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Abstract

Colorectal cancer (CRC) remains a leading cancer
killer worldwide. But the disease is both curable and
preventable at an early stage. Regular CRC cancer
screening has been shown to reduce the risk of dying
from CRC. However, the importance of large-scale
screening is only now starting to be appreciated. This
article reviews a variety of imaging procedures available
for detecting ulcerative colitis (UC) and Crohn's disease
(CD), polyps and CRC in their early stage and also
presents details on various screening options. Detecting,
staging and re-staging of patients with CRC also require
multimodality, multistep imaging approaches. Staging and
re-staging with conventional colonoscopy (CC), computer
tomography colonography (CTC), magnetic resonance
colonography (MRC) and positron emission tomography/
computer tomography colonography (PET/CTC)
are of paramount importance in determining the most
appropriate therapeutic method and in predicting the
risk of tumor recurrence and overall prognosis. The
advantages and limitations of these modalities are also
discussed.
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INTRODUCTION

Over 55000 Americans are expected to die of Colorectal
cancer (CRC) in 2006". Tt is estimated that there is over
a 5% chance that an American will develop CRC in their
lifetime and over a 2% chance that an American will die
from CRC. In some Asian countries, the incidence of
colorectal cancer rises rapidly”. Compared to Westerners,
Chinese patients have a slightly lower prevalence of colon
neoplasia, more distal distribution of neoplasia, and higher
likelihood of concomitant proximal advanced neoplasia
and distal neoplasiam.

When used appropriately, screening for CRC can
reduce disease-related morbidity and mortality”. Current
methods include fecal occult blood testing (FOBT),
flexible sigmoidoscopy, double contrast barium enema
(DCBE), and conventional colonoscopy (CC); all ate cost-
effective techniques. Unfortunately, offering an array of
options has not increased screening utilization, which
continues to lag behind that of other common cancers”.
Newer techniques, particulatly virtual colonoscopy (VC),
including CTC, MRC and PET/CTC may offer attractive
alternatives for healthcare provider recommendation and

. 6
patient use'”.

COLORECTAL CANCER RISK FACTORS

The exact causes of CRC are not known. However, studies
show that the following risk factors increase a person’s
chances of developing CRC: over the age of 50, high
fat and calories and low fiber diets, family history of
colorectal cancer, previous history of CRC or adenomas,
a cholecystectomy was performed ten years or more ago,
severe ulcerative colitis (UC) and Crohn’s disease (CD) for
over ten years, et

There is substantial evidence that most CRC arise from
preexisting adenomas. A large body of clinical evidence
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Modalities Characteristics

DCBE Cost-effective, efficient, safe, could be performed and interpreted by GI radiographers to reduce waiting
Colonoscopy Cost-effective, endoscopic resection of polyps, endomicroscopy opening the way of in vivo molecular imaging
CTC Less uncomfortable, minimally invasive, with radiation exposure, 3D virtual dissection of colon,

MRC Limited bowel preparation, unpleasant rectal tube, filling colon with saline and contrast, no radiation
PET/CTC Accurate whole-body tumor staging, with integrated morphological and functional images, more irradiation

supports the belief that over 95% of CRC arise from
benign adenomatous polyps that develop and grow very
slowly over many years'". Consequently, polypectomy of
colorectal adenomas was shown to reduce the incidence
of CRC by nearly 80%. Progression of an adenoma into
cancer can be predicted by its size, villous histology, degree
of dysplasia, and inherited or environmental factors.
Advanced adenomas are the primary target in colorectal
screening, Advanced adenomas were generally large (> or
= 10 mm in size); only a small percentage were medium
sized (6-9 mm). There was a very low prevalence of high-
grade dysplasia and invasive carcinoma in the medium-
sized group of lesions''"!. So, there is a firm consensus that
larger (> or = 10 mm) colonic polyps should be removed;
however, the importance of removing smaller polyps
(< 10 mm) is more controversial.

