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 Colon Cancer Screening and 

Surveillance: Who, When and How? 

With our colonoscopist tunnel vision 

•  Who? 
–  EVERYONE 

•  When? 
– OFTEN AND INDEFINITELY    

  (We must prevent all CRC!) 
•  How? 

–  SERIOUSLY???  

With our colonoscopist tunnel vision 

•  Who? 
–  EVERYONE 

•  When? 
– OFTEN AND INDEFINITELY    

  (We must prevent all CRC!) 
•  How? 

–  SERIOUSLY??? COLONOSCOPY, OF COURSE! 

But we know that’s not right… 

•  Who? 
–  EVERYONE WHO MIGHT BENEFIT 

•  When? 
–  BASED ON RISK / BENEFIT BALANCE 

•  How? 
–  THERE ARE ALTERNATIVES, AND 

PREFERENCES  



5/18/17	

2	

Outline 

•  Guidelines (briefly) 
•  Rationale / evidence 
•  What's new 
•  As a colonoscopist: 

– What should I be doing? 
•  Thoughts on the future 

Guidelines:  (Average-Risk) Screening 

USPSTF US MSTF, 
ACS, ACR ACG 

Age to 
begin 50 yrs 50 yrs 50 yrs 

45 yrs in AA 

Modality 

gFOBT, FIT 
FIT-DNA (MT-sDNA) 

Colo 
CTC 

Flex Sig 
Flex Sig/FIT 

gFOBT, FIT 
MT-sDNA 

Colo 
CTC 

Flex Sig 
DCBE 

Colo 
Flex Sig 

CTC 
FIT 

FOBT 
Fecal DNA 

USPSTF,	JAMA.	2016;315(23):2564-2575.	
Levin	et	al.,	Gastroenterology	2008;134:1570	

Rex	et	al.,	Am	J	Gastroenterol.	2009;104(3):739	

Guidelines:  Higher-Risk Screening 

Average 
Risk 

CRC or 
adenoma in 
FDR<60 yrs 

Lynch 
syndrome 

Age to begin 50 yrs 
40 yrs, or 

10 yrs before 
youngest case 

20-25 yrs 

Modality 

FOBT/FIT 
MT-sDNA 
Flex Sig 

Colo 
DCBE 
CTC 

Colo Colo 

Colo interval 10 yrs 5 yrs 1-2 yrs 

Levin	et	al.,	Gastroenterology	2008;134:1570	
Lieberman	et	al.,	Gastroenterology.	2012;143:844	

Guidelines:  Surveillance (US MSTF) 

Atkin	et	al.,	Endoscopy	2012;	44:	SE151	
Ladabaum	and	Schoen,	Gastroenterology	2016;	150:791	

…compare to European guidelines 

Lieberman	et	al.,	Gastroenterology	2012;143:844	

Guidelines:  Surveillance (US MSTF) 
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Evidence: 
Screening 
Evidence: 
Screening 

RCTs demonstrate reductions in CRC 
incidence and mortality after screening with: 

A.  sigmoidoscopy 
B.  gFOBT, sigmoidoscopy 
C. gFOBT, FIT, sigmoidoscopy, colonoscopy 
D. gFOBT, FIT, sigmoidoscopy 
E.  gFOBT, FIT, sigmoidoscopy, colonoscopy, 

MT-sDNA 
F.  None of the above 

Screening: The evidence and what we do 

•  RCTs: ê in CRC incidence and mortality 
–  gFOBT 
–  Sigmoidoscopy 

•  Our leading modalities in practice 
– Colonoscopy 
–  FIT 

•  Other / Emerging 
– CTC 
– MT-sDNA 
–  Blood, urine biomarkers 

gFOBT decreases CRC mortality 

Mandel	et	al,	N	Engl	J	Med	1993;329:672	
Kronborg	et	al,	Lancet	1996;348:1467	

Hardcastle	et	al,	Lancet	1996;348:1472	

Study Patients (n) Years of 
follow-up 

Reduction 
with annual 

FOBT 

Reduction 
with 

biennial 
FOBT 

Mandel 
(US) 46,551 13 33% (21%) 

Kronborg 
(Denmark) 61,933 10 18% 

Hardcastle 
(UK) 150,251 8 15% 

gFOBT decreases CRC incidence 

Mandel	et	al,	N	Engl	J	Med	2000;343:1603	

Study Patients (n) Years of 
follow-up 

Reduction 
with annual 

FOBT 

Reduction 
with 

biennial 
FOBT 

Mandel 
(US) 46,445 18 20% (17%) 

Flexible sigmoidoscopy 

Atkin	et	al,	Lancet	2010;375:1624	
Segnan	et	al,	JNCI	2011;103:1310	

Schoen	et	al,	NEJM	2012;366:2345	
Holme	et	al,	JAMA	2014;312:606	

Study Patients (n) 
Years of 
follow-up 
(median) 

CRC 
Incidence 
reduction 

CRC 
Mortality 
reduction 

UK Flex Sig 
Trial (UK) 170,432 11.2 23% 31% 

SCORE Trial 
(Italy) 34,292 10.5 18% 22% 

(NS) 

PLCO 
Trial (US) 154,910 11.9 21% 26% 

NORCAPP 
(Norway) 98,792 10.9 20% 27% 
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Flexible sigmoidoscopy: Per protocol 

Atkin	et	al,	Lancet	2010;375:1624	
Segnan	et	al,	JNCI	2011;103:1310	

Study CRC incidence 
reduction 

CRC mortality 
reduction 

UK Flex Sig Trial (UK) 33% 43% 

SCORE Trial  
(Italy) 31% 38% 

Flexible sigmoidoscopy 

Ladabaum,	Colorectal	Cancer	Screening,	Yamada's	Textboook,	6th	Ed,	2015	
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Years after screening  

   Colorectal cancer incidence - Control 
   Colorectal cancer incidence - Screening 
   Colorectal cancer mortality - Control 
   Colorectal cancer mortality - Screening 

Baxter et al, J Clin Oncol 2012;30 
 

Colonoscopy: observational data 

unknown site (OR, 0.54, 95% CI, 0.43 to 0.68) indicate a clinically
meaningful reduction in risk of CRC death with colonoscopy
throughout the colon and rectum. The association between colonos-
copy and the risk of CRC death was weaker in women and older
individuals, groups more likely to have proximal CRC21,22 than men
or younger individuals.

