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Abstract

Background: Adapting screening strategy to colorectal cancer (CRC) risk may improve efficiency for all stakeholders
however limited tools for such risk stratification exist. Colorectal cancers usually evolve from advanced neoplasms
that are present for years. We applied the National Cancer Institute (NCI) CRC Risk Assessment Tool, which
calculates future risk of CRC, to determine whether it could be used to predict current advanced neoplasia (AN) in a
veteran cohort undergoing a baseline screening colonoscopy.

Methods: This was a prospective assessment of the relationship between future CRC risk predicted by the NCI tool,
and the presence of AN at screening colonoscopy. Family, medical, dietary and physical activity histories were
collected at the time of screening colonoscopy and used to calculate absolute CRC risk at 5, 10 and 20 years.
Discriminatory accuracy was assessed.

Results: Of 3121 veterans undergoing screening colonoscopy, 94% had complete data available to calculate risk
(N =2934, median age 63 years, 100% men, and 15% minorities). Prevalence of AN at baseline screening
colonoscopy was 11 % (N =313). For tertiles of estimated absolute CRC risk at 5 years, AN prevalences were 6.54%
(95% Cl, 4.99, 8.09), 11.26% (95% Cl, 9.28-13.24), and 14.21% (95% Cl, 12.02-16.40). For tertiles of estimated risk at 10
years, the prevalences were 6.34% (95% Cl, 4.81-7.87), 11.25% (95% Cl, 9.27-13.23), and 14.42% (95% Cl, 12.22-16.62).
For tertiles of estimated absolute CRC risk at 20 years, current AN prevalences were 7.54% (95% Cl, 5.75-9.33),
10.53% (95% Cl, 845-12.61), and 12.44% (95% Cl, 10.2-14.68). The area under the curve for predicting current AN
was 0.60 (95% Cl; 0.57-0.63, p < 0.0001) at 5 years, 0.60 (95% Cl, 0.57-0.63, p <0.0001) at 10 years and 0.58 (95% Cl,
0.54-0.61, p <0.0001) at 20 years.

Conclusion: The NCI tool had modest discriminatory function for estimating the presence of current advanced
neoplasia in veterans undergoing a first screening colonoscopy. These findings are comparable to other clinically
utilized cancer risk prediction models and may be used to inform the benefit-risk assessment of screening, particularly
for patients with competing comorbidities and lower risk, for whom a non-invasive screening approach is preferred.
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Background

Colorectal cancer (CRC) screening is a cost-effective [1]
and lifesaving strategy [2] for cancer prevention and
control. However, only a small minority of patients will
derive direct individual benefit and others may receive a
false positive screening result, prompting invasive proce-
dures that may cause serious adverse events [3]. At the
health system level, blanket screening approaches can
strain fragile health care systems with limited infrastruc-
tures to implement screening programs [4].

In the era of personalized medicine, precision cancer
screening aims to risk stratify asymptomatic individuals
through the use of patient-specific factors to determine
those who are likely and unlikely to benefit from
screening.

The National Cancer Institute (NCI) CRC Risk Assess-
ment Tool was developed as a decision-making adjunct
in 2009 using U.S.-based case-control studies for colon
and rectal cancer and Surveillance and Epidemiology
and End Results (SEER) Program data [5]. The model es-
timates the absolute risk that an individual will develop
CRC using well-established clinical risk factors including
age, history of colonoscopy or endoscopy in the last 10
years and whether polyps were observed, family history
of CRC, weekly physical activity, aspirin or non-steroidal
anti-inflammatory drug (NSAID) use, smoking, vegetable
intake, and body mass index (BMI). Park et al. externally
validated the model in white men and women from a
natural history cohort and observed modest discrimin-
atory accuracy and good calibration [6].

Defining the model’s performance as it pertains to pre-
dicting CRC precursors provides an opportunity to as-
sess whether the NCI tool can be used to inform
patient-provider decision-making on CRC screening.
While recent studies have shown that the NCI tool is
predictive of advanced neoplasia (AN) in individuals
undergoing screening and surveillance colonoscopy [7-
9], these studies have not included U.S. veterans, many
of whom have unique environmental exposures [10] and
cancer risk profiles [11], not fully described or included
in prior studies. To inform current CRC prevention
strategies within the Veterans Health Administration,
which currently cares for 9 million Veterans, our pri-
mary study objective was to externally validate the NCI
tool for current advanced neoplasia in a veteran cohort
undergoing first screening colonoscopy.

Methods

Risk assessment tool

In this prospective study, we evaluated whether the NCI
tool, which predicts future CRC risk at 5, 10 and 20
years, could assess current AN risk at the time of base-
line screening colonoscopy in the CSP #380 veterans co-
hort. Variables, classification, and the model included in
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the NCI CRC Risk Assessment Tool have been pub-
lished previously [5]. The NCI tool and SAS code are
publicly available on the website https://www.cancer.
gov/colorectalcancerrisk/ to estimate individual absolute
CRC risk over time. We used this tool to calculate 5 10
and 20 year absolute CRC risk and applied resulting risk
estimates to model current AN at baseline colonoscopy.