ULCERATIVE COLITIS OR CROHN’S

DISEASE AND COLORECTAL CANCER

People with UC or CD have a high risk of developing
CRC, even if the disease is in remission!”. Regular
screenings and early detection are critical. In people with
UC or CD, CRC may be preceded by polyps or may arise
from flat mucus membranes, thus requiring more intensive
and more frequent colonoscopies”. CRC is more often
multiple and uniformly distributed throughout the colon
and often occurs in younger people with UC or cp™,
CRC is one of the most serious potential results of IBD
and explains up to one sixth of all deaths in UC patients
and one twelfth of all deaths in CD"". Longer duration of
the disease, extensive colitis, primary sclerosing cholangitis
and family history of CRC are the main risk factors.
Relative risk of CRC is 2.5 and small bowel cancer risk is
31.2 in CD"". A recent meta-analysis estimated that one in
five patients with UC will develop CRC over 30 years, with
the risk of CRC being greatest in patients with extensive
UC of long duration. Patients with CD also have an
increased risk of CRC"". Given this fact, it is necessary to
early examine UC or CD by current and future approaches
to CRC prevention in IBD patients“s].

COLORECTAL CANCER PROACTIVE
SCREENING

CRC is generally more treatable when it is found early.
CRC screening is used to detect cancer, precancerous
polyps, or other abnormal conditions. If screening
detects an abnormality, diagnosis and treatment can occur
promptly. In addition, finding and treating polyps may be
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one of the most effective ways to prevent the development
of cancer altogether. Because often there are no symptoms
and symptoms do occur depend on the location of the
cancer in the gastrointestinal tract, regular screening and
early detection are important for people who are at average
risk and have a higher risk, such as those with UC or CD.
If CRC is detected at an eatly stage, the 5-year survival rate
is 90%. Unfortunately, less than 40% of CRC are detected
at an early stage!”. Once the cancer has spread regionally
and involves adjacent organs or lymph nodes, this rate
drops to 40%-65%; 5-year survival is less than 10% for
patients with distant metastases””

Many existing screening tools, invasive or not, are often
debated such as FOBT, sigmoidoscopy and complete
colonoscopy. New tools are in development and have
to be evaluated in current practice: VC, new endoscopic
technologies, DNA on faeces or proteomics with markers
in serum. When used appropriately, screening for CRC can
reduce disease-related morbidity and mortalitymj. Recent
studies stress the fact that finding and resecting advanced
adenomatous polyps, and thereby preventing cancer, is
becoming a primary objective of screening programs.
Several papers also show the potential of emerging new
methods of screening by imaging the colon with VC*,
The sensitivity of VC for large adenomas and CRC
appears to be high, although results vary by center and
there is a steep learning curve. (Table 1).

BACKGROUND OF VIRTUAL
CONLONOSCOPY

VC is a new method for studying the colon. It consists
in acquisition of CT, MR and PET/CT images and
could elaborate them with a workstation, creating
endoluminal vision as likely as traditional colonoscopy
does, permitting the complete exploration of colonic
lumen, and of tumoral stenosis™. The analysis of the
differences between CT, MR and PET/CT colonogtraphy
shows that these techniques present both advantages and
disadvantages, such as the impossibility to perform MR
in patients with pace-maker or in claustrophobic patients
and the impossibility to perform CT with iodated agents
in patients with renal failure or with a story of adverse
reactions. The increased use of these techniques is due to
the high sensitivity of last-generation CT, MR and PET/
CT machine, to the increased spatial resolution, to specific
softwares for digital cleaning of colon, to the introduction
of high-end workstations and to the possibility of
computer assisted diagnosis (CAD)*. So, it is desirable
that the increasing spread of multidetector CT devices
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Modalities Specificity Sensitivity Accuracy
DCBE + + -
Colonoscopy +++ ++ +++
CTC P ++ _
MRC ++ + +
PET/CTC ++ ++ +++

Legend: _- poor; + fair; +++ good; ++++ excellent.

and the future technical innovations should have the effect
to increase culture and experience in various diagnostic
centers about VC, making possible the spreading of VC as
a screening tool (Table 2%l

CT COLONOGRAPHY

Current CT techniques require meticulous bowel prepara-
tion and gas insufflations prior to the examination. The
procedure requires a scan time of about 25 to 30 s with
new multidetector CT scanners, and sedation is not used.
The advantages of CTC over CC include its safety, its
ability to demonstrate the entire large bowel in almost
all patients, even following incomplete endoscopy, to
accurately localize lesions, and to examine the entire colon
in patients with obstructing tumors. Additionally, CTC
allows simultaneous preoperative tumor staging. There are
few reported complications from cTCc*,

