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Abstract
Although colorectal cancer (CRC) has no longer been 
the leading cancer killer worldwide for years with the 
exponential development in computed tomography (CT) 
or magnetic resonance imaging, and positron emis-
sion tomography/CT as well as virtual colonoscopy for 
early detection, the CRC related mortality is still high. 
The objective of CRC screening is to reduce the bur-
den of CRC and thereby the morbidity and mortality 
rates of the disease. It is believed that this goal can 
be achieved by regularly screening the average-risk 
population, enabling the detection of cancer at early, 
curable stages, and polyps before they become cancer-
ous. Large-scale screening with multimodality imaging 
approaches plays an important role in reaching that 
goal to detect polyps, Crohn’s disease, ulcerative colitis 
and CRC in early stage. This article reviews kinds of 
presentative imaging procedures for various screening 
options and updates detecting, staging and re-staging 
of CRC patients for determining the optimal therapeutic 
method and forecasting the risk of CRC recurrence and 
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the overall prognosis. The combination use of virtual 
colonoscopy and conventional endoscopy, advantages 
and limitations of these modalities are also discussed.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Colorectal cancer is a largely preventable can-
cer, but still causes approximately 50000 deaths each 
year in the United States. This scenario makes it inter-
esting to screen the risk population for genuine cancer 
and precancerous conditions. While there are many 
potential screening modalities, a particularly interesting 
approach is virtual colonoscopy. The rational combina-
tion use, advantages and limitations of these modalities 
are discussed in this review.
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INTRODUCTION
Colorectal cancer (CRC) is a largely preventable cancer, 
but still causes approximately 50000 deaths each year in 
the United States[1]. The majority of  patients suffering 
from CRC are over 50 years of  age, with generally equal 
gender incidence[2]. Recent declines in CRC incidence and 
mortality are attributed to reduced exposure to the risk 



factors, improved treatment, early detection and polypec-
tomy[3]. Despite this, CRC remains the third commonest 
adult cancer with approximately 1 in 19 adults diagnosed 
with CRC during their lifetime[2].

In the United States, CRC has relative high rates of  
cancer-related morbidity and mortality (10%)[3]. A study 
carried on in 2008 detected that among the 142950 di-
agnosed CRC people, 52857 died from the disease. Al-
though both the incidence and mortality rates of  CRC 
have decreased significantly in 2007 compared to 1975, 
those would be 59.5 vs 44.7 per 100000 and 28.6 vs 16.7[4]. 
The result above is coming to be the basis of  many 
worldwide screening and surveillance programs. Consid-
ering that the majority of  early cancers are clinically in-
sidious, people are interested in screening the average risk 
population for genuine CRC and precancerous condi-
tions. While there are many potential screening modalities 
such as double contrast barium enema, fecal occult blood 
testing (FOBT), flexible sigmoidoscopy, and conventional 
colonoscopy (CC), particularly interesting approaches 
are positron emission tomography (PET)/computed 
tomography colonography (CTC), magnetic resonance 
colonography (MRC) and CTC. They are so-called virtual 
colonoscopy (VC). The rational combination use, advan-
tages and limitations of  these modalities are discussed in 
this review. 

RISK FACTORS FOR CRC
Prevalence of  CRC increases with age[5,6] and reaches 
the highest rate when people come to their sixties. Males 
have more chances of  suffering this diseases compared 
to females[6]. Apart from age, sex, and ethnicity, lifestyle 
factors such as obesity, smoking, high fat diet, and physi-
cal inactivity increase the risk of  CRC[7]. Any of  the fol-
lowing factors such as over ten years of  history of  Crohn’
s disease and ulcerative colitis, a previous history of  CRC 
or adenomas, a cholecystectomy which was performed 
for more than ten years, and a family history of  CRC, 
etc.[8-10] can increase a person’s chances of  developing 
CRC, too. 

Adenomatous polyps have long been considered as 
the sole preneoplastic lesions leading to CRC. On the 
other side, hyperplastic polyps which are often detected 
in the distal colon are now regarded as harmless lesions, 
although disagreements exist[11,12]. This generally accepted 
belief  has been challenged lately, as it turned out that 
these polyps and other similar lesions commonly named 
“serrated polyps” can be precursors to CRC[13,14].

COLONOSCOPY FOR CRC SCREENING
For detecting and preventing CRC, colonoscopy is imper-
fect despite being an outstanding test. After investigating 
more than 12000 colonoscopies, a study revealed that 
the level of  endoscopists’ continuing medical education, 
the quality of  the endoscopic devices, the patients’ age 
and gender, and the quality of  bowel preparation were 

all factors associated with the adenoma detection rate[15]. 
Based on the early reports, we believed that colonoscopic 
screening could reduce risk for CRC by 90%. Therefore, 
CC was preferred to be the modality for both screen-
ing and preventing CRC in the United States for over a 
decade. In a French study, the polyp detection rate was 
35.5% (1159/3266)[16]. In the United States, CC was still 
to be the main CRC screening method in 2012[17], because 
the data strongly support that CC can significantly re-
duce the incidence and mortality rates of  left-sided CRC. 
However, researchers and clinicians have great interest in 
its limited benefit for right-sided CRC and find that it is 
likely multifactorial. 

Subsequent studies found that while CC is still an 
outstanding screening and detection tool for CRC, it has 
several important limitations. The limitations include (1) 
the mechanics of  the procedure such as the inability to 
detect all colonic polyps, the risk of  colonic perforation, 
adverse consequences of  sedation and bleeding; and (2) 
issues with patient perception regarding CC which might 
take part in driving patient non-adherence to recom-
mended testing[16,17].

Because early detection and removal of  potential neo-
plastic polyps are the key points of  CRC screening and 
prevention, CC is still irreplaceable in current screening 
and prevention programs[18]. CC must perform in high 
risk population. Despite it is proved that CC and polyp-
ectomy can reduce CRC incidence and mortality[19] as a 
tool for screening, CC is still imperfect. The epidemio-
logic data collected from North American suggest that 
CC may have little effect in protecting against right-sided 
CRC[20-22]. Several factors are involved in the conclusion. 
Some are dependent on the operator, such as removing 
identified polyps completely, achieving an adequate bowel 
preparation before examination, and the most important 
thing, the mucosal inspection quality performed by CC. 
Some are out of  the control of  the operator, such as the 
biology of  the tumor and polyp. The former includes 
employing appropriate maneuvers, spending sufficient 
time and ensuring high cecal intubation rates to examine 
the entire mucosal surface on scope withdrawal. Addi-
tionally, to identify and subsequently remove those easily 
missed flat or diminutive lesions, we should recognize 
them first[23]. 

Because of  the so many limitations of  CC and vari-
ability in quality indicators measured by operators, meth-
ods that could help to enhance polyp and adenoma detec-
tion have been investigated to improve the performance 
of  colonoscopy. The use of  water during the insertion 
phase of  CC instead of  air, or water-exchange, and cap-
assisted colonoscopy has received recent attention. Usage 
of  these two simple methods has theoretical and practical 
advantages and each individual technique could address 
the limitations of  the other in some degree[15,24].

 In a 2000 CC study conducted in France, Coriat et 
al[24] found an adenoma detection rate of  31% in com-
plete colonoscopies, while the same thing accomplished 
by Denis et al[25] found an adenoma detection rate of  

He Q et al . VC and CC: Clinical application

13821 October 14, 2014|Volume 20|Issue 38|WJG|www.wjgnet.com



30%[26]. However, detection rates in other studies with a 
larger number of  patients were about 20%[27,28]. The dif-
ference might be caused by the following factors: a cecal 
intubation rate < 90% caused by poor bowel preparation; 
variety of  indications, with about 25% patients either 
having a CC for abdominal pain or changes in bowel 
habits or younger than 50.

In 2011, 427865 (95%CI: 389108-466622) polypec-
tomies had been performed in France and the overall 
complication rate was 1.1%. The incidences of  intestinal 
perforation, hemorrhage and fever were 0.1% (1/1159), 
0.6% (7/1159) and 0.2% (2/1159), respectively. Patients’ 
gender and age, the intake of  anticoagulant or antiplatelet 
drugs, a pedunculated/flat/sessile polyp type, and the 
polyps’ localization did not significantly affect the rate of  
complications. However, the complication rate increased 
as the size of  resected polyps enlarged, from 0.2% (1/556) 
for polyps ≤ 5 mm to 8.2% (6/73) for polyps > 20 mm 
(likelihood ratio of  8.8, P = 0.003). The only intestinal 
perforation in this study occurred after polypectomy[16].

Capsule endoscopy is the latest developed of  the 
emerging CRC screening tests, but it is much more ex-
pensive than CC. New endoscopic techniques have some 
advantages for resolution of  focus, such as high defini-
tion endoscopy. Other developing techniques around 
colonoscopy including retro-viewing colonoscopy, bal-
loon colonoscopy or 330-degree viewing colonoscopy 
try to enhance the efficacy by reducing the adenoma miss 
rate in right-sided, non-polypoid lesions[29,30].

The future of  colorectal screening will depend on 
many factors such as insurance coverage of  the various 
options, acceptability, cost and efficacy. Some combina-
tions of  tests, such as colonoscopy with interval fecal 
DNA testing, are hoped to not only lower the costs into 
an acceptable range, but also promote its risk/benefit 
ratio. However, whatever the future holds, CC will be the 
keystone of  CRC screening for not a short time. High 
quality CC and recognized performance improvement 
measures will maximize its effectiveness.

CTC FOR CRC
Vining et al[31] had presented the first virtual colon images 
for 20 years since the 1994 meeting of  the Society of  
Gastrointestinal Radiologists. That was the birth of  “vir-
tual colonoscopy” or “CTC”, the name widely used now.