There have been many recent case-control studies8-10,13-15 and
cohort studies11,12 evaluating the association of colonoscopy with
incidence and mortality from CRC; our findings are consistent with
these studies. Case-control studies that use a mortality end point
report OR for mortality from CRC associated with colonoscopy rang-
ing from 0.45 (95% CI, 0.20 to 0.98) in the Netherlands8 to 0.69 (95%
CI, 0.63 to 0.74) in Ontario, Canada.9 Cohort studies demonstrate
similar findings. A stronger association between colonoscopy and
CRC has been demonstrated when CRC incidence is the end point of
interest.10,13,23 A recent case-control study from Germany15 found the
OR for CRC incidence associated with colonoscopy was 0.19 (95% CI,
0.16 to 0.23). Many factors may account for the wide range in esti-
mates of colonoscopy effectiveness. First, colonoscopy may have

greater impact on CRC incidence than mortality; cancers developing
from the adenoma to carcinoma sequence in an indolent fashion may
be easier to detect and prevent than aggressive cancers that rapidly
progress or develop de novo—an example of length time bias.24

The proportion of individuals in the control group who underwent
colonoscopy in these studies ranges from 2.2%8 to 41%13; in our
study, a relatively high proportion of the control group (24%)
underwent colonoscopy. In populations with low baseline rates of
colonoscopy, individuals undergoing colonoscopy may have
higher risk of CRC incidence or mortality (for example, due to
family history25) than those not undergoing colonoscopy. A study
of colonoscopy effectiveness conducted in such a population may
result in an estimate biased toward the null. In contrast, in popu-
lations with high rates of colonoscopy, those not undergoing
screening may systematically differ from those screened in ways
that increase the risk of CRC incidence and/or CRC death. For
example, individuals with a healthy lifestyle may be more likely to
undergo screening but may be at a lower risk of CRC than individ-
uals not undergoing screening.26 A study conducted in such a

Table 2. OR for Association Between Colonoscopy and CRC Mortality for Any Colonoscopy!

Colonoscopy Status

All Cancers Proximal Cancer Distal Cancer Unknown Site of Cancer

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.40 0.37 to 0.43 0.58 0.53 to 0.64 0.24 0.21 to 0.27 0.54 0.43 to 0.68

Abbreviations: CRC, colorectal cancer; OR, odds ratio.
!Conditional logistic regression, adjusted for comorbidities, socioeconomic status, and urban/rural status.

Table 3. OR for Association Between Any Colonoscopy and CRC Mortality Stratified by Age, Sex, and Race!

Variable

All Cancers Proximal Cancer Distal Cancer Unknown Site of Cancer

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age at diagnosis, years
70-75

No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.28 0.24 to 0.33 0.43 0.34 to 0.53 0.16 0.12 to 0.21 0.45 0.26 to 0.77

! 75
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.45 0.42 to 0.49 0.64 0.57 to 0.71 0.27 0.24 to 0.31 0.58 0.45 to 0.75

Female
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.44 0.40 to 0.48 0.62 0.55 to 0.70 0.24 0.21 to 0.29 0.65 0.49 to 0.86

Male
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.35 0.31 to 0.39 0.52 0.44 to 0.61 0.24 0.20 to 0.28 0.40 0.27 to 0.59

White
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.40 0.37 to 0.43 0.58 0.52 to 0.64 0.23 0.21 to 0.27 0.53 0.42 to 0.68

Black
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.47 0.36 to 0.61 0.62 0.42 to 0.90 0.32 0.21 to 0.49 0.58 0.23 to 1.48

Other race
No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy 0.38 0.25 to 0.57 0.53 0.28 to 0.99 0.26 0.14 to 0.50 0.13 0.01 to 1.83

Abbreviations: CRC, colorectal cancer; OR, odds ratio.
!Conditional logistic regression, adjusted for comorbidities, socioeconomic status, and urban/rural status.

Baxter et al
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throughout the colon and rectum. The association between colonos-
copy and the risk of CRC death was weaker in women and older
individuals, groups more likely to have proximal CRC21,22 than men
or younger individuals.

There have been many recent case-control studies8-10,13-15 and
cohort studies11,12 evaluating the association of colonoscopy with
incidence and mortality from CRC; our findings are consistent with
these studies. Case-control studies that use a mortality end point
report OR for mortality from CRC associated with colonoscopy rang-
ing from 0.45 (95% CI, 0.20 to 0.98) in the Netherlands8 to 0.69 (95%
CI, 0.63 to 0.74) in Ontario, Canada.9 Cohort studies demonstrate
similar findings. A stronger association between colonoscopy and
CRC has been demonstrated when CRC incidence is the end point of
interest.10,13,23 A recent case-control study from Germany15 found the
OR for CRC incidence associated with colonoscopy was 0.19 (95% CI,
0.16 to 0.23). Many factors may account for the wide range in esti-
mates of colonoscopy effectiveness. First, colonoscopy may have

greater impact on CRC incidence than mortality; cancers developing
from the adenoma to carcinoma sequence in an indolent fashion may
be easier to detect and prevent than aggressive cancers that rapidly
progress or develop de novo—an example of length time bias.24

The proportion of individuals in the control group who underwent
colonoscopy in these studies ranges from 2.2%8 to 41%13; in our
study, a relatively high proportion of the control group (24%)
underwent colonoscopy. In populations with low baseline rates of
colonoscopy, individuals undergoing colonoscopy may have
higher risk of CRC incidence or mortality (for example, due to
family history25) than those not undergoing colonoscopy. A study
of colonoscopy effectiveness conducted in such a population may
result in an estimate biased toward the null. In contrast, in popu-
lations with high rates of colonoscopy, those not undergoing
screening may systematically differ from those screened in ways
that increase the risk of CRC incidence and/or CRC death. For
example, individuals with a healthy lifestyle may be more likely to
undergo screening but may be at a lower risk of CRC than individ-
uals not undergoing screening.26 A study conducted in such a

