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Abstract

Background Family history of colorectal cancer (CRC) is used to stratify individuals into risk categories which determine
timing of initial screening and ongoing CRC surveillance. Evidence for long-term CRC risk following a normal index colo-
noscopy in family history populations is limited.

Aims To assess the incidence of advanced neoplasia and associated risk factors in a population undergoing surveillance
colonoscopies due to family history of CRC.

Methods Surveillance colonoscopy findings were examined in 425 individuals with a family history of CRC, a normal
index colonoscopy and a minimum of 10 years of follow-up colonoscopies. Advanced neoplasia risk was determined for
three CRC family history categories (near-average, medium and high-risk), accounting for demographics and time after the
first colonoscopy.

Results The median follow-up was 13.5 years (IQR 11.5-16.0), with an incidence of advanced neoplasia of 14.35% (61/425).
The number of affected relatives and age of CRC diagnosis in the youngest relative did not predict the risk of advanced
neoplasia (p > 0.05), with no significant differences in advanced neoplasia incidence between the family history categories
(p=0.16). Patients > 60 years showed a fourfold (HR 4.14, 95% CI 1.33-12.89) higher advanced neoplasia risk during
surveillance than those < 40 years at index colonoscopy. With each subsequent negative colonoscopy, the risk of advanced
neoplasia at ongoing surveillance was reduced.

Conclusions The incidence of advanced neoplasia was low (14.35%), regardless of the family history risk category, with
older age being the main risk for advanced neoplasia. Delaying onset of colonoscopy or lengthening surveillance intervals
could be a more efficient use of resources in this population.

Keywords Advanced neoplasia - Bowel cancer - Adenoma - Family history - Colorectal cancer surveillance

Introduction

Colorectal cancer (CRC) is the third most commonly diag-

nosed cancer in Australia, and the second-leading cause of

52 Meghan L. Barnett cancer-related death [1]. Colonoscopy can detect and remove

meghan.barnett@sa.gov.au adenomatous polyps (the precursor lesions for the majority

of CRC), preventing the development of CRC or allowing

its detection at an earlier stage [2-5].
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degree and second-degree relatives with CRC and the age

at which the relative was diagnosed [9-11]. The Australian

National Health and Medical Research Council (NHMRC)

have developed screening guidelines to detect CRC in family

history populations, stratified into risk categories in which

the likelihood of detecting cancer or preinvasive lesions
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(advanced adenomas) is enough to justify more frequent sur-
veillance than the average-risk population without a family
history of CRC [12]. Table 1 summarizes the family history
risk categories, the associated family history characteris-
tics, degree of risk and surveillance recommendations in
Australia. Individuals in the ‘near-average’ risk category are
considered at or slightly above the average population risk
for developing CRC, corresponding to a 5-10% lifetime risk
if no screening [12, 13]. Individuals in the ‘moderate risk’
category are approximately 3—6 times the average population
risk; a 15-30% lifetime risk [12, 13]. Those in the ‘high-
risk’ category are approximately 7-10 times the average
CRC risk; a 30-40% lifetime risk [12, 13].

Average-risk individuals with an adenoma detected on
index colonoscopy have higher rates of advanced neopla-
sia (AN; CRC or advanced adenoma) on subsequent sur-
veillance colonoscopy [14, 15]. International evidence has
shown that for average-risk individuals, a normal colonos-
copy corresponds with a lower lifetime risk of developing
CRC [14-20]. However, evidence is limited for CRC risk
following a normal index colonoscopy in individuals who
are considered at increased risk from family history.

This study aimed to determine the incidence of AN dur-
ing surveillance of an Australian cohort with a family his-
tory of CRC, where the index colonoscopy had no neoplasia
found. We also investigated the risk factors for CRC and
pre-invasive lesions in this cohort. In doing so, the study
aimed to validate the recommendations related to the need
for colonoscopy surveillance with the different family his-
tory classifications.

up to age 45 years, then 5-yearly colonoscopy from age

and colonoscopy every 5 years from age 50 years to age
45 years to age 74 years

74 years

Surveillance colonoscopy not recommended. Biennial FIT
from age 50-74

Surveillance recommendations

3-6 times the average population risk ~ FIT every 2 years from age 40 years up to age 50 years,
7-10 times the average population risk FIT should be performed every 2 years from age 35 years

