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Abstract
Colorectal cancer (CRC) is a common malignancy among
both women and men, and the risk increases with increasing age. The incidence and mortality due to CRC
has declined over the past several decades, likely due
to screening examinations used to detect and remove
premalignant colon polyps, as well as modification of
risk factors and improvements in the treatment of CRC.
Several professional groups have issued guidelines for
screening average-risk individuals, and these guidelines
incorporate both stool-based tests and structural exams.
This review will address the recent incidence and mortality trends of CRC, as well as current CRC screening guidelines and the various screening methods available.
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Introduction
Colorectal cancer (CRC) is the third most common cancer in
women and men, and is the second leading cause of cancer
death in the United States, accounting for approximately 9% of
all cancer deaths.1 In average-risk individuals, the risk of CRC increases with age, such that the likelihood of individuals younger
than age 40 years developing CRC is 1 in 1200, as opposed to
1 in 25 for individuals over age 70.2 About 85% of CRC cases
occur after age 55.3 Because average-risk individuals are unlikely
to develop sporadic CRC before the age of 50, CRC screening in
this population is not considered to be cost-effective.
The incidence and mortality due to CRC has declined over the
past several decades due to screening examinations used to detect and remove premalignant colon polyps, as well as modification of risk factors and improvements in the treatment of CRC.4
This review will address current CRC screening guidelines, as
well as the various available methods available for screening, and
the risks and benefits associated with these methods.
Screening Guidelines for Average-Risk Individuals
Multiple organizations have issued guidelines for CRC screening
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in average-risk individuals. The Table shows definitions for average-, moderate-, and high-risk groups. A joint statement from the
American Cancer Society (ACS), US Multi-Society Task Force
(MSTF) on Colorectal Cancer, and the American College of Radiology (ACR) recommends several options for CRC screening,
beginning at age 50 years in average-risk individuals, and ending when an individual’s life expectancy is less than 10 years.5
Their recommendations focus on prevention of CRC through
structural examinations that detect and remove premalignant
adenomas in addition to CRC. Structural exams include flexible sigmoidoscopy, colonoscopy, double-contrast barium enema
(DCBE), and computed tomographic colonography (CTC) at
varying intervals. Stool-based tests, which are used primarily to
detect CRC and not polyps, are also recommended if individuals
are unwilling or unable to undergo structural exams. Stool-based
tests include annual guaiac fecal occult blood test (FOBT), annual fecal immunohistochemical test (FIT), and stool DNA at
varying intervals.
A second set of guidelines, published by The US Preventive
Services Task Force (USPSTF) recommend CRC screening in
individuals ages 50-75 years, and do not recommend barium
enema, CTC, or fecal DNA testing.3 They also do not express a
preference for structural exams over stool-based tests.
Various Modalities for CRC Screening
Stool-Based Exams
There are multiple methods of CRC screening to detect either
precancerous lesions or early-stage cancers. Stool-based tests such
as guaiac-based FOBT, FIT, and fecal DNA tests identify CRCs
but not adenomas.
Fecal Occult Blood Testing