Table 2. OR for Association Between Colonoscopy and CRC Mortality for Any Colonoscopy!
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All Cancers Proximal Cancer Distal Cancer Unknown Site of Cancer
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Any colonoscopy 0.40 0.37 to 0.43 0.58 0.53 to 0.64 0.24 0.21 to 0.27 0.54 0.43 to 0.68
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!Conditional logistic regression, adjusted for comorbidities, socioeconomic status, and urban/rural status.
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Any colonoscopy 0.44 0.40 to 0.48 0.62 0.55 to 0.70 0.24 0.21 to 0.29 0.65 0.49 to 0.86
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White
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Colonoscopy/polypectomy and CRC 
mortality 

Zauber	et	al,		
N	Engl	J	Med	
2012;366:687	

Nishihara et al, NEJM 2013;369:1095 
 

Colonoscopy: observational data Relative risks: Family history of adenoma 

Tuohy	et	al,	Cancer	2014;120:35-42	

Person at risk 

CRC, 
if relative had 

advanced 
adenoma <60 

CRC, 
if relative had 

advanced 
adenoma 60+ 

Advanced adenoma, 
if relative had 

advanced adenoma 

First degree 
relative 1.5 2.0 1.7 

Second degree 
relative (NS) (NS) (NS) 

Third degree 
relative 0.6 (NS) 2.0 
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CRC screening has been shown to decrease 
all-cause mortality 

A. True 
B. False Evidence: 

Screening 
Screening: 

What's new? 

Copyright 2016 American Medical Association. All rights reserved.

Screening for Colorectal Cancer
US Preventive Services Task Force
Recommendation Statement
US Preventive Services Task Force

T he US Preventive Services Task Force (USPSTF) makes rec-
ommendations about the effectiveness of specific preven-
tive care services for patients without obvious related signs

or symptoms.
It bases its recommendations on the evidence of both the

benefits and harms of the service and an assessment of the bal-
ance. The USPSTF does not consider the costs of providing a ser-
vice in this assessment.

The USPSTF recognizes that clinical decisions involve more con-
siderations than evidence alone. Clinicians should understand the
evidence but individualize decision making to the specific patient
or situation. Similarly, the USPSTF notes that policy and coverage
decisions involve considerations in addition to the evidence of clini-
cal benefits and harms.

Summary of Recommendations and Evidence

The USPSTF recommends screening for colorectal cancer starting
at age 50 years and continuing until age 75 years (A recommenda-
tion) (Figure 1).

The risks and benefits of different screening methods vary. See
the Clinical Considerations section later in this article and the Table
for details about screening strategies.

The decision to screen for colorectal cancer in adults aged 76 to
85 years should be an individual one, taking into account the patient’s
overall health and prior screening history (C recommendation).
• Adults in this age group who have never been screened for colo-

rectal cancer are more likely to benefit.

IMPORTANCE Colorectal cancer is the second leading cause of cancer death in the United
States. In 2016, an estimated 134 000 persons will be diagnosed with the disease, and about
49 000 will die from it. Colorectal cancer is most frequently diagnosed among adults aged 65
to 74 years; the median age at death from colorectal cancer is 68 years.

OBJECTIVE To update the 2008 US Preventive Services Task Force (USPSTF)
recommendation on screening for colorectal cancer.

EVIDENCE REVIEW The USPSTF reviewed the evidence on the effectiveness of screening with
colonoscopy, flexible sigmoidoscopy, computed tomography colonography, the guaiac-based
fecal occult blood test, the fecal immunochemical test, the multitargeted stool DNA test, and
the methylated SEPT9 DNA test in reducing the incidence of and mortality from colorectal
cancer or all-cause mortality; the harms of these screening tests; and the test performance
characteristics of these tests for detecting adenomatous polyps, advanced adenomas based
on size, or both, as well as colorectal cancer. The USPSTF also commissioned a comparative
modeling study to provide information on optimal starting and stopping ages and screening
intervals across the different available screening methods.

FINDINGS The USPSTF concludes with high certainty that screening for colorectal cancer in
average-risk, asymptomatic adults aged 50 to 75 years is of substantial net benefit. Multiple
screening strategies are available to choose from, with different levels of evidence to support
their effectiveness, as well as unique advantages and limitations, although there are no
empirical data to demonstrate that any of the reviewed strategies provide a greater net
benefit. Screening for colorectal cancer is a substantially underused preventive health
strategy in the United States.

CONCLUSIONS AND RECOMMENDATIONS The USPSTF recommends screening for colorectal
cancer starting at age 50 years and continuing until age 75 years (A recommendation). The
decision to screen for colorectal cancer in adults aged 76 to 85 years should be an individual one,
taking into account the patient’s overall health and prior screening history (C recommendation).

