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KEY POINTS

� Common familial colorectal cancer refers to the associated risk to family members from a
sporadic colorectal cancer in probands.

� Individuals with a first-degree relative with colorectal cancer are at a 2-fold or higher risk of
colorectal cancer and advanced neoplasia.

� Individuals with a first-degree relative with advanced adenoma have an increased risk of
colorectal cancer and advanced neoplasia.

� Professional gastroenterology and oncology society guidelines recommend starting colo-
rectal cancer screening by age 40 in high-risk groups with a positive family history.
INTRODUCTION

Successful implementation and uptake of colorectal cancer (CRC) screening in the
United States have had a meaningful impact toward decreasing the incidence and
mortality of CRC.1 However, CRC remains the fourth most common cause of cancer
in the United States and the second leading cause of cancer death with 51,020
deaths estimated to occur in 2019.2 Because colon cancer is preventable, identifying
those who might benefit most from screening has the greatest potential to decrease
disease burden.
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The most commonly recognized high-risk group for CRC is individuals with a pos-
itive family history. It is generally recognized that those with a first-degree relative
(FDR) with CRC are at a 2-fold or higher risk of CRC or advanced neoplasia. FDRs
of patients with advanced adenomas (AAs) have a similarly increased risk. Accord-
ingly, all major US guidelines recommend starting CRC screening by age 40 in these
groups.3–5 Recommendations on screening interval and type of examination are more
nuanced and vary between guidelines.
The aims of this paper are to (1) define high-risk populations with a positive family

history, (2) describe the risk in those with a positive family history, (3) review the current
guidelines for screening and the strength of the recommendations, (4) review the ev-
idence for earlier screening, and (5) discuss challenges and strategies to screening
this group.

IDENTIFYING HIGH-RISK PATIENTS WITH A POSITIVE FAMILY HISTORY

In any patient with CRC, it is important to assess family history to see if the individual
meets clinical criteria for genetic testing. The National Comprehensive Cancer
Network (NCCN) recommends genetics evaluation in anyone with CRC under the
age of 50 or with an FDR (parent, sibling, or child) with CRC under the age of 50.6 In
the most extreme situations, such as heritable, monogenic syndromes, such as Lynch
syndrome or polyposis syndromes, the risk of CRC can approach 80% to 100%.
These patients undergo specialized screening protocols that are beyond the scope
of this article and are summarized elsewhere.6,7

In the present review, the authors focus on sporadic CRC in probands and the asso-
ciated risk to family members often referred to as common familial CRC. In addition,
the authors focus on a family history of AA as a risk factor. AAs are traditionally defined
as large (�1 cm) tubular adenomas or any adenoma with high-grade dysplasia or
villous histology. AAs are high-risk polyps that confer an increased risk of future colo-
rectal neoplasia to the affected individual8–11 and are considered the immediate pre-
cursors to CRC and the target of CRC screening.12,13 Family history in the setting of
advanced serrated polyps (ASPs), the analogous, potentially high-risk lesions in the
serrated pathway, are also discussed.

RISK IN INDIVIDUALS WITH A POSITIVE FAMILY HISTORY OF COLORECTAL CANCER

The lifetime risk of CRC in average risk individuals is approximately 4.5% and approx-
imately double in individuals with a positive family history.14 Familial CRC may have
some component that is genetic in origin or may be an effect of shared environmental
exposures. It is estimated that approximately 10% of the general population aged 30
to 70 years old have an FDR affected by CRC,15 and up to 30% will have an FDR or
second-degree relative (SDR) with CRC.16