CTC is a minimally invasive sedation-free imaging 
modality that has been shown to be comparable to opti-
cal colonoscopy in the detection of  clinically significant 
colon polyps and CRC[32-35] and has been endorsed by 
some national guidelines as an acceptable option for CRC 
screening[36-38]. In addition to the excellent performance 
measures, the risks and complications related to this 
examination are very low[39]. Potentially, the addition of  
CTC to CRC screening options could markedly impact 
current low adherence rates, likely in a cost-effective man-
ner[40]. A recent cost-effectiveness analysis indicated that 
modest increases in patient adherence to CRC screening 

guidelines with greater availability of  CTC would place 
CTC among the cost-effective CRC screening options[41].

CTC in CRC screening has a present and a potential 
role. The present role is used in the case of  incomplete 
CC to replace barium enema and integrate this method 
into established screening programs. The potential role 
of  CTC screening is the combination of  it with sigmoid-
oscopy, fecal occult blood test and CC, taken as a first-
line method. In fact, various scientific societies have ap-
proved the authentic use of  CTC screening for average-
risk individuals. These include the American College of  
Radiology, the American Cancer Society, and the United 
States Multisociety Task Force on Colorectal Cancer. 
Nevertheless, other entities have thought that the evi-
dence is inadequate to warrant the use of  CTC as a mass 
screening method, such as the United States Preventive 
Services Task Force[42]. Lately, Medicare has also refused 
to refund for CTC screening[8]. However, there are many 
advantages in the use of  CTC as a CRC screening meth-
od. These include its non-invasiveness, patient comfort, 
safety, high accuracy, detection of  extracolonic lesions, 
full assessment of  the colon in almost all patients and 
cost-effectiveness. The principal possible disadvantage 
of  a CTC screening is the patients’ exposure to ionizing 
radiation. But this is not an important question, because 
low-dose equipments are now usually applied. These pro-
tocols convey a dose similar to or a little higher than the 
yearly radiation exposure of  any person. There is indirect 
evidence showing that such a dose of  radiation exposure 
does not increase the incidence of  cancers[41,42].

CTC TECHNIQUE
Patients usually consume a standard low-volume bowel 
preparation on the day before the procedure, consist-
ing of  either magnesium citrate with bisacodyl or a 2-L 
polyethylene glycol bowel preparation alone. Single dose 
of  2% barium sulfate and diatrizoate is used for tagging 
colonic stool and fluid, respectively. Before imaging, a 
small flexible rectal catheter is placed and the colon is in-
sufflated using an automated carbon dioxide delivery sys-
tem that is both pressure and volume regulated. Patients 
undergo multi-row detector CT in the supine and prone 
positions with a low-dose CTC protocol. Additional de-
cubitus views are obtained in cases with areas of  persis-
tent luminal collapse. No sedation or IV medications are 
administered as part of  the CTC examination[16,31,42].

ANATOMICAL IMAGING BY CT 
SCREENING
Although elevated serum carcinoembryonic antigen levels 
are often present in CRC, they are neither sensitive nor 
specific enough to be used as a screening tool for asymp-
tomatic patients[43]. CTC allows a minimally invasive im-
aging examination of  the entire large bowel. Compared 
to optical colonoscopy, the risk for colonic perforation 
during screening is extremely low, being 0.005%[44] for 
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patients, routine post-treatment surveillance by CT con-
fers survival benefits. Imaging plays an important role in 
screening for CRC. According to the current American 
Cancer Society guidelines for CRC screening, 5-yearly 
CTC is recommended for asymptomatic patients with 
average risk[4]. In patients with known CRC, CT plays an 
important role in both pretreatment staging of  disease 
and assessing for response to treatment. Traditionally, this 
has been done by anatomical imaging assessment on CT. 
Advances in technology have further elevated the role of  
CT, by promoting functional imaging by PET and perfu-
sion studies[31].

MRC
MRC is a noninvasive method for evaluating the entire 
colon. Potential uses include staging of  colorectal pathol-
ogy and detection of  cancer and precancerous lesions. It 
also allows for the evaluation of  extra-colonic patholo-
gies including cancer metastases. In the context of  CRC 
screening, the absence of  ionizing radiation in MRC 
provides an advantage over CTC. Bowel preparation is 
performed in a way similar to that required for CTC or 
CC and different substances for bowel preparation are 
commercially available[42]. Patients must be screened for 
general contraindications to MRI including the presence 
of  metallic implants or severe claustrophobia. As with 
CTC, distension of  the colon is a prerequisite for proce-
dure and can be achieved using water, air, or carbon diox-
ide. Also similar to the procedure in CTC, patients can be 
imaged in the prone and supine positions[31,55].

Dark lumen and bright lumen techniques of MRC
Methods of  MRC are classified into bright lumen and 
dark lumen manners. In the bright lumen technique, 
colorectal lesions are shown as dark filling defects of  low 
signal on a bright background of  distended colon; while 
in the dark lumen technique, colorectal lesions are shown 
as white defects on a dark background of  distended co-
lon. In the dark lumen technique, the intravenous applica-
tion of  paramagnetic contrast agents allows visualization 
of  the colorectal wall, discriminating it from the dark co-
lonic lumen. This reduces the incidence of  false positive 
findings. Residual stools or air bubbles that might look 
like polyps in the bright lumen technique remain dark[55]. 
The bright lumen technique is, however, less affected by 
movement of  the patient and may be preferable in pa-
tients unable to hold their breath[56]. 

Sensitivity of MRC for cancer detection
The prevalence of  cancer in related studies ranged from 
0% to 72.7%[57]. A total of  58 cancers were found in 
1305 patients. There was no report about whether all the 
cancers were detected by MRC; however, from the 54 re-
maining cancers, 53 were detected by MRC. Overall, the 
MRC detection rate for cancer was 98.2%[58-60]. Studies 
reported lesions using the size categories of  larger than 
10 mm in diameter, 5 to 10 mm, and less than 5 mm, as 

asymptomatic patients and up to 0.06% for symptomatic 
patients[45]. Use of  carbon dioxide with an insufflator that 
regulates pressure rather than room air for gas insuffla-
tion of  the colon may further reduce the incidence of  
perforation[39,44]. In CTC, high resolution image acquisi-
tion of  the entire large intestine in a single breath hold 
is permitted by the use of  multi-row detector CT. Com-
bined 3D and 2D analysis with specific post-processing 
software allows for ease of  polyp detection, depiction of  
lesions and location[36]. 

For optimal assessment, it is important to prepare the 
bowel adequately and to inflate the colon with gas. Newer 
techniques such as fecal tagging reduce the need for vig-
orous bowel preparation[46] and decrease false positives 
from the presence of  adherent fecal matter. In contrast 
with optical colonoscopy, extra-colonic structures are also 
evaluated in the same examination by CTC. Hellström 
et al[47] showed that potentially important extra-colonic 
findings, such as lymphadenopathy, aortic aneurysms and 
solid hepatic and renal masses, were present in 23% of  
patients. An Imaging Network National CT Colonogra-
phy Trial has been conducted by the American College 
of  Radiology. This trial included 2500 patients across 15 
institutions in the United States, and has shown compa-
rable accuracy between CTC and standard colonoscopy. 
Pickhardt et al[34] and Ramos et al[48] reported a sensitivity 
of  89% for adenomas greater than 5 mm. For invasive 
CRC, the pooled CTC sensitivity was higher at 96%. As 
with other screening techniques, CTC accuracy improves 
with lesion size. All patients with one or more polyps 
larger than 10 mm or 3 or more polyps larger than 6 mm 
should be recommended for CC[49]. However, at present 
it is still controversial about the direction of  patients with 
fewer than three polyps of  which the largest one is 6 to 
9 mm or smaller[50,51]. For patients with suspected CRC, 
the diagnostic accuracies of  contrast-enhanced CTC 
were even better. Using the tumor, node, and metastasis 
system, rates of  95%, 85%, and 100% were achieved. 
The sensitivity of  both CTC and CC for cancer detection 
were both 100%, while the overall sensitivity of  CTC was 
even higher than initial CC for polyp detection (90% vs 
78%)[52]. The main drawback of  CTC is radiation expo-
sure. A single CTC study results in that the dose to the 
colon as an organ was estimated at 7 to 13 millisievert 
(mSv), and this amount is 0.044% more than the lifelong 
danger of  colon cancer[53]. More efficient low dose pro-
tocols (estimated organ dose ranges of  5 to 8 mSv) have 
been shown to be feasible with encouraging results[54].

CT plays an important role in the management of  
CRC. The use of  CTC as a screening tool for CRC has 
been validated and is expected to rise over time. The re-
sults of  prior studies suggest that CT is suboptimal for 
assessment of  local T stage and moderate for N stage 
disease. Recent advances in CT technology are expected 
to lead to some improvement in staging accuracy. At 
present, the main role of  CT in pretreatment imaging 
assessment lies in its use for the detection of  distant 
metastases, especially in the liver. In a select group of  
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well as using a combination of  these categories (Figure 1). 
The cut-off  threshold did vary slightly between studies, 
thus we considered three size categories, large, medium, 
and small for identified polyps. Where sufficient data was 
available, additional size categories were calculated (e.g., 
for medium to large or all size polyps) by grouping other 
size categories if  such was not reported. Generally, inves-
tigators agree that polyps less than or equal to 5 mm in 
diameter have a very low likelihood to become malignant. 
This causes some of  them to ignore documenting polyps 
so small[60]. The significance of  medium-sized polyps has 
aroused debate on sensitivity and specificity, as well as the 
appropriate interval at which the examination should be 
repeated. We included all types of  polyps. Thirteen stud-
ies reported polyps regardless of  their pathology while 
one[61] reported adenomatous polyps only.

Sensitivity and specificity of MRC for detection of 
patients with polyps
Investigators use two different ways to analyze accuracy 
of  MRC. One focuses on the accuracy in identification 
of  patient with polyps, the other on that in identification 
of  individual polyps themselves. From a screening point 
of  view, analysis aiming at for per-patient data is more 
meaningful than per-polyp data as it stresses the use of  
MRC as a screening method. An evidence-based analysis 
from Health Quality Ontario summarized the number of  

true and false positives and true and false negatives for 
MRC for detection of  patients with colorectal polyps of  
different sizes and drew the conclusion that the overall 
performance of  MRC for identification of  patients with 
large polyps (> 10 mm) was excellent (95%). However, 
sensitivity decreased with decreasing polyp size. When 
the polyp size dropped down under 5 mm the detection 
rate of  MRC became pretty low (10%)[58-60,62].