JAMA. 2016;315(23):2564-2575. doi:10.1001/jama.2016.5989
Published online June 15, 2016. Corrected on August 2, 2016.
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Screening for Colorectal Cancer and Evolving Issues
for Physicians and Patients
A Review
David Lieberman, MD; Uri Ladabaum, MD, MS; Marcia Cruz-Correa, MD; Carla Ginsburg, MD, MPH;
John M. Inadomi, MD; Lawrence S. Kim, MD; Francis M. Giardiello, MD; Richard C. Wender, MD

C olon cancer is the second leading cause of cancer death in
developed countries. In the United States, 135 000 new
cases and 49 000 colorectal cancer (CRC)-related deaths

are estimated for 2016.1 CRC is one of the most preventable cancers
when screening is effective. Screening has in part been responsible
for a steady decline in the incidence of CRC since the mid-1980s. Fail-
ure to screen may result in CRC presenting with advanced-stage
disease. CRC is usually asymptomatic until late in its course when
patients may develop lower gastrointestinal bleeding, obstruction,
and pain. Randomized clinical trials (RCTs) showed that screening
in average-risk individuals (ie, those without a family history
of CRC), reduced the incidence and mortality from CRC.2-10 In con-
trast to screening programs for lung, prostate, and breast cancer,
which focus on early-stage cancer detection, CRC screening facili-
tates detection of early-stage cancer and precancerous lesions
(adenomas), which, when removed, may prevent cancer.11

The benefits of CRC screening were recognized 4 decades ago
when the American Cancer Society first recommended CRC screen-

ing in the late 1970s. The US Preventive Services Task Force
(USPSTF) then endorsed screening with fecal occult blood testing
(FOBT) and flexible sigmoidoscopy in 1995. This regimen became a
funded benefit for Medicare recipients in 1997, colonoscopy was
added to the Medicare menu in 2001, and stool DNA testing was
added in 2015. Private insurers have largely followed the recom-
mendations of Medicare and provide coverage for some, but not all
screening options. Despite the proven benefits of CRC screening
and general consensus recommending screening by most profes-
sional organizations, only 60% to 65% of individuals older than
age 50 years actually undergo one of the recommended CRC
screening tests.12

One way to improve screening rates is to offer a variety of
screening methodologies that would make it easier for patients to
pursue screening based on their personal preferences. Conse-
quently, new guidelines released in 2016 from the USPSTF13

emphasized the benefits of CRC screening in average-risk individu-
als and listed 8 possible screening programs that could reduce CRC

IMPORTANCE Colorectal cancer (CRC) is the second-leading cause of cancer death in the
United States. Screening can reduce CRC mortality and incidence, and numerous
screening options, although available, complicate informed decision making. This review
provides evidence-based tools for primary care physicians to identify patients with
higher-than-average-risk and engage patients in informed decision making about CRC
screening options.

OBSERVATIONS Recently, the US Preventive Services Task Force recommended any of 8 CRC
screening approaches for average-risk individuals, beginning at age 50 years. Only 2 methods
have been shown in randomized clinical trials to reduce mortality: fecal occult blood testing
and flexible sigmoidoscopy. Of the 8 programs, screenings using the fecal immunochemical
test annually and colonoscopy every 10 years are now the most commonly used tests in the
United States and among the most effective in reducing CRC mortality as determined by
decision models. With the exception of primary screening using colonoscopy, all of the other
screening approaches have multiple steps. Adherence to each phase of a multistep program
is critical to achieving maximal effectiveness of the screening program. It is likely that each of
the recommended programs can reduce CRC mortality, but other key outcomes may differ
such as lifetime burden of colonoscopy, complications, patient acceptance, and cost.
Decisions about the timing of screening cessation should be individualized.

CONCLUSIONS AND RELEVANCE CRC screening is effective if patients adhere to the steps in
each screening program. There is no evidence that one program is superior to another.
Informed decision-making tools are provided to assist patients and clinicians with the goal of
improving adherence to effective screening.

JAMA. 2016;316(20):2135-2145. doi:10.1001/jama.2016.17418
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83.8 to 98.2) (Table 1). Sensitivity did not vary 
significantly according to cancer stage (Fig. 2A) 
or location within the colon (Fig. 2B). Among 
757 participants with advanced precancerous le-
sions, DNA testing detected 321 (42.4%; 95% CI, 
38.9 to 46.0). A total of 69.2% (95% CI, 52.4 to 
83.0) of 39 participants with high-grade dyspla-
sia and 42.4% (95% CI, 32.6 to 52.8) of 99 par-
ticipants with sessile serrated polyps measuring 

1 cm or larger were identified on DNA testing 
(Fig. 2C). The sensitivity of the DNA test was 
higher for distal advanced precancerous lesions 
(177 of 325 [54.5%; 95% CI, 48.9 to 60.0]) than 
for proximal lesions (143 of 431 [33.2%; 95% CI, 
28.8 to 37.8]) (Fig. 2B); test sensitivity increased 
as the lesion size increased (Fig. 2D). The sensi-
tivity for the detection of cancer or advanced pre-
cancerous lesions did not differ significantly ac-
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Figure 2. Sensitivity of the Multitarget Stool DNA Test and the Commercial Fecal Immunochemical Test (FIT),  
According to Subgroup.

Shown are the sensitivities of the DNA test and FIT for the detection of colorectal cancer according to tumor stage 
(Panel A), for the detection of colorectal cancer and advanced precancerous lesions according to the location in the 
colon (Panel B), and for the detection of higher-risk subtypes among participants with advanced precancerous le-
sions (Panel C) and according to lesion size (Panel D). The numbers in parentheses are the number of participants 
in each category. In Panel A, the stage of 1 of 65 colorectal cancers was not available. In Panel B, the location of  
1 of 757 advanced precancerous lesions was not available.
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83.8 to 98.2) (Table 1). Sensitivity did not vary 
significantly according to cancer stage (Fig. 2A) 
or location within the colon (Fig. 2B). Among 
757 participants with advanced precancerous le-
sions, DNA testing detected 321 (42.4%; 95% CI, 
38.9 to 46.0). A total of 69.2% (95% CI, 52.4 to 
83.0) of 39 participants with high-grade dyspla-
sia and 42.4% (95% CI, 32.6 to 52.8) of 99 par-
ticipants with sessile serrated polyps measuring 

1 cm or larger were identified on DNA testing 
(Fig. 2C). The sensitivity of the DNA test was 
higher for distal advanced precancerous lesions 
(177 of 325 [54.5%; 95% CI, 48.9 to 60.0]) than 
for proximal lesions (143 of 431 [33.2%; 95% CI, 
28.8 to 37.8]) (Fig. 2B); test sensitivity increased 
as the lesion size increased (Fig. 2D). The sensi-
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Shown are the sensitivities of the DNA test and FIT for the detection of colorectal cancer according to tumor stage 
(Panel A), for the detection of colorectal cancer and advanced precancerous lesions according to the location in the 
colon (Panel B), and for the detection of higher-risk subtypes among participants with advanced precancerous le-
sions (Panel C) and according to lesion size (Panel D). The numbers in parentheses are the number of participants 
in each category. In Panel A, the stage of 1 of 65 colorectal cancers was not available. In Panel B, the location of  
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Interval CRC and ADR 
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A bs tr ac t

Background
Colonoscopy and fecal immunochemical testing (FIT) are accepted strategies for 
colorectal-cancer screening in the average-risk population.

