between the genomic variations of DNA repair 
genes and cancer susceptibility is not well understood. 
This review focuses on the polymorphic genotypes of 
the non-homologous end-joining DNA repair system, 
highlighting the role of two genes of this pathway, 
XRCC5  and XRCC6 , in the susceptibility to digestive 
system cancers and discussing their potential contribu-
tions to personalized medicine.
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INTRODUCTION
The human genome is maintained mainly by DNA repair 
pathways which can sense all kinds of  DNA damage and 
repair them. In the recent literature, six main DNA repair 
pathways are identified and studied via their individual 
functional assays: (1) direct reversal repair; (2) nucleotide 
excision repair; (3) base excision repair; (4)homologous 
repair (HR); (5) non-homologous end-joining (NHEJ); 
and (6) mismatch repair. Normally, if  these repair path-
ways fail to repair the DNA damage during the cell cycle 
arrest caused by DNA abnormality, the cell itself  can 
sense the defects as a “threat” and trigger the cell to un-
dergo apoptosis. However, when the DNA damage is not 
repaired or turned to the induction of  cell apoptosis and 
terminating the unhealthy cell, the DNA defects will be 
left and propagated to its offspring cells. Under the lat-
ter circumstances, cancer will develop step by step. The 
decreasing of  genomic stability in most cancer types and 
the identification of  cancer predisposition syndromes 
linked to the defects of  DNA repair pathways support 
the concept that DNA repair genes may play critical roles 
in opposing cancer initiation and progression[1-3].

One of  the most deleterious DNA damaging types is 
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the double strand break (DSB), which should be repaired 
in eukaryotes by the two major pathways mentioned 
above: HR and NHEJ. HR is a template guided, error-
free pathway predominantly operating in the S and G2 
phases of  the cell cycle and involves RAD51, RAD51B/
C/D, XRCC2/3, and p53, RPA, BRCA1/2, BLM and 
MUS81[4]. NHEJ, on the other hand, is a potentially less 
accurate form of  DSB repair, in which the two termini of  
the broken DNA molecule are processed to form com-
patible ends that are directly joined. In most cases, NHEJ 
results in the loss of  a few nucleotides at the broken ends, 
making this pathway error-prone. This article discusses 
the role of  XRCC5/XRCC6 (also known as Ku80/Ku70) 
hetero-dimers in NHEJ; NHEJ is considered to be the 
major repair pathway of  DSBs in eukaryotic cells dur-
ing the cell cycle[5]. NHEJ involves the XRCC5/XRCC6, 
XRCC7 (DNA-dependent protein kinase catalytic sub-
unit; DNA-PKcs), Artemis, XLF, XRCC4, DNA ligase 
4, ATM, p53 and MDM2 proteins[6,7]. NHEJ deficiencies 
can lead to increased genomic instability[8,9] and cause 
increased tumorigenesis[10-13]. However, the exact roles of  
these genes and their protein products, such as XRCC5 
or XRCC6, in each type of  cancer are not well investi-
gated or revealed. The model for DSB repair via NHEJ 
and the proteins involved are shown in Figure 1.

XRCC5 and XRCC6 usually form the heterodimer 
Ku. They are probably the first proteins that bind to the 
DNA ends of  a DSB and the XRCC5/6-DNA complex 
recruits and activates XRCC7[14,15]. XRCC5/6 dimer and 
XRCC7 are proposed to act in the synapsis process[14,15]. 
XRCC5 and XRCC6 knockout mice are growth retarded, 
radiosensitive and are severely immuno-deficient[16,17]. 
B-cell development is arrested at an early stage due to a 
profound deficiency in V(D)J recombination, which is 
commonly employed by vertebrates to generate diver-
sity as an adaptive immune response[16,17]. Although the 
XRCC5- or XRCC6-deficient mice are viable, their cells 
have defects in DNA end joining, which manifest as 
irradiation sensitivity, growth defects, premature senes-
cence and inability to perform end-joining during V(D)J 
recombination. All these defects may also happen during 
human embryonic development. A human cell is statisti-
cally insulted by hundreds of  thousands exogenous and 
endogenous DNA damage per day, and if  the cell does 
not repair DSB well, the accumulated genomic instabil-
ity leads the cell to apoptosis and causes the embryonic 
lethality of  the subject. Therefore, there is no doubt that 
XRCC5 and XRCC6 are very critical in both genomic 
stability and human carcinogenesis.