People with ulcerative colitis or Crohn’s disease

Over the past several years, significant advances have been
made in the diagnostic techniques used in the management
of UC and CD. Improved radiographic imaging techniques
based on CT imaging allow noninvasive means of
evaluating the small bowel in patients with known or
suspected CD¥, CTC may help to distinguish between
patients with acute and chronic inflammatory bowel
disease (IBD). Especially extraintestinal complications,
tumorous as well as pseudo-tumorous lesions can be
detected with high sensitivity and specificity. CTC is
clinically useful for the evaluation of CD, especially those
with stenotic lesions™”. Current findings also suggest
that although the widespread use of VC in CD is currently
not indicated because of possible false-negative findings,
this technique may represent an alternative to CD in
noncompliant postsurgical patients with a rigid stenosis

not allowing passage of the endoscopem.

People with polyps

Screening for colorectal polyps is a controversially dis-
cussed indication for CTC. Sensitivity and specificity range
widely and decrease with decreasing polyp size. However,
better results can be achieved using multidetector
technology. Most frequently, the examination is well
tolerated and assessed by patients to be more acceptable
than CC™. A meta-analysis of 2610 patients, 206 of
whom had large polyps, showed high per-patient average
sensitivity (93%) and specificity (97%) for colonography;
sensitivity and specificity decreased to 86% and 86%,

respectively, when the threshold was lowered to include
medium polyps. When polyps of all sizes were included,
studies were too heterogeneous in sensitivity (range,
45%-97%) and specificity (range, 26%-97%) to allow
meaningful meta-analysis. CT'C seems sufficiently sensitive

and specific in the detection of large and medium
133,34]

polyps™".

The sensitivity of CTC was heterogeneous but im-
proved as polyp size increased (48% for detection of
polyps < 6 mm, 70% for polyps between 6 and 9 mm,
and 85% for polyps > 9 mm). Characteristics of the
CTC scanner, including width of collimation, type of
detector, and mode of imaging, explained some of this
heterogeneity. In contrast, specificity was homogenous
(92% for detection of polyps < 6 mm, 93% for polyps
from 6 to 9 mm, and 97% for polyps > 9 mm). CTC is
highly specific, but the range of reported sensitivities
is wide™. Patient or scanner characteristics do not
fully account for this variability, but collimation, type
of scanner, and mode of imaging explain some of the
discrepancy. This heterogeneity raises concerns about
consistency of performance and about technical variability.
These issues must be resolved before CTC can be
advocated for generalized screening for CRC™,

Diagnosis and staging of colorectal cancer
Because CRC has widely varying appearances in both
endoscopy and CTC, familiarity with the gamut of
morphologic appearances can help improve interpretation
of the results””. The addition of intravenous contrast
material to CTC can aid differentiation of true colonic
masses from pseudolesions such as residual stool and
improves the depiction of enhancing masses that might
otherwise be obscured by residual colonic fluid®™. In
contrast to staging of most other tumors, staging of CRC
depends more on the depth of tumor invasion than on
the size of the primary mass. The diverse appearances
of colorectal cancers at two- and three-dimensional CTC
include sessile, annular, ulcerated, necrotic, mucinous,
invasive, and noninvasive lesions'*’. Imaging pitfalls that can
simulate or obscure neoplasms are retained fecal material or
fluid, incomplete distention, and advanced diverticulosis™".
Contrast-enhanced CTC can simultaneously evaluate
metastatic disease, local recurrence, and metachronous
neoplasia in CRC, in recurrent CRC. Contrast-enhanced
CTC has the potential to detect local recurrence, metach-
ronous disease, and distant metastases in patients with a
history of invasive CRC. Suboptimal sigmoid distention
can be seen on contrast-enhanced CTC, predominantly in
patients with right hemicolectomies™. Contrast-enhanced
CTC is a promising method for detecting local recurrence,
metachronous disease, and distant metastases in patients
with prior invasive CRC. The technique can also serve
as a useful adjunct to colonoscopy by detecting local
recurrences or metachronous disease that are endosco-
pically obscure or by serving as a full structural colonic
examination when endoscopy is incomplete.