The two types of FOBT currently used for CRC screening are
guaiac-based testing and FIT. The traditional guaiac-based stool
testing identifies hemoglobin in the stool by the presence of a
peroxidase reaction, which turns the testing paper blue. False-positive test results can occur due to certain foods in a patient’s diet,
such as red meat (blood in meat can turn the test positive) or
certain vegetables (those containing peroxidase properties can
turn the test positive). On the other hand, false-negatives can be
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the result of excess vitamin C (which inhibits the peroxidase reaction). These foods must be avoided in the days leading up to the
test. The second type of FOBT, FIT, reacts with antibodies that
are specific for the globulin component of hemoglobin. There
are no dietary restrictions necessary for FIT.
In general, FOBTs have the benefits of being inexpensive, noninvasive, and very convenient, as they are performed at home.
Individuals are required to submit one to three consecutive stool
samples, depending on the test, by mail to a processing facility.
If results are negative for blood, the test should be repeated annually. If positive, a colonoscopy is recommended for follow-up.
The FOBT has varied sensitivity based on the number of stool
tests performed. The sensitivity of a single test has been reported
as less than 30% for men and women of all age groups.6 If three
tests are performed, the sensitivity does improve from 80% to
92%.7 Specificity is generally less than 50%.
The FOBT using guaiac-based testing has been shown in randomized controlled trials to reduce CRC incidence and mortality.8-14 Reductions in mortality are between approximately 15%
to 33%, with the variation in mortality reduction due to annual
versus biennial screening, and whether specimens were rehydrated or not. Rehydration improves the detection of heme, which
may increase both the true-positive and false-positive rate. There
are no randomized controlled trials looking at the effect of FIT
on CRC incidence and mortality, but it is assumed to be equally
or more effective based on the improved performance characteristics.
Fecal DNA Testing
Evaluation of fecal DNA can also be used for CRC screening,
as CRCs shed DNA in the stool, which then can be tested for
mutations involved in the adenoma-to-carcinoma sequence. Cologuard is the mult-target fecal DNA screening test that was recently approved by the Food and Drug Administration (FDA),
and targets two highly discriminant methylated genes (BMP3 and
NDRG4) and multiple informative point mutations on KRAS, as
well as a marker for total human DNA (ß-actin) and fecal hemoglobin. Individuals must submit an entire bowel movement and
ship it to the processing facility on ice. Benefits of fecal DNA
testing include the fact that it is noninvasive, does not require a
bowel preparation or sedation, and does not require any dietary
restrictions like the guaiac-based FOBT does.
Unfortunately, false-negatives do occur, as all genetic abnormalities associated with CRC cannot be incorporated in the
stool test. In addition, false-positives also can occur, which may
be due to upper gastrointestinal (GI) tract neoplasms or a “true”
false-positive with no abnormalities in the Gl tract. One study
showed that almost 10% of average-risk patients with a negative
colonoscopy had a positive fecal DNA test.15 All positive fecal
DNA tests must be followed up with a diagnostic colonoscopy.
Moreover, when comparing fecal DNA testing to FIT testing, the
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TABLE. Colorectal Cancer Risk Stratification
Risk Category

