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ABSTRACT

In the United States, colorectal cancer (CRC)esthird mostommon cancer diagnosed among
men and women and the second leadaugse of death from cancer. CRC largely can beepted
bythe detection and removal of adenomatous polygksarvivalis significantly better when CRC
is diagnosed while still localizebh 2006 to 2007, the American Cancer Society, tBeMuilti
SocietyTask Force on Colorectal Cancer, and the Ameriaale@e ofRadiology came together to
develop consensus guidelinestfoe detection of adenomatous polyps and CRC in pymatic
average-risk adults. In this update of each orgdingz's guidelinescreening tests are grouped into
those that primarily detecaincer early and those that can detect cancer&adlals@an detect
adenomatous polyps, thus providing a greater patdot prevention through polypectomy. When
possible, clinicianshould make patients aware of the full range cdesting optiondyut at a
minimum they should be prepared to offer patiemisaace between a screening test that is
effective at both earlgancer detection and cancer prevention througdetectiorand removal of
polyps and a screening test that primarilgffective at early cancer detection. It is therstyo
opinionof these 3 organizations that colon cancer preserghoulde the primary goal of
screening.

INTRODUCTION

In the United States, colorectal cancer (CRC)esthird mostommon cancer diagnosed in men
and women and the second leadingse of death from cancein 2008, it is estimated that
148,810men and women will be diagnosed with CRC and 49y@i@lie from this diseasé Five-
year survival is 90% if the diseasaliagnosed while still localized (ie, confinedthe wallof the
bowel), but only 68% for regional disease (ie, dsvith lymph node involvement), and only 10%
if distant metastasese presert.Recent trends in CRC incidence and mortality resreelining
rates, which have been attributed to reduced exptsusk factors, screening's effect on early
detection and preventighrough polypectomy, and improved treatm&Hpwever, in th@ear term,
even greater incidence and mortality reductiondctoe achieved if a greater proportion of adults
received regulascreening. Although prospective randomized trial$ @bservationatudies have
demonstrated mortality reductions associated @athy detection of invasive disease, as well as
removal of adenomatopslyps=’ a majority of US adults are not receiving regalge- and risk-
appropriate screening or have never been screzraid-

The goal of cancer screening is to reduce morttiityugha reduction in incidence of advanced
disease. To this end, mod€&@RC screening can achieve this goal through thectieh ofearly-
stage adenocarcinomas and the detection and remi@aa@tnomatous polyps, the latter generally
accepted as nonobliggieecursor lesions. Adenomatous polyps are commanditts oveage 50
years, but the majority of polyps will not develiopo adenocarcinoma; histology and size
determine their clinicamportance®*! The most common and clinically important polgps
adenomatous polyps, which represent approximatedyhalfto two-thirds of all colorectal polyps
and are associated wahigher risk of CRC. Thus, most CRC screeningistuevaluatéhe
detection rate of invasive CRC, as well as advamckthomasyhich conventionally are defined as
polyps greater than or equall0 mm or histologically having high-grade dysjdeor significant
villous components. The evidence for the importasfasolorectapolyps in the development of



CRC s Ia;rgely indirect, but nonetheles$ensive and convincing, and has been described in
detail 1%

Today there is a range of options for CRC screeiminiige average-rigkopulation, with current
technology falling into 2 general categorig®iol tests, which include tests for occult blood o
exfoliatedDNA; and structural exams, which include flexibigmoidoscopyFSIG), colonoscopy,
double-contrast barium enema (DCBE), aathputed tomographic colonography (CTC). Stool
tests are besuited for the detection of cancer, although tHeg will deliver positive findings for
some advanced adenomas, wthike structural exams can achieve the dual goaleteicting
adenocarcinoma as well as identifying adenomatolypp2? These tests may be used alone or in
combination to improve sensitivigy, in some instances, to ensure a complete exéionnaf the
colon if the initial test cannot be completed. Altigh screenintgsts for CRC vary in terms of the
degree of supporting evidengatential efficacy for incidence and mortality retlan, cost-
effectivenessand acceptability, any one of these options apphedsystematiprogram of regular
screening has the potential to significamégtuce deaths from CRC.

Beginning in 1980, the American Cancer Society (A@St issuedormal guidelines for CRC
screening in average-risk adultSince then, the ACS has periodically updated it€CR
guidelines®®™*including adding recommendations for high-risk indials in1997% Other
organizations also have issued recommendatorrGRC screening, most notably the US
Preventive Services Talorce?%% the American College of Radiology (ACE?® andthe US
Multi-Society Task Force on Colorectal Cancer (USW$%2*Recently, the ACS and the
USMSTF collaborated on an updatesaflier recommendations for postpolypectomy and-G6C
resectiorsurveillance in response to reports suggestingfgignt deviatiorfrom existing
recommendation®% Since 1997, the organizatiomlidelines for average-risk adults have grown
increasingly similaand represent a broad organizational consensuseoratuepptions, and
methods for periodic screening for CRC.

In the last decade, there has been an increake mumbeof technologies available for CRC
screening, and in the casfestool tests, there has been growth in the nurobeommercialersions
of guaiac-based and immunochemical-based stosl(t#2DBT and FIT). This growth in options
also has been accompanidchanging patterns in the proportion of adulisgisifferenttests,
with FSIG rates declining, colonoscopy rates insireguse of stool blood tests remaining
somewhat constant, and w§e¢he DCBE for screening now becoming very uncomfho

There are pros and cons to having a range of aptmmCRCscreening. Despite the fact that the
primary barriers to screeniage lack of health insurance, lack of physiciaronemendationand
lack of awareness of the importance of CRC scregfiithe historical evidence shows that adults
have different preferencasd patterns of use among the available CRC scrgéest<>=>"
Although population preferences or resistancepgaréiculatechnology may change over time or
may be influenced by referriqdnysicians, it also may be true that over time sachdts may
persist in choosing one technology and rejectinglaar. Furthermoret this time not all options
are available to the entire populatiand transportation, distance, and financial bagri@ersome
screening technologies may endure for some timé&oagh inprinciple all adults should have
access to the full range a@ptions for CRC screening, the fact that simplandr-cospptions are
available in most settings, whereas other mordycogtions are not universally available, is a
public health advantagdowever, for average-risk adults, multiple testopgions challengthe
referring physician to support an office policyttctanmanage a broad range of testing choices,
their follow-up requirementand shared decision making related to the opti®hared decision
making for multiple screening choices is both dedmag andime consuming and is complicated
by the different characteristio$ the tests and the test-specific requirementsftividuals



undergoing screenirg.In addition, the description of benefisscomplicated by different
performance characteristics of thaiants of the occult blood tests and uncertdiedinces
between test performance in research settingsestgérformance clinical practice. These

challenges have been discussetthénpast®3?and they still are with us today.

In this guideline review, we have reassessed ttieidualtest evidence and comparative evidence
for stool tests, includingFOBT, FIT, and stool DNA test (SDNA), and the stural exams,
including FSIG, colonoscopy, DCBE, and CTC, théelaalsdknown as virtual colonoscopy. We
have sought to address a numifezoncerns about the complexity of offering mu#igcreening
options and the degree to which the range of sorgaptionsand their performance, costs, and
demands on individuals posesignificant challenge for shared decisions. Aarodinggoal of

this update is to provide a practical guidelinegloysicians to assist with informed decision making
related taCRC screening. These guidelines are for individaasveragesk. Individuals with a
personal or family history of CRC adenomas, inflammatory bowel disease, or highgesketic
syndromeshould continue to follow the most recent recomnagiods forindividuals at increased
or high risk?+%°

GUIDELINES DEVELOPMENT, METHODS, AND FRAMEWORK

The guidelines update process was divided intoaadg@h Thérst phase focused on the stool tests,
including gFOBT, FITand sDNA. The second phase of the guidelines ugmtatees$ocused on

the structural exams, including FSIG, colonosc@®yBE, and CTC. Deliberations about evidence
and presentatiorisom experts took place during 2 face-to-face nmggstiof thecollaborating
organizations and invited outside experts thimdugh periodic conference calls. The processdeli
on earlielevidence-based reviews®=<: jterature relatetb CRC screening and specific to
individual tests publishdoktween January 2002 and March 2007 was identisaty MEDLINE
(National Library of Medicine) and bibliographiekidentifiedarticles. Expert panel members also
provided several unpublishatistracts and manuscripts. Where evidence waditient orlacking

to provide a clear, evidence-based conclusion| fe@mmendations were based on expert opinion
and are so indicated.

While there is clear experimental evidence thatesting folCRC with gFOBT is associated with
reduced incidence and mortalitpm CRC screening®**most of the information supportitige

use of the other colorectal screening tests iscbasebservational and inferential evidence. In this
review, prioritywas placed on studies of asymptomatic averagesrisigher-riskpopulations that
were followed by testing with colonoscopyaith or nearly all study participants as a validatio
measure.

SUMMARY OF THE RECOMMENDATIONS

In this update of guidelines for CRC screeningviarage risk-adultshe expert panel concluded
that a screening test must be dbldetect the majority of prevalent or incident@ans at théme
of testing. Here we are drawing a new, importastiictionbetween test sensitivity and program
sensitivity, the formebeing the sensitivity achieved in a single test tnedattebeing the
sensitivity achieved over time through serial tegith a program. While cancer screening tests are
expected to achievaeceptable levels of sensitivity and specifiéityo specifi@cceptance
threshold for either measure, alone or in combimahias been established for any screening
test®>3° Thus, thicriterion is based on expert opinion and the foifmyconsiderationgsirst, in the
judgment of the panel, recent evidence has revealethacceptably wide range of sensitivity
among some gFOBT strategiesth some practices and tests performing so pdbdythdarge
majority of prevalent cancers are missed at the tifiscreening= The observation of very low



sensitivityfor cancer and advanced neoplasia associatedwafficegFOBT led Sox to speculate
that CRC mortality rates might bensiderably lower today if the quality of gFOBBtieg during

the previous decade had been higfi&khile the literaturen other CRC screening tests also
reveals a range of sensitivitieven in the presence of significant, correctallajity-related
shortcomings, the majority of invasive cancerd sfil be detected. Second, a test like gFOBT that
demonstrates poor tesnsitivity but good program sensitivity depends$imh rate®f adherence
with regular screening. However, many patié¢raee only one test and do not return the following
year forprogrammatic testing*? Given the lack of systems to ensarat least facilitate adherence
with recommended regular screeninigrvals, as well as evidence of suboptimal awessrand
engagementf primary care in supporting adherence with sdreerecommendatiori§the panel
concluded that it was not realistic at this timeely on program sensitivity to overcome limitations
in testsensitivity. Physicians and institutions shouldesektooblood tests that have been shown in
the scientific literaturéo detect the majority of prevalent CRC in an astgmmatic populationf

there is not evidence that an available test haghmatbenchmark, it should not be offered to
patients for CRC screening.