Numerous studies dating back to the 1980s and incorporated into screening guide-
lines provided data supporting an increased risk of CRC in patients with FDRs with
CRC.17 One of the first prospective studies by Fuchs and colleagues18 with greater
than 100,000 people using self-reported family history questionnaires demonstrated
increased risk among those with affected FDRs compared with no family history (rela-
tive risk [RR] 1.72, 95% confidence interval [CI] 1.34–2.19) and even higher risk in
younger patients less than 45 years (RR 5.37, 95% CI 1.98–14.6). Most other original
studies were retrospective case control or cohort studies with inherent study limita-
tions (did not control for confounders and were limited by self-reported family history);
however, they still provided meaningful data on the increased familial risk outside of
genetic syndromes.19–21 These data have been summarized in meta-analyses that
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indicate amore than 2-fold higher risk of CRC (RR 2.24–2.81) in those with an FDRwith
CRC (Table 1).22–24 In 2013, Johnson and colleagues25 evaluated 12 different risk fac-
tors for CRC and identified an FDR with CRC as a significant factor associated with
increased risk (RR 1.80, 95% CI 1.61–2.02). More recent studies from the authors’
group in Utah using the specialized resources of the Utah Population Database, which
houses genealogic data in association with linked cancer records, provides robust es-
timates of familial CRC risk without the family history recall bias of past studies. These
data reported a 1.8-fold (95%CI 1.59–2.03) risk of CRC in those with an FDRwith CRC
and importantly demonstrated that the risk of CRC remains elevated nomatter the age
of the affected relative.26,27

ADDITIONAL FACTORS THAT INFLUENCE RISK IN INDIVIDUALS WITH A POSITIVE
FAMILY HISTORY OF COLORECTAL CANCER

Several additional factors related to family history also influence the risk of CRC,
including (1) proband age, (2) number of affected family members, (3) type of relative,
and (4) site of cancer.
All relatives of individuals with CRC are at increased risk regardless of the age of the

affected patient, but in general, the risk appears to be higher the younger the proband.
A 2015 systematic review and meta-analysis reported the highest risk in those with an
FDR who had CRC at age less than 50 (pooled risk 3.55, 95% CI 1.84–6.83).28 Since
that publication, data from the Utah Population Database and linked cancer registry
showed highest risk when index CRC patients were diagnosed at age less than
40 years (hazard ratio 2.53, 95% CI 1.7–3.79).27 This study and 2 others were included
in a meta-analysis for the Banff consensus statement that reported a pooled RR of
2.35 (95% CI 1.92–2.86) for individuals with an FDR with CRC diagnosed at less
than 60 years compared with no family history, and for FDR with CRC at �60 years,
the RR was 1.79 (95% CI 1.58–2.03) (P 5 .02).4 A more recent analysis similarly
showed significantly elevated risk if the FDR had CRC at age less than 50 (RR 3.57,
Table 1
Risk estimates for family history of colorectal cancer in meta-analyses

Metaanalysis RR for FDR (95% CI)
RR for FDR According to Proband
Age (95% CI)

Johns et al,22 2001 2.25 (2.00–2.53) <45: 3.87 (2.40–6.22)
45–59: 2.25 (1.85–2.72)
>60: 1.82 (1.47–2.25)

Baglietto et al,23 2006 2.26 (1.86–2.73)

Butterworth et al,24 2006 2.24 (2.06–2.43) <50: 3.55 (1.84–6.83)
>50: 2.18 (1.56–3.04)

Johnson et al,25 2013 1.80 (1.61–2.02) —

Wong et al,70 2018 1.76 (1.57–1.97) <50: 2.81 (1.94–4.07)
>50: 1.47 (1.28–1.69)

Leddin et al,4 2018 1.31 (1.11–1.55) <60: 2.35 (1.92–2.86)
>60: 1.79 (1.58–2.03)

Mehraban Far et al,71 2019 1.87 (1.68–2.09)

Roos et al,29 2019 1.92 (1.53–2.41)a

1.37 (0.76–2.46)b
<50: 3.57 (1.07–11.85)a

>50: 3.25 (2.82–3.77)b

a For case-control studies (n 5 42).
b For cohort studies (n 5 20).
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95% CI 1.73–4.55 for case control studies and RR 3.26, 95% CI 2.82–3.77 for cohort
studies).29

The number of affected family members also impacts the risk of CRC. In a constel-
lation approach using the Utah statewide cancer records linked to genealogy whereby
the RR of CRC with �1 affected FDR with CRC was consistent with published esti-
mates (2.05, 95% CI 1.96–2.14), the RR was modestly increased for 1 affected
FDR, 1 affected SDR, and 0 affected third-degree relatives (TDR) (RR 1.88, 95% CI
1.59–2.20).30 Risk significantly increased with the addition of affected relatives (RR
3.28, 95% CI 2.44–4.31 for 1 FDR, 1 SDR, and �3 TDRs affected). In the absence
of an affected FDR, risk remained elevated compared with no family history when 1
SDR and 2 TDRs were affected (RR 1.33, 95% CI 1.13–1.55). More recent pooled
risk estimates suggest a nearly 4-fold increase in risk for 21 affected FDRs compared
with no family history (RR 3.97, 95% CI 2.60–6.06).28 The risk of CRC in more distant
relatives is modestly increased,14,28 but likely does not meet the need for clinical
screening.31