Near-average risk

CRC risk

Methods

A retrospective cohort study was employed using data from
the Southern Co-operative Program for the Prevention of
Colorectal Cancer (SCOOP) database [21], a hospital-based
surveillance program whereby individuals with findings of
colorectal neoplasia undergo organized colonoscopy surveil-
lance following Australian guidelines [12]. A subset of this
program includes those with a family history of CRC, where
individuals considered to be at higher-than-average risk were
invited to participate in colonoscopy surveillance.
Individuals in the SCOOP program with a family history
of CRC, a normal or non-neoplastic finding on index colo-
noscopy, and at least 10 years of follow-up colonoscopies
between the years 2000 (start of the study) -2019 (end of
the study) were included. The study considered provisions
to censor participants at the occurrence of loss to follow-
up, death, or the completion of the study. Procedures were
undertaken in public hospitals in South Australia including
Flinders Medical Centre (Bedford Park, SA), Repatriation
General Hospital (Daw Park, SA) and Noarlunga Hospital

or older, or one first-degree and one second-degree rela-

tive with CRC diagnosed at 55 years or older
first-degree and at least two second-degree relative with

One first-degree relative with CRC diagnosed at 55 years
One first-degree relative with CRC diagnosed under
CRC diagnosed at any age

55 years or;
age <55 years, or at least three first-degree relatives

Two first-degree relatives diagnosed at any age, or one
with CRC diagnosed > 55 years

At least three first-degree or second-degree relatives
with CRC, at least one of whom was diagnosed at

Family history characteristics

Table 1 Family history categories and surveillance recommendations according to Australian guidelines [12]

CRC colorectal cancer, FIT fecal immunochemical testing

Risk category classification
Category 1 ‘Near-average risk’
Category 2 ‘Moderate risk’

Category 3 ‘High risk’
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(Noarlunga Centre, SA). Colonoscopy dates, indications for
colonoscopy, pathology findings, age, gender, CRC family
history details (age at diagnosis, degree of kinship, number
of affected relatives) and total colonoscopy follow-up time
were recorded.

Cases were excluded if there was inadequate family his-
tory information to assign to a family history risk category,
or if their index or final colonoscopy was of poor quality,
incomplete, or with indeterminate pathology. Individuals
with inflammatory bowel disease or known genetic cancer
syndromes were also excluded. In a subgroup analysis of
findings at the first follow-up colonoscopy, individuals with
incomplete, poor quality and indeterminant findings on this
procedure were excluded from the subgroup analysis, how-
ever, subsequent complete colonoscopies were included in
the overall analysis.

Individuals were classified into risk categories accord-
ing to the current NHMRC family history screening guide-
lines [12] as ‘near-average risk’ (Category 1), ‘moderately
increased risk’ (Category 2) or ‘high-risk’ (Category 3) on
the basis of their family history demographics (Table 1).

Colonoscopy reports were analysed for histologically
confirmed AN, which included adenocarcinoma, advanced
adenomas and high-risk sessile serrated lesions. Pathologies
were classified with the following hierarchy: colorectal ade-
nocarcinoma, advanced adenoma, non-advanced adenoma,
non-neoplastic pathologies, and normal. Advanced adenoma
included adenomas with size > 10 mm, >20% villosity or
high-grade dysplasia. Cases with > 5 small tubular adenomas
were included as high-risk in keeping with current litera-
ture [22-25]. High-risk sessile serrated lesions (classified as
those with size > 10 mm, presence of dysplasia, or with syn-
chronous conventional adenoma) were also included as AN
in keeping with current guidelines [26]. Adenomas and ses-
sile serrated lesions which were not classified as advanced
were grouped as non-advanced. A normal colonoscopy was

defined as a colonoscopy without any neoplastic finding.
Non-neoplastic findings included benign polyps (such as
hyperplastic polyps), diverticular disease and hemorrhoids.

The data were analysed using Stata 16 (Statacorp LP,
College Station, Texas). Descriptive statistics were used to
report patients’ demographic and clinical characteristics,
and risk of AN were compared between family history risk
categories, demographics of participant and family history
characteristics using Chi-square, t-test and non-parametric
Kruskal-Wallis tests as appropriate. Survival analysis of
time-to-event data (time from baseline colonoscopy to AN
diagnosis or end of study period) and multivariable logistic
regression for binary outcome data were used to investigate
AN risk. Hazard ratios (HR) and odds ratio (OR) with cor-
responding 95% confidence interval (CI) were calculated for
AN amongst different demographic (age and gender) and
family history risk categories. A P value < 0.05 was consid-
ered statistically significant. Ethics approval was obtained
through the Southern Adelaide Clinical Human Research
Ethics Committee, Reference Number 244.20.

