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Colon and rectal cancer (CRC) is the nation’s third leading
cause of cancer mortality and one of the most preventable
cancers.1 CRC begins as a premalignant polyp that grows on
the mucosal surface of the colon or rectum and transforms
into a malignancy. For adenomas greater than 1 cm in size,
cumulative risk of diagnosis of cancer at the polyp site at 5, 10,
and 20 yearswas 2.5, 8, and 24%, respectively.2 Colorectal (CR)
screening for polyp diagnosis and removal can decrease the
incidence of, and reduce mortality from, CRC.3 Despite these
numbers, screening rates remain low. In a survey by the U.S.
Department of Health and Human Services, only 64.8% of
adults older than 40 years reported undergoing appropriate
screening,4 with disparities noted based on socioeconomic
status, ethnicity, age, and geography.

Given the benefits and effectiveness of screening, guide-
lines exist frommultiple organizations. These guidelines risk-
stratify patients based on several factors, including age,
family history, and other comorbidities and can provide an
approach for initiation of screening and continued surveil-
lance. These guidelines also include recommendations for
appropriate use of screening methods, including invasive
endoscopic techniques and less-invasive radiographic and
biochemical techniques.

Initiation and Intervals of Colorectal
Screening

CR screening recommendations are based on an individual’s
risk of developing and accumulating premalignant polyps.
Risk stratification depends on the age when CR polyps begin
to develop and the interval at which polyps may grow. All
national screening guidelines (American Cancer Society
[ACS]; United States Multi-Specialty Task Force [MSTF];
American College of Radiology [ACR]; United States Preven-
tive Services Task Force [USPSTF]) stratify patients into three
levels of risk: average risk, increased risk, and high risk.

The majority of CRCs are diagnosed in patients with no
hereditary component and are considered sporadic cancers.5

Sporadic CRC usually occurs in average-risk individuals. Aver-
age-risk individuals are those with no personal history of CRC
or premalignant polyps and no history of CRC or premalignant
polyps in any first-degree relatives.1,5 The ACS, MSTF, ACR, and
the USPSTF currently recommend initial screening for asymp-
tomatic, average-risk patients starting at the age of 50. This
recommendation is based on the incidence of CRC being more
than 50 times higher in persons aged 60 to 79 years than in
those younger than 40 years, and polyp to cancer progression
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Abstract Colorectal cancer begins as a polyp that is a benign growth on the mucosal surface of
the colon or rectum. Over a period of 5 to 15 years, polyps can degenerate into a cancer,
thus invading the colonic wall. Colorectal screening methods are designed to diagnose
and remove polyps before they acquire invasive potential and develop into cancer.
Screening for colorectal cancer can prevent and reduce mortality. Given the benefits
and effectiveness of screening, guidelines exist from multiple organizations. These
guidelines risk-stratify patients to determine the age of screening initiation and the
interval for repeat screening. Categories of colorectal cancer risk include average risk,
increased risk, and high risk based on individual and family medical history. Screening
methods vary widely in the ability to diagnose and treat polyps and in the degree of
invasiveness or risk of complication to the patient. Colonoscopy is held as the “gold
standard” by which all other methods are compared; however, less-invasive modalities
including computed tomographic colonography are increasing in popularity.
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taking between 5 and 10 years.1,6 Symptomatic patients (i.e.,
melena, change in bowel habits, and weight loss) should
undergo CR evaluation at the time symptoms are reported
and should not be based on risk stratification. Average-risk
individuals have several CR screening options including colo-
noscopy every 10 years, flexible sigmoidoscopy every 5 years,
double-contrast barium enema every 5 years, computed to-
mographic (CT) colonography every 5 years, or annual fecal
occult blood testing (see►Fig. 1). The risks andbenefits of each
modality will be discussed later. Because increasing age con-
fers increasing risk for the development of premalignant
polyps in average-risk individuals, repeat CR screening should
be performed.7 The interval of repeat screening is dependent
on the initial screening method used and any findings at that
time but generally should be repeated every 5 to 10 years.5 If

during screening examinations an individual is diagnosedwith
a premalignant polyp, recommendations for interval surveil-
lance will depend on number and size of polyps that were
diagnosed.8