Dark lumen vs bright lumen
The dark lumen technique provided a further improve-
ment in the diagnostic accuracy of  MRC as demonstrated 
by Lauenstein et al[63]. This study found both the sensi-
tivity and specificity of  dark lumen to be higher than 
bright lumen. The former identified all the 11 polyps 
larger than 5 mm in diameter (sensitivity 100%), while 
the latter missed two polyps measuring 7 and 8 mm in 
diameter (sensitivity 81.8%). The dark lumen technique 
can differentiate residual stool from colorectal lesions. In 
this study, the dark lumen technique presented no false 
positive results (specificity 100%), while the bright lumen 
technique produced five false positive results because of  
an inability to draw this distinction.

When it comes to MRI gradient strength, most clini-
cal studies assessing the performance characteristics of  
MRC have been carried out at 1.5 T. Although experi-
ence with MRC at 3 T is limited, the clinical results are 
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Figure 1  Combination use of computed tomography, computed tomography colonography and conventional colonoscopy in large bowel examination and 
management. A 62-year-old woman complained of blood stool for several days and was detected with multi-polyps in colorectal cancer screening. Virtual and con-
ventional colonoscopy all had positive results (single white arrow) and pathology after removal under conventional colonoscopy (CC) proved that the most suspected 
polyp had turned to be moderately differentiated adenocarcinoma. A: Lesion revealed by cross-sectional computed tomography (CT); B: Same lesion by CT colonog-
raphy (CTC); C: By CC; D: CC after removal of the cancer. The case illustrated the different roles of CT, CTC and CC, as well as the combination use of these modali-
ties. The invasiveness of CC might explain injury and swelling of the lesion, and the role of CC in polypectomy is demonstrated. 
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promising. With the consideration of  the advancement in 
the technique and learning curve, the sensitivity of  MRC 
for polyps would become higher than studies before. 
The shortage in detection of  polyps of  small size may be 
changed in future[58-60,62].

PET/CT COLONOGRAPHY
The protocol of  CTC without bowel preparation is safer 
and better-tolerated than full laxation protocols, but its 
comparative sensitivity and specificity may be reduced. 
Uptake of  18F-fluorodeoxyglucose (18F-FDG) by colonic 
neoplasia is characteristic, and the combination of  non-
laxative CTC with PET could enhance accuracy. CRC 
is the most common malignancy of  the gastrointestinal 
tract and is the third most frequent malignancy in hu-
mans. The development of  CT and MRI provides an 
early diagnosis of  CRC and an adjustment of  the thera-
peutic decision[61]. The major drawback of  radiological 
imaging such as CT and MRI is the lack of  characteristic 
functional data. A number of  studies appear to confirm 
the role of  PET/CT and virtual colonography in the 
judgment of  primary lesions. PET/CT is useful for as-
sessing lymph node metastases in pre-operative staging 
of  primary, recurrent and metastatic cancer[64,65]. PET/
CT colonoscopy provides more accurate diagnosis and 
staging of  CRC than ever. The use of  these diagnostic 
tools has certain disadvantages. The cost is expensive 
for their installation. In some procedures, more ionizing 
radiation exposure is needed from both radiological and 
nuclear aspects. There are difficulties in combination use 
of  these modalities and acquisition of  fusion imaging. 
Non-rigid image registration is a natural extension to 
rigid registration in order to achieve a good match. Non-
rigid registration more or less overcomes some problems 
in image integration by registering the surfaces of  organs 
and structures within two data sets[64].

PET/CT colonography has been reported to detect 
all polyps 10 mm or larger, and all of  these polyps were 
18F-FDG-avid. However, only half  of  the 6-9 mm polyps 
and none of  the 5 mm or smaller polyps were 18F-FDG-
avid. In a highly enriched cohort of  17 patients undergo-
ing PET/CT colonography after full bowel preparation, 
Gollub et al[66] reported 18F-FDG avidity in 13%, 35%, 
and 59% of  polyps sized 1-5 mm, 6-9 mm, and at least 
10 mm, respectively. However, in a small feasibility study, 
Mainenti et al[67] reported 18F-FDG avidity in none of  
12 polyps 9 mm or smaller but in all of  the 5 polyps 10 
mm or larger. These data suggest that polyps 10 mm or 
larger are often 18F-FDG-avid, whereas those below the 
10-mm threshold are frequently not. The radiologist is 
more familiar to CT interpretation. Some strategies can 
be applied to overcome interpretation difficulties and 
increase sensitivity for smaller lesions. For example, high 
diagnostic accuracy was reported in a selected population 
with fecal occult blood test positive results when bowl 
preparation was limited, and computer-aided detection 
improved significantly the sensitivity of  less-experienced 

radiologist readers[68,69]. We were able to demonstrate the 
technical feasibility and patient preference for PET/CT 
colonography over CC (which were our main aims) and 
benefits to reader confidence.

CTC VS MRC
A meta-regression analysis compared CTC with MRC 
for their diagnostic accuracy in patients with CRC, using 
CC results as comparison. In CTC, the total sensitivity 
was 95% and the total specificity was 95%. In MRC, the 
total sensitivity was 95% and the total specificity was 
95%, too. The meta-regression analysis demonstrated 
that MRC and CTC with 16-slice or 64-slice scanners 
have equal sensitivity for the diagnosis of  CRC, as well 
as for the diagnosis of  large and medium sized polyps; 
however, MRC does not carry the associated risks of  ion-
izing radiation[70]. Most CRCs and large colorectal polyps 
can be detected by MRC or CTC with 16-slice or 64-slice 
scanners. Nevertheless, about 20% of  medium-sized 
colorectal polyps can not be detected by both techniques. 
Neither of  them can reliably detect small polyps. For the 
detection of  small polyps, the sensitivity of  MRC is much 
lower than that of  CTC.

This meta-regression analysis demonstrated that the 
diagnostic precision of  both MRC and CTC is similar in 
detecting CRC. Both techniques have high discrimination 
for cases presenting with CRC and are suitable for elderly 
persons with suspected CRC. There are such drawbacks 
of  CT/MR colonoscopy as missing small polyps or le-
sions. Diagnostic accuracy is influenced by intra-luminal 
and or intravenous contrast agents, as well as quality and 
size of  the study. To make a precise comparison, it is 
necessary to conduct studies in the same patient group to 
evaluate CC, CTC and MRC[62,70-73].

COVENTIONAL COLONOSCOPY VS 
VIRTUAL COLONOSCOPY 
Since it has been confirmed that “CTC is highly specific 
for the detection of  colorectal polyps and tumors”[74,75], 
researchers designed three important studies for further 
investigation, including two large, multicenter trials com-
paring CTC to CC in asymptomatic subjects. The first 
is the American College of  Radiology Imaging Network 
(ACRIN) trial. This trial was conducted in the United 
States with a typical screening group of  people at aver-
age risk[33]. Another is the Italian Multicenter Polyps Ac-
curacy CTC study (IMPACT) trial conducted in patients 
referred for a result of  positive FOBT and in a mixed 
patient cohort of  symptomless individuals at higher-than- 
average risk[35]. The third is the Special Interest Group in 
Gastrointestinal and Abdominal Radiology trial. It is a 
multicenter trial conducted on patients with symptoms in 
the United Kingdom for the detection of  CRC[76]. 

Both the IMPACT and ACRIN trials reported high 
per-patient sensitivity and per-patient specificity. The 
ACRIN trial was 78%-84% for polyps larger than 6 mm 
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and 90% for polyps larger than 10 mm. The IMPACT tri-
al reported greatly high specificity, with a rate more than 
85% not influenced by lesion size[74,75]. The ACRIN trial 
had a positive predictive value (PPV) of  23% for pol-
yps no larger than 10 mm, so low as its main downside. 
This might produce negative impression on a screening 
program, with factors of  patient discomfort, useless CC, 
development of  complications, awkwardness of  radiolo-
gists and greater expenses. The IMPACT trial had much 
better PPV (62%) for lesions > 6 mm. Other studies 
conducted in high-experience centers also obtained much 
better PPV, such as in several Korean hospitals and in the 
University of  Wisconsin. The former had a PPV of  69% 
for lesions larger than 6 mm and 92% for lesions larger 
than 10 mm. The latter achieved a PPV of  91.5%[77,78].

However, both the ACRIN and the IMPACT trials re-
ported rather high negative predictive values that reached 
nearly 100%. This is of  great significance in giving the 
patients with negative results confidence in the examina-
tion. The Munich Colorectal Cancer Prevention Trial also 
obtained exceptionally good results[32,79]. It is a single-cen-
ter study in which around 300 asymptomatic individuals 
were subject to low dose CTC, which was compared with 
other screening methods such as FOBT, sigmoidoscopy 
and CC.

A screening program presented by the University of  
Wisconsin is worthy of  mentioning[80]. More than 3000 
individuals were enlisted in 2 years and divided into two 
nonrandomized groups receiving CTC and CC. There 
was no significant statistical difference in detection rate 
for advanced adenomas between the two groups, with 
3.2% for CTC and 3.4% for CC, respectively. The CTC 
group had the superiority of  much fewer polypectomies 
and no complications. On the contrary, the CC group 
had seven perforations. 