Definition

Average

Age ≥50 years; no personal history of
adenomas, SSA/P, or CRC
No family history of CRC
No personal history of inflammatory bowel
disease

Moderate

Personal history of adenomas, SSA/P, or CRC
Family history of advanced adenomas or CRC

High

Hereditary CRC syndromes
Personal history of inflammatory bowel
disease

CRC, colorectal cancer; SSA/P, sessile serrated adenoma/polyp.

sensitivity of fecal DNA for the detection of CRC and advanced
adenomas (92.3% and 42.4%, respectively) exceeded that of FIT
testing by an absolute difference of almost 20 percentage points.
Fecal immunohistochemical testing, however, was more specific
for the detection of both CRC and advanced adenomas, with an
absolute percentage point difference of 6.6% and 8.3%, respectively. Typically, sensitivity is a more important test characteristic
for screening exams, as it is important for the test to rule out
diseases such as cancer.15
Because fecal DNA testing is able to identify the majority of
CRC cases, an expert consensus includes this modality as an acceptable option for CRC screening in average-risk adults. However, fecal DNA tests still require careful evaluation in future
studies because the limited sensitivity for adenomas in comparison with colonoscopy and CTC and the substantial increased
cost compared with other fecal tests remain important barriers
to widespread use. As previously discussed, fecal DNA testing
proves to be a reasonable alternative to colonoscopy, and does
have certain advantages, as it is noninvasive, conveniently performed at home, and no work is missed. Although the current
application of fecal DNA testing is currently reserved for CRC
screening in average-risk individuals, additional expanded indications may continue to arise, such as surveillance in patients
with inflammatory bowel disease (IBD) or detection of upper GI
cancers. Further study into these potential applications is necessary at this time.16
Despite FDA approval in August 2014, fecal DNA testing is
not currently recommended by the USPSTF as an approved
screening modality, and the appropriate interval between screening fecal DNA tests is unknown. As practice patterns evolve, and
more data are collected, clinical algorithms for fecal DNA testing
will be developed and will help guide clinical practice. Similarly,
in 2014, the Centers for Medicare and Medicaid Services (CMS)
ruled that fecal DNA testing would be covered once every three
years for average-risk, asymptomatic Medicare beneficiaries be-
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tween the ages of 50 to 84 years.17 However, coverage by third-party payors varies.
Structural Exams
Flexible Sigmoidoscopy
There are two common structural exams used for CRC screening.
The first is flexible sigmoidoscopy, which is able to evaluate the
colonic mucosa for CRC and polyps, typically up to the splenic
flexure. As compared with colonoscopy, flexible sigmoidoscopy
requires only a simple bowel preparation of enemas prior to the
procedure, as opposed to a large-volume oral solution; has typically less patient discomfort during the procedure; and generally
has fewer complications. In addition, flexible sigmoidoscopy can
be performed in an office setting; sedation is optional, allowing
patients to return to work or other duties after the procedure;
and can be performed by a wide range of providers, including
primary care physicians and nurse practitioners who have had
proper training.18
The specificity and sensitivity of flexible sigmoidoscopy is
high, with adequate visualization of the colonic mucosa to the
splenic flexure. If flexible sigmoidoscopy is used for screening
purposes, it should be performed every 5 years if no polyps or
CRC are found. If polyps or CRC is found, a full colonoscopy
should be performed.
Several randomized controlled trials have shown both a reduction in CRC incidence and mortality from flexible sigmoidoscopy.19,20,21 The reduction of incidence and mortality when
using flexible sigmoidoscopy is reported to be 23% to 31%.21
The most recent study to evaluate the impact of flexible sigmoidoscopy on CRC incidence and mortality examined over 100,000
average-risk patients over age 50 years who were randomized to
screening, which required once-only flexible sigmoidoscopy or
once-only flexible sigmoidoscopy and FOBT, or to the control
group, who received no screening. Patients with a positive result
on flexible sigmoidoscopy, such as a cancer, adenoma, polyp of
10 mm or larger, or who had a positive FOBT, were offered colonoscopy. After a median of 11 years of follow-up, CRC incidence
was reduced by 20% and mortality by 27% in the intervention
group, as compared with the control group.22,23
Colonoscopy
Colonoscopy is the other structural exam commonly used for
CRC screening. Unlike flexible sigmoidoscopy, colonoscopy is
able to evaluate the entire colonic mucosa for both CRC and polyps; however, the effectiveness of colonoscopy in detecting CRC
and polyps depends on adequate visualization of the mucosa.24
Therefore, prior to the procedure, patients are required to take
a bowel preparation. In addition, the majority of patients will
receive sedation during the procedure, which minimizes patient
discomfort and allows for a complete examination.25 Sedation,
however, does delay patient recovery and discharge, adds cost to
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the overall procedure, increases the risk of cardiopulmonary complications, requires that an escort accompany the patient home,
and may prevent the patient’s return to work or other significant
activities that same day. However, colonoscopy has the ability to
detect and remove polyps during the same examination.