Study participants

Our study was conducted using the CSP #380 veterans
cohort. Approximately 3121 asymptomatic veterans
from 13 diverse VA Medical Centers between the ages
of 50-75years were recruited to assess the role of
screening colonoscopy between 1994 and 1997. Exclu-
sion criteria included active gastrointestinal disease,
lower endoscopy in the previous 10 years, colon surgery,
significant co-morbidity, or other medical condition that
would increase the risk of performing a screening colon-
oscopy [12].

At enrollment, a validated, detailed questionnaire on
medical history and lifestyle factors was administered and
subsequently a baseline screening colonoscopy was per-
formed within 6 months of questionnaire completion. The
cohort is made up of 15% minorities and 95% men, reflect-
ing the make-up of the U.S. veteran population in the
1990s. Further information about detailed questionnaires
and disease confirmation is published elsewhere [12].

Veterans were included who had complete race and
sex data available, and fit one of four ethnic categories
defined in the model. Because veterans were recruited in
the 1990s, we removed female participants due to the
small number and lack of outcomes needed to apply a
separate, NCI female-specific model. Risk scores were
computed for 2934 veterans - 94% of the total cohort

(Fig. 1).

Outcomes

Advanced colorectal neoplasia on baseline screening col-
onoscopy was the primary outcome and was defined by
the presence of an adenoma >1cm, villous histology,
high-grade dysplasia, or carcinoma. If more than one le-
sion was present, participants were classified by their
most advanced lesion. Centrally trained pathologists
blinded to participant information reviewed biopsies at
the site of care. Biopsies were then sent for a blinded
second review. Discrepancies were resolved by a third
referee pathologist.

Data management

At enrollment and prior to screening colonoscopy, par-
ticipants completed a validated, detailed questionnaire.
Information obtained included dietary habits, physical
activity, medical history, medication use, and family his-
tory of CRC (Additional files 1 and 2). In this study, we
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Fig. 1 Consort diagram of the study. CSP #380 cohort denotes the
Cooperative Studies Program #380 cohort and NCI denotes National
Cancer Institute

restricted our dataset to CRC risk factors included in the
NCI tool. Our data collection was designed for the ori-
ginal CSP #380 study, which aimed to evaluate the use
of screening colonoscopy as a colorectal cancer preven-
tion strategy.

Overall, participant data was categorized the same as
the variable categories of the NCI tool, with a few minor
exceptions. The NCI tool classified regular use of non-
steroidal anti-inflammatory drugs (NSAIDs) as three or
more doses per week whereas the CSP #380 baseline
questionnaire categorized NSAID use as daily or as
needed. Participants who responded as daily users of as-
pirin and/or non-aspirin NSAIDs were designated as
“regular users” for this category using the NCI tool. For
the vigorous exercise variable in the NCI risk tool, cat-
egories were Oh, 0-2h, 2-4h, and greater than 4h per
week. The CSP #380 questionnaire collected this infor-
mation using two separate questions: “How often does
exercise happen and how long does the activity last on
average?” Reported exercise was classified as vigorous
activity. The average amount of vigorous activity per
week was constructed using this coding strategy and
number of hours of exercise reported.
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Statistical analysis

We used the NCI CRC Risk-Assessment Tool’s publicly
available SAS code to compute individuals’ expected ab-
solute CRC risk at 5, 10, and 20 years (https://dceg.can-
cer.gov/tools/risk-assessment/ccratsasmacro). We first
tabulated the prevalence of variables by risk factor pa-
rameters defined by the NCI tool. For each NCI tool
time point, we then compared the distribution of risk
scores between participants with and without current
AN on baseline colonoscopy. Risk scores followed a
non-normal distribution and we therefore used the Wil-
coxon rank-sum test to test the null hypothesis of no dif-
ference in median risk scores among advanced neoplasia
cases and non-cases at 5, 10 and 20 years (Fig. 2).

We evaluated the model’s goodness of fit using the
area under the receiver-operating characteristics curve
(AUC) as derived from a logistic regression model for
5-, 10- and 20-year cut-offs.

We used SAS software for analyses ((version 9.4) SAS
Institute Inc., Cary, NC). All analyses were pre-specified
and p-values are two-sided.

Results

Study population

In total, 3121 participants underwent the required
screening colonoscopy and completed the questionnaire
to be enrolled in the CSP #380 study. Of these, 3114 had
race and sex data available. We excluded individuals
who could not have a risk score computed (race not ap-
plicable in 52 participants and missing in 7 participants).
In this veteran population, 100 female veterans were re-
moved due to small sample size or missing data, and
lack of AN outcomes necessary to compute a risk score
using a separate, female-specific model.

Validation study participants consisted of 2934 male
veterans with a median age of 63 (IQR, 57-68) and 15%
minorities including 85% white non-Hispanics, 9.7%
black non-Hispanics, 4.5% Hispanics and 0.8% Asians
(Fig. 1, Table 1).