Both the radiological and gastroenterological com-
munities had several unsettled arguments, such as the sig-
nificance of  polyps smaller than 6 mm, the detection rate 
for nonpolypoid, flat lesions, how to manage those 6-9 
mm lesions, and the effect of  findings outside the colon. 
A systematic review[81] of  published papers reported the 
distribution of  advanced adenomas in screening patient 
groups without symptoms. It concluded that small polyps 
have a minimal clinical impact. Advanced lesions were 
found in 0.9%, 4.9%, 1.7%, and 73.5% of  patients whose 
largest polyp size was no larger than 5 mm, 6-9 mm, 
smaller than 10 mm, and larger than 10 mm, respectively. 
If  the smallest size for polypectomy indication is set at 
6 mm, over 95% of  patients with advanced adenomas 
would be identified. But when the minimal size was in-
dicated as 10 mm, only 88% of  such patients would be 
identified. From a cost-effectiveness point of  view, it is 
very inefficient to detect and remove all polyps including 
those smaller than 5 mm. The cost per year of  life rises 
to more than $460000, absolutely unacceptable in terms 
of  cost-effectiveness[82]. However, substantial education 
of  patients and primary care providers is needed to con-
vince them not to eliminate the small polyps identified by 
CTC, but to follow by CC. In fact, according to a recently 

published survey[83], most patients, primary care provid-
ers and gastroenterologists would not take this choice 
because they fear the missing of  precancerous lesions. 
There is also a disagreement over the management of  
intermediate (6 to 9 mm) lesions. According to Ameri-
can Cancer Society CRC screening guidelines, any polyp 
with the size of  6 mm or larger should be rather recom-
mended for CC and polypectomy. However, there is no 
evidence from cost-effectiveness[84,85] as well as follow-
up[86] studies supporting this indication. In future, referral 
for CC and polypectomy might be substituted by polyp 
follow-up. Studies on the rate of  advanced adenoma oc-
curring in polyps with the size of  6-9 mm with CC and 
subsequent polypectomy supported these issues about 
size of  lesions[87]. A possible downside of  CTC would be 
its reduced ability to detect non-polypoid, flat lesions[84]. 

MRC has high accuracy as a modality full of  prom-
ise for finding out colorectal polyps with a diameter > 
5 mm. MRC can be used to estimate disease activity in 
inflammatory bowl disease, including spreading[88,89]. 
The diagnostic accuracy of  MRC in detecting colon le-
sions was reported similar to that of  CC. But MRC has 
the advantage of  minimal invasion, usually with neither 
sedation nor analgesia during examination. This advan-
tage also reduces risk of  serious complications including 
bleeding, perforation and death (Figure 2A). All large 
bowel segments can be assessed with multi-sectional im-
aging availability and 3 dimensional fly-through program 
of  MRC. A recent study showing the insufficiency of  
preoperative colonic evaluation by CC reported that up 
to 54% of  all preoperative colon evaluations in patients 
with CRC and up to 17%-23% of  regular colonoscopies 
are incomplete[90]. In this situation, MRC could be used 
as a practicable and effective approach to evaluating the 
entire colon in patients with incomplete CC. MRC could 
be used as a safe, patient friendly alternative examination 
with high sensitivity, because of  the minimum invasive-
ness, and the excellent ability to evaluate extra-intestinal, 
intramural components of  lesions of  the colon, cancer 
metastasis and any other lesions[90]. 

Most of  the patients considered that MRC is less 
unpleasant than CC. The majority of  them have a pref-
erence for MRC compared to CC as an examination of  
the colon in future. MRC also seems to take less time 
than CC in post-procedural monitoring for patients and 
medical personnel[91,92]. When some segments cannot be 
accessed by CC, MRC is often applied successfully to the 
evaluation of  most of  the colonic segments. The iden-
tification of  additional disease by MRC emphasizes that 
secondary diagnostic step is needed on the background 
of  incomplete CC. Use of  MRC for CRC screening is 
worthy investigating. However, at the present time, wide 
implementation of  MRC for CRC screening is not likely, 
largely because of  the lack of  skillful readers[93]. 

COST-EFFECTIVENESS ISSUES
As a screening test CTC is effective for detection of  
colorectal neoplasia[41,94,95]. Nevertheless, CTC is usually 
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less effective and sometimes more costly than CC. If  the 
sensitivity of  CTC for 1-cm adenomas is 83% or lower, 
CC is a dominant strategy (Figure 2B). CTC can be rea-
sonably cost-effective for CRC screening among Medi-
care enrollees when its diagnostic accuracy is high, and if  
the refund rate for each scan is considerably less than that 
for CC[41,94]. According to the majority of  international 
thresholds, CTC seemed to have good cost-effectiveness 
compared to flexible sigmoidoscopy, and CTC may also 
come to be a reasonable substitute to CC[95]. 

A helical CT or MR scan is involved in VC of  the 
abdomen and pelvis to determine the presence of  pol-
yps and cancer in the colon and rectum. Compared to 
CC, these two modalities are promising in sensitivity in 
revealing larger polyps. Caution should be taken before 
it is clinically implemented because of  the existence of  
significant variation among readers and learning curves. 
After reviewing the evidence on the cost-effectiveness of  
CRC screening from several published studies, Lansdorp-
Vogelaar et al[96] concluded the following 4 consensus-
es[36,96-99]: (1) All CRC screening strategies are cost-effec-
tive compared to no screening; (2) There is no consensus 
on what is the preferred CRC strategy for a given will-
ingness to pay; (3) Generalization of  cost-effectiveness 
analyses from one country to another cannot be done, 
because screening costs, resource capacity and population 
preferences differ; and (4) CTC, stool DNA and capsule 
endoscopy are not yet cost-effective compared to FOBT 
and endoscopy screening. 

DERIVATIVE TECHNIQUES FOR CRC 
SCREENING
Stool DNA testing
An acceptable substitute for CRC screening is stool-based 
DNA testing. It is noninvasive and in every-day clinical 
practice can establish the diagnosis of  adenomatous pol-
yps and CRC in early stage. For patients with inflamma-
tory bowl disease, stool DNA testing with its advanced 
technology has proved highly distinctive for revealing 
sporadic CRC and advanced precancerous lesions[100]. 
Yehya et al[101] demonstrated that stool DNA testing could 

reveal CRC-related high molecular weight p53 DNA in 
stool samples with an overall sensitivity of  56.3% and 
specificity of  100%. 

The fecal immunochemical test (FIT) is a rather novel 
method for stool test which also identifies occult blood 
in the stool, also called the immunochemical fecal blood 
test. CRC screening was evaluated economically by Heit-
man et al[102] in North American subjects with average 
risk. All the related screening modalities were included as 
well as the current CRC treatment expenses. It was found 
that annual FIT was less expensive and more effective in 
comparison with all the other modalities. Its sensitivity 
for cancer is high (81%) and sensitivity for advanced ad-
enomas is moderate (54%). Among the lifetimes of  every 
100000 patients with average-risk, the number of  CRC 
and related deaths could be reduced from 4857 to 1782, 
and from 1393 to 457, respectively, while saving CAN$68 
per person. Finally they concluded that in comparison 
with all the other methods (including no screening), an-
nual FIT was less expensive and more effective than not 
only FOBT but also CC, assuming the mid-range test-
ing characteristics. So they suggested that FIT should be 
regarded as the method of  choice for CRC screening for 
patients aged between 50 and 75 years in North America 
with average risk.

On the other hand, Sharaf  et al[103] recently explored 
the comparative effectiveness and cost-effectiveness of  
screening strategies including those recommended by 
the United States Preventive Services Task Force. These 
involved colonoscopy every 10 years, flexible sigmoidos-
copy (FS) every 5 years, annual FOBT, annual FIT, and 
the combination FS/FIT. They concluded that CC may 
be cost-effective compared with FIT and FS, on the basis 
of  the relative rates of  uptake and compliance and the 
protective benefit of  CC in the proximal colon.

PET/MRI colonography
The integration of  MRI and PET could compensate for 
their drawbacks and provide a few benefits compared to 
sole MRI or PET. When the two outstanding diagnosis 
imaging modalities are integrated into one device, the 
precision of  diagnosis is further improved. PET/MRI 
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Figure 2  Examples of risk and merit of conventional colonoscopy. A: A 51-year-old woman was found with perforation of the colon during conventional colonos-
copy; B: A 68-year-old man was detected with multi-polyps with the smallest diameter of 2 mm (arrow) in one routine colorectal cancer screening.
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promotes the registration accuracy of  molecular features 
and changes in metabolism of  the diseases and presents 
accurate link to anatomical features and details in mor-
phology[104]. 

However, PET/MRI still does not match entirely 
the diagnostic accuracy of  standard low-dose PET/CT 
according to the research result of  Appenzeller et al[105]. 
Thus, it might only be used as a back-up solution in 
limited number of  patients. Therefore, more time needs 
to be invested on the MRI part including higher matrix, 
more breath-holds, and additional surface coil acquired 
sequences, to make PET/MRI an equivalent to the stan-
dard low-dose PET/CT (Figure 3). In the near future 
PET/MRI may serve as a modern effective multimodal-
ity technique in clinical oncology, presenting great capa-
bility for imaging applications apart from connection of  
functional and anatomic images[106]. 

Single photon emission computed tomography
Single photon emission computed tomography (SPECT) 
has impressive superiorities over the conventional two-
dimensional imaging technique in producing more 
information about radionuclide distribution within the 
body. SPECT employs radioactive tracers and a scanner 
to record data that a computer constructs into two- or 
three-dimensional (3-D) images. The imaging procedure 
is executed by the application of  a gamma camera to 
collect multiple 2-D projections from multiple angles. A 
computer is then used to do a tomographic reconstruc-
tion algorithm to the multiple projections, and then a set 
of  3-D data records is generated. Tumor tissue can be 
detected inside the body where the radioactive material 
is taken up by the cells. When SPECT is combined with 
X-ray CT (SPECT/CT), 3-D radionuclide imaging from 
SPECT is combined with anatomical information from 
CT, with both functional and anatomical imaging inte-
grated[107]. Currently, this immunoscintigraphy plays a role 
in detection of  recurrence and metastases of  CRC[108]. 

The integration of  PET and SPECT (PET/SPECT) 
is believed to provide detailed explanation of  physiologi-
cal and pathological information, medical descriptions 
and clinical diagnoses. Molecular imaging makes it pos-
sible to noninvasively estimate various important fea-
tures of  cancer in patients, including such as metabolic 

disorders, cell proliferation, tumor hypoxia, and receptor 
aspects[109]. PET/SPECT scanners are now available to 
perform imaging for oncologic studies including staging 
patients with CRC, and it is important that knowledge 
regarding the usefulness of  these images, and their limita-
tions, be spread to health care providers[110].