MR COLONOGRAPHY

MRC has gained access into clinical routine as a means
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for the assessment of the large bowel. There are widely
accepted indications for MRC, especially in patients with
incomplete CC. Furthermore, virtual MRC is more and
mote propagated as a screening tool, with advantages
especially inherent to the non-invasive character of this
procedure and the lack of ionizing radiation exposition.
Beyond a sufficiently high diagnostic accuracy, outstanding
patient acceptance is a major advantage of MRC as a
diagnostic modality™”, Precondition for establishment
of MRC as a diagnostic tool in secondary prevention of
CRC is not only high diagnostic accuracy but also a good
acceptance amongst patients'

People with ulcerative colitis or Crohn's disease

The degree of the contrast enhancement of the bowel
wall may be a criterion for the degree of inflammation
in CD". This study provides strong evidence that the
combination of MRI enteroclysis and MRC is practicable
and supplies additional results regarding the regions
which are not seen with ileo-colonoscopy in the work-
up of patients with CD"". The presented data indicate
that ‘fecal tagging MRC’ is not suitable for an adequate
quantification of inflammatory diseases of the large
bowel. Furthermore, overall acceptance of endoscopic
colonoscopy was superior to MRC™* MRC represents
a promising alternative to CC for the assessment of
colonic anastomoses in patients with previous colonic
resection™. In summary, whether or not the survival of
endoscopy is under debate, MRI could mark a historic
turning point in gastroenterology. So, MRI hardware might
interdisciplinarily be used by, e.g., radiologists and gastroen
terologists””.

People with polyps

Dark-lumen MRC has failed to detect all polyps smaller
than 5 mm in diameter which are generally not clinically
relevant at the moment of their detection and thus can be
kept under surveillance. However, MRC as a non-invasive
imaging modality is a promising alternative to CC in the
detection of clinically relevant polyps larger than 5 mm
in diameter”". The diagnostic performance of MRC was
prospectively evaluated by using limited bowel preparation
in patients with polyps of 10 mm or larger in diameter
in a population at increased risk for CRC, with CC as
the reference standard. Two hundred patients (mean age,
58 years; 128 male patients) were included; 41 patients had
coexistent symptoms. At colonoscopy, 12 patients had 22
polyps of 10 mm or larger. Per-patient sensitivity was 58%
(seven of 12) for observer 1, 67% (8 of 12) for observer 2,
and 75% (9 of 12) for both observers combined for polyps
of 10 mm or larger. Per-patient specificity was 95% (178
of 188) for observer 1, 97% (183 of 188) for observer 2,
and 93% (175 of 188) for both observers combined. Pet-
polyp sensitivity was 55% (12 of 22) for observer 1, 50%
(11 of 22) for obsetver 2, and 77% (17 of 22) for both
observers combined. Interobserver agreement was 93%
for identification of patients with lesions of 10 mm or
larger. In patients at increased risk for CRC, specificity of
MRC by using limited bowel preparation was high, but

L 52-5
sensitivity was modest™ ™",

www.wjgnet.com

Diagnosis and staging of colorectal cancer

MRC is useful for detection of colonic pathology and
assessment of proximal colon in patients with colonic
cancer after incomplete colonoscopy[s‘r”w Wong et al
reported 51 patients with incomplete colonoscopy
who were recruited to have MRC performed. Forty-
four patients had incomplete colonoscopy because of
an obstructing tumor. The other seven patients had
incomplete colonoscopy because of excessive bowel
looping. Apart from one patient suffering from chronic
obstructive airway disease with resulting nondiagnostic
MRC, all other patients had MRC successfully performed.
Each colon was divided into six bowel segments for
analysis. All 300 segments were of diagnostic quality and
were assessed by the MRC. MRC correctly identified
all 44 obstructing tumors demonstrated by initial CC.
Synchronous tumors in proximal colonic segments were
identified in two patients by MRC. In addition, MRC
identified two colonic tumors located in bowel segments
inaccessible by CC because of excessive looping””. A
meta-analysis had MRC versus colonoscopy as a diagnostic
investigation for CRC. This study suggests that MRC is
an imaging technique with high discrimination for cases
presenting with CRC. The exact diagnostic role of MRC
needs to be clarified (e.g. suitable for an elderly person with
suspected CRC. Further evaluation is necessary to refine
its applicability and diagnostic accuracy in comparison
with other imaging methods such as CTC"™. MRC could
be useful in screening programs of patients at high risk
for colon cancer. Patients with MRC-detected endoluminal
lesions must undergo CC for histologic diagnosis””