Individuals with increased risk include patients with a per-
sonal history of CRC, thosewith CRC or adenomatous polyps in a
first-degree relative younger than 60 years, or two first-degree
relatives of any age.9,10 Individuals with first-degree relatives
who have been diagnosed with a CRC or polyps have a twofold
increased risk of developing CRC, and three- to fourfold increase
if multiple first-degree relatives are diagnosed (thus increasing
the concern for a potential hereditary component).11

Patients with increased risk should initiate screening
earlier and undergo surveillance at shorter intervals than
average-risk individuals (►Fig. 2). For patients with personal

Fig. 1 Guidelines for screening for the early detection of colorectal cancer and adenomas for average-risk women and men aged 50 years and
older. (Adapted from Levin et al.52)
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Fig. 2 Guidelines for screening and surveillance for the early detection of colorectal adenomas and cancer in individuals at increased risk or at high
risk. (Adapted from Levin et al.52)
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history, a first-degree relative younger than 60 years, or two
or more first-degree relatives of any age with CRC or adeno-
matous polyps, initial screening should start at the age of
40 years, or 10 years before the youngest case in the immedi-
ate family (whichever is earlier), with repeat colonoscopy
every 5 years, depending on the findings.12,13 For patients
with CRC or adenomatous polyps in a first-degree relative
60 years or older or in two or more second-degree relatives of
any age, initial screening should start at the age of 40 years,
with repeat screening at intervals recommended for average-
risk individuals, depending on the findings.12,13

High-risk individuals include patients with a significant
family history of CRC or polyps, thosewith likely or confirmed
hereditary CR cancer syndromes, and those with high-risk
medical conditions. Hereditary CR cancer syndromes include
familial adenomatous polyposis (FAP), attenuated FAP (aFAP),
Lynch syndrome (LS), hereditary nonpolyposis colorectal
cancer, and others. Many of these conditions are described
in more detail in other sections of this issue. Patients with
hereditary syndromes should initiate screening at a younger
age and repeat CR screening at shorter intervals. Screening
recommendations are based on the suspected or diagnosed
hereditary syndrome. For example, FAP is a hereditary poly-
posis syndrome where germline mutations in the APC gene
are inherited in an autosomal-dominant fashion. Patients
with FAP will often present in childhood with hundreds to
thousands of CR adenomatous polyps. The median age of
cancer diagnosis for untreated individuals is 39 years, almost
30 years earlier than the median age for sporadic CR cancer.14

Children of FAP patients should undergo flexible sigmoidos-
copy or colonoscopy at 10 to 12 years of age to determine if
the child is affected or sooner if symptoms occur. Flexible
sigmoidoscopy (FS) should be performed every 1 to 2 years
until referral is made for prophylactic surgery in the later
teenage years, assuming FAP is diagnosed. If surgery is
delayed by more than a year from polyp formation, affected
children should undergo colonoscopy for cancer surveillance
until surgery is performed.14

aFAP results from a proximal or distal APC mutation or
biallelicMUTYHmutations and is characterized by a fewer CR
adenomas (10–99) comparedwith FAP.14 In addition, patients
with aFAPmay have a higher density of proximal colon polyps
and later development of adenomatous polyps and cancers
compared with patients with FAP.15,16 Therefore, recommen-
dations are to start CR screening in the late teens to early 20s
and should be repeated every 1 to 2 years.14