Since the NHEJ genes play critical and specific roles 
during the overall process of  repairing the DSBs, if  any 
of  them fails to finish its job correctly and immediately, 
the NHEJ capacity will become lower and the overall 
genomic instability will become higher. It is therefore 
tempting to speculate that defects in the NHEJ pathway 
may be associated with the susceptibility of  human can-
cers. Given this, it is puzzling that no direct genetic evi-
dence has been found to link the defective NHEJ genes 
with cancers. Among them, only mutations in two have 

been found to predispose carriers to a higher rate of  ge-
netic diseases, DNA ligase 4 and Artemis, which are asso-
ciated with Nijmegen breakage syndrome-like syndrome 
and severe combined immunodeficiency, respectively[18,19]. 
One explanation is that any severe defects (null mutants) 
in NHEJ-related genes would result in great genomic 
instability and might be incompatible with life, thus no 
cancer cases can be observed in our population. The 
crucial and irreplaceable roles of  these NHEJ gene prod-
ucts may also increase the difficulty of  approaching their 
physiological functions via single gene knockout mice 
models. For this reason, for these high-penetrance NHEJ 
genes, only subtle defects arising from low-penetrance 
alleles (e.g., hypomorphic mutant or polymorphic vari-
ant) would escape the cell cycle checkpoint surveillance 
and allow the cell to survive and to accumulate enough 
unrepaired genomic alterations required for tumor for-
mation[20,21]. Currently, it is a worldwide trend to approach 
the subtle variations among subjects by the single nucleo-
tide polymorphism (SNP) technique and investigate their 
association with human diseases.

The aim of  this article is to summarize and evaluate 
the associations between the SNPs of  XRCC5/XRCC6 
genes with the susceptibility to four digestive system 
cancers, including oral, esophageal, gastric and colorectal 
cancers. Among the digestive cancers, gastric, liver, and 
esophageal cancers have continued to be among the top 
five cancers during the past three decades. More inter-
estingly, colorectal cancer is more and more serious in 
Asia, especially in China Mainland and Taiwan. However, 
knowledge about the genomic effects on their incidence, 
prognosis and responses to chemotherapy or radiother-
apy is still lacking. In pancreas cancer, genomic studies 
are lacking due to the difficulty of  collection of  enough 
samples. Although the rapid development of  genome-
wide association studies and bioinformatics indeed do a 
great favor in revealing the secret of  the human genome 
in cancer, the knowledge of  cancer genomics is still far 
from satisfying and in need of  further studies. Therefore, 
we hope this article can provide some useful markers in 
oncology for early detection, prevention and anticancer 
interventions. To this aim, we have summarized the litera-
ture in the second section for oral (2.1), esophageal (2.2), 
gastric (2.3) and colorectal (2.4) cancers and discussed the 
contribution of  these findings to personalized medicine 
and therapy in the third section.

XRCC5/XRCC6 POLYMORPHIC STUDIES 
IN DIGESTIVE SYSTEM CANCERS
Oral cancer
Oral cancer specifically refers to a subgroup of  head and 
neck malignancies that develop at the lips, tongue, salivary 
glands, gingiva, mouth floor, oropharynx, buccal surfaces 
and other intra-oral locations. The World Health Orga-
nization has estimated oral cancer to be the eighth most 
common cancer worldwide. As with other upper aerodi-
gestive tract cancers, five-year survival rates for oral cavity 
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cancers decrease with delayed diagnosis. Cancers of  the 
oral cavity are thought to progress from premalignant/
precancerous lesions, beginning as hyperplastic tissue and 
developing into invasive squamous cell carcinoma. The 
most important risk factors for the development of  oral 
cancer in western countries are the consumption of  to-
bacco and alcohol[22,23]. In Asia, chewing betel quid and/
or betel nut are responsible for a considerable percentage 
of  oral cancer cases[24,25]. So far, the genomic etiology of  
oral cancer is of  great interest but largely unknown.