No randomized controlled trials have evaluated the effectiveness of colonoscopy. Observational cohort studies, however, do
show that colonoscopy decreases the risk of CRC. The National
Polyp Study included approximately 2000 patients who underwent colonoscopy with polypectomy, and showed a 76% to 90%
decrease in the incidence of CRC as compared with patients in
other studies who did not have polypectomy.26 In addition, another study examined this same cohort to determine the effect
of endoscopic detection and removal of adenomatous polyps on
mortality from CRC during a surveillance period of up to 23
years after polypectomy. The study found a 53% reduction in
CRC mortality in these patients as compared with the expected
mortality rate for the general population.27
Colonoscopy has also been shown to detect proximal lesions
that may be missed by sigmoidoscopy.28 A meta-analysis of 16
studies showed a 40 to 60% lower risk of developing an incident
CRC and death after screening colonoscopy as compared with
screening flexible sigmoisocopy.29
Even though colonoscopy is considered the most sensitive
screening exam and the “gold standard,” colonoscopy may be
less effective in detecting proximal adenomas or cancers.30-32 One
study by Singh et al30 examined the mortality benefit from colonoscopy in 50,000 patients between ages 50 and 80 years undergoing average-risk screening. The study found a 29% overall
reduction in CRC mortality and a 47% reduction in mortality
from distal CRCs; however, there was no reduction in mortality
from proximal CRCs.
The effectiveness of colonoscopy may be related to technical
issues or the cleanliness of the bowel preparation, or may be related to inherent biologic features of these proximal polyps and
masses, such as higher rates of microsatellite instability or the
fact that they proceed through the CpG island methylator phenotype (CIMP) molecular pathway.33,34 In addition, quality indicators that may affect the effectiveness of colonoscopy include
the adenoma detection rate of the colonsocopist, withdrawal
time greater than 6 minutes, cecal intubation rate, and adequate
colon cleanliness.35,36 Adenoma detection rate is often considered the most important quality indicator.
Colonoscopy is generally a safe procedure, and procedural
risks have been quoted in a review of the literature to be 2.8 per
1000 colonoscopies, with most of these complications associated
with polypectomy.37 Post-polypectomy bleeding can be immediate or delayed (5-7 days, but up to 29 days has been reported),
and the rates vary from .3% to 6.1%.38 The risk of bleeding is
related to the size and location of the polyp, technique of polypectomy, and the coagulation status of the patient.
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Nonprocedure-related complications also occur, and are typically related to sedation or the bowel preparation. Sedation-related complications include hypoxia, aspiration, or cardiac arrhythmias, and risk factors for complications include older age,
underlying pulmonary disease, increasing American Society of
Anesthesiologists (ASA) score, dementia, anemia, obesity, and
emergency procedures.39 Bowel preparation complications include shifts in fluid and electrolytes, abdominal discomfort, nausea, and vomiting.40 Inadequate bowel preparations also occur
in up to 25% of colonoscopies, and poor preparation leads to
increased procedure time, increased complications, and possible
missed lesions such as small adenomas or even CRCs.41,42
Radiologic Exams
Double-Contrast Barium Enema
Double-contrast barium enema uses rectal instillation of barium
to coat the distal colonic mucosa, inserts air in the rectum to distend the colon, and then takes multiple x-ray images to evaluate
the colonic mucosa. The test is relatively safe and has the benefit
that it does not require sedation; however, it does require an oral
preparation. A DCBE is less effective than colonoscopy because
it detects only about 50% of adenomas larger than 1.0 cm and
39% of all polyps.43 In addition, false-positives do occur with
excess stool, air, or other mucosal irregularities. If the results of
DCBE are abnormal, a colonoscopy must be performed for further evaluation. The use of DCBE has significantly declined over
the past decades, partially due to newer radiologic techniques
such as CTC and the use of endoscopic procedures.
CT Colonography
Computed tomographic colonography is a noninvasive test that
takes multiple thin-slice images of the colon, and creates twoand three-dimensional images of the colon surface.44 Figures 1
and 2 provide examples of images from CTC. While the test
typically does require a bowel preparation, newer techniques are
being used that do not require a preparation, including an oral
iodinated contrast that tags stool, which is then subtracted from
the final images. As with colonoscopy, patients may experience
abdominal cramping due to air or carbon dioxide introduced
into the colon via a rectal catheter for distension. A CTC test
does require specialized radiologists for image interpretation,
and any abnormal results require a colonoscopy for further evaluation, ideally on the same day when possible in order to avoid a
second bowel preparation.
The sensitivity and specificity of CTC were 90% and 86%
respectively in a study of 2600 average-risk patients who underwent a traditional bowel preparation with images interpreted by
an experienced reader.45 For preparation-free CTC (using stool
tagging), the sensitivity and specificity for adenomas 10 mm or
larger were 91% and 85%, respectively, which was very similar to
that of CTC with a traditional bowel preparation.46,47
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FIGURE 1. A Sessile Polyp Found on a Screening CT
Colonography