Outcomes

In this study, 313 (11%) participants were diagnosed
with AN by baseline screening colonoscopy within 6
months of study enrollment. Among these, 27 had CRC
present on baseline screening colonoscopy. Table 1
shows the frequency of risk factors used in the NCI Risk
Assessment Tool for the CSP #380 cohort study. The
distribution of risk factors differed somewhat between
participants who did and did not develop AN. Partici-
pants who developed AN were more likely to be older,
smoke more than one pack of cigarettes daily, have one or
more first degree relatives with CRC, and a greater portion
had unknown aspirin/NSAID use.
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Fig. 2 Distribution of NCI CRC Risk Assessment Tool scores for individuals with and without advanced neoplasia. Red horizontal lines
represent median risk scores. P-values derived from Wilcoxon-rank sum testing of medians between participants without and with
advanced neoplasia

Risk score distribution by outcome

Individuals with AN were more likely to have a
higher risk score than individuals without AN, though
there was significant overlap in scores at both time
points (Fig. 2). Median risk scores were significantly
higher in individuals with AN compared to those
without AN at 5 years (1.38 [IQR, 1.03-1.89] vs. 1.18
[IQR, 0.72-1.64]; p <0.001), 10 years (2.92 [IQR, 2.25-
3.81] vs. 2.55 [IQR, 1.73-3.32]; p <0.001), and 20
years (5.37 [IQR, 4.29-6.75] vs. 4.91 [IQR, 3.89-6.08];
p =0.002).

Discriminatory function and tool parameters
The AUC for the NCI Risk Assessment Tool was 0.60
(95% CI; 0.57-0.63, p <0.0001) at 5 years, 0.60 (95% CI,

0.57-0.63, p <0.0001) at 10 years and 0.58 (95% CI, 0.54-
0.61, p <0.0001) at 20years, reflecting overall higher
predicted risks for participants with baseline advanced
neoplasia than those without (Fig. 3).

Discussion
In this study, we have shown that the NCI Risk Assess-
ment Tool accurately predicts the presence of AN
among male veterans undergoing a baseline screening
colonoscopy, further supporting recent literature and
highlighting its appropriate use in the Veterans Health
Administration to inform screening discussions between
patients and clinicians.

We evaluated the tool’s discriminatory accuracy and
test characteristics, and found that participants with
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Table 1 Participant baseline characteristics by baseline colonoscopy outcome
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Characteristic

All (N =2934)

Age - years
50-59
60-69
70-75
Race
White (Non-Hispanic)
African-American (Non-Hispanic)
Hispanic
Asian-American
Colorectal cancer in 1° relative®
0 or unknown
1
22
Vigorous exercise- hrs/wk
0
>0-2
>2-4
>4
Regular aspirin/NSAID use
No
Yes
Do not know
Smoking —cigs/day
0 Or Unknown
1-10
11-20
> 20
Vegetable intake -servings/week
<5
25
BMI - kg/m?
<25
225and <30
230

986 (33.6%)
1398 (47.7%)
550 (18.8%)

2493 (85.0%)
285 (9.7%)
132 (4.5%)
24 (0.8%)

2526 (86.1%)
378 (12.9%)
30 (1.0%)

1375 (46.9%)
1370 (46.7%)
116 (4.0%)
73 (2.5%)

773 (26.4%)
1581 (53.9%)
580 (19.8%)

746 (25.4%)
402 (13.7%)
826 (28.2%)
960 (32.7%)

43 (1.5%)
2891 (98.5%)

565 (19.3%)
1346 (45.9%)
1023 (34.9%)

AN (N =313) No AN (N =2621) Chi-Square p-value
58 (18.5%) 928 (35.4%) p < 0.0001
183 (58.5%) 1215 (46.4%)

72 (23.0%) 478 (18.2%)

273 (87.2%) 2220 (84.7%) p =029
22 (7.0%) 263 (10.0%)

14 (4.5%) 118 (4.5%)

4 (1.3%) 20 (0.8%)

256 (81.8%) 2270 (86.6%) p =002
50 (16.0%) 328 (12.5%)

7 (2.2%) 23 (0.9%)

168 (53.7%) 1207 (46.1%) p =001
122 (39.0%) 1248 (47.6%)

18 (5.8%) 98 (3.7%)

5 (1.6%) 68 (2.6%)

81 (25.9%) 692 (24.6%) p=013
157 (50.2%) 1424 (54.3%)

75 (24.0%) 505 (19.3%)

80 (25.6%) 666 (25.4%) p =068
36 (11.5%) 366 (14.0%)

92 (29.4%) 734 (28.0%)

105 (33.6%) 855 (32.6%)

3 (1.0%) 40 (1.5%) p =043
310 (99.0%) 2581 (98.5%)

65 (20.8%) 500 (19.1%) p=0.14
127 (40.6%) 1219 (46.5%)

121 (38.7%) 902 (34.4%)