Individuals and health care professionals showdd ahderstanthat screening tests for CRC

broadly fall into 2 categorieB1 one category are the fecal tests (ie, gFOBT, &l SDNA)which

are tests that primarily are effective at identiffCRC. Some premalignant adenomatous polyps
may be detected, providimg opportunity for polypectomy and the preventib€RC, buthe
opportunity for prevention is both limited and identaland is not the primary goal of CRC
screening with these tesks.the second category are the partial or fullttrcal examsie, FSIG,
colonoscopy, DCBE, and CT&which are tests thate effective at detecting cancer and
premalignant adenomatopslyps. These tests differ in complexity and accyrfar thedetection of
CRC and advanced neoplasia. When performed propadi of these structural exams has met the
standard of detectirag least half of prevalent or incident cancerdattime otesting.

It is the strong opinion of this expert panel tbalbon cancepreventionshould be the primary goal
of CRC screening. Tedtsat are designed to detect both early cancer @exdcematoupolyps

should be encouraged if resources are availabl@atiehtsare willing to undergo an invasive test.
These tests includke partial or full structural exams mentioned ahoMheseests require bowel
preparation and an office or hospital vasid have various levels of risk to patients. Thests also
have limitations, greater patient requirementssftaacessfutompletion, and potential harms.
Significant positive findingen FSIG, DCBE, and CTC require follow-up colonoscop

The panel recognized that some patients will nottw@underg@an invasive test that requires a
bowel preparation, may prefierhave screening in the privacy of their homenay not have
access to the invasive tests due to lack of coeevadpcalesources. Collection of fecal samples
for blood or DNA testingan be performed at home, without bowel preparatimweverproviders
and patients should understand the following litrotasand requirements of noninvasive tests:

« These tests are less liketyprevent cancer compared wiltie invasive tests;
« Thesdests must be repeatedragjular intervals to be effective;
« If the test is abnormal, an invasive test (coloopsg will be needed.

If patients are not willing to have repeated tegtin havecolonoscopy if the test is abnormal, these
programs will nobe effective and should not be recommended.

Based on our review of the historic and recent&awe, théests inTable lare acceptable options
for the early detectioof CRC and adenomatous polyps for asymptomaticdsdged 5§ears and
older (also se&able 9.




View this TABLE 1 Testing Options for the Early Detection@dlorectal Cancer and
table: Adenomatous Polyps for Asymptomatic Adults Agedy®g@rs and Older
[in this

window]

[in a new

window]

View this TABLE 2 Guidelines for Screening for the Early Detien of Colorectal Cancer
table  and Adenomas for Average-risk Women and Men Aged&drs and Older
[in this
window] Abbreviations: FSIG, flexible sigmoidoscopy; DCBuble-contrast barium
[in a new enema; CTC, computed tomography colonography; gk@Ba&iac-based fecal
window] occult blood test; FIT, fecal immunochemical taf)NA, stool DNA test.

SCREENING TESTS FOR THE DETECTION OF CRC

Stool Blood Tests—gFOBT and FIT
Stool blood tests are conventionally known as fecallt bloodests (FOBT) because they are
designed to detect the preseateccult blood in stool. FOBT fall into 2 primacategoriebased
on the detected analyte: gFOBT and FIT. Blood endtools a nonspecific finding but may
originate from CRC or largé€r1 to 2 cm) polyps. Because small adenomatousppalgnot tend to
bleed and bleeding from cancers or large pahyag be intermittent or simply not always detectable
in a singlesample of stool, the proper use of stool bloodstequiresinnual testing that consists of
collecting specimens (2 or @epending on the product) from consecutive bowelaments-2:244°
FIT generally are processed only in a clinical labory, whereagFOBT are processed either in the
physician's office or in dinical laboratory. When performed for CRC screenia positivgfFOBT
or FIT requires a diagnostic workup with colonosgctpexamine the entire colon in order to rule
out the presence oaincer or advanced neoplasia.

gFOBT
gFOBT are the most common stool blood tests ifas€RC screeningnd the only CRC
screening tests for which there is evideoicefficacy from prospective, randomized controlled
trials.Guaiac-based tests detect blood in the stool thrdiug pseudoperoxidaaetivity of heme or
hemoglobin, while immunochemical-based testt to human globin. The usual gFOBT protocol
consists otollecting 2 samples from each of 3 consecutiveddamovementat home. Prior to
testing with a sensitive guaiac-based tesliyviduals usually will be instructed to avoid agpand
other nonsteroidal anti-inflammatory drugs, vitar@inred meagoultry, fish, and some raw
vegetables because of diet-tes¢ractions that can increase the risk of botbefgdositiveand false-
negative (specifically, vitamin C) resuffsCollectionof all 3 samples is important because test
sensitivity improvesvith each additional stool sampfe.



gFOBT—Efficacy and Test Performandéree large, prospectivendomized controlled trials
with gFOBT have demonstrated tlsateened patients have cancers detected at areedriyore
curable stage than unscreened patients. Over 8@ 13 yearsgach of the trials demonstrated
significant reductions in CR@ortality of 15% to 33%:>2*Moreover, incidence reductiaf 20%
was demonstrated in one trial (Minnesota) afteyd& sof follow up, which has been attributed to
relatively higherates of colonoscopy in the study (38% of subjectie screenegroup)?

The sensitivity and specificity of a gFOBT has bskown tde highly variable and varies based
on the brand or variaof the test’; specimen collection technigiienumber of samplesllected
per test®; whether or not the stool specimen is rehydréigechdding a drop of water to the slide
window before processing)and variations in interpretation, screening interaad othefactors2®

The reported sensitivity of a single gFOBT varieasiderablyln a review by Allison and
colleagues, sensitivity for canganged from 37.1% for unrehydrated Hemoccult T94% for
Hemoccult SENSA! Lieberman and Weiss compared one-time testitiyrehydrated Hemoccult
Il and observed 35.6% sensitivir cancer? In a study comparing gFOBT (unrehydrated
Hemoccultl) with SDNA, sensitivity for cancer was only 128’ Morerecently, Allison and
colleagues compared a high-sensitighOBT (Hemoccult SENSA) with an FIT and observed
64.3% sensitivitjor cancer and 41.3% for advanced adencthasus, the dateeveal a range of
performance among gFOBT variants that allthvesn to be grouped into low- and high-test
sensitivity groupsThe specificity of gFOBT also is variable, with lgest sensitivitygFOBT (such
as Hemocecult 1) tending to have very high spettifiand high-test sensitivity gFOBT (such as
Hemoccult SENSA) havinlgwer specificity. In a comparison of various stbtdod testsAllison
and colleagues observed specificity for canceraahwnce@denomas of 97.7% and 98.1%,
respectively, for Hemoccult Nyith a combined specificity for cancer and advaragenomasf
98.1%. For Hemoccult SENSA, which had greater seitgifor cancer and advanced adenomas
compared with Hemoccult Bpecificity for cancer and advanced adenomas wa8@énd 87.5%,
respectively, with a combined specificity for canaad advanceadenomas of 87.5%.

A significant limitation of the potential of tesgrwith gFOBTis that it is commonly performed in
the doctor's office assingle-panel test following a digital rectal exahin a recenhational survey
of primary care physicians, 31.2% reported usinly the in-office method of gFOBT, and an
additional 41.2%f physicians reporting using both the in-officethoal or theake-home method.
While this approach may seem pragmatic, Cobinal demonstrated that sensitivity is only 4.9%
for advancedeoplasia and only 9% for cané@The accuracy of this methaxso low that it
cannot, under any circumstances or ratiooht®nvenience, be endorsed as a method of CRC
screening.

An additional limitation observed in the currenewd gFOBTis inadequate follow up of a positive
test. Despite the fatitat all existing CRC screening guidelines recomangsionoscopyollow up

of a positive gFOBT, in the same survey that resaiailgh rates of in-office gFOBT, nearly one-
third of physicianseported that they followed up a positive gFOBThvatrepea FOBT, and a
substantial percentage reported that they ref@aigdnts to sigmoidoscopy rather than colonoscopy
after a positivgFOBT. Similar patterns of testing and responsgmsitivetest results have been
reported by patients undergoing at-hasoeeening”

gFOBT—Benefits, Limitations, and Harmsnual testingvith gFOBT has been shown to reduce
both CRC mortality and incidencBesting for occult blood is simple and is associatéh
minimalharms, although any testing with gFOBT is assodiatéh apossibility of a positive test
result that will require followap with colonoscopy, which is associated with atgeriskof harms.
The limitation of gFOBT is that many of the indivatests have limited test sensitivity under the



best of circumstanceand this sensitivity may be further compromisegbgr andncomplete
specimen collection and inadequate or impropergesiagand interpretation. Program sensitivity
(ie, the outcome okpeat annual testing) is considerably highertleisystems ensure regular,
annual testing often are not in placestpport either the patient or his or her physittahe
adherentfurther, testing in the office following a digitactal examwhich is highly inaccurate,
has been common and still may peraisgtignificant levels today. When either the tdst, testing
procedure, or both have very low test sensitivitg &hen positivéests are not followed up with
colonoscopy, the potentialhiggh for patients to have a false sense of reassearaftetesting.
Finally, patients who choose gFOBT for CRC scregmnst understand that annual testing is
required.