In Taiwan, where oral cancer density is the highest 
in the world, oral cancer is a fatal disease accounting for 
the fourth highest incidence of  malignancy in males and 
the sixth in females[26]. The relatively high prevalence of  
oral cancer in Taiwan is mainly because there is a high-
risk group of  2.5 million people with the prevalent habits 
of  smoking, alcohol drinking and betel quid chewing. In 
the literature, there are four papers that investigate the 
associations of  NHEJ genes with oral cancer in Taiwan. 
In 2008, our group found that the C allele of  XRCC6 
rs5751129 was a risk marker for oral cancer susceptibil-
ity, while those of  rs2267437, rs132770 and rs132774 
were not[27]. In the next year, we enlarged the investigated 
population of  control/case from 318/318 to 600/600, 

reporting that XRCC5 rs828907, but not rs11685387 or 
rs9288518, was associated with oral cancer susceptibili-
ty[28]. People who carried GT and TT genotype at XRCC5 
rs828907 had a 1.6-fold enhanced risk when they also had 
the habit of  betel quid chewing. In addition to XRCC5 
and XRCC6, there are two studies that investigated the 
polymorphic genotypes of  XRCC4 and their association 
with oral cancer risk in Taiwan[29,30]. These studies report-
ed that the XRCC4 rs3734091 and rs28360071 genotypes 
were associated with oral cancer risk. In 2008, a study 
that investigated Americans with oral premalignant le-
sions found that there is no association between XRCC5 
rs1051685 genotypes with the susceptibility[31]. The incon-
sistency can be explained by at least two directions; one, 
that different populations from different ethnicities were 
investigated and two, that different SNPs were examined 
among these studies. The negative findings could not 
exclude the possibilities that other SNPs of  the XRCC5 
may be found to be associated with oral cancer suscepti-
bility. Meanwhile, the positive findings should be verified 
in an even larger sample size and the functional differ-
ences caused by the polymorphic genotypes checked.

Esophageal cancer
Esophageal squamous cell carcinoma (ESCC) is one of  
the common malignancies with a 5-year survival less than 
10%. It is the seventh leading cause of  cancer-related 
deaths in the world[32]. Epidemiologically, it is character-
ized by a distinctly higher incidence in certain geographi-
cal locations, such as China[33]. Smoking tobacco and 
consuming alcohol are two behavioral factors strongly 
associated with the risks of  both ESCC and esophageal 
adenocarcinoma[34,35]. ESCC shows a great variation in its 
geographical distribution and the incidence rates are re-
markably higher in distinct high risk areas such as China, 
Singapore, Iran, France, South Africa, Puerto Rico, Chile, 
Brazil, northern and eastern Himalayan regions. In 1989, 
it was thought that the wide geographical variation in the 
incidence reflects a strong influence of  environmental 
factors[36]. However, recent papers report that the high 
incidence of  ESCC may result primarily from genetic 
rather than environmental factors which  strengthens 
the importance of  continuing to search for the genomic 
markers for esophageal cancer which are still largely un-
known[37-39]. 

In 2007, Dong and her colleagues recruited 329 eso
phageal cancer patients and 631 cancer-free controls from 
China, where esophageal cancer is the fourth leading 
cause of  the cancer death. The risk of  esophageal cancer 
is highly associated with a family history, supporting the 
concept that genomic effects play an important role in its 
etiology. Two SNPs of  XRCC5, C74468A and G74582A 
(Accession numbers: DQ787434 and DQ787434) were 
genotyped among the subjects, while no single SNP or 
combined genotype has been found to be associated with 
esophageal cancer risk[40]. However, in those subjects with 
a familial history of  esophageal cancer, the C allele of  
XRCC5 C74468A seemed to be a protective factor for 
the incidence[40]. Up to now, there is no report that inves-

Non-homologous end-joining

DSB

End binding XRCC6
XRCC5

End processing XRCC7
Artemis

DNA polymerase 
(polγ, polm, TdT)

Gap filling

Ligation

XLF
XRCC4

Ligase 4

End joined

Figure 1  A model for repair of double-strand breaks by non-homologus 
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tigates the association of  XRCC6 polymorphism with 
esophageal cancer risk.