Number of participants and prevalence are reported unless otherwise denoted. Participants are categorized by baseline colonoscopy outcome

Abbreviations: No. Number, 1° First degree, hrs/wk. Hours per week, NSAID Non-steroidal anti-inflammatory drug, cigs/day Cigarettes per day, BMI Body mass index,

kg/m? Kilograms per meter squared

Participants with unknown family history of CRC or smoking status were assigned to the “0 family members affected” and “none” categories, respectively. Chi-

squared tests were used to assess differences in prevalence between CRC cases and non-cases

current AN had higher NCI tool risk scores than
those without AN, though with significant overlap.
ANprevalence increased incrementally with higher risk
score, ranging from 6.3-7.5% in the lowest tertile of
risk scorers to 12.4-14.2% in the highest risk tertile at
the measured timepoints (Table 2). Discriminatory

power was moderate using AN prevalence as the out-
come and in line with other cancer risk models com-
monly used in clinical practice, including models for
breast cancer (AUC =0.66) and lung cancer (AUC =
0.61) [13, 14]. Despite modest discriminatory accuracy,
there were 2-fold differences in absolute CRC risk
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Fig. 3 Receiver-operating characteristic (ROC) curves and area under
the curve (AUC) statistics for absolute colorectal cancer risk at 5, 10,
and 20 years

between the lowest and highest risk tertiles at the 5 and
10 year time points, suggesting that the tool meets a clin-
ically significant threshold at the population level from
which to guide medical decision-making discussions over
these time horizons (Table 2).

In addition, C-statistics are nearly identical to
those reported in other external validations of the
NCI tool for both baseline AN on screening

Table 2 Estimated colorectal cancers and prevalence of
advanced neoplasia by risk score tertile

AN Outcomes Risk Tool Tertile Estimated CRC risk, Prevalence of AN

% (Range) % (95% Cl)
5years Th (no79) 0.58 (0.72) 6.6.54 (4.99, 8.09)
Ty (0 —o7) 1(058) 11.26 (928, 13.24)
Ts (n —o78) 2.09 (6.28) 1421 (12,02, 16.40)
10 years Th (no7s) 3 (1.60) 6.34 (4.81, 7.87)
T (n =978 2.59 (0.98) 11.25(9.27,13.23)
Ts (n =978 4.18 (11.24) 1442 (12.22,16.62)
20 years Th (n =836) 342 (261) 7.54 (5.75,9.33)
Ts (n =836 4.95 (1.39) 10.53 (845, 12.61)
Ts (n =836 748 (12.34) 1244 (10.2, 14.68)
)

T Tertile and is ranked in order of low (T;) to high (T5) risk score, N Number, C/
Confidence interval
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colonoscopy [8, 9] and invasive CRC in population-
based prospective cohorts with a time horizon of 5
(UK Biobank, AUC=0.60), 8 (NIH-AARP, AUC=
0.60) and 10years (EPIC, AUC=0.61) [6, 15]. A
retrospective study by Tariq et al. included 749 eth-
nically and gender diverse participants (91% African
American and Asian, 58% female) and revealed an
AUC of 0.62. This study was limited to a single cen-
ter retrospective experience and included patients
undergoing surveillance colonoscopy in addition to
screening colonoscopy. A recent smaller study by
Ladabaum et al. was performed in another ethnically
and racially diverse group of participants undergoing
screening colonoscopy, whereby an 11 % prevalence
of baseline AN was observed, similar to ours [8].
The overall AUC was 0.62, while for sex-specific
analyses, it was slightly lower at 0.59, for women,
and slightly higher for men at 0.63, suggesting that
risk prediction is slightly diminished for women. Al-
ternately, there was no difference in discriminatory
accuracy in an external validation by Park et all for
future CRC risk prediction [6]. Imperiale and col-
leagues performed a similar validation study with partic-
ipants recruited from multiple health systems throughout
the country [9] with similarly drawn conclusions that the
NCI tool has dual risk prediction capabilities. Together,
our study provides further evidence for its clinical use
in veterans, who account for over 18 million U.S. citi-
zens at present [16], 9 million of whom currently ac-
cess the VA for healthcare, and many of whom have
unique exposures that may confer additional cancer
risk [10, 17].

Until recently, the NCI CRC Risk Assessment Tool
was one of the only externally validated CRC risk models
available for use in the primary CRC prevention setting.
In 2019, Smith and colleagues systematically identified
published CRC risk prediction models and externally
validated them using two large population-based co-
horts. Overall, models required between 3 and 13 vari-
ables, and moderate-to good AUCs up to 0.70 were
reported, thereby broadening the pool of available risk
prediction models to choose from in clinical settings
[15], based on the available clinical variables.