LS is characterized by a germline mutation in one of four
DNA mismatch repair genes14 and is inherited in an autoso-
mal-dominant pattern. The mean age for diagnosis of CRC in
patients with LS is 45 years.17 Although LS patients have
lifetime polyp burden similar to average-risk patients, the
polyp to cancer progression occurs more frequently and at a
faster rate.17,18 Therefore, it is recommended that LS patients
start CR screening at 20 to 25 years of age, or 10 years before
the youngest CRC affected first-degree relative, whichever is
earliest. The recommended interval of CR screening is every 1
to 2 years due to the faster progression of polyp to cancer
development.5,14 Close surveillance with colonoscopy has

been shown to decrease the CRC rate by 62% and decrease
mortality by 65% for patients with LS.3 Patients who are
unwilling to undergo interval surveillance or whose polyp
burden cannot bemanaged endoscopically should be referred
for surgical evaluation.14

Other less common high-risk hereditary syndromes, as
discussed later in this issue, exist which mandate earlier
initiation and shorter interval CRC screening. Peutz-Jeghers
syndrome (PJS) is an autosomal-dominant inherited syn-
drome characterized by mucocutaneous pigmentation and
hamartomatous polyps of the gastrointestinal (GI) tract.14,19

The incidence of this condition is estimated to be between
1:50,000 and 1:200,000 live births.20 Patients with PJS have
higher risk of malignancies in both the GI tract, including CRC,
and extraintestinal malignancies.21–23 The estimated lifetime
risk of PJS patients developing CRC is 39%24,25 with a risk of
CRC of 3, 5, 15, and 39% at ages 40, 50, 60, and 70 years,
respectively.23 Given these high rates of CRC at relatively
young ages, it is recommended to start CR screening at age 18
and be repeated in 2- to 5-year intervals.20,26,27 Juvenile
polyposis syndrome is an autosomal-dominant inherited
condition characterized by the development of juvenile
polyps throughout the GI tract, with the vast majority being
found in the CR.14,27,28 Juvenile polyps contain areas of
adenomatous change and thereby increase patient’s risk of
CRC. The estimated risk of CRC is 17 to 22% by 35 years of age
and approaches 68% by 60 years of age.21,29 Given the
increased risk of CRC, the American College of Gastroenterol-
ogy recommends colonoscopybeginning at the ageof 12years
or earlier if symptoms occur, especially rectal bleeding. It
should be repeated every 1 to 3 years depending on polyp
burden and polyps �5 mm should be removed.14,28 Cowden
syndrome includes a wide variant of clinical phenotypes, all
associated with high prevalence of colonic polyps. Cowden
syndrome is caused by mutations in the PTEN gene which
increase development of GI hamartomas and gangleoneur-
omas.14 Individuals are often noted to have numerous
hamartomatous polyps throughout the GI tract. Previous
evidence has suggested no increased risk of CRC with PTEN
mutations.21 However, current data have shown that the
lifetime risk of CRC cancer is increased to as high as 9 to
16%.30–32 There are no evidence-based screening and surveil-
lance guidelines for patients with PTENmutations, but expert
opinion recommends initiation of CRC screening at the age of
15 years and repeat surveillance every 2 years.14,21 In all, CR
screening in high-risk patients depends on the suspected or
established diagnosiswhich confers high lifetime risk for CRC.

Inflammatory Bowel Disease
Patients with inflammatory bowel disease (IBD, including
ulcerative colitis [UC] or Crohn disease [CD]) have increased
risk of CRC compared with the general population.33 A recent
meta-analysis of 116 trials of patients with UC estimated the
CRC risk to be 2% at 10 years, 8% at 20 years, and 18% at
30 years after disease onset.33A large population-based study
involving 1,655 Swedish patients with CD found the relative
risk of development of CRC to be 2.5 times over the general
population, which increased to 5.6 times when CD was
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confined to the colon.34 In a subsequent meta-analysis of 14
studies, Canavan et al found similar results. In any patient
with CD, therewas an overall relative riskof 2.5 for developing
CRC and the risk increased to 4.5 in CD with isolated colonic
disease.35 Given the high lifetime risk of CRC in IBD patients,
the USPSTF/ACS/ACR screening guidelines recommend high-
risk categorization.36,37 In IBD patients, it is recommended for
initial colonoscopy starting 8 years after onset of pan-colitis,
or 12 to 15 years after onset of left-sided colitis, with ongoing
surveillance every 1 to 2 years.1 In a meta-analysis including
11 trials evaluating the effect of CR screening on survival in
patients with UC and colonic CD, Collins et al found no clear
evidence that surveillance colonoscopy prolongs survival in
IBD patients with extensive colitis; however, patients under-
going surveillance tended to have earlier diagnosis of CRC,
which corresponded to a better overall prognosis.38,39