Quality Assurancelf patients and their providers select gFraBTCRC screening, they should be
aware of several quality issuessed on programmatic performance in clinicalgrigirstthe test
must be performed properly with 3 stool samplesinledat home. A single-stool sample FOBT
collected after digitalectal exam in the office is not an acceptableesurg testand it is not
recommended. Prior to testing with a sensigiwaiac-based test, individuals should be instrutded
avoidnonsteroidal anti-inflammatory drugs such as ibterpnaproxemr aspirin (more than one
adult aspirin per day) for 7 dagsor to testing unless they are on a cardioprotecegimenThere
has been debate as to whether additional dietatyationsreduce compliance with testing and are
necessary to reduce thgk of both false-negative and false-positive hssiResult®f a meta-
analysis that examined completion and positiviguhsfound little support for the influence of
dietary restrictionen completion or positivity rates, with the exceptof completiomates in one
study that imposed severe restrictions. Howawanufacturers still endorse avoidance of vitamin C
in exces®f 250 mg from either supplements or citrus framsl juiceand avoidance of red meats
(beef, lamb, and liver) for 3 dapefore testing. This seems prudent since recersuroptionof red
meat is associated with increased false positigitglexcess vitamin C can result in false-negative
results. Secondt, is critically important that physician offices@ laboratoriefollow recommended
guality-assurance procedures for test developarahinterpretation. Although rehydration of
gFOBT slides increassensitivity, it is not recommended because it chreeselyaffect the
readability of the test and also substantially éaseshe false-positive rate. Sinatra and colleagues
observed considerablariation in the interpretation of gFOBT among &Bdratoriesn

Melbourne, Australia, and concluded that ongoirdptéciantraining and review of laboratory
procedures were importatftBetter results may be achieved if guaiac-based &stroutinely
processed and interpreted in a clinical laboratdhyrd, ifthe test is positive, patients should be
advised to have colonoscofRepeating the stool test or follow up with noncalscopy testare
inappropriate. Fourth, if the test is negativejgrasshould understand that they need to have
repeated testing annually.

gFOBT—Conclusions and Recommendatidmual screeningith high-sensitivity gFOBT (such
as Hemoccult SENSA) that halveen shown in the published, peer-reviewed liteeatn detech
majority of prevalent CRC in an asymptomatic popafaisan acceptable option for colorectal
screening in average-rigklults aged 50 years and older. Any positive testilsl befollowed up
with colonoscopy. Individuals should be infornthdt annual testing is necessary to achieve the
fullest potentiabf this test and that they will need follow-up cobscopy iftest results are positive.
Screening for CRC with gFOBT in tlfice following digital rectal exam or as partapelvic
examination is not recommended and should not be.ddommonlysed guaiac tests, with or
without rehydration, that have nm¢en shown in the literature to detect a majoritgrevalentCRC
at the time of testing are no longer recommended.

FIT
The concept of applying an immunochemical methags$tingstool for occult blood was first



proposed in the 19765 andcommercialization of the technology began in th8QE9 Thause of
FIT in the United States has lagged behind somerottuntries, mostly due to the higher costs
associated with FItompared with gFOBT. However, recently increasatbarsemenby
Medic;gzre made the use of FIT financially viable &ag ledo its wider acceptability in the United
States:

FIT has several technological advantages when caadpeithgFOBT. FIT detects human globin, a
protein that along with henm®nstitutes human hemoglobin. Thus, FIT is moreifipgor human
blood than guaiac-based tests, which rely on detect peroxidase in human blood and also react
to the peroxidasthat is present in dietary constituents such asned meatruciferous vegetables,
and some fruit&® Further, unlike gFOBTEIT is not subject to false-negative results inghesence
of high-dose vitamin C supplements, which blockkeoxidaseeaction. In addition, because
globin is degraded by digestigazymes in the upper gastrointestinal tract, F$b alre more
specific for lower gastrointestinal bleeding, thwnprovingtheir specificity for CRC. Finally, the
sample collection fasome variants of FIT are less demanding of patigrais gFOBTrequiring
fewer samples or less direct handling of stool.

FIT—Efficacy and Test Performandgecently, a numbef new FIT have entered the market,
although not all are availahlethe United States. Some of the new FIT have lesaiuatedn
comparison with gFOBT in diagnostic accuracy stsigwhhuman subjects who all undergo
colonoscopy to define the trpeesence or absence of neoplasia. Other FIT haare daluated
only on the basis of their ability to detect theg@nce afertain concentrations of blood in
laboratory settings. No Flfias been tested in a randomized trial where theomé of interegs
CRC mortality, nor is it likely, as is the casewiiolonoscopythat such a study will ever be
undertaken.

A number of studies over the past 20 years haveaoed theliagnostic accuracy of various FIT
with gFOBT (most often Hemoccultor Hemoccult SENSA). In this review, we havedsed on
studieghat compared different FIT with Hemoccult SENSAcs at preseiitthas the highest
sensitivity of currently marketed gFOB¥>**Based on data from these 6 studies, it appears that
there arao clear patterns of superior performance in oVégat performancketween a high-
sensitivity guaiac-based test (Hemoccult SEN&#) a variety of FIT.

FIT has been performed in subjects undergoing sargeolonoscopto determine one-time
sensitivity and specificity. Morikawet al studied 21,805 asymptomatic adults who uneetw
testingwith the Magstream 1000 test (not available intinged States¥pllowed by

colonoscopy? The Magstream FIT was positiveGr6% of patients, with 27.1% sensitivity for
advanced neoplasénd 65.8% sensitivity for cancer. In a similar stuaglthougmot in a totally
asymptomatic population, Levi and colleagsesght to measure both sensitivity and specifiaity
a quantitativé-IT and, as well, to measure fecal hemoglobin tiokls mospredictive of advanced
neoplasia and canc&One thousandmbulatory patients, some with and some withoutptgms

of CRC, who were scheduled for colonoscopy and whewaiingto also undergo an FIT with 3
samples were included in the stu@iiie hemoglobin content of 3 bowel movements wassoreal.
Thesensitivity for cancer with 3 FIT samples with arfeglobinthreshold set at 75 ng/mL was
94.1%. Specificity for cancevas 87.5%. Allison and colleagues recently publistesultof a
comparison of a sensitive gFOBT (Hemoccult SENSAh & FIT (Hemoccult ICT) for cancer and
advanced adenomas in thistal colon in nearly 6,000 average-risk subjedte had undergone
FSIG* Both tests showed superior sensitivity for camzenparedvith the single-test performance
of an unrehydrated gFOBT. Thensitivity for CRC of the FIT and the sensitivedBT was 81.8%
and 64.3%, respectively. However, the sensitive BIFGhowedsuperior performance for advanced
adenomas (41.3%) comparedh FIT (29.5%). Specificity of FIT tends to beghier tharthat



observed for high-sensitivity gFrOBT. For examptetheanalysis by Allison et al, the specificity of
Hemoccult ICTwas 96.9% for distal cancer, 97.3% for distal adeainesionsand 97.5% for all
distal advanced neoplasta.

FIT—Benefits, Limitations, and HarmBhe spectrum dfenefits, limitations, and harms is similar
to a gFOBT withhigh sensitivity. One advantage of FIT over gFOBpears tde a function of
fewer demands on patients undergoing FIT compardgFOBT. FIT does not require a restricted
diet, and theampling procedures for some forms of FIT are dessanding®

Quality Assurancelf patients and their providers select RAey should be aware of several quality
issues. Although theage no clinical trials assessing programmatic perémce, aeffective
screening program will depend on repeat testittgeifinitial test is negative and referral for
colonoscopy ithe test is positive. At this time, the optimal aenof FITstool samples is not
established, but 2 samples may be supasione®

FIT—Other IssuesGiven the lack of clear differencetast performance in studies conducted to
date, policy makergroviders, and patients may want to consider démetors whemleciding which
occult blood test to use. Relevant other fadgtwrkide cost (both out-of-pocket and total costs) a
likelihoodof test completion, which appears to be greaten ®wiT comparesvith gFOBT°

FIT—Conclusions and Recommendatiofsnual screeningith FIT that have been shown in the
published, peer-reviewditerature to detect a majority of prevalent CRG@Gmasymptomatic
population at the time of testing is an acceptalplk#on forcolorectal screening in average-risk
adults aged 50 years aolder. Any positive test should be followed up withlonoscopyAdults
should be informed that annual testing is necedsaghieve the fullest potential of this test and
that they willneed follow-up colonoscopy if test results are {posi

sDNA
Knowledge of molecular genomics provides the bas&snewmethod of CRC screening that tests
stool for the presence khown DNA alterations in the adenoma-carcinoma seqge of colorectal
carcinogenesis. Adenoma and carcinoma cells thdaicoaltereddNA are continuously shed into
the large bowel lumen and passethe feces. Because DNA is stable in stool, rit lsa
differentiatecand isolated from bacterial DNA found in the fe&hlo singlegene mutation is
present in cells shed by every adenoma or cahbas, a multitarget DNA stool assay is required to
achieve adequasensitivity. At present there is only one commédigiavailablesDNA test. The
prototype assay of this test (version 1.0miiich most of the published evidence is available
consisteaf a multiple-marker panel that included 21 semapatint mutations theK-ras, APC,
P53 genes; a probe fBAT-26(a marker ofmicrosatellite instability); and a marker of DNA
integrity analysigDIA). The sDNA that is currently commercially alable isa second-generation
version of this test (version 1.1) tatludes this same marker panel but incorporatesrak
technicakdvances related to processing and specimen patiser’***Whereas gFOBT and FIT
test a sample of stool or sample of watarounding stool, the currently available SDNA tes
requireghe entire stool specimen (30 g minimum to ensaradequateample of stool for
evaluation). Collection kits have been desigteefdcilitate specimen collection and mailing aad t
enhanceompliance.

sDNA—Efficacy and Test Performan&everal studies dhe sensitivity and specificity of SDNA
testing for CRC detectidmve been published utilizing a panel of DNA maskéP>=*Test
sensitivity for CRC in these studies ranged fror53891%, with specificity ranging from 93% to
97%. Lower sensitivitin some of these studies has been attributed topsinbal sensitivity
performance of DIA resulting from DNA degradatiouriehg transiof specimens to the laboratory.



The changes associated withrsion 1.1 are reported to address these probl@enesstudytilizing
version 1.1 has been published by Whitney®traporting a sensitivity for CRC of 70%.

sDNA has been compared to a low-sensitivity gFOB®rie largeprospective study of an average-
risk screening cohort. Imperiad¢ al conducted an investigation in a cohort 002,8verage-risk
individuals undergoing colorectal neoplasia scnegiy 3 modalitiessDNA using the prototype
assay (version 1.0), gFOBT (nonrehydratetnoccult I1), and colonoscopy sDNA testing had
statisticallysignificantly better sensitivity for CRC comparediwHemoccultl (52% versus 13%)
and for all cancers and high-grade dysplé&e8% versus 14.1%), with comparable specifidity.
this studysDNA was much less sensitive in the detection lddanceddenomas (15.1%),
defined as a tubular adenoma at least Incdrameter, an adenoma with a villous histologic
appearancer an adenoma with high-grade dysplasia, althousgtillishowedsuperior performance
to the comparison gFOBT (10.7%%)Dataon program performance of SDNA screening are lagkin
Informationon the sensitivity and specificity of CRC and adeaaletectiomomes from an
evaluation of results from a single test. Al currently available sDNA gene test—version 1.1—
hasnot been rigorously tested in screening cohortdbheéd oavailable data can be reasonably
assumed to perform as wetl better than version 1% New version assays with bet@KA
stabilization and simplified genetic analyses mayroresensitive than version 1.0 but require
testing in screeningphorts™

sDNA—Benefits, Limitations, and HarnTe primary benefif SDNA is that this methodology
has acceptable sensitivity CRC and is built upon the concept of detectimgeculamarkers
associated with advanced colorectal neoplasiantitidependent on the detection of occult
bleeding, which istermittent and nonspecific, and it requires amlginglestool collection.
Further, newer versions may have better sensitgtyore is learned about markers that are
common across ghrevalent CRC, as well as advanced adenomas. siklsg alsas
noninvasive and lacks physical harm. Patient andgigeracceptance of this technique appears to
be high, with availabldata indicating that SDNA is preferred over otlests by somimdividuals,
and among others testing with SDNA, it is at le@sacceptable to patients as testing with
gFOBTZ-M Bergeret al reported that most individuals undergoing 8D&ho completec mailed
survey reported satisfaction with the sDNA tespngcess, and most reported that they would
repeat testing ifecommended by their physici&n.