Methods
In this randomized, controlled trial involving asymptomatic adults 50 to 69 years of 
age, we compared one-time colonoscopy in 26,703 subjects with FIT every 2 years in 
26,599 subjects. The primary outcome was the rate of death from colorectal cancer 
at 10 years. This interim report describes rates of participation, diagnostic findings, and 
occurrence of major complications at completion of the baseline screening. Study 
outcomes were analyzed in both intention-to-screen and as-screened populations.

Results
The rate of participation was higher in the FIT group than in the colonoscopy group 
(34.2% vs. 24.6%, P<0.001). Colorectal cancer was found in 30 subjects (0.1%) in the 
colonoscopy group and 33 subjects (0.1%) in the FIT group (odds ratio, 0.99; 95% 
confidence interval [CI], 0.61 to 1.64; P = 0.99). Advanced adenomas were detected 
in 514 subjects (1.9%) in the colonoscopy group and 231 subjects (0.9%) in the FIT 
group (odds ratio, 2.30; 95% CI, 1.97 to 2.69; P<0.001), and nonadvanced adenomas 
were detected in 1109 subjects (4.2%) in the colonoscopy group and 119 subjects 
(0.4%) in the FIT group (odds ratio, 9.80; 95% CI, 8.10 to 11.85; P<0.001).

Conclusions
Subjects in the FIT group were more likely to participate in screening than were those 
in the colonoscopy group. On the baseline screening examination, the numbers of 
subjects in whom colorectal cancer was detected were similar in the two study 
groups, but more adenomas were identified in the colonoscopy group. (Funded by 
Instituto de Salud Carlos III and others; ClinicalTrials.gov number, NCT00906997.)

The New England Journal of Medicine 
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•  Up to date with FIT, sigmoidoscopy, or 
colonoscopy, 2006-2015: 36.3% à  77.1% 

•  60.7% of up-to-date attritable to FIT 
•  KPNC CRC mortality 42 à 29 / 100,000 

   (31% decrease) 
•  US population CRC mortality decrease is 

half of above (16.2%) 

80% by 2018? 

Corley at al., KPNC, DDW 2017 
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80% by 2018? 

Corley at al., KPNC, DDW 2017 
 

Evidence: 
Screening 
Evidence: 

Surveillance 

Surveillance: The evidence 

•  Much less robust than for screening… 
 
•  Risk of metachronous advanced neoplasia after 

removal of 1-2 low risk adenomas: 
– Range 2.9% – 12.2% depending on specific risk 

factors  

Lieberman	et	al.,	Gastroenterology.	2012;143:844	 Gupta	et	al.,	Gut	2017;66:446	 Jover	et	al.,	Endoscopy	2016;48:571	

Evidence: 
Screening 

Surveillance: 
What's new? 

Surveillance associated with êCRC   

Atkin et al, DDW 2017 and Lancet Oncology 2017; online, PMID: 28457708 

Adjusted 
hazard ratio 
after 
moderate risk 
adenomas: 
 
0·57  
[0·40–0·80] 
for one visit 
  
0·51 
[0·31–0·84] 
for two visits  
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Evidence: 
Screening 

Our responsibility as 
colonoscopists 

Higher adenoma detection rate  
is associated with: 

A. Decreased interval CRC incidence 
B.  Increased risk of bleeding and perforation 
C. Decreased interval CRC mortality 
D. Over-utilization of colonoscopy 
E. All of the above 
F.  A and C 
G. A, C and D 

As a colonoscopist:  What should I be doing? 

•  High quality colonoscopy 
–  Primary screening  
–  Follow-up of FIT+, etc. 

•  Detection  
•  Complete resection 
•  Family history?  Genetic syndromes? 
•  Appropriate utilization: 

–  Surveillance is over-utilized AND under-utilized 

Baxter et al, J Clin Oncol 2012;30 
 

Colonoscopy: operator dependence 

population may result in an overestimation of the association
between colonoscopy and CRC incidence and/or mortality.

Effectiveness of colonoscopy is dependent on detection and re-
moval of cancer precursors and early detection of cancers.27 Poor-
quality colonoscopy may result in failure to evaluate the entire colon
or failure to detect cancer precursors. Many organizations16 and indi-
viduals28,29 have proposed inadequate performance as an explanation
of the weaker-than-expected association between colonoscopy and
CRC death found in the Canadian case-control study.9 Our study
provides evidence to support a relationship between quality of colono-
scopy and effectiveness; the association of colonoscopy with CRC
mortality varied according to the specialty of the colonoscopist. The
association was significantly stronger for colonoscopy performed by a
gastroenterologist; gastroenterologists receive more extensive colono-
scopy training during fellowship than physicians with other special-
ties.30 Given that colonoscopy is a complex skill with a long learning
curve, quality of gastroenterologist-provided colonoscopy may be
higher on average than colonoscopy provided by other providers,
although at the individual level, there will be poor-quality performers
who are gastroenterologists and high-quality performers who are not
gastroenterologists. The relationship between provider specialty and
colonoscopy effectiveness is supported by the literature. In the US
Medicare population, colonoscopy performed by a gastroenterologist
was more likely to result in the removal of polyps than colonoscopy
performed by providers who are not gastroenterologists.31 Other au-
thors have demonstrated an increased risk of CRC development
within 3 years of colonoscopy performed by a provider who is not
a gastroentologist.32,33