Image courtesy of Raquel Alencar, MD, PhD; Brigham and
Women’s Hospital, Boston, MA.
FIGURE 2. A Large Polyp Found on CT Colonography;
This Polyp was Later Found to Have High-Grade Dysplasia After Removal

Image courtesy of Raquel Alencar, MD, PhD; Brigham and
Women’s Hospital, Boston, MA.

CTC has several benefits, as it is a noninvasive test with little
or no risk of complications, including bleeding, perforation, or
cardiovascular complications.29 In addition, no sedation is necessary, and patients are able to return to work or other duties the
same day. When only left-sided polyps are found with CTC, flexible sigmoidoscopy can be performed for polypectomy, instead of
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full colonoscopy, which is often safer and more cost-effective.48
Despite this, there are several disadvantages of CTC, including the fact that flat adenomas may be missed on CTC, and
these flat adenomas are often the ones that have greater malignant potential. Sigmoid diverticular disease often presents a
challenge for CTC interpretation because of the resulting luminal narrowing.48 Chronic diverticular disease may be difficult to
distinguish from a left-sided mass lesion. In addition, CTC may
identify extracolonic findings, such as masses of unclear clinical
significance and/or abdominal aortic aneurysms, which may create significant and unnecessary anxiety for the patient, as well
as increased cost due to further evaluation.49 One study of 2869
women found an adnexal mass in approximately 4% of patients,
which led to further testing, but no women had ovarian cancers
identified.49,50 Lastly, there is uncertainty regarding the long-term
harms of the radiation exposure related to CTC.51 This topic
requires further study.
Conclusions
Colon cancer is a common malignancy in both women and men,
but it is preventable with screening. Professional societies have
published guidelines for screening and surveillance, and there
are risks and benefits to each type of screening modality. With
a focus on improving CRC screening rates, as well as improving
risk factors associated with CRC and CRC treatments, CRC incidence and mortality rates will continue to decline in the future.
Affiliations: Jennifer A. Inra, MD, is from the Division of Gastroenterology, Brigham and Women’s Hospital and Harvard
Medical School, Boston, MA. Ramona Lim, MD, is from the
Division of Gastroenterology, Brigham and Women’s Hospital,
Harvard Medical School, and Population Sciences Division, Dana-Farber Cancer Institute, Boston.
Disclosures: None
Address correspondence to: Ramona Lim, MD, DFCI Center
for Cancer Genetics & Prevention, 450 Brookline Ave., Dana
1128, Boston, MA 02215. Phone: 617-632-5022, fax: 617-5828807; email: rlim3@partners.org

REFERENCES
1. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. ital,
AMA 14.10, p. 475. CA Cancer J Clin. 2014;64(1):9-29. doi:
10.3322/caac.21208.
2. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013.
ital, AMA 14.10, p. 475 CA Cancer J Clin. 2013;63(1):11-30. doi:
10.3322/caac.21166.
3. U.S. Preventive Services Task Force. Screening for colorectal
cancer: U.S. preventive services task force recommendation statement. Ann Intern Med. 2008;149(9):627-637.
4. Edwards BK, Ward E, Kohler BA, et al. Annual report to the