A clear limitation of SDNA testing for the deteatiof CRCand large adenomas is that test
sensitivity is based on a pawéimarkers that appears to identify the majoritypof notall CRC.
Further, it is not known what proportion of advashadenomas is identified with the current
commercial version (versidnl) of the sDNA test. Other potential limitaticthgt have
considerable implications for cost-effectivenesstae unitost of the current te& which is much
higher than the othestool tests, and the frequency with which the sesuld bgerformed, which
is uncertain. Currently, the test is und®riew by the Food and Drug Administration for 510K
certificationbut is commercially available under the "home breategory.

An additional issue is the clinical relevance qiositivegenetic test without identification of the
cause of the abnormalitthis has not been studied systematically. At idsua testhat is based on
molecular markers is the degree to whigiositive test, with no evidence of advanced lesigren
completionof colonoscopy, is truly negative or positive fdeaion thats not yet clinically evident.
Osborn and Ahlquist have highlightiek fact that inasmuch as cancers exfoliate cetistiaat these
cells can survive the digestive process and ulgigdie excreteth stool, high prevalence
supracolonic aerodigestive cancem@y also be detected by sDNAHowever, at this time, the
significanceof a positive test result in a patient with a nagatollow-upevaluation is unknown.



Quality Assurancelndividuals should be informed about thenefits and limitations of screening
for CRC with sDNA, includinghe facts that at present the test is more seadiivcancethan
advanced adenomas, that the current panel of nsankbnot identify all cancers, and that a
positive test will neetb be followed up with colonoscopy. Individuals ghlbalsoknow that the
rescreening interval after a negative tesinisertain. Individuals should be made aware tleit th
stoolspecimen must be packaged and shipped in a custdroadlectiorkit that includes a specially
designed ice pack. Patients mh@te access to a working freezer and allow thipaak tdreeze

for at least 8 hours prior to use. If the specinseaturned without the ice pack or if there are
unforeseen delays specimen return or processing, the specimenbeaygjected.

SDNA—Other Issuedesting stool for mutated DNA and otlmearkers poses unique challenges in
shared decision making. Thanel of markers that was evaluated in populatiodies wasot
sensitive for all advanced lesions and cancertlageis uncertainty about improvements in the
sensitivity of neweversions for advanced neoplasia and cancer inrgageohortsAt this time,
patients will need to be informed that SDNA widitect some but not all advanced lesions and
cancers. Theralso is uncertainty about how positive results withevidencef advanced lesions

or cancer on follow up should be interprebgdpatients and whether or not these patients regui
differentplan for ongoing surveillancg.Additional research is necess#ryesolve these questions.

As noted previously, the most informative datalos performancef SDNA is from version 1.0,
which has been replaced with versioh; the newer version uses the same panel of msaloke is
reported to have improved qualf° Newer versions are currentipder evaluation and are
reported to have improved sensitivityith diminution of specificity. The evolution ofgts of this
type raises important questions as to how perfoocaanh successivigerations should be evaluated
and whether large prospectsteidies of asymptomatic patients with follow-upaascopyamong
all participants are required. Another questiontiwpof consideration is whether or not including a
sensitive gFOBDr FIT at the time of testing would improve sengtyi, withoutadversely affecting
specificity. In a recent retrospective analysistool samples from patients with CRC and donor
controlscombined results from a standard gFOBT and a pHM@NA marker§APC, BAT-26 and
L-DNA) resulted in a combined sensitivigy cancer of 93% and specificity of 89%s.

SDNA—Conclusions and Recommendatiémprevious assessmenfghe performance of SDNA,
both the ACS and the USMSTF concludiealt data were insufficient to recommend screeniitiy
sDNAfor average-risk individuaf$:2* Based on the accumulatiohevidence since the last update
of these guidelines, the parehcluded that there now are sufficient data ttushe SDNAas an
acceptable option for CRC screening. As noted altegéingstool for molecular markers is an
evolving technology. New iteration$ these tests, either technological enhancemémsisting

tests or completely new test variants, should lpefally evaluatedn order to determine that they
meet the criteria of detectimgmajority of cancers at the time of screeningdisth havecceptable
performance in a screening cohort. While the mastufarof the one test that is commercially
available currently irecommending a 5-year interval for routine scregiiaetweemxaminations

with normal results, the panel concluded that tiene insufficient data upon which to endorse this
interval.Such an interval was judged by the committee tagpropriatenly for a test that has very
high sensitivity for both cancand adenomatous polyps—a standard that has notloeemented

for sSDNA to date. At this time, further researciméeded tdetermine the interval between negative
SDNA exams. Based aurrent evidence, the appropriate interval is uiacer

TESTS FOR THE DETECTION OF ADENOMAS AND CRC

Endoscopy Examinations of the Colon and Rectum—FSIG and Colonoscopy
FSIG



FSIG is an endoscopic procedure that examineotierlhalfof the colon lumen. In addition to the
standard 60 cm sigmoidoscofiee exam may be performed with a variety of endpisco
instrumentsincluding a colonoscope, an upper endoscope, aediatriccolonoscope. It is
typically performed without sedation awith a more limited bowel preparation than standard
colonoscopySince sedation is not required, it can be performeaffice-basedettings and by
nonphysicians, including nurses or physi@asistants, provided adequate training has been
received”

FSIG—Efficacy and Test Performandde use of FSIG fdCRC screening is supported by high-
quality case-control armbhort studies, which have been reviewed in detséwheré?In 2 well-
known case-control studies, FSIG was associatddavd0% to 80% reduction in CRC mortality
for the area of theolon within its reach, and this protective effappears tpersist for 10 years or
more®’® A small, randomized tri&land a case-control stifyalso demonstrated decreased CRC
incidencan the sigmoidoscopy-screened group compared withrngcreenedontrol group. There
are 4 prospective, randomized controtigals ongoing in the United States and Eurdpe’and
results are expected in the near future.

Additional evidence supporting the effectivenes&8fG derivesrom colonoscopy studies. FSIG
is 60% to 70% as sensitive fdvanced adenomas and cancers in the colon compdbed
colonoscopy>2®However, this figure varies according to age, witbximalneoplasia becoming
more common after age 65 ye&r®ue toobserved differences in the distribution of colonic
neoplasiaFSIG may also be less sensitive in women than im$halthougtthe overall prevalence
of advanced colonic neoplasia is lowewomen than in me¥, and it may be less sensitive in
African Americans than in Whites. Several studies havecatdd thaffrican Americans have a
higher prevalence of proximal lesighsin Whites’>2 although a more recent evaluation of
proximallesions in a consecutive series of African Ameriaad Whiteadults undergoing FSIG did
not observe a statistically significahtference in proximal lesions between the 2 groogsed
amonghose adults with neoplastic lesions identifiedmysigmoidoscopy? In addition, a number
of recent studies have documented a Iqwevalence of distal colon and rectal lesions intégh
compareavith Hispanics and Asiarf$:2 Differences in the prevalenoédistal and proximal
lesions based on age, gender and ethnamy,the benefits and limitations of CRC screeniity w

FSIGamong these different groups remain important d@asontinuednvestigation.

The effectiveness of sigmoidoscopy depends ondh®ptetionof a high-quality exam. Studies
have demonstrated variable adenalaection rates at screening sigmoidoscopy thaatiibuted
to exam quality and completen€ésidvanced neoplasia has béeand within 3 years of a
negative sigmoidoscopy in the Prostaiag, Colorectal and Ovarian Cancer Screening ,Trial
raisingissues of exam qualif{y. Although scope insertion to beyo#@ cm is only one measure of
quality, the clinical studies thegport adenoma detection and efficacy all achibigelévelof
insertion®® Studies have demonstrated that deeper lef@hsertion are associated with a higher
detection rate fandvanced neoplasta.Therefore, the panel recommends thaigimoidoscopy is
performed for CRC screening, insertion tocA® or beyond is required.

Exam quality also depends on the appropriate manageof endoscopitndings. The panel
recommends that any endoscopist perforrsiggnoidoscopy should be skilled in obtaining biegsi
of polypsto determine histology. The histologic findings ar@rmativefor follow-up decision
making. There is evidence from 2 laggpeeening studies that if a patient has an ademdraay
sizein the distal colon, he or she has an increas&dfiproximaladvanced neoplasia (2-fold or
higher) compared with patientdho have no polyps or only hyperplastic polypshia dlistal
colon*# Therefore, we recommend that most patients whe &@enomas discovered at



sigmoidoscopy should undergo colonoscdplyiopsies are not obtained, another strategy reter
all patients with one or more polyps >5 mm for colompsc”

The appropriate interval between normal sigmoidpg@xamss uncertain and may extend to 10
years, although the protectigffect would depend greatly on the quality of tkarainationPrior
ACS and USMSTF CRC screening guidelines have recamderth 5-year interval between normal
FSIG examinations, while recommendmd0-year interval between colonoscopy examinafitfis
Theshorter interval was recommended for FSIG becafisermwerngabout exam quality and
completeness in most clinical settiniyssettings where an experienced endoscopist pesfar
completeexamination on a well-prepared patient and achiswsestionbeyond 40 cm, a 10-year
interval between screening FSIG niyjustified. Since, these criteria are not rougiehievedn
many clinical settings, a 5-year rescreening irgkremainghe standard recommendation.

The most important limitation in the evidence f&16 is thdack of a longitudinal head-to-head
comparison between FSEgreening and other CRC screening tests, such@soscopyor the
different stool blood tests. Apart from the iss@ipatient preference, a key question for screening
policy is thencremental benefit of colonoscopy over FSIG, gitlemhighedirect medical and
indirect costs of colonoscopy and the higtigk of complications with colonoscofs.

FSIG—Benefits, Limitations, and Harnhe chief advantagd FSIG is that it can be performed
with a simple preparatigf2 Fleet enemas), without sedation, and by a waokéxaminersn

diverse settings. With respect to distal bowel mé#rag,the use of enemas is often imperfect, and
superior bowel cleansing achieved with the more thorough oral sodium phate procedure.
Patients have reported a more favorable experieitbetheoral prep compared with the enemfas.
The absence of sedatimperceived by some patients as an advantageyaoithérsas a
disadvantage, although in one series, a greateepe&ygef patients undergoing sigmoidoscopy
reported periprocedurdiscomfort (during and postexam) compared withgras undergoing
colonoscopy® Moreover, lack of sedation is associated \itater patient discomfort and greater
patient reluctance tendergo the examination for future screerfiffg.