A fundamental challenge for CRC prevention is screening
adoption. In the U.S,, current CRC screening rates are 67%
[18], while among veterans the screening rate is 76% [19].
Among veterans, screening rates are even higher for pa-
tients with primary health insurance coverage through the
VA or military compared to Veterans with private coverage,
Medicare or Medicaid. And so, the VA health system may
offer a unique, closed health system environment from
which to evaluate strategies that continue to impact screen-
ing uptake. Utilizing risk prediction tools such as the NCI
CRC Risk Assessment Tool in clinical practice may help
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personalize care by providing individuals with a better un-
derstanding of personal risk for CRC, and thus encourage
adherence to screening recommendations. Indeed, it has
been shown that CRC screening uptake is increased when a
choice between invasive and non-invasive screening modal-
ities is offered [20]. Among individuals determined to be
low risk, incorporating a risk assessment into this decision
could further increase the uptake of CRC screening as these
individuals may be more confident in deciding to pursue
more readily available, non-invasive screening modalities
such as Fecal Immunochemical Testing (FIT). Alternatively,
among individuals determined to be at higher risk using
the NCI tool, a screening colonoscopy may be of more util-
ity, as FIT was recently shown to have low sensitivity for
advanced adenoma detection as a single application test
[21]. Finally, a risk prediction tool based on a composite
summary of demographic, clinical, and lifestyle risk factors
could be routinely calculated in the electronic health rec-
ord by information obtained prior to the primary care
provider’s visit, similar to a cardiovascular risk score,
which could then prompt discussion of the risk factors
predominately driving these scores to motivate lifestyle in-
terventions and changes by the patient.

American Cancer Society guidelines suggest CRC
screening for patients 45 - 75years old [22], while
current National Comprehensive Cancer Network and
Multi-society Task Force Guidelines recommend screen-
ing patients 50 - 75years old, and for some higher risk
patients who are 76-85years old. Additionally, these
guidelines suggest considering the potential benefits of
CRC screening and balancing this with possible harms,
including life-limiting co-morbidities, for which invasive
testing may be unsafe or unlikely to provide a net benefit
[23, 24]. At a population level, it is known that screening
colonoscopy reduces advanced colorectal neoplasia,
though it remains unknown whether there is a CRC
mortality benefit [25]. At present there is a large, ran-
domized controlled trial across the VA health system of
Colonoscopy versus Fecal Immunochemical Test in Re-
ducing Mortality from CRC (CONFIRM Trial) that aims
to address this uncertainty. Meanwhile, for individual
patients, up to 85% will have no neoplasia on screening
colonoscopy [26], highlighting that a majority of patients
screened will not personally benefit while all are exposed
to the harms associated with colonoscopy. In clinical
practice, we believe the NCI tool could help estimate the
likelihood that a screened individual will directly benefit
from undergoing screening colonoscopy and may best
be used to frame a patient-centered discussion of when
and whether to undergo screening colonoscopy. Alterna-
tively, opting for a less invasive screening modality may
be more appropriate after considering medical condi-
tions and other well-described CRC risk factors that may
influence the safety or utility of undergoing colonoscopic
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screening. This notion is supported in a study by Chiu
et al., where they found that use of The Asia-Pacific
Colorectal Screening risk tool correctly triaged 95% of
participants with CRC and 71% of those with AN to
undergo colonoscopy as opposed to FIT [27]. Thus, risk
prediction tools may help reduce the indiscriminate use
of costly, low yield, invasive procedures in those with
minimal CRC risk.

There are limitations to this study. The CSP #380 co-
hort was made up of veteran participants recruited in
the 1990s, were therefore predominantly men, and we
were unable to assess the tool’s utility in women. While
the CSP #380 cohort does represent the current make-
up of U.S. veterans, low representation of women is a
common shortcoming for VA-based research. This will
become increasingly important to address as the veteran
workforce is projected to double in the percentage of
women over the next 30 years [28]. We additionally did
not have measurements of waist circumference, which
would have allowed us to compare the NCI tool to a
similar model incorporating five clinical risk factors for
CRC by Imperiale and colleagues, which has also been
externally validated [29]. Given that this is a screening
population without prior endoscopic procedures, we
were unable to determine the ability of the NCI tool to
quantify risk at subsequent exams or the utility of re-
peating screening or surveillance. Additionally, these risk
prediction tools are only as reliable as the input data,
and so it is possible that information regarding partici-
pants’ diet, physical activity, family history, or medica-
tion adherence may be imperfect. Finally, those without
AN have scores that substantially overlapped with those
who had AN, which may pose a challenge to accurately
discriminating between risk groups in routine clinical
practice. Therefore, we would caution against using this
tool as the only discussion point between patients and
clinicians on the utility and modality of colorectal cancer
screening. Certainly, patient preference, comorbidities,
life expectancy, cost, and capacity of a healthcare system
are important additional factors to consider. It remains
to be seen if expanding these tools with genetic and gen-
omic information will improve risk prediction, screening
uptake, and CRC mortality.

Conclusions

In summary, we demonstrated that a simple risk as-
sessment tool performs well in discerning individual
risk for AN. In doing so, the tool may assist in asses-
sing the risks and benefits of screening and the
method by which to do so (colonoscopy versus a
non-invasive modality) in the context of aging and
emerging comorbidities. Lower risk individuals could
elect to undergo less invasive screening or to forego
it altogether.