CONCLUSION
CRC is a largely preventable cancer but remains the 
third commonest adult cancer with approximately 1 in 
19 adults diagnosed with CRC during their lifetime. All 
CRC screening strategies are cost-effective compared to 
no screening. With the rapid progress in computer pro-
cessing strength, several superiorities are presented by 
CT, MR and PET/CT colonography over the diagnostic 
methods of  traditional radiology, and VC also presents 
important data not only for primary diagnosis, but also 
for treatment of  disease, revealing possible complications 
and follow-up. Currently CC still cannot be replaced by 
CT, MR and PET/CT colonography. However, com-
bined with several derivative techniques including stool 
DNA testing, PET/MRI colonography and computer-
aided detection, these modalities may further increase 
the sensitivity and specificity of  imaging methods in 
screening of  CRC and the resource of  CC may be saved 
for those patients who are in need of  treatment. Theses 
modalities also could be used as practicable and effective 
approaches to observing the whole colon in patients who 
had insufficient CC. At the present time, wide implemen-
tation of  them for CRC screening is still not likely, largely 
because of  the lack of  skillful readers. It is also important 
that knowledge regarding the usefulness of  these images, 
and their limitations, be spread to health care providers. 

REFERENCES
1	 Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. 

CA Cancer J Clin 2010; 60: 277-300 [PMID: 20610543 DOI: 
10.3322/caac.20073]

2	 Siegel R, DeSantis C, Virgo K, Stein K, Mariotto A, Smith 
T, Cooper D, Gansler T, Lerro C, Fedewa S, Lin C, Leach C, 
Cannady RS, Cho H, Scoppa S, Hachey M, Kirch R, Jemal A, 
Ward E. Cancer treatment and survivorship statistics, 2012. 
CA Cancer J Clin 2012; 62: 220-241 [PMID: 22700443 DOI: 

13828 October 14, 2014|Volume 20|Issue 38|WJG|www.wjgnet.com

Figure 3  Standard low-dose positron emission tomography/computed tomography showing the colon and rectum. 

He Q et al . VC and CC: Clinical application



10.3322/caac.21149]
3	 American Cancer Society. Cancer Facts and Figures 2012. 

Atlanta: American Cancer Society 2012. Available from: 
URL: http: //www.cancer.org/acs/groups/content/@
epidemiologysurveilance/documents/document/ac-
spc-031941.pdf

4	 Richardson LC, Tai E, Rim SH, Joseph D, Plescia M. Cen-
ters for Disease Control and Prevention (CDC). Vital signs: 
Colorectal cancer screening,incidence, and mortality-United 
States, 2002-2010. MMWR Morb Mortal Wkly Rep 2011; 60: 
884-889

5	 Howlader N, Ries LA, Mariotto AB, Reichman ME, Ruhl J, 
Cronin KA. Improved estimates of cancer-specific survival 
rates from population-based data. J Natl Cancer Inst 2010; 
102: 1584-1598 [PMID: 20937991 DOI: 10.1093/jnci/djq366]

6	 Jacobs ET, Thompson PA, Martínez ME. Diet, gender, and 
colorectal neoplasia. J Clin Gastroenterol 2007; 41: 731-746 
[PMID: 17700421 DOI: 10.1097/MCG.0b013e3180338e56]

7	 Society AC. Colorectal cancer facts and figures 2011-2013. 
Atlanta: American cancer society, 2011. Available from: URL: 
http://www.cancer.org/acs/groups/content/@epidemiolo-
gysurveilance/documents/document/acspc-028323.pdf

8	 Laghi A, Iafrate F, Rengo M, Hassan C. Colorectal cancer 
screening: the role of CT colonography. World J Gastroenterol 
2010; 16: 3987-3994 [PMID: 20731011 DOI: 10.3748/wjg.v16.
i32.3987]

9	 Madlensky L, Daftary D, Burnett T, Harmon P, Jenkins M, 
Maskiell J, Nigon S, Phillips K, Templeton A, Limburg PJ, 
Haile RW, Potter JD, Gallinger S, Baron JA. Accuracy of 
colorectal polyp self-reports: findings from the colon can-
cer family registry. Cancer Epidemiol Biomarkers Prev 2007; 
16: 1898-1901 [PMID: 17726139 DOI: 10.1158/1055-9965.
EPI-07-0151]

10	 Vinikoor LC, Galanko JA, Sandler RS. Cholecystectomy and 
the risk of colorectal adenomas. Dig Dis Sci 2008; 53: 730-735 
[PMID: 17710546 DOI: 10.1007/s10620-007-9912-3]

11	 Goldman H, Ming S, Hickock DF. Nature and significance 
of hyperplastic polyps of the human colon. Arch Pathol 1970; 
89: 349-354 [PMID: 5435674]

12	 Jass JR. Relation between metaplastic polyp and carcinoma 
of the colorectum. Lancet 1983; 1: 28-30 [PMID: 6129371 DOI: 
10.1016/S0140-6736(83)91564-7]

13	 Young J, Jenkins M, Parry S, Young B, Nancarrow D, Eng-
lish D, Giles G, Jass J. Serrated pathway colorectal cancer 
in the population: genetic consideration. Gut 2007; 56: 
1453-1459 [PMID: 17566021 DOI: 10.1136/gut.2007.126870]

14	 Snover DC. Update on the serrated pathway to colorectal 
carcinoma. Hum Pathol 2011; 42: 1-10 [PMID: 20869746 DOI: 
10.1016/j.humpath.2010.06.002]

15	 Adler A , Wegscheider K, Lieberman D, Aminalai A, 
Aschenbeck J, Drossel R, Mayr M, Mroß M, Scheel M, 
Schröder A, Gerber K, Stange G, Roll S, Gauger U, Wieden-
mann B, Altenhofen L, Rosch T. Factors determining the 
quality of screening colonoscopy: a prospective study on 
adenoma detection rates, from 12,134 examinations (Berlin 
colonoscopy project 3, BECOP-3). Gut 2013; 62: 236-241 
[PMID: 22442161 DOI: 10.1136/gutjnl-2011-300167]

16	 Barret M, Boustiere C, Canard JM, Arpurt JP, Bernardini D, 
Bulois P, Chaussade S, Heresbach D, Joly I, Lapuelle J, Lau-
gier R, Lesur G, Pienkowski P, Ponchon T, Pujol B, Richard-
Molard B, Robaszkiewicz M, Systchenko R, Abbas F, Schott-
Pethelaz AM, Cellier C. Factors associated with adenoma 
detection rate and diagnosis of polyps and colorectal cancer 
during colonoscopy in France: results of a prospective, na-
tionwide survey. PLoS One 2013; 8: e68947 [PMID: 23874822 
DOI: 10.1371/journal.pone.0068947]

17	 Young PE, Womeldorph CM. Colonoscopy for colorectal 
cancer screening. J Cancer 2013; 4: 217-226 [PMID: 23459594 
DOI: 10.7150/jca.5829]

18	 Winawer SJ, Zauber AG, Ho MN, O’Brien MJ, Gottlieb LS, 

Sternberg SS, Waye JD, Schapiro M, Bond JH, Panish JF. 
Prevention of colorectal cancer by colonoscopic polypec-
tomy. The National Polyp Study Workgroup. N Engl J Med 
1993; 329: 1977-1981 [PMID: 8247072]

19	 Zauber AG, Winawer SJ, O’Brien MJ, Lansdorp-Vogelaar I, 
van Ballegooijen M, Hankey BF, Shi W, Bond JH, Schapiro 
M, Panish JF, Stewart ET, Waye JD. Colonoscopic polypec-
tomy and long-term prevention of colorectal-cancer deaths. 
N Engl J Med 2012; 366: 687-696 [PMID: 22356322 DOI: 
10.1056/NEJMoa1100370]

20	 Stock C, Pulte D, Haug U, Brenner H. Subsite-specific 
colorectal cancer risk in the colorectal endoscopy era. Gastro-
intest Endosc 2012; 75: 621-630 [PMID: 22341107 DOI: 10.1016/
j.gie.2011.10.025]

21	 Cooper GS, Xu F, Barnholtz Sloan JS, Schluchter MD, Ko-
roukian SM. Prevalence and predictors of interval colorec-
tal cancers in medicare beneficiaries. Cancer 2012; 118: 
3044-3052 [PMID: 21989586 DOI: 10.1002/cncr.26602]

22	 Singh H, Nugent Z, Demers AA, Kliewer EV, Mahmud SM, 
Bernstein CN. The reduction in colorectal cancer mortality 
after colonoscopy varies by site of the cancer. Gastroenterol-
ogy 2010; 139: 1128-1137 [PMID: 20600026 DOI: 10.1053/
j.gastro.2010.06.052]

23	 Kahi CJ, Hewett DG, Norton DL, Eckert GJ, Rex DK. 
Prevalence and variable detection of proximal colon ser-
rated polyps during screening colonoscopy. Clin Gastroen-
terol Hepatol 2011; 9: 42-46 [PMID: 20888435 DOI: 10.1016/
j.cgh.2010.09.013]

24	 Coriat R, Lecler A, Lamarque D, Deyra J, Roche H, Nizou C, 
Berretta O, Mesnard B, Bouygues M, Soupison A, Monnin 
JL, Podevin P, Cassaz C, Sautereau D, Prat F, Chaussade S. 
Quality indicators for colonoscopy procedures: a prospec-
tive multicentre method for endoscopy units. PLoS One 
2012; 7: e33957 [PMID: 22509267 DOI: 10.1371/journal.
pone.0033957]

25	 Denis B, Sauleau EA, Gendre I, Piette C, Bretagne JF, Per-
rin P. Measurement of adenoma detection and discrimina-
tion during colonoscopy in routine practice: an exploratory 
study. Gastrointest Endosc 2011; 74: 1325-1336 [PMID: 
21958899 DOI: 10.1016/j.gie.2011.07.038]