All observational studies, including ours, are at risk of con-
founding by unmeasured factors, and it is not possible to deter-
mine a precise estimate of the effectiveness of colonoscopy from
such studies. However, the overall consistency of the literature is
compelling; colonoscopy is effective for prevention of CRC mor-
tality. Our study also demonstrated a marked difference in the
strength of the association of colonoscopy with CRC death for
proximally and distally located cancers, another remarkably con-
sistent finding.9-13,15,34 What underlies this? Again, quality of
colonoscopy has been proposed as a major mechanism13,16,35;
however, our study demonstrates the relative difference in the
strength of the association between colonoscopy and CRC mortal-
ity from proximal and distal cancers to be similar for gastroenter-
ologists and providers who are not gastroenterologists. There are
underlying differences in the biology of proximal and distal CRC

neoplasia that may contribute to the variable effectiveness of
colonoscopy. Proximal adenomas are often flat36 and harder to
identify than pedunculated polyps that predominate distally. In
addition, distal cancers are more likely to develop through the
chromosomal instability pathway with the classic slow progression
of adenoma to carcinoma36 than proximal colon cancers, poten-
tially providing greater opportunity for colonoscopic detection.

We did not know the indication for colonoscopy. Since
colonoscopy for CRC screening indications was not routinely re-
imbursed by Medicare before 2001, most colonoscopies in our
study were performed for diagnostic purposes. To exclude colono-
scopy performed for signs and/or symptoms of CRC resulting in a
diagnosis, we included only colonoscopy performed more than 6
months before CRC diagnosis, an approach consistent with that of
other studies in the literature.9 However, screening colonoscopies
resulting in an immediate diagnosis of cancer were also excluded,
potentially resulting in an overestimation of the strength of the
association between colonoscopy and CRC mortality.37 The time
period of exposure was chosen to ensure a sufficient time for
follow-up after CRC diagnosis in the cases, and it is unclear how
the change in Medicare reimbursement policy may have influ-
enced our results. Of note, the proportion of colonoscopic proce-
dures in the Medicare population associated with polypectomy did
not change substantially between 199938 and 2003,31 indicating a
similar CRC risk profile during this time period.

Lifestyle factors may be other important unmeasured
confounders—individuals with a healthy lifestyle may be more likely
to undergo colonoscopy despite being at a lower risk of death from
CRC. More significantly, our study was not able to determine family
history; individuals with a family history of CRC may be more likely to
die of CRC and more likely to undergo colonoscopy. However, the
cases for our study were diagnosed with CRC at a relatively advanced
age, and thus confounding by family history is less likely to substan-
tially influence our analysis. The age of cases was selected to ensure
sufficient time to consider exposure to colonoscopy before diagnosis.
We included any colonoscopy recorded in Medicare 6 months or
more before the diagnosis/referent date as an exposure. Although
cases and controls may have undergone colonoscopy prior to Medi-
care eligibility, the median time of potential exposure in our data was
113 months, and all cases and controls had a minimum of 5 years of
potential exposure. We found that colonoscopy was a common pro-
cedure in our control group; 24% were exposed to colonoscopy and

Table 4. OR for the Association Between any Colonoscopy and CRC Mortality by Specialty of Colonoscopist!

Variable

All Cancers Proximal Cancer Distal Cancer
Unknown Site of

Cancer

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy performed by:

Gastroenterologist 0.35 0.32 to 0.39 0.52 0.46 to 0.59 0.20 0.17 to 0.23 0.47 0.35 to 0.62
Surgeon 0.55 0.47 to 0.64 0.74 0.59 to 0.91 0.35 0.27 to 0.45 0.99 0.62 to 1.59
Primary care physician 0.43 0.33 to 0.55 0.63 0.45 to 0.90 0.24 0.15 to 0.36 0.85 0.42 to 1.74
Other/unknown 0.48 0.40 to 0.57 0.72 0.56 to 0.92 0.32 0.24 to 0.43 0.38 0.20 to 0.71

Abbreviations: CRC, colorectal cancer; OR, odds ratio.
!Conditional logistic regression, adjusted for comorbidities, socioeconomic status, and urban/rural status.

Association Between Colonoscopy and Colorectal Cancer Mortality

www.jco.org © 2012 by American Society of Clinical Oncology 5

from 171.65.122.79
Information downloaded from jco.ascopubs.org and provided by at STANFORD UNIV MEDICAL CENTER on June 29, 2012

Copyright © 2012 American Society of Clinical Oncology. All rights reserved.

population may result in an overestimation of the association
between colonoscopy and CRC incidence and/or mortality.

Effectiveness of colonoscopy is dependent on detection and re-
moval of cancer precursors and early detection of cancers.27 Poor-
quality colonoscopy may result in failure to evaluate the entire colon
or failure to detect cancer precursors. Many organizations16 and indi-
viduals28,29 have proposed inadequate performance as an explanation
of the weaker-than-expected association between colonoscopy and
CRC death found in the Canadian case-control study.9 Our study
provides evidence to support a relationship between quality of colono-
scopy and effectiveness; the association of colonoscopy with CRC
mortality varied according to the specialty of the colonoscopist. The
association was significantly stronger for colonoscopy performed by a
gastroenterologist; gastroenterologists receive more extensive colono-
scopy training during fellowship than physicians with other special-
ties.30 Given that colonoscopy is a complex skill with a long learning
curve, quality of gastroenterologist-provided colonoscopy may be
higher on average than colonoscopy provided by other providers,
although at the individual level, there will be poor-quality performers
who are gastroenterologists and high-quality performers who are not
gastroenterologists. The relationship between provider specialty and
colonoscopy effectiveness is supported by the literature. In the US
Medicare population, colonoscopy performed by a gastroenterologist
was more likely to result in the removal of polyps than colonoscopy
performed by providers who are not gastroenterologists.31 Other au-
thors have demonstrated an increased risk of CRC development
within 3 years of colonoscopy performed by a provider who is not
a gastroentologist.32,33