Musselwhite et al. BMC Cancer (2019) 19:1097

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512885-019-6204-1.

Additional file 1. VA Cooperative Study #380 Clinic Survey Form.
Additional file 2. VA Cooperative Study #380 Medical History Form.

Abbreviations

AN: Advanced neoplasia; BMI: Body mass index; CRC: Colorectal cancer;
CSP: Cooperative Studies Program; NCI: National Cancer Institute;
NSAID: Non-steroidal anti-inflammatory drug; SEER: Surveillance and
Epidemiology and End Results; VA: Veterans Affairs

Acknowledgements

We thank all Veterans who participated in the study. We thank Grant D.
Huang, Director for the Cooperative Studies Program. We thank all VA
Cooperative Study Group #380 Investigators: Dennis J. Ahnen, William V.
Hartford, Stephen J. Sontag, Thomas G. Schnell, Gregorio Chejfec, Donald R.
Campbell, Theodore E. Durbin, John H. Bond, Douglas B. Nelson, Stephen L.
Ewing, George Triadafilopoulos, Francisco C. Ramirez, John G. Lee, Judith F.
Collins, Brian Fennerty, Tina K. Johnston, Christopher L. Corless, Kenneth R.
McQuiaid, Harinder Garewal, Richard E. Sampliner, Thomas G. Morales, Ronnie
Fass, Robert E. Smith and Yogesh Maheshwari.

Authors’ contributions

LWM: Conception and design, data acquisition, analysis and interpretation,
statistical analysis, writing the original draft and reviewing and editing
revised drafts. TSR: Data acquisition, statistical analysis, graphic display, and
reviewing and editing draft. KJS: Data acquisition, graphic display, and
reviewing and editing draft. MCO: Data acquisition and reviewing and
editing draft. ERH: Conception and design, analysis and interpretation,
reviewing and editing draft, and supervision. TH: Design, analysis and
interpretation, reviewing and editing draft. BAS: data acquisition and
reviewing and editing draft. ZFG: data acquisition and reviewing and editing
draft. DL: conception and design, funding attainment, data acquisition,
analysis and interpretation, and reviewing and editing draft. DP: Conception
and design, funding attainment, analysis and interpretation, reviewing and
editing draft, and supervision. All authors read and approved the final
manuscript.

Funding

The Veteran Affairs Cooperative Studies Program and Duke Cancer Institute
funded this work. Dr. Gellad’s effort is funded by Veterans Affairs Health
Services Research and Development Career Development Award (CDA 14-
158). The funding agencies were not involved in the study design, collection,
analysis, data interpretation, or writing of this manuscript.

Availability of data and materials

The datasets generated and/or analyzed during the current study are
available from the corresponding author on reasonable request.
Investigators (non-VA and VA) are invited to submit data and specimen
requests for the Cooperative Studies Program 380 Cohort.

The CSP 380 data dictionary is publicly available: https://www.research.va.
gov/programs/csp/cspec/datadictionary_csp380.html#ColalLowCal.

The National Cancer Institute Risk Assessment Tool is publicly available:
https://ccrisktool.cancer.gov/.

Ethics approval and consent to participate

The Durham Veterans Affairs (VA) Medical Center Institutional Review Board
approved the Cooperative Studies Program (CSP) #380 study and this
secondary analysis under CSP #380 (MIRB #0024): Prospective Evaluation of
Risk Factors for Large (1 2 cm) Colonic Adenomas in Asymptomatic Subjects.
Individual written informed consent was previously obtained during initial
recruitment for the CSP #380 (MIRB #0024) protocol.

Consent for publication
Not applicable.

Page 8 of 9

Competing interests

Terry Hyslop reports fees for serving as an advisory board member on a lung
registry trial funded by Astra Zeneca. David Lieberman reports fees for
serving as an advisory board member of Motus Gl. All other co-authors re-
port no competing interests.

Author details

'VA Cooperative Studies Program Epidemiology Center, Durham Veterans
Affairs Health Care System, 508 Fulton Street, Durham, NC 27705, USA.
’Levine Cancer Institute, Atrium Health, 100 Medical Park Drive, Suite 110
Concord, Charlotte, NC 28025, USA. *Duke Molecular Physiology Institute,
Duke University Medical Center, Durham, NC, USA. “Duke University Medical
Center, Duke University, 2424 Erwin Road, 8037 Hock Plaza, Durham, NC
27705, USA. 5Departmer\t of Medicine, Duke University School of Medicine,
Durham, NC, USA. ®Veterans Affairs Portland Health Care System, 3710 Sw US
Veterans Hospital Road, Portland, OR 97239, USA. 7Oregon Health & Science
University, 3181 Sw Sam Jackson Park Road, Portland, OR 97239, USA.