Screening/Surveillance/Diagnostic Methods

Screening and surveillance methods for CRC vary widely in
effectiveness for polyp and CRC detection, patient compliance,
and invasiveness. The two main measures of effectiveness of
screening methods are reduction in CRC incidence and mor-
tality.40 The ideal screening technique for CRC should be
feasible, accurate, safe, acceptable, and cost-effective.7 The
goal of any screening method is to detect those individuals
at risk for developingdisease or detecting thosewith disease as
early as possible. As most CRC arises from slow growing,
premalignant polyps, screening and surveillance methods
can also be evaluated on their ability to detect polyps of
different sizes. Colon and rectal polyps can be classified into
different size categories:�5 mm(small), 6 to 9 mm(medium),
and �10 mm (large). Polyps �10 mm in diameter are gener-
ally regarded as being clinically significant and those �5 mm
in diameter as clinically insignificant. Effective CR screening
methods are able to detect medium-to-large polyps.7

Endoscopic Screening Methods

Colonoscopy
Colonoscopy is widely considered the gold standard for CR
screening, as it allows for both detection and excision of
premalignant lesions from the entire colon and rectum. As
such, colonoscopy is the method against which all other
screening methods are compared.7 Polyps identified at the
time of screening/surveillance colonoscopy should be
removed for biopsy, which will be described in detail for
both colonic and rectal polyps in other articles of this issue.
Colonoscopy has been rapidly adopted as a preferred screen-
ing tool for CRC, with 20% of Americans aged 50 years and
older undergoing colonoscopy in 2000 as compared with 48%
in 2008.41 Although only available from observational stud-
ies, colonoscopy has been shown to decrease the incidence
and mortality from both proximal and distal CRC.42

Colonoscopy sensitivity and specificity for detection of
polyps and early CRC is dependent on both patient preparation
and endoscopist training. To measure adenoma miss rates,
several studies used tandem back-to-back colonoscopies by

different endoscopists to assess effectiveness.43,44 The
adenoma miss rate varied between 13 and 17%, although the
miss rate for advanced adenomas (�10 mm) was 5.4 to 6.0%.
Characteristics associated with an increasing adenoma miss
rate included shorter endoscopic withdrawal time, increased
number of adenomas found on first colonoscopy, and right-
sided adenoma location. With increasing population adher-
ence to screening guidelines and acceptance of colonoscopy,
colonoscopy has emerged as an effective method for diagnosis
and removal of premalignant CR polyps and diagnosing CRC.

There have been multiple advancements to increase the
sensitivity of colonoscopy for detection and removal of
premalignant CR polyps. Technological advancements
include increased image resolution with high-definition sys-
tems and increased tissue magnification from �50 magnifi-
cation with a typical colonoscope to �300 with zoom
capabilities.45 In addition, careful review of colonoscopy
technique has resulted in higher adenoma detection rates
(ADRs). These techniques include fold inspection, washing of
residual material, adequate colonic distention, and sufficient
withdrawal time.46 Use of chromoendoscopy, or spraying of
dye onto the mucosal surface of the colon in a ubiquitous or
targeted fashion, has yielded higher ADRs in certain high-risk
patients including UC and LS patients.47–49 Overall, ongoing
improvements in technology and technique will continue to
increase CR polyp detection and removal with colonoscopy.