PET/CT COLONOGRAPHY

Endoscopic and radiologic studies are frequently required
in IBD to determine disease activity, extent of disease,
and delineating disease type. PET and PET/CT using
fluorine-18-fluoro-deoxyglucose to identify metabolically
active tissues may offer a simple noninvasive alternative
to conventional studies in identification and localization
of active intestinal inflammation'”. Today, PET imaging
has been shown to be superior to conventional CT staging
when assessing patients with CRC for local and distant
metastases. PET/CT scanners provide accurately fused
morphological and functional imaging within a single
examination. Thus a combined whole body PET/CTC
approach may serve as an attractive alternative to a
multistep multimodality wotkup comprising CT, PET/CT,
and CC*",

Detection of ulcerative colitis or Crohn’s disease

Over the past several years, significant advances have been
made in the diagnostic techniques used in the management
of UC and CD. Detection of disease activity in IBD is of
crucial importance for diagnosis and management of the
o, 18F—ﬂuorodeoxyglucose (18F-FDG) accumulates
in malignant tissues but also at the sites of infection and

disease

inflammation and in autoimmune and granulomatous
diseases by the overexpression of distinct facultative
glucose transporter (GLUT) isotypes (mainly GLUT-1
and GLUT-3) and by an overproduction of glycolytic
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enzymes in cancer cells and inflammatory cells'®”, Tt is
confirmed that PET activity correlated well with active
inflammation in both UC and CD, suggesting that this
may be a noninvasive method of identifying disease
activity in patients with IBD". Neurath ez a/ suggested
that FDG-PET appear to be a reliable noninvasive tool for
simultaneous detection of inflamed areas in the small and
large bowel of patients with CD and can be used to detect
disease activity in the terminal ileum and colon of CD
patients with high sensitivity and speciﬁcity[(ﬂ].

PET or PET/CT in pediatric inflammatory bowel disease

Diagnosis of chronic IBD in children requires nonin-
vasive, atraumatic diagnostic tools that depict localization
and acuity of inflammation and yield only a low
radiation dose. Loffler e a/ reported a retrospective
analysis with histology as the standard of reference,
FDG-PET showed a sensitivity/specificity/accuracy of
98%/68%/83% as compared to CC (90%/75%/82%)
and US (56%/92%/75%). Fot the small bowel, FDG-
PET was even more reliable (100%/86%/90%). Because
of its high sensitivity and accuracy, FDG-PET is an
excellent, noninvasive diagnostic tool for IBD. Depicting
inflammation in the whole bowel, while being not
traumatic, it is attractive for use especially in children.
FDG-PET is especially reliable for the small bowel and
can inform application of topical therapy ™). However,
curtailed anatomical information provided by FDG-PET
often renders accurate localization of lesions difficult.
PET/CT offers a better noninvasive tool for identifying
and localizing active intestinal inflammation in patients
with IBD. PET and PET/CT may not be able to replace

Figure 1 A 56-year-old woman was
suffered from uterine cervix cancer
and accepted local radiation and
chemotherapy 2-mo ago. CC found
enterocolitis of sigmoid colon (white
arrow, A). PET/CT detected high
metabolism metastasis lymphoid
nodes at both sides of the inguina
(yellow arrows, B) and rectum wall
was high metabolism (white arrows,
B). CT showed thickening of sigmoid
colon wall (white arrows, C). PET/CT
illustrated sigmoid colon wall was
high metabolism (white arrows, D).
Biopsy followed by PET/CT revealed
metastasis lymphoid nodes at both
sides of the inguina. The case
illustrated the potential value of PET/
CTC in radiation enterocolitis.

conventional studies; however, it may be useful when

conventional studies cannot be performed or fail to be
0

completed[7 1.