Received: 22 May 2019 Accepted: 24 September 2019
Published online: 12 November 2019

References

1. Barzi A Lenz HJ, Quinn DI, Sadeghi S. Comparative effectiveness of
screening strategies for colorectal cancer. Cancer. 2017;123(9):1516-27.
PubMed PMID: 28117881.

2. Brenner H, Stock C, Hoffmeister M. Effect of screening sigmoidoscopy and
screening colonoscopy on colorectal cancer incidence and mortality:
systematic review and meta-analysis of randomised controlled trials and
observational studies. BMJ. 2014;348:g2467 PubMed PMID: 24922745.
Pubmed Central PMCID: 3980789.

3. Cooper GS, Kou TD, Rex DK. Complications following colonoscopy with
anesthesia assistance: a population-based analysis. JAMA Intern Med.
2013;173(7):551-6 PubMed PMID: 23478904. Pubmed Central PMCID:
3987111,

4. Caribbean ECoCCSiLAat. Meeting report (Washington DC, - 16,17, March
2016). Washington, DC: Pan-American Health Organization; 2016.

5. Freedman AN, Slattery ML, Ballard-Barbash R, Willis G, Cann BJ, Pee D, et al.
Colorectal cancer risk prediction tool for white men and women without
known susceptibility. J Clin Oncol. 2009;27(5):686-93 PubMed PMID:
19114701. Pubmed Central PMCID: 2645090.

6. Park Y, Freedman AN, Gail MH, Pee D, Hollenbeck A, Schatzkin A, et al.
Validation of a colorectal cancer risk prediction model among white
patients age 50 years and older. J Clin Oncol. 2009;27(5):694-8 PubMed
PMID: 19114700. Pubmed Central PMCID: 2645089.

7. Tarig H, Kamal MU, Patel H, Patel R, Ameen M, Elona S, et al. Predicting the
presence of adenomatous polyps during colonoscopy with National Cancer
Institute colorectal Cancer risk-assessment tool. World J Gastroenterol. 2018;
24(34):3919-26 PubMed PMID: 30228785. Pubmed Central PMCID: 6141329.

8. Ladabaum U, Patel A, Mannalithara A, Sundaram V, Mitani A, Desai M.
Predicting advanced neoplasia at colonoscopy in a diverse population with
the National Cancer Institute colorectal cancer risk-assessment tool. Cancer.
2016;122(17):2663-70 PubMed PMID: 27219715. Pubmed Central PMCID:
5526625.

9. Imperiale TF, Yu M, Monahan PO, Stump TE, Tabbey R, Glowinski E, et al.
Risk of advanced neoplasia using the national cancer institute’s colorectal
cancer risk assessment tool. J Natl Cancer Inst. 2017;109(1) PubMed PMID:
27582444,

10.  National Academies of Sciences, Engineering, and Medicine. Veterans and
Agent Orange: Update 11 (2018). Washington, DC: The National Academies
Press; 2018. https//doi.org/10.17226/25137.

11, Yi SW, Ohrr H. Agent Orange exposure and cancer incidence in Korean
Vietnam veterans: a prospective cohort study. Cancer. 2014;120(23):3699-
706 PubMed PMID: 25103108.

12.  Lieberman DA, Weiss DG, Bond JH, Ahnen DJ, Garewal H, Chejfec G. Use of
colonoscopy to screen asymptomatic adults for colorectal cancer. Veterans
Affairs Cooperative Study Group 380. N Engl J Med. 2000;343(3):162-8
PubMed PMID: 10900274.

13. Tice JA, Miglioretti DL, Li CS, Vachon CM, Gard CC, Kerlikowske K. Breast
density and benign breast disease: risk assessment to identify women at
high risk of breast cancer. J Clin Oncol. 2015;33(28):3137-43 PubMed PMID:
26282663. Pubmed Central PMCID: 4582144,


https://doi.org/10.1186/s12885-019-6204-1
https://doi.org/10.1186/s12885-019-6204-1
https://www.research.va.gov/programs/csp/cspec/datadictionary_csp380.html#ColaLowCal
https://www.research.va.gov/programs/csp/cspec/datadictionary_csp380.html#ColaLowCal
https://ccrisktool.cancer.gov/
https://doi.org/10.17226/25137

Musselwhite et al. BMC Cancer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

(2019) 19:1097

Cronin KA, Gail MH, Zou Z, Bach PB, Virtamo J, Albanes D. Validation of a
model of lung cancer risk prediction among smokers. J Natl Cancer Inst.
2006;98(9):637-40 PubMed PMID: 16670389.

Smith T, Muller DC, Moons KGM, Cross AJ, Johansson M, Ferrari P, et al.
Comparison of prognostic models to predict the occurrence of colorectal
cancer in asymptomatic individuals: a systematic literature review and
external validation in the EPIC and UK Biobank prospective cohort studies.
Gut. 2019;68(4):672-83 PubMed PMID: 29615487.

Profile of Veterans: 2017. United States Department of Veterans Affairs.
National Center for Veterans Analysis and Statistics; 2019. http//www.va.
gov/vetdata/docs/SpecialReports/Profile_of_Veterans_2017.pdf.. Accessed 15
May 2019.