Colonoscopy is an invasive technique associated with
clinically important complications. Serious complications
include severe abdominal pain, induction of diverticulitis,
perforation, hemorrhage, cardiovascular events, sedation
complications (used by most for colonoscopy), and even
death.36 Complication rates increase when biopsy or poly-
pectomy are performed with colonoscopy.7,50 In a review of
39,286Medicare patients who underwent colonoscopy, there
were 77 perforations (incidence ¼ 1.96/1,000 procedures).
The risk of perforation for those who underwent screening
colonoscopy (n ¼ 20,163) was 1.3/1,000.7,50,51 Pooled analy-
sis from other studies suggest a risk of serious complication of
2.8/1,000 procedures with 85% of serious complications
occurring with associated polypectomy.5 Colonoscopy
remains a procedure with rare but serious complications,
and therefore informed consent is imperative.

If the initial method for CR screening for an average-risk
patient was a colonoscopy, ongoing screening and surveil-
lance depends on findings at initial colonoscopy and any
applicable histopathology. If initial screening finds no lesions,
repeat colonoscopy can be repeated at 10 years.1,5,8 Patients
who have one to two small tubular adenomas detected at
initial screening colonoscopy should undergo repeat colonos-
copy 5 to 10 years after initial polypectomy, based on physi-
cian judgement and other factors.8 Patients with three to ten
adenomas, one adenoma larger than 1 cm, or any adenoma
with villous features or high-grade dysplasia should undergo
repeat colonoscopy 3 years after initial polypectomy.8 If more
than 10 adenomas are detected during initial colonoscopy,
repeat colonoscopy should be performed in less than 3 years,
timing depending on the judgement of the physician. A more
in-depth family and personal history should also be obtained
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in these patients to screen for potential high-risk cancer
syndromes. Those individuals with any evidence of sessile
adenomas that are removed piecemeal should undergo
repeat colonoscopy within 2 to 6 months to evaluate for
complete removal.8

Flexible Sigmoidoscopy
FS may be a better tolerated alternative to complete colonos-
copy.1 FS examines the distal half of the colon and rectum
after a more limited bowel preparation, such as enemas as
opposed to full bowel prep as required for colonoscopy. FS can
be performed without sedation and can therefore be
performed in the office setting. Despite these advantages,
there has been an overall decrease in the use of FS in the
United States.52

FS has been shown to decrease the incidence of all CRC and
to decreasemortality.53,54 Large randomized controlled trials
have been performed comparing FS to “usual” care. A meta-
analysis of these trials demonstrates that FS is associatedwith
an 18% relative risk reduction in CRC incidence and 28%
reduction in mortality for CRC. Importantly, these studies
do not compare FS to colonoscopy or stool-based studies.54

FS has been shown to be an accurate and safe method for
colon screening.52 In a pooled analysis of simulated FS, this
colon screening method has a sensitivity of 72 to 86% for
advanced neoplasia (large polyps and CRC). Variance in
sensitivity is secondary to the unexamined proximal colon
as well as quality in bowel preparation, depth of scope
insertion, and endoscopists’ skill. The rate of serious compli-
cation from FS with polypectomy is 0.34/1,000 procedures.
Serious complication includes severe abdominal pain, induc-
tion of diverticulitis, perforation, hemorrhage, cardiovascular
event, and death.52

Current recommendations for average-risk patients
include FS every 5 years with or without fecal occult blood
testing annually.36,52 The 5-year interval can be increased to
10 years in programs with proven accuracy and complete-
ness. If patients are found to have an adenoma on FS,
recommendations are for adenoma removal followed by
subsequent colonoscopic examination of the remainder of
the colon or adenoma removal at the time of a subsequent
colonoscopic examination.36 In fact, patients with distal
colonic adenomas of any size have twice the risk for a
proximal advanced adenoma.55 Other risk factors for
proximal colonic lesions may include advancing age, female
gender, and ethnicity.36 Additional studies are needed before
specific CR screening recommendations can be made for
these subpopulations. Overall, in comparison to colonoscopy,
FS has decreased cost and risk, although FS does not allow
examination of the entire colon, so patients with increased
risk for more proximal colonic lesions should be referred
for colonoscopy.