Results
Characteristics of Participants

Overall, 425 patients were included in the final analysis
(Supplemental Fig. 1); mean age at index colonoscopy was
49.4 years [standard deviation (SD) 9.4 years], and 64.7%
(275/425) were female. Median time until the final follow-
up colonoscopy during the study period was 13.5 years
[interquartile range (IQR) 11.5-16.0 years] after the index
colonoscopy, with a median of 4 colonoscopy procedures
undertaken (range 2—-10). All enrolled participants were
closely monitored and followed up until the end of the des-
ignated study period. As shown in Table 2, nearly one third

Table 2 Sociodemographic characteristics of participants by family history category (n=425)

Characteristics Family history risk category [12]
Near-average risk Moderate risk High risk P value
Number of individuals N (%) 130 (30.59) 254 (59.76) 41 (9.65)
Sex N, (%)*
F 83 (63.85) 163 (64.17) 29 (70.73) 0.69
M 47 (36.15) 91 (35.83) 12 (29.27)
Mean age at commencement of surveillance  52.14 (7.25) 48.51 (10.00) 46.23 (9.49) <0.001
(SD)°
Median (IQR) follow-up time (years)® 13.69 (11.20, 15.57) 13.55 (11.56, 16.33) 12.16 (11.46, 15.89) 0.25

IQR interquartile range, SD standard deviation
Chi?2 test

®Two sample t-test

“Kruskal-Wallis test
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(30.6%, 130/425) of participants were classified as ‘near-
average risk’ due to their family history, 59.8% (n=254) as
‘moderate risk’ and 9.7% (n=41) as ‘high-risk’. There was
no significant difference in the gender proportions (p=0.69)
or the median follow up times (p=0.25) when comparing
the risk groups. Those in the high-risk group were younger
at index colonoscopy (mean 46.2 years, SD 9.5 years) com-
pared with those at moderate risk (mean 48.5 years, SD
10.0 years) and near-average risk (mean 52.1 years, SD
7.3 years) (p<0.001) (Table 2).

Effect of Family History Risk Categories
on Development of AN

In this population with a family history of CRC and a normal
index colonoscopy, the incidence of AN at any colonoscopy
during the total follow-up period was 14.4% (n=61/425).

At the first follow-up colonoscopy (n=403; which
was completed a median of 5.2 years (IQR 4.9-6.1) after
the index colonoscopy), there was a trend for the near-
average category to have a higher incidence of AN (9.6%,
n=12/125), compared with 5.0% (n=12/240) for the moder-
ate risk category and 5.3% (n=2/38) for the high-risk cat-
egory, although the difference was not significant (p =0.22)
(Table 3). This trend was also observed over the entire sur-
veillance period: 19.2% (n=25/130) of near-average risk
patients developed AN throughout the surveillance period,
compared with 12.2% (n=31/254) of moderate risk patients
and 12.2% (n=5/41) for the high-risk patients (p=0.16).
There were no differences between the time until diagno-
sis of AN for the three risk categories, with median time
until diagnosis of 12.4 years for the near-average category,
13.1 years for moderate risk and 11.8 years for high-risk
(p=0.07).

Patients in the high-risk category were younger at the
time of the AN finding (59.3 years, SD 10.2) compared
with the moderate risk category (61.9 years, SD 9.8) and
near-average risk category (64.8 years, SD 7.9) (p=0.001)
(Table 3).

Effect of Family History Demographics
on the Development of AN

In a multivariable analysis, the patient’s gender and fam-
ily history risk category did not affect the risk of AN in
the surveillance population (p > 0.05) (Table 4). However,
patients aged > 60 years showed a four-fold (HR 4.14,
95% CI 1.33-12.89) higher risk of AN at any time point
compared with patients aged <40 years (p=0.01). When
adjusted for age, gender and the number of preceding non-
significant colonoscopies, the number of affected family
members and the age of diagnosis of CRC in the youngest
affected family member did not affect the risk of develop-
ing AN in the surveillance population at any follow-up time
(p>0.05) (Table 4).