36

nation on the status of cancer, 1975-2006, featuring colorectal
cancer trends and impact of interventions (risk factors, screening,
and treatment) to reduce future rates. Cancer. 2010;116(3):544573. doi: 10.1002/cncr.24760.
5. Levin B, Lieberman DA, McFarland B, et al. 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. CA Cancer J
Clin. 2008;58(3):130-160. doi: 10.1053/j.gastro.2008.02.002.
6. Brenner H, Hoffmeister M, Birkner B, Stock C. Diagnostic
performance of guaiac-based fecal occult blood test in routine
screening: state-wide analysis from Bavaria, Germany. Am J Gastroenterol. 2014;109(3):427-435. doi: 10.1038/ajg.2013.424.
7. Church TR, Ederer F, Mandel JS. Fecal occult blood screening
in the Minnesota study: Sensitivity of the screening test. J Natl
Cancer Inst. 1997;89(19):1440-1448.
8. Mandel JS, Church TR, Bond JH, et al. The effect of fecal
occult-blood screening on the incidence of colorectal cancer. N
Engl J Med. 2000;343(22):1603-1607.
9. Faivre J, Dancourt V, Lejeune C, et al. Reduction in colorectal
cancer mortality by fecal occult blood screening in a French controlled study. Gastroenterology. 2004;126(7):1674-1680.
10. Kronborg O, Fenger C, Olsen J, Jorgensen OD, Sondergaard
O. Randomised study of screening for colorectal cancer with faecal-occult-blood test. Lancet. 1996;348(9040):1467-1471.
11. Hardcastle JD, Chamberlain JO, Robinson MH, et al. Randomised controlled trial of faecal-occult-blood screening for colorectal cancer. Lancet. 1996;348(9040):1472-1477.
12. Mandel JS, Bond JH, Church TR, et al. Reducing mortality from colorectal cancer by screening for fecal occult blood.
Minnesota Colon Cancer Control Study. N Engl J Med.
1993;328(19):1365-1371.
13. Jorgensen OD, Kronborg O, Fenger C. A randomised study
of screening for colorectal cancer using faecal occult blood testing: results after 13 years and seven biennial screening rounds.
Gut. 2002;50(1):29-32.
14. Mandel JS, Church TR, Ederer F, Bond JH. Colorectal cancer mortality: effectiveness of biennial screening for fecal occult
blood. J Natl Cancer Inst. 1999;91(5):434-437.
15. Imperiale TF, Ransohoff DF, Itzkowitz SH, et al. Multitarget
stool DNA testing for colorectal-cancer screening. N Engl J Med.
2014;370(14):1287-1297. doi: 10.1056/NEJMoa1311194.
16. Ahlquist DA. Multi-target stool DNA test: a new high bar
for noninvasive screening. Dig Dis Sci. 2015;60(3):623-633. doi:
10.1007/s10620-014-3451-5.
17. Inra JA, Syngal S. Colorectal cancer in young adults. Dig Dis
Sci. 2015;60(3):722-733. doi: 10.1007/s10620-014-3464-0
18. Fletcher RH. Rationale for combining different screening
strategies. Gastrointest Endosc Clin N Am. 2002;12(1):53-63.
19. Schoen RE, Pinsky PF, Weissfeld JL, et al. Colorectal-cancer