There also appears to be a differential risk according to the type of FDR, whereby
multiple studies demonstrate higher CRC risk in siblings versus parents,32–34 although
this finding may be limited to individuals greater than 50 years old.31 Finally, the site of
cancer (colon vs rectum) may also impact familial risk. Earlier studies suggest higher
risk with colon versus rectal cancer,35 but a large population-based study in Utah re-
ported no difference according to the subsite of primary cancer.36
RISK IN INDIVIDUALS WITH A POSITIVE FAMILY HISTORY OF ADVANCED
ADENOMAS

There is evidence of an increased CRC risk in those with an FDR with an AA, although
the risk estimates may be less than having a relative with CRC (Table 2). Of note,
although earlier studies suggested higher risk with family history of non-AA,22,37

more recent analyses have shown that the presence of a non-AA does not significantly
impact risk for AA or CRC.38

Many of the studies evaluating familial risk with AA focus only on a subtype of
AA (advanced by size vs by polyp histology) and also are designed to report
varying outcomes (advanced neoplasia, CRC). A large cross-sectional study from
Hong Kong reported that siblings with AA had a 6-fold higher risk of having an AA
than siblings of those with a normal colonoscopy (odds ratio [OR] 6.05, 95% CI
2.74–13.36) and even higher for adenoma with high-grade dysplasia (OR 19.98,
Table 2
Level of risk for family member of patients with advanced colorectal polyps

Pathology in Proband

Risk in FDR, OR/RR (95% CI)

AA CRC

Advanced Adenoma
Tubular adenoma �10 mm

Adenoma with villous histology

Adenoma with high-grade dysplasia

6.05 (2.74–13.36)39,a —
8.59 (3.4–21.45)39

2.27 (1.01–5.09)40,b
3.9 (0.89–17.01)40

1.65 (1.28–2.14)37,c

6.28 (2.02–19.53)39
1.68 (1.29–2.18)37

19.98 (2.03–1.97)39 —

a In siblings.
b For composite endpoint of large adenoma and/or CRC.
c For adenoma with villous histology only (not advanced by size or high-grade dysplasia).
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95% CI 2.03–19.7).39 A French case control study showed that FDRs of those with
large adenomas were at least 2 times more likely to develop a composite endpoint
of CRC and large adenomas (OR 2.27, 95% CI 1.01–5.09).40 A nested case control
study from Utah showed 1.7 times higher risk of CRC in those with an FDR with a
villous adenoma (RR 1.65, 95% CI 1.28-2.18).37

Recognition of the serrated pathway contributing to up to 30% of CRC has promp-
ted consideration for analogous lesions referred to as ASPs.41,42 Similar to conven-
tional AA, these are defined as sessile serrated polyp (SSP) �1 cm, SSP with any
degree of cytologic dysplasia, or traditional serrated adenoma (TSA). TSAs of any
size are considered advanced as related to surveillance (3-year interval recommen-
ded)43 but only TSA �1 cm are considered advanced as related to the recommenda-
tion for earlier screening for FDRs.3 There are no studies on familial risk with ASP, and
therefore, the magnitude of risk is unknown, although presumed to be elevated.
CURRENT SCREENING GUIDELINES FOR POSITIVE FAMILY HISTORY

US guidelines recommending earlier screening for those with an FDR with CRC have
been in place for nearly 30 years, with slight modifications over time. The US Multi-
Society Task Force (US-MSTF), made up by the 3 major gastrointestinal societies,
including the American Gastroenterological Association (AGA), the American Society
for Gastrointestinal Endoscopy, and the American College of Gastroenterology, last
released CRC screening guidelines in 2017.3 The NCCN updates their CRC screening
guidelines annually, although the 2019 recommendations are largely the same as pre-
vious years.5 In 2018, the Canadian Association for Gastroenterology (CAG) in
conjunction with the AGA released the Banff consensus statement for CRC screening
in those with nonhereditary family history of CRC.4 The US-MSTF, NCCN, and Banff
statement all provide recommendations for screening individuals with a family history
of CRC (Table 3) and a family history of AA (Table 4).
The US-MSTF recommends that individuals who have a single FDRwith CRC at less