Gastric cancer
Gastric cancer is the second most common malignancy 
and the second most frequent cause of  cancer-related 
death in the world, responsible for approximately 934 000 
new diagnoses annually (8.6% of  new cancer cases)[41]. 
Almost two-thirds of  cases occurred in Eastern Europe, 
South America and Asia, with 42% in China alone. In 
the United States in 2009, an estimated 21 130 new cases 
(14th most common) of  gastric cancer were diagnosed 
and gastric cancer was responsible for 10 620 deaths (13th 
most common)[42]. In Europe, gastric cancer ranks as the 
5th most prevalent with an estimated 159 900 new cases 
in 2006 and 118 200 deaths (4th most common cause of  
cancer-related death)[43]. 

Now, gastric cancer is still a major health problem 
worldwide due to its frequency, poor prognosis and lim-
ited treatment options. It is often diagnosed in advanced 
stages and this consequently leads to a poor prognosis. 
Although the mechanisms of  gastric cancer are not yet 
elucidated, a close relationship between gastric cancer 
and the provocation, maintenance and modulation of  in-
flammation induced by Helicobacter pylori is a well accepted 
model for gastric carcinogenesis. In addition, high intake 
of  salted, pickled or smoked foods, as well as dried fish 
and meat and refined carbohydrates significantly increases 
the risk of  developing gastric cancer, while fibers, fresh 
vegetables and fruit are inversely associated with its risk. 
However, the genetic factors of  gastric cancer are poorly 
understood.

Dong et al[40] found that in those subjects with a fa-
milial history of  gastric cancer, the C allele of  XRCC5 
C74468A seemed to be a protective factor for the inci-
dence. A similar trend was found in the case of  esopha-
geal cancer. Also, in those subjects with a familial history 
of  gastric cancer, the A allele of  XRCC5 G74582A 
seemed to be a protective factor for the incidence, which 
was not similar to esophageal cancer. Interestingly, as for 
esophageal and gastric cancer, there is both the similar (C 
allele of  C74468A) and specific (A allele of  G74582A) 
genomic influences from the same XRCC5 gene. There 
is no literature investigating and analyzing the association 
of  XRCC6 polymorphism with esophageal cancer risk.

Colorectal cancer
Colorectal cancer is the third most common malignant 
cancer worldwide. In 2010, an estimated 142 570 new 
cases of  colorectal cancer (CRC) and 21 100 new cases 
of  gastric adenocarcinoma (GA) will be diagnosed in the 
United States[44]. Noticeably, colorectal cancer remains a 
significant cause of  morbidity and mortality in the United 
States, Taiwan and throughout the world[45]. Etiologi-
cal studies have attributed more than 85% of  colorectal 
cancer to environmental factors[46,47] and, in particular, 
meat consumption, cigarette smoking and exposure to 
carcinogenic aromatic amines, such as arylamines and 
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heterocyclic amines[48,49]. These carcinogens are thought 
of  as DNA damage inducers responsible for DNA base 
damage, DNA single-strand breaks and DSBs[50].

In 2009 in Taiwan, where the highest incidence of  
colorectal cancer is, it was reported that the XRCC5 
rs828907 polymorphism was associated with increased 
colorectal cancer, while the XRCC5 rs11685387 and 
rs9288518 genotypes have no similar association. In 
people with individual smoking habits, the genomic effect 
of  the XRCC5 rs828907 on colorectal cancer risk is even 
more significant with the T allele which can obviously 
raise the colorectal risk by 2.54-fold. There was no sig-
nificant joint effect between these genotypes and alcohol 
drinking on colorectal risk[51]. It is a pity that diet habits, 
such as meat, vegetable/fruit and fish/shrimp consump-
tion, cannot be clarified due to the incomplete question-
naire information but they have successfully established 
the relationship between genomic (XRCC5 genotype) 
and environmental (smoking habit) factors for colorectal 
cancer etiology. To date, there is no literature analyzing 
the association of  XRCC6 polymorphism with colorectal 
cancer risk or the joint effects of  genomic and environ-
mental factors.