PET or PET/CT in radiation enterocolitis

Radiation enteritis is a functional disorder of the large
and small bowel that occurs during or after a course of
radiation therapy to the abdomen, pelvis, or rectum.
The large and small bowels are very sensitive to ionizing
radiation. Almost all patients undergoing radiation to
the abdomen, pelvis, or rectum will show signs of acute
enteritis. Injuries clinically evident during the first course
of radiation and up to 8 wk later are considered acute ",
Chronic radiation enteritis may present months to years
after the completion of therapy, or it may begin as acute
enteritis and persist after the cessation of treatment.
Only 5% to 15% of persons treated with radiation to the
abdomen will develop chronic problems[72]. According to
our initial experiences, FDG-PET/CT also has a potential
value in management of radiation enterocolitis and other
radiation complications (Figure 1).

Whole body staging and restaging of colorectal cancer by
PET/CT

Staging of patients with CRC often requires multimodality,
multistep imaging approach. PET/CTC is the latest
technique used in CRC screening and staging, which could
complete the TNM staging in one-stop examination.
Kuehle et al performed a rodent polyp model to assess the
feasibility of PET/CTC for the detection of colorectal
masses in a rodent polyp model in an intraindividual
comparison with dark-lumen MRC. Detection of small
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tumors with PET/CTC and MRC is possible in a
rodent model™. PET/CTC is equivalent to CT + PET
for tumor staging in patients with CRC. PET/CTC in
conjunction with optical colonoscopy may be a suitable
concept of tumor staging for patients with CRC"™. Kinner
et al developed and evaluated a combined whole-body
PET/CTC protocol for dedicated CRC staging in routine
clinical use. The results showed that staging patients with
whole-body PET/CTC is technically feasible and accurate
and patients with incomplete colonoscopy or potential
synchronous bowel lesions might benefit from this
approach (Figure 2)™,

Whole body PET/CT with integrated colonography
is technically feasible for whole body staging in patients
with CRC. PET/CT has altered management plan in
24% of patients with primary CRC in correct direction.
PET/CT should be considered a patt of standard workup
for preoperative evaluation in a subset of patients with
CRC". CT and superparamagnetic iron oxide-enhanced
MR imaging are more sensitive but less specific than
PET in the detection of liver metastases. PET/CT can
detect more patients with extrahepatic tumor than CT
alone”. The sensitivity, specificity and overall accuracy
of PET in detecting intra-abdominal extrahepatic CRC
were 82%, 88% and 86%, respectively, compared with
88%, 94% and 92%, respectively, of PET/CT. For
detection of extra-abdominal and/or hepatic CRC, these
were 74%, 88% and 85% of PET and 95%, 100% and
99% of PET/CT. The sensitivity, specificity and overall
accuracy of PET in detecting primary tumors were 80%,
69% and 75%, respectively, compared with 89%, 92%
and 90%, respectively, of PET/CT. PET/CT appears to
be a very promising method for distinguishing a viable

www.wjgnet.com

Figure 2 A 63-year-old man was detected multi
metastases in whole body PET/CT scan with unknown
original tumor (black arrows, A). CC showed a polyp at
the sigmoid colon (white arrows, panel B). CT detected
bone destruction at the right ilium (black arrow, C) and
a polyp at the sigmoid colon (white arrow, C). PET/CTC
localizes the high metabolism bone destruction lesions
(black arrows, D) and high metabolism polyps at
sigmoid colon (white arrow, D). Histopathology follow
by CC revealed a inflame polyp. The case illustrated
the potential value of PET/CTC in screening colorectal
polyps.

tumor from fibrous changes, thereby avoiding unnecessary
laparotomynsj. This integrated protocol may be of
substantial benefit in staging and restaging patients with
CRC (Figure 3)™.

CT COLONOGRAPHY VS MR
COLONOGRAPHY

A meta-regression technique was performed to compare
the diagnostic accuracy of CT'C and MRC, compared with
CC for patients presenting with CRC. Overall sensitivity
and specificity of CTC (95%, 95% respectively) and
MRC 95%, 95% respectively) in detection of CRC was
similar. Meta-regression analysis showed no significant
difference in the diagnostic accuracy of both modalities.
Both tests showed large area under the summary receiver
operating characteristic curve, with high diagnostic odds
ratios. Factors that enhanced the overall accuracy of
MRC were the use of intravenous contrast, faecal tagging
and exclusion of low-quality studies. This meta-analysis
suggested that CTC and MRC have similar diagnostic
accuracy in detecting CRC. Study quality, size and
intravenous/intra-luminal contrast agents affect diagnostic
accuracies. For an exact comparison to be made, studies
evaluating CTC, MRC and CC in the same patient cohort
would be necessary™ ",