An additional limitation of FSIG is that there miag considerableariation both in depth of
insertion of the scope and in adenatetection at FSIG between different examirtéré and this
may reduce the effectiveness of FSIG for CRC sangerespeciallyn practice settings of low
volume. Quality assurance isiamportant issue for flexible sigmoidoscopists aag been
reviewedn detail elsewheré’ Providers should be well trained asttuld exceed the published
American Society for Gastrointestirtahdoscopy standards for a minimum number of trginin
examinationgrior to performing sigmoidoscopy without superorsi

The chief limitation of FSIG is that it does noa@xine theentire colon but, under optimal
conditions, only the rectursigmoid, and descending colon. However, severaslof evidence
support the idea that the incremental benefit édromscopys less than simply the difference in
sensitivity for advancealdenomas between colonoscopy and FSIG becausepateytsvith
small distal adenomas will receive colonoscopy,clwimayresult in discovery of proximal
advanced adenomas and canthe complications of FSIG include colonic perfooatievenf no
biopsy or polypectomy is performed, but this ocdnfewer than one in 20,000 examinatiéis®

Quality AssuranceQuality indicators for FSIG have been previoysiplished Key elements
include (1) appropriate training ehdoscopists; (2) satisfactory examination ratdseimnd 4@m;
(3) expected adenoma detection rates based omdggeaderand (4) ability to biopsy suspected
adenomas. The effectivenedsan FSIG program is based on the assumptionfthatadenoméas
detected in the sigmoid colon or rectum, the pateouldbe referred for total colonoscopy.



Patients should fully understatight in most circumstances colonoscopy will be net@nded in
adenoma is detected during FSIG and that if theyiawillingto accept referral to colonoscopy,
they should have a differeform of screening.

FSIG—Other Issue$SIG use in the United States has lmmreasing in the recent decade,
coincident with a rise in colonoscopygage. An analysis of Medicare data from the y&8es8 to
2002demonstrated a 54% decrease in sigmoidoscopy sedrethesarliest and latest periods
studied and a more than 6-fold incremseolonoscopy usage over the same time frifh@ther
datafrom endoscopic facilities across the United Statdectedand analyzed by investigators from
the Centers for Disease Contaold Prevention estimated that approximately 2.8aniFSIG
examinations and 14.2 million colonoscopy examaratiwererformed in 2002% Low
reimbursement and a shortage of adequéatailyed examiners are 2 barriers to the availgtulit
FSIG3%1%|n settings where reimbursement rates have not @eemcermnd where nurse
endoscopists have been employed, high GftESIG utilization have been achieved.

FSIG—Conclusion and RecommendatidfSIG can result ithe identification of the majority of
prevalent CRC at the tino# screening, when the examination reaches thaisplexureor beyond
40 cm as a reasonable target for insertion and atiemomas in the distal colon are used as an
indication for theneed for colonoscopy. Although the appropriateruatebetweemormal
examinations is uncertain, FSIG is recommendectfelformed for screening every 5 years in
most clinical settingdue to concerns about exam quality and completeR&36& carbe performed
alone, or consideration can be given to combiRi8Hs performed every 5 years with a highly
sensitive gFOBT dFIT performed annually. In high-quality centersaisas thgprogram operated
by Kaiser Permanente in California) where procesiame conducted by properly trained and
experienced endoscopistho document regular insertion beyond 40 cm wigload bowel
preparation, a 10-year interval between negatiersxmay besasonable.

Individuals should be informed about the limitasaf FSIGjncluding the fact that it examines
only the distal colon; thalhere is a risk, albeit small, of perforation; dahdt theymay experience
discomfort during and after the examinatiBatients should also understand that the exammatio
achievesigher quality when bowel cleansing follows the sgmmotocohks that for colonoscopy.
Finally, patients should be inform#tht positive test findings will need to be folladvep with
colonoscopy.

Colonoscopy
Colonoscopy is one of the most commonly performedical proceduras the United States, with
estimates of up to 14 million procedupesformed in 2003%* Colonoscopy allows direct mucosal
inspectiorof the entire colon from the appendiceal orificéite dentatBne and same-session
biopsy sampling or definitive treatmét polypectomy in the case of precancerous polygs a
some early-stagsancers.

The modern colonoscope is capable of examiningiiee bowelwith the examination
terminating at the cecum. Patients geneidlgpt a liquid diet one or more days before the
examinationfollowed by either ingestion of oral lavage solaSoor salindaxatives to stimulate
bowel movements until the bowel is cleBnoper bowel preparation is a critical elementhim t
accuracyand cost-effectiveness of screening with colonogé®pitis common for the patient to
receive a mild sedative prior tiee procedure, but it is not essential for those tateratehe
procedure with only mild discomfoff®

Colonoscopy—Efficacy and Test Performanideere are nprospective randomized controlled
trials of screening colonoscofiyr the reduction in incidence or mortality of CRa@wever,



because colonoscopy is used to evaluate otheivmsdreeningests, there is evidence to indicate
that colonoscopy and polypectom@gult in incidence reductions in randomized cdladatrialsof
other screening tests. The University of Minnesatadomizeatontrolled trial of FOBT observed a
20% reduction in incidenad CRC, which the authors attribute to colonoscapg polypectomin
patients with a positive FOBTIn a randomized controlledal of FSIG versus no screening and
with follow-up colonoscopgnd polypectomy performed for any polyp detectesigithoidoscopy,
the screening group experienced an 80% incidentetien inCRCZ

Case-control studies cited above of sigmoidoscolyplypectomyn screening populations also
are considered to provide supportewgdence for colonoscopy because of the similarfithe
examinationg the distal colon. In a case-control study oboaiscopyn the US VA population,
colonoscopy in symptomatic patiemtas associated with a 50% reduction in mortafity.

The evaluation of incidence rates of CRC in adenoatrtsafter baseline colonoscopy and
polypectomy is another form e¥/idence commonly cited to support colonoscopyCieC
screeningln the National Polyp Study, the incidence of CRteraclearingcolonoscopy was
reduced by 76% to 90% compared with 3 nonconcuredettence populatioris? In an Italian
adenoma cohort studyith removal of at least one adeno¥tamm, there was an 808duction in
CRC incidence compared with expected incidéneereference populatidft However, not all
studies havehown the same level of protection. Combined data 3 USchemoprevention trials
showed incidence rates of CRC after cleacolgnoscopy approximately 4 times that seen in the
NationalPolyp Study, with no reduction in CRC incidence pamed withdata from the
Surveillance Epidemiology and End Results (SE@R3base in the United Statésand 2 US
dietary interventiofrials also showed higher rates of incident CRE@raftearingcolonoscopy than
were observed in the National Polyp Stdth*These differences may reflect exclusion of patients
with sessiledenomas >3 cm in size in the National Polyp Stodyreeffective baseline clearing
(13% of patients in the Nation@blyp Study had 2 or more baseline colonoscopytoptete
clearing),or unmeasured differences in the average qualitplminoscopyetween the studies.

Overall, the data support the conclusion that cadoopy withclearing of neoplasms by
polypectomy has a significant impaet CRC incidence and, thus, by extension, mortalitye
magnitudeof the protective impact is uncertain; it is nosalote, noare apparent failures well
understood. In a study of 35,06¢mptomatic patients in Manitoba who had undergonegative
colonoscopy and who then were followed for 10 yetdws investigatorsbserved significant
reductions in CRC incidence over tinbef the incidence reductions were less than 50%doh of
the first 5 years and no more than 72% by 10 yddmsse findingsuggest detection failures during
the initial, apparently normaiplonoscopy.

Colonoscopy—Benefits, Limitations, and Hardprincipalbenefit of colonoscopy is that it allows
for a full structurakxamination of the colon and rectum in a singlsisesandor the detection of
colorectal polyps and cancers accompahietiopsy or polypectomy. All other forms of screwy)

if positive,require colonoscopy as a second procedure.

Patient surveys indicate that patients willing talergo invasivéesting tend to choose colonoscopy
as their preferred tetin addition to being a complete examination of¢hion, individualsnay

also regard sedation during the procedure as aangalyePatients in the same practice who had
undergone unsedated F3Geening were more than twice as likely to sayttiey wouldhot

return for additional screening compared with thmeehad undergone colonoscopy with
sedation®



Colonoscopy has several limitations. It requires onmorelays of dietary preparation and bowel
cleansing, usually a dadicated to the examination, and because of sedatichaperone

needed for transportation. It is an invasive procedandurveys indicate that a significant
percentage of adults prefsther noninvasive options for CRC screenthtf>1Effective
performance of the procedure is dependent on tigbrbowelpreparation, which is often perceived
as the most unpleasadrt of the colonoscopy process by those who hadengonghe test.
Limitations with regard to detection of neopldsae been previously discussed, and the fact that
colonoscopys operator-skill dependent is another signifidanitation. Patients are generally
poorly informed about the problem\adriable performance of the procedure and are ureawfahe
skill level of their endoscopists. Formal qualiysaranc@rograms do not exist, and the current
reimbursement systefor colonoscopy does not reward careful examindbigintendso reward
rapidly performed examinations and repeated exainimsat unnecessarily short intervafS.
Polypectomy is sometimaseffective in eradicating polyps, a factor thas li@en implicateds the
cause of up to 25% of interval canc&fs*Finally,colonoscopy is not an infallible "gold
standard."” Controllestudies have shown the colonoscopy miss rate ifige ladenomas10 mm)

to be 6% to 1292212 The reported colonoscopy misge for cancer is about 5812

Colonoscopy can result in significant harms, mdt&groassociatedith polypectomy, and the most
common serious complicationpsstpolypectomy bleeding. The risk of postpolypsauotdleeding
is increased with large polyp size and proximabodbcationhowever, small polyp bleeds are
more numerous than large polyleeds because small polyps are so numerous. Arsgreficant
risk associated with colonoscopy is perforatiorrfétationincreases with increasing age and the
presence of diverticulaisease and was recently estimated to occur irbD@nof aMedicare
population and approximately 1 in 1,000 screeneitpi@overall 2 Because of the age effect,
perforation rates measuriedthe Medicare population may overestimate thealask of
perforation in colonoscopy; however, a large stinyheNorthern California Kaiser Permanente
population also identified perforation rate of 1 in 1,0881n addition, cardiopulmonary
complications such as cardiac arrhythmias, hypatenandoxygen desaturation may occur,
although these events raredgult in hospitalization. Cardiopulmonary compticas represent
about one-half of all adverse events that occuindguwolonoscopgnd usually are related to
sedatior® Thus, while screeningplonoscopy has established benefits with regatieaetection
of adenomas and cancer, complications relatedltmoscopyare a significant public health
challenge.