Noninvasive Screening Methods

Despite the recommendations from multiple national pre-
ventive and specialty organizations, low rates of CR screening
bymeans of colonoscopy remain. Colonoscopy and FSmaynot

always be a feasible option for patients, as endoscopy can be
time intensivewith patient pre-procedure preparation. Com-
mon barriers include limited access to providers, cost, lack of
appropriate referral, and fear or lack of understanding of the
procedure.56–58 Given these barriers, more noninvasive tests
have been developed as possible screening alternatives for CR
polyps and cancer.

Computed Tomographic Colonography
Computed tomographic colonography (CTC, also called “vir-
tual colonoscopy”) is a less-invasive screening modality in
which patients, after a complete colonic preparation similar
to that required for colonoscopy, undergo transrectal gaseous
distension and residual fecal tagging with oral contrast to
visualize the colon and rectal wall with thin, 1- to 2-mm
multidetector CT for two-dimensional (2D) and 3D images.
There have been no studies which demonstrate a decreased
incidence of CRC or mortality from CRC as a result of CTC.52

However, the sensitivity of CTC for detecting polyps and CRC
is similar to colonoscopy for advanced adenomas and CRC. In
the two largest randomized trials, CTC was compared with
same-day colonoscopy in average-risk indivudals.59,60 CTC
was comparable to colonoscopy for the diagnosis of large
adenomas (�10 mm) and CRC. Sensitivity of CTC for medium
polyps (6–9 mm) was variable between the two studies
(88.7%, confidence interval [CI]: 82.9–93.1 and 78%, CI: 71–
85). Two more recent meta-analyses also found variable
sensitivities for CTC detection of medium-sized colonic pol-
yps.61,62 Overall, CTC has a similar advanced ADR compared
with colonoscopy.

There are limitations and risks of CTC based on both
individual patient characteristics and the technology. Similar
to colonoscopy, a high-quality bowel preparation is necessary
to visualize the colonic wall, as retained fecal material can
mimic or obscure polyps on final imaging. Other patient
characteristics which may limit CTC use include obesity as
patients weighing more than 450 to 500 pounds may be too
large to fit on and move the CT table. The risk of rectal or
colonic perforation is very low. The USPSTF reports that in a
pooled analysis of six studies, with a total of 30,815 persons,
perforations occurred in sevenpatients and bacteremia in one
patient.36 Patients undergoing CTC are exposed to a small
amount of radiation not present in most other screening
modalities, the long-term effects of which are not known.63

Additionally, patients undergoing CTC were found to have
extracolonic findings detected by CT, with as many as 69% of
patients having extracolonic findings.64 The significance of
these extracolonic findings varied, with 9.3 to 10% of findings
categorized as “moderate to high clinical importance” requir-
ing further diagnostic evaluation.66 Compared with colonos-
copy, CTC is a safe tool for CR screening for advanced
adenomas with the risk of false-positive exams secondary
to poor colonic preparation, inexperience with the technol-
ogy, and distortion from extracolonic pathology (e.g., metallic
hip or spine implants).

Current recommendations are to initiate average-risk CR
screening with CTC at 50 years of age. Requirements for
patient referral to colonoscopy after CTC remain
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controversial. All experts agree that patients with polyps
�10 mm should be referred for colonoscopy. However, if a
patient is found to have several (1–2) medium-sized CR
polyps (i.e., 6–9 mm), consensus opinion is that referral to
colonoscopy should be made until more information about
the natural history of medium-sized CR polyps is obtained.52

This referral threshold for colonoscopy of polyps �6 mm
found on CTC will result in a high of one in three or a low
of one in eight persons referred.36 Additional information on
polyps <6 mm diagnosed on CTC is needed before an official
recommendation can be made. Currently, the ACS, MSTF, and
ACR recommend screening CTC every 5 years for average-risk
individuals,5 while the USPSTF found the current data insuf-
ficient to recommend for or against CTC as a screening
tool.5,36 Of note, not all insurance companies will pay for
CTC as a screening modality, so it is often only covered in the
setting of an incomplete colonoscopy.