www.ajho.com

JANUARY 2016

COLORECTAL CANCER SCREENING

incidence and mortality with screening flexible sigmoidoscopy. N Engl J Med. 2012;366(25):2345-2357. doi: 10.1056/NEJMoa1114635.
20. Segnan N, Armaroli P, Bonelli L, et al. Once-only sigmoidoscopy in colorectal cancer screening: follow-up findings of the
Italian randomized controlled trial--SCORE. J Natl Cancer Inst.
2011;103(17):1310-1322. doi: 10.1093/jnci/djr284.
21. Atkin WS, Edwards R, Kralj-Hans I, et al. Once-only flexible sigmoidoscopy screening in prevention of colorectal cancer: a multicentre randomised controlled trial. Lancet. 2010;375(9726):16241633. doi: 10.1016/S0140-6736(10)60551-X.
22. Holme O, Loberg M, Kalager M, et al. Effect of flexible sigmoidoscopy screening on colorectal cancer incidence and mortality: a randomized clinical trial. JAMA. 2014;312(6):606-615.
doi: 10.1001/jama.2014.8266.
23. Schoen RE, Pinsky PF, Weissfeld JL, et al. Colorectal-cancer incidence and mortality with screening flexible sigmoidoscopy. N Engl J Med. 2012;366(25):2345-2357. doi: 10.1056/NEJMoa1114635
24. Froehlich F, Wietlisbach V, Gonvers JJ, Burnand B, Vader
JP. Impact of colonic cleansing on quality and diagnostic yield of
colonoscopy: the European Panel of Appropriateness of Gastrointestinal Endoscopy European Multicenter Study. Gastrointest
Endosc. 2005;61(3):378-384.
25. Cohen LB, Delegge MH, Aisenberg J, et al. AGA institute
review of endoscopic sedation. Gastroenterology. 2007;133(2):675701.
26. Winawer SJ, Zauber AG, Ho MN, et al. Prevention of colorectal cancer by colonoscopic polypectomy. the National Polyp
Study Workgroup. N Engl J Med. 1993;329(27):1977-1981.
27. Zauber AG, Winawer SJ, O’Brien MJ, et al. Colonoscopic
polypectomy and long-term prevention of colorectal-cancer
deaths. N Engl J Med. 2012;366(8):687-696.
28. Imperiale TF, Wagner DR, Lin CY, Larkin GN, Rogge JD,
Ransohoff DF. Risk of advanced proximal neoplasms in asymptomatic adults according to the distal colorectal findings. N Engl
J Med. 2000;343(3):169-174.
29. Brenner H, Stock C, Hoffmeister M. Effect of screening
sigmoidoscopy and screening colonoscopy on colorectal cancer
incidence and mortality: systematic review and meta-analysis of
randomised controlled trials and observational studies. BMJ.
2014;348:g2467. doi: 10.1136/bmj.g2467.
30. Singh H, Nugent Z, Demers AA, et al. The reduction in colorectal cancer mortality after colonoscopy varies by site of the
cancer. Gastroenterology. 2010;139(4):1128-1137. doi: 10.1053/j.
gastro.2010.06.052.
31. Baxter NN, Goldwasser MA, Paszat LF, et al. Association of
colonoscopy and death from colorectal cancer. Ann Intern Med.
2009;150(1):1-8.
32. Brenner H, Hoffmeister M, Arndt V, Stegmaier C, Altenhofen L, Haug U. Protection from right- and left-sided colorectal