than 60 years old (or in 2 FDRs of any age) start screening at age 40, or 10 years before
the age of the youngest affected relative (whichever is earlier). Colonoscopy is the
preferred screening test (with a 5-year interval), and if declined, fecal immunochemical
test (FIT) should be offered. If the affected relative was �60 years old, screening
should commence at age 40 with the same tests and intervals as average-risk individ-
uals. The US-MSTF recommends the exact same approach whether the relative had
CRC or AA. In addition, the US-MSTF suggests that individuals with FDR with ASPs
can be treated similarly to those with conventional AA. All of these statements for fam-
ily history of CRC/AA are noted to be weak recommendations based on low- or very-
low-quality evidence.
The NCCN is largely similar to the US-MSTF with the 1 major difference being that

age of the proband affected by CRC or AA/ASP is not taken into account in screening
recommendations for FDRs. The other nuance is that the NCCN recommends
commencing screening at age 40, or at the age of diagnosis of AA in the FDR. That
means if the AA was diagnosed at age 45, the time to start screening would differ be-
tween the US-MSTF (age 35) and NCCN (age 40). The Banff consensus statement
used robust methodology (systematic review and meta-analysis with the GRADE sys-
tem) to evaluate the quality of the evidence and strength of the recommendation. Like
the NCCN, there is no distinction according to age of the affected relative. Normal
average risk approach is recommended for those with a family history of non-AAs
or only SDRs with CRC. Most of these statements are conditional recommendations
based on low- or very-low-quality evidence. Of note, the American Cancer Society



Table 3
Colorectal cancer screening guidelines and strength of recommendation for individuals with a
family history of colorectal cancer

Family History
Age to Initiate
Screening Preferred Test, Interval

Banff Consensus
Statement
(CAG/AGA)4

CRC in 1 FDRa Age 40–50, or 10 y
younger than age
of diagnosis of FDRb

Colonoscopy preferred
every 5–10 y or FITc

every 1–2 y
GRADE: conditional recommendation, very-low-
quality evidence

CRC in �2 FDR Age 40, or 10 y
younger than age
of diagnosis of FDRb

Colonoscopyd every 5 y

GRADE: conditional recommendation, very-low-
quality evidence

US-MSTF3 CRC in 1 FDR
<60 y or in
2 FDRs with
CRC (any age)

Age 40, or 10 y
younger than age
of diagnosis of FDRb

Colonoscopye every 5 y

Weak recommendation, low-quality evidence
CRC in 1 FDR

�60 y
Age 40 Same as for average-risk

persons (colonoscopy
every 10 y or
FIT annually)

Weak recommendation, very-low-quality evidence

NCCN5 �1 FDR with CRC
at any age

Age 40, or 10 y
younger than age of
diagnosis of FDR

Colonoscopy every 5 y

Category 2A recommendation

a Recommend screening over no screening (GRADE: strong recommendation, moderate-quality
evidence).
b Whichever is earlier.
c FIT as second-line screening option (GRADE: conditional recommendation, moderate-quality
evidence).
d Colonoscopy as the preferred screening test over no screening or all other modalities (GRADE:
strong recommendation, very-low-quality evidence).
e Persons should be offered annual FIT if they decline colonoscopy (GRADE: strong recommenda-
tion, moderate-quality evidence).
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and US Preventive Services Task Force only provide recommendations on CRC
screening for average-risk individuals.44

EVIDENCE THAT EARLIER SCREENING IS EFFECTIVE IN THOSE WITH A FAMILY
HISTORY

The increased RR of CRC in individuals with an FDR with CRC (or AA) has been
shown in many studies, but it is more difficult to study the benefit that has been
appreciated from earlier screening in this group. The main reason to start screening
earlier is that individuals with a positive family history of CRC have an earlier median
age of CRC compared with those without a family history. Although there are no ran-
domized controlled trials to guide the optimal interval for CRC screening in this
group, the effectiveness of screening and the shorter screening interval were
demonstrated in a large cohort study examining the incidence of CRC after a nega-
tive colonoscopy.45 In the first 5 years after a negative colonoscopy, the incidence of