Incidence of CRC

Only four individuals developed adenocarcinoma through-
out the surveillance period (0.9%) (Supplemental Table 1).
The median time to development of adenocarcinoma after
the index and most recent colonoscopy was 9.5 years
(IQR 5.6-13.0 years) and 4.9 years (IQR 4.37-6.6 years),
respectively. Three of the individuals were in the moder-
ate-risk category, and one was considered near-average
risk. No individuals in the high-risk group developed ade-
nocarcinoma. Two individuals developed adenocarcinoma
on their first follow-up colonoscopy (stage II ascending
colon tumor and stage I sigmoid colon tumor respectively),

Table 3 Colonoscopy findings at first surveillance (n=403) and throughout entire surveillance period (n=425) according to family history risk

category [12] with time and age comparisons

Family history ~ Median (IQR) AN at first surveillance AN at any time during Median (IQR) time until Mean age at AN (SD)
risk category time until first  (n=403) surveillance (n=425) AN (years)
surveillance N " - o
colonoscopy n (%) P value* n (%) P value P value P value
(years)
Near-average 5.10 (4.92, 12/125 (9.60) 0.22 25/130 (19.23) 0.16 12.43 (10.75, 0.07 64.76 (7.94)  0.001
risk 5.99) 14.72)
Moderate risk ~ 5.26 (4.79, 12/240 (5.00) 31/254 (12.20) 13.07 (11.27, 61.91 (9.79)
6.00) 16.18)
High risk 5.43 (491, 2/38 (5.26) 5/41 (12.20) 11.78 (10.83, 59.30 (10.20)
7.05) 15.89)

IQR interquartile range, SD standard deviation, AN advanced neoplasia

*Chi2 test
Kruskal-Wallis test

@ Springer



Digestive Diseases and Sciences (2023) 68:4243-4251

4247

Table 4 Association between
family history of colorectal

Case numbers n, (%) Hazard ratio (95% CI) P value

cancer (CRC) risk category

Family history risk category
[12], number and age of

relatives and advanced Near-average risk 130 (30.59) 1 (reference)
neoplasia at any time Moderate risk 254 (59.76) 1.21 (0.66, 2.24) 0.53
throughout the surveillance High-risk 41 (9.65) 0.80 (0.22, 2.85) 0.73
period Age at first colonoscopy (years)
<40 66 (15.53) 1 (reference)
40-49 161 (37.88) 1.01 (0.34,2.97) 0.98
50-59 140 (32.94) 1.44 (0.49,4.17) 0.50
>60 58 (13.65) 4.14 (1.33,12.89) 0.01
Sex
F 275 (64.70) 1 (reference)
M 150 (35.30) 1.57 (0.87,2.82) 0.14
Youngest age relative with CRC
<40 42 (9.88) 1 (reference)
40-49 103 (24.24) 0.35(0.10, 1.24) 0.10
50-59 132 (31.06) 0.77 (0.22, 2.68) 0.68
60-69 77 (18.12) 0.36 (0.09, 1.39) 0.14
>70 63 (14.82) 1.39 (0.11, 1.37) 0.14
Number of 1st degree relatives with CRC
0 45 (10.59) 1
1 306 (72.00) 0.75 (0.24,2.28) 0.61
2 69 (16.24) 1.33 (0.39, 4.44) 0.65
3 5(1.18) 0.78 (0.06, 9.49) 0.84
Number of 2nd degree relatives with CRC
0 273 (64.24) 1
1 90 (21.18) 1.01 (0.52, 1.99) 0.96
2 40 (9.41) 1.67 (0.59, 4.72) 0.33
3 22(5.18) 0.37 (0.06, 2.21) 0.28
Number of 1st or 2nd degree relatives with CRC
1 233 (54.82) 1.0
2 133 (31.29) 1.46 (0.79, 2.67) 0.22
3 41 (9.65) 1.00 (0.42, 2.37) 0.99

CI confidence interval, HR hazard ratio

Multivariable survival analysis model adjusted for age, gender and the number of non-significant colonos-

copies in the preceding period

and one was diagnosed with a stage II sigmoid colon tumor
on the second follow-up, following two non-significant
adenomas excised from the transverse colon on their prior
colonoscopy. The remaining case had a stage III ascending
colon tumor on their third follow-up colonoscopy, with
only melanosis coli on previous colonoscopies. Accord-
ing to the criteria established by the World Endoscopy
Organization [27], two of the cancers were considered
“interval cancers” as they were detected in the interval
prior to the recommended surveillance colonoscopy. The
other two cancers were detected after the planned surveil-
lance interval. All cancers were detected after an adequate
prior colonoscopy.