VOL. 12, NO. 1

neoplasms after colonoscopy: population-based study. J Natl Cancer Inst. 2010;102(2):89-95. doi: 10.1093/jnci/djp436.
33. Azzoni C, Bottarelli L, Campanini N, et al. Distinct molecular patterns based on proximal and distal sporadic colorectal
cancer: arguments for different mechanisms in the tumorigenesis. Int J Colorectal Dis. 2007;22(2):115-126.
34. Soetikno RM, Kaltenbach T, Rouse RV, et al. Prevalence of
nonpolypoid (flat and depressed) colorectal neoplasms in asymptomatic and symptomatic adults. JAMA. 2008;299(9):1027-1035.
doi: 10.1001/jama.299.9.1027.
35. Rex DK, Petrini JL, Baron TH, et al. Quality indicators for
colonoscopy. Am J Gastroenterol. 2006;101(4):873-885.
36. Rex DK, Johnson DA, Anderson JC, et al. American College
of Gastroenterology Guidelines for Colorectal Cancer Screening
2009. Am J Gastroenterol. 2009;104(3):739-750. doi: 10.1038/
ajg.2009.104.
37. Whitlock EP, Lin JS, Liles E, Beil TL, Fu R. Screening for colorectal cancer: a targeted, updated systematic review for the U.S.
Preventive Services Task Force. Ann Intern Med. 2008;149(9):638658.
38. Rosen L, Bub DS, Reed JF,3rd, Nastasee SA. Hemorrhage following colonoscopic polypectomy. Dis Colon Rectum.
1993;36(12):1126-1131.
39. Sharma VK, Nguyen CC, Crowell MD, Lieberman DA,
de Garmo P, Fleischer DE. A national study of cardiopulmonary unplanned events after GI endoscopy. Gastrointest Endosc.
2007;66(1):27-34.
40. Florentin M, Liamis G, Elisaf MS. Colonoscopy preparation-induced disorders in renal function and electrolytes. World J
Gastrointest Pharmacol Ther. 2014;5(2):50-54. doi: 10.4292/wjgpt.
v5.i2.50.
41. Ness RM, Manam R, Hoen H, Chalasani N. Predictors of inadequate bowel preparation for colonoscopy. Am J Gastroenterol.
2001;96(6):1797-1802.
42. Chokshi RV, Hovis CE, Hollander T, Early DS, Wang JS.
Prevalence of missed adenomas in patients with inadequate
bowel preparation on screening colonoscopy. Gastrointest Endosc.
2012;75(6):1197-1203. doi: 10.1016/j.gie.2012.01.005.
43. Winawer SJ, Stewart ET, Zauber AG, et al. A comparison of
colonoscopy and double-contrast barium enema for surveillance
after polypectomy. National Polyp Study Work Group. N Engl J
Med. 2000;342(24):1766-1772.
44. Morrin MM, LaMont JT. Screening virtual colonoscopy--ready for prime time? N Engl J Med. 2003;349(23):2261-2264.
45. Johnson CD, Chen MH, Toledano AY, et al. Accuracy of
CT colonography for detection of large adenomas and cancers.
N Engl J Med. 2008;359(12):1207-1217. doi: 10.1056/NEJMoa0800996.
46. Zalis ME, Blake MA, Cai W, et al. Diagnostic accuracy of
laxative-free computed tomographic colonography for detection of adenomatous polyps in asymptomatic adults: a prospec-

THE AMERICAN JOURNAL OF HEMATOLOGY/ONCOLOGY®

37

· COLORECTAL CANCER ·

tive evaluation. Ann Intern Med. 2012;156(10):692-702. doi:
10.7326/0003-4819-156-10-201205150-00005.
47. Pickhardt PJ. CT colonography for population screening:
ready for prime time? Dig Dis Sci. 2015;60(3):647-659. doi:
10.1007/s10620-014-3454-2.
48. Pickhardt PJ, Durick NA, Pooler BD, Hassan C. Left-sided polyps detected at screening CT colonography: do we need
complete optical colonoscopy for further evaluation? Radiology.
2011;259(2):429-434. doi: 10.1148/radiol.11101702.
49. Fletcher RH, Pignone M. Extracolonic findings with computed tomographic colonography: asset or liability? Arch Intern Med.
2008;168(7):685-686. doi: 10.1001/archinte.168.7.685.
50. Pickhardt PJ, Hanson ME. Incidental adnexal masses detected at low-dose unenhanced CT in asymptomatic women age 50
and older: implications for clinical management and ovarian
cancer screening. Radiology. 2010;257(1):144-150. doi: 10.1148/
radiol.10100511.
51. Whitlock EP, Lin JS, Liles E, Beil TL, Fu R. Screening for colorectal cancer: a targeted, updated systematic review for the U.S.
Preventive Services Task Force. Ann Intern Med. 2008;149(9):638658.

38

www.ajho.com

JANUARY 2016