Quality AssuranceRecent publications have highlighted critéoiabest practices and important
quality indicators for colonoscop¥—2*High-quality colonoscopy depends on (1) appropriate
trainingand experience; (2) proper documentation of rislessmen(3) complete exam to the
cecum with adequate mucosal visualizatod bowel preparation; (4) ability to detect andoge
polypssafely; (5) documentation of polypoid lesions aretmds ofemoval; (6) timely and
appropriate management of adverse evénigppropriate follow up of histopathology finds)g
and (8)appropriate recommendation for surveillance or aégereeningased on published
guidelines. Although colonoscopy is common$ged for screening, diagnosis, and therapy, until
recently thergvas no standardized reporting system for this ghoee Toenhance clear
communication about colonoscopy findings betwaealth care professionals and to facilitate
guality-improvemenprograms, the Quality Assurance Task Group of thgddal Colorectal
Cancer Roundtable developed a reporting and datarayforcolonoscopy based on previously

published continuous quality-improveméndicators2

Colonoscopy—Other Issug3olonoscopy in the United Staisgperformed by the overwhelming
majority of gastroenterologistsiost colorectal surgeons, many general surgeodsa amall
percentage of primary care physicians. Colonoseopymes havesen steadily in the United



States, while volumes for FSEhd DCBE have declined substantially in the pasade, and
FOBT has remained relatively stable, although allstealinein the rate was observed among
women®%’ Colonoscopy is offereid the vast majority of American hospitals andlsavidely
performed in ambulatory surgery centers and in ighgyss’ officesn some parts of the country. A
recent survey of American colonoscopmiggested that capacity could be increased from the
presentl4 million annual procedures to 22 million with ently availableesources* although
the methodology behind this estimh#es been criticizet?® and other estimates of capacity less
optimistic regarding capacify>X3°In the short terntolonoscopy capacity appears sufficient to
handle slow increas@s demand for the majority of the US populationhalgh theapacity to
handle a sharp increase in demand for scre@emidgagnostic/therapeutic colonoscopy overall is
uncertain antlkely highly variable geographically.

Some of the limitations in the availability of calescopy foscreening potentially could be
overcome by more appropriatse of surveillance colonoscopy after polyp resectivhichhas

been shown to be excessive among gastroenterda@gidbarticularly among general surgeons and
primary care physicians’*3'Excessive rates of short-term follow up after pelyomy, especially
for small lesions, also likely diminish the costeetivenes®f colonoscopy. For these reasons, the
ACS and USMSTF recentiypdated and further clarified recommendations @stjpolypectomy
surveillance® The case against serial short-term followstrptegies rests on observations that over
the short term, thesk of significant growth of adenomas is quite lddoweverpecause there is
uncertainty about the natural history of snealbrectal adenomas and perhaps because of a desire
to err orthe side of prudence, a significant percentagdimt@nsrecommends follow-up intervals
that are considerably shortban recommended, and surveillance intervals aftemot adjustefbr
subsequent negative finding<.Recent guideline recommendati@ositinue to expand the interval
between follow-up colonoscoxaminations in patients with low-risk adenorfas.

Colonoscopy—Conclusions and Recommendatiiims evidencbase to support screening
colonoscopy, though indirect, is substanfidle appropriate interval between negative colonmgco
screeningxams is uncertain because of lack of long-termovielip dataAt present, colonoscopy
every 10 years is an acceptable opt@CRC screening in average-risk adults beginaihgge 50
years. Individuals should be informed about thatitronsof colonoscopy, including the fact that it
may miss some cancexsd significant adenomas and that there is aaibleit smallpf perforation,
hemorrhage (following polypectomy), subsequesspitalization, and in very rare circumstances,
more serioularms. A full bowel cleansing is necessary priocdtbnoscopySedation usually is
used to minimize discomfort during the examinatang thus a chaperone is required to provide
transportation aftehe examination.

Imaging Examinations of the Colon and Rectum—DCBE a  nd Computed
Tomography

DCBE
The DCBE, sometimes referred to as air-contrastiteenemagvaluates the colon in its entirety
by coating the mucosal surfagéh high-density barium and distending the colathvair
introducedhrough a flexible catheter that is inserted i@ tectumMultiple radiographs are
acquired while varying the patigmbsition during direct fluoroscopic evaluation asdbsequently,
with conventional radiographic equipment. Coloniegarationusually a 24-hour dietary and
laxative regimen, is essentfal an optimal examination. Sedation is not utdizand theuration
of the procedure averages about 20 to 40 minutggrfeamay experience mild to moderate
discomfort during and afténe procedure, but a prompt return to normal astisitypical.

DCBE was contemporaneously adopted as a CRC sogeeptionby the Multi-Society
Gastroenterology Consortium and the A6G3997 and has continued to be included among the



recommendesdcreening options in periodic updates of thoseainids:2-2413%s well as those of
the US Preventive Services Task Fordeis also considered appropriate for screeninghiey
ACRX3CRC screening of the average-risk population wi€@BE alschas been a designated
Medicare benefit since 1997

DCBE—Efficacy and Test Performanddere have been mandomized controlled trials evaluating
the efficacy of DCBEas a primary screening modality to reduce incidemamortalityfrom CRC in
average-risk adults, and there also are no caseetstudies evaluating the performance of DCBE.
Further, the existiniterature describing the test performance of DGlBE® is limitedoy study
designs that are retrospective and commonly doepott findings from an asymptomatic or
average-risk populatio>1%In some reports, asymptomatic individuals werecietefor
investigation during neoplasm surveillance or adt@riorscreening test (eg, FSIG or FOBT).
Finally, similar to the literatuneslated to other CRC screening technologies, thBB({iterature
varies considerably in terms of measurement ancbowg metricgie, polyps, cancers, all
neoplasms, adenomas, size categorizateing, and these measurements may be estimated by
lesion oiby population.

Most studies evaluating the cancer-detection céipabf DCBE utilized a methodology in which
all patients in an institutioror population-based database that had been diagymogeCRCwere
assessed for a history of a prior DCBE within ardeftime frame, the length of which was not
consistent between studiast usually ranged from 2 to 5 years. The assumptias thamissed
cancers on DCBE would subsequently be clinicallgded.The majority of these studies showed
sensitivity for canceof 85% to 97%->2°

Review of the literature concerning the performapicBCBEfor polyps is more difficult due to the
described biases ahdterogeneity of study design; in particular, togeét lesiomnd thresholds
considered clinically significant often varibdsed upon size and/or morphology. Two studies
involving trulyasymptomatic individuals were performed in suresile groupwith a history of
prior adenoma removat=?These demonstrateensitivities of 48% (N = 23) for adenoms

cm and 73% (N §6) for adenomas >7 mm, respectively. It shouladtedthat in the former
study, the DCBE detected 75% (6 of 8) watlvanced histolog}?®

DCBE—Benefits, Limitations, and Harmishe potential benefitterived from the DCBE are that it
evaluates the entire colomalmost all cases and can detect most cancertharndajorityof
significant polyps. DCBE also provides an opportyfor a full structural examination for
individuals for whom colonoscogas either failed or is contraindicated.

DCBE has several limitations. The acceptabilityp@BE maybe limited by the requirement for
extensive colonic preparaticamd some patients experience discomfort duringaétied the
procedure. Suboptimal preparation can reduce hlatsitsvityand specificity. Further, there is no
opportunity for biopswr polypectomy, and any individual with findings mdlyps=6 mm on DCBE
should undergo colonoscopy. The lower sensitiaitysignificant adenomas when compared with
colonoscopy masesult in less favorable outcomes regarding motp@id mortalityfrom CRC.
DCBE is also limited by the operator dependendbefadiologist or technologist performing the
examinationas well as by the radiologist interpreting the exetion.DCBE is a relatively safe
procedure with a lower perforatioate when compared with colonoscopy (1 of 25,008us1 of
1,000 to 2,0009>*

Quality AssuranceThe DCBE is a full structural examinatiofhithe entire colon that can be
performed by radiologists oadiology residents and trained technicians unitestpervisionf a
radiologist. Factors that can affect the qualityh@d@DCBE examination include (1) ability to fully



evaluate the entilon due to lack of retained barium or collapseegmentsf the colon; (2)
adequacy of the bowel preparation; (3) patiextibty to stand and be imaged in prone and supine
positionsand (4) reader's experience in interpretation. idaus advisedvhen performing a DCBE
on the same day after polypectomyatwid a perforation. The ACR has published guidsithat
detailthe basic requisites for a high-quality examinatras wellas a quality-assurance manual
for the DCBE™? Interaction wittreferring physicians to correlate radiologic fingkrwith
endoscopiand/or surgical outcomes may also be an effecingmimg qualityassurance in clinical
practice.

DCBE—Other Issuedt is likely that the decline in these of DCBE for CRC screening in average-
risk adults will continué>®*This decline in the utilization of DCBE has hadimpact ortraining
programs, as radiology residents have had lessriyppiyto develop the necessary skills to
perform the procedure properioreover, although there likely are sufficient nuerdof
radiologistsn clinical practice who are available currentlyperformDCBE studies, there has been
a decline in radiologists' enthusiakmmthe DCBE due to its labor-intensive nature, lthe
reimbursementate, and greater interest in newer and more cofmipthnologiesuch as computed
tomography (CT) and magnetic resonance ima@fgl). Based on these trends, it is likely that in
the nexb years, that there will be even fewer radiologigtequatelyrained to perform this
procedure due to the low volume of DCBiHdies currently being requested, as well as low
professionainterest. At present, the DCBE remains an optiordicectimaging of the entire colon
and may be of particular value whemonoscopy resources are limited or colonoscopy is
contraindicatedr less likely to be successful (eg, prior incongleolonoscopyprior pelvic

surgery, etc.).

DCBE—Conclusions and Recommendati@SBE every 5 yealis an acceptable option for CRC
screening in average-risk adudtged 50 years and older. Discussions with patrasid includex
description of the test characteristics, the imgrace obdherence to a thorough colon cleansing,
test accuracy, tHikelihood of a positive test, and the need forseduent colonoscojifythe test is
abnormal. The choice of DCBE for screening lsarmade on an individual basis, depending on
factors such gsersonal preference, cost, and the local avaitglafitrainedradiologists able to
offer a high-quality examination.