VIRTUAL COLONOSCOPY VS
COVENTIONAL COLONOSCOPY

CTC is reliable for detecting lesions 6 mm or larger in size.
It permits evaluation of the region proximal to an occlusive
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growth, which is often impossible with CC*. CTC is a good
imaging tool for the exclusion of CRC in a population unfit
for or unable to complete colonoscopy or barium enema, with
reasonable sensitivity and specificity for detection of CRC™,
MRC is a promising modality with high accuracy for detecting
colorectal polyps larger than 5 mm in diameter. In IBD, MRC
can be used to assess disease activity, including spreading[%’%].
In detecting colon lesions, MRC achieved a diagnostic
accuracy similar to CC. However, MRC is minimally invasive,
with no need for sedation or analgesics during investigation.
There is a lower percentage of perforation risk, and all colon
segments can be evaluated due to multi-sectional imaging
availability; intramural, extra-intestinal components of colonic
lesions, metastasis and any additional lesions can be evaluated
easily™. MRC is a feasible and useful method of evaluating
the entire colon in patients with incomplete CC. The majority
of the patients found MRC less unpleasant than CC and
a majority would prefer MRC over CC as a future colon
examination. MRC also appears to be less time consuming
to the patients and medical personnel than CC with post-
procedural monitoring[gg’sgl. MRC proved reliable in evaluating
the majority of colonic segments inaccessible with CC. The
identification of additional disease at MRC underscores the
nee[glo 1for a second diagnostic step in the setting of incomplete
CC™.

COMPLICATIONS AND LIMITATIONS

Perforation of the colon and rectum is a rare complication
of VC. Older age and underlying concomitant colonic
disease were present in patients with perforation”’. The
cancer risks associated with the radiation exposure from VC
are unlikely to be zero, but they are small. A best estimate

Figure 3 A 56-year-old women complained
about blood stool for about 1 year. CC showed
one stenotic tumoral site in the rectum (white
arrows, A). Sagittal MRC showed thickened
rectum with suspected infiltration of the
surrounding tissue (white arrows, B). Axial
PET/CTC showed a high metabolism
metastasis lymphoid node (white arrow, C).
Axial PET/CTC revealed tumor sites with
elevated glucose metabolism and clear
circumscription (two white arrows, D). PET/CT
also indicated no tumorous infiltration of the
adjacent tissue and no distant metastases. This
was later verified by histopathology. The case
illustrated the value of VC in CRC TNM staging.

for the absolute lifetime cancer risk associated with the
radiation exposure using typical current scanner techniques
is about 0.14% for paired VC scans for a 50-year-old, and
about half that for a 70-year-old. These values probably
could be reduced by factors of 5 or 10 with optimized VC
protocols. In terms of the radiation exposure, the benefit-
risk ratio is potentially large for VC"?.

Many differences between the studies with high
sensitivity (94%)"””. Additional obstacles for implementation
in prevention of CRC may be controversial results
concerning patient acceptance, the large-scale use of
lonizing radiation, difficulties in detecting flat adenomas,
and extracolonic ﬁndings[%]. Flat lesions and small polyps
are the other two main causes for missed lesions at 8
multi-detector rows CTC™. Currently, CTC is less cost-
effective than conventional endoscopym. CTC and MRC
present both advantages and disadvantages, such as the
impossibility to perform MR in patients with pace-maker or
in claustrophobic patients and the impossibility to perform
CT with iodated agents in patients with renal failure or with
a story of adverse reactions”™”. Although application of
PET and PET/CT in CRC diagnosis, staging and re-staging
has been widely accepted by oncologists, there are no
data of PET/CTC in CRC screening. But in the high risk
patients and follow up of CRC patients after treatment, the
examination is still cost-effective. Radiation dose exposures
to the patient who accepts this examination is another
main problem which should be further studied in the near
future""",