Double-Contrast Barium Enema
Double-contrast barium enema (DCBE) offers another less-
invasive method for radiographic examination of the colon
and rectum. It is similar to colonoscopy and CTC in that the
patient requires a quality colon preparation to remove all
fecalmaterial. In addition, DCBE, like CTC, involves instillation
of gas into the colon for distention along with rectal contrast
administration to coat the mucosa of the colon and rectum.52

Finally, DCBE, like CTC, can be performed without sedation
and has a very low rate of colonic perforation.65However, use
of DCBE for CR screening is declining, as other screening
methods become more available. DCBE is time intensive for
the radiologist. In addition, DCBE has a lower advanced ADR
compared with both CTC and colonoscopy. Unlike other
modalities, studies that evaluated DCBE accuracy were not
randomized against other well-accepted forms of CR screen-
ing, average-risk populations were not assessed, and DCBE
has not been shown to directly decrease the incidence or
mortality fromCRC.52 For these reasons, CTC has been gaining
ground as an alternative to DCBE.66 In one of the largest
reviews comparing DCBEwith CTC for advanced and medium
adenoma detection, CTC was found to be more sensitive for
the detection of adenomas�6 mm as comparedwith DCBE.66

In a more recent randomized controlled trial67 comparing
DCBE with CTC, there were significantly higher detection
rates of CRC and advanced adenomas (�10 mm) with CTC
comparedwithDCBE,with CTCmissing 3 of 45 CR cancers and
DCBE missing 12 of 85.

DCBE has been a long accepted CR screening method for
average-risk patients. Recommendations include initiation of
CR screening with DCBE at the age of 50 years in average-risk
individuals with repeat exam every 5 years if no abnormali-
ties noted.1 Referral for colonoscopy is made if there are any
abnormalities noted on the exam. Overall, DCBE is a safe but
labor-intensive form of CR screening.

Stool-Based Screening Methods
Fecal testing for the presence of blood is a noninvasive
screening modality for CRC that can be guaiac based (gFOBT)
or immunochemical (iFOBT). Guaiac FOBT causes oxidation of

guaiac and detects peroxidase present in human blood.
Immunochemical FOBT uses antibodies against human glob-
ulin to detect blood in fecal samples.68 Both gFOBT and iFOBT
have the potential to detect CRC and advanced adenomas
throughout the colon.37 Stool DNA (sDNA) testing has also
been gaining popularity and one of these tests was recently
approved by the Food and Drug Administration (FDA) for CR
screening. These tests will be discussed separately.

gFOBT is recommended for CR screening in average-risk
patients starting at the age of 50 years and should be repeated
annually.52 Positive tests should be followed with a colonos-
copy. Multiple recommendations are in place to ensure the
accuracy of gFOBT. First, peroxidase activity in red meat as
well as certain fruits and vegetables can cause false-positive
results. In addition, high-dose vitamin C may block peroxi-
dase action and cause false-negative results. Analysis recom-
mendations are for patients to avoid red meat, high-dose
vitamin C, and anti-inflammatorymedications such as aspirin
for several days prior to the study.52However, ameta-analysis
of studies with and without dietary restrictions showed no
difference in the rate of positive gFOBT.69 Other recommen-
dations for gFOBT include testing from two to three consecu-
tive fecal samples at home, as test sensitivity increases with
each additional stool sample.70 Finally, recommendations are
to use the gFOBT annually, as this frequency of testing has
been shown to decrease the mortality from CRC.71