26	 Blanks RG, Moss SM. The calculation of targets for the 
cancer and adenoma detection rates for the NHS bowel 
screening programme. J Med Screen 2012; 19: 72-76 [PMID: 
22569075 DOI: 10.1258/jms.2012.012085]

27	 Pox CP, Altenhofen L, Brenner H, Theilmeier A, Von Still-
fried D, Schmiegel W. Efficacy of a nationwide screening 
colonoscopy program for colorectal cancer. Gastroenterol-
ogy 2012; 142: 1460-7.e2 [PMID: 22446606 DOI: 10.1053/
j.gastro.2012.03.022]

28	 Ferlitsch M, Reinhart K, Pramhas S, Wiener C, Gal O, 
Bannert C, Hassler M, Kozbial K, Dunkler D, Trauner M, 
Weiss W. Sex-specific prevalence of adenomas, advanced 
adenomas, and colorectal cancer in individuals undergoing 
screening colonoscopy. JAMA 2011; 306: 1352-1358 [PMID: 
21954479 DOI: 10.1001/jama.2011.1362]

29	 Fireman Z, Kopelman Y. The colon - the latest terrain for 
capsule endoscopy. Dig Liver Dis 2007; 39: 895-899 [PMID: 
17720639 DOI: 10.1016/j.dld.2007.07.050]

30	 Tran K. Capsule colonoscopy: PillCam Colon. Issues Emerg 
Health Technol 2007; (106): 1-4 [PMID: 17957839]

31	 Vining DJ, Gelfand DW. Non-invasive colonoscopy using 
helical CT scanning. 3D reconstruction and virtual reality. 
Maui, Hawaii: Syllabus of the 23rd Annual Meeting Society 
of gastrointestinal Radiologists, 1994: 13-18

32	 Graser A, Stieber P, Nagel D, Schäfer C, Horst D, Becker 
CR, Nikolaou K, Lottes A, Geisbüsch S, Kramer H, Wag-
ner AC, Diepolder H, Schirra J, Roth HJ, Seidel D, Göke B, 
Reiser MF, Kolligs FT. Comparison of CT colonography, 
colonoscopy, sigmoidoscopy and faecal occult blood tests 
for the detection of advanced adenoma in an average risk 

13829 October 14, 2014|Volume 20|Issue 38|WJG|www.wjgnet.com

He Q et al . VC and CC: Clinical application



population. Gut 2009; 58: 241-248 [PMID: 18852257 DOI: 
10.1136/gut.2008.156448]

33	 Johnson CD, Chen MH, Toledano AY, Heiken JP, Dachman 
A, Kuo MD, Menias CO, Siewert B, Cheema JI, Obregon RG, 
Fidler JL, Zimmerman P, Horton KM, Coakley K, Iyer RB, 
Hara AK, Halvorsen RA, Casola G, Yee J, Herman BA, Bur-
gart LJ, Limburg PJ. Accuracy of CT colonography for detec-
tion of large adenomas and cancers. N Engl J Med 2008; 359: 
1207-1217 [PMID: 18799557 DOI: 10.1056/NEJMoa0800996]

34	 Pickhardt PJ, Choi JR, Hwang I, Butler JA, Puckett ML, 
Hildebrandt HA, Wong RK, Nugent PA, Mysliwiec PA, 
Schindler WR. Computed tomographic virtual colonoscopy 
to screen for colorectal neoplasia in asymptomatic adults. 
N Engl J Med 2003; 349: 2191-2200 [PMID: 14657426 DOI: 
10.1056/NEJMoa031618]

35	 Regge D, Laudi C, Galatola G, Della Monica P, Bonelli L, 
Angelelli G, Asnaghi R, Barbaro B, Bartolozzi C, Bielen D, 
Boni L, Borghi C, Bruzzi P, Cassinis MC, Galia M, Gallo 
TM, Grasso A, Hassan C, Laghi A, Martina MC, Neri E, 
Senore C, Simonetti G, Venturini S, Gandini G. Diagnostic 
accuracy of computed tomographic colonography for the 
detection of advanced neoplasia in individuals at increased 
risk of colorectal cancer. JAMA 2009; 301: 2453-2461 [PMID: 
19531785 DOI: 10.1001/jama.2009.832]

36	 Levin B, Lieberman DA, McFarland B, Andrews KS, Brooks 
D, Bond J, Dash C, Giardiello FM, Glick S, Johnson D, 
Johnson CD, Levin TR, Pickhardt PJ, Rex DK, Smith RA, 
Thorson A, Winawer SJ. Screening and surveillance for 
the early detection of colorectal cancer and adenomatous 
polyps, 2008: a joint guideline from the American Cancer 
Society, the US Multi-Society Task Force on Colorectal 
Cancer, and the American College of Radiology. Gastroen-
terology 2008; 134: 1570-1595 [PMID: 18384785 DOI: 10.1053/
j.gastro.2008.02.002]

37	 Summaries for patients. Screening for colorectal cancer: U.S. 
Preventive Services Task Force recommendation. Ann Intern 
Med 2008; 149: I-44 [PMID: 18838719]

38	 Rex DK, Johnson DA, Anderson JC, Schoenfeld PS, Burke 
CA, Inadomi JM. American College of Gastroenterology 
guidelines for colorectal cancer screening 2009 [corrected]. 
Am J Gastroenterol 2009; 104: 739-750 [PMID: 19240699 DOI: 
10.1038/ajg.2009.104]

39	 Pickhardt PJ. Incidence of colonic perforation at CT colonog-
raphy: review of existing data and implications for screening 
of asymptomatic adults. Radiology 2006; 239: 313-316 [PMID: 
16641348]

40	 Pickhardt PJ, Hassan C, Laghi A, Zullo A, Kim DH, Morini 
S. Cost-effectiveness of colorectal cancer screening with com-
puted tomography colonography: the impact of not report-
ing diminutive lesions. Cancer 2007; 109: 2213-2221 [PMID: 
17455218 DOI: 10.1002/cncr.22668]

41	 Knudsen AB, Lansdorp-Vogelaar I, Rutter CM, Savarino JE, 
van Ballegooijen M, Kuntz KM, Zauber AG. Cost-effective-
ness of computed tomographic colonography screening for 
colorectal cancer in the medicare population. J Natl Cancer 
Inst 2010; 102: 1238-1252 [PMID: 20664028 DOI: 10.1093/
jnci/djq242]

42	 Cash BD, Stamps K, McFarland EG, Spiegel AR, Wade 
SW. Clinical use of CT colonography for colorectal cancer 
screening in military training facilities and potential impact 
on HEDIS measures. J Am Coll Radiol 2013; 10: 30-36 [PMID: 
23290671 DOI: 10.1016/j.jacr.2012.05.014]

43	 Duffy MJ. Carcinoembryonic antigen as a marker for colorec-
tal cancer: is it clinically useful? Clin Chem 2001; 47: 624-630 
[PMID: 11274010]

44	 Berrington de Gonzalez A, Kim KP, Yee J. CT colonogra-
phy: perforation rates and potential radiation risks. Gastro-
intest Endosc Clin N Am 2010; 20: 279-291 [PMID: 20451817 
DOI: 10.1016/j.giec.2010.02.003]

45	 Burling D, Halligan S, Slater A, Noakes MJ, Taylor SA. 

Potentially serious adverse events at CT colonography in 
symptomatic patients: national survey of the United King-
dom. Radiology 2006; 239: 464-471 [PMID: 16569789 DOI: 
10.1148/radiol.2392051101]

46	 Callstrom MR, Johnson CD, Fletcher JG, Reed JE, Ahlquist 
DA, Harmsen WS, Tait K, Wilson LA, Corcoran KE. CT colo-
nography without cathartic preparation: feasibility study. 
Radiology 2001; 219: 693-698 [PMID: 11376256]

47	 Hellström M, Svensson MH, Lasson A. Extracolonic and in-
cidental findings on CT colonography (virtual colonoscopy). 
AJR Am J Roentgenol 2004; 182: 631-638 [PMID: 14975961 
DOI: 10.2214/ajr.182.3.1820631]

48	 Ramos O, Boguszewski CL, Teixeira S, De Bem R, Parolim B, 
Prolla JC. Performance of computed tomographic colonogra-
phy for the screening of colorectal polyp in acromegalic pa-
tients: a prospective study. Arq Gastroenterol 2009; 46: 90-96 
[PMID: 19578607 DOI: 10.1590/S0004-28032009000200003]

49	 Kim DH, Pickhardt PJ, Hoff G, Kay CL. Computed to-
mographic colonography for colorectal screening. En-
doscopy 2007; 39: 545-549 [PMID: 17554653 DOI: 10.1055/
s-2007-966240]

50	 Kim DH, Pickhardt PJ, Taylor AJ. Characteristics of ad-
vanced adenomas detected at CT colonographic screening: 
implications for appropriate polyp size thresholds for pol-
ypectomy versus surveillance. AJR Am J Roentgenol 2007; 
188: 940-944 [PMID: 17377027 DOI: 10.2214/AJR.06.0764]

51	 Sung JJ, Luo DJ, Ng SS, Lau JY, Tsoi KK. Patients with pol-
yps larger than 5 mm in computed tomography colonoscopy 
screening have high risk for advanced colonic neoplasia 
in Asia. Clin Gastroenterol Hepatol 2011; 9: 47-51 [PMID: 
20955818 DOI: 10.1016/j.cgh.2010.10.005]

52	 Chung DJ, Huh KC, Choi WJ, Kim JK. CT colonography us-
ing 16-MDCT in the evaluation of colorectal cancer. AJR Am 
J Roentgenol 2005; 184: 98-103 [PMID: 15615957 DOI: 10.2214/
ajr.184.1.01840098]

53	 Brenner DJ, Georgsson MA. Mass screening with CT colo-
nography: should the radiation exposure be of concern? 
Gastroenterology 2005; 129: 328-337 [PMID: 16012958 DOI: 
10.1053/j.gastro.2005.05.021]