Table 4
Colorectal cancer screening guidelines and strength of recommendation for individuals with a
family history of advanced colorectal polyp

Family History
Age to Initiate
Screening Preferred Test, Interval

Banff Consensus
Statement
(CAG/AGA)4

Documented AA in
>1 FDR (any age)a

Age 40–50, or 10 y
younger than age
of diagnosis of FDRb

Colonoscopy every
5–10 y or FIT
every 1–2 y

GRADE: conditional recommendation, very-low-
quality evidencec

US-MSTF3 Documented AA in
1 FDR <60 y or in
2 FDRs with AA
(any age)

Age 40, or 10 y
younger than age
of diagnosis of FDRb

Colonoscopyd every 5 y

Weak recommendation, low-quality evidence
AA in 1 FDR �60 y Age 40 Same as for average-risk

persons (colonoscopy
every 10 y or
FIT annually)

Weak recommendation, very-low-quality evidence
Documented ASL in
>1 FDR

According to recommendations for family
history of documented AA

Weak recommendation, very-low-quality evidence

NCCN5 Confirmed AA or ASL
in 1 FDR (any age)

Age 40, or at age of
diagnosis of AA
in FDRb

Colonoscopy every 5–10 y

Category 2A recommendation

Abbreviation: ASL, advanced serrated lesions.
a Recommend screening over no screening (GRADE: strong recommendation, moderate-quality

evidence).
b Whichever is earlier.
c Consensus group was not able to make a recommendation (neither for or against) the use of

colonoscopy as the preferred screening test over no screening or all other screening modalities.
d Persons should be offered annual FIT if they decline colonoscopy (GRADE: strong recommen-

dation, moderate-quality evidence).
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CRC was significantly lower in those with an FDR with CRC (standardized incidence
ratio [SIR] 0.39, 95%CI 0.13–0.64), but not when the interval was greater than 5 years
(SIR 0.74, 95% CI 0.32–1.16). Thus, a negative colonoscopy in individuals with an
FDR with CRC confers a 45% lower reduction in CRC risk compared with those
without family history, supporting a shorter interval in this high-risk group.
INTERNATIONAL APPROACHES TO FAMILY-BASED COLORECTAL CANCER
SCREENING

Outside of the United States, many countries have tried to implement updates to their
CRC screening programs that incorporate family history. In 2008 in Canada, a
population-based screening program for individuals with a family history was intro-
duced, and a microsimulation modeling study examined the potential impact of this
new strategy over the following 30 years.46 Compared with a regular guaiac fecal
occult blood program, a family history–based program was projected to prevent
40% additional deaths while requiring 93% additional colonoscopies. In the
Netherlands, where they have population-based FIT screening, they evaluated the
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impact of offering colonoscopy to a target group who were both FIT positive and had
an FDRwith CRC.47 This strategy would increase the yield of advanced neoplasia from
3.2% to 4.8%, with a number needed to scope to detect 1 subject with advanced
neoplasia of 5.0 compared with 2.8.
In Ireland, they implemented a special CRC screening service where they used fam-

ily history questionnaires to stratify patients into risk categories (low risk, moderate
risk, Lynch syndrome suspected or diagnosed).48 Moderate risk was defined as 1
FDR with CRC diagnosed less than 60 years, or 2 FDR with CRC or 2 SDR with
CRC diagnosed less than 60 years. At index colonoscopy in this group, they detected
adenomas in 16.4% and AA in 4.4%. Interestingly, they did not find any difference in
adenoma or AA yield according to risk category, although overall, they had low ade-
noma detection rate (18%). A US study evaluating screening computed tomographic
colonography found no significant difference in rates of AA, non-AA, or cancer in
patients with an FDR with CRC versus no family history.49

COST-EFFECTIVENESS OF SCREENING IN THOSE WITH FAMILY HISTORY

The cost-effectiveness of screening individuals with positive family history earlier and
more frequently has been evaluated and appears to vary according to the number of
affected FDRs.50 Naber and colleagues51 used the Microsimulation Screening Anal-
ysis model to determine the impact of various screening intervals for this high-risk
group using a cost-effectiveness ratio less than $100,000 per quality-adjusted life-
year as a threshold. Their results showed that the most cost-effective strategy for in-
dividuals with 1 affected FDR was to begin screening at age 40 and continue every
3 years, then to gradually extend the interval to 5 years (at age 45) and then 7 years
(at age 55) if no adenomas are found. These results lend credence to current guide-
lines recommending initiation of screening at an earlier age from the perspective of
societal cost. The finding that it is cost-effective to gradually increase the screening
interval after a negative colonoscopy is important; however, cost is not currently
factored into screening guidelines in the United States.