When the aforementioned recommendations are
followed, the accuracy of gFOBT is variable but optimized.
In randomized controlled studies which have referred
patients for colonoscopy after a positive gFOBT, the sensitivity
of gFOBT ranged from 45 to 54%.68 Specificity for gFOBT is also
variable and tends to be lower for higher sensitivity gFOBT.
Estimates for gFOBT specificity for CRC and advanced adeno-
mas was 86.7 to 98.1%.72 However, compliance with the
recommendations to enhance gFOBT accuracy is poor. A
survey of primary care physicians with the United States
revealed that up to a third of physicians used the gFOBT as an
in-office test on a stool sample obtained from digital rectal
exam rather than home-based testing from consecutive
bowel movements. Further, up to a third of physicians rec-
ommended a repeat gFOBT rather than a colonoscopy after a
positive test. When additional testing was recommended, FS
was ordered just as often as colonoscopy.73 The gFOBT is safe,
and greatest risk for complication occurs when the patient
undergoes subsequent colonoscopy for a positive test. How-
ever, failure to undergo colonoscopy for a positive gFOBT and
failure to repeat gFOBTon an annual basis will result in more
missed CR polyps and cancers.

iFOBT is recommended for CR screening in average-risk
patients starting at the age of 50 years and should be repeated
annually.52 Positive tests should be followed with a colonos-
copy. No iFOBT has been studied in a randomized controlled
fashion to determine the effect on incidence of, or mortality
from, CRC.52 Several factors may increase patient compliance
with, and thus the accuracy of, iFOBT comparedwith gFOBT.52

First, testing does not require dietary modification or absti-
nence from vitamin C intake. Also, iFOBT may be performed
on one stool sample, although two samples may improve
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outcomes.74 Finally, globin is degraded by digestive enzymes
in the upper GI tract, so iFOBT is more specific for bleeding
from the colon and rectum than gFOBT.68

A meta-analysis of cohort studies using iFOBT for CRC
screening has been performed. iFOBT shows 81% sensitivity
and 94% specificity for CRC and 28% sensitivity and 91%
specificity for advanced adenomas.75 A cohort study compar-
ing the performance of both iFOBT and gFOBT in patients who
had follow-up endoscopic colonoscopy found that the sensi-
tivity for CRC and advanced adenomas was higher for iFOBT
(69 and 67%, respectively) than for gFOBT (37 and 31%,
respectively).68 Overall, iFOBT is a more accurate, more
expensive test than gFOBT but may have greater patient
and physician compliance with screening recommendations.

Stool testing for known DNA mutations that occur in the
polyp to carcinoma sequence for CRC is an emerging screen-
ing method. sDNA testing requires submission of an entire
stool specimen for collection of stable humanDNA that can be
separated and isolated from bacterial DNA. sDNA testing
currently identifies specific mutations within genes known
to mutate within the polyp to carcinoma sequence including
APC, KRAS, p53, microsatellite instability markers, and a
marker for DNA integrity.52 Based on current evidence,
recommendations for sDNA testing are that it is an acceptable
noninvasive option for CRC screening in average-risk individ-
uals, but details for screening interval cannot be clarified at
this time.36 Limitations of this technique are that sDNA
testing is more sensitive and specific for CRC rather than CR
polyps. sDNA testing for CRC revealed a sensitivity of 52 to
91% and specificity of 93 to 97%.52 sDNA testing had superior
sensitivity for CRC and adenomas with high-grade dysplasia,
that is, Hemoccult II, a gFOBT test.76 In addition, positive
sDNA testing requires referral for colonoscopy. Yet, sDNA
testing may be positive in the setting of a negative colonos-
copy secondary to upper GI cancers. More systematic
program testing is required for specific sDNA testing recom-
mendations with regard to CR screening.

Conclusion

CR screening programs are an effectivemeans for decreasing the
incidence of andmortality fromCRC. Screening programs should
stratify individuals based on personal and family medical histo-
ries. Risk stratification will determine the age of screening
initiation and interval of repeat screening or surveillance. The
screening test selected should be agreeable to the patient and
physician alike with specific understanding about the risks and
benefits of the selected screening method. Additional study will
allow for inclusion of newer screening techniques that may be
more acceptable to the overall population.
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