54	 Macari M, Bini EJ, Xue X, Milano A, Katz SS, Resnick D, 
Chandarana H, Krinsky G, Klingenbeck K, Marshall CH, 
Megibow AJ. Colorectal neoplasms: prospective comparison 
of thin-section low-dose multi-detector row CT colonogra-
phy and conventional colonoscopy for detection. Radiology 
2002; 224: 383-392 [PMID: 12147833]

55	 Ajaj W, Goyen M. MR imaging of the colon: “technique, 
indications, results and limitations”. Eur J Radiol 2007; 61: 
415-423 [PMID: 17145153 DOI: 10.1016/j.ejrad.2006.07.025]

56	 Wald C, Scheirey CD, Tran TM, Erbay N. An update on 
imaging of colorectal cancer. Surg Clin North Am 2006; 86: 
819-847 [PMID: 16905412 DOI: 10.1016/j.suc.2006.06.001]

57	 Ajaj W, Ruehm SG, Gerken G, Goyen M. Strengths and 
weaknesses of dark-lumen MR colonography: clinical 
relevance of polyps smaller than 5 mm in diameter at the 
moment of their detection. J Magn Reson Imaging 2006; 24: 
1088-1094 [PMID: 17031836 DOI: 10.1002/jmri.20734]

58	 Kuehle CA, Langhorst J, Ladd SC, Zoepf T, Nuefer M, 
Grabellus F, Barkhausen J, Gerken G, Lauenstein TC. Mag-
netic resonance colonography without bowel cleansing: a 
prospective cross sectional study in a screening population. 
Gut 2007; 56: 1079-1085 [PMID: 17341542 DOI: 10.1136/
gut.2006.109306]

59	 Florie J, Jensch S, Nievelstein RA, Bartelsman JF, Baak LC, 
van Gelder RE, Haberkorn B, van Randen A, van der Ham 
MM, Snel P, van der Hulst VP, Bossuyt PM, Stoker J. MR 
colonography with limited bowel preparation compared 
with optical colonoscopy in patients at increased risk for 
colorectal cancer. Radiology 2007; 243: 122-131 [PMID: 
17329686 DOI: 10.1148/radiol.2431052088]

60	 Zijta FM, Bipat S, Stoker J. Magnetic resonance (MR) colo-

13830 October 14, 2014|Volume 20|Issue 38|WJG|www.wjgnet.com

He Q et al . VC and CC: Clinical application



nography in the detection of colorectal lesions: a systematic 
review of prospective studies. Eur Radiol 2010; 20: 1031-1046 
[PMID: 19936754 DOI: 10.1007/s00330-009-1663-4]

61	 Leung WK, Lam WW, Wu JC, So NM, Fung SS, Chan FK, To 
KF, Yeung DT, Sung JJ. Magnetic resonance colonography in 
the detection of colonic neoplasm in high-risk and average-
risk individuals. Am J Gastroenterol 2004; 99: 102-108 [PMID: 
14687150 DOI: 10.1046/j.1572-0241.2003.04008.x]

62	 Health Quality Ontario. Magnetic Resonance (MR) Colo-
nography for Colorectal Cancer Screening: An Evidence-
Based Analysis. Ont Health Technol Assess Ser 2009; 9: 1-35 
[PMID: 23074538]

63	 Lauenstein TC, Ajaj W, Kuehle CA, Goehde SC, Schlosser 
TW, Ruehm SG. Magnetic resonance colonography: compar-
ison of contrast-enhanced three-dimensional vibe with two-
dimensional FISP sequences: preliminary experience. Invest 
Radiol 2005; 40: 89-96 [PMID: 15654253 DOI: 10.1097/01.
rli.0000149489.56736.39]

64	 Crum WR, Hartkens T, Hill DL. Non-rigid image registra-
tion: theory and practice. Br J Radiol 2004; 77 Spec No 2: 
S140-S153 [PMID: 15677356 DOI: 10.1259/bjr/25329214]

65	 Lorenzen P, Prastawa M, Davis B, Gerig G, Bullitt E, Joshi S. 
Multi-modal image set registration and atlas formation. Med 
Image Anal 2006; 10: 440-451 [PMID: 15919231]

66	 Gollub MJ, Akhurst T, Markowitz AJ, Weiser MR, Guil-
lem JG, Smith LM, Larson SM, Margulis AR. Combined CT 
colonography and 18F-FDG PET of colon polyps: potential 
technique for selective detection of cancer and precancer-
ous lesions. AJR Am J Roentgenol 2007; 188: 130-138 [PMID: 
17179355 DOI: 10.2214/AJR.05.1458]

67	 Mainenti PP, Salvatore B, D’Antonio D, De Falco T, De Pal-
ma GD, D’Armiento FP, Bucci L, Pace L, Salvatore M. PET/
CT colonography in patients with colorectal polyps: a feasi-
bility study. Eur J Nucl Med Mol Imaging 2007; 34: 1594-1603 
[PMID: 17492447 DOI: 10.1007/s00259-007-0422-5]

68	 Liedenbaum MH, de Vries AH, van Rijn AF, Dekker HM, 
Willemssen FE, van Leerdam ME, van Marrewijk CJ, Fock-
ens P, Bipat S, Bossuyt PM, Dekker E, Stoker J. CT colonog-
raphy with limited bowel preparation for the detection of 
colorectal neoplasia in an FOBT positive screening popula-
tion. Abdom Imaging 2010; 35: 661-668 [PMID: 19888629 DOI: 
10.1007/s00261-009-9586-8]

69	 Baker ME, Bogoni L, Obuchowski NA, Dass C, Kendzierski 
RM, Remer EM, Einstein DM, Cathier P, Jerebko A, Lakare 
S, Blum A, Caroline DF, Macari M. Computer-aided detec-
tion of colorectal polyps: can it improve sensitivity of less-
experienced readers? Preliminary findings. Radiology 2007; 
245: 140-149 [PMID: 17885187]

70	 Purkayastha S, Athanasiou T, Tekkis PP, Constantinides 
V, Teare J, Darzi AW. Magnetic resonance colonography 
vs computed tomography colonography for the diagno-
sis of colorectal cancer: an indirect comparison. Colorectal 
Dis 2007; 9 : 100-111 [PMID: 17223933 DOI: 10.1111/
j.1463-1318.2006.01126.x]

71	 Adler M, De Vos M, Dufour A, Janssens J, Laurent S, Me-
lange M, Polus M, Op de Beeck B, Schapira M, Van Cutsem E, 
Van Gossum A. Report on the Belgian consensus meeting on 
colorectal cancer screening. Acta Gastroenterol Belg 2005; 68: 
239-240 [PMID: 16013641]

72	 Macari M, Bini EJ. CT colonography: where have we been 
and where are we going? Radiology 2005; 237: 819-833 [PMID: 
16237143 DOI: 10.1148/radiol.2373041717]

73	 Sun L, Wu H, Guan YS. Colonography by CT, MRI and 
PET/CT combined with conventional colonoscopy in 
colorectal cancer screening and staging. World J Gastroenterol 
2008; 14: 853-863 [PMID: 18240342]

74	 Pickhardt PJ, Kim DH, Pooler BD, Hinshaw JL, Barlow D, 
Jensen D, Reichelderfer M, Cash BD. Assessment of volu-
metric growth rates of small colorectal polyps with CT colo-
nography: a longitudinal study of natural history. Lancet On-

col 2013; 14: 711-720 [PMID: 23746988 DOI: 10.1016/S1470-
2045(13)70216-X]

75	 Stoop EM, de Haan MC, de Wijkerslooth TR, Bossuyt PM, 
van Ballegooijen M, Nio CY, van de Vijver MJ, Biermann K, 
Thomeer M, van Leerdam ME, Fockens P, Stoker J, Kuipers 
EJ, Dekker E. Participation and yield of colonoscopy versus 
non-cathartic CT colonography in population-based screen-
ing for colorectal cancer: a randomised controlled trial. 
Lancet Oncol 2012; 13: 55-64 [PMID: 22088831 DOI: 10.1016/
S1470-2045(11)70283-2]

76	 Halligan S, Lilford RJ, Wardle J, Morton D, Rogers P, 
Wooldrage K, Edwards R, Kanani R, Shah U, Atkin W. Design 
of a multicentre randomized trial to evaluate CT colonography 
versus colonoscopy or barium enema for diagnosis of colonic 
cancer in older symptomatic patients: the SIGGAR study. Tri-
als 2007; 8: 32 [PMID: 17963520 DOI: 10.1186/1745-6215-8-32]

77	 Pickhardt PJ, Taylor AJ, Kim DH, Reichelderfer M, Gopal 
DV, Pfau PR. Screening for colorectal neoplasia with CT 
colonography: initial experience from the 1st year of cover-
age by third-party payers. Radiology 2006; 241: 417-425 [PMID: 
16982816]

78	 An S, Lee KH, Kim YH, Park SH, Kim HY, Kim SH, Kim N. 
Screening CT colonography in an asymptomatic average-risk 
Asian population: a 2-year experience in a single institution. 
AJR Am J Roentgenol 2008; 191: W100-W106 [PMID: 18716076 
DOI: 10.2214/AJR.07.3367]

79	 Liedenbaum MH, van Rijn AF, de Vries AH, Dekker HM, 
Thomeer M, van Marrewijk CJ, Hol L, Dijkgraaf MG, Fock-
ens P, Bossuyt PM, Dekker E, Stoker J. Using CT colonogra-
phy as a triage technique after a positive faecal occult blood 
test in colorectal cancer screening. Gut 2009; 58: 1242-1249 
[PMID: 19625276 DOI: 10.1136/gut.2009.176867]

80	 Kim DH, Pickhardt PJ, Taylor AJ, Leung WK, Winter TC, 
Hinshaw JL, Gopal DV, Reichelderfer M, Hsu RH, Pfau PR. 
CT colonography versus colonoscopy for the detection of 
advanced neoplasia. N Engl J Med 2007; 357: 1403-1412 [PMID: 
17914041 DOI: 10.1056/NEJMoa070543]