CTC
CTC, also referred to as virtual colonoscopy, isiaimallyinvasive imaging examination of the
entire colon and rectur@TC uses CT to acquire images and advanced 2-diomah¢2D)-and 3-
dimensional (3D)-image display techniques for iptetationSince its introduction in the mid-
1990s, there have been rapai/ancements in CTC technology. Multidetector Civ permits
image acquisition of thin 1 to 2 mm slices of tiire largantestine well within breath-hold
imaging times. Computer imagiggaphics allow for visualization of 3D endoscopiglit paths
through the inside of the colon, which are simwdtausly viewedvith interactive 2D images. The
integrated use of the 3D aBB techniques allows for ease of polyp detectisnyall as
characterization of lesion density and locatione Pb imagesalso allow for limited evaluation of
the extracolonic structures.

Adequate bowel preparation and gaseous distentithreacolonare essential to ensure a successful
examination. Patients typicallyndergo full cathartic preparation along with aaclkquiddiet the

day before the study, similar to the requiremeatsdlonoscopy. Tagging of residual solid stool
and fluid withbarium and/or iodine oral contrast agents is baingeasinglyused and validated in
large trials. At CT, a small-caliber rectaltheter is inserted into the rectum, followed bioeated

or manual insufflation of room air or carbon dioxidntravenousontrast generally is not given to
patients undergoing screenimgt can be helpful in some patients with more adedrsymptoms.



Typically, the entire procedure on the CT tablesgkpproximatel$0 minutes, with no sedation or
recovery time needed. Reseairtio noncathartic approaches to minimize the bqweparatiorns
underway, but this technique has not yet been awilina multicenter screening trigt>=2*
However, under conditiorvghere same-day or next-day referral for colonoscepyld bepossible,
one drawback of noncathartic CTC is that a catblhaivel preparation would still be required prior

to removal opolyps.

CTC—Efficacy and Test Performan®o prospective, randomizemhntrolled clinical trial has
been initiated (nor is one plannéd)directly demonstrate the efficacy of CTC in reitig mortality
from CRC. Given the cumulative body of evidencsupport ofCRC screening for reducing
mortality and the value of polypectonmyreducing incidence, studies of CTC have focusethe
detectiorof advanced neoplasia.

The test performance characteristics of CTC foypaletectiorare derived by using optical
colonoscopy (OC) as the referestandard. Early single-center CTC clinical triadgalvingsmall,
polyp-rich cohort®****provided encouragirigitial results and served as proof of concept that
paved thevay for larger multicenter screening trials. Twelgé#rialsby Cotton et f° and Rocky
et al®® included approximatel§00 subjects each and observed per-patient setysftiv large
polyps of 55% and 59%, respectively. However, ttestudieslid not evaluate screening in an
asymptomatic population, ndid they apply the latest CTC techniques. A mooendy initiated
multi-institutional screening trial using more adead CTGechniques demonstrated more
favorable performance. Pickhagdtal studied 1,233 asymptomatic adults and intteduhe
technique®f stool tagging and primary 3D polyp detectiontme ofwhich were used in the 2
earlier multi-institutional trial$®’ This trial reported a 94% sensitivity for large admas, witha
per-patient sensitivity for adenoma8 mm of 89%.

In 2005, 2 meta-analyses reviewed the cumulativdighed CTQoerformance data, including both
high-risk and screening cohontgith one analysis representing 33 studies on 6p28i@nts-21%°

On a per-patient basis, pooled CTC sensitivity spetificityfor large £10 mm) polyps was found
to be 85% to 93% and 97%spectively. Pooled sensitivity and specificity detectiorof small
polyps (6 to 9 mm) was 70% to 86% and 86% to 9&HpectivelyOf note, the pooled CTC
sensitivity for invasive CRC was 96¥5.comparable with the reported sensitivity for &&4

There also are a number of CTC trials currentlgriogressvithin the United States and Europe.
Initial results from smallescreening trials utilizing 3D polyp detection bysBat at°and Graser
et al’* have shown CTC performance characterisiitslar to that of Pickhardt et al, providing at
least a measurd independent validation for this screening teqghei Alsoof particular interest is
the recently completed ACRIN Stu@g64: National CT Colonography Trial, which is spored
andfunded by the National Cancer Institute. The priyream ofthis trial was to assess CTC
performance for large adenonzasl advanced neoplasia in a large screening coharb00
patients across 15 institutions. State-of-theeutiniquesncluded oral contrast tagging, colonic
distention with automatezhrbon dioxide delivery, multidetector row C316 slice) withthin
collimation, and both 2D and 3D polyp detectiondedlicatedCTC software systems. Specialized
training and achievement athigh level of expertise were required of the obdjistsprior to
participation in the study. Preliminary findingsnauincedat the 2007 annual meeting of ACRIN on
September 28, 2007, warensistent with other recent studies using statiw@fartechniques.

Beyond validation, a recent study demonstratectfieacyof CTC to select patients who would
benefit from therapeutigolypectomy. Kim et al recently reported compamtesultdrom primary
CTC (with selective recommendation for therapetmionoscopy) and primary OC screening arms
among 3,120 and 3,1630stly asymptomatic adults, respectivel§Although this studgid not



randomize participants to CTC versus OC, apart taiightly higher proportion of individuals
with a family historyin the OC group, the 2 groups were similar. Simigdes ofidvanced
neoplasia were found in each group, with 3.2% @QRC group and 3.4% in the OC grotp.

CTC—Benefits, Limitations, and Harn@STC provides a time-efficieprocedure with good
accuracy and minimal invasiveness. No sedatiaecovery time is required, nor is a chaperone
needed to providiansportation after the procedure. Time permittpagientsan return to work on
the same day. However, some limitatitm€TC exist, ranging from access issues to pakenti
harmdrom the examination. Because CTC is relativelyyeiarits utilization, there are fewer data
relative to other CRC screenitests for evaluating benefits, limitations, andnmar Thuscontinued
development of best practice standards is a hiighify; as is monitoring the performance of CTC
as access and utilizatiorcreases. At this time, reimbursement for scregimC isvery limited,
although 47 states now offer Medicare reimburseffioertiagnostic CTC where the clinical
indication is limitedo incomplete OGZ However, because reimbursement for screestitigs
uncommon, the current professional capacity tovdeGTC also is limited, although capacity is
expected to increasehen third-party payers begin providing reimbursetier screening.

CTC requires the same full cathartic bowel prepamadnd restrictediet as colonoscopy, which
may decrease patient adherencea&imaging-only,” nontherapeutic evaluation of tiodon,
patientswith polyps of significant size will require theytic colonoscopfor subsequent
polypectomy. Thus, it is possible to offer same-olalypectomy to patients for whom colonoscopy
is recommendedithout the need for additional bowel preparatiaithoughthis convenience for
patients requires coordination betweadiology and gastroenterology departméfitsVhere such
coordinatiordoes not exist, patients will need to undergo atitiahalbowel preparation. While
older oral tagging protocols woutéve precluded same-day colonoscopy, revised, efbceent
tagging protocols have successfully allowed thartipeolonoscoppn the same day.

CTC is similar to endoscopy and DCBE with respedhe qualityof interpretation being highly
operator dependent, and thisiatives towards training and certification amgportantDetection
of flat lesions has been variable, ranging fronsitiMitiesof 13% to 65% in early CTC studi€sto
80% when using multidetect®T and combined 3D-2D polyp detectitiHowever, debate
continue®ver the prevalence and significance of flat cattaklesions-="—

The accuracy of CTC is influenced by lesion size] the sensitivitand specificity of CTC
improves with polyp size. The accuraafyCTC in measuring polyp size is of particular on@ance
sinceaccurate size estimation is critical for approgrigatientmanagement and for minimizing the
false-positive rate. Whilearlier studies using rudimentary software apptitedide-slice
thicknesses and 2D images showed poor concordaitit@nefixationpolyp size*® modern CT
technology producing 3D images resitftsnore accurate size estimatési®The ability toensure
consistent polyp size measurements during exaroimas a high priority for quality-assurance
initiatives since iwill influence referrals for polypectomy. Pickhakttal showethat specificity
(when polyps were matched for size) was 97fdetesions>1 cm but declines to 84.5% for all
lesions to allesions*6mm<®’ The incremental increase in the false-positate associated with
polyps between 6 to 8 mm could add significattdlyhe cost of screening, and thus it will be
important to monitosensitivity and specificity in the clinical settiagd identifystrategies to
improve specificity without diminishing sensitivity

There is controversy over the long-term potentaahis associateslith radiation dose effects from
CT examinations. One aspetithis controversy relates to risk-estimation nisdand thether
pertains to the long-term risk of cancer from singhdrepeated medical imaging exposufés®
While current estimated the potential cancer risk related to low-dosaton exposureduring



medical procedures derive from linear nonthreshoddlelshased on long-term outcomes in
survivors of acute radiatiadoses from atomic weapons, there is disagreementvavethethis
model truly is applicable to periodic exposuresrfrmedicaimaging2® In a recent position
statement issued by the Hedfhysics Society, the health effects of low-doséatamh exposure
(defined as below 50 to 100 mSv—a threshold mangdhigher than typical CTC levels) were
considered to be "eithezo small to be observed or are nonexistéHtNeverthelesslthough this
risk may be theoretical, there is a growing conteshmore individuals are receiving multiple
diagnostic evaluationsith ionizing radiation over a lifetime and that ®ome individualthe doses
over a lifetime can reach levels that are suffidieimigh to be of concern. It is important to put
these issues inttntext with respect to screening with CTC.

Using the linear, no-threshold radiation-risk esiie; a CT@&xamination in a 50-year-old
individual with an estimated orgaiose to the colon of 7 to 13 mSv (65 mAS) is estthao addn
additional 0.044% to the lifetime risk of colon cant®®Because organ radiosensitivity declines
with increasing agehis organ dose is halved for the same examingiking placeat age 70 years.
In this same evaluation, the additional lifetirsd of cancer in any site associated with a single
CTC examinatiomt age 50 years was 0.14%, although the authdexistathoptimized techniques
this risk could be reduced by a factd5- to10-fold. More efficient dose protocols ugB0 mAON
4ADCT, similar to the ACR-defined protocols, havendastratediecreased estimated organ dose
ranges of 5 to 8 mS¥? Whileacknowledging there is uncertainty about potetizns fronsingle
or multiple CTC screening examinations, current AgiRlitymetrics for CTC define low-dose
parameters as a best pracfmeminimizing risk to patients®

Since CTC is a minimally invasive test, the risk dolonicperforation during screening is
extremely low. In the collectivexperience of the International Working Group oAl
Colonoscopythere were no cases of perforation in over 11,@08eningCTC examinations, and
out of nearly 22,000 total CTC examinatigasreening and diagnostic), there was only one
symptomatic perforatiomorresponding to a symptomatic perforation rat@.005%**Some
studies of symptomatic patients, however, haverteghigher perforation rates, ranging from
0.03% (1 in 3,400 patients) 0.06% (1 in 1,700 patientsf***Colonic distention wittow-
pressure carbon dioxide delivery may be safer thsuiflationof room air®! Rates of perforation

are part of the qualityetrics being collected by the ACR.