All observational studies, including ours, are at risk of con-
founding by unmeasured factors, and it is not possible to deter-
mine a precise estimate of the effectiveness of colonoscopy from
such studies. However, the overall consistency of the literature is
compelling; colonoscopy is effective for prevention of CRC mor-
tality. Our study also demonstrated a marked difference in the
strength of the association of colonoscopy with CRC death for
proximally and distally located cancers, another remarkably con-
sistent finding.9-13,15,34 What underlies this? Again, quality of
colonoscopy has been proposed as a major mechanism13,16,35;
however, our study demonstrates the relative difference in the
strength of the association between colonoscopy and CRC mortal-
ity from proximal and distal cancers to be similar for gastroenter-
ologists and providers who are not gastroenterologists. There are
underlying differences in the biology of proximal and distal CRC

neoplasia that may contribute to the variable effectiveness of
colonoscopy. Proximal adenomas are often flat36 and harder to
identify than pedunculated polyps that predominate distally. In
addition, distal cancers are more likely to develop through the
chromosomal instability pathway with the classic slow progression
of adenoma to carcinoma36 than proximal colon cancers, poten-
tially providing greater opportunity for colonoscopic detection.

We did not know the indication for colonoscopy. Since
colonoscopy for CRC screening indications was not routinely re-
imbursed by Medicare before 2001, most colonoscopies in our
study were performed for diagnostic purposes. To exclude colono-
scopy performed for signs and/or symptoms of CRC resulting in a
diagnosis, we included only colonoscopy performed more than 6
months before CRC diagnosis, an approach consistent with that of
other studies in the literature.9 However, screening colonoscopies
resulting in an immediate diagnosis of cancer were also excluded,
potentially resulting in an overestimation of the strength of the
association between colonoscopy and CRC mortality.37 The time
period of exposure was chosen to ensure a sufficient time for
follow-up after CRC diagnosis in the cases, and it is unclear how
the change in Medicare reimbursement policy may have influ-
enced our results. Of note, the proportion of colonoscopic proce-
dures in the Medicare population associated with polypectomy did
not change substantially between 199938 and 2003,31 indicating a
similar CRC risk profile during this time period.

Lifestyle factors may be other important unmeasured
confounders—individuals with a healthy lifestyle may be more likely
to undergo colonoscopy despite being at a lower risk of death from
CRC. More significantly, our study was not able to determine family
history; individuals with a family history of CRC may be more likely to
die of CRC and more likely to undergo colonoscopy. However, the
cases for our study were diagnosed with CRC at a relatively advanced
age, and thus confounding by family history is less likely to substan-
tially influence our analysis. The age of cases was selected to ensure
sufficient time to consider exposure to colonoscopy before diagnosis.
We included any colonoscopy recorded in Medicare 6 months or
more before the diagnosis/referent date as an exposure. Although
cases and controls may have undergone colonoscopy prior to Medi-
care eligibility, the median time of potential exposure in our data was
113 months, and all cases and controls had a minimum of 5 years of
potential exposure. We found that colonoscopy was a common pro-
cedure in our control group; 24% were exposed to colonoscopy and

Table 4. OR for the Association Between any Colonoscopy and CRC Mortality by Specialty of Colonoscopist!

Variable

All Cancers Proximal Cancer Distal Cancer
Unknown Site of

Cancer

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

No colonoscopy 1.00 1.00 1.00 1.00
Any colonoscopy performed by:

Gastroenterologist 0.35 0.32 to 0.39 0.52 0.46 to 0.59 0.20 0.17 to 0.23 0.47 0.35 to 0.62
Surgeon 0.55 0.47 to 0.64 0.74 0.59 to 0.91 0.35 0.27 to 0.45 0.99 0.62 to 1.59
Primary care physician 0.43 0.33 to 0.55 0.63 0.45 to 0.90 0.24 0.15 to 0.36 0.85 0.42 to 1.74
Other/unknown 0.48 0.40 to 0.57 0.72 0.56 to 0.92 0.32 0.24 to 0.43 0.38 0.20 to 0.71

Abbreviations: CRC, colorectal cancer; OR, odds ratio.
!Conditional logistic regression, adjusted for comorbidities, socioeconomic status, and urban/rural status.

Association Between Colonoscopy and Colorectal Cancer Mortality
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Information downloaded from jco.ascopubs.org and provided by at STANFORD UNIV MEDICAL CENTER on June 29, 2012

Copyright © 2012 American Society of Clinical Oncology. All rights reserved.
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Corley DA et al. N Engl J Med 2014;370:1298-1306 

Interval CRC and ADR Lesion detection rates by endoscopist 

Kahi et al., Clin Gastro Hep 2011;9:42-46 

Robertson et al., Gastrointestinal Endoscopy 2017;85:2 

If FIT+:  We must be finding more lesions 

Study CRC 
detection 

Advanced neoplasia 
detection 

Screening 
Colonoscopy 0.5 – 1 % 5 – 10 % 

In FIT+ patients 2.9 – 7.8 % 34  - 54% 

•  Recommend ADR >45% in men, >35% in women if FIT+ 
with  threshold of 20 mcg/g 

Zorzi et al Gut 2016 Nov;65(11):1822-1828 

If FIT+:  We must be finding more lesions 
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Evidence: 
Screening High Quality Colonoscopy 

High quality colonoscopy: Process, Technique 

•  Appropriate patient selection and screening 
•  Good preparation – split-dose preparation 
•  Cecal intubation 
•  Insertion with water – minimal air / gas 
•  Water immersion / exchange 
•  Carbon dioxide if available 
•  Retroflexion in cecum or second look 
•  Inspection and lesion removal on insertion 
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High quality colonoscopy: Performance 

•  Adenoma detection rate (ADR) 
•  Serrated lesion detection rate 
•  Adenomas per colonoscopy 
•  Complete resection 
•  Optical diagnosis of high risk lesions 
•  Know when NOT to biopsy or resect only 

partially – refer if needed for complete resection 
•  Technologies to increase lesion detection? 