CONTRIBUTION OF XRCC5/XRCC6 BIO-
MARKERS TO PERSONALIZED MEDICINE
In this article, we have reviewed all the associations of  
XRCC5 and XRCC6 genotypes with the susceptibilities 
for digestive system cancers in the literature, summariz-
ing the highlights of  them concisely (Table 1). Generally 
speaking, individual cancer susceptibility is determined by 
three groups of  factors: lifestyle/environmental factors, 
genetic/genomic factors and age/gender factors. Among 
the three, the effects of  lifestyle/environmental and age/
gender factors may influence somatic cells as genomic 
and epigenomic damage, which can be altered during the 
life span. However, the genomic/genetic factors confer 
a step-by-step but complicated and multi-pathway devel-
opment of  carcinogenesis. Clinical observations suggest 
that individuals may exhibit dramatic differences in their 
responses to therapies and drugs and that these varia-
tions could be inherited[52,53]. SNPs could serve as not 
only as the genomic markers, but also the biomarkers 
in charge of  personal cancer susceptibility. These SNPs 
in the human genome contribute to wide variations in 
how individuals respond to clinical medications, either by 
changing the pharmacokinetics (absorption, distribution, 
metabolism and elimination) of  anticancer drugs or by 
altering the cellular response to therapeutic agents such 
as radiotherapy.

As shown in Table 1, cancer molecular epidemiolo-
gists are devoted to describing subtle differences among 
subjects in the distribution of  genetic SNPs that affect 
DNA-repair enzymes, drug-metabolizing enzymes, cell-
cycle controlling proteins, oncogenes, tumor suppression 
genes and cellular transporters of  cytotoxic chemother-
apy to reveal the overview of  carcinogenesis. In this re-
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view, we focus on summarizing the state-of-the-art stud-
ies of  XRCC5 and XRCC6 genes, which are upstream 
and specifically critical in NHEJ, and their contribution 
to digestive system cancers. Although currently the hy
pothesis-free genome-wide association studies (GWAS) 
are largely applied to studies including cancer research, 
knowledge about the associations of  specific genotypes 
with specific cancers is still limited and in urgent need. 
The contributions of  the SNPs listed here in Table 1 to 
other human cancers and cancer-related diseases, and 
their functional biological meanings to carcinogenesis, all 
need further investigations. Meanwhile, they may serve as 
candidate targets pharmacogenomically for the develop-
ment of  personalized anticancer drugs. The hypothesis 
of  how the XRCC5/XRCC6 genotypes control the fate 

of  cells after DSB insults is shown in Figure 2.
Some DNA repair genes in the DNA repair pathways, 

such as XRCC4 in NHEJ[54], MGMT in direct removal 
pathway[55,56], XRCC1 in base excision repair[57], ERCC1 
and ERCC2 in NER[58,59], hMSH2 in mismatch repair[57] 
and hHR21 in HR[58], are all thought to be anticancer 
candidate targets. From now on, XRCC5/XRCC6 may 
be added to the list above. It should be also noted that 
anticancer drugs may induce DSBs itself  in the feasibil-
ity of  chemotherapy. On the other hand, co-treatments 
of  DNA-damaging agents and radiation have a central 
role besides other cancer treatment modalities. The bal-
ance between DNA damage and capacity of  DNA repair 
mechanisms determines the final therapeutic outcome. 
The capacity of  cancer cells to complete DNA repair 
mechanisms is important for therapeutic resistance and 
has a negative impact upon therapeutic efficacy. Pharma-
cological inhibition of  recently detected targets of  DNA 
repair with several small-molecule compounds, therefore, 
has the potential to enhance the cytotoxicity of  antican-
cer agents. Futami and his colleagues also discovered that 
inhibition of  the expression of  various genes associated 
with chromosome stabilization induces cancer cell-specif-
ic apoptosis and inhibits cell proliferation[60].

In this article, most of  the studies are case-control 
investigations in one or two ethnic groups. The inconsis-
tency of  choosing the SNPs and the insufficient sample 
size limits the multiple comparisons of  human popula-
tions around the world. Further incorporations among 
populations and integrations of  genotype-phenotype 
relationship analysis, population-based tissue and blood 
functional measurements, clinical outcome records, es-
pecially those in chemo- and radiotherapy responses, are 

Cancer Author Gene rs number Location Study subjects

Ethnic 
area 

Cases Controls Statistical 
significance

Brief description

Oral cancer Hsu[28] XRCC5 828907 Promoter Taiwan 600 600 S Allele C is of higher risk
11685387 Promoter NS
9288518 Intron 19 NS