81	 Hassan C, Pickhardt PJ, Kim DH, Di Giulio E, Zullo A, Laghi A, 
Repici A, Iafrate F, Osborn J, Annibale B. Systematic review: 
distribution of advanced neoplasia according to polyp size 
at screening colonoscopy. Aliment Pharmacol Ther 2010; 31: 
210-217 [PMID: 19814745 DOI: 10.1111/j.1365-2036.2009.04160]

82	 Pickhardt PJ, Hassan C, Laghi A, Zullo A, Kim DH, Iafrate 
F, Morini S. Small and diminutive polyps detected at screen-
ing CT colonography: a decision analysis for referral to 
colonoscopy. AJR Am J Roentgenol 2008; 190: 136-144 [PMID: 
18094303 DOI: 10.2214/AJR.07.2646]

83	 Shah JP, Hynan LS, Rockey DC. Management of small pol-
yps detected by screening CT colonography: patient and 
physician preferences. Am J Med 2009; 122: 687.e1-687.e9 
[PMID: 19559172 DOI: 10.1016/j.amjmed.2009.01.028]

84	 Pickhardt PJ, Wise SM, Kim DH. Positive predictive value 
for polyps detected at screening CT colonography. Eur Radiol 
2010; 20: 1651-1656 [PMID: 20069423 DOI: 10.1007/s00330-
009-1704-z]

85	 Pickhardt PJ, Hassan C, Laghi A, Zullo A, Kim DH, Iafrate F, 
Morini S. Clinical management of small (6- to 9-mm) polyps 
detected at screening CT colonography: a cost-effectiveness 
analysis. AJR Am J Roentgenol 2008; 191: 1509-1516 [PMID: 
18941093 DOI: 10.2214/AJR.08.1010]

86	 Pickhardt PJ, Kim DH. Colorectal cancer screening with CT 
colonography: key concepts regarding polyp prevalence, 
size, histology, morphology, and natural history. AJR Am J 
Roentgenol 2009; 193: 40-46 [PMID: 19542393 DOI: 10.2214/
AJR.08.1709]

87	 Lieberman D, Moravec M, Holub J, Michaels L, Eisen G. 
Polyp size and advanced histology in patients undergoing 
colonoscopy screening: implications for CT colonography. 
Gastroenterology 2008; 135: 1100-1105 [PMID: 18691580 DOI: 
10.1053/j.gastro.2008.06.083]

13831 October 14, 2014|Volume 20|Issue 38|WJG|www.wjgnet.com

He Q et al . VC and CC: Clinical application



88	 Hartmann D, Bassler B, Schilling D, Adamek HE, Jakobs 
R, Pfeifer B, Eickhoff A, Zindel C, Riemann JF, Layer G. 
Colorectal polyps: detection with dark-lumen MR colonog-
raphy versus conventional colonoscopy. Radiology 2006; 238: 
143-149 [PMID: 16304088]

89	 Debatin JF, Lauenstein TC. Virtual magnetic resonance colo-
nography. Gut 2003; 52 Suppl 4: iv17-iv22 [PMID: 12746264 
DOI: 10.1136/gut.52.suppl_4.iv17]

90	 Achiam M. Clinical aspects of MR colonography as a diag-
nostic tool. Dan Med Bull 2010; 57: B4195 [PMID: 21040690]

91	 Hartmann D, Bassler B, Schilling D, Pfeiffer B, Jakobs R, 
Eickhoff A, Riemann JF, Layer G. Incomplete conventional 
colonoscopy: magnetic resonance colonography in the evalu-
ation of the proximal colon. Endoscopy 2005; 37: 816-820 
[PMID: 16116531 DOI: 10.1055/s-2005-870309]

92	 Lauenstein TC, Goehde SC, Ruehm SG, Holtmann G, Deba-
tin JF. MR colonography with barium-based fecal tagging: 
initial clinical experience. Radiology 2002; 223: 248-254 [PMID: 
11930074]

93	 Rockey DC. Computed tomographic and magnetic reso-
nance colonography: challenge for colonoscopy. Dig Dis 2012; 
30 Suppl 2: 60-67 [PMID: 23207934 DOI: 10.1159/000341895]

94	 Hanly P, Skally M, Fenlon H, Sharp L. Cost-effectiveness of 
computed tomography colonography in colorectal cancer 
screening: a systematic review. Int J Technol Assess Health 
Care 2012; 28: 415-423 [PMID: 23006522 DOI: 10.1017/
S0266462312000542]

95	 Hassan C, Zullo A, Laghi A, Reitano I, Taggi F, Cerro P, 
Iafrate F, Giustini M, Winn S, Morini S. Colon cancer preven-
tion in Italy: cost-effectiveness analysis with CT colonogra-
phy and endoscopy. Dig Liver Dis 2007; 39: 242-250 [PMID: 
17112797 DOI: 10.1016/j.dld.2006.09.016]

96	 Lansdorp-Vogelaar I, Knudsen AB, Brenner H. Cost-effec-
tiveness of colorectal cancer screening - an overview. Best 
Pract Res Clin Gastroenterol 2010; 24: 439-449 [PMID: 20833348 
DOI: 10.1016/j.bpg.2010.04.004]

97	 Deutekom M, van Rijn AF, Dekker E, Blaauwgeers H, 
Stronks K, Fockens P, Essink-Bot ML. Uptake of faecal oc-
cult blood test colorectal cancer screening by different eth-
nic groups in the Netherlands. Eur J Public Health 2009; 19: 
400-402 [PMID: 19372193 DOI: 10.1093/eurpub/ckp051]

98	 Masseria C. Colorectal cancer in Italy: a review of current 
national and regional practice on screening and treatment. 
Eur J Health Econ 2010; 10 Suppl 1: S41-S49 [PMID: 20012136 
DOI: 10.1007/s10198-009-0191-0]

99	 Smith RA, Cokkinides V, Brawley OW. Cancer screening 
in the United States, 2009: a review of current American 
Cancer Society guidelines and issues in cancer screening. CA 
Cancer J Clin 2009; 59: 27-41 [PMID: 19147867 DOI: 10.3322/

caac.20008]
100	 Kisiel JB, Ahlquist DA. Stool DNA testing for cancer surveil-

lance in inflammatory bowel disease: an early view. Therap 
Adv Gastroenterol 2013; 6: 371-380 [PMID: 24003338 DOI: 
10.1177/1756283X13487941]

101	 Yehya AH, Yusoff NM, Khalid IA, Mahsin H, Razali RA, 
Azlina F, Mohammed KS, Ali SA. Pilot study of the sensitiv-
ity and specificity of the DNA integrity assay for stool-based 
detection of colorectal cancer in Malaysian patients. Asian 
Pac J Cancer Prev 2012; 13: 1869-1872 [PMID: 22901138 DOI: 
10.7314/APJCP.2012.13.5.1869]

102	 Heitman SJ, Hilsden RJ, Au F, Dowden S, Manns BJ. 
Colorectal cancer screening for average-risk North Ameri-
cans: an economic evaluation. PLoS Med 2010; 7: e1000370 
[PMID: 21124887 DOI: 10.1371/journal.pmed.1000370]

103	 Sharaf RN, Ladabaum U. Comparative effectiveness and 
cost-effectiveness of screening colonoscopy vs. sigmoidos-
copy and alternative strategies. Am J Gastroenterol 2013; 108: 
120-132 [PMID: 23247579 DOI: 10.1038/ajg.2012.380]

104	 Antoch G, Bockisch A. Combined PET/MRI: a new dimen-
sion in whole-body oncology imaging? Eur J Nucl Med Mol 
Imaging 2009; 36 Suppl 1: S113-S120 [PMID: 19104802 DOI: 
10.1007/s00259-008-0951-6]

105	 Appenzeller P, Mader C, Huellner MW, Schmidt D, Schmid 
D, Boss A, von Schulthess G, Veit-Haibach P. PET/CT 
versus body coil PET/MRI: how low can you go? Insights 
Imaging 2013; 4: 481-490 [PMID: 23673453 DOI: 10.1007/
s13244-013-0247-7]

106	 Estorch M, Carrio I. Future challenges of multimodality 
imaging. Recent Results Cancer Res 2013; 187: 403-415 [PMID: 
23179890 DOI: 10.1007/978-3-642-10853-2_14]

107	 Fleming J, Conway J, Majoral C, Tossici-Bolt L, Katz I, Cail-
libotte G, Perchet D, Pichelin M, Muellinger B, Martonen T, 
Kroneberg P, Apiou-Sbirlea G. The use of combined single 
photon emission computed tomography and X-ray comput-
ed tomography to assess the fate of inhaled aerosol. J Aerosol 
Med Pulm Drug Deliv 2011; 24: 49-60 [PMID: 21166585 DOI: 
10.1089/jamp.2010.0843]

108	 Artiko VM, Sobić-Saranović DP, Krivokapić ZV, Petrović 
MN, Obradović VB. Is there a future role for immunoscin-
tigraphy in the diagnosis of colorectal carcinoma? Neoplasma 
2009; 56: 1-8 [PMID: 19152238 DOI: 10.4149/neo_2009_01_01]

109	 Saga T, Koizumi M, Furukawa T, Yoshikawa K, Fujibayashi 
Y. Molecular imaging of cancer: evaluating characters of indi-
vidual cancer by PET/SPECT imaging. Cancer Sci 2009; 100: 
375-381 [PMID: 19154408 DOI: 10.1111/j.1349-7006.2008.01060.
x]

110	 Harolds JA. 18-Fluorodeoxyglucose imaging in oncology. J 
Okla State Med Assoc 1999; 92: 457-461 [PMID: 10504797]

P- Reviewer: Akyuz F, Akiho H    S- Editor: Gou SX    
L- Editor: Wang TQ    E- Editor: Ma S

13832 October 14, 2014|Volume 20|Issue 38|WJG|www.wjgnet.com

He Q et al . VC and CC: Clinical application



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

3  8


	13820.pdf
	WJGv20i38-Back Cover.pdf