Evidence: 
Screening 
The future:  

Further personalization? 

"Average Risk" CRC Screening 

Personalized 
Tailoring? 

or	

One Size Fits All 
Evidence: 
Screening 

Normal	colon	 Non-CRC	death	

Normal	colon	 Adenoma	 Non-CRC	death	

Normal	colon	 Adenoma	 CRC	death	CRC	

Screen	1	 Screen	2	

A)	No	Screening	

B)	Screening	

D)	Screening	

C)	Screening	

Ladabaum,	Colorectal	Cancer	Screening,	Yamada's	Textboook,	6th	Ed,	2015	

Average Risk Screening:  
Most people do not benefit 

Inertia vs. sound policy vs. politics? 

Regula et al., NEJM 2006; 355(18):1863 

Inertia vs. sound policy vs. politics? 

Regula et al., NEJM 2006; 355(18):1863 
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Inertia vs. sound policy vs. politics? 

Regula et al., NEJM 2006; 355(18):1863 

Risk Prediction = Personalization? 

Usher-Smith et al., Cancer Prev Res 2016;9:13 Ladabaum et al., Cancer 2016;122:2663 
Imperiale et al., JNCI 2017;109(1) 

NCI Risk Score Prospective Validations 

Ladabaum et al., Cancer 2016;122:2663 
Imperiale et al., JNCI 2017;109(1) 

Discriminatory ability is only modest… 

Ladabaum et al., Cancer 2016;122:2663 

Keeping it in perspective… 

Taksler et al., Ann Int Med 2013;159:161 

For a woman with Bill’s characteristics (white or
black), diabetes control would decrease in rank from first
to fourth because of a lower risk for coronary heart disease
in women that is not offset by a higher risk for stroke, with
tobacco cessation, blood pressure control, and weight loss
ranking first to third, respectively. The differences would
be clinically meaningful, conferring approximately 0.8 life-
year more for tobacco cessation than diabetes control. Pre-
ventive health care recommendations specific to women
would rank low for gains in life expectancy, with mam-
mography, osteoporosis testing, and Papanicolaou smear
each conferring a gain of less than 0.1 life-year.

Sensitivity analyses were robust to variation of other
model inputs (Supplements 3 and 4 and Supplement Fig-
ures 1 to 17, available at www.annals.org).
General Observations

Across various hypothetical patients, tobacco cessation,
diabetes control, weight loss, and blood pressure reduction

were consistently among the highest-ranked guidelines.
Screenings for abdominal aortic aneurysm, colorectal can-
cer, and breast cancer (in women with unknown BRCA1/
BRCA2 status) typically ranked lower.

Face Validity
The model satisfied face validity criteria across

USPSTF recommendations (Supplement 2 and Tables 2
to 6 of Supplement 2; Supplement 3; and Supplement 4
and Supplement Figures 18 to 20).

DISCUSSION

Previous work suggests that clinicians may find it dif-
ficult to personalize and prioritize preventive care guide-
lines (17–20) and that doing so effectively is time-
consuming (3). For many, personalized medicine connotes
efforts to assess a person’s disease risk on the basis of ge-
netics, such as the Human Genome Project (35) and the

Figure 2. Rank order of personalized preventive care recommendations.
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This figure shows personalized life expectancy for 2 hypothetical patients, plus an estimate of how much longer each patient may expect to live by
following various preventive care recommendations. Estimates are shown for adherence to each individual recommendation; adherence to several
recommendations may change life expectancy by less than the sum of individual recommendations. AAA ! abdominal aortic aneurysm.
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USPSTF recommendations (Supplement 2 and Tables 2
to 6 of Supplement 2; Supplement 3; and Supplement 4
and Supplement Figures 18 to 20).

DISCUSSION

Previous work suggests that clinicians may find it dif-
ficult to personalize and prioritize preventive care guide-
lines (17–20) and that doing so effectively is time-
consuming (3). For many, personalized medicine connotes
efforts to assess a person’s disease risk on the basis of ge-
netics, such as the Human Genome Project (35) and the

Figure 2. Rank order of personalized preventive care recommendations.

C
um

ul
at

iv
e 

Su
rv

iv
al

 P
ro

ba
bi

lit
y,

 %

Additional Time That Patient May Survive, y

Life expectancy

Average white man aged 62 y: 19.1 y

Adam: 13.1 y

Bill: 9.6 y

Average white man aged 62 y

Adam

Bill

Adam

Bill

1 3 5 7 9 11 13 15 17 19 20 22 24 26 28 30 32 34 36 38
0

10

20

30

40

50

60

70

80

90

100

Pe
rs

on
al

iz
ed

 In
cr

ea
se

 in
 L

if
e 

Ex
pe

ct
an

cy
, y

Con
tro

l D
iab

ete
s

0.0

3.0

2.5

2.0

1.5

1.0

0.5

Quit
 Sm

ok
ing

Lo
se

 7.
3 k

g

Lo
wer 

Blo
od

 Pr
es

su
re

Ea
t a

 H
ea

lth
ier

 D
iet

Ta
ke

 A
sp

irin
 D

ail
y

Lo
wer 

Cho
les

ter
ol

Hav
e a

 C
olo

no
sco

py

Sc
ree

n f
or

 A
AA

Get 
Te

ste
d f

or
 H

IV

This figure shows personalized life expectancy for 2 hypothetical patients, plus an estimate of how much longer each patient may expect to live by
following various preventive care recommendations. Estimates are shown for adherence to each individual recommendation; adherence to several
recommendations may change life expectancy by less than the sum of individual recommendations. AAA ! abdominal aortic aneurysm.
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But we know that’s not right… 

•  Who? 
–  EVERYONE WHO MIGHT BENEFIT 

•  When? 
–  BASED ON RISK / BENEFIT BALANCE 

•  How? 
–  THERE ARE ALTERNATIVES, AND 

PREFERENCES  