Effect of Surveillance Colonoscopies Without
AN on the Subsequent Development of AN

Absence of AN at prior follow-up colonoscopy (i.e., a ‘nega-
tive’ colonoscopy) was associated with a lower risk for AN
at ongoing surveillance. As shown in Table 5, the risk of
developing AN at any time point was 92% lower (HR 0.08,
95% C10.04, 0.18) if the individual had undergone two fol-
low-up colonoscopies without AN during the follow-up time
compared with only one negative follow-up colonoscopy
(p<0.001). The hazard ratio for AN was reduced further
with each subsequent negative colonoscopy: if the patient
had undergone three negative colonoscopies, the risk was
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Table5 Associations between the number of surveillance colonos-
copies without advanced neoplasia and subsequent development of
advanced neoplasia

Number of negative surveil- Hazard ratio (95% CI)* P value
lance colonoscopies

1 1.00 (Reference)

2 0.08 (0.04, 0.18) <0.0001
3 0.01 (0.01, 0.03) <0.0001
>4 0.002 (0.001, 0.005) <0.0001

Survival analysis model adjusted for age at index colonoscopy, sex
and CRC family history category

99% lower (HR 0.01, 95% CI 0.01, 0.03) and after four nega-
tive colonoscopies the risk was 99.8% lower (HR 0.002, 95%
CI 0.001, 0.005), compared with only one negative follow-
up colonoscopy (p<0.001).

Discussion

Within this Australian population undergoing colonoscopy
surveillance due to family history of CRC, there was no sig-
nificant difference in the development of AN between the
family history risk groups after a normal index colonoscopy.
Our data also suggested that the number and age of affected
relatives did not impact on AN risk. Age > 60 years at index
colonoscopy was the only significant risk factor for future
development of AN. With each subsequent colonoscopy
without advanced findings, the proportion of those who went
on to develop AN became increasingly lower, suggesting
that negative good quality surveillance colonoscopies pre-
dict a lower lifetime CRC risk, even in those at higher risk
due to family history.

Family history has long been considered a risk factor for
CRC and is currently used in screening guidelines to stratify
individuals into risk categories warranting more intensive
screening than the average population [6, 10-12, 18, 28, 29].
The Australian guidelines were based on international cohort
studies [9, 29-34] and had not been validated with Austral-
ian data. In addition, there was little evidence whether there
was enduring risk of AN following colonoscopies with no
advanced findings in family history populations.

Our findings correspond with similar studies, revealing
little evidence in clinical practice that family history risk
categories correlate with AN risk. A 2017 outcome study of
an Irish CRC surveillance program found that the extent of
family history was not a significant contributor to AN risk at
surveillance colonoscopy, with age > 50 years identified as
the only significant risk factor [34]. Another study of indi-
viduals with one first-degree relative < 50 years with CRC or
two first-degree relatives at any age found that advanced ade-
noma at index colonoscopy was associated with subsequent

@ Springer

metachronous advanced adenoma, however the type of fam-
ily history was not [35]. Our study expands on these stud-
ies by analyzing a cohort with a normal index colonoscopy,
which we would expect to have a lower lifetime risk than
those with adenomas on index colonoscopy.

In our population, the incidence of AN decreased when
patients had undergone follow-up colonoscopies after nor-
mal or non-advanced findings on prior colonoscopies. There
is convincing international evidence in average-risk individ-
uals that a normal index colonoscopy reduces the future risk
of CRC. Lee et al. [16] demonstrated that a normal colonos-
copy conferred a 46% lower risk of CRC, and an 88% lower
risk of cancer-related death for > 12 years, when compared
with an unscreened cohort. Similarly, Nishihara et al. [19]
found that CRC risk persistently decreased after a normal
colonoscopy, with a hazard ratio of 0.35 for <3 years to 0.65
at> 15 years. Morelli et al. [17] found that low-risk findings
(no advanced adenoma or < 3 non-advanced adenomas) on
index colonoscopy and normal/low-risk findings at first sur-
veillance colonoscopy conferred only a 3.8% incidence of
AN on second surveillance colonoscopy, compared with a
15.4% incidence of AN at second surveillance colonoscopy
in those with a low-risk index colonoscopy but with AN on
first surveillance.