Bau[27] XRCC6 5751129 Promoter Taiwan 318 318 S Allele T is of higher risk, and interacted 
with betel quid chewing habits

2267437 Promoter NS
132770 Promoter NS
132774 Intron 3 NS

Esophageal 
cancer

Dong[40] XRCC5 Accession number: 
DQ7874341

Intron16 China 
mainland

329 631 S Allele A is of higher risk

Accession number: 
DQ7874341

Intron16 NS

Gastric 
cancer

Dong[40] XRCC5 Accession number: 
DQ7874341

Intron16 China 
mainland

255 631 S Allele A is of higher risk

Accession number: 
DQ7874341

Intron16 S Allele G is of higher risk

Colorectal 
cancer

Yang[51] XRCC5 828907 Promoter Taiwan 
mainland

362 362 S Allele T is of higher risk, and interacted 
with smoking habits

11685387 Promoter NS
9288518 Intron 19 NS

Table 1  Summary of the associations for digestive cancers and the polymorphic genotype of XRCC5 and XRCC6 genes

1Accession number was provided instead for the rs number is not available. S: Statistically significant; NS: Not statistically significant.

XRCC5/6

Risky genotype 
+/- or -/-

Normal genot 
+/+

Repair with 
lower efficiency

Repair 
successfully
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Cancer

Senescence

Appotosis

Normal

Figure 2  Hypothesis of the XRCC5/XRCC6 genotypic control over the fate 
of cells.
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in urgent need for international studies on inter-ethnic 
variations, using these pharmacogenomic biomarkers. 
The integration of  pharmacogenomic, phenotypic and 
pathological biomarkers, is the main stream in the devel-
opment of  cancer risk prediction, personalized medicine 
and therapy evaluation.
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GENERAL INFORMATION 
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 pub-
lic 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.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between scientists 
and the public. As we all know, the significance of  the publication of  
scientific articles lies not only in disseminating and communicating 
innovative scientific achievements and academic views, as well as pro-
moting the application of  scientific achievements, but also in formally 
recognizing the "priority" and "copyright" of  innovative achievements 
published, as well as evaluating research performance and academic 
levels. So, to realize 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 pursuit of  the maximum personal benefits in a well-considered 
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 office sys-
tem to evaluate its innovativeness, scientific and practical values and 
determine whether it should be published or not. During peer review, 
editorial board members can also obtain cutting-edge 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) Maxi-
mization 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, thus ensuring that their articles have novel 
arguments or viewpoints, 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 can create a first-class academic journal. We insist 
on strengthening our team cultivation and construction so that every 
employee, in an open, fair and transparent environment, could con-
tribute 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.

Aims and scope
The major task of  WJGO is to report rapidly the most recent 
advances in basic and clinical research on gastrointestinal oncol-
ogy. 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 epidemiol-
ogy, etiology, immunology, molecular oncology, cytology, pathology, 
genetics, genomics, proteomics, pharmacology, pharmacokinetics, 
nutrition, diagnosis and therapeutics. This journal will also provide 
extensive and timely review articles on oncology.

Columns
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, com-
ment 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 com-
mentary 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 re-
search; (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 gas-
trointestinal 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 Re-
views: To introduce and comment on quality monographs of  gas-
trointestinal oncology; and (13) Guidelines: To introduce consen-
suses and guidelines reached by international and national academic 
authorities worldwide on the research in gastrointestinal oncology.
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Instructions to authors

Biostatistical editing
Statisital review is performed after peer review. We invite an expert 
in Biomedical Statistics from to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any poten-
tial bias, WJGO requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, 
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should comform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory 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 ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age 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 INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/1948-5204/
g_info_20100312180518.htm) before attempting to submit online. For  
assistance, authors encountering problems with the Online Submi
ssion 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 on-
line 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. Au-
thors 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 Medi-
cal 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, Es-
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sen 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  sup-
portive 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, af-
filiation, 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, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381891 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, review-
ers 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, Shang-
hai, 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 Univer-
sity, 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 contri-
butions 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/…; MATERI-
ALS AND METHODS (no more than 140 words); RESULTS (no 
more than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, 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 and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, 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, 
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