BARRIERS TO USE OF FAMILY CANCER HISTORY IN PRACTICE

The challenges to CRC screening for individuals with a positive family history are multi-
factorial and include patient level factors, provider limitations in collecting family his-
tory, and insufficient application of guidelines resulting in inadequate screening
practices.
In general, patients have poor knowledge of their family history of cancer and

know even less about their family history of colon polyps. When surveyed, almost
a quarter of patients did not know which family members had polyps, and a large
proportion of patients did not know the age at diagnosis (43%), polyp type (71%),
number of polyps found (91%), or polyp size (97%).52 With limited knowledge of
polyps in relatives, it is nearly impossible to identify those with AA and incorporate
this information into practice. On the provider side, physicians may not take compre-
hensive family histories53 and may lack the knowledge to assess risk.54 Multiple
different online family history questionnaires have been developed to overcome
these barriers, although most of them have failed to facilitate enrolling additional
relatives in screening or surveillance programs for CRC.55 In conjunction with the
National Colorectal Cancer Roundtable, the authors’ group has provided a guide
for endoscopists to appreciate guideline recommendations for CRC screening in in-
dividuals with a family history of AA and tools to implement these recommendations
in routine clinical practice.56
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Adherence to screening in individuals with family history of CRC is suboptimal,
although may be higher than the general population.57,58 One study using National
Health Interview Survey data revealed that FDRs were nearly twice as likely as
those without family history to get a colonoscopy (adjusted odds ratio 1.7, 95%
CI 1.5–1.9), but still only 46% of this at-risk group completed a colonoscopy.59–61

Multiple interventions have been tried to improve colonoscopy utilization in this
high-risk group. A tailored telephone counseling intervention for individuals with a
positive family history who were due for colonoscopy within 24 months achieved
a 32% increase in screening adherence compared with a mailed packet with gen-
eral information about screening.62

Recent literature shows the success and cost-effectiveness of state-wide patient
navigation (PN) programs to target priority patients for CRC screening.63,64 PN has
also been studied in high-risk patients with a positive family history. Paskett and col-
leagues65 assessed adherence to screening recommendation in a randomized clinical
trial comparing a Web site intervention (survey and personal CRC screening recom-
mendation) versus the Web site plus the addition of a PN intervention via telephone
in patients with an FDRwith CRC. Overall adherence was 79% (similar in both groups),
and PN was only useful in cases whereby screening was needed immediately. Even in
high-risk groups with targeted interventions, adherence to screening recommenda-
tions still falls short.

IMPACT OF FAMILY HISTORY ON THE INCREASE OF EARLY-ONSET COLORECTAL
CANCER

There has been an unprecedented increase in the incidence of early onset (EO) CRC in
young adults less than 50 years old worldwide with ongoing studies to identify the
drivers of increasing disease. Although reports in the literature identify the majority
of this young cohort as not having a positive family history, still an FDR with CRC
has been shown to be associated with EO-CRC (OR 8.61, 95% CI 4.83–15.75) outside
of hereditary cancers.66,67 As we search for markers to indicate which young adults
may be at increased risk, at a minimum, those with FDR with CRC or AA should be
targeted for earlier screening.

FUTURE DIRECTIONS

Risk stratification for CRC is primarily driven by family history. More, and better, data
are needed to more clearly understand the risk to family members and to help guide
screening practices. Efforts should focus on improving acquisition of family history
and better adherence to guidelines. New approaches for familial risk assessment
include prediction algorithms through computation analyses and artificial neural net-
works to accurately stratify risk.68,69 Perhaps genomic analysis may add to or
replace family history information. However, most of these technologies still rely
on self-reported family history, which requires individuals to be knowledgeable
about their family members’ colonoscopy findings (polyp and CRC). Providers
should make a conscious effort to ascertain family history of cancer or polyps in
all of their patients, inform their patients of colonoscopy findings and to share these
with their relatives, and follow guidelines for earlier screening for those with a posi-
tive family history.
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