The data regarding enduring risk following normal colo-
noscopies in high-risk family history populations is more
limited, but the available studies correspond with our find-
ings. One study of family history surveillance demonstrated
that absence of adenomas and advanced adenomas at index
colonoscopy was predictive of a normal follow-up surveil-
lance period [36]. In a population cohort of 7515 individuals
from Utah, Samadder et al. [18] demonstrated that patients
with a first-degree relative with CRC had a significantly
lower than expected incidence of CRC for only the first
5 years after a negative index colonoscopy (standardized
incidence ratio 0.39, 95% CI 0.13-0.64), however it was
noted that the Utah population has low rates of smoking
and drinking, which could make this cohort less generaliz-
able to other populations. Conversely, a study by Lieberman
et al. [37], that included the assessment of 6535 individuals
undergoing colonoscopy for an indication of family history,
found no increased risk for CRC for 10 years after normal
index colonoscopy. However, types of family history were
not detailed and could have included any family history of
CRC or polyps, and not limited to first degree relatives under
60 years at diagnosis. Despite these two large studies, there
is still uncertainty about how long the risk of CRC remains
reduced after a negative colonoscopy in people with a family
history, based on limited available evidence in well charac-
terized family history populations.”

The low incidence of AN in the current audit suggests
that surveillance intervals in individuals with a family
history of CRC may be too frequent following an index
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colonoscopy without neoplasia. In average-risk individuals
with normal or non-advanced findings on index colonos-
copy, there is high-quality evidence that repeat colonoscopy
can be deferred until 10 years after the index procedure [14,
16, 18-20]. This is reflected in the Australian post-pol-
ypectomy guidelines which suggest extending to 10-year
colonoscopy after low-risk findings [1-2 small (< 10 mm)
tubular adenomas without high-grade dysplasia] [26]. How-
ever, the optimal surveillance intervals in family history
populations is less established. The Australian guidelines
recommend CRC screening with FIT biennially from age
40, then 5-yearly colonoscopy from age 50 for moderate-risk
individuals (Category 2), and biennial FIT from age 35 with
5-yearly colonoscopy from age 45 for high-risk individu-
als (Category 3) [12]. The 5-year surveillance interval was
based on international evidence that family history did not
affect the risk of AN within 5 years of polypectomy [38—40].
However, these studies did not investigate the significance
of a normal index colonoscopy. Our Australian data, in con-
junction with international data, suggest that a normal index
colonoscopy is a negative predictor for future AN and that
family history plays a less significant role in CRC risk than
previously believed. We therefore propose that the risk after
a normal colonoscopy is low enough to warrant extension
to 10-year surveillance intervals, as would be suggested for
the average-risk population, or even that they be taken off
colonoscopic surveillance and continue with biennial FIT.

Additionally, given that age > 60 years was the most sig-
nificant risk factor in our population, we suggest a role for
delaying the age of colonoscopy surveillance to age 60 years,
regardless of the extent of family history. Also of note is
that previous Australian guidelines recommended screen-
ing 10 years younger than the age of the youngest relative
at CRC diagnosis, but the updated guidelines removed this
recommendation due to lack of evidence [12]. Our study has
shown that the age of CRC diagnosis in first- and second-
degree relatives does not affect CRC risk, therefore support-
ing that this not be used as an indicator of the age to begin
screening.

There are several study limitations. This study relies on
self-reported family history details and are not verified with
patient records. Therefore, some ages may have been inac-
curately reported, leading to possible risk category misclas-
sification. Our analysis is retrospective and limited to those
undergoing follow-up, meaning that those who exited the
surveillance program early are not accounted for. This may
have introduced a small healthy person bias, as only includ-
ing individuals who have been undergoing surveillance
colonoscopies for a minimum of 10 years could have lim-
ited the cohort to a healthier population. Due to the 20-year
surveillance period of this study, the cohort covers different
guidelines depending on when surveillance was commenced.
Furthermore, there are likely other risk factors in the cohort

that are unaccounted for, including ethnicity, medications,
environment, and modifiable risk factors such as diet, smok-
ing, metabolic syndrome, and sedentary lifestyle. Recent
studies have proposed that these factors should be consid-
ered in addition to family history when planning the starting
age for screening colonoscopy, to provide a personalized
and precision risk-based approach [41, 42]. Additionally,
there is no true control group (i.e., those without a fam-
ily history of colorectal cancer) in our study. However, the
‘near-average group’ have a very similar risk to the average
Australian population [12]. The strength of this study is that
the population comes from a large, long-term, well-recorded
surveillance program.

Conclusions

Overall, these results suggest that family history may not
pose as significant a risk of AN as previously thought and
that regular colonoscopies may not be required, particularly
if an individual has had at least one normal colonoscopy.
Extending surveillance intervals to 10 years while providing
regular FIT could be a more efficient use of resources in this
population. Consideration of more personalized screening
based on family history, age and findings at previous colo-
noscopy may be a direction for the future of CRC screening
in Australia.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10620-023-08053-6.
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