Because CTC produces an image not only of the dalbmlsdhe upper and lower abdomen, there
is a chance that inciden&ttracolonic findings will be observed. Althougle tbveralrates of
extracolonic findings have been reported to range 15% to 69%, the incidence of clinically
significant extracolonifindings at CTC has ranged from 4.5% to 11% inasipatientohorts:®=
1971n an asymptomatic screening populatite, incidence of unsuspected but potentially imgourt
extracolonidindings is approximately 4.5%, but findings of fimal or moderatpotential clinical
significance, such as cholelithiasis (&) nephrolithiasis (8%), are more commdrihile there
arepotential benefits from serendipitous findings réhalso arassociated risks and costs that need
to be considered when thdselings are false positives. These include furtlaeiologicimaging

and, thus, added organ dose, potential for adwers®messsociated with tissue sampling for
abnormalities that are nasolved with additional imaging, as well as thedi andndirect costs to
the patient. The implementation of structurglorting of extracolonic findings and monitoring
trends insubsequent diagnostic workups and adherence watlityjmetricsare being evaluated
through the National Radiology Data RegigtfRDR), the ACR's national data warehouse.

Quality AssuranceSimilar to the call to action for measurimgglity of colonoscopy= the
implementation of CTC will requirguality metrics to be defined and implemented inical
practice Quality of CTC examinations will depend on (1) peopowelpreparation; (2) adequate



insufflation of the colon and appropriatee of CTC technique parameters at image acquisi{s)
adequatéraining of the interpreting physician in the us€b- and3D-image display techniques;
and (4) documentation of clinicalbygnificant colonic and extracolonic lesions tcereihg
physiciansin 2005, theACR Practice Guidelines for the Performanc€omputed Tomography
(CT) Colonography in Adultaas publishedencompassing the techniques, quality control, cdini
usestraining, and communication of results for CF€An updatef these guidelines is planned
following publication of theesults of the ACRIN CTC screening trial. In 200& ACR Colon
Cancer Committee outlined practice-based qualityrioseforCTC, encompassing process
measures of CTC technique and imggality; patient preparation; and outcomes meassuel as
rates of true positives, colonic perforation, amcidencenf extracolonic findings. These quality
metrics are to begia pilot phase in late 2007, with data entry inkiRDR databas@he ACR has
begun construction of an interactive, hands-omimngifacility for CTC and will begin training
courses in early 2008. process for individual certification and profinigy is beingevaluated.

CTC—Other Issuestandardization of the evolving technol@gg consensus related to the
reporting of findings will be essentialr effective implementation of CTC screening. Aasensus
statemenodf a standardized reporting structure for CTC fgdi was recentlyublished, modeled
after the Breast Imaging Reporting and C2yatem's (BI-RADS) reporting of mammograpfy.
This reportingstructure, termed the "CT Colonography Reporting @ata SysterfC-RADS),"
describes how to report lesion size, morpholagyl location, with a summary category score per
patient.

The management of CTC findings is an important piat CTCscreening program. At this time,
there is consensus that @éitients with one or more poly40 mm or 3 or more polyp mm
should be referred for colonoscoff§ The management pétients with fewer polyps (<3) in which
the largest polys 6 to 9 mm remains controversial. Such polypsauminelyremoved if found at
OC because of the opportunity and the rdlseit low, of advanced neoplasia. However, in igtsid
thathave been limited to screening cohorts, among iddals whoséargest polyp is 6 to 9 mm in
size, the prevalence of advandedtures tends to be low (3.4% to 6.692%At this time there is
ongoing research using CTC surveillance to evalhat@atural history of polyps in this size range.
Based on expeconsensus and until further evidence is availablgdovideadditional guidance, a
reasonable approach at this timegdatients with 6 to 9 mm polyps identified on CTQas
recommendherapeutic colonoscopy. Patients who decline rafféo colonoscopgr who are not
good candidates for colonoscopy should be offsuedeillance with CTC.

Optimal management of patients whose largest pslgémm detected on CTC is uncertain.
Experts from the American Gastroenterologisdociation, the American College of
Gastroenterology, and tB&€R have reported a range of policies on how talleathese
lesions!®2:2%32%There js general agreement that the afskdvanced features in patients whose
largest polyp i<5 mmis very low. In a recent study that is able to pdevthisestimate in a
screening cohort, the prevalence of advanced ngapigoatients whose largest polyp wdsmm
was 1.7% (D.A.L, personabmmunication, December 14, 206H At this time, there ia pressing
need for multidisciplinary consensus on the repgidnd clinical management of patients whose

largest polyp is <6 m.

CTC—Conclusions and Recommendatidémserms of detectioof colon cancer and advanced
neoplasia, which is the primagpal of screening for CRC and adenomatous polygegnt data
suggest CTC is comparable to OC for the detecti@anceand polyps of significant size when
state-of-the-art techniquase applied. In previous assessments of the peafocenof CTCthe ACS
concluded that data were insufficient to recomms&sréeningvith CTC for average-risk



individualst? Based on the accumulatiohevidence since that time, the expert panel cmtes
thatthere are sufficient data to include CTC as an@etde optiorior CRC screening.

Screening of average-risk adults with CTC shoulthim@nce adge 50 years. The interval for
repeat exams after a negattVe€C has not been studied, and is uncertain. Howéwairrent
studies confirm the previously reported high sévigjtfor detection of cancer and of polypé
mm, it would be reasonaltie repeat exams every 5 years if the initial CT@agativdor
significant polyps until further studies are cometeandare able to provide additional guidance.
Until there is moreesearch on the safety of observation, colonossbpuld beffered to patients
whose largest polyp is 6 mm or grea@FC surveillance could be offered to those patigrts
wouldbenefit from screening but either decline colonpsoor whoare not good candidates for
colonoscopy for one or more reasddswever, if colonoscopy is contraindicated becahse
patientis not likely to benefit from screening due to difimiting comorbidity, then neither CTC nor
any other CRC screening tegtuld be appropriate.

CONCLUSION

There is compelling evidence to support screenuagaaye-riskndividuals over age 50 years to
detect and prevent CRC. Screenmfi@verage-risk individuals can reduce CRC mostddit
detectingcancer at an early, curable stage and by deteatidgemovinglinically significant
adenomas. No CRC screening test is perégitter for cancer detection or adenoma detectianhE
testhas unique advantages, each has been shown tetefiestive?>2%®and each has associated
limitations and risks. Patient prefereneesl availability of resources play an importanenol the
selection of screening tests. In this update ofjidelinedor CRC screening, we have placed an
emphasis on the value mfeventing CRC, sought to address the importantesbBensitivityn the
presence of low rates of programmatic screeningatiempted to provide improved guidance
about test characteristiaad quality issues to referring clinicians. Ideadigreeninghould be
supported in a programmatic fashion that begink rgk stratification and the results from an
initial test anctontinues through proper follow up based on findinthe effectivenesd any single
test or combination of tests depends on high aitpsogrammatic adherence and quality.

Based on differing incidence rates and observatdmsfferentpatterns of polyp and cancer
distribution in certain subset$ patients (ie, the elderly, women, and ethnicariires,etc.), some
experts have suggested that these groups mayeeifterent screening recommendatic$z°
The expert paneeviewed and discussed the evidence and ratiooakntl againshcluding
different screening recommendations in this upfiatearious demographic subgroups that have
been shown to ket somewhat higher or lower than average risk imeake oproximal lesions.
After some consideration, this issue was postp&orefurther consideration at a later time for a
number of reasonalthough principally because (1) there are no curdata tondicate that CRC
incidence and mortality in these groups wdagdoositively impacted by tailored screening
recommendationsind (2) screening rates among all groups remairuloaer existinguidelines
and providing different (and, in some cases, nioriéed) screening options has the potential to
increase confusiompmplexity, and workload, and thus might add adddi barrierso screening
that would affect all groups. This is an areaeskarch that the collaborating organizations will
continueto monitor closely.

In this update of the CRC screening guidelineshase focusedn screening in average-risk adults
and have not reviewed recditdrature on CRC screening or surveillance forvitiialsat

increased and high risk. Individuals at increasekidueto a history of adenomatous polyps; a
personal history of curative-inter@section of CRC; a family history of either CRCcotorectal
adenomas diagnosed in a first-degree relative befge 6@ears; or high risk due to a history of



inflammatory bowel diseas# significant duration or the presence of one bkeditarysyndromes
should continue to follow recommendations issuevipuslyby the ACS or USMSTE2“* These
recommendations are summariaedable 3

View this TABLE 3 Guidelines for Screening and Surveillancethe Early Detection of
table:  Colorectal Adenomas and Cancer in Individuals atdased Risk or at High
[in this Risk

window]

[in a new Abbreviations: FSIG, flexible sigmoidoscopy; DCBIuble-contrast barium

window] enema; CTC, computed tomographic colonography; F&mRilial adenomatous

polyposis; HNPCC, hereditary nonpolyposis colonceanMMR, mismatch
repair.

There appears to be a clear need for institutigrilsed quality-assurangegrams to improve the
guality of CRC screening. This guidelinpdate emphasizes issues for quality assurancssacro
colorectakcreening modalities, spanning training requiresiarptimatechniques to complete
examination, screening intervals, appropriate recommendations for follow up. In casty cost-
effectivenesss not specifically discussed in this documentglbasn thexumerous complexities of
adequately addressing this topic, includimglerstanding real costs in different environments,
differencesn test performance and interpretation, and widebdity of screening intervals in
different settings. It is hoped thmimpliance with improvements in quality assurandebath
improve quality and promote cost-effectiveness.

Clearly, better definition of the target lesionatihicalimportance is needed across modalities. As
new technologiesvolve that detect but do not remove polyps, migitiglinaryconsensus is
needed to best manage a patient programmatfoalfgllow-up polypectomy versus surveillance
intervals. Althouglthere are some ongoing studies of the naturalryistosmallpolyps, evidence-
based data will probably take 10 to 20 yeéanneaningfully translate into clinical-practice
recommendationsn this interim, the current recommendations tradoresshese issues with
expert consensus based on existing data. Multmisarygroups, such as the National Colorectal
Cancer Roundtable, méag able to serve as an effective forum for the ldgweent ofa consensus
across specialties about the reporting and follpwf small polyps.

In conclusion, it is our hope that these new recemsationsvill facilitate increased rates of CRC

screening and that referristinicians find these new guidelines ease sombaethallengethey
have experienced in promoting CRC screening to fhagients.
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