COST-EFFECTIVE ISSUES

CTC is an effective screening test for colorectal neoplasia.
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However, it is more expensive and generally less effective
than CC. CTC can be reasonably cost-effective when its
diagnostic accuracy is high, as with primary 3-dimensional
technology, as if costs are about 60% of those of CC.
Overall, CTC technology will need to improve its accuracy
and reliability to be a cost-effective screening option!"”,
CRC screening is cost-saving in Italy, irrespective of the
technique applied. CTC appeared to be more cost-effective
than flexible sigmoidoscopy, and it may also become a
valid alternative to CC'"". VC involves a helical CT or
MR scan of the abdomen and pelvis to detect colorectal
polyps and cancer. Both modalities have shown promising
sensitivity in revealing larger polyps, in comparison
with CC. Caution should be exercised in its clinical
implementation due to significant interobserver variation
and individual learning curves. A Danish study indicates
that CTC can be performed cost-effectively compared to
CC. CTC is recommended in preference to DCBE after

incomplete CC"",

DERIVATIVE TECHNIQUE FOR CRC
SCREENING
Stool DNA testing

Stool DNA testing provides an acceptable noninvasive
alternative for CRC screening that can identify early-
stage CRC and adenomatous polyps in routine clinical
practicem‘ﬂ. Abbaszadeganm(ﬂ et al reported that this test
could detect CRC related genetic alterations by analyzing
stool DNA with a sensitivity of 64% and 20% and a
specificity of 95% and 100% for long DNA and p16
respectively. An abnormal stool DNA test correlated with
a colonoscopically demonstrable abnormality in 49% of
cases (34 of 69). Abnormal findings, including CRC in
4% of cases (3 patients), single or multiple adenomatous
polyps in 23 patients (33%), hyperplastic polyps in
3 patients (4%), and colitis in 5 patients (7%). Colonoscopy
was reported as negative in 51% of patients (35 of 69),
including 2 cases (3%). A non-invasive molecular stool-
based DNA testing can provide a screening strategy in
high-risk individuals"”".

Computer-aided detection

The latest CAD systems indicate a clinically acceptable
high sensitivity and a low false-positive rate, and observer
studies have demonstrated the benefits of these systems in
improving radiologists” detection performance™. Polyps
were classified as small (< 5 mm), medium (6-9 mm),
and large (= 10 mm). A total of 118 polyps (small, 85;
medium, 19; large, 14) were found in 56 patients. CAD
detected 72 polyps (61%) with an average of 2.2 false-
positives. Sensitivity was 51% (43/85) for small, 90%
(17/19) for medium, and 86% (12/14) for large polyps.
For all polyps, pet-patient sensitivity was 89% (50/56)
for the radiologist and 73% (41/56) for CAD. For large
and medium polyps, per-patient sensitivity was 100%
for the radiologist, and 96% for CAD. CAD shows high
sensitivity in the detection of clinically significant polyps
with acceptable false-positive rates'”' and CAD for CTC
significantly increases petr-patient and pet-polyp detection

www.wjgnet.com

and significantly reduces interpretation times but cannot
substitute adequate training" ™.

PET/MRI colonography

Predicting the future is difficult, and any attempt to do so
is fundamentally flawed. But the fusion of PET with MRI
could compensate for their disadvantages and therefore
offers several advantages in comparison to PET or MRI
alone. The combination of these two excellent diagnostic
imaging modalities into a single scanner improves the
diagnostic accuracy by facilitating the accurate registration
of molecular aspects and metabolic alterations of the
diseases with exact correlation to anatomical findings
and morphological information. PET/MR imaging is to
become a multimodality platform for molecular imaging
and PET/MRI colonography might be a promising
diagnostic modality for use in CRC screening in the
decades to come due to the considerably lower radiation
exposute in contrast to PET/CTC and the high soft tissue

resolution of MRI in contrast to CT in the future!*""".

CONCLUSION

With the exponential development in computer processing
power, CT, MR and PET/CT colonography offer
numerous advantages over more traditional methods of
radiologic diagnosis, and provide essential information
not only for initial diagnosis, but also for management,
follow-up and detection of potential complications. Will
CT, MR and PET/CT colonography replace conventional
colonoscopy in the future? We do not believe so at present.
However, combined with several derivative techniques on
the horizon involving stool DNA testing, computer-aided
detection and PET/MRI colonography, these techniques
may further improve the specificity and sensitivity
of imaging modalities in CRC screening and save the
colonoscopy resource for the patients who need treatment.
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