Environmental Exposures and Programs and Services for Veterans http://
www.publichealth.va.gov/exposures/index.asp2018 [25 July 2019].
Berkowitz Z, Zhang X, Richards TB, Nadel M, Peipins LA, Holt J. Multilevel
small-area estimation of colorectal cancer screening in the United States.
Cancer Epidemiol Biomarkers Prev. 2018;27(3):245-53 PubMed PMID:
29500250. Pubmed Central PMCID: 5836477.

May FP, Yano EM, Provenzale D, Neil Steers W, Washington DL. The
association between primary source of healthcare coverage and colorectal
cancer screening among US veterans. Dig Dis Sci. 2017,62(8):1923-32
PubMed PMID: 28528373.

Inadomi JM, Vijan S, Janz NK, Fagerlin A, Thomas JP, Lin YV, et al. Adherence
to colorectal cancer screening: a randomized clinical trial of competing
strategies. Arch Intern Med. 2012;172(7):575-82 PubMed PMID: 22493463.
Pubmed Central PMCID: 3360917.

Imperiale TF, Gruber RN, Stump TE, Emmett TW, Monahan PO. Performance
characteristics of fecal immunochemical tests for colorectal cancer and
advanced adenomatous polyps: a systematic review and meta-analysis. Ann
Intern Med. 2019; PubMed PMID: 30802902.

Wolf AMD, Fontham ETH, Church TR, Flowers CR, Guerra CE, LaMonte SJ,
et al. Colorectal cancer screening for average-risk adults: 2018 guideline
update from the American Cancer Society. CA Cancer J Clin. 2018,68(4):250-
81 PubMed PMID: 29846947.

Provenzale D, Gupta S, Ahnen DJ, Bray T, Chung DC, Cooper G, et al.
National comprehensive cancer center network colorectal cancer screening
version 1. 2018 http://www.nccn.org/professionals/physician_gls/pdf/
colorectal_screening.pdf2018 [cited 2018].

Rex DK, Boland CR, Dominitz JA, Giardiello FM, Johnson DA, Kaltenbach T,
et al. Colorectal cancer screening: recommendations for physicians and
patients from the U.S. multi-society task force on colorectal cancer. Am J
Gastroenterol. 2017;112(7):1016-30 PubMed PMID: 28555630.

Lieberman DA, Rex DK, Winawer SJ, Giardiello FM, Johnson DA, Levin TR,
et al. Guidelines for colonoscopy surveillance after screening and
polypectomy: a consensus update by the US multi-society task force on
colorectal cancer. Gastroenterology. 2012;143(3):844-57 PubMed PMID:
22763141,

Regula J, Rupinski M, Kraszewska E, Polkowski M, Pachlewski J, Orlowska J,
et al. Colonoscopy in colorectal-cancer screening for detection of advanced
neoplasia. N Engl J Med. 2006,355(18):1863-72 PubMed PMID: 17079760.
Chiu HM, Ching JY, Wu KC, Rerknimitr R, Li J, Wu DC, et al. A risk-scoring
system combined with a fecal immunochemical test is effective in
screening high-risk subjects for early colonoscopy to detect advanced
colorectal neoplasms. Gastroenterology. 2016;150(3):617-25.e3 PubMed
PMID: 26627608.

Department of Veterans Affairs. Veteran population projection model. 2016.
http://www.pewresearch.org/fact-tank/2017/11/10/the-changing-face-of-
americas-veteran-population/ft_17-11-09_veterans/ [25 July 2019].
Imperiale TF, Monahan PO, Stump TE, Glowinski EA, Ransohoff DF.
Derivation and validation of a scoring system to stratify risk for advanced
colorectal neoplasia in asymptomatic adults: a cross-sectional study. Ann
Intern Med. 2015;163(5):339-46 PubMed PMID: 26259154. Pubmed Central
PMCID: 4840411.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.va.gov/vetdata/docs/SpecialReports/Profile_of_Veterans_2017.pdf:
http://www.va.gov/vetdata/docs/SpecialReports/Profile_of_Veterans_2017.pdf:
http://www.publichealth.va.gov/exposures/index.asp2018
http://www.publichealth.va.gov/exposures/index.asp2018
http://www.nccn.org/professionals/physician_gls/pdf/colorectal_screening.pdf2018
http://www.nccn.org/professionals/physician_gls/pdf/colorectal_screening.pdf2018
http://www.pewresearch.org/fact-tank/2017/11/10/the-changing-face-of-americas-veteran-population/ft_17-11-09_veterans/
http://www.pewresearch.org/fact-tank/2017/11/10/the-changing-face-of-americas-veteran-population/ft_17-11-09_veterans/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Risk assessment tool
	Study participants
	Outcomes
	Data management
	Statistical analysis

	Results
	Study population
	Outcomes
	Risk score distribution by outcome
	Discriminatory function and tool